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Characteristics of Organic Carbon Stabilization in Paddy Soil Under Long—term Different Fertilization

XU Xiang-ru'?, CAI An—dong®, XU Ming—gang®, WANG Jing—kuan'", ZHANG Wen—ju*"

(1.College of Land and Environment, Shenyang Agricultural University, Shenyang 110161,China;2.Institute of Agricultural Resources and
Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081,China )

Abstract: Understanding the mechanisms of soil organic carbon(SOC) stabilization would help improve soil carbon sequestration in paddy
soil. In this paper, we obtained paddy soils from a 30 year experimental field under five different fertilization, including no fertilizer (con—

trol ), mineral nitrogen (N )—phosphorus (P)—potassium (K) fertilizers (NPK ), 70% mineral N + 30% organic N plus PK(NPKM7/3), 50%
mineral N + 50% organic N plus PK(NPKM5/5 ), and 30% mineral N + 70% organic N plus PK(NPKM3/7). Organic N was provided from
green manure and pig manure. The soils were subjected to separating unprotected, and physically, chemically, bio—chemically, physical -
chemically, and physical-biochemically protected SOC fractions by a physical—chemical combined fractionation method. Except the unpro-
tected light fraction and the occluded silt and clay—sized fraction, the mass proportion of all other SOC factions was significantly different be—
tween the treatments. Compared with non—fertilization( CK) treatment, chemical fertilizers mixed with organic manure(NPKM7/3 \NPKM5/5
and NPKM3/7) significantly increased the content of total SOC(19.1~25.0 g-kg™"), unprotected coarse particulate organic carbon(cPOM )

(8.41~12.7 g-kg™), and physically protected aggregate (pagg) organic carbon(6.41~6.62 g+-kg™) in red paddy soil (P<0.05). There were
no significant differences for the chemically, biochemically, physical —~chemically and physical —biochemically protected fractions between

the five treatments. These results indicated that the unprotected cPOM and the physically protected pagg fractions were the most sensitive
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ones in long—term fertilization. There was a linear positive correlation between total SOC and tcPOM, physically protected pagg, and oc—

cluded POM inside the pagg(iPOM) fraction(P<0.05 ), and their response efficiency to total SOC accumulation( the slope of the regression )

was 0.5, 0.12, and 0.12 respectively. However, the response efficiency of non—hydrolysis clay and physic—chemically protected silt fraction

to total SOC accumulation was only 0.02 to 0.03, even though they had significant responses. There was no significant relationship of the rest

fractions with total SOC. Under the present cropping and management practices, cPOM and micro-aggregates were the main stabilization

mechanisms for soil carbon sequestration. Soil physically, chemically, biological —chemically and physical —biochemically protected SOC

fractions might have reached the maximum capacity in this paddy soil.

Keywords: soil organic carbon; fractionation; stabilization mechanism; paddy soil; carbon sequestration
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AR IR 17.5 °C, =10 CFHIE 5400 °C, 4EF14
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HRE R R - R -4 R ARy =0, 3 i - e 0 3
APERT A - ALK i 14.85 g-kg™, AR 4205530
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Table 1 Application rates of mineral fertilizers and organic amendments of relevant treatments of

the long—term experiments in this rice-rice system

£ XYL Green manure

4% Pig manure

WhE e TALR jT:.m@'e %ﬂﬁ i it
Treatment  Cro Mineral Mineral Mineral Avnliontt y c/ N/ P/ K/ Aonlicat; y c/ N/ P/ K/
o P N/kg-hm?P/kg-hm?K/kg-hm? PP fdﬁﬁg rate gkg'  gokg?  gokgt gekg? PP llcji;‘:g rate gkg?! gokg! gokg! gokg
CK L=k 0 0 0 0 0 0 0 0 0 0 0 0 0
Early rice
W 0 0 0 0 0 0 0 0 0 0 0 0 0
Late rice
NPK LR 150 30 124 0 0 150 262 1245 0 0 0 0 0
Early rice
e A 180 30 124 0 0 0 0 0 0 0 180 262 1245
Late rice
NPKM7/3  Bfg 75 16 62 1.63 303 105 26.2  124.5 0 0 0 0 0
Early rice
S 90 10 62 0 0 0 0 0 1.91 236 126 262 1245
Late rice
NPKM5/5  RAg 51 19 41 2.72 303 75 262 1245 0 0 0 0 0
Early rice
e A 69 3 41 0 0 0 0 0 3.18 236 90 262 1245
Late rice
NPKM3/7 Hfg 84 22 33 3.80 303 45 26.2  124.5 0 0 0 0 0
Early rice
5 e 126 17 83 0 0 0 0 0 4.45 236 54 262 1245

