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Effect of different fertilization modes on topsoil organic carbon
sequestration and productivity in yellow paddy field of southern China

WANG Fei, LI Qing-hua, LIN Cheng, ZHONG Shao-jie, HE Chun-mei, LIU Yu-jie
(Institute of Soil and Fertilizer, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China)

Abstract ; [ Objectives] The objective of this study was to explore effects of different fertilization on topsoil organic
carbon sequestration and productivity in a yellow paddy field of southern China, fix carbon and reduce carbon
emission, and improve the rice yield as well. [ Methods] Data were collected from the thirty second year of a long-
term experiment in the yellow paddy field in Fujian Province. There were four fertilization treatments in the long-
term field experiment; no fertilizer ( CK), chemical fertilizer ( NPK), chemical fertilizer plus cattle manure
(NPKM) and chemical fertilizer plus straw (NPKS). We investigated influences of different fertilization regimes on
topsoil organic carbon sequestration and productivity. [ Results] Compared with the CK, the average yields of rice
grain in the treatments of NPK, NPKM and NPKS were significantly increased by 67. 1% , 88. 1% and 84.2% ,
respectively, and the average yields in NPKM and NPKS were significantly higher than that in NPK. Among the
fertilization treatments, the contents of top soil organic carbon were improved by 8. 9% -36. 8% and the content of
the NPKM treatment was significantly higher than those of the NPKS and NPK treatments. Compared to the initial
soil condition, the organic carbon contents in all treatments were improved by 1. 84 -5.26 g/kg. Taking every 10

years as the assessing period, there were significant differences of the carbon sequestration rates between the NPKM
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and NPKS treatments and the CK and NPK treatments, and the rates in the NPKM and NPKS treatments were 2. 38
and 1. 98 times of that of the CK treatment and 1. 59 and 1. 32 times of that of the NPK treatment during the double
cropping rice years, respectively, while there was no significant difference between the NPK treatment and the CK
treatment. There was a vary significant power function relationship between the annual organic carbon input and
carbon sequestration in the paddy field ecosystem. The contents of fertilizing soil organic carbon were also very
significantly correlated to the yields of rice grain. [ Conclusions] Compared with the single chemical fertilizer, the
chemical fertilizer plus cattle manure or straw can steadily increase rice yield. The soil organic carbon will be
maintained a slightly increase under the long-term no fertilizer. The soil organic carbon sequestration efficiency is
gradually reduced with the increase of soil organic carbon content. Compared with the single chemical fertilizer, the

chemical fertilizer plus cattle manure or straw has obvious priority in increasing the organic carbon sequestration

rate, which is a win-win measure of improving the yellow paddy field productivity and fixing carbon.
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Table 1 Yields of rice grain after long-term fertilization
1983 — 1987 1988 — 1992 1993 — 1997 1998 — 2004 2005 —2014
B PR mAn R mgn PR s eR B R B
Treatment  Yield Increase Yield Increase Yield Increase Yield Increase Yield Increase
(k/h) (%) (kgho®) (%) (kg/h®) (%) (ke/hw®) (%) (kg/hm®) (%)
CK 3856 ¢ 3153 ¢ 2851 ¢ 2123 ¢ 5112 ¢
NPK 5837 b 51.4 5913 b 87.6 5642 b 97.9 4391 b 106.7 7475 b 46.2
NPKM 6297 a 63.3 6451 a 104.6 6257 a 119.5 5345 a 151.7 8419 a 64.7
NPKS 5937 ab 54.0 6555 a 107.9 6107 a 114.2 5107 a 140.5 8345 a 63.2

7 (Note) : MZERGAFEAY (1983 ~— 2004 ) Ny A AE 5 W A5 W 2= 1477 i The yields of double cropping rice (1983 — 2004 ) are the averages of two
planting in those years; [R5 5dE G A IE)/ING FR-EF 5 Ab 3R] 22 723K 5% i 2 7K 3 Values followed by different small letters in same column mean

significant at the 5% level.

F2 FREBIFHR (y) SHABER (x) XS (n=32)
Table 2 Relationship between the yield and fertilization years

fib 3 Il 9 75 2
Treatment Regression equation
CK y =11.098x* -44301x +4E +07  0.65""
NPK y =8.0092x> -31958x +3E +07  0.36"
NPKM y =7.2087x* -28737x +3E+07  0.38""
NPKS y =7.4298x> —29615x +3E+07  0.43""
HE(Note) : “# # "5 « "R KA T REFINBES

27K F Represent the 1% and 5% levels, respectively.

