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12-13] 17.5 1900 ~2 000 h
1.2
0~20cm
pH 4.18 8.64 g/kg
1.64 g/kg 1.01 g/kg 157.75 mg/kg
7.73 g/lkg CEC  18.84 cmol/kg
350 ~500 C
35%
[1413] pH 1035 467.20
g/kg 5.90 g/kg 14.43 g/kg
4.70 g/kg 11.50 g’/kg CEC
217.00 cmol/kg
( 8 )
1.3
2013 4
3 27
35mx6m=21m’ 0.5m
1 I m 0.5 m
1.1 630 g(300 kg/hm?) (P,Os5 12.5%)787
g(375 kg/hm?)  KCI(K,0 60%)552 g(263 kg/hm?)
25 ~ 30 20
m 5° 116°20'24"E 28°15'30"N
9
1 587 mm 282d 1
R 1 AIE KR E (kg/hm?)
Table I Experimental treatments and applied amounts of soil amendments
CK CO0Cal C0Ca2 Cl1Ca0 ClCal ClCa2 C2Ca0 C2Cal C2Ca2
0 0 758 758 1515 1515 1515
0 61 121 0 121 0 61 121
1.4 pm
2014 4 TOC (7
0~10 2 mm
10 ~20 cm 4 25g 30ml 5 g/L
(90 r/min) 18 h
1.5 53 um
- 53 ~2 000 pum 60
[16]
-K,SO,
0.4501°] : 1)
Blair ["KMnO,
411 200 r/min 2h 4 C 500 pm
4 500 r/min 20 min 0.45 15 mg 25 ml 333 mmol/L
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KMnO, 1h 4 000 r/min 5 min
250 565 nm
I(IVIII()4
565 nm KMnO,
I(IVlIl()4
3,5-
24h  1g
24h 1g
72h 1¢g B-
lh 1g
[11]
1.6
= (CPD)=
/
(A)= / (AD=
/ (CPMI)=
X x100 =
/ x100%!"!
1.7
Microsoft Excel 2007
SPSS
2
2.1
2.1.1
1 (
) (SOC)
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18.93% 11.73% CK
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8.89% 1535% 0~ 10 cm
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Fig. 1 Effects of different amendments on organic carbons in
upland red soil

2.1.2
( )
2
0~10cm>10~20cm
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77.70 ~
105.44 62.52 ~96.74 mg/kg CK
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Fig. 2 Effects of different amendments on organic carbon fractions in upland red soil
2 0~10 10~20 17.17% 8.60% 0~ 10cm
cm 124.53 ~ C0Cal <C0Ca2 < CK
146.92 95.76 ~ 119.41 mg/kg CK < ClCal < C2Ca0 < ClCa2 < (C2Ca2 < (C2Cal <
7.62% ClCa0 ClCa0 CO0Cal C0Ca2 C2Ca0 CK
12.33% ClCa0 ClCa2 C2Ca2 0~ C2Ca0 ClCal ClCa2 C(C2Cal C(C2Ca2
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CK <C0Cal <C0Ca2 < Cl1Cal <C2Cal <
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ClCal C2Cal 10 ~20 cm

CK < C0Cal < C0Ca2 < ClICal < C2Ca0 < C2Cal <

ClCa0 <(C2Ca2 <ClCa2 Cl1Ca0 CO0OCal
ClCa2 (C2Ca2 CO0Cal Co0Ca2 ClCa2

C2Ca0

2 0~10 10~20cm
4.08 ~ 5.55

3.46 ~4.83 g/kg CK 0
~10 10~20cm

6.54% 16.11% 0~10
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C0Ca2 < C0Cal < CK < ClCal < ClCa2 < C2Ca0 <
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10 ~20 cm
3.90 ~5.00
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2 0~10

