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AHY T 36 08 R G0 4 28 00 I IR Ve O T AR 1
( Humiccryepts ) o 19794FiRK I FF4EHF0 ~ 20 cm
TIHEHYLFE42.2 g kg, ©%2.23 gkg ', £Wi1.66
g kg, KMAS5.9 mg kg, HAHES.10 mg kg™,
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41T 2011410 H RAERT, 0~ 20 cmzAHE AT B
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70°C FRIR1 ~2h, #E24 h, SJE, UUIENHA,
FHIRIAS0.05 mol L™ NaOHIEMHAJS , WIAHAS
W& R JHTOC-V CPHIAE .

HASRER 54t (HT e ) o RIS kg%
VERAR -5, I AZR IR /KIR G ok B R 2Ky,
AO0.1 mol L' NaOH+Na,P,0, ( + : #=1:10) ,
WL TR h, BE24 h, K5 BORFH L 2
. JH2.5 mol L' HCIIH 42 Btk £ pH=1.5,
70°C FARIRL ~2 h, B E24 h, B, BOBETH
FRi# 0.1 mol L7 NaOHfit, 32 BIHA .
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2L0.25~0.053 mmig I Rk R F (44.21% ~
57.88% ) , AEHEK K. >2 mm R L L
B (0.12%~2.11% ) . H5CKMLL, HhZabH
(M) 2~0.25 mmKHRES#EECKR49.06%,
0.25 ~ 0.053 mmf# Al R A H < 0.053 mm#g/Fiki &
B CKAR 13.55%M128.95% . b 3 it jif vy
LB AL B ( M+N2P2 ) 2 ~0.25 mm Kk HI R AK & &
CKAK31.04%, 0.25 ~0.053 mmisk A BARE CK &
13.18% . Jiti AR EALAE (NTP1 ) X i g A1 2R {4
IR TCH M
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TE: K5 5Bk R A Rk 2 AT 28 R 76 AN (7] it T Ak 38 2 i) 2 55
B (p<0.05) 5 /NG FRERIRTEA R 5 AL A0 BE b A () b
W RAAZHEREE (p<0.065) . FI Note: Different
upper case letters indicate significant differences (p <0.05)
between treatments the same in aggregate fraction. Different lower
case letters indicate significant differences ( p <0.05) between
aggregates different in size fractions. The same below
Pl e P R AR 4

Fig. 1 Soil aggregates composition
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Fig. 2 Contens of soil organic carbon and humic acid carbon in

soil aggregates

mE2a A, 5CKAE, M. NIPTAIM+N2P2
A FE A 1 SOCECK A3 il & H118.51% . 18.66% Fil
8.64%, W FE (p<0.05) , WM (LILEA
HUAR A AR A ) $4n T +3ESOCKUR, HXT T 3%
HABUR WA P2 AR . ARG A SRR L, %
AP F I Ny . SOCHIHA S STE > 2 mm Ak H ik
e, 760.25 ~0.053 mmig A Bk (K
2) o ANFAFZEA L, M+N2P2ALFE > 2 mmk
AT RAR I SOCHIHA S i T HABALEE, M. N1P1
FIM+N2P24E 31 H10.25 ~ 0.053F1 < 0.053 mmeki 2% h
HAE B0 5L TFCK, FHARGHEZ BAHL, D
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mm ) FTHAR 5 .
2.2 BEIRIERABIRREAHBER T RE M

BEFEIF >2 mmPA BAEEGENH0.12% ~
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BRI N I, 2~ 0.25 mm ok H BAKO/CEE
IR HAE 23 91%50.25 ~ 0.053 1 < 0.053 mm{=26.32%
M36.36% (1) o 2B it AL 5 A5 18 1) 25 % AT 2R
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AL A, HAWEMEE; 2~ 0.25 mmAKH R K
HAR 45 & AL E R, 0.25 ~0.053 mmis Al
RIKHAZG & o, HARERE o

AN [A) i JIES Ak 35 CKAR L, MATM+N2P 240 3
<0.053 mm#/ Bk HA B H/CEE /R H Al 23 518 CK
4.48%H14.82%, 2 ~0.25 F10.25 ~ 0.053 mm &
FCK 6.05%~10.11% (£ 1) , RPAREER
Ty 2 A 2 it v AR AR ER = T < 0.053 mm#y
IR HAM 45 &, 2~0.25 #10.25~0.053 mm
A RARHAR 46 G BERRAR, TEPERG 3, N1PLAbs
3AN R G HA [ H/CHIN/C EE SR A 4> 31 75 T CK
7.20% ~11.19%M3.19% ~ 12.98%, FWAMKE1L
JE it FAd 2 ~ 0.25 . 0.25 ~ 0.053F1 < 0.053 mmA]
REHAD TG TR, SREAN I, &%
Ko
2.3 EEFRIEE BRI BER B LIS i

