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Fig. 1  Location of study area
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Fig.2  Urease activity in different woodlands
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Fig.3 Phosphatase activity in different woodlands
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Tab.2 Two-way ANOVA of soil enzyme activities in

different woodlands and soil depths

JE B IGRTSE N A, HoA - 3 51 AL PR 7 ) 25 2 22 )
Hh B 2 AR T AR P R R LR pHL (2
5O, A R A R 0 B R R AR K
AR AR R o A PILBT R ORI T A Y

CAE vt - SR SR B TR M A BTG 9 SRR
e CooTen oo (7.02~54.44 &+ ke ) (L Bl 2 R E 4 7
i i +)z2 2 133.06 0.00* N
A o i AR A LT e A AR, SRR A
MHEA x 2 12 6.40 0.00" - - .
prav o 212493 o 00 THAEIFERY & &0 ~10 em £ ZH B & F 10 ~
- e s e 0.00° 20 em, X AT REREE AN AR K B, KRR R
M ZEH x 12 12 57.28 0.00" " M PR (36. 17 ~213.50 mg - kg ™) , 1 R
2 6 413. 16 0.00° BRI AL IR E A K (2.85 ~6.66 mg - kg '), B
G LR 5 2970.31 0.00° T 10 mg - TR A AR AR IR R AN K
MK x £ 12 50.68 0.00** (3.23~15.67 mg « kg '), HET 16 mg - kg ™'
B H 2 6 4.37 0.00" * 4 nl g0, -8 pH (H 5 + G (IRAG 05 IR
vt B 2 515.88  0.00° B MG o A A ) WM R B AR (P <
Mm < +)2 12 1.11 0.38 0.05) . MRMIE S 14 pH {H A VL AA S8k B
TR P<0.05, ** 35 P<0.01, FH O (P <0.05) 5 05 B iy 1% M 5 H A 8 A4 - e g
x3 AEMM T IFEELHER
Tab.3 Physical and chemical properties of soil in different woodlands
HHL + 2% FOR &/ A&/ KBAGLH/  @WEE/ AREEL, S EL/ B AL/
FA BE/cm i (g-kg™") (g-kg™ ") (mg - kg™") (g-kg™") (mg-kg™') (g-kg™') (mg-kg™')
. 0~10 4.83+0.07 28.72+0.11 2.13+0.19 121.33+14.57 0.82+0.03 5.27+0.20 3.69 £0.08 8.93 +1.05
e 10~20 5.05+0.12 22.87+0.13 1.85+0.29 98.00£21.29 0.78+0.01 4.32+0.25 3.8220.20 7.00 +0.45
AL 20 ~40 5.14+0.03 20.98+0.22 1.74+0.41 77.00+3.50 0.78+0.04 4.29+0.27 3.84+0.18 6.47 +0.50
010 4.7420.23 38.7920.46 2.66+0.40 177.33x14.18 1.06+0.02 4.67%0.25 3.91+0.37 15.67+1.77
