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Abstract: Soil enzymes, which were secreted by soil microorganisms, play important role in soil nutrients cycles through
mediating the degradation, transformation and mineralization of soil organic matter. And soil aggregate structure can affect
the soil enzyme activities by influencing microbial activities and accessibility of soil organic matter. Thus, study of soil
enzyme activities on an aggregate level could provide insight into nutrient cycling and could also be used as sensitive
indicators for soil fertility. Pinus massoniana Lamb., as the top 5 plantation species in China, is also the main vegetation

type with key ecological and economic importance in the Three Gorges Reservoir Area, China, but the productivity of
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P. massoniana forests is low due to extensive management. Quantifying the enzymatic activities within soil aggregates in
P. massoniana forests could provide basic data for forest managements in this area. Hence, in this study, we chose two
typical mixed P. massoniana plantations in the Three Gorges Reservoir area, P. massoniana and Cunninghamia lanceolata
mixed plantations (MS) and P. massoniana, C. lanceolate and Quercus mixed plantations (MH) , as the objects. The soil
samples in top 10 em were collected from six 20 m X 20 m plots ( three plots in each mixed plantation) to test distribution of
soil aggregate (i.e. large macroaggregates (>2 mm) , small macroaggregates (0.25—2 mm) , and microaggregates ( <0.25
mm) ) through modified dry-sieving method, and to analyze the activities of 5 hydrolases (i.e. soil B-glucosidase,
cellobiohydrolase, N-acetyl-glucosaminidase, acid phosphatase and leucine aminopeptidase) and 2 oxidase ( phenoloxidase
and peroxidase) within soil aggregates. The relationships between soil enzymes activities, soil nitrogen, soil organic carbon,
soil total phosphorus and soil carbon to nitrogen ratio within aggregate were also observed. The results showed that; 1) the
distribution of soil aggregates significantly increased as the aggregate size increased in both two mixed plantations, and the
proportion of large macroaggregates was the highest, which accounting for 60% in the soil. The distribution of small
macroaggregates was significantly higher in MS (39.53%+1.65% ) than that in MH (32.24%+2.51% ) but no significant
differences were found in other two aggregate sizes. 2) The activities of 5 hydrolases, soil organic carbon and soil total
nitrogen were higher in microaggregates than those in other two aggregates, while the activities of 2 oxidase were highest in
large macroaggregates in both two mixed plantations. 3) The activities of cellobiohydrolase and leucine aminopeptidase,
geometric mean of soil enzymes activities and soil carbon to nitrogen ratio in large macroaggregates and microaggregates were
significantly higher in MH than those in MS, and variation of soil nitrogen within soil aggregates attributed to the significant
differences of soil enzymes discussed above. Our results indicated that Quercus in MH improved the enzymatic activities

within soil aggregates and was beneficial to improvement of soil fertilities in the study area.

Key Words: soil enzyme activities; Pinus massoniana mixed plantations; soil aggregates; geometric mean of soil

enzymes activities

TR N A WUT AR e B A A R R A SRR EE S
H L ORIE RS 5 R R A AR R A2 ST BRI ( B- glucosidase, BG) T E S 5 MG
KRz, B s , N- LT -F5 4 1 18 ( N-acetyl-glucosaminidase , NAG ) EEZ 5 R MGH, 0#JLT
Ji RRYERS R (Acid phosphatase , AP ) U 322 52 JOHLIA 14 7= 2 AR Ak K AT DL 54 AL TELE S . 358
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BRFO 52 S0 HT R 7 T R TR A MK B2 40 (0—10 o) PR P15 R KL 0 60 16 R BASOA
VAU ) 5 PR 1 S b 2% 59 5 0 B S 1R i R

1 HREXHER

WEFEHb S A T db & BB U3 B (300387 14" — 31°11731" N, 110°00' 14" —111°18'41" E) , ¥k 156—
2030.6 m, ¥R 16.9C , F /K 1000—1250 mm, ZHEHF 4—9 A | JB§ TR KSR R, H1E
RAULLHEHE BRI 1 SRR X IR T R AN AZ TR 5SS AR (MS ) il A AZ A BRZIR AR (MH) i
FEXTR (R MH R 58K R S B 3 B2 5 R A AR HR ( Quercus serrata var. brevipetiolat ) & K #k ( Quercus
variabilis) ) , 73 HBEE 3 4> 20 mx20 m FEHLUEAT A IR AL 6 S, FEMIEAE DU UL 1, JHA R N E
AR FBH KO ( Pyracantha fortuneana) Nl aa ( Lespedeza bicolor) jﬁ%ﬂ‘é\(Eurya hebeclados Ling) & RUOR L
1974 (Woodwardia japonica) fJJE¥E ( Houttuynia cordata Thunb.) & 5 ( Carex tristachya ) %,