JE B ) T3 2T Al % = R A g g e 37 B HL 1A
&K . 3 400 em L0419 —O AR 4 45 2 5%
SHEEARSS, 2 920 52 850 em AR HR 5 X ARG
BEC—HM4E PR3, 1720 em™ HIRELC=0 (h4iE
3, 1620 cm " NIFEHRC=CMZEIRZ, 1 400 cm™ N
MEHEC—HAEI RS, 1 230 cm™ AEERE . R¥E P —
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W28 Z ) I C—O i 5k E L A PSi—O0
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FEUE RR AR e T AL 0 b R R B8 ) A X s 2
W2 6 T % o7 1 B RE AT A e8], I 2 92071 7201
2 920/1 620 FEAE L AE R B Bl J55 B 5T 43— 114 i e i
S e/ 22 R Tl A g T S e il 0 8 Al P L 11

Wt CK AL B AR AU HALLAMGIE T &, ASTH
R RIEZ A, 2~0.25 mmk P REFHA
F M 7E2 920, 2 850H11 720 cm™ AbfHi 454 5h
BOamEL CE3) W g 9 AH X a8 R 55 (3%
2) , H#E1 620 cm ' AbWR IR BhHR 5 (EI3)
WEsR AL (£ 2) , H2 920/1 62045k M &
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#1 TEEARKDPAFERHTRAR (FAKPERD)
Table 1 FElemental composition of humic acid in soil aggregates ( oven—dry and ash free basis )
e AT 5 {4 2% C q N 0 B JR I Mole ratio
Treatment Aggr,egates iz (gkg™) (gkg!) (gkg") (gkg") e N/C 0/C
fraction ( mm )

CK 2~0.25 544.7 75.84 49.43 330.1 1.671 0.0778 0.4545
0.25 ~0.053 586.5 79.92 52.26 281.3 1.635 0.0764 0.3598
<0.053 593.0 87.13 56.37 263.5 1.763 0.0815 0.3333
M 2~0.25 555.8 85.22 55.00 303.9 1.840 0.0848 0.4101
0.25~0.053 568.6 82.18 58.87 290.3 1.734 0.0887 0.3829
<0.053 556.8 78.14 52.33 312.7 1.684 0.0806 0.4212
N1P1 2~0.25 579.7 88.73 59.42 272.1 1.837 0.0879 0.3520
0.25~0.053 582.5 88.26 58.01 271.2 1.818 0.0854 0.3492
<0.053 577.1 90.88 56.65 275.3 1.890 0.0841 0.3578
M+N2P2 2~0.25 607.7 85.40 50.38 256.6 1.686 0.0711 0.3167
0.25~0.053 563.4 83.55 54.39 298.7 1.780 0.0827 0.3977
<0.053 575.1 80.44 55.82 288.6 1.678 0.0832 0.3763

(£ 2), 4r91#0.25 ~0.053F1 < 0.053 mm#i g%
AT T.524% . <0.053 mm#y/EEKi7E2 920,
2 85011 620 cm™ AL 3 iR 51l
W A X 5 B e (2 2) , 0.25 ~0.053 mmf# 413
K7E2 920, 2 850 em AbIgESR AR, 1 620 cm™ ik

(A 3), Mk

ISR E (£ 2) , 2 920/1 6204 4E LMt e/ (%

2) o RUIARMEACHEAZFE D KA RIA (2~0.25 mm)
H A I IR 15 85 98 Wk / % & Bk b (B & 1 6 A 3R 1k
(0.25~0.053 mm ) F¥3/ZE% ( <0.053 mm) ,
W B i, TP SR AR LA B i 1 5 s e/ 55 75 o L
i/, AP

HCKHM W, ¥ TF2~0.25 mmk Wl B4

F2 TREARKDIAGER LIS T E E ORI B AR XS SR

Table 2 Relative intensity of the main absorption peaks in FTIR spectra of humic acid in soil aggregates

. GELIS HXT R Relative intensity (%) FE Ratio

Treatment Aggr'egates size 2920em™ 2850 cm™ 1720cm™ 1620cm™ 1034 cm™ 2 9201 2 9201
fraction (mm ) 1720 1620

