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BHEFREE, UK A EZE B-DHELE SA B EAERMREEE, 2o 7T LEA
REANKRHE A EHEEZHBHERX R ERKW, 3 FEMT L EHREAINKK
HUANGERINAFRME>SERT>SHARERY 3HHAAIKESEE 0.25~2 mm frF ¥ &K
B AR A L EARERAN R R LA 4 EMBEEEE 0~10em £ Z KT 10~20 em +
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SEHEREFEMX.

X@iIR ELEE; BEEARK; EANG BT,

XEHS 1001-9332(2015)08-2282-09 HEHFHES S152.4; S153.6 XEFRIZEE A

Characteristics of soil organic carbon and enzyme activities in soil aggregates under different
vegetation zones on the Loess Plateau. LI Xin', MA Rui-ping'”’, AN Shao-shan'?, ZENG
Quan-chao*, LI Ya-yun'? ('College of Natural Resources and Environment, Northwest A&F Univer-
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Ecological Environment, Chinese Academy of Sciences and Ministry of Education, Yangling 712100,
Shaanxi, China). -Chin. J. Appl. Ecol., 2015, 26(8) . 2282-2290.

Abstract ; In order to explore the distribution characteristics of organic carbon of different forms and
the active enzymes in soil aggregates with different particle sizes, soil samples were chosen from for-
est zone, forest-grass zone and grass zone in the Yanhe watershed of Loess Plateau to study the con-
tent of organic carbon, easily oxidized carbon, and humus carbon, and the activities of cellulase,
B-D-glucosidase, sucrose, urease and peroxidase, as well as the relations between the soil aggre-
gates carbon and its components with the active soil enzymes were also analyzed. It was showed that
the content of organic carbon and its components were in order of forest zone > grass zone > forest-
grass zone, and the contents of three forms of organic carbon were the highest in the diameter group
of 0.25-2 mm. The content of organic carbon and its components, as well as the activities of soil
enzymes were higher in the soil layer of 0—10 c¢m than those in the 10-20 cm soil layer of different

vegetation zones. The activities of cellulase, B-D-glucosidase, sucrose and urease were in order of
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forest zone > grass zone > forest-grass zone. The peroxidase activity was in order of forest zone > for-

est-grass zone > grass zone. The activities of various soil enzymes increased with the decreasing soil

particle diameter in the three vegetation zones. The activities of cellulose, peroxidase, sucrose and

urease had significant positive correlations with the contents of various forms of organic carbon in

the soil aggregates.

Key words: Loess Plateau; soil aggregate; soil organic carbon; enzyme activity; vegetation zone.
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110°28" E) AHFFEIX B, Z i E T BUN 7687 km?,
22K 4 286.9 km, I %5 EE R 4.7 km « km ™ P33
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AR L AR AR RFAIE , A5 At DL RRBR  BRbR e i e
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ST IR T RE AT YA — S VG ) A, Hh
W EFELMEIY S RHIRZY N 20.6 km®, HHERAI
B o 1 S = KL EA Y e R L 52 w1 287
DA 7 2 LAMR D | = SR O 1L R AR
( Quercus liaotungensis) , ¥ ( Robinia pseudoacacia )
SETTTEA AR TR i 0 SR B e A /NI V) i 38
Z XA T B 310, Al 2 S BLRIGE £ il
SHFRZI 10.8 km®, SR PR 4R 0 32, 4
FHEH 7 g AN AT D ER oAk,
BERHY) N ERFTE (Artemisia sacrorum) 287 (A. giral-
dii) 55 R U R Al R A TR 9 28 I8 W, i AL
TR _E T, A2 ZE LRIV £ ) midEle AR
2979 27.3 km* , FHE L F 7 SO0 BB AR B
SR DL R O 3 R B R | A
YRR R S BEAR T (Lespedeza davurica) 5.
L2 gkt

