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Table 1

F1 KRN T REAINREAS S ENEIT

Effect of long-term fertilization on sizes of various SOM fractions in the soil

AU R o3 HY A L)

s M/
LAEATHLI Aoy Proportion of SOM fraction (%)
SOM pool Fraction
CK N NPK NPKM
A B 4l cPOM"’ 17.49 (0.27) ¢ 2277 (028) b  17.65(032) ¢  27.85(0.37) a
Non-protected fPom?’ 0.16 (0.01) ¢ 0.17 (0.01) ¢ 0.22 (0.02) b 0.29 (0.01) a
e .
iPOM’ 2.79 (0.29) b 3.31(0.32) b 5.36 (0.49) a 6.24 (0.25) a
Physically protected
Wy - WAk 2 AR 4] NH- p Silt"’ 16.14 (0.62) a 13.31 (0.11) a 16.56 (1.05) a 16.63 (1.93) a

Physico-biochemically protected NH- . Clay”’ 1.76 (0.18) a 152 (0.19) a 1.61 (0.12) a 1.72 (0.17) a
YT Ak 2R g o H-p Silt”’ 3.65 (0.32) ab  2.81 (0.04)b  3.80 (0.22) a 3.86 (0.42) a
Physico-chemically protected H-p Clay”’ 2.05 (0.23) a 1.91 (0.24)a 216 (0.17) a 2.36 (0.13) a
NS H-dsilt"’ 7.93 (0.48) a 8.38 (0.45) a 7.72 (0.48) a 6.79 (0.37) a
Chemically protected H-dClay”’ 0.42 (0.01) a 0.37 (0.01) a 0.39 (0.03) a 0.37 (0.04) a

He WAL 4 2 NH-dSilt"”’ 38.67 (0.52) a 3598 (0.72) b 37.24 (1.26) ab  32.93 (0.99) ¢
Biochemically protected NH-dClay'"" 0.42 (0.02) a 036 (0.02) b  0.34(0.02) b 0.38 (0.01) b

T 1) RRIPRUIBRCA DL 2) RBPANBRLA P 3) MR SR AL 4) AR ERRA: 5) AR
MIEERRLAL; 6) KIEHIERIRAL; 7) KIGHIERRLL; 8) KAUFRIAAIAL ;s 9) AKMUFRIBIAILL; 10) AEAMR I BS bykidl ;
1) dEK IR RRLZE . CK: AREAEA s N: BEAUE; NPK: Sz B, NPKM: ZBRHAAHUICEC I . 55 A EUE 9 IF]
— AT R bR AEZE . R T B AR R F R R R 22 2 W3 (p<0.05) o FlANote: 1) ¢POM, coarse unprotected particulate
organic matter; 2) fPOM, fine unprotected POM; 3) iPOM, microaggregate—protected POM; 4 ) NH-pSilt, nonhydrolyzable
microaggregate-derived silt-sized fraction; 5) NH-pClay, nonhydrolyzable microaggregate-derived clay-sized fraction; 6 ) H-pSilt,
hydrolyzable microaggregate-derived siltsized fraction; 7 ) H-uClay, hydrolyzable microaggregate-derived clay-sized fraction;
8 ) H-dSilt, hydrolyzable easily dispersed silt-sized fraction; 9) H-dClay, hydrolyzable easily dispersed clay-sized fraction;
10 ) NH-dSilt, nonhydrolyzable easily dispersed silt-sized fraction; 11) NH-dClay, nonhydrolyzable easily dispersed clay-sized
fraction. CK: control; N: N fertilizer application; NPK: NPK fertilizer application; NPKM: combined manure and NPK fertilizer
application. The values in the brackets are means plus standard error of 3 replicates ( n=3) . Different letters after the data in the same

row indicate significant differences between treatments at p < 0.05. The same below
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(p<0.05) , MINPKM5 5t NPKANFE 22 8] 22 5 A
BE. W= R4 (H-pSlit) & A&
5P — Wit A Rk A e ka — B b
A5y M3 BhkE ( H-dSilt, H-dClay ) TN #%
Jiti A 5 Wi TG 8 35 25 5 o A TG A X A A Ak 2 A 4
AR AL ( NH-dSHit) TN 5 JC R 5 m, 1
Jite FE D) 48 25 R A T k4 ( NH-dClay ) TN

2.2.3  XFARFETHBEESOMJZE 4 43 C/N (52 1) K

YA AR R B ZH ( NH-pSlit) . 3 —A{k2¢
PRk k40 (H-pSlit, H-pClay ) DL Fefb2#{
PoByRi 4l (H-dSlit) BC/N (£2) o 1 3 it e
OO 30 2 20 R 2 ( fPOM ) . Wy B 40 1) 40 S0k,
(iPOM ) DLWy — b R dr Zhhi . ( NH-
uClay ) C/NA FREEHE, JLLANPKMAL (1) C/NMH
AL, S5CKA L, 5t N Ak P 3 AR T fh 2
PO Ui B AS BRI ALC/N, i it AR Ak B R 22 OO
Fo KEME A RS T A=Ak 2 O AP 2 A Ui 5 S A 6l
BLALC/N, AN [l JE Ak 3 22 1] 2 5 A8 (g 3
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20l B NH-uClay l 25+ C—= H-uClay l
E b P B20} b
e 157 [] b i 5 e b -
2t ] . e
=22 05} a a a =8
s 'S0}
g 3 ko 2 W
05} b
0.0 0.0
4.0 & a .

