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Soil organic carbon and carbon management index affected
by the different fertilization methods in the
field of irrigation silting soils
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(1. Key Laboratory of Soil and Plant Nutrition of Ningxia Hui Autonomous Region , Institute of Agricultural Resources and Environment ,
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Abstract: In order to investigate the characteristics of fertilization effects on soil organic carbon and carbon manage-
ment index of irrigation silting soils in the paddy-upland rotation field, and look for a suitable method for soil carbon im-
provement and sequestration, a three-year field experiment was conducted to study the effects of six different fertilization
methods including no fertilizer (CK), balanced application of chemical fertilizers (NPK), application of manure (M),
combination of or-inorganic fertilizers (NPK + M), chemical fertilizers plus maize straw (NPK + S), and conventional
fertilizers by farmers (CON) on soil total organic carbon content, labile organic carbon content, and carbon management
index of the 0 ~ 20 cm topsoil in the rotation system of paddy rice-spring wheat-spring maize in the Yellow River irrigation
region of Ningxia. The results showed that soil organic carbon content was increased to some extent by treatments NPK,
M, NPK + M, and NPK + S under the same N supply in paddy or upland fields. Compared with the soil before any treat-
ment where the corresponding contents were 9.92 and 2.48 g-kg™', soil total and labile organic carbon contents were
10.03 ~ 10.60 and 3.00 ~4.35 g-kg ™' with these treatments after three years fertilization, improved by 1.2% —6.8%
and 20.8% ~75.2% , respectively. A significant difference was further found between treatment M and CK. Soil carbon

pool index, organic carbon activity, organic carbon activity index, and carbon management index were also significantly
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increased by the application of manure after three years. Therefore, in consideration of soil organic carbon and increase in

its labile component, a balance application of N, P, and K fertilizers should be the base to promote a long-term applica-

tion of manure for the enhancement of soil carbon management index in the paddy — upland rotation field.

Keywords: the paddy-upland rotation system; fertilization; soil total organic carbon; soil labile organic carbon;

soil carbon management index ( CMI)
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Ul A P XK, e 2 i T Ak B B R 1 i
fitli - HEA T, NPK + M AL R A LU BIA 101, B
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Table 1  Nutrients and carbon input by different fertilization methods in the paddy-upland rotation system from 2008 to 2010

TBAE/ (kg hm™=2)

A FAFEFF/ (kg hm™?)

o (=7 b7 Chemical fertilizers Dairy manure or maize strawcal fertilizers
Year Crop Treatment
N P,0s K,0 C N P,0s K,0
NPK 240 120 180 — — — —
M — 64 — 7886 240 56 322
2008 7J(7FH NPK + M 120 92 19 3943 120 28 161
Paddy rice
NPK + S 217 102 105 2025 23 18 75
CON 300 120 — — — — —
NPK 180 90 180 — — — —
M — 48 — 5915 180 42 241
2009 %d\i NPK + M 90 69 59 2957 90 21 121
Spring wheat
NPK + S 157 72 105 2025 23 18 75
CON 315 180 — — — — —
NPK 225 90 180 — — — —
M — 38 — 7394 225 52 301
2010 ﬁI?K NPK + M 112.5 64 29 3697 112.5 26 151
Spring maize
NPK + S 202 72 105 2025 23 18 75
CON 300 135 — — — — —
1.3 tHRESWUE TG

AR EFERIET 3 a /KRR, X%
HI,2R4E 5 SIRA 0~20 em #FZ T4 B VEYIIL
I AN R AR NE AL FE 0 ~ 20 em #F )2 +
L3 RIR G o 1 ECA HLAR R T 32 85 R 21 A1 I #A
PAE TP LR T 333 mmol - L™ KMnO, % fk
PAWAE , SRS E A MLAR = 1 58 S BLAk — 351k
ALK
1.4 HEAR