AbFRAA 2 2 = T NPKS 119, {H NPK 5 CK 4bPETC i
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Fig.1 Effects of long-term fertilization on the contents of soil organic carbon (SOC)
[ 7 (Note) : J7HE_ AR FEEF 7R A0 (8] 22 53k 5% 3.8 7KF Different letters above the bars

indicate significantly different among treatments at 5% level. ]
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Table 3 Effects of different treatments on the

soil carbon sequestration rate

i RZEFAAEAY FZERAE
(1983 —2004) (2005 —2014)
Treatment
Double rice years Single rice years
CK 0.42 b 0.44 d
NPK 0.62 b 0.59 cd
NPKM 0.99 a 1.09 a
NPKS 0.83 a 0.77 b

T (Note) : [Al 5 KR A 7] 50 2 7R 4b B ) 25 57 3% Values
followed by different letters in a column are significant among treatments

at the 5% level.
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Fig.2 The relationships between the SOC

input and SOC sequestration in soils
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Fig.3 Relationship between organic carbon and yield

after long-term fertilization

LT FRPE (K 3,n=60,R* =0.3173"* ) | i
ARG — 2L HEWT 1% X KT T IE 1 58
AHUBRIEAN 1 g/kg, P~ AT 381 202. 18 kg/hm®

3 he

31 THEANBENRBEEDNZHEERE
X

KA F W], A HLER & i 5 R HAEY
PR AETE — S B S 3 5 T LR ok
PR W R fER T REIX,0. 1%
A HLF A T 0.6 vhm® (R A 72 g 110,
TEPH R B BT Y 32 0T, A HLAR AL B | oK
7 A BB 2 D R A IR AR O 5 R T
AR NE 2 AN A B e, — 25 R e M 22
TEAEZR X, 3 DNDC B3R5 Y, AR M X 4 4
SOC 27 4 ™k B S 2, SOC. 5 R4 N 25%
KAEF=BERTRE N 328 kg/hm?; 24 SOC R E A%
(¥ 25% i , KRS P~ i 243 kg/hm® . 1EIZHLIX
SOC SR AEHIN 1 g/ ke, TT LIAH 7 #3945 7K 7 7
25 266 kg/hm™™"" ¢ HI 7= JU A, A HLITOR (LR
— iR T K8 i e D 5, T LB LR & A
W) T e B 4% Rl ST A LB I AN, — T 3
T LR YR, A H A TR
K B—J7 i, ki T R L AR fb ik, o
TR A K B 25 45, A9 A B 0 A B K 0
£ i FH B 2 35 B v R A SR AR A WL . AU
AV AR T ok AR R T A L
I A 7 1 398 DK T 58 A A o A 588 AT G, DA T
2R 0 TR A LA W T B ) A I R A
SE TG A FIE X~ 398 DR A 8 4 1 v P 58 AT
S HEFE 55 , HL 5 80 1 eaR s ™, ARG A L



1452 Y EF S E R %R 21 %

A8 10T S8 ol £ Wy 2 W e 68 HG A A 0 1
SETRZHIT A, LB KR A B R A K,
117 B A e ML L K R 4% o Bk KO R R R
SR ARBIIT AR T, £ 4 BUA HLRR KT 5
BIC R 5 & AR IR v A LR K 5 K R e
R B IE R E, T SOC S AN 1 g/kg, ¥
PR IR B T AR DR SE 4 5. X AT BE S h TR
AN R B, E R, A E R EWAE K
e, R R AR L IR R SIS £ 8 g Ak
HNFE AN AT WL R, 5 3 vt A 358 i ) - A AL
AR B B389 7 R A T

TR AR b B = AR SRR AE G KR R LA
WFFE 3], KIAILAR 3 (N) | fii it (NP, NK) R YL
P LT e AR /K RS B0 38 77 A L PR R e, HOK A
PR T RSB NP > N > NK g4,
PR BCHE (NPK) FILAEA HLIEECHE (NPKM) XK
R 7 i 22 24 5L ST 3 R R k0 A
TIFST 45 SR SR [R] , 45 A BEORTr 7 o I 25 i I 4
(38 0 552 5 T i 8 T ) 0 A 2 e 34 33k T g S XL
RGN , BEB R AFE Gy B0 IE K, 45 b R 2 K343
T Z e A S R L, JE R CK 5 NPK b
HRUTE e N, TR R ARy KRR
WK, e e T T RS SRR, B A, AR
KRR (11 AEBUES H) A Fl T4 R e
BT B R, 4% SRS B AL S B
WA IR T
3.2 MEAEM HEAVBREET S EFE R