2011 4F 7 A TER R AR BT, e O A AR SR M
AR, R s AR IR 1 A E AR |
AR AL U | R BB T R/ 20 mx20 m
10 mx10 mA1 5 mx5 m AUREDT. LL“S” RIZ Rk,
KA 0~10 1 10~20 em +2FUR+ IR G HE G
ML E , HARKT, KB A St sk ik S5, 1D
HEE IO A A T AR 5.2 F10.25
mm i , 7 9 EE<0.25 .0.25~2 2~5 F1>5 mm FiZ%
10 PSR A
1.3 WMGEWHSIE R HE BRI B M HA
il g 3 B A HLER " 333 mmol - L7 )5S
PR B 4L 1 7E K 565 nm T FHAMLIGRETT L6
0 E By AR 5 P AR BRER M4 I, H K IR B
V0 S B R 5 PR R Ak - R AR
SRR, 37 °C pH 5.5 &M FEiFE 72 h J5 0
A 3,5- AR B IR , AE B K KR 5 min,
WA T 540 nm T H I 5E 27 4 3R G 1
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Table 1 Basic information of plots
TEBEHF FEITEL Z @i iz 3 b33 fLsspyfh B @
Vegetation zone Number of Longitude Latitude Altitude Slope Dominant Total Drainage
samples (m) (°) species coverage basin
(%)
oy it 11 109°09'29"—  36°34'26"—  1259~1355 8~35 ICARBE R R 30~70 a3
Forest zone 109°17'42" 36°57'54" R B
Fu N 13 109°12'43"—  37°00'50"— 1265~ 1380 1~45 BRFTH R I5E 2E 18~65 VNI
Forest-grass zone 109°22'67" 37°01'69” ENEES:E S
T J Al 11 108°59'14"—  37°13'05"—  1270~1379 3~43 KRR KPS 33~62 BRI
Steppe zone 108°98'99” 37°23'24" LRGSR

LY RBEEELL 72 h J5 10 g 394 Bl B 75 2 5 Y
mg PR 5 1 EAYIEEE EH eEk e L2 h 5 1
g FHEREEEE TR mg £ ; B-D HIHH BTG
PRSI e kg ™ L1 h 55 kg B3 A
B PR 5L A mg 27 5 FFH R A 34 F AR
A FEMERLT 75 37 °C .pH 5.5 1 #5358 24 h, A
3,5-hE LKA R, ZE W K KIS 5 min 65T
WA 508 nm T Ll (800 2 R S T, TREAE BT P LA
24 h J5 1 g ZEEP S HIAPER mg FoR.
1.4 Fdaabr

K H Excel 2013 #1 SPSS 20.0 44X 504 647
Geit oy b, ok F B R 2R T 22 70 M1 (one-way ANO-
VA) #l Duncan & #A7 )7 22 0 i M Z E LA (a =
0.05) , i Pearson 35X} 33 A SR AR ML M Hi4H 43
EHREEESEATAEE M. I Excel 2013 #A4AEE.
I 2% 85l A PS4 (B e bR o 22

®2 AREHEETEAREEVNRAS 6

2 EHRE5SH

2.1 AT By 1 48 A SR A B ML K L4 Ay
G3Ai

e 2 Fion, 3 FOBAA WK & 23RN 2
AR > U > ZRAR R S T AR A HL
B B B S ARARRE Jial I EE MLk & = 1Y 2~ 3 A
[ —AF Bk 5 A [F)R 5 ), o AR Ak e 7 1 > T 9 o flk
B, FLr R ik S B A PLER S Y 25% ~
50% AEIREHH 0~ 10 em + )2 3 FIE AR & &1
KT 10~20 em £ )2, R - P R ARk F L4
TEVR R 2 A AR g [a] 2 B 0.25 ~2 mm Fl1<0.25
mm R 3 FhIE A 0 .