e HAR O T A XS ok S g
B B ZEFEE(Carbon pool index, CPI) = F i &L
AP (g kg™ ) /S AIE LA R (g kg™, LUK
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PEIGFE (A) = B IS PR A HLEK (LOC) /R i iy
ARG A HLAKR (NLOC) 5 Bk J22 175 B2 48 %X (Activity in-
dex, AT) = B il B 85 8 15 B2 (A) /%] IR AR Bk 22 05 22
(AO0) , 25 Fif S Gy 48 Sy XoF B 5 i P22 A8 2L 48 45 ( Car-
bon management index, CMI) : 4§ + 345 IG5 2+
AP FE bR, BEAE S AR A i NE 15 i ) £
e T R BT BT Y AR B Bk R B AR AL eI =
CPI x Al x 100,
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IKBFAERR T, BEIR A H 38 oA HLIR &
SN C/N BN AN [R] il IR 565 e %) el R 40 3% 2 T 7o
g5 LR, 2008 4F 7K R FI 2009 4R /A 2, AN [ it
JE A B[] 438 S A DL % 1 25 S R R IR B KT
| 2010 4FF FKZE, M AHXT T CK AR PR + 1 S f
BB 5 e A S 2, 9 HE 55 JHC it A it ) 4 g
BEZES . TTIR/KHIAERH,NPK M NPK + M Fl
NPK + S ZbFEAR AR 2] — 2 19 L3RR, 280 3
a iy H R, 4 3 SOF MLk & f 38 10,03 ~
10.60 g- kg™ ', FIXIRHTM 9.92 g- kg™ 'HH LK, NPK,
M . NPK + M FI NPK + S 40 + 32 8.4 LR 2 B H2 55
T1.2%.6.8%.2.9% 1 2.3% . A% K > 15 IE
(CON Ak 31) X fig B A 2 15 + 3 WLt % 5 7K F
PRI, DA A S04 B 1) 32 2% 0[] 4 R0 3R AL 0 K-
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Table 2 Effects of different fertilization methods on soil total organic carbon and the ratio of
C/N in irrigation silting soils in the paddy-upland rotation system
+3EEA WL Soil total organic C/(g-kg™!) 43 C/N Eb Ratio of soil C/N
Lt R A 2008 2009 2010 P A 2008 2009 2010
Treament R0 K Bk K o K % FEK
Paddy rice Spring wheat Spring maize Paddy rice Spring wheat Spring maize
CK 9.92 9.47+0.86a 9.67+0.84a 9.49+0.15b 9.18 9.71£0.55a  9.54+0.09 a 9.35+0.43 a
NPK 9.92 9.88+0.4a 10.23+0.54a 10.03+0.25 ab 9.18 9.42+1.68a 9.25+0.47 a 9.57+0.34 a
M 9.92 10.21+0.99a 10.07+0.58 a 10.60+0.24 a 9.18 10.00+1.87a 9.38%x0.13 a 9.81+0.83 a
NPK + M 9.92 10.03+0.4la 10.23+0.38a  10.21+0.46 ab 9.18 9.50+0.84a 9.67x1.10a 9.46+0.91 a
NPK + S 9.92 9.88+0.73 a 9.98+0.76 a 10.15+0.15 ab 9.18 8.61+0.47 a 9.27+0.67 a 9.41+0.37 a
CON 9.92 9.96+1.31a 9.82+0.44 a 9.98+0.71 ab 9.18 9.86+0.67 a 9.45+0.40 a 9.59+0.43 a

T R ] — R ZE AL AL RS [l NG P B 5% W3 KF-, + J5 RO b2 s T 1Al

Note: Different small letters among different fertilization methods in the same crop season showed significant difference at 5% , data after + were standard

deviation (SD); hereinafter.
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(19 4 C/N (25 5 A 35 (FURE X T30 i Ak L
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B 2E SRR I N G AR & e A AR, 4 ¢/
N B AIE FT Y 9. 18 43 $2 755 3] 2008—2010 4F A
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PR PRI AR B AR ORI S 1 C/NH,