XHLTHEPERS HI 31 AF KRS E AR I W, K
ST AT AR B - S ML & 2R 18 T e, 4R T I
0. 8% , MMt NE 14 g # i + A WLk & 2200 KT
FRR U R AR AR 22 A AR IX 31 AR I A it 3R
W, S I 3 e 1 A WL e A R RS L
A T (ELA AT SRR o T S ik 3R, HE T
RS T L E A Y ARG AT, B 32
AEAHE R b B, 5 8 FH b A WURRATY 7T 4 431K
I 33K T2 e A% PR L 2 e i K D e
AERARAE . RERRE HA 0

AW EMT , NS ZEFGAEy if J& BB ARG 4F
{5 ,NPKM 5 NPKS 4b B fi) [ B 8 R ¥ 0 3 5 T
NPK 5 CK fy, HJF PR B 7t FH A LR B4 40 78 +
AT HURR S, 38 ] BE -5 T8 Y £ A HLRR 4 20 4%
T REA Ko BIFFE I, e FH A LK T 5 5 358 i g
BE i, LG B T R A e s 1k (K) BRI, T Ak
JIE R JGAE A B AR — 3 A AL AT 388 - S8 e e

SAVEGEE A AR & i, AN GS S MR 2455 il
JR A S K ) B A AL A HLIEHL
B it 4 =5 1o LK AS A LR B 55 Rk, 55
i CK #55 29.9% — 45.2% , % NPK 4b #8382 5
22.3%~36.6% , NS Pk ae 71 o WAk
FERW A HLTCHLILEL i T B0k A HLER (POM) ()55
FvER N, Fese PERG SR 5 i PR IR N POM Y935 &
PERAR , A F) T POM R B iy T [R] i A ik
N 00 A HURR R T SR TR, G it AT
HILAE 5 7 ek (388 im0 92 5 i 31 1k 5 i g 4k
Tfg , 5 e HL R e R S AR, 5 Ah  ANR
A HLRAS B ANl 43145 44 T BE R i)+ e AL
W EAERE 5 G R . ABF R E T, 4384
AEER I A ALK B A 24 T R B A A ALK Y
74.9% , AL f EEAAH Y Fi 48 T, NPKM &b 3 i)
B AL & f2 38 NPKS $2155 10. 6% (K] 1), Horf i
FREAE Oy 1 NPKM Ab [ i 2 R i 35 & T
NPKS , 3 1] RS2 24~ 2 i A BLas far A -+ 388 )5 Bt
(R BE 2L = T ARG, DA A5 MUK 5 22 b o+ 45
AT

EAF—4R A IR AT BRI 5 R SOC 7 fk sk
RIG—AHE . Bl B )R 2E K, + HEH PLAR 1 R
FUHCR BB AI, A 056 (<5 a) SOC 1 Jin i 2
KIRE ( >5 a) (19 1,75 £, @R ACR F 8 9 56
ZE L] e R AR P P E R R ARV 1 L TR
W SRR T A AN ARy B AT HLER [ 47 3 R 1] BE 5
B2 A K, 2 R B XU A 5 27 A A A [+
Ao RS BR A T E v [ s 2% R 3 A 7 S ok 5 A B
B, ARG LA 10 45 Sk EH [ Ak o 2R ) 30, oA T
015 5001 22 I, J2 15 0 S e IX 3 300 it L 4 1
e R A Rt — 2R

4 4t

1) /e 5 Be B b 3% 252 32 AF (A [A] it I , NPKC
NPKM , NPKS Ab¥i%% CK JjAF-F-2 P= e 1o i 67. 1%
~88. 1% ,NPKM 5 NPKS 435 [t NPK 275 12. 6%
510.2% , 2 ¥ W 2, {H NPKM 5 NPKS fh# —
H T E 2R

2)NPK, NPKM 5 NPKS &b # + 5245 #LA% Iy 4F
SEHY R L CK O ZE i 8. 9% —~ 36. 8% ; NPKM
5 NPKS 4b #4355 8¢ NPK & & 5 25.7% 5
13.6% ; NPKM Kb 3401, 5 3% = F NPKS 4h3#, TCit
JEM R A 2 L2, NPKM 5 NPKS 4b 34 ) [ e
BRI E & T NPK 5 CK 9, {H NPK 4b ¥ 5 CK