AR FRpits 1388 3 MR S A MLk &
%EK@%,?}:M‘EE% 0~10 em +JZ 0.25~2 mm
R L1 Sy AR B i RS AH i B i 55 <0. 25 mm

Table 2 Composition of soil organic carbon in soil aggregates under different vegetation zones (g - kg™')

FE R pIRES JSRELiIRTS VERIAT3 JEE5H B
Vegetation Particle size Total organic carbon Easily oxidized carbon Humus carbon
zone (mm) 0~10 cm 10~20 em 0~10 cm 10~20 em 0~10 cm 10~20 em
oy it >5 7.69+0.91Aa 3.45+0.28Aa 4.58+0.45Aa 1.48+0.12Aa 3.09+0.35Aa 0.88+0.40Aa
Forest zone 2~5 7.52+0.56Aa 3.50+0.24Aa 4.59+0.48Aa 1.54+0.15Aa 2.65+0.30Aa 1.06+0.65Aa
0.25~2 8.67+1.02Aa 4.13+0.38Aa 6.49+0.61Aa 1.68+0.11Ba 3.46+0.41Aa 1.32+0.89Aa
<0.25 8.36+1.04Aa 4.53+0.40Aa 5.68+0.49Aa 1.50+0.17Aa 3.57+0.41Aa 1.07+0.95Aa
4+ Entire solum  8.61+0.54 4.43+0.52 4.74+0.00 2.40+0.01 3.61+0.04 1.27+0.01
AR >5 2.19+0.12Ba 1.68+0.86Ba 1.19+0.71Bab  0.66+0.37Bab 0.57+0.02Bab  0.39+0.02Ba
Forest-grass 2~5 2.28+0.11Ba 1.51+£0.10Ba 1.41+0.94Bab 0.84+0.06Aa 0.58+0.02Bab ~ 0.39+0.02Ba
zone 0.25~2 2.96+0.15Ba 1.87+0.11Ba 1.56+1.24Ba 0.59+0.04Cab 0.74+0.03Ba 0.46+0.04Ba
<0.25 2.36+0.11Ba 1.76+0.08Ba 0.85+0.06Bb 0.57+0.04Bb 0.55+0.03Bb 0.39+0.03Ba
41 Entire solum  2.79+0.34 1.86+0.15 1.32+0.02 1.24+0.00 0.70+0.08 0.44+0.03
B JAT >5 2.19+0.12Ba 2.61+0.17ABa 0.88+0.06Bb 1.67+0.72Ab 0.98+0.07Ba 1.00+£0.09Aa
Steppe zone 2~5 2.38+0.12Ba 2.55+0.18ABa 1.72+£0.44Ba 1.46+0.86Ab 1.05+0.07Ba 1.05+£0.10Aa
0.25~2 3.00+0.10Ba 3.54+0.15ABa 1.66+0.10Ba 2.34+0.85Aa 1.34+0.07Ba 1.23+0.09Aa
<0.25 2.30+0.11Ba 2.27+0.10Ba 1.20+0.07Bab 1.48+0.76Ab 1.16+0.06Ba 1.01+0.08Aa
4=+ Entire solum  3.30+0.36 2.83+0.55 2.90+0.03 1.91+0.12 1.29+0.16 1.18+0.11

ANFRE F A 3R A — R AR AN AR R 8] 22 57 I 8 AN [R)/ING 2B 38 7R (W] — AR Bl s S IRl b 422 (] 22 5% . 3% ( P<0.05) Different capital letters meant

significant difference among different vegetation zones in the same size aggregate, and different small letters meant significant difference among different

size aggregates in the same vegetation zone at 0.05 level.
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2.2.1 IRV RIREFHERBEEYE R 1 AR
P, A TR BB - S AT 588 A 2 A 2% il 1 1 B0 Oy
JHT > FRMHT > PR AT 30~ 10 em £ )2 IR AR
PREFYE R B PR R T10~20 em )2 5 ZRARAT T 2R
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1 TRV e DA R AR 1 11