3.73~458gkg  CK
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11.33% 11.86% 0~ 10 cm
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10 ~20 cm 11.09% 14.07% C2Ca2
CK <C0Cal < 0~10
C0Ca2 < ClCal < ClCa2 < Cl1Ca0 < C2Ca0 < C2Cal 10 ~ 20 cm C2Ca2
<(C2Ca2 C(ClCal ClCa2 CK Cl1Ca0 0~ 10 cm
C2Ca0 C(C2Cal C2Ca2 CK Co0Cal C0Ca2 CK< C0Cal< ClCal< ClCa2<
C0Ca2< C2Cal0< ClICa0< C2Cal< C2Ca2 C2Cal
213 C2Ca2
2 ( ) 10 ~20 cm
CK< ClCal< C0Ca2< ClCa2<
CK CO0Cal< ClCa0< C2Ca0< C2Cal< C2Ca2
0~10 10~20cm
R2 BRI EH IR ESIBIEHNAEI
Table 2 Effects of different amendments on carbon management indexes in upland red soil
(cm) (g/kg) (g/kg) (g/kg)
0~10 CK 12.49b 4.11 ce 8.38a 1.00 a 0490 1b 1.00 b 100.00 b
CO0Cal 9.97 ¢ 390¢ 6.07b 0.80b 0.641 7 a 131a 104.47 b
C0Ca2 10.29 ¢ 4.03 de 6.26 b 0.82b 0.642 8a 131a 108.03 b
Cl1Ca0 13.28 ab 4.47 be 8.81a 1.06 a 0.507 6 b 1.04 b 110.09b
C2Ca0 14.16 a 453b 9.62 a 1.13a 0.470 8b 0.96 b 108.88 b
ClCal 12.86 ab 4.34 bed 8.52a 1.03a 0.509 0b 1.04 b 106.92 b
ClCa2 13.51 ab 4.41 bed 9.10a 1.08 a 0.485 2b 0.99 b 107.11b
C2Cal 13.98 a 4.69 ab 9.29a 1.12a 0.505 3b 1.03b 115.41 ab
C2Ca2 13.82 ab 5.00a 8.82a 1.11a 0.566 1 ab 1.16 ab 127.80 a
10 ~20 CK 11.01 bed 3.73d 7.28 abe 1.00 abc 0.512 1 be 1.00 ab 100.00 a
CO0Cal 9.29d 3.76 cd 5.53¢ 0.84 ¢ 0.679 3 a 1.33a 11191 a
C0Ca2 10.15 cd 3.84 cd 6.31 be 0.92 be 0.609 0 ab 1.19 ab 109.59 a
C1Ca0 12.40 ab 4.18 abc 8.22 ab 1.13 abc 0.509 3 be 0.99 b 111.98 a
C2Ca0 13.44 a 4.33 ab 9.12a 1.22a 0.474 9 ¢ 0.93b 113.21a
ClCal 12.27 abc 4.11 bed 8.17 ab 1.11 abc 0.502 6 bc 0.98 ab 109.38 a
ClCa2 12.38 ab 4.16 abed 8.21 ab 1.12 abc 0.507 0 be 0.99 ab 111.26 a
C2Cal 12.73 ab 4.42 ab 831la 1.16 ab 0.531 1bc 1.04 ab 119.85 a
C2Ca2 13.00 ab 4.58a 842a 1.18 ab 0.544 1 abc 1.06 ab 125.37 a
(P<0.05) ( =3
2.2 0~10 10~20cm
3 18.26% 6.93% 0~ 10
B- cm
4 CO0Cal< CO0Ca2< CK< ClCa2< ClCa0< C(C2Cal<
0~10cm> 10 ~20 cm C2Ca0< C2Ca2< ClCal (C2Ca0 ClCal C2Cal
0~10 10~20cm C2Ca2 CK ClCal ClCa0 ClCa2
115.43 ~ 179.45 105.61 ~ 140.90 mg/(kg-h) CK C0Cal  COCa2
10 ~ 20 cm
C0Cal< CO0Ca2< CK<
C2Cal< ClCal< ClICa0< ClCa2< C2Ca0< C2Ca2
CK 0~10 10~20cm C2Ca0 C2Ca2 C0Ca2 C0Ca2
7.94% 11.53% COCal
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3 0~10 10~20cm
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58.38 mg/(kg-h)
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Fig. 3 Effects of different amendments on enzymes activities associated with carbon cycling in upland red soil

3 0~10 10~20cm
11.57 ~ 15.18
10.33 ~ 14.00 mg/(kgh)
CK 0~10 10~20cm
16.71%
15.95% 0~ 10 cm

CK< C0Cal< ClCal< C0Ca2<
C2Ca0< ClCa0< C2Cal< ClCa2< C2Ca2 ClCa0
ClCa2 (C2Cal C2Ca2 CK C0Cal
C2Ca2 CO0Ca2 C2Ca0 ClCal
10 ~20 cm
CK< C0Cal< C2Ca0< C0Ca2< ClCal< Cl1Ca0<
C2Cal< ClCa2< C2Ca2 C(C2Ca2