— H-dSilt a F l — NH-dSilt
~ 381 /1 H-dClay , l C— NH-dClay
2 16 a 1 3071

o 2 3
4 34 2 b b
=T g £ i. &I &I
= é — p— p— 4T o —
g e
2 a a a TZ01} e
Q b b b
0.1 e}
wn
0.0 0.0
CK N NPK NPKM CK N NPK NPKM
AP Treatment AbFE Treatment

e AL KRR B A (B AORUBURL, UiF B S 400Rn ) 5 B WIROR A (RBIRIRGRIBORL ) 5 Co W — B Oidrdl (dk
KA R, AR R RR) 5 D, I —L BRI AL KR ERL, AR E TR ) 5 E. B frdrdl R & kL,
KMFUFESRRL ) 5 FAEML AR A CIE/RRE B Bk, KRR AR ) o BB EOr R IR/NG PR 3R0R LIE R — 243 R SOCH
AR PR 225 B (p<0.05) o FIANote: A. non-protected fraction ( ¢cPOM, fPOM ) ; B. physically protected fraction
(iPOM ) ; C. physico-biochemically protected fraction ( NH-pSilt, NH-pClay ) ; D. physico-chemically protected fraction ( H-pSilt,
H-pClay ) ; E. chemically protected fraction ( H-dSilt, H-dClay ) ; F. biochemically protected fraction ( NH-dSilt, NH-dClay ) .

Different lower-case letters indicate significant differences within each fraction among treatments ( p <0.05) . The same below
BRI AL Ak B A [R] D BEPESOMEZL 73 R SO C & IR 1)

Fig. 1 Effect of long-term fertilization on soil organic carbon ( SOC ) content in the fractions

S HESHEIR RS, £26.3% ~35.9%; B11.6% ~19.9%; WM —fb¥3EIPHSOCH
HR E¥SHEPHSOCH - 85 84 Wik W TN HEPLRN11.6% ~14.3%; YW —4Y
17% ~22% ; "4 4SO CH 4 L L 4 R 4 59.9% ~ 11.5% 5 /NI R 4By
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Fig. 2 Effect of long-term fertilization on TN content in the fractions

PRARA A, 5T7.5%~11.9% (KE3) . &4H5%
TN B3RS A & & B HE & 4 rsoc
i B HE S AL B LG SRR L R AR A S A
(22.9% ~33% ) >4 H (19.4% ~29.5% )
> —fLF R (17.6%~20.8% ) >4E
WAL FAR P (9.6% ~ 13.6% ) > 3 —/F
WAL AR H (7.2% ~9.3% ) > W BR3P 4
(5.4% ~10.5% ) .

Rt A 2 TR 2R A i SOC & it R HER
A LRI E 1 DL BTN & S 3B R He ) ([

3) . S5CKAMEILAE (N, NPK) AbHEA L,
NPKM A3 5 25 45 i 1 AR PR AP 25 WOk 41 SO C +
e AT MURR 59 HE B ANTN & 8 oy - e 4 R H
ECKFHENACA L, NPKAHINPKMAL LT 4ii 4 B
PRAPELSOCTH i 7 3 S A ML Lb ) o 25 05 4 (3
K 154% ~73% ) . [FBF, ZARMTNE EIE S
A iy o IC LB e R AL BT 34 W3 25 7
HCKAHALF A AC AL B ( NPK, NPKM ) # L,
B N IS Ak ) By 38— Ak 2B AR AP 4 4y NSO C o 3
S AT MURSR B 51 A B TN o - 48 20 AY HE ] B I8
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2 KEIMEAAMEX ZH S T IEC/NEZ I
Table 2 Effect of long-term fertilization on C/N ratio in SOM fractions
F——— s A B R 5B CIN
The C/N ratio of SOM fractions
SOM pool Fraction
CK N NPK NPKM
AR B 2 cPOM 9.89 (0.24) a 9.84 (0.16) a 9.56 (0.08) a 9.45 (0.14) a
Non-protected fPOM 13.09 (0.23) ab  13.49 (0.25) a  12.87 (0.33) ab 1230 (0.38) b
Wy PR {4 41 _
Physically protected iPOM 12.13 (0.50) a  11.39 (0.31) ab  10.58 (0.05) he 9.98 (0.17) ¢
YR - WL 4 2H NH- p Silt 11.71 (0.85) a  12.44 (0.08) a 1073 (1.02) a 10.13 (0.33) a
Physico=biochemically protected NH-p. Clay 12.61 (0.63) a 11.27 (0.44) ab  12.15 (0.38) ab 10.69 (0.51) b
L b A e | H- . Silt 6.50 (0.17) a 6.40 (0.06) a 6.96 (0.51) a 6.81 (0.20) a
Physico—chemically protected H- u Clay 4.46 (0.30) a 4.70 (0.49) a 533 (0.26) a 5.18 (0.09) a
e gl H-dSilt 6.16 (0.39) b 7.23 (0.23) a 7.60 (0.12) a 7.66 (0.19) a
Chemically protected H-dClay 8.98 (0.71) b 11.01 (0.13) a 1030 (0.28) ab ~ 10.23 (0.34) ab
U= NH-dSilt 13.70 (0.48) a 1142 (0.66) b  9.92 (0.11) b 10.97 (0.60) b
Biochemically protected NH-dClay 7.31 (0.48) a 6.15 (0.16) ab 5.73 (0.34) b 6.32 (0.45) ab
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Pal. MFEEORENARR PR R RAFABERE 225 8% (p<0.05) Note: A: non-protected fraction; B: physically protected