Late rice
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Different letters above the bars indicate a significant difference
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Figure 1 Content of total organic carbon in red paddy soil after 30

years of fertilization
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(P<0.05).
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55 Rt AR AR E , NPK {5 AL 50k A AILAR 5 38 T
7.20%, {BACIREBA WEVE2E R ARSI MR
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Py R 2 P il SR AR P 8 UKL A BLAS 15 F Bif
% WA PR S B B4 i, NPKM7/3 A B4
MR & i fi e, 36 2.44 g-kg™' J& CK 14 2.62 15 BlH
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Table 2 Distribution of different fractions in soil influenced by long—term different fertilizations( % )

AR 53~250 pum(page)

g e AN Fractions %
. A‘LI;IQE l 250 um ﬁl—ﬂ%ﬁ&b&g %24y Fractions Rl Bk ik 0 [quif“/q
TeAment - (cpoM) Total micro~ 4 (LF) Ui EBTRL EERIRY R R AR Recovery/% d—silt d—clay coovenyr
aggregate SRS (iPOM) i (p—silt) KRz p—clay)
CK 43.16£1.37b  32.72+3.78ab  0.04+0.02a 9.14+1.02ab 15.28+1.80a  5.25+0.80a 90.98  19.81+3.17ab 1.38+0.05b 97.05
NPK  40.02+2.48b 32.78+5.19ab 0.04+0.03a 10.23+1.85ab 17.34+2.43a  4.21+1.27a 97.10 21.18+3.63a 1.89+0.84b 95.90
NPKM7/3 43.32+£1.94b 31.57+3.17ab  0.05+£0.01a 12.99+£2.15a 14.24+3.43a  4.27+0.76a 100.00  19.47+0.95ab 1.95+0.46b 96.25
NPKM5/5 40.78+£2.52b  34.05£3.92a  0.06+0.04a 11.95+4.36ab 17.20+1.05a  3.50+1.08a 96.04  19.51+6.30ab 2.41+£0.48ab  96.75
NPKM3/7 53.60+3.35a 22.25+0.19b  0.09+0.02a 6.71+£0.27b 12.19+0.39a  3.42+0.21a 100.67  14.19+0.40b 3.23+1.08a 93.30

T e RSB e AN ] 7 BRI TR B TE 5% IKF- 225 .35

Note: Values in same column followed by a different letter are significant difference at 5% level among the treatments.
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RARL S e N R TG i M 25 5, HEXT REAL 2
AP A A

XA ORI AS BRI B A R R AT HLGK 75
YR 0.78~1.67 g-ke™, i BA MUK S 5.33%~
7.96%; RIS SRR HLIK & SRy 0.12~0.22
goke !, EA VIR SR 0.52%~1.34%, AR
A ENEALFRIAA HLK & e g 2= 5 ARPRIAIE S
SRR PR & B 1.56~2.26 g-kg™, 5 EAHL
W Y 6.23%~12.3%; ARRRAFHIT 25 ASRRAT HLAR
VLA 0.30~0.79 g kg™, 5 A PR =AY 2.12%~
3.16%.

YR A AR A Y B A PR S A it AR Ak
BHTA], A LK 7 A GE 37718, AN 2H 20 A HLAR Y
A FAFAALAT AR BN =2 A o T iR i AT SR A P F oy i
AN R A VUL A DL S i m, TR
1.41 g-kg™!, BAHEACAL B 2.01 £ FRAR A R 14
PR R L NPKMS/5 b BEAT AILAR 2 2 i =3 (0.23 g -
ke™)  JEANHEARALEENY 1.77 % AERRIRIA AR N 1
ok (NH-psilt) 25 AE A 2 B] 40 8 22 5 NH-
psilt A LIRS EYEE N 1.50~2.59 g-kg™, (5 G HLAK
Y 8.39%~11.76%; {BARFRF A1 SRAK N BR R
JITAG Ak BRI Y TG 8 25 S, A BLER Y LR
0.94~1.07 g-kg™', di B A PR =AY 4.12%~7.70%
24 BRNENBRESRBIRSENEXER