ClCa0 ClCa2 CK

3 0~10 10~20cm
B- 41530 ~
870.18 340.68 ~ 747.44 mg/(kg'h)
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ClCal< Cl1Ca0< C2Ca0< ClCa2< C2Cal< C2Ca2

C0Cal C0Ca2 ClcCal C1Ca0
C2Ca0 C2Cal C2Ca2 C2Ca2 ClCa2 B-
10 ~20 cm
2.3 B-
B_

( 3) 0~10cm
B-
*3 TIEANKRESSTIREGFMEHEXNE

Table 3 Correlation coefficients between soil enzyme activities and soil organic carbon fractions

(cm) B-
0~10 0.464" 0.645" 0.591" 0.381"
0.475" 0.503™ 0.465" 0.279
0.285 0.35 0.4917" 0.31
0.522"" 0.554™" 0.644™" 0.476"
0.686" 0.5317" 0.643™ 0.454"
10 ~ 20 0.497" 0.418" 0.525" 0.259
0.617" 0.365 0.538" 0.417
0.626™ 0.446" 0.389° 0.549™
0.563" 0.557"" 0.615™ 0.308
0.625™ 0.442" 0.494™ 0.569™
* P<0.05 ok P<0.01
3 [23]
3.1
[21]
[24]
(0 ~ 10 cm)
10 ~ 20 em (10 20 40 t/hm?)
2
C2Ca0 C2Cal C2Ca2  0~10 10~20cm Durenkamp %!
[26]
11.97% 18.55% C2Ca0
[22] (5 ghkg 10 g/kg)
(20 g/kg) (27
3 (2.25 t/hm?
(C2Cal C2Ca2) 4.50 t/hm?) 0~7cm 7.5 ~15cm
C2Ca0
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Effects of Amendments on Labile Organic Carbon and Soil Enzymes
Activities in Upland Red Soil

YUAN Yinghong'"?, ZHANG Wenfeng’, ZHOU Jihai’, RUI Shaoyun?, LIU Guijun?, LI Li*,
HUANG Qianru'’, CHENG Yanhong', SUN Bo’

(1 Jiangxi Institute of Red Soil, Jinxian, Jiangxi 331717, China; 2 Jiangxi Key Laboratory for Restoration of Degraded
Ecosystems & Watershed Ecohydrology, Nanchang Institute of Technology, Nanchang 330099, China; 3 State Key Laboratory
of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: A long-term field experiment was conducted to study the effects of different soil amendments (biochar and
calcium peroxide) on soil labile organic carbon fractions and soil enzymes activities associated with carbon cycling in upland
red soil in Jiangxi Province in order to resolve the problems of low fertility and productivity. 9 treatments were included in the
experiment, i.e. CK, C0Cal, C0Ca2, C1Ca0, C2Ca0, Cl1Cal, C1Ca2, C2Cal and C2Ca2. The results showed that single
application of biochar and combined application of biochar and calcium peroxide were beneficial to increase organic carbon
content and labile organic carbon fractions, and the effects were better than single application of calcium peroxide. Soil
organic carbon contents increased significantly under C2Ca0, C2Cal and C2Ca2 treatments. Biochar and calcium peroxide
significantly increased soil labile organic carbon fractions. The content of microbial biomass carbon averagely increased by
45.22% in C1Ca0 treatment, the content of dissolved organic carbon averagely increased by 21.34% in C1Ca2 treatment, the
content of particulate organic carbon averagely increased by 20.72% in C1Ca0 treatment, the content of labile organic carbon
averagely increased by 22.19% in C2Ca2 treatment. Biochar and calcium peroxide increased averagely carbon management
index by 11.09% and 14.07% in 0-10 cm and 10-20 cm soils, respectively. The enzyme activities were promoted with the
addition of the biochar, and the effects of 0-10 cm soil layer was more obvious than 10-20 cm soil. The combined application
(C2Ca2) significantly improved the activities of amylase, cellulase and B-glucosidase, while the C1Cal treatment significantly
improved invertase activity. Therefore, biochar and calcium peroxide can effectively improve labile organic carbon fractions
and enzymes activities associated with carbon cycling in upland red soil, and their combined application is more helpful in soil
improvement.

Key words: Soil amendment; Upland red soil; Labile organic carbon; Soil enzymes
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