6 1]

EK A AREACA N R 7 e AR A LB [ AF KA 7 3 5

1453

[A] 0 2 22 57

3) A AR 244 ML A -5 4F 247 BILaK [ 17 18]

FFAERR 5 R PR RSO 2, it I 9 B 5 A2 A
SRPRL AR IS AR B A G LR L L,
AHEATHLAL e A AL TR 7 5 AT I FHT 22488 g 20
FET AR 7 3 45 [ R B 17 B8 RUBRLFE I o

& Z X ok

(1]

(2]

[4]

(6]

(7]

[9]

WA, 2R, SO RE. A HLRRE 5 AR AT T
T ] R — e F Jo vl [l K e A LR s A Y 1 7
(7], EEmtaRl K24k, 2002, 25(3) ; 100-109.

Pan G X, Li L Q, Zhang X H. Perspectives on issues of soil
carbon pools and global change with suggestions for studying
organic carbon sequestration in paddy soils of China[ J]. Journal
of Nanjing Agricultural University, 2002, 25(3) : 100 -109.

Lal R. Global potential of soil carbon sequestration to mitigate the
green house effect[ J]. Critical Review in Plant Sciences, 2003,
22(2) . 151 -184.

AR, B R A FH - S mi PR AR B 5T . 3R A A
FMEZA[]]. HIRFEER ,2005,20(4) : 384 -393.

Pan G X, Zhao Q G. Study on evolution of organic carbon stock in
agricultural soils of China; Facing the challenge of global change
and food security[ J]. Advances in Earth Science, 2005, 20(4) .
384 -393.

Huang Y, Sun W J, Zhang W et al. Changes in soil organic car-
bon of terrestrial ecosystems in China: A mini-review[ J]. Science
China Life Sciences, 2010, 53(7) : 766 -775.

TROEHE , 270000, AR . AN 4E 1 il B X3 b (1 3% L P 2R 4K
FIAHERF R S s [J]. A% aeak, 2001, 20
(2):16-19.

Zhang X H, Li L Q, Pan G X. Effect of different crop rotation
systems on the aggregates and their SOC accumulation in paludalfs
in North Huai Region, Chinal[J].
2001, 20(2): 16-19.

MR , URAF IS, 2. o ORGP PEBF VAR M e Hla 24k
ARG TR YA 21 Meta 3BT [J]. L3R,
2013, 50(3): 9-16.

Tian K, Zhao Y C, Xing Z et al. A meta-analysis of long-term

Chinese Journal of Ecology,

experiment data for characterizing the topsoil organic carbon
changes under different conservation tillage in cropland of China
[J]. Acta Pedologica Sinica, 2013, 50(3);: 9 -16.

ARG, 2, SR, 45, o E LA AR S 0l -
SR I E AR T[T ], HskALAE R, 2003, 18(4)
609 -618.

Pan G X, Li L Q, Zhang X H et al. Soil organic carbon storage of
China and the sequestration dynamics in agricultural lands[]J].
Advances in Earth Science, 2003, 18(4) : 609 -618.

Pan G X, LiL Q, Wu LS, Zhang X H. Storage and sequestration
potential of topsoil organic carbon in China’s paddy soils [ J].
Global Change Biology, 2004, 10(1): 79 -92.