TR 4 C/NEXREN 9.35, T34h, K HIET T A%
FFIA H (NPK + S ZbH) 25 ik + 36 HLR -1k , FEAIK
+3E C/N{H,2008 F/K 2= 4 C/N {HL K 8.61,
IR TRIS AT A SR LG 9,18, SASki, &40 VEVEY)
Z AR Tal it AEFE T 38 C/N {H—ARTE 10 IR,
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2008 477K A A1 2000 4R A /NEEF 50 O 9. 71 AN
9.54 {HEE + A MR AWM AR, L 2010 4FE K HLERS Y 25 g AR AN 1 3%
®3 KREREFRERLT TERESIEFEEIGRE SIS 5L 5E Y &
Table 3 Effects of different fertilization methods on soil labile and non-labile organic carbon of

the irrigation silting soils in the paddy-upland rotation system

TG PEA YL S R A A 22 5 (ARG A

T A VLR 10C/ (g kg™")

HHEARE A LR NLOC/ (g kg™")

s pA e 2008 2009 2010 AR TA 2008 2009 2010

Treament Sk th wrk P kR th ek
Paddy rice Spring wheat Spring maize Paddy rice Spring wheat Spring maize
CK 2.48 2.53+0.50 a 1.98+0.30 a 2.38+0.24 b 7.44 6.94+1.33 a 7.69+0.61 a 7.11+0.26 a
NPK 2.48 2.77+0.52 a 2.55+0.06 a 3.00x1.16 b 7.44 7.11+0.28 a 7.68+0.49 a 7.04+1.41 a
M 2.48 2.95+1.01 a 2.62+0.59 a 4.35+0.4 a 7.44 7.26+0.83 a 7.45+0.56 a 6.25+0.30 a
NPK + M 2.48 3.03+£0.54 a 2.73+0.14 a 3.43+0.15 ab 7.44 7.01+0.67 a 7.50+0.36 a 6.78+0.44 a
NPK + S 2.48 2.70+0.33 a 2.65+0.97 a 3.30+0.98 ab 7.44 7.19+0.83 a 7.32+1.03 a 6.85+1.06a
CON 2.48 2.91+0.95 a 2.65+0.73 a 2.78+0.94 b 7.44 7.05+1.00 a 7.17+0.49 a 7.20+0.85 a

Jiti AE X 2008 47K FH Al 2009 4 5 4+ 55 A
ML & 3400 52, (HAE 2010 423 FORZEH I
WEMZES B CK(2.38 g-kg™ ") A1, e b 3
TR AU ik 2.78 ~4.35 g kg™ ', M 4b
PR F) g Ko M EL IR B AT (2.48 g+ kg™ 1), M,
NPK + M NPK + S &b 3% £ 155 4= 8 1% M A HLAR OR
Wi, H: 2010 4R 45 FOKZE R IR TR A LIk & R

K51 6.25 ~6.85 g-kg ™', {HIX 3 /it A b 2 7] 2= 5
JEARUIE . S REER 2 B, ARt AL S it~ 180
PEA LI 53 5 A LR EE A1 5 =i 1402 MAR R
[FVEIZE Ho 3k 25.8% ~ 42.2% ,F39 0 32.8%;
HYJE NPK + M Fll NPK + S 431, R [RIAE 4 25 L 45
I3 26.9% ~34.0%F1 27.1% ~32.6% ,F-3 43
A 30.2%F129.2% . 1fi CK AbH 2 FEAR G A
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Note: The vertical bars indicate the standard deviation of the mean, and
the square columns in the same crop season with different small letters show

significant difference at 5% ; the same as below.

1 KEBREGERTEEIREE T LIEREEY
Fig.1 Soil carbon pool index (CPI) by different fertilization

methods in the paddy-upland rotation system
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Fig.2  Soil organic carbon activity (a) and activity index (b) by different

fertilization methods in the paddy-upland rotation system
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Fig.3  Soil carbon management index (CMI) by different fertilization

methods in the paddy-upland rotation system
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