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Effects of Land—use Type on Soil Organic Carbon Oxidability and Enzyme Activities in the Tablelands of the
Loess Plateau

LIU Meng-yun, FU Dong-lei, CHANG Qing-rui’, QI Yan—bing

(Key Laboratory of Northwest Plant Nutrition and Agriculture Environment/Ministry of Agriculture; College of Resources and Environment,
Northwest A & F University, Yangling 712100, China )

Abstract: Soil organic carbon sequestration was significantly affected by land —use types in Loess Plateau areas. This study selected five
land-use types, namely arbor, shrub, arbor—shrub mixed, grass and farmland to investigate soil easily oxidizable organic carbon and enzyme
activities, and to determine evaluation index of soil carbon sequestration. The results showed that: (1 )Compared with farmland, soil easily ox—
idizable organic carbon(EOC) content and its proportions(to total soil carbon) increased significantly for 171%~218% and 55%~71% re-
spectively for forestland and grassland, as well as carbon pool index, activity index and carbon pool management index( CPMI) were en—
hanced for 73%~116%, 103%~163% and 233%~330% respectively. While soil oxidation stability coefficient decreased for 15%~21%/(0~5
cm depth).(2)Slight differences of soil catalase activity were found among 5 land-use types. Soil catalase activity in natural grassland and ar—
bor forestland were slightly higher than that in other land—use types, while these differences became larger gradually with the depth increas—
ing. In the surface layer(0~5 c¢m ), soil alkali—phosphatase and inverse activities in grassland and forestland were higher than farmland for
98%~211% and 88%~117% respectively. Soil urease activity in shrub forestland was higher than that in farmland and grassland for 69% and
144% respectively. Except urease activity, soil enzyme activities in farmland were lower than in other land—use types.(3)The sensitivity of
CPMI in the depth of 0~5 cm, 5~20 ¢cm and 20~40 ¢cm were 1.52~13.07 times, 1.29~11.51 times and 1.58~14.58 times of SOC, EOC and ox—
idability indexes sensitivity respectively.(4 )Correlation analysis indicated that soil urease activity could reflect the oxidation stability of soil

organic carbon and carbon pool activity than other soil enzyme activities. Soil alkali—phosphatase and inverse activities could represent the
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overall level of soil organic carbon and organic carbon conversion degree than other soil enzyme activities. CPMI showed significant positive

correlations with four enzyme activities. Therefore, CPMI could be used as one of the indicators for land use change assessment, and could be

regarded as measurable index for carbon sequestration.

Keywords: tablelands of the Loess Plateau; land—use types; easily oxidizable organic carbon; CPMI; enzyme activities
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Table 1 Basic situation of sampling site
F FEAEL e sl SRR i R SR Hifis
Land-use type Sample number Vegetation type Sampling site Age/a  Altitude/m Longitude Latitude

B 2 e H (% /N32) ThIEHEAR I T ZAF 1251 E108°05'24.2"  N34°48'22.0"
R (&/NH) TSR SR Y 2R T ZAE 1267 E108°05'36.4"  N34°48'42.7"
KIRFH 2 KIRF Lh eI AL FE T 12 1225 £108°05'22.6"  N34°48'20.8"
KR E L ual 7y PRl %3 12 1265 £108°05'39.3"  N34°48'31.6"
HEAM 5 PIRAAR EERERI AL 15 1259 £108°05'29" N34°48'21"
aliyh bk TSR 5 T R 16 1258 E108°05'38.6"  N34°48'31.4"
LEYDRAR TR 20 1246 £108°05'25" N34°48'16"
Ttk EMEMIZ AL 21 1251 £108°05'28.4"  N34°48'21.1"
B MRV VI 19 1249 £108°05'38.4"  N34°48'32.2"
TrUEIR AN 5 M-V D IR AR ThIERE = 16 1239 £108°05'35.6"  N34°48'07.5"
FRE VbR A AR ThYEE AR 1Y 16 1230 E108°05'25.4"  N34°47'58.4"
TSP IR S bR EhEREAR AL 16 1258 £108°05'28.5"  N34°48'15.9"
BRI -V R AS AR Th MR 2 10 16 1251 £108°05'24.5"  N34°48'20.3"
SHAR VD AR IR A A A7 2R TR 16 1247 £108°05'23.9"  N34°48'19.3"
FeAM 3 AR EEREMGOEIERE P 16 1254 £108°05'38.2"  N34°48'32.6"
ML E =25 1 16 1218 E108°05'35.0"  N34°48'11.1"
PALVEZ TN ChEMEAR I P 28 1225 E108°05'26.9"  N34°47'59.5"
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AR i (g- kg /IS8 IS LR S R (g-kg™)
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BN 3), 0~5cem + 2, HIEAHIIRELTE R
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FETR A AR HL, Lok b B R IR S H 26%
(P<0.05), 1A HRIZ REFARE (P>
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222 HIERIEFEEL
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Table 2 Content of soil organic carbon in different land—use types(g-kg™)