SRBE, RN, WEARS, AF. JE 20 4R ETH UK AR LA AL

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

IRl R R [J]. BB BFoE, 2004, 24 (2): 236
—-242.
Zhang Q, Li L Q, Pan G X et al. Dynamics of top soil organic
carbon of paddy soils from Yixing Municipality, Jiangsu, China
over the last 20 years and the driving forces [ J]. Quaternary
Sciences, 2004, 24(2) ; 236 -242.
Pan G X, Li L Q, Zhang Q et al. Organic carbon stock in topsoil
of Jiangsu province, China, and the recent trend of carbon
sequestration[ J]. Journal of Environmental Sciences, 2005, 17
(1):1-7.
TR, WEARDG, AN, SR, £19E Fr b XU A H ok B
B RGN T 8RN S as PG [1]. ol st
#2E4R, 2009, 28(12) ;2520 -2525.
LiJJ, Pan G X, Li L Q, Zhang X H. Estimation of net carbon
balance and benefits of rice-cropping farm of a red earth paddy
under long term fertilization experiment from Jiangxi, Chinal]].
Journal of Agro-Environment Science, 2009, 28 (12). 2520
-2525.
T S G fbe Bk S A M X 3 g K B R
AL S [ T]. L3R ,2014,51(1) : 96 -103.
Tan B C,Fan J B, He Y Q. Effect of long-term application of
chemical fertilizers on soil organic carbon content in top layer of
paddy fields in South China[J]. Acta Pedologica Sinica, 2014,
S51(1):96-103.
B, VTR, Ol 20 AFR IR E Bk A PR R AL
HE[T]. BlaEmf, 2006, 51(7) ; 753 -763.
Huang Y, Sun W J. Change trend of soil organic carbon content
in Chinese cultivated land during the past 20 years[ J]. Chinese
Science Bulletin, 2006, 51(7): 753 -763.
Zhang W J, Wang X J, Xu M G. Soil organic carbon dynamics
under long-term fertilizations in arable land of northern China
[J]. Biogeosciences, 2010, 7. 409 -425.
MR, TR, 2R, AF SR AL R X B U 1 S
PR TR )], E SRR, 2009, (6) : 24 -27.
Lin C, Wang F, Li Q H et al. Effects of different fertilizer
application strategies on nutrients and enzymatic activities in
yellow clayey soil [ J]. Soil and Fertilizer Sciences in China,
2009(6) : 24 -27.
s, Ol A T A M]. dEat: s EgROE R
Hi ikt ,2000, 107 -108.
Lu R K. The analytical methods for soil and agrochemistry[ M ].
Beijing: China Agricultural Science and Technology Press,
2000, 107 -108.
S EAAEARME)MSS e, PEAPUERFR S EIM]. b
AU Ol kL 1994, 53 -55.
National Agricultural Technology Extension Service Center.
Organic fertilizer nutrient in China [ M ]. Chinese

Agricultural Press, 1994, 53 -55.

Beijing;

Li C S, Frolking S, Harriss R. Modeling carbon biogeochemistry
in agricultural soils[ J]. Global Biogeochemical Cycles, 1994, 8
(3): 237-254.

WM BT, FARTE, . 51 HEHE X 3T AL B ) R



1454

MY E

EE Vi

21 %

[20]

[21]

(22]

(23]

[24]

[25]

[26]

fiE KRR R[], E4524R, 2014, 34(3) : 690 ~700.
Dong L L, Yang H, Yu D S et al. Profile distribution patterns of
soil organic carbon and the rate of carbon sequestration in Ningxia
irrigation zone[ J]. Acta Ecologica Sinica, 2014, 34(3) ; 690 —
700.
HERI, B e v, 25, 4. 1 Uit HE X 7Y 1 3 A AL - 1
s (7], HEE R, 2014, 45(3) ; 666 -671.
Jiang T M, Luo LZ, Li Y et al. Effects of long-term fertilization
on soil organic carbon balance in a yellow soil of southwestern
China[ J]. Chinese Journal of Soil Science, 2014, 45(3) : 666
-671.
ERERAL, ENr N, 20, AF. R T 3R HLBKR & & 0 E Y ™
MR BE I E [T ] B Ak A2, 2009, 42 (1) 154
-161.
QiuJ J, Wang L G, Li H et al. Modeling the impacts of soil
organic carbon content of croplands on crop yields in China[ J].
Scientia Agricultura Sinica, 2009, 42(1): 154 -161.
FHESC, A, BIE AR, AF. K WE AL X 20K A KRR
PP RARA LR . RO SRR T]. PR RE,
2009, 42(7) : 2415 -2424.
Xiang Y W, Zheng S X, Liao Y L et al. Effects of long-term
fertilization on distribution and storage of organic carbon and
nitrogen in water-stable aggregates of red paddy soil[ J]. Scientia
Agricultura Sinica, 2009, 42(7) ; 2415 -2424.
HFIRE, BHOT R, 55, AN RIS 15 it %) & (=) v 7 e
F LA WU S B K [ BAFSE TR s [ ] AR S 24,
2012, 23(1): 87-95.
Zhu L Q, Yang M F, Xu M L et al. Effects of different
fertilization modes on paddy field topsoil organic carbon content
and carbon sequestration duration in South China[ J]. Chinese
Journal of Applied Ecology, 2012, 23(1) . 87 -95.
Chakraborty A, Chakrabarti K, Chakraborty A, Ghos S. Effect
of long-term fertilizers and manure application on microbial
biomass and microbial activity of a tropical agricultural soil [ J].
Biology and Fertility of Soils, 2011, 47(2) : 227 -233.
XA~ AR A, A5 A HLICHLIE O3 i &2 - FE A 1 &=
SR REARF AR [T]. SR, 2012, 23
(1):81-
Liu Y R,Li X,Yu J et al. Mechanisms for the increased fertilizer
nitrogen use efficiency of rice in wheat-rice rotation system under
combined application of inorganic and organic fertilizers [ J].
Chinese Journal of Applied Ecology,2012, 23(1) : 81 -86.
BN, WV M A LD K R G A ) 7 K
SR, WARCRT] R, 2006, 43(6): 926
-933.
Huang Q R, Hu F, Li H X et al. Crop yield response to
fertilization and its relations with climate and soil fertility in red
paddy soil [ J]. Acta Pedologica Sinica, 2006, 43 (6): 926
-933.
R AR, 2R AR A RIS IR G N X R U K R T
RLE IEEE ML L Bk EE g ] RE SRS
B4 ,2012,18(5) : 1056 —1063.

