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Effects ofafforestation with different tree species on soil enzyme activities and
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SHU Yuanyuan', HUANG Junsheng®’®, ZHAO Gaojuan', BAO Weikai*, LI Gengian', PANG Xueyong™ "

1 University of Southwest Forestry, Kunming 650224, China

2 Chengdu Institute of Biology, Chinese Academy of Sciences, Key Laboratory of Mountain Ecological Restoration and Bioresource Utilization of Chinese

Academy of Sciences, and Ecological Restoration and Biodiversity Conservation Key Laboratory of Sichuan Province, Chengdu 610041, China

3 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract; Afforestation is known to be the main source of restoration of degraded soil fertility and a driving force of soil
processes. Plant species affect quantity and quality of carbon resources in the rhizosphere, which influence the composition
and diversity of microbial community in these environments. Different plant species promote proliferation of different
microbial communities by releasing different amounts and types of root exudates. Moreover, plants may directly or indirectly
affect soil nutrient availability by altering soil enzyme activities through releasing extracellular enzymes and/or altering
microbial community that is known to be major contributors of enzyme activities in soil. However, few studies have been

conducted to elucidate the effects of afforestation with different tree species on enzyme activities and nutrients in soil. To
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evaluate the changes in enzyme activities and nutrients in soil after 26 years (1987—2013) of afforestation with different
tree species, four plantations stands with dominant tree species (e.g., Cercidiphyllum japonicum [ CJ ], Pinus tabulaeformis
[ PT], Larix kaempferi [ LK ], and Pinus armandii [ PA]) were selected, and a native broad-leaf forest (QC) was used as
control. Four plantations were cultivated under similar site conditions and same planting patterns. Seven soil enzymes
including soil urease, acid phosphatase, invertase, B-glucosidase, dehydrogenase, catalase, and polyphenol oxidase, their
activities, and soil nutrients were determined. Our results showed that: (1) Afforestation significantly influenced soil
enzyme activities. For example, compared with QC, afforestation with CJ, PT, LK, and PA decreased soil acid
phosphatase , B-glucosidase, dehydrogenases, and catalase activities, whereas activity of soil urease was significantly higher
in CJ and LK plantations than in other stands; (2) Afforestation also significantly affected soil nutrient content. Except for
total phosphates, soil total organic carbon, total nitrogen, water extractable carbon and nitrogen, NH;-N, and NO,_-N were
significantly lower in the four plantations than in the QC stand; (3) Enzyme activity and nutrient availability was higher in
LK and CJ plantations, than in PT and PA plantations; (4) Soil enzyme activities were correlated to soil nutrients
depending on specific enzymes. Except for invertase and catalase, activities of other five soil enzymes examined in this study
were sensitive to changes in soil environment, especially to the nutrient content. Our results suggested that high-density
afforestation with monoculture decreased soil nutrients and soil enzyme activities. Additionally, deciduous or broad-leaved
tree species (e.g., LK or CJ) can be appropriate for restoration of soil fertility by afforestation and structure modification of
monoculture plantation. We concluded that soil enzymes are a good indicator of change in soil fertility induced by

afforestation with different tree species or land use change.

Key Words: eastern Qinghai-Tibetan Plateau; tree species; plantation; soil nutrients, soil enzyme activities;

ecological restoration
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AWFFEREPEN IR 26 475, S B A& FIE AR T7 U TR 4 FhOCTEAR, I LL A SRR 19 & 13 Dt
W38 e X AN TRV AR SR S SR O e e B TG 1 LSS o0 A, 4R AN ] AR o e AR S8 3R 20 A 3%
PR SRR | HEBEAs N AR]85 0 R I 1 19 22 5, M 00 s /s PG M T A 2R 52 o ) £t B R
PARBE , A I, O A A O SR A — 7 i BB A3l