fraction; C: physico—biochemically protected fraction; D: physico—chemically protected fraction; E: chemically protected fraction;

F: biochemically protected fraction. Different letters in the same bar indicate significant differences among treatments at p < 0.05
B3 KITAC AR BE N 45 21 5y SOC 5 - HER A HLAR 1Y Bl B 25 250 TN B ko S TN & 2 L 43
Fig. 3 Effect of long-term fertilization on proportions of SOC in different fractions to total soil SOC and TN in different fractions to total
soil TN
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Effects of Long-term Fertilization on Distribution of Carbon and Nitrogen in
Different Functional Soil Organic Matter Fractions in Paddy Soil
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LI Zhongfang® CAO Mingming'
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Abstract [ Objective] Soil organic matter ( SOM ) plays an important role in maintaining soil productivity,
improving soil quality and sequestrating C. Changes in SOM due to management practices are usually difficult
to quantify on the background that the soil already has a large relatively stable SOM pool. Therefore,
it is recommended to use SOM fractions as early indicators of effects of management practices on soil
quality. Meanwhile, understanding changes in different fractions of functional SOM as affected by long-
term management practice may help develop reasonable management strategies to optimize productivity and
sustainability of the agroecosystem. [Method] Based on a 35-year long-term fertilization experiment,
effects of fertilization on SOM relative to functional fraction were explored with the recently developed
physical-chemical fractionation method. In the present study, six functional SOM fractions were isolated,
including non-protected free labile SOM, physically protected SOM, physico-biochemically protected
SOM, physico-chemically protected SOM, chemically protected SOM and biochemically protected SOM,
and changes in these six fractions of SOM, concerning size of the fraction and to tal nitrogen ( TN ) and Soil
organic Carbon ( SOC ) contents and ratio in the fraction, under the long-term fertilization were analyzed.
The long-term fertilization experiment was designed to have four treatments, that is, treatment CK ( no
fertilization ) , treatment N ( chemical N fertilizer only ) , treatment NPK (N, P, K fertilizers ) , and
treatment NPKM ( chemical N, P, K fertilizers plus organic manure ) . [Result] Results show that long-
term application, especially treatment NPKM, significantly increased the percentages of non-protected SOM

(¢POM and fPOM ) and physically protected SOM (iPOM ) and the contents of SOC and TN therein . The
SOC and TN content in the non-protected fraction of free SOM was the highest in Treatment NPKM, reaching
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up to 35.9% and 33%, respectively, indicating that this fraction of SOM is probably the major storage pool for
SOC and TN, and easily affected by human management practices. Compared with Treatment CK, Treatment
NPKM significantly decreased the content of non-hydrolyzable free silt ( NH-dSilt ) and non-hydrolyzable free
NH-dClay by 15% and 9.5%, respectively, in the bio-chemically protected fraction. However, it did not
have much effect on the sizes of physico-chemically protected SOM fraction, physico-biochemically protected
SOM fraction and chemically protected SOM fraction. All these indicate that these three fractions of SOM are
relatively stable, or that they peak or approach to saturation in maintenance capacity. [Conclusion] To
sum up, this study demonstrates that different functions of SOM respond to long-term fertilization differently.
Combined application of organic and inorganic fertilizers is the optimum fertilization measure to enhance the
quantity and quality of SOM in the red paddy soil, and the effect is especially obvious on non-protected and
physically protected SOM fractions.

Key words Soil organic matter; Long-term fertilization experiment; Physically protected SOM
fraction; Chemically protected SOM fraction; Biochemically protected SOM fraction; Soil carbon

sequestration
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