M 10 ~20 4.93+0.21 35.23+0.43 2.46+0.49 145.83 +14.05 1.01+0.01 3.95+0.39 4.02+0.36 12.93+1.86
AT 20 ~40 5.06+0.15 29.57+0.42 2.150.52 138.83 +11.68 0.95+0.01 3.31£0.34 4.11£0.34 12.70 £1.96
0~10 4.55+0.19 32.04+0.26 2.34+0.42 143.50+17.86 0.92+0.01 4.64+0.25 3.85+0.38 8.60 0.6l
b 10~20 4.76+0.16 28.01 £0.29 2.14+0.43 124.83 +25.38 0.77+0.01 4.46+0.39 4.070.32 6.57 +1.14
AR 20 ~40 4.81+0.23 24.35:0.36 1.95+0.44 113.17£18.39 0.75£0.02 3.92£0.19 4.12£0.03 6.03 £0.99
\ 0~10 4.53+0.18 41.71+0.30 2.69+0.39 152.83 +8.81 0.97 +0.02 3.95+0.20 4.61+0.37 11.97 +1.24
Mﬁﬂ% 10~20 4.73+0.17 32.19+0.43 2.22+0.58 113.14+14.57 0.96=0.01 3.80+0.36 4.62+0.44 10.17 +0.86
AL 20 ~40 4.850.23 32.00+0.48 2.17 +0.53 130.67 £14.57 0.900.02 3.51 £0.18 4.77£0.39  9.40 0.96
o 0~10 4.9420.14 49.9220.36 1.23x0.37 121.33x14.83 0.63£0.02 4.58x0.17 3.87+0.24 8.33:1.75
e 10~20 5.29+0.11 28.35+0.31 0.96+0.26 58.33+14.45 0.60+0.02 3.89+0.49 3.93£0.26 5.93+0.12
AL 20 ~40 5.37+0.15 21.23+0.26 0.83+0.27 36.17 +17.27 0.55+0.02 3.74+0.22 4.14+0.38 5.27 +0.38
. 0~10 4.87+0.15 22.25+0.29 1.57+0.55 96.83+22.34 0.76+0.03 4.06+0.18 3.75+0.27 5.001.39
A 10~20 5.18+0.03 14.00+0.24 1.14=0.44 61.83+18.29 0.73=0.01 3.80=0.10 3.97+0.34 3.80+1.10
AL 20 ~40 5.27+0.05 7.02+0.19 0.80+0.14 36.17+9.62 0.62+0.03 2.85+0.20 4.01+0.42 3.23 +0.31
0~10 4.42+0.15 54.44+0.34 3.54+0.63 213.50+7.23 0.85+0.04 6.66+0.30 5.14+0.20 10.57 +1.82
KR E
\ 10 ~20 4.70£0.09 47.30+0.27 2.76+0.38 151.67+6.77 0.84+0.01 5.30+0.25 5.25+0.24 7.67 +1.55
TR 20 ~40 4.72+0.15 33.23+0.46 2.08+0.43 140.00+7.34 0.83£0.02 5.30+0.26 5.38+0.18 7.17+1.12
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PEAE UL AR A N AR AE K 8 U AR il I b b iy, X
AT AR N O IR Al B fee s pHL 290 7 (BT IX Y 4
pH EHIMET 5. 4, 0] 1 8 A9 5 1, HLR R A I
AR pH (ELAE 7 FlbR L Ap 5 /) 5 25 5 bR K %
L RO Y R R I N AR IR I T P A v T