1 #MR57FE

1.1 WF5E XA

AHIGEAL TR I8 I 3 — b R 2% B % B Ll M A= 25 R 0 2 (6 F 52 3 (103°54 B, 31°42' N, ifg &
1826 m) ¥l [X %X SRR R LR AT S0, 4F H BB 1373.8 h 4F H B 20K 31% ;45443 9.3 °C , W
B R 30.9 °C L M i AR -13.5 C L /@ A 1 HPFHSRIE-0.9 C &M A 7 PSR 18.6 €, =10
CAEA AR 954.1 °C, TR 215 K AE M 825.2 mm, 4EZE & & 968.7 mm , AE XX 81.1%, HIR
B AU AE BRI AR 2, 80 AFRARA) 114 I T AR e Pk &2 B 2 A T AT RN bR, AU 1| oG b DX A Jsi bR T
AR EAT 4.3 x 10" hm™* | - HER R F FO04E +1°0 ) ABF 58 18 5 49 DU Bl N T AR 43 500 8 SRS ( Pinus
tabulaeformis) [ PT] AEINKS (Pinus armandi) [PA] J&WAN (Larix kaempferi) [ LK ] EFW ( Cercidiphyllum
japonicum) [ CJ7], AYRAMENFp Xt BE IS FIAE LLBA Ay 5 S S ARl 3 et SRy 6 T e I A ol 77 5 A kg 7
R A AR R AEHEAN (QC) EELIVEM MR ( Quercus aliena) FJIAE ( Corylus heterophylla var. sutchuenensis
Franch.) R 32, A TS AT AEE HAE AR , HOb T A+ A R AR AL, N TR B B iy, 32 A
AR VR S AR R J5 T B 1 vk A 1Ly 7 1 o i B AR5 A 9 A L 1985 AR BR ARk AR E DM, 1986 4R 4T 83 F
M, N T AR Ry 3—4 4E AR /N R 2 A 3300 #k/hm?, J AR 3 sl R0 , R4 738 24, A TS
A5 P Bt A ], A 3 1R TR AT AT RE )
1.2 it
1.2.1  FEHBIEASRS L

T 2013 4 7 AT S R - B iis AR IRs TR AL TR HE A S AROR A
K8l BRI 5 (1),

JIT A AR H AT A B2 A s I ORFRAE 80%—98% [1] , Forh AR I WA Fie 1 (98% ) , T& M A IR (80% ) o A5 HEL B 11
b A RS e S Wk 2 TE A DG B A8 RIS v 8 2 A T A > e A AR S AR LA STRAR STHE A 2B AR A A K 1 25
PR, o Az RS A PR v R 43 L2 HE NI 3.8 A5 2.5 A5 . AR T W LA i K/ AR 1L
FA(5.1x10° kg hm™) >TE IS (4.8%10° kg hm™) >T# M (4.4x10° kg hm ™) >HHA (4.2x10° kg hm™) >3 FF#}
(3.6x10° kg hm™) , A UL, N TARERARHEIN G | A= W i S 4 0 1 44

F1 PHRRAEREEWEERFE

Table 1 The basic information of different secondary vegetations in this study area

N TARSEHY 1k /m i W/ (°) ISP £ R /m 42/ em AEJETE YR/ (x10°kg/hm?)
Forest type Elevation Aspect Slope Canopy density Tree height DBH Annual litter fall
HEAR(CT) 2050 [iig[d 14° 0.88 10.2 11.4 3.6
KA (PT) 2060 [iig[d 10° 0.95 8.4 10.0 4.2
fE1L#A (PA) 2080 (e 7° 0.98 9.8 11.1 5.1
B (LK) 2085 [iiE[d 17° 0.80 11.3 12.9 4.8
HEM(QC) 2000 el 25° 0.85 3.0 5.2 4.4

CJ: EFEW ( Cercidiphyllum japonicum ) ; PT . IH#A ( Pinus tabulaeformis) ;PA A& LUK ( Pinus armandii) 3 LK 3§ MAA ( Larix kaempferi) ; QC . 351 i
% M\ Native broad-leaf forest