(28]

[29]

[32]

[34]

Wang F, Lin C, Li Q H et al. Effects of long-term fertilization on
B, Cu, Fe and Mn in rice grain and soil in
yellow paddy fields of southern Chinal[ J].
Fertilizer Science, 2012,18(5) : 1056 —1063.

22005 IR o R A RGN A5 00 R [ R U7 LR
=t R AL S [T ] FERI2A41,2013, 39(5) : 943 -949.
LiZF, Xu M G, Zhang H M et al. Yield trends of double-

contents of Zn,

Plant Nutrition and

cropping rice under long-term fertilization in southern Chinal J].
Acta Agronomica Sinica, 2013, 39(5) ; 943 -949.

HEARE, WA, FAL, A KA R AL AR N 2 e A
AR R ™ B b A MLk & i AR AR RRAE [T ] P DK R AL 2,
2014, 28(2): 193 -198.

Dong C H, Zeng N H, Gao J S et al. Effects of different
fertilization models on rice yield and soil organic carbon content
in a long period in red soil paddy field[ J]. Chinese Journal of
Rice Science, 2014, 28(2): 193 -198.

Wi, #*Tﬁ,ﬁﬁﬂﬁ,%~ Rt A X 5 S sk R A
PLaRdL s [ 1], A EREE2A4R, 2013,22(2) « 269 -275.
Chen Y F,Han X M, Hu C et al. Impact of long-term different
fertilization on yellow brownish paddy soil carbon sequestration
rate and organic carbon fractions[ J]. Ecology and Environmental
Sciences,2013,22(2) ; 269 -275.

MOBFIR, £K, KT, S5 KYTMACXT 77 2 e M 4 4 F2 2%
FORE B C N P AR ARSI [T]. hE AR
1”,2012, 20(5) : 573 -577.

Lin X J, Wang F, Wang C F et al. Effects of long-term
fertilization on weed community characteristics and carbon,
nitrogen and phosphrous stoichiometry during winter-spring season
in yellow paddy fields of South China[ J]. Chinese Journal of Eco-
Agriculture, 2012, 20(5) : 573 -577.

I, EOAR 2R, BRSSO R IE A 1 T -4
BRSNS A RAFAR AT [T]. TR AR BTIE,

2002, 20(2): 32-35.

Guan W L, Wang X D, Li L M, Wei D L. Study on the
properties and existing state of the soil humus under different
long-term fertilizations [ J ]. Agricultural Research in the Arid
Areas, 2002, 20(2) : 32-35.

BRI, REAIE, 0T 2, A T AL X VR I - 0 1A 2R
WRIA BB A RsE I [T ], 324, 2015,52(4) « 828
-838.
Mao X L, Lu K P, He L Z et al. Effect of long-term fertilizer
application on distribution of aggregates and aggregate-associated
organic carbon in paddy soil[ J]. Acta Pedologica Sinica, 2015,
52(4) . 828 -838.

JE# , Piccolo A JRAR 2%, Smejkalova D. =gy L7507k 75 +
KA T A LA BALHI BT, M. PPk R L 0R AT HL
FREsAEE AR L[ T]. T34, 2009, 46(3) : 398 -405.
Zhou P, Piccolo A,Pan G X, , Smejkalova D. SOC enhancement
in three major types of paddy soils in long-term agro-ecosystem
experiment in South China. [II. Structural variation of particulate

organic matter of two paddy soils[J].

2009, 46(3) : 398 —405.

Acta Pedologica Sinica,





