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Effect of long-term fertilization on distribution of aggregates and organic carbon
and total nitrogen contents in a brown soil
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Science, Ministry of Agriculture/National Engineering Laboratory for Efficient Utilization of
Soil and Fertilizer Resources, Shenyang 110866, China )

Abstract: [ Objectives ] The purpose of this study was to investigate effects of different fertilization
treatments on soil aggregate distribution, organic carbon and total nitrogen in maize—maize—soybean rotation
system, and to gain insight into the mechanism of soil fertility improvement and soil structure. [ Methods ]
The treatments were as follows: the control (CK), chemical fertilizer (NPK), low-level organic manure (M,), low-
level organic fertilizer and chemical fertilizer (M,NPK), high-level organic manure (M,), and high-level organic
fertilizer and chemical fertilizer (M,NPK). The soil samples at 0—20 cm and 20—-40 cm soil layers were analyzed
to understand the characteristics for their water-stable aggregates (> 1 mm, 1-0.5 mm, 0.5-0.25 mm,
0.25-0.053 mm and < 0.053 mm), the contents of SOC and TN and partitioning proportions of SOC and TN.
[ Results ] The effects of the long-term fertilization on aggregates distribution, carbon and nitrogen in brown
soil at the 0-20 cm layer were greater than those at the 20-40 cm layer, and the contents of soil organic carbon
(SOC) and total nitrogen (TN) decreased with soil depth increasing. The distribution of aggregates, and carbon
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and nitrogen in agglomerates were mainly in the clay particles (above 40%). Compared with CK, NPK

significantly increased the content of clay particles, decreased the contents of macro-aggregates and micro-

aggregates significantly. M, and M, significantly increased the contents of > 1 mm aggregates and SOC, and

carbon storage in > 0.25 mm aggregates. Compared with NPK, the carbon storage ratios of M;NPK and M,NPK

were increased in the order of 0.5-0.25 mm (M,NPK), 1-0.5 mm and > 1 mm aggregates. The proportion of

carbon storage of > 0.25 mm aggregates in the M,NPK was the highest, and that of total nitrogen was similar to

that of organic carbon. [ Conclusions ] Continuous organic and inorganic combinations of brown soil can

significantly increase the amount of large aggregates, SOC, TN content and its carbon and nitrogen ratio, it is an

effective fertilization measure to improve soil quality and soil structure.

Key words: brown soil; long-term fertilization; distribution of aggregates; organic carbon; total nitrogen
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Fig. 1 The quantity and vertical distribution of waterstable aggregates in different fertilizer treatments
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Different letters above the bars mean significant differences among the treatments for the same size of aggregate at the 5% level.]
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Table 1 Organic carbon contents of each size of water-stable aggregates in 0-20 and 20—40 cm soil layers under
different fertilization regimes

B RIE KN Aggregate size (mm)

+JZ (ecm) AbFR
Soil depth  Treatment >1 1~05 0.5~0.25 0.25~0.053 <0.053
0—20 CK 15.67 £1.29 fA 10.36 £ 0.07 fB 10.36 + 0.54 fB 8.68 +0.04 eC 8.32+0.14 dC
NPK 17.10 £ 0.13 efA 15.77+0.49 eB 10.07 +0.09 fC 10.32 +0.03 dC 9.02+0.12 cdD
M, 27.44 £ 0.20 bA 23.60 + 0.40 beB 17.40 £ 0.03 beC 13.15+0.71 ¢cD 11.79 + 0.48 bedE
M,NPK 19.72 +£0.02 dA 1849+0.01 dAB  16.97+0.33bcAB  11.23+0.04 dB 11.95 + 0.06 bedB
M, 32.80 +3.39 aA 21.48+0.69 cB 17.44+0.54bcBC 1528 £0.42 aC 15.35 +0.84 abC
M,NPK 33.70 £ 0.00 aA 28.89+0.01 aB 18.16 = 0.04 bC 15.59+0.22 aD 13.47 £0.17 abcE
20—40 CK 14.55+0.22 fA 12.34+0.12 fB 12.19+0.03 eB 8.85+0.42 eC 8.02+0.08 dD
NPK 15.93+0.11 fA 14.58 £ 0.00 eB 1227 +0.14 ¢C 9.18 £0.02 eD 8.70 + 0.01 cdE
M, 22.86+0.83 cA 19.06 = 0.08 dB 16.72£0.22 ¢cC 10.72 £ 0.23 dD 9.67 +0.03 cdE
M,NPK 19.45 +0.78 deA 17.95+0.50 dB 14.87 +0.75 dC 10.70 £ 0.37 dD 9.59 +0.35 cdD
M, 25.45+0.08 bA 23.39 £ 0.22 beB 17.73 £ 1.48 beC 13.66 = 0.26 beD 12.38 £ 0.52 abedD
M,NPK 25.98 + 0.86 bA 2436 +£3.19 bA 19.69 £ 0.36 aB 14.10 + 0.83 bC 12.31 £ 0.14 abcdC