122 +HREREE
TEFRIMIE AT 268 4 DASTRIBRP N TARAN 1 AR A HEME 5T bR | 26 B — ARt Py |, 43 0 B AL
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ARETTNFE b R RS 3 A SRR A TR IR S AR 5 em BUAEE Y L4570 0—10 em FI
10—20 em JZHEAT AR SR80 X, W [a)—FE 5 i) — 2 SR i S8R & )5, 1000 ¢ A4 IR &
FEo FBPAMRA N IR A EBR AR FNA Bt 2 mm LI, 730 0y, — 3 B 1 4 °CF PRAF ] T B0 P A0
Hop T St + R AR PRI 2 | T A SERERR R IITE 10 RINE N, o5 — 0 B T B 4 XU X, T
T3 pH, A HLER (TOC) (% (TN) M4 (TP) SEFE AR IGIIE
123 EJE

(1) SRR O i 2 B LR AL AT T ) 250, 138 pH SRR L HE oy 2,501 MYRREETHINE ; &
HEA BB TOC FIA AL TN SR TH1- 70 R AT 0% TP SR IR VE AR BAPT 1L 3k 5 3K A BLER ( Water
extractable organic carbon, WEOC) 7K 1A HL A ( Water extractable organic nitrogen, WEON) I 7K 1.5
125 B KRS S 2R TOC 3BT {05 5 + 38 B A8 A0 ( NHE -N) SR HISE B i Fo 68 2% i S AL (NOS-N) SR HI %6
AN

(2) BT PR 5 2 B SR 5 vk B Y 2 o DRER P AR -V SRR A HE (7 s IR M R
Tit >R PRI o) il ik 1y T €125 s S ARt oR ) 3, 5- BB /KAZ R L (L5 5 B0 20 W0 Tl SR P XS i ik 1 L €235 5 It
MR FH e b (35 5 3 AR SR 0.02 M KMnO i 2 12 5 22 B AL MER FH 0.01 M LIRS 5 2, 3
it 15 P S E R0 T 0—10 em HIEZ
1.3 Bdasgit

HLAE L3 TOC, TN A1 TP, FeAT 1435 T AR R T AR L34 /N, C/P FIN/P Lh, X [F]— 132 R T
LRSI ] L 357 73 S PEAE AR FRAT TR FH B0 K 32 07 2273 BT ( One-way ANOVA) | H22 S M AG 56 R T de /N —
ek (Least significant difference , LSD) ki3 | 2.3 MK R p<0.05, HIEFEEMES R0 S48 PR A 253
B2k H person AHEHT . A GRS H SPSS 19.0 BA58 1, i A EIATE Origin 8 #4458 1%,

2 HREHS

2.1 REIRFR ARG R A B
TEFR L A L TE | M 45 0 R B I T, A [ o e e TS B T 4 338 B A e 3 7 A B B ) 5
(%2) (B3 pH 7ERAHP A Z (1] 22 A B3 (P>0.05) , % N TAHK pH Ky 5.5—6.0 Z[8], 13RI,

x2 AREHLBELFEEZERLE

Table 2 Soil chemical properties in the different plantations and shrub land

= ] =i o &
M L)z pH AL (g/kg) 2R/ (e/ke) 408/ (g/ke) N o/p NP
Forest type Soildepths Organic C Total N Total P
HEM QC 0-10cm 5.84(0.25)a 54.57(9.76)a 5.07(0.51)a 0.50(0.01) b 10.71(0.80)ab 109.01(19.29)a 10.11(1.03)ab

10-20em  6.01(0.26)a  29.50(2.86)a 3.15(0.30)a 0.35(0.07)ab 9.37(0.26)b 84.93(10.03)a  9.07(1.06)a
0-10cm  5.44(0.07)b  39.55(2.31)b  3.55(0.14)b  0.57(0.09)a 11.16(0.36) a 72.64(8.23)b  6.50(0.59)c

HEFW C

HRRCT 10 20em 5.40(0.07)ab 24.06(1.67)b  2.39(0.17)b  0.50(0.05) a 10.02(0.38)ab 48.72(6.52)d  4.85(0.51)c¢

A T 0-10cm  5.08(0.10)c  23.48(2.78)c  2.15(0.18)c  0.2(0.02) d 10.84(0.49) a 112.39(9.32)a  10.35(0.93)a
- 10-20em  5.13(0.08)b  13.89(1.03)c¢  1.39(0.10)c¢  0.16(0.01)c 10.02(0.38)ab 84.81(4.30)b  8.47(0.48)ab

egapa O710em 532(0.09)be 25.93(1.67)c  244(0.10)c  0.26(0.02)c 10.60(0.39)ab 10231(1749)a  9.64(1.37)ab