EP ST T I NEA R L ) @ B | P kN o B Y A
A B S S S FLER Y A IEAH DGO R

(P<0.001), FHOC T FRMIRRRFR A LRSI 5 [ E R
Hor7Ek, INIE 2a AT LUE Y, SR HLIRAS 105 E AT
OB LB Ak fe ey L IR B 50% , W B3 i — 4>
B (g-kg™ ) I T4 SA BLAK  HLUR A HLBR IS N 50%
PR A TR R AR . TR, AR RIS
NH-dclay, ¥ 31—k 2= R3PS 1 H-pelay A HLEK 5 5
5 BB USROG (P<0.05) . 41 0R: (il
PRI 3 T FERER Y R YA PSR HEPAT,
AR 12% , (H 3 SA WLk 2L 5] & NH-
delay 5 H-pclay FIBE AL 29%~3% (FE 2b K 2d .
Kl 2e), HAH S5 EA MR E & 00 A O
o

3 itig

Jiti AE S5 A LA B N R 22— &
FH - BT SEBR R Relian A et ) A8 o A
g 30 AE AR E AR, WESE TR I A P
B AT DL 2 5 i 3 WK — 5 TR T B AT LA
HINVEY 7 it , Zhang SFPRFSY I it IE AT DA i 2 42
e 2L KA L A i, RIS L AL
TCHURECHE, - REAE T35 & U A IS 7 65.4%~
71.5% , WAL IERG 77 3.9%~7.8% , PRI AH R 34 hn 1 5%
AR 5 — A HUEA G & K E Lk,
B R T ARGt AL, P 5960 HLak IR B4
jt[lﬁ—IS]O

AR R, TS A i TREES

x3 KPARERAEZASBENHRSE (g ke' 1)

Table 3 Content of different organic carbon fraction in paddy soil under long—term fertilization(g- kg™ soil )

SBLEE SOC pool gﬂﬁ» AbFE Treatments
Fraction NPK NPKM7/3 NPKMS5/5 NPKM3/7
AEL~AP A Unprotected cPOM 5.45+0.41c 5.85+0.76¢ 8.41=1.16b 9.26+0.37b  12.74+0.87a
LF 0.15+0.07a 0.15+0.47a 0.14+0.02a 0.16+0.04a  0.2120.02a
YIHMEA 12 Physically—protected iPOM 0.93+0.10c 1.37+0.21bc 2.44+0.3% 1.93+0.99ab  1.72+0.08ahc
pagg 4.37+0.20b 5.90+0.08a 6.62+0.23a 6.41£0.24a  6.46+0.32a
A2 4542 Chemically—protected H-dsilt 0.78+0.11h 1.03+0.19b 1.67+0.30a 1.24+0.33b  1.58+0.55ab
H-dclay 0.13£0.01a 0.17£0.02a 0.22+0.08a 0.12£0.06a  0.1520.19a
A AL AR5 Biochemicalyl-protected NH-dsilt 1.71+0.33a 1.96+0.34a 1.98+0.20a 226+0.40a  1.560.04a
NH-dclay 0.30+0.04a 0.43+0.07a 0.45+0.07a 0.61+0.05a  0.7920.27a
WP 22547125 Physical-chemically—protected ~ H—psilt 0.70+0.12h 0.88+0.10h 0.84+0.18b 1.46+0.11a  1.360.18a
H-pclay 0.13£0.01b 0.03£0.01c¢ 0.23%0.03a 0.12£0.40b  0.08+0.02bc
Yy E AR ZS Physical-biochemically—protected  NH-psilt 1.50£0.08b 2.06+0.15ab 2.12+0.46ab 2.59+0.35a  2.10+0.15ab
NH-pclay 1.0720.10a 0.95+0.22a 0.9920.10a 0.9740.00a  1.03x0.12a

T - PR BT S AN ) PR RO I AE AR BRI E 5% K T 225 2%

Note: Values in same column followed by a different letter are significant difference at 5% level among the treatments.
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Figure 2 Correlationship between total soil organic carbon and different organic carbon fractions under long—term different fertilization
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