Fig.1 Soil enzyme activities in aggregates under different vegetation types.
ES: 4+ Entire solum. I ; ZEMAT Forest zone; II ;. FRMEJFHT Forest-grass zone; Il ; AT Steppe zone. AN A KE TR Al — A2 A A AE
A E) 22 5 B3 R RING R Rl — R HF AN [ R0 42 (8] 22 5% 2 3% ( P<0.05) Different capital letters meant significant difference among different

vegetation zones in the same size aggregate, and different small letters meant significant difference among different size aggregates in same vegetation zone

at 0.05 level.
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MREL U ] — + )2 AT R R AT 2 R i M 22 738
AN T AT S o A 2 5 3 P R
- 38 A TR AR 1 i i M AE ] — L2 AR AR AR ] 5
PME AR A B 25,76 10~20 em )2, >5 il
0.25~2 mm K745 (] 5 FRARAT 1 1 A R AR 2F 4k 5% il
TP 2 Sl 0 3 AR APR R s R RE JAy I 2~ 5
F10.25~2 mm A g%+ 558 A R AR 21 4k 22 Wi T% 1 1 K
F>5 M1<0.25 mm i % + 3 A 5 1R £F 2 25 il 1% 5
FRMH R A 17 0~ 10 em 2R [AFL
G ] e A R AR LT A 22 Wl 1k 25 7 o 2 R
58,2 ~5 mm R A A RARE 4E K G PEFE 0~ 10
F10~20 em £ )2 E, 40518 11.47 F1 8.24
mg - g_1 , H5 AR 2 22 5 i 3

2.2.2 BRI RK S A ALY G EYE 0~ 10 em £
JZ, 3 SR A Ao S A il O P R Bl B > 2R
AR US> 5 JEUHE | A TR A8 S [ A 4 =22 ) L &
FHIRIE B AN FPRAR Z ) 25 R B 3 o /R
T Jer U R i A A SR AR SR A B A 2~ 5
mm LI, A 1.49 1 1.46 mg - ¢! 10~20
em 2, FH RDRE AR A [R) A HF 22 18] L KA [) A 4
AR AR 2 0] 22 5 R 3, Hod )2~ 5 mm K74
ARG 1A R A S A B 1 B, O 1. 50
mg + g ;0.25~2 mm RN T I R AT A
WG P R, 0 1.27 mg - g IR B ARG 4
At 175 P T 2 (8 2R B AR T b Jindy Al
T

2.2.3 TIERIRIK B-D HiEHEGIEE I RIRIK
B-D I WH 1T Bl I M 2R IR R > RE A > AR AR
57 AE 0~ 10 em )23, BRARAT <0.25 mm RiZ% T +
HEATR R B-D HIWE A IS 1E 5 >5 A1 2~5 mm KK
ZREE 50.25~2 mm KR EF AR E,; R
JFHF 0.25 ~2 mm BT L3RR B-D 0 1 il
WEES>S fl2~5 mm Bk 5 03, 5<0.25 mm
R AN TR 3 0.25~2 mm B KT +
HEIRAK B-D I 1T Bl M 5 LAl R R 2% S
50050 AR IFDRLAR S FRbRAT 1 S AR AR B-D i A
G 1 5 AR MR iy AR i 22 S B, Hop
0.25~2F1<0.25 mm i T FEbhH: +HE A 1A B-D
W TG P ST v T AR R AT AR AT )
{5135 194.77 F1207.85 mg « kg™ . FE 10~20 em 12,
AR TS AT SR AR B-D M Tl O M TE A WDk AR
[) 22 S AN d 35 ARARCH A 1 180,25~ 2 mm AL R
T R AA B-D HiHE H RS M5 >5 mm RifE 2 R
W B A 98 0.25 ~ 2 mm A4 R g A R K