R 10-20em  5.29(0.21)b  15.33(1.89)c¢  1.63(0.12)¢  0.23(0.01)b  9.35(0.67)b 65.91(10.54)c  7.02(0.70)b

gk O710em 5.60(0.15)ah 39.00(535)b  3.53(040)h  0.38(0.04)be 11.01(037))a 106.15(11.48)a  9.62(0.74))

10-20cm 5.45(0.17)ab 22.27(2.84)b 2.20(0.21)b  0.31(0.01) b 10.07(0.51)a 74.03(8.16)bc 7.31(0.54)b
CJ : W ( Cercidiphyllum japonicum ) ; PT IS ( Pinus tabulaeformis) ;PA ;A& LA ( Pinus armandii) 3 LK ;3§ WA ( Larix kaempferi) ; QC . 75 i
W M\ Native broad-leaf forest; % 1455 N I EUE R /R AbREZE n=5; )5 T REARIR R W R — 12 R0 22 5 R KB BEKF o = 0.05

WARSE , N T 45 C N 2 B AT BRI (P<0.05) (£2), 415 QC 14 C (54.57 g/kg) FI N
T (5.07 g/kg) #HEE, CT LK \PA FI PT AN T A3 C & 5505 TR 27.6% .28.5% .52.5% 1 57.0% , 13 N
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o B TR 29.98% .57.59% \51.87%F1 30.37% , FEAE RGN AR LK Fl CJ N AR5 C N &
T PA R PT A TR s ARt B sz mm 1 8 P iy & 1 (P<0.05) , Bk CJ AT AR+ 48 P IR & T QC HEHuAL,
LK A TAHARTHEP 5 QC AW B 25 1M PA A1 PT AN TALHE P &0 BAC TN, I LN T AR5 P
TrEENT R C) N Them , LK A TR Z ,PA N THKF PT AT AR, dERIF %A B 55 m -5 C/N(P>
0.05) ,HBAERZMm T £33 C/P A1 N/P [ (P<0.05), CJ AN TARA4E C/P Fl N/P BH I AT X6 HE 114 9 DA Hls A
HE AT, FEFERATGEN CJ AN TAR TG RN P &,

A 4208 (0—10 em F1 10—20 em) +3E C N Fl P A7 B B 125 5 (P<0.05) , T E XK 0—10 cm
EAHEEC NMP SEPEEET 10—20 cm 2 (£ 2) , 458 %W.CJ . PT .PA LK & QC 9 10—20 cm JZ 1+ C
FE I 0—10 cm 2K 39.16% .40.84% 40.87% 42.89% H1 45.97% ; +3E N & #E% )2 9K 32.67% .
35.34% 33.19% 37.67% 1 40% ; 3% P & B RJZ 510K 12.28% .50% . 11.53%F140% , A W, N TEMIG,
RUAE 3 C N AP &80 H 0—10 em F1 10—20 em Z[H] 1925 S /0 | ol fig 5 32 M 35T B A %

2.2 A[ERFPRE MO 3 WEOC F1 WEON 521

%+ 10—20 cm JZ WEON 4k, 3 AKHA 520 1 14 WEOC Al WEON (P<0.05) , CJ Al PT A T bkt 4
WEOC & I WA FHEEE L (] 1A) 5 [FIFEATA N T AR 3% WEON B K TR (B 1B) . 7EAT
ARAIER] PA N TAR T3 WEOC B & T H B N TARE L BN LK 22 580/, How N AR A I 5 22 5
1M 1458 WEON 7E£ A\ TARE A B B 25 5 . 138 WEOC F1 WEON 7E£5 /2R 0] 25 5 A (P>0.05) .