R OEEMEEAR
Table 1 General situation of sampling sites

o %J%M*Z?k?féiiﬂi (MS) . %EEWMZ?M"@S?ET&% (MH) ‘
Stand Mixed plantation of P. massoniana Mixed plantation of P. massoniana, C. lanceolate

and C. lanceolate and Quercus
Y Grade 6° 28°
Y 1] Exposure it it
14K Altitude/m 921.00 545.00
4% Diameter at breast height/cm 10.57(1.12) 8.70(0.38)
MA>4 % Stand density/ ( tree/hm?) 3458.00( 82.52) 3466.00(78.46)
VHTEYZIEE Litter layer depth/cm 3.81(0.18) 3.59(0.20)
AT Litter standing/ (t/hm?) 9.87(0.54) 8.73(0.63)
T PIRA L Litter C/N ratio 29.42(2.20) 28.33(1.36)
13 pH Soil pH 5.65(0.06) 5.62(0.03)
+ 357K Soil water content/% 32.00(2.52) 25.67(0.88)

5 NEUE A bR

2 HIRAE

2.1 RERRACRAE S LIRS 2y

2017 4 8 J1 7€ 2 Fh Eh AN R ASAR Y A4 [ E AR A (R FOAREY 3 A EREHD , T 6 A E A ) #7217
“S”IEBEHLIEE 9 1 1 mx1 m ARRI/INX A H E42 6 cm B9 PVC XTI /NX N 0—10 em + 3RS 4R
RAo RAESE 12h AT 15280 3 4% IR ISR ST, R BR T AR R AN 8%, i 8 mm G -4 6] —FE
RESIRA o NI/ D X - SRR P A R2 I, SR A Dornodnikov 45003 R0 2 0 AT SR ARG 0 4, Hg o
8 mm [ fEf 4 | FRR R 500 g, >R AS200 i (FEESGBEAF )2 mm,0.25 mm A ARIE 1.5 mm 23
3min, HRARE T 0RLAR K 35 P SR AR AR FN /N3 S R AR (52 mm ), P TR A (0.25—2 mm) 5 3l A SR A
(<0.25 mm)3 PEEG FEXHS A RARIEATARE , T4 S0 o
2.2 HHEATHLER A RS R PR E

i 43 I 25 1A SR A - 4 — 3 43 AT i 3 e A R B AN i Bk T i - 484G LB ( Soil organic carbon,
SOC) ! BILEG S M A2 42 L ( Total nitrogen, TN) 23— 4047 T 4°C UKAH , T 195 J& 4 3447 - S98 t5 136 4 1)
R SRR PR E O A T L g T A RS A R 125 mL BSFR4AZE MR (50 mmol/L, pH=5.5)
o ZEBEREL T AR Tmin B35 0T 38R0 AR (R B JEC P R AT 35 352 U 2, IS 0 g 4 S A BT
W2, ABFRIENE T 7 S SRk ARG 0BG PE 5 Fh oK i B I R T 2O U A LR 72,25 °C i h 85
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7% 3 h Jo R EEFRL ( PerkinElmer Enspire, USA) BEATI & 22 ;2 Fh 41k 38 DU 16 MR FH He (3, Horb i
Ay B o TR L-3,4- "R FEH PN R (L- 3, 4-dihydroxyphenylalanine, DOPA ) Flid & 46 & (W 3% )
W R SR SR AR T B SR Lh S R AR AR TIN5 2 S M Y LA 2 5
( Geometric mean, GMea) 7] FRZE G TR L3RRGS bR, 11 A0

GMea = 7EBC XEp XEye XEp XE; XEp X Eppg
Byl BRI E o 2T 4 " WK ; E 9 N-C - H I B 5 BIETR B FEIKES  E TR
VERERR I ; E oy A BN ; By 1 B ALY