TH (Note ) : [AIFIAR/ING FEEFRIR 0—40 cm + )2 A [FAEBHIE]2E 5245 0.05 REAKF, FFTARIRE FRER SRR E] 2 525 0.05 B3
7K Values followed by different small letters in a column indicate significant difference at 0.05 level among treatments, values followed by

different capital letters in a row indicate significant difference at 0.05 level among particle sizes.
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ANy M, M, AE AR N, R R 42.4%~
116.5% Fl 77.2%~216.5%, H M, ZbH 25T M,
A3 (B 1~0.5 mm #F); M,NPK. M,NPK Ab¥H 4%

=2 AEERAIETIESHI (SOC), £F (TN) 2

Table 2 Organic carbon and total nitrogen contents in soil

layers under various long-term fertilization regimes

+JZ (em) ShEL] soc TN
Soil depth Treatment (g/kg) (g/kg)
0—20 CK 9.84+0.19gh  1.13+0.00g
NPK 10.69+035fg  124+001g
M, 17.36 £0.03 b 1.70 £0.01 cde
M,NPK 1631+0.63¢ 1.70 £ 0.03 cde
M, 21.51+0.15a 2.07+0.04a
M,NPK 21.88+0.18a 221+0.08a
20—40 CK 9.56+0.18 h 1.55+0.11 ef
NPK 1121+£022ef  1.46=0.04f
M, 11.99+0.38 ¢ 1.83 £ 0.03 be
M,NPK 13.96 +0.36 d 1.64 +0.04 de
M, 15.76 £ 0.19 ¢ 1.78 + 0.04 bed
M,NPK 1625+0.01¢ 1.89+£0.01b
T (Note) : HUAJF AR FREFRR AR Ak B AN R 4 )2 1] 22

ik 5% EIKF Values followed by different letters indicate
significant differences at the 5% level among treatments.

FrE A BERM, BEA 39.1%~140% Ml 78.3%~
169.7%, H. M,NPK AbF & 2 = F MNPK Ab#f; 5
M, AbBEAH L, MNPK ARBEA R0/, i =AMk 2
S RFE, FEWARSARE; M, 4H 5 M,NPK 4t
P RANEE, 2040 cm T2, 5 CK ML, NPK
W ERZRARE, M, M, (HEEER, B
H 18.8%~46.0% Fll 47.5%~81.0%, H M, kb i 3%
T M, AR, MNPK, M,NPK AbFE4 R &8
FHn, WHE K 18.8%~46.0% F 48.9%~92.0%,
H M,NPK 4b P & 2% % T M,NPK 4bFH; M, 4bFE 5
M NPK ZbFE2E AN 25 5 M2 AR L, M2NPK
A 3855 PR S R G 4 U T B T A A R 2] 25 R
T
24 KHAFREIMEAES H B &R SOC S ECEL )
SRpA

KRG A — o A kA T -3 SOC 7
AR BB ) (8 2), HXF 0—20 cm +)2HY
MR, FEEMEAE <0.053 mm FARAEH, >1mm
Rk SOC 4Bt o il A%

£ 0—20 cm )2, 5 CK AL, NPK AbP i %
P& 7 <0.053 mm KRR SOC 2 BLIHI, W 55%
B 72%, BEREET 1~0.5 mm HR{K SOC 43
BCLb @, FHAbRI A RIAS CK TR EZS; M, 4

x3 TELEBERRTIRKREARGIERDE (g/ke)

Table 3 Total nitrogen contents in each size of water-stable aggregates under the long-term fertilization

B RIE KN Aggregate size (mm)