R4 LEBEESIEEUERMOEXRRY

Tab.4  Correlation coefficient between soil enzyme activity and

soil physical and chemical properties

i 2 pH A LI 2R KA EX0 A Xl AL
JUK it -0.47" 0.45" 0.26 0.31 0.04 0.44* 0.20 0.09
W R Al -0.76* " 0.85 0.85" 0.89° 0.62" 0.63" 0.67" 0.70" *
Tt -0.66"" 0.61" 0.58" 0.61" 0.33 0.66" 0.29 0.35
i A A A -0.63" " 0.55 0.46~ 0.54 " 0.34 0.51 -0.06 0.42
x5 TEBEERSSW
Tab.5 Principal component analysis of soil
- PRI 5 A 1 7 i JHE % J5 42 3K - 245 141 5 A
R FRAEAH N TETIMRE/ % R Ir E TR/ % FRAEAE A T7 % TR % Bty 2 s/ %
F, 7.30 60. 84 60.85 4.09 34.06 34.06
F, 1.94 16.18 77.03 3.45 28.74 62.80
F, 1.27 10. 55 87.58 2.97 24.78 87.58
HF, | Fy Fy AR — 2 = FE M
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Tab.6 Principal component factor loads and scores after rotation

4 A R 2R A & EW T A3 4y
LD
F, F, F, F, F, F,
pH -0.58 -0.46 -0.51 -0.07 =-0.05 -0.09
A HLE 0.48  0.43  0.59 0.0l 0.04 0.17
S 0.76  0.25 0.52 0.16 -0.06 0.09
IK fif L 0.77 0.33 0.51 0.16 -0.02 0.07
N 0.95 0.03 0.08 0.37 -0.10 -0.19
PR L 0.14 0.53 0.65 -0.15 0.10 0.27
A Hfl 0.09 -0.05 0.92 -0.18 -0.18 0.54
g 0.93 0.11  0.06 0.36 -0.06 -0.21
i g -0.05 0.93 0.16 -0.15 0.37 -0.04
T R ity 0.61 0.32  0.66 0.06 -0.04 0.12
T 0.25 0.88 0.23 -0.06 0.30 -0.03
e kA 0.34 0.92 -0.04  0.06 0.36 -0.26
R7T AEHHLFERADTNTEMNER
Tab.7 Prediction and evaluation results of soil
fertility in different woodlands
A i 24 g F, F, Fy a4
M TH  -0.19  0.06 -0.58 -0.19 5
AR 2N Tk 1.70 -0.61 -0.59 0.26 3
LN 0.19 -0.37 -0.07  -0.06 4
R N Ak 0.68  0.05 0.15 0.28 2
DEMATH  -1.16 0.14 -0.26  -0.42 6
2R N AR -1.12  0.41 -0.85 -0.47 7
KRRk -0.10  0.32 2.21 0.61 1

REJE N N 52 B T8 S B 2 o i A1k S0 I PR 7
RARUCA: T it o B I, 3 T RE 2 R O A AN AR
KRR ol 5 2 5, AN v 0 ) o fie o R BB
HARYIAR 2R 0 A 2y ) o 2, Sk AR 0 i 1 1
A BT SR L DT 52 M) - 38 A2 W 1) 356 1P, 2 i 400
T A R T T o T T R
BN LA T 83 2 5,3 5 N7 IS4 R b
ANRE S5 A bR i S R A BOR A ARl
FRESZ B T A SRR o AN [ AR 28 R 5 - e
TRIEEHR XS IX 4 Fb L R MR 2. 2% (P <0.05) 4k
55 1 SRR BE 14 5 HL A T X e v IR R R 9 R
T A JREHRE il 1) 905 R R AR 3 (P < 0. 01) , R il 4

P SBT3 R X I E S R B R Y Wi
AN ) A 8 A S A X A g il U M 2 S i A b i 4 R
A —2, XRUITEKNY5IEEI7m b, A
AEAE %5 ) 5 Bk

3 AL fR B DG 3 AT AR, 3X 4 B RIS MRS 8
A A PR M BT 4R BR 2 B A AE B35 0 A G M, LA
IR F A /I S AN [) g 1 £ P AR B 3 1 A T 1Y
KN AR MRS A 3l 0 1k 5 4 3 Ak M o 3 A
W (P <0.05) 5% 0, H oK il 2 & & /7428 6 i 2
BER 31X T PR AN [ AR L I 9 0 A [, 0 fie 3 36
WA TA] ] b i O 9 2 o W v T A AR, R AR
MR EY SR T ALK, ESREM 52 ANL
PR P S A A 8 A A1 Pr 5 00 5 o Al & 2 A b
R REAN K, EEE B X R R TR Pk R R M,
TR B A M S SliF B AN Fe' AT Y Bk
MRk WE R BB UITE, L B ik — LI UM & B W
W BT R A 5 3 Y AR R K, X
AT BB B M BR T A2 AR N AR, JHE Ath AR b BT Ak 1) 3% o7
B0 1o R R i 38 1 W K S, A g O
U, 3 R B0 5 32 B R KO e T R T B 8K
. 31X 4 Fh SRR IE S pH (A Z )3 5 3 A
K(P<0.05) ,3xF W] pH {F fii B2 #Y 1 538 25 40 i £ 3¢
Tt A 95 7, LA 56 28 B0H0 46 %o (B kK, pHL X 3% i
T PR P 2 I A K . - RS M S R R
R A DU EE A O R B, Ho oy ) 2 B i 2 Bl
WEAROC, X U] IR S RIEA LR Z
B8] (4 5 2R % A AT 43, IR AR 2 5 A BIL BT &% 16 40 i 1
AN AR T AR WS e U X 4 Bl S G 3
PE T DUAE S R AE 2 X AT 7 7K 1) — Fp T B o
3.2 TH#EEEHAH