] iy 24 78 TJZIREE Soil layer
Land use type 0~5 cm 5~20 cm 20~40 cm 40~60 cm 60~100 cm
it 13.36+1.99 12.22+1.18 9.132.57 7.89+1.74 7.19+0.30
FEHRE 22.77+1.60 21.07+4.44 12.02+4.48 6.03+1.80 5.56+1.23
HEAM A 26.75+8.32 19.47+6.80 10.76+6.05 8.15+4.73 6.50+3.64
FRUETR A HRHY 27.6112.73 11.44%2.36 10.42+3.40 8.56x1.76 8.34+1.94
FrAMHL 22.70+4.21 17.89+8.31 11.09+3.33 8.61%1.53 7.97+1.32

Sy AR E i EOC content/g kg™
0 2 4 6 8 10 12 14

10+
20+
30F
401
50+
60
701
80
90"+

+JZ Soil layer/cm

- Hih Farmland
XK= TR AE AR HL Arbor—shrub mixed forestland

| RELF AA R TIES FWSER E 5B b B4 1E

Figure 1 Soil easily oxidizable organic carbon and its proportion distribution in different land—use types

-+ KSRELHY Natural grassland

S RILASR AL R 4N H 9] (EOC/SOC /9%

+JZ Soil layer/cm

I BEARMH Shrub forestland
K- TR AHHL Arbor forestland
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BRI IRy HE AR b > T HE TR 58 Mk b > TR 4R 50 b =
TrRAMRHSHE L, Forr | HE AR FN T VR A M 5 #F
HAH EC A I N T 163%F1 145%(P<0.05 ), HiAth,
24 2RI [A] D) 22 AN I 3% (P>0.05) 5 5~20 em -2,
FEI A T A > T R 58l =T W T S8 MR > T A K
Ho>#EHh, /TPUE SHEAT H A B BN T 67% |
54% 53%F1 22%(P<0.05), T &1 Wi = (63 2% 5

A (P>0.05);20 cm LUF 4 2RI N RIRE
b R A I 1 i BB, B bR /N o
2.2.4 T-MERRIEE PRFEEL

AN [7] At A1) 2 e 7 L 5T )
1 FFEH B AR (£ 3).0~5em )2, RIREH
AR FRRETR A MR AN TR AR L - Sl P24 Pl
B ) 2 TR 233% .330% (315% F1238%
(P<0.05), i A4 AR 22 5 A B (P>
0.05);5~20 em )2, 3R RS HER BRI Ky
Ff b < T T TR S PR b <V AR PR D < TR AR SR < SR B

R 3 AR LA AR R E SRR
Table 3 Soil carbon pool management index(CPMI) in different land—use types