+JZ (ecm) AbER
Soil depth Treatment >1 1~05 0.5~0.25 0.25~0.053 <0.053
0—20 CK 130 £0.02 fA 1.09 £ 0.00 fB 1.07 £0.03 fB 0.95 £ 0.04 iC 0.92 £ 0.01 eC
NPK 1.53£0.02 eA 1.47 £0.00 dB 1.12+0.01 fC 1.10 £ 0.00 gC 1.00£0.01 eD
M, 2.71£0.01 bA 2.36+0.04 bB 1.81+0.03 cC 1.44 £ 0.04 deD 1.31+£0.06 cE
M,NPK 1.97+£0.01 dB 1.82+0.02 cC 1.69 £ 0.03 dC 137+0.02 eA 1.28+0.11 cD
M, 3.45+0.26 aA 2.25+0.06 bB 1.93 £ 0.08 abC 1.67£0.01 bC 1.63 £ 0.01 aC
M,NPK 3.39£0.01 aA 2.94 £ 0.06 aB 2.03 £ 0.04 aC 1.81+0.01 aD 1.64 £ 0.05 aE
20—40 CK 1.38£0.01 efA 1.26+0.01 eB 1.25+0.02 B 1.01 £0.01 hiC 0.96 + 0.05 cC
NPK 1.53 £0.05 eA 1.45+0.00 dA 1.34+0.01 eB 1.07 £ 0.04 ghC 1.01+0.01 eC
M, 1.93 +0.04 dA 1.84+£0.03 cA 1.67+0.04 dB 1.24+0.04 fC 1.14+0.03 dD
M,NPK 1.99+0.01 dA 1.84+0.01 cB 1.61+0.10 dC 1.23+0.01 fD 1.14 £ 0.04 dD
M, 2.33+0.06 cA 2.28+£0.02 bA 1.84 £ 0.08 beB 1.49 £ 0.04 cdC 1.42 £ 0.04 bC
M,NPK 2.65+0.03 bA 2.37+0.18 bB 2.02+0.00 aC 1.54+0.07 cD 1.43+£0.02 bD

IE (Note) : [FIFNBUERAR/NG FREFRIR 0—40 cm 22 ARILEEAIZE 53k 0.05 BFKF, FRATEUES AR RS PR 7shig ) 22

51K 0.05 /K- Values followed by different small letters in a column indicate significant difference at 0.05 level among treatments, values

followed by different capital letters in a row indicate significant difference at 0.05 level among particle sizes.
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Fig. 2 Partitioning proportions of soil organic carbon (SOC) and total N (TN) in water-stable aggregates in 0—20 cm and
20—40 cm soil layers under different treatments

[ (Note) : HE EAF/NG FRERIRAL PR 22 5345 5% W3R
Different small letters above the bars indicate significant differences among treatments at the 5% level.]
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SOC i L, M,NPK AbH i 35 42 5wy =>4 2% ]
A& SOC srmctbfl, W EREAR < 0.053 mm HIEIK
SOC 43 B Hefil; M,NPK AbFHAS M NPK Ab P i 2 42
& > 0.25 mm =R RIK SOC L LL i, W2
F#A% < 0.053 mm 154k SOC Zic He il o

TE 20—40 cm 1)z, KIWARRIGICY g m >
1 mm A& SOC HrFC LB, Bk NPK b3 g 3 A%
T 1~0.5 mm AR SOC 43fic tufilsh, Hod b Hy

5 CK LR EER.
2.5 KHTREMRESFARESNEER S
EREA

TS [] it AT T 11 2R A e 4 053 TE B 461 1 52 il
5 850C 2, wE 2 piR, AFETEEEFEES)
AATE < 0.053 mm B A Bk,

1 0—20 cm )2, 5 CK A, NPK b3 i 2%
FEAK > 0.25 mm HIRIA SR AST G, BER <
0.053 mm I RIR RG], HoAbk A R 4 4
AL HB S CK TR & 25, HitiA UL DR
&> 0.5 mm HRESA S LG, M, B
5.6%, M, AbBEHRE; 9.2%, H M, ZbHgb B g 2 5T
M, b3 AHLEHLECES CK AL, M,NPK b3 i
FHE > 1 mm 5 0.25~0.053 mm BIRIEL A
i, $2%5 1.8% 5 7.2%; M,NPK b3 E4m T >
0.5 mm B RIELE B, 730Em T 5.5% F
3.7%, HAE MNPK ALFHAGFERT L, 390t HLAE (MNPK)
LB LRV o =R TR N Ve dot  ad  2  R 5
i 0.25~0.053 mm H Rk E R HA
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TE 20—40 cm 1), 5 CK #HIL, NPK 4b#EE
EPEAL > 0.5 mm B RIR SR /RG] KA HL
JE S ZE SN > 1 mm H SRR ARG, M, B3
EE T > 0.25 mm FRMA TN 43 H il