(D 375 4% CJ
Wik PT

C M QC

IK AT SR B AL
WEOC/(mg/kg)
IK AT IR B AL
WEON/(mg/kg)

0—10cm 10—20cm

E1 FREAIWKREENTZTREGYE(WEOC) AR EF YA ( WEON) b
Fig. 1 Soil water extractable organic carbon (WEOC) and water extractable organic nitrogen ( WEON) in the different plantations and
shrub land
CJ: EF W ( Cercidiphyllum japonicum) ;PT . IM¥A ( Pinus tabulaeformis) ;PA A2 IS ( Pinus armandii) 5 LK : V&5 ( Larix kaempferi) ; QC ; Y& M- [
- M Native broad-leaf forest
) — 32 v AR NE SRR RN BRI A B 0 22 5% P<0.055 ns: JCWE 25, ns, not significant.

2.3 R[FEIRFRE AT 3 %0 N(NH-N 1 NO;Z-N) H 5200

IR N TS R 4ed A EZAER, B AE e A 5¢, 1 B 52 & + 1 il
5+ Wi v . SRR BN T 3 CHL N(NH]-N A1 NO3-N) &4 (& 2A F12B) , A Tk B %
I 7 158 NH;-N &5 (P<0.05) , 7EARFE N TAA  PA AT AR 148 NH,-N &80 8 & T PT AT kR,
AR R T 4-3% NOS-N &1 (P<0.05) , FEAF A TARH PT A1 PA A T AR+ NOS-N B BAK T CJ F
LK A TR,

TEN T AR RE R R EE i, 0—10 em JZ 13 NH-N fil NO;-N & £ 0% 5 F 10—20 cm JZ,NO;-N +
JR2E KT NH-N,
2.4 ITRIR A AR - S T 1 5

B AL TG MRS AN RN TR A VG 35 m T 45 M (&1 3A-G) (P<0.05) , &k | BR
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HEHWN CJ B AR 10AR PA 3 #MQC
iliAs PT (D #HmA2 LK
50 - 40 ~

NO;™-N/(mg/kg)
S 8
T

NH4*-N/(mg/kg)

J—
(=}

0

B2 FREAI#EEMLLEE NH;-N 1 NO;-N tb#;
Fig. 2 Soil NH;-N and NO3-N in the different plantations and shrub land
Cl, #EFW Cercidiphyllum japonicum ; PT, JMH Pinus tabulaeformis ; PA , ¥ 1UNS Pinus armandiiy LK, J§MHS Larix kaempferi; QC., 35 M [ i-HE M
Native broad-leaf forest.
[7]— 3 )2 b R[E/ NG TR R R a 777 21 2% % P<0.05, The different small letters indicate significant difference across tree species in
the same soil depth P<0.05.

Bl

UK e Ak it R 22 1 S Al A | S IR P ol T I 3 - %6 250 W Tl O S R o ARk U T PETE QC B T8 A
TARH

N TIEARB 520 1 - EREES 1 (P<0.05) (& 3A) ,BR LK A AR5 DA T S JIR % 1 T A B I 22 5
Hh,CJ T PA N TAK SRR TS PR S T QC BEHE, PT AT KB AKX T QC REHE; 75 AR [R A T AR 4], 14
JIRBEG Pt 22 50 B (P<0.05) , Hyli e 45 N TARTEI 2 B8 CI>PASLKSPT, CJ Fil PA A TR 4 3 IR At % v (.
FRTHABM T AT AR, IR PEME RR RS M E 4 N TAKE B LKSPT>CI>PA, CJ #1 PA A T AR KT
T ABEH ( P<0.05) | LT 4% MR ) B A B B 25 5 (181 3B) o A T RIS A S0 - 385464 il 15 PE ( P>0.05) (&
3C) ,[HA N ARG B #2553 (P<0.05) ,PT N TAREE R T CJ Al PA TR, AR TR 39854 A0 il 16 14
4 PT>LK>CI>PA, A T AREH s 1 38 -7 2 0 11 i 1 1 ( P<0.05) (181 3D) , Bk CJ N TAMREAT 22 5%
Hb, LK PT Fl PA N TAK A48 B- A 200 11 B 16 PR AR T QC AEHh, 2 AN TARZ M A B 25, Hm
SURFTGYE 5 - 4 -8 8 W T S P ) R B — B, N T PR S BRI T 9 M &G 1 ( P<0.05) , HAS A
TARZEA B 25 (K 3E), 5 E 80 &l —F, A T3 AR FEAR T 800 S0 &l 16 M (P<
0.05) , H4& N TARZ [AIfEAE ] B AY 22 5 (18 3F) , o LK>CISPT>PA, [ CF A Tk 3 £ By S AL Bl % 1 1 i
KT QC #Eh PT F1 PA N TARSM  H B AR b [1] -3 22 Wy S A Bl 06 PR A B B 22 5 (181 36) &
2.5 HHERGTE RS A A AR OGO R