Ji#b25%) Land-use type TR PETE 2 A T JAEE % CPL TRPEIGRERREC AT BRPETEIREL CPMI/%  SUbTRE R AL K.
0~5 cm
Mt 0.29£0.11a 1.0020.00a 1.00£0.00a 100+0a 0.78+0.07b
KRR 0.53%0.12a 1.73+0.27ab 2.03+0.85ab 333+90D 0.6620.05ab
AR 0.68+0.52a 2.16+0.82b 2.63£2.28b 430£233b 0.64+0.17ab
TEHER AL 0.63+0.24a 1.87+0.93ab 2.45+1.29b 415+220b 0.62+0.08a
FrAMH 0.53+0.04a 1.73+0.40ab 2.03+0.71ab 338+110b 0.66+0.02ab
5~20 cm
Bt 0.32+0.13a 1.00£0.00ab 1.00£0.00a 100£0a 0.76+0.08a
FARTHy 0.43£0.06a 1.62+0.41b 1.5420.62b 235£76h 0.70+0.03a
TEAR B 0.35+0.12a 1.37+0.48ab 1.22+0.63h 165+113ab 0.75+0.07a
FERER AL 0.43+0.14a 0.90+0.20a 1.53+0.76b 128+45ab 0.700.06a
FrAM M 0.47+0.06a 1.26+0.64ab 1.67+0.66b 2162154 0.68+0.03a
20~40 c¢m
Bt 0.26+0.16ab 1.0020.00a 1.00£0.00a 100£0a 0.810.10a
TRl 0.43+0.17b 1.4020.62a 2.38+1.78¢ 324£260b 0.71x0.09a
ARSI 0.34+0.20ab 1.25+0.77a 1.91£1.67hc 162+128a 0.76+0.11a
TR A 0.22+0.07a 1.21+0.50a 1.25+0.83ab 122+52a 0.82+0.05a
TrARMI 0.32+0.07ab 1.2920.50a 1.80+1.14bc 211x138ab 0.76+0.04a
40~60 cm
Bt 0.16+0.05a 1.0020.00a 1.0020.00a 100£0a 0.86+0.04a
KARHEH 0.40+0.11a 0.79+0.28a 2.74+1.12a 218+114b 0.72+0.05a
TEAR SR 0.46+0.50a 1.07+0.65a 3.1123.64a 168+84ab 0.75+0.19a
TR A 0.19+0.05a 1.13+0.32a 1.27+0.50a 132+38ab 0.84+0.04a
FrAM M 0.300.06a 1.13+0.30a 2.06+0.72a 226+74b 0.77£0.04a
60~100 cm
Hii 0.14x0.01a 1.0020.00a 1.0020.00a 100£0a 0.88+0.01a
FIREH 0.37+0.07a 0.74+0.17a 2.67+0.57a 202+79h 0.73+0.04a
HEAR M 0.58+0.70a 0.90+0.49a 4.19+5.09a 194+99h 0.72+0.21a
TeUEIR A 0.20+0.08a 1.16+0.27a 1.46+0.57a 158+44ab 0.84+0.05a
TrASIH 0.28+0.06a 1.1120.18a 2.01x0.45a 225+65b 0.78+0.04a

s [l — RS R [ /INE TR R 25 5 i 2 (P<0.05) . Rl
Note: Within columns, values in the same layer followed by the different lowercase letter(a—d )are significantly different(P<0.05) between different plant

types. The same as below.
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H, KR AT A B 25 5 TR 51 2 135%
Fl 116%(P<0.05) , HoAth 25 HIHBZS Y1) 25 550 Ik 2 (P>
0.05);20 cm LA T 45 2R W R BN TR ASR AR IR 5L
b - SR A AR B BEARAR IR o
2.3 TIEEEEEME
2.3.1 IR AL RS

A B b - 38 5 ARk AU PR S R Y 22 R
Bl 2 S TR IR I A K (B 2) o 0~5 em 1)2, K
SR I AL SR I B Tk EAMHb TR
VR SE Mt 43 I 24 5% 8% F1 4% (P<0.05);5~20 ¢m
)2 RIR G B2 TR A TR TR AR
HFI TR AR 2%~6%(P<0.05);20~40 em 12, K4k
b S 2R T AR M A T E TR S MR A3 B 2 7% (6%
(P<0.05);40~60 .60~100 cm 1 )72, KRB0 H JHE A MK
My VTR AR RN T AR PR H I 2 v TR b 4 R
17%~23%( P<0.05)F1 16%~18%( P<0.05),
2.3.2 MBS PR

AN [) = i R 5 3 S TR S 4 1 22 7 R A
PRAE 0~20 cm FEFE (K 2), 0~5 em 1 )2, BEAMM TF
TR ACHHD - R Bt TG R S 2 e TR, 531 29 69%

AL AU Catalase/0.1 mol - L™ KMnO, mL- g™
012 1|4 1.6 18 20
10+
20 +
30
40 -
50
60 F
70
80 |
90+

+JZ Soil layer/cm

D PEMEERREE Alkali-phosphatase/P,0s mg - g™
0 10 20 30 40 50 60
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20
301
40
50
60
701
80 [ HK
90 -