3 i1

AW EN, F— L2 HRIKFEESAERN
Kirf (40% LA L), XTESAHAE . AL s b
FRBNGRUEN 7 LSS 2007 AR IIF TS5 AR
[j 200, JHG AT SR A 3 43 A AE ST SR AR (60% ~
70%), AIAE 5 A FAEVE Y S B S R IR AT
Ko HIEA BT RTS8 BAREOR A /KRR
SRR B 2 & R AR 2, A 5E i NPK A3 5
FWD T R RAR S A R AR & i, HR AR <
0.053 mm HIRIAGEH, Y 1 2 AFEXTENC 20 4 f5
R 1A SR AR 53 A B e fith it 722 AR A A 52 v (A5 AR TR
50 AT FIREFE AR IR A R AR i, IR
AR IR ARG E PR, ARIF5EH CK il NPK AbFEAH
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AR R $a, HLBEA MBS A B8, KA R &K
P W .
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FH> 9, XAl R SE T ARR E 2T 0—20 cm,
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20—40 cm WS, HH, BEERAKAR /N,
SOC #a B AAk, SOC 1 > 0.25 mm 4% 47 2% [
BIRh SRR, & 65% LIE, BRBEIFECL A
JERE AL FE SOC 7E 2~1 mm A BK iy & & i i .
Cheshire®" % + 3 2 ¥ 5 7K Bt A AR T R A
WFoEfaTa i, HRMEMS EHEA MU Z B¢ R 58
brl 2R RIEHS L2 MR, Frlxn]
RESE T A ML A IR I 45 sl 2 5 1
g /INURL K A A AR R BT 85 KR AR 11 1A 3R
&, AR AT R R SOC Frit# £, 5 CK A
It,, NPK 4b# SOC &l A8 fk, 1M M,. M,NPK
K M,. M,NPK #b3 ¥4 I 2548 & 1 AR {KHh SOC 1Y
T, X5 R OGRS A AR i
K NPK AL FEXT A B4 SOC 5 %A S IR I NPK +
OM AbBE g 238 it A1 Rk SOC L R —5, ==
WA S SR B LT MK RS K e Ui, A12R
& SOC & # CK Ll #2557, RAETiE 90% i+
5 SOC f T-HIRMA M, i aMEA P AL
T REANUT A, A PLUE TR S

BOIE B A Z AR Ak i m T B R R SOC B
LU0 AR RE T A L AE 3 e AT SR A R
SOC ity ge . X R AFC AR [ HLIBEAE & A
0 A AR BLRR & B S5 SRR, AR IAH
MUK 75 15 B HLIEAE S A B 38 0 T AS 738 i, AR
o ZE R S HAST . 5 M, Zb#AHEL, M NPK 4
B SOC & f&Ak, M5 M, AbBEAH L M,NPK Ab#
SOC &, X nlBese i T 3 5R 0 k45 £ it
TR IR AT U (38 R A B0

P4 SOC EZENAFAE < 0.053 mm FIZH#HL
SYBCELE fT 40% LU L, XSO R ET R AR E o
ke, RRREE LM, 5 CK M, NPK
LB N T < 0.053 mm HEA SOC 20 He ],
BT 1~0.5 mm B & SOC 43BCHA], i M,NPK
5 M,NPK 4 HAE NPK Ab 2 (1) FEfih b AR YA KT 3G fin
0.5~0.25 mm (M,NPK), 1~0.5 mm K > | mm [#13
& SOC 43t e 5, H M,NPK 1 > 0.25 mm M5k
itk i, 5 49.72%. M, 7 CK LA |- [
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Eb AR 7 ) P SR AR S, 35 12080 A5 g 1 00t
A AL RS R A BLRR AR ) & 4 R BT 4
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IRAAAER A IEAR DG, R EIAR IR TN 1y748
fEita$h 5 SOC 28, ARWFFE AL, KA [t iE H
AT AR (0.25~0.053 mm) SOC WG FE el LT TG
Ak, TR ARERE, BANA YRR T
SOC H B8 —2H 05 T 38 o T 2 R AR v 6 i 47 LL
B AT, AR — RS

4 ZhE

o S I AN [ it S XoF A 508 Ak 43 A B EL i 2L )53
M 0—20 cm KT 20—40 cm, [ )2 30K
RS BFRAL, Fobrbi s aEiem, A, &
Fri b o K AR T B T R R R
)& K SOC ZMIe e, xHaHLeR . 42 & e
B, M. M, ZLFREIN T > 1 mm HRIARECE
H:SOC 1 > 0.25 mm £k A1 R & SOC 43t b
B, It FLREE AP AR, M, ZFHX M,
RO B AR SEE T ; MNPK . M,NPK &b [ #: 4
T > 1 mm B REE R L SOC &5, M,NPK
5 M,NPK Ab3AE NPK A3 FERH AR YR AS e 384
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0.5~0.25 mm (M,NPK), 1~0.5 mm 5 > 1 mm %
g TRk R, M,NPK AbFE > 0.25 mm A 2 (A fififilk
L) e e o it P A A P Rt 1 it v A LA T
KRB = R A R AR i . SOC, TN i )
HAotig . A L], X L E a5 2 ucE
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