ST - SRR AP A DG T S | R - R A B T S AR DG A, LA T ARG - 4
RGPS o 5 A PR A AR (R 3)
3 it
3.1 MO RR2E ST  SER R BEA S

AR AR o n] 388 3 52 ) MR 25 RGE 5 AT RE , 38 5 52 M MR HL A B8 R P 7 A et 55 030 | DA
MR 2 0 A e S AR b I %o 488 € N P A R TRIRR B A2 M 20 AR s N TR 3 AR 26 4F 5, 45 A T
MRAEHE C N P 5 B TR IR AT AR (35 2) | [R]IRE N TAR 38 WEOC i1 WEON A BH S A% T2 A b

(1) st N AR TR A NCNHG-N AT NOS-N) BRI (] 2) o B3 TR S SOt 254 B —
Ml /N AL (AN 3R M) |, A B 32 B A% AT RE & N AR 38 57 70 4 THIER T X8 8 A1) 98 DR 3 1 it
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Fig. 3 Soil urease ( A) ,acid phosphatase (B) ,invertase ( C) ,B-glucosidase (D) ,dehydrogenase (E) ,catalase (F) #0 polyphenol oxidase

( G) activities in the different plantations and shrub land
CJ ZEFW ( Cercidiphyllum japonicum) ; PT . JMFA ( Pinus tabulaeformis) ; PA ;& 10HA ( Pinus armandii) 5 LK 355 ( Larix kaempferi) ; QC ; 74 -
I M\ Native broad-leaf forest ; AN [[] /NG - A]:3& /R AS [R)A Fft[] 7776 WAtk 19 22 5% P<0.05
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Table 3 Thecorrelation of between soil enzymes activities and physic-chemical properties

izt U it PRI AT AL JIi AU (B - 255 I i AL AU EqE=Rlq
Index Urease  Acid phosphatase  Invertase  Dehydrogenase  B-glucosidase Catalase Polyphenol oxidase
Soil moisture 0.19 0.30 0.05 0.68 " 0.79 ** 0.48 "~ -0.28
pH 0.05 0.38 0.11 0.60*" 0.77 ** 0.69 ** -0.31
oc 0.12 0.62* 0.06 0.90"" 0.82" 0.65" -0.25
TN 0.11 0.57** 0.01 0.88 ** 0.77 "% 0.664 ** -0.29
P 0.46 * 0.24 -0.23 0.53 0.63" 0.19 ~0.65""
WEOC -0.05 0.19 -0.15 0.31 0.27 0.32 0.18
WEON -0.03 0.48 0.34 0.79"" 0.64" 0.54"" 0.25
NH-N 0.50"" 0.07 -0.38 0.60"" 0.56" 0.20 -0.30
NO;-N -0.05 0.41 0.14 0.86"" 0.63* 0.69" -0.16

%, P<0.05; “*, P <0.01. Soil moisture; 3R ; PH. HIEFRIRE ; OC. HHLEK; TN 2% ;TP . &8 ; WEOC . /K 7T $2 BUAH ALK ; WEON . /K AT

PEBCA LA NHE -N B8R NO, NS R

0L BT R N TMRRE AR T A B S AR I W 2 S (A JRVE I e b AR R
2 PA I PT N TARRE - G 1 2 50 R 75 0 JRE 1 8 K AR 20 3t o UE S T I P 4 1
VET i )P T S A TR DA M, Xt S LR VE 0 D 3R 1Y) € N P LR U N TR T AR S
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A EBFE ) N TS e, 180G MU & &, BAR nTRE STk = A9 1 56 WEOC, {H I 5 5 Y
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