B-DEHEH G TES >S5 F12~5 mm B EF B FH,
50.25~2 mm Wi 25 A0 540, M IERAR T
F T 3 IR AR B-D R T 1 S AR O i
G N NS = R S NG A [
0.25~2 mmbig 4 IRAK B-D SHIH T BERG M f
73,0 133.19 mg - kg™
2. 2. 4 AN[EAEYH HIEFI R IR REMERG R W —+
JEFRMAT 1 478 R AR TR S 1 o 2 R TR — R AR
AR A AR S L AR AR 3 0.25 ~2
F1<0.25 mm K7 1498 A1 S A MR R PR e v, 7
0~10 cm + 243 M5k 13.41 F113.91 mg - g, 7]
— R AR T AR U R U 22 [ 1 AT AR AR
il 1% P 25 RN 35,0~ 10 em )2, BRI A AR AR
JECH A TRV B S AN TR 2 ) 26 57 Y OR B 3, A
+-46<0.25 F1>5 mm Kr T 458 PH 5 A IRE AR il 0% 14
2R 10~20 em 12, ARV B AT AS [ 47 2% 7]
9 1A SR AR T il O P 2 R AN B
2.2.5 AN[FEAHPH IR R AR A AR
AR IR A 2 UM RS > B TS > BRAR R Sl , 0 ~
10 cm + )2 + A R AR IR BE G P T 10~20 cm
FJ2.0~10 em HJEHMA 5 R HIEAE 2~5 mm
BT 39 P R AR RG22 AR 3510~ 20 em
TR 5 AR 11 0.25~2 mm RiGL T
- A R A Rt 2 O I Rl 1
0.25~2 M1<0.25 mm R T 3 A RARDRREGEG P 2=
S BRI Z Ah, FRAH 3 5 HAAE g
SEARTRDRLGR T - 498 PR SR A DR F s 1 25 S 3038t K
S R R IR RDRLAR T 58 A SR AR 0 1 22
SR BT 3 0.25~ 2 mm RigE T 3
VA B AR B 1 5 >5 A1 2~5 mm BB R B3, 5
<0.25 mm R 25 5 A 3 B 1 487E 0~ 10 em
T IRASFPRLGLT A 158 PAT 5R A JO g 0% 1 25 S5 AN I 3
16 10~20 em )2 0.25~2 mm Big% T 145 I B4 %
BTG >5 F12~5 mm Bi 25 57 3%, 5<0.25 mm
I C=E Y NTE
2.3 L IEPARIA LA A I Y OC R

H & 3 W LIE H, HIEPRAK B-D 0 f S
P55 - 198 PR R AA 2T 2 22 g AN DR S 1 38 2 3 E A
K, 5 B 75 2 RN - 9 A SR AR TREME Il 0% 1 2 1 AH
Kt MM 2 Sk S 5 Ak
B 2 et B O e 7 i S AAAH G R B A OCHEAS
A R AR RSB IS M S o SR YN AT 4 R
it 35 DA B - A SR G O ke % o R AE A G
ORISR B3 I AR MR G R S A R
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Table 3 Correlation between soil organic carbon and enzymatic activities in soil aggregates
LR YL T JIx Rt B-D AT il AP HEAHE VERIAT3 JE 5 ST
Cellulase Urease B-D-glucosidase Organic Sucrase Easily Humus
carbon oxidized carbon carbon
I ALY Peroxidase 0.150 * 0.158* -0.041 0.132* 0.091 0.155** 0.295**
LY Cellulase 0.459* * 0.254* * 0.280" * 0.023 0.067 0.131*
IR Urease 0.289 " * 0.140 " 0.237* " 0.029 0.098
B-D HiWH 1§ B-D-glucosidase 0.053 0.08 -0.039 -0.065
FHLEK Organic carbon 0.175* " 0.122*° 0.315* "
HEWERS Sucrase 0.117" 0.074
5y S8 ALAk Easily oxidized carbon 0.343" "

* P<0.05; * * P<0.01.