T A A BOSE, HE RCh T R
PR PERE bR 5 EM RIS I R EE MR Z
— UL S P S R T 2 () Y A S
ST ISR AR PR R RN T IR R R
BLI I3 i i A i R e 9 VR 0 AR gE P, 7 Fi
b 2 Y 1) ) B 9 2% A [ 3 B TR AR O .
FH 32 B0 43 A 63X 7 PR L 1) A A g 5 R AT A
TEPEHY L 45 R /N B RAR WK : -2 AR N AR 5 R
N EAR 8 B AON AR AR A AR R IR A N AR
LA N TR KRR A 8 bR, RAR AR + 5T )
-5 /W NG B N 2 ) 7 N/ L o B > S
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LR SUF S - NLE iR AECE Y VPN
SRUCA: ) AR B R L TN AR, X
RAMEE N THER %, HIRRZ MK B 2,
AYLTCE R T TR TR 3 SR T
BEime N AR, R 2O O B N TAObR 23 454 . —
P vE /D AT AR U8 3 1 h S A B 2 BT
JBt RS i 5 X A 14 A B , S B S SR O UH 0 Y

[l i i A o A A B, 2R — R g R
WS N - W G
R il T A S AR 3% Ml IX S AE g 9 B AR A, 3 0L
1 S e S8 Y £ 3 JIE 3K SF o TR =L = R
BT R 1 — S g (UK AR I | 3 A fl A
55 BANBEH B Sz X R 2R S I T K,
R AT LS e o 8 510 Bl S5 78 798 36 5% A i A o i A2
1, DR+ SO W S R R, R R
N AR i A v, AT o 2k N T 3 Bk 3 - 4
v B R A B L e ST ) R AR A W) N
AR SRS Ty BUAR , R ), 3 2 0 it A PLAE L R E
SEAC R R 78 LA B VRSO TR, DLk b
SR o i AE A TR 0 3 X o A 0L
P I R AS N AR, B0 R TR S bk, AT 2 i 1 AT
TR

AR S 38 X MG A AR AR A AE T B 45 A 9
BoS LI RR PR O 9 — 2R, b A AR 2 B0 R
I E R, SRR OCR R YA A S 2
A A S ) 7 N i | N o o1 e = 31 LA N B
P, i N 12 2 25 08 B R [ A 0 i 28 Y R
55 A T 22 S, B0 A Ta] M DA ] L e 2R 8
X T8 I 4 A R A R A A A A B AT
TIPEM AR bR IR AR O B S SR BHERLT
=TT WIT R — B 5E 5 —  WF AN [ 3t XA [
TR - A AR 2 2 5, AN TR 2K
/N 38 PATAE 25 K 9 A DG A, DA R HE R 3 3
P SR S IE T B2 5 58— R AR - Sl i
P2 1 3l 2542 1k 5 i 9 3 ) S R AL, D 3 X JORR
AR R R R A A B SCAE S O = IR
Yy FEPIARZR o L) 5 SR G 0 BE ST AR R
I T Bk SR 3 ), 0 ST E R N
1M 3t — AP B0 e R R HRE .
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(1) ARBFFE 4B 7 3R 3L A [ AR A AN 6] 4 )2 5%
PR - BTG P ) 22 5, & BRI 5T IX O [R) bk b ] )
- ST (ORI B R T L R o 4R A0 SO ) IS PR A
e E 2 S, H A S M Y )2 R R
VRIS o AN [F) AR 55 A [R] -+ B TR B ¥ X ax 4 Fh +
SR PERZ R B (P <0.05) , &1/ 38 5AE FI X
- e DR T R RN R 6 Y 05 T R e X A S 2
(P <0.01) A& X} i S Ak S0 TG i 35 5 Ml o

(2) 383 Pearson #H5CPE 43 Hr 2, AT DA & B b
X HY 4 Fh L ERGTE PE S 8 A 1 R M TG AR 2 1]
KERFY . Hob, DR i 16 M 5 4 pH {H A HLR
FA R & A G (P < 0. 05) 5 Wi B2 il 1) 1% M 5 3
fib 8 A~ 48 P T 38 SR AR R A 5 (P <0.01) 58
T 1 3 P S A RO A PLT L 4 A pH {E R K
fiff RS AR 3 A G (P < 0. 01) 5 2o A4k &0 Bl 1 3%
HA4E pHEER B EAMHKL(P <0.01), 5HIL.
S5 KR RN SO R B E A (P <0.05)