CK 2~0.25 15.64 3.93 7.86 7.95 64.62 1.99 1.97
0.25~0.053 3.88 0.59 3.23 11.47 80.83 1.20 0.34

<0.053 16.49 4.09 2.33 21.14 55.95 7.08 0.78

M 2~0.25 29.40 7.23 8.48 19.51 35.38 3.47 1.51
0.25~0.053 6.36 1.30 2.01 17.53 72.82 3.16 0.36

<0.053 43.59 11.49 9.38 14.66 20.87 4.65 2.97

N1P1 2~0.25 21.47 5.42 4.60 22.7 45.81 4.67 0.95
0.25~0.053 11.27 2.57 3.01 19.91 63.25 3.74 0.57

<0.053 7.87 1.74 2.32 19.02 69.05 3.39 0.41

M+N2P2 2~0.25 14.16 3.20 2.82 21.21 58.62 5.02 0.67
0.25~0.053 10.53 2.37 3.22 18.21 65.68 3.27 0.58

<0.053 18.47 3.68 1.67 44 .51 31.67 11.06 0.41
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H. ShEAC A FEHARM W WETES 920, 2 850F
1 620 cm™ b, W B AR B H M 45 Uk 2 35 8 CK o
ZL(CKE 3) , 2920/1 6204FF HLAE B CKI 2> T
23.35% ~70.56% (2 ) , JA AL Ak BE ] mf 4 n
T2 ~0.25 mm P RIRHA B AR FBE KBk A1 55 7 bk &
&, {H2 920/1 62045 iF USSR R WG AR T 15

2~0.25 mm

1 034

1620

3400
2920

M+N2P2

4000 3500 3000 2500 2000 1500 1000 500
=+

0.25~0.053 mm

4000 3500 3000 2500 2000 1500 1000 500

<0.053 mm

1034

4000 3500 3000 2500 2000 1500 1000 500
%% Wave numbers (cm™)

B3 M AT SR AR v R ) ) L AR 4 2T A1

Fig. 3 FTIR spectra of humic acid in soil aggregates

B SR 5T BRI LA, 2 ~ 0.25 mmP RIRHA
FFE SRR, 61 034 cm ik, N1P15M+N2P24k
PR CK Mgtk shmsg (& 3) , HAZHERN.
M, XFFREEBE (2~0.25 mm) MWi5, 3HEE
A FRI SR T HAM DS B, KRS & e
B it S5 23 m T HAR 205 & &

XFF0.25 ~0.053 mmfig Rk, CKAFEF,
HAWZ U I 7E2 920, 2 850, 1 720F11 620 cm™ "4k
iRt sy (&3) , wEaift (£2) . 5CK
A B, 3t AE Ak BE 2 & 3 ngE T2 920, 2 850
A1 620 cm ' Ab W I A 4E PR 3 (3, IE5R
Wi (F2) ; 7E1 034 cm™ AbWg W g4 358 T
CK, JuRAMARFEE 2. 2 920/1 720F12 920/1 620
FEAE L 8B CK A3 I 7 1.631% ~ 2. 1245 F
5.88% ~ 70.59% (#2) o 37l AL it 5 13k 141 38 A
(0.25~0.053 mm ) FFHAR G EIESE SR, M5
I,

X F <0.053 mm#/ BRI, MA P AE
2920, 2 85011 720 cm™ &k W i i fif 45 4§ 5 % CK
Jnag CE3) , WESERS BRI T 1.644% . 1.811%
F3.02f% (%£2) , 1 620cm™ kbW it 4 5 CK g 5l
W (E3) R /D T 30.65% (%£2) , 2 920/
1 620%F# 1 LA CKIE N 72.814% (F%2) , 1M
N1P1 5M+N2P24bFEFEL 620, 1 034 cm " Ab W i i
SRS (& 3) , 2 920/1 6204F4F L (E % CK
TRETAT.44% (£ 2) o FRAEIEMHHIEINT B
/ZhKE ( <0.053 mm ) FHARY NG, wiE A% E
AR e h 2% e it 7 P JES A T80 0] S8 28 2 5 T ik 4
HAM IS TR 2055 1

3 U ®

3.1 R EEARIEE BRI AR I B R E TN

ARWFFE R, W RRHE A R AR 121025 ~ 0.053
mmB A RA S E CEL) , XN IE KR T B
ZER D R RERK I DR R RS T2 ~0.25
mm K P BRG] (1), KRBT
E2RW, jtHAYERESMREYE > 0.25 mm KR
TRITE I o 5% T 300t FH A0 A X - S 485 4y 1) 52 i 4F
TG RAR—5 P RBRSTRI, it fRRfE
Xof Wi ot 1 AT SR AR 2R I TGS i, (H 2 STt 5 2 Ak T
f#i2 ~ 0.26 mm KHEIRMAEI D, 0.25~0.053 mm f
PSRRI, S80H 27 Rt se—8, ST
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e it FH AR RE X K A R AR S5/ R R ER . T
F ()3 00 22 1250 | S . 1R . TR IE A
wAHESE Z MR, il AT 15254
], WA fF Tk — S E