1A 5 SE AT R B T 2% ik 2 TEAH OGR4, S 1k
AN S SR AR e AR A I 5 5 PR 2 i
EE R W R LRI A RS S
A LB A T 5 e 5 03 A OG5 5 Ak
SIERSOE S (HARSCEA B3

3 it it

3.1 R[FIRE BT 39 A1 S 1A BLRR B HLg o34 AT

K IE R W, ikl 78 2 - MLA 1Y) 2
KR Z— AR, B T H A o AE K A
JRI 25 | A5 18 v A BB 0 i S A
22 5 A TA] B SR FOK AR XT 3 HLR A
RR M AR R RN FEME R T LR RIS
BB B HL2H o 38 R AR By - AR > B J5Agy >
FRMCEJFAT FRAH PR LLAL AR AR RIS TR AR N
AR T R S T AR T ( AR T
1 A RLE D ) RS (AR & 28T A R
Wk ), IR 2R bR T A b A Al A 7 I R
TR S R SRS R A R P A
A R T T AR R, TR W A A K B
AT RIFRLE R AR, A P i BT Bk K
T R R A T R MR 1 1k
I 1O 58 v B4 7 1 o AR AT - MK 3 7 A %
18, KR TR IE T IR, b R A PR Y
TEBUREE AL T 45 F) 45 1. 38 MUK E 1 43 it
TV AL —3R 43 BN 5 AR /NG TR A A 4 W AR
P, — 05535 A o0 S ek, b 33 P SR AR AT I
LR AT, 3 R B T I R A S AL
B S A R T B B TR 75 i, X 5 AT A B AT 4
AL

3 FPRERAE T, ASE P 1 )2 A3 A R ARH Pk
FHAS SR WAL, ZIH 0~10 em 12K
F 10~20 em +JZ2 5K ZEI SRR, LR E

SR ARSI 0 i EEAEAE 0~ 10 em 12,
1M 10~20 em 4 )2 HIEA LR & &2 A5 P 52
MR T 458 /0N X B A5 21 AR 9 3 T, R bR R
WM TE YIS AR ] 25 A 22 5, AN A V%
i AR 39 A HILS ) S R S e 2
BUBR S H 4] A3 0

ARFFE T, 3 FhAE EHE T A R AR (<0.25 Al
0.25~2 mm Fife) + 3P RARAT Bt B FL4 o5 12
MR TR BRAK(2~5 FI>5 mm iR ) , X2 H TR
AR X 3 R AR AERRE , 5 e Ak, it
PR AR ik 3 Rhdl 20 A Fa 2. DL HLIR A
1], FR Tk AT SR v R 2 2 v T I Ak 1 4 1
Moy A HA G o - AL T R 2 AR, BRIk,
B TR R IZ 4 o . O3 A, R IR R ey
TiX 3 FIESA PR & B TE 0.25~2 mm RifE T
BT Th R X 2 M XA [ M B VR 3 T R
TR HURR B LA A3 5T, DA R 22358 L 45 Szt
DB HLER IR T 085 T A R 258, iR A — 4
F 7T > U IE Tk — 235 SR JHL D DR A R S ok 2
T A BB A A ARG, TR A ML 5
FEYIW ORI S A AL R v, 1S T 2 0 K i R
3.2 UR[RIAHBT t- 8 A SR Al 15 1 43 A

ANTRIRE B S T 332 R 7K IR B0 RN B 25 57
BR, FEORNFIAEG IR 22 3ok, AN FAE
PRSI SRR, S B A W R 2R
B AN ] 8 00 5 0 2] - SR A TR R A g R
fitf | B-D PR B R LA R DR T A AN [
i 2 [A]Fe I 55 A HE A SR A HILARAH [R) Fr e 34, Y
AR >0 JFUHT > FRARR ST | T A S Ak 47 il ) 2 30
HE BT > AR T > B T AP R iy A
JEHT A ZE AN T il 336 P 2 R 0k R 45 v,
JE R AT A2 AR 1 J2 A Vi 0 A X A o, 4 Mot T
YIS B F R S B I AR 22 I 22 i X R 7K



2288 N 4

EORE S ¢ 26 %

IO A5 LA e i, S 2 A5 40 f A B 1) il
TEPEH 5. 3 IR A Y - 28 R I R ot 4 A i 0
WAL T HABRES , XA Re 2 M ENS 5 T 1
TR A Ak SOy, ke A DA RS G 1) 2R 1 P
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