(3) A 30 A3 43 i, % 8 A - 3 B Ak vk
JRARAR 5 4 Fh - HERG G M 2L 12 AR AR E T R 4 A
B, UEW] 13X 12 A5 4R AT AR S PR A 5 X 1 AR
FIFE bR o Wi R T L 4> L 7K A L L S5 R 4
FAE N Ty 1 B F8 AR, W] AE — 8 3 XN 3R
fIE AR 7 7K P, l0nT DAAR 48 52 B 1 B0 38 i & )
118 35 it A et 25 T BOR 4 3 £ o X3l 7
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Soil Enzyme Activity Difference in Woodlands, and Soil
Fertility Quality Evaluation in Mount Wuyi, China

CHEN Jia', YAO Chengshuo', LIN Yongming', WU Chengzhen®, LI Jian'’

(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, China;

2. College of Ecology and Resource Engineering, Wuyi University, Nanping 354300, Fujian, China)

Abstract. Soil enzymes are key factors in the construction and succession of forest communities. The research on
soil physical and chemical properties and soil enzyme activities in Mount Wuyi mainly focuses on the differences
and correlations between different plantations. However, the differences of soil enzyme activities and their
relationship with soil fertility in different woodlands in this area are still blank. In order to compare the difference of
soil enzyme activity in different woodlands and examine its correlation with soil fertility in Mount Wuyi, soils were
sampled from 7 different stands including 6 plantations of Choerospondias axillaris, Liquidambar formosana, Pinus
massoniana , Alniphyllum fortunei, Liriodendron chinense and Cunninghamia lanceolata as well as a spontaneously
developed secondary broad-leaved forest. A total of 12 forest soil physical and chemical indexes were investigated
by One-Way ANOVA, Two-Way ANOVA, Pearson Correlation Analysis and Principal Component Analysis
(PCA), and the comprehensive quality of forest soil was evaluated. The results showed that soil enzyme activity
was significantly affected by stand type and decreased with soil depth. And urease activity was highest in the
Alniphyllum fortunet plantation, phosphatase and sucrase activities were highest in natural secondary broad-leaved
forest, catalase activity was highest in Cunninghamia lanceolata plantation. The correlation varied between soil
physical and chemical properties and soil enzymes in different stands. Among them, there was a significant negative
correlation between pH and the four soil enzymes (P <0.05). Urease was significantly positively correlated with
organic matter (OM) and available phosphorus (AP) (P <0.05). Catalase was significantly positively correlated
with OM, total nitrogen (TN ), hydrolysable nitrogen ( HN) and AP (P <0.05). Sucrase was significantly
positively correlated with OM, TN, HN and AP (P <0.05). Phosphatase was positively correlated with OM, TN,
HN, total phosphorus (TP), AP, total potassium ( TK) and available potassium (AK) (P <0.01). Soil enzyme

activity in this region has a high correlation with soil physical and chemical properties and could be used as an
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important index for fertility evaluation. TN, HN, TP, AP and phosphatase could be better indexes to characterize
soil fertility in this region. On the whole, the comprehensive evaluation scores of soil fertility quality of different
stands in Mount Wuyi were as follows; natural secondary broad-leaved forest (0. 61), Alniphyllum fortunei
plantation (0.28), Choerospondias axillaris plantation (0.26), Liquidambar formosana plantation ( — 0. 06) ,
Liriodendron chinense plantation ( —0.19), Pinus massoniana plantation ( —0.42), Cunninghamia lanceolata
plantation ( — 0. 47 ). The research results can provide reference for the strategy formulation of sustainable

development and utilization of forest resources in Mount Wuyi.

Key words: soil quality evaluation; soil enzyme activity; physical and chemical properties of soil; principal

component analysis (PCA) ; plantation; Mount Wuyi