R2 R EEEETE  ThAEE LUK A B AU E R4

Table 2 Soil enzyme names, function and substrates for assays

R e BE 2 P
+ ety ke JK Concentration Measure
Soil enzyme Function Substrate of substrate/ wavelength/
( pmol/L) nm
B-HME T (BG) Sru B A e (3] 4-F B JE i -B-D- A A B
B- glucosidase ARRETHESS  REBCHT H 4-MUB-B-D-glucoside
21 4E MK ki (CB) ' . 4- P BB - -D -7 2 A
REFYEZE Bl — 24
Cellobiohydrolase AKRRETHRSR Rk 4-MUB-B-D-cellobioside
s 4-H LI B -N-Z Bk-B-D- 2 LA
E_Z%ﬁ%ﬁm(?m S LT R 1428 AR 200 365,450
racely-glucosamimidase 4-MUB-N-acetyl-B-D-glucosaminide

M2 PR (AP) " et gL s A-FETERR-BER
Acid phosphatase HEACK AT B AL JEALRA 4-MUB-phosphate
o ) e s o LSe s T-m A4 R
T R (LAP) ST LSRN Ty ﬂ,%7ﬁ_ IR

) ) ) L L-Leucine-7-amido-4-
Leucine aminopeptidase Fefin 4] .

methylcoumarin

Z W 4 AL (POX) A T A
Phenoloidase IRATRU S TR A gy o JERITRR P00 s
R ) § : -3,4-dihydroxyphenylalanine
i ALY (PER) FBEE yaroypheny

. (DOPA)
Peroxidase

2.3 BEGI

AN 27 22 73 H1 (one-way ANOVA ) A6 56 A [ 55 2% 1 398 1T 2R 0 il % A ML L 42 RURY 22 5% (P <
0.05) , F FHAM ST AEAS ¢ G580 AN ] T FE FA TR S bR ] A5 0% P SR AR - SR it 0 1 LA B AT ML | 4 R 25 57
FIF Pearson 4341 A R AR A BBk | 4> A5 1 3 W35 PR 0 AR G . B A7 43 B A BRAE SPSS 19.0 k4T,
SigmaPlot 14.0 #AAER

3 ER55H

3.1 S ER I RAR A0 LR A

MS 5 MH #5552 138 PH B A 73 A 45 52 B 1 3 22 53t (P<0.05) | AN [) 55 5 A SR AA JIr 7 L A9 24 4 et R 310/
K KR (>2 mm,59%+2.18% ) >H1 A B4 (0.25—2 mm,35.89% +1.65% ) > A K ( <0.25 mm,2.56% +
0.22%) , AN[RITEASHR IR A1 5 14 5 1 A1 SR A o3 A1 9 TG W 35 22 55, Tt MIS 1% b A SR AR 0 A e 8] (39.53% +
1.65%) @& =T MH (19 h A R4 (32.24%+2.51%) (K 1) ,

2 o Ih R AN TR SR - 3 A R ARG LB | 2 i R I 2 1A R A S5 0% 1) AR AP T 2 98 o ) e 9%, L 5
KRR PR 2R S 5255 T RE SRR (P<0.05) o ASIRIE AS AR [R] 55 4% AT 3R A4 1) A LR O TG 6 28 22 5, T
MH KA R RS 5 A BRI 42 8w T MS, MH KRR St 2 5 T MS, MS 45 A1 3R 14+ Hem & L i
HE T MH(K 2),
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3.2 [E]Eh A TR SR A g P SR Al T

PR3 9 L) e By RAN IR SRS 2 P A il
RS P IC WS, MS AN [RPRLAR A SR A Y 7 Fh £
SRS VRS O WK 22 . MH BT R IR N- £ -0 1
fifi (NAG, (3276.04+160.63) nmol g*' h™") & & T
BRI ((2214.92+395.56) nmol g™' h™") , i A1 B A4 1) 22
B IR A FENKES ( Leucine aminopeptidase, LAP, (21.76+
0.47) nmol g™' h™") 3 & T R R ((4.33£0.95)
nmol g™ h™") I A MK ((7.16+2.45)nmol g ' h™") , H:
RN S5 AT S A ) Wl % PR T 2 e, 2 R R
FATR S AR i P SR A4 - I P 1 0 8 35 25 55, MHL 1Y
T - N N Qi T N S A/ (L
( Cellobiohydrolase, CB) Fil LAP #J g 3 & F MS, [F] &,
MH KA SRR B F7HF ( BG) Al NAG 12 3% & T
MS( 5 3),