Toit it H 5 50 2 AL I 32 5 7 SOCH R (A
2) , WA HLIEARESR B SOCK R [ 20 U
A L BIE ST 4 SRt 3% T it P NPRARIE B 32 5 SO C
ok, SRR —E. X sig i AR RE R
PRGN, AHN B4 A IR AE Y E, T
HIMSOC, > 2 mm KM RAEFSOCHHAR &4 5l
e H A P B 4K 25 16.98% ~ 103.6% F112% ~ 100% ,
TERA AR & AR (B12) , # B Tisdallfil
Oades """ 36T - EW RAKLE B 2 GOV IR BEIE , W
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Abstract [ Objective] Contributions of long-term fertilization to soil fertility and carbon sequestration
mechanism of aggregates in dark brown soil were explored. [Method] A long-term field experiment was
established to study effects of fertilization on contents and composition of humic substabce—humic acid

(HA ) in aggregates of dark brown soil, using element analysis and Fourier transformed infrared ( FTIR )
spectra. The experiment was designed to have four treatments in fertilization regime, i.e. no fertilizer (CK) ;
horse manure (M) (once 3 year") ; low-level chemical nitrogen and phosphorus fertilizers ( N1P1) ;
and horse manure combined with high-level chemical nitrogen and phosphorus fertilizer ( M+N2P2 ) . Soil
samples collected from the treatments were wet-sieved for macroaggregates ( >2 mm and 2~0.25 mm ) ,
microaggregates ( 0.25~0.053 mm ) and silt/clay fraction ( <0.053 mm ) . [Result] The soil aggregates
in the dark brown soil were composed mainly of microaggregates, which were the lowest in content of soil
organic carbon ( SOC ) and HA, while macroaggregates ( >2 mm ) the highest. Long-term application of
horse manure significantly increased the proportion of macroaggregates (2 ~0.25 mm ) or by 49.06% in
Treatment M, but decreased by 31.04% in Treatment M+N2P2. Treatment N1P1 did not have much effect on
aggregates composition. Application of either horse manure or chemical fertilizers increased SOC content,
but did not have much impact on content of HA. In Treatment CK, HA in macroaggregates ( 2 ~0.25 mm )
was quite lower in condensation degree, but the highest in oxidation degree and aliphaticity, while HA
in microaggregates the highest in condensation degree, aromaticity, “age” and stability. Compared with
Treatment CK, all the other treatments (i.e., M, N1P1, M+N2P2 ) reduced the condensation degree,
increased the contents of aliphatic hydrocarbon carbon ( C ) and aromatic—C and enhanced aromaticity as the
result of decreased ratio of aliphatic hydrocarbon—C to aromatic—C ( aliphatic hydrocarbon—C/aromatic—C
ratio ) in the HA in macroaggregates, while reducing the condensation degree and increasing the contents
of aliphatic hydrocarbon—C, and aromatic—C, and the ratio of aliphatic hydrocarbon—C/aromatic—C , and
hence aliphaticity of the HA in microaggregates. In the experiment field, molecular structure of HA of silt/
clay fractions varied with the treatment. Compared with CK, Treatment M increased aliphatic hydrocarbon—C
and reduced aromatic—C in content and as a result, increased aliphatic hydrocarbon—C/aromatic—C ratio,
condensation degree and aliphaticity of the HA. In Treatment M+N2P2, the HA in aggregates of silt/clay

fractions increased in condensation degree and aromaticity as the result of increased content of aromatic—C
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and decreased aliphatic hydrocarbon—C/aromatic—C ratio. Moreover in Treatment N1P1, the HA in aggregates
of silt/clay fractions decreased in condensation degree, aliphatic hydrocarbon—C and aromatic—C contents
and aliphatic hydrocarbon—C/aromatic—C ratio, and as a result, increased in aromaticity. [Conclusion]
Long-term application of horse manure increases the content of SOC, promotes formation of 2~ 0.25 mm
macroaggregates, contributes favorably to stabilization of the HA in macroaggregates, thus helping carbon
sequestration. In addition, it also enhances activity of the HA in microaggregates ( 0.25 ~0.053 mm ) and
aggregates of silt/clay fractions ( <0.053 mm ) , which contributes to soil fertility supply. These aggregates
can be used as important indicators for evaluating effects of long-term application of horse manure on quality
of humic substance in the soil.

Key words Horse manure; Humic acid; Aggregates; Fourier transformed infrared spectra; Element

analysis
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