+ )2 Soil layer/em

- HiHb Farmland
> TEMEIRAS AR Arbor—shrub mixed forestland

B 2 AEiF A R A

Figure 2 Soil enzyme activities in different land—use types

-+ KAREHE Natural grassland

1 50% , HEARBRHD 25 T R SR H 24 144% (P<
0.05);5~20 ecm )2, FK/NIT R >R AR 5> T
HEVRASHR S TEAMMS TR A MY, T A i KT
HEHLZY 53%(P<0.05);20~40 em 12, & W R FH 5
A ZE A B E (P>0.05);40~60 cm + 2, A MM
B E TR ORAR TR AR MM, 23 51124 273% |
144%F1 130%( P<0.05) ;60~100 cm + 22, Fe A ML FN
HEAOMHD i 25 5 TR, 4351124 286% .262(P<0.05) .
2.3.3 - SRR IR T 1

AN [7] At A1) 2 S P e 2 il 0 M R
PRAE 0~40 em JE (& 2), 0~5 em + )2, RIREHY JE
ARARH FERETR SSHRM AN TR AR - SR s R il T
PR 5 T 8 2 159% 211% (153% 1l 98% (P<
0.05);5~20 em -2, RERFHL T 25 T TRUETR
AL . TR, 5 B2 98% 66% Il T9% (P<
0.05);20~40 cm 42, KER B B 2 = T HEHl T
TRASHRHL, 433124 118% 135%( P<0.05) ;40~60 cm 1
J2, 45 R Oy =) 22 58 8 25 (P>0.05) ;60~100
em 2, Bk B 2 S T IRARM ML 45%(P<0.05) .
234 -GG M

IR Urease/NH;—N mg kg™
=50 0 50 100 150 200 250 300

(= R B ]
o O O
T T

-+ JZ Soil layer/cm
(=)

AR Inverse/glucose mg- kg™
0 200 400 600 800 1000 1200

-+ JZ Soil layer/cm

I FEAMKHL Shrub forestland
K= TR AMHL Arbor forestland
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AT = iR O o - S MR G 1 1) 22 S
IRBLAE 0~20 em HEEE (K 2), 0~5 em £ )2, KIR G |
TEA MY TRV TR AR TR AP A 3 R S
A5 5 TRk HL 2 88% 98% 94% Fll 117% (P<0.05);
5~20 em )2, KRB b I 3 5 T AR AP H D
TRHEVRASHH, 433124 T1% 101%F1 91%( P<0.05) ,

3 e
3.1 AETHFAEARTESSUSHREESHE
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Table 4 Correlation between soil enzyme activities and SOC in different land—use types

RGP Soil enzyme activity SOC EOC StOC A CPI Al CPMI K.
WA LA Catalase 0.351(*) 0.460(**) 0.255 0.475(%%) 0.185 0.304 0.345(%)  -0.554(**)
W Urease 0.476(**)  0.692(**) 0.316 0.751(%**) 0312 0.587(**)  0.622(**)  —-0.720(**)
Bl PERERR T Alkali-phosphatase 0.803(**)  0.814(**)  0.694(**)  0.652(**)  0.604(**) 0.422(*) 0.642(#**)  —-0.634(**)
HEREER Inverse 0.823(**)  0.768(**)  0.729(**) 0.346 0.707 (%) 0.251 0.660(**) -0.354

L - #0.05 /K BEHSE 5#40.01 AKA-REA ; SOC-LIEA IR ; EOC-Z M A R ; SIOC-F2EA IR, T 1A

Note: *0.05 horizon significant correlation; **0.01 horizon significant correlation; SOC—Soil organic carbon; EOC-Easily oxidizable OC; StOC-Stable OC.

The same as below.

£S5 ARLHAAAXTEANBRRESUREESHERME

Table 5 Sensitivity of SOC and its oxidabilities in different land—use types

T2 /em ALK by BT Fadshi TR PTG JE BRPERRET  DRPEIGRERREC BRAEERMRE AR E R R
Soil depth SOC EOC StOC A CPI Al CPMI K,
0~5 1.12 2.18 0.88 1.34 1.16 1.63 3.30 0.25
5~20 0.79 1.05 0.77 0.47 0.79 0.67 1.35 0.12
20~40 0.32 1.42 0.14 0.90 0.40 1.38 2.24 0.15
40~60 0.42 0.97 0.71 1.86 043 2.11 1.26 0.19
60~100 0.56 0.98 0.81 3.17 0.56 3.19 1.25 0.22
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