18 3 AT, BRIR PEWEIR G (AP ) Sh, MS & A1 14k
K FRBERIEAR T MH i A I B (U 2 T MH

100
N3
< gt 0 H R
2 O R
§ 60 Aa
€
§ 40 + Ab Bb
% 20 |
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0 L
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PRI AY Forest type

E1 2#HEERBELTHEHETEARES S

Fig.1 The distribution of soil aggregate-size classes in two
different Pinus massoniana mixed plantations

MS: RIS R IR A HK Mixed plantation of P. massoniana and C.
lanceolate; MH ; D F& #5 #2 A #5 28 1R 28 Ak Mixed plantation of P.
massoniana , C. lanceolate and Quercus ; K5 71} 37w [A] 5 g B K
AR AR ) .35 22 5 5 /NG B 3 (R R SE AR A )
SRR AT IR 2 T ) (3 22 e

MS B P SR A ok P 2R A ) - Sl P T LA P 5 0 25 5 1 MIHL, 23 512 MH B9 1.98 ¥ 1.49 5, MS 4%
VAT SRR L ST 1 LA P B0 035 25 57 MIHL B9 A0 DA SR A L R % P Loy ~F 280 85 8 8 v 1O b AT R

h(%4),

B4 kp®E D wERE O MEARE

40 + Aa Aa

Lk
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o = 8 8
T T T
>
S, >
z >
HER
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o]
o
o
&
e
Total phosphorus/(g kg)

T HEmE
Soil C/N ratio
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2 DEARRIHIEAREKFHSEE
Fig.2 Nutrient content of soil aggregates in two different Pinus massoniana mixed plantations
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Fig.3 Enzyme activities of soil aggregates in two different Pinus massoniana mixed plantations

KRG F By 7] S5 AR A [l S bR 2 [R50, 38 22 55 /NG 7 B2 [l Rl IR S RIS TUAN [ S5 20 AT 2R A 2 [A] 9 1 35 22 =

P, BIEARE S AR 4 FloKEE R IR MIEMDOCR . RIEAPLIRS LS NAG LAP 23 B 1)
IEASRRR . TS CB M NAG B F MIEMSEC R . SRS M LTV B b5 A LAk 2% 2
A AT T 2 A 2 A I e SR TR L E D A e DL B SR T P LA - 24 B T S A S
(%5),

4 i
NI A5 45 P SR A e 7K 4 IRLREE 2 A0 AR BILJTR I T fh A 2 ) 1 SRV 12 A AR AT SR A
AR A0S T BTG PERZ IR 8.3 . ASWIESE R AR B 26 L ) AN [ D R 3 A% 25 R AT SR AR A 119 8 35 25 5,2 il

Iy FEAN RSP I SR A A LA 147 i 26 P SR A 5% 50 ) g o i 8 32 3 0, R DAL SR Mg o, o 90 48 60% Ze 4, 3%
SRISEHF I R B AN Fang S5 3 Rl vy R AR 2 14 - M8 DR 3R A S5 931 BF 50 20 R 38 W 45 2 4 A
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AR A 225 3, KA RAIR(58.5%+2.6% ) >H IR (35.6%+3.0% ) > AR (6.0%+0.7%) ), Tiih )2
FARZ AT SR T SR AR 2 A i 3 8 T S R AN AR ISR S AR, AT RS2 T 1l A e 2H B 1 5 ), o) it AR 2L
BRI AE W S T A AT AR R R PR AR R AT, REAS I 15 /N A G P R AR e 4 1K T 2R
PR R, T ML AR IR SR A4 K I SR R 5 A EL 81 1o T 2 R AR A2 A TR S A i vl I 588 A U6 T 5 R s
FEARIRZEM

®3 DEMEBEXMIEFAREEEEHE

Table 3 The mean of the assayed enzyme activities in all soil aggregates of two different Pinus massoniana mixed plantations

IK it it Hydrolases/ LA JF T Oxidase/
P (nmol ¢! b (nmol ¢! h)
Forest type BTl B 2 S -y N-Z Bt SRR
e o ; - it ALY T Z T A AL
1 i KA W G T =
HBIMZ AR
Mixed plantation of 1509.62+ 16577.91+ 603.72+ 1845.46+ 7.13+ 23641.88+ 4803.86+
P. massoniana 392.33A 5964.80A 165.79A 257.00B 2.15A 4054.03A 785.14A
and C. lanceolate
BRI ARSI S
Mixed plantation 2288.06+ 12580.47+ 1786.74+ 2644.68+ 11.08+ 22015.87+ 4461.04+
of P. massoniana , 293.78A 2239.36A 577.91A 207.08A 2.81A 2329.73A 643.50A

C. lanceolate and Quercus

KRG FREFIRA RIS 2 [0 ) fk 25 22 57

F4 DEMBIWHTEARGTIEEILAFHH

Table 4 The geometric mean of the assayed enzyme activities in soil aggregates of two different Pinus massoniana mixed plantations

FRARIE Y AR Aggregate size
Forest type > 2 mm 0.25—2 mm < 0.25 mm
I BAMZ AR AEHK Mixed plantation of P. massoniana and C. lanceolate 764.34+125.58Ba 1356.25+530.75Aa 1784.72+184.06Ba

5y AR KRR S MK

Mixed plantation of P. massoniana ,C. lanceolate and Quercus

KRG TR 27 R S G AR AR RIS bR 2 [T ) 8. 25 22 55 5 /NG 7 B 2 R R R SRS TRUAN [ S 40 VA R A =2 [] Y W 35 22 55

1507.81£79.94Ab 1400.63+378.40Ab 2653.46+55.67 Aa

x5 BARMFBEEESHFoAEMEXM

Table 5 Correlations between enzyme activities and nutrient content of soil aggregates (n=18)

A ALK £ T IRRALL

Total nitrogen Soil organic carbon Total phosphorus Soil C/N ratio
B-H A B-glucosidase 0.540* 0.462 0.348 -0.229
74k N AG Cellobiohydrolase 0.587* 0.367 0.502* -0.374
TRTERTR RS Acid phosphatases 0.145 0.316 0.092 0.192
N-Z, Bt 55 17§ N-acetyl-glucosaminidase 0.672** 0.480 0.513" -0.400
SR IR EFE ARG Leucine aminopeptidase 0.704 ** 0.664 ** 0.395 ~0.141
Z I AL Phenoloxidase -0.189 -0.128 -0.277 0.074
ALY Peroxidase 0.098 0.122 -0.068 0.047
A IERGILAT - 2% Geometric mean 0.695 ** 0.590** 0.478" -0.270

# P<0.05; * * P<0.01

AHFFE K BR, 2 Fb b AR AR - S0 A AR 1Y 5 Fho e BTG PR 38 8 T R A R A, Hoh |, T A Z AR AR
TR AR IR Tl 1A SR8 AR 5 2 56 1 2 5 ORI 2 S 5 1 T K TSR AR (P<0.05, 81 3) PR TSR IX I | 1SS Ak
SR B A 3 A IR AR 40 vk i 25 57, - SR I T o T SR M o ) 40 A RRAE T R R 3111 ARG B A R
AR P R R A R A AT i S 2208 T PR SR AR B 5 Ry bk 2 S i 2 i), DR kg PRV SR AR AR /DN | 7K 43 RN 3 43l 2 3
RV PR A TR bR 4 | BB A% Ry AR 52 17 B2 (46 T 22 0 A g e ) il T P s 1 5 i K P R AR AL AR K R
PEAR, MG P 5 SZ BB 0 A AR X3, 2 Fofr R A TR AP A - 45 o b e - 2% o 9 5 b R
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FIR /IR AR 1) P SR A EL A e v 1) B 2 TR, 4 W B O 22 ) - S ML 7 RS A I M R A T R G 3R
4% KRB IR A, S Ak T R R PR R AR Y i R R T 2 T B R R AR AL,
FEAFAET KA R 0 PRI AHF 5T o K R ARG 2 R A SR B IE VEde i (1 3)

XF Lt 2 PR SR AT SR AR - ST M R B, B RAMZ AR IS TR AR 1A SR AR B~ 11 1 | 2 2 — WHoK f
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