% 53 5% 1 & + % @ R Vol. 53, No. 1
2022 %2 A Chinese Journal of Soil Science Feb., 2022

KERHE AR & 1 T LA N B S 5510 5
B B (R e 3 R

éﬂﬂ-ﬂ-h? 7‘%’;2, T\/%‘jglyéﬂ'ﬂ‘é'ﬁél’u‘]‘é\wlv
FRAL, KRB, TR, A

LT LT T B R L R TSRS TG, TIPS B9 5 330046; 2. AIRIRHE A BEYTIR SERGBE, R 7% 453003)

 E: [ BN ] a8 A B RIRES M B A MR & BRI )8, 8o HLacR 2 + I RIS i E 22 4R
Fr, HLAERE EZE A PR B SRR SCC R, XTAa AILBR 1Ak 45 R4 W] P SRS R T e = VR ABIFST
[ ¥ ] KFCEA T 1986 AR MIZIHE R bR AE RS, SEECRIEIE (CK) | JiHABE (NP) | JiFHEBEIE (NPK) |
it FHABE IR AEZE (NPKOM ) FIERESE (OM ) HAAREE, T 2019 -7 F KRR REE 0 ~ 20 cm HHERER, 00T
TS & . A HURLE SR R IR 554605, FRilE— A MU A 2544 5 B R AP35 E i E AR A e 6
. [4F] 455%E0 . NPKOM Fil OM 4bH YA HLIK 7t CK 3600 T 51.63% 1 34.34%, 5 CK #itL, NPKOM 4k
PR BERLRR . BeEBR L2 BIER 5 T 29.85% Al 21.54%, OM Ab 3G BEHERR . B E % HL I 2 51 kb CK 325 1 31.98%
1 28.81%, {HjE, NPKOM F1 OM 4bBfYF5 75 BE /il b CK FEAIK T 24.90% 1 25.19%, 1l NPKOM #1 OM Ab 3 (4 B ek
1F5 8 AR 55 B CK BN T 64.87% F1 73.34%., RIRT, Jififit4b3 (NP, NPK. NPKOM F1 OM ) HJFIR AT E &
B (MWD) YB35 T CK A8, HHEE PRI IR S5 &k ES S MWD BB IEMCER, HFFES MwD
BWFEAMEKER. [E8 ] AV RS20 5 R G DR (L 250 A BB it , ot PR T T 20 8 B Mg 3k /
B SRR et o7 Bt LU, BRART A WU &4, INIMARZE T 496G LAk 1) AU B SR 4T3 S AR i,

NELREESRIREE BEE T LA

X 8 W 20 BEEAPUK; APRILAAHE; TIEATERIR

FES3ES: S156.6 XERFRIRAD: A

DOI: 10.19336/j.cnki.trth.2020122902

XEHS: 0564-3945(2022)01-0152—08

WP, 2 i, R, WA, e, ZERH, s, JT K, MIOTRE. KIBMEAC A 1E T 2D ML AL~ 45K 15 P R A RS

FEPERISCR [J]. BHEEK, 2022, 53(1): 152 - 159

HU Dan-dan, LI Hao, SONG Hui-jie, HU Zhi-hua, YE Hui-cai, LI Da-ming, YU Xi-chu, WANG Chang-yan, LIU Kai-lou. The
Relationship between Chemical Structure of Organic Carbon and Stability of Aggregates in Red Soils under Long-term
Fertilization[J]. Chinese Journal of Soil Science, 2022, 53(1): 152 — 159

[ BFFER ] 02 b R 7 b X 20 £
ST, (R, 32l BRI e R A U R
FORZNE, £SO A R RO AR P A i, AN
ANEBERIT A ML, DA EE 2 T 2 A ST
KA AR AL RO RS, A DL S K
SRS TLLER L R B E R, (M, $RTTAIE
0 A AL A 7 A O i b DX 3 A 7 ) I DG
[ BUABFFEHER ] I bise kB, it A HLAE
SR TP TH A LA R O R 2L A T A
Z 1 A DR ], S ALEAC A L

i BE: 2020-12-29; {&ITHEA: 2021-09-28

AR S S BT L e LAk & & B F 4 o
T IEAT LA & BRI B s 1AL A SR AR
gikguel, HReA A B R BE, R EA LA S R T
PR > 0.25 mm HUBES E PR IR E P R A5 4
B B L TRl R AL 2 A BLBK A
JRl A — AP T A HUBRAYFR R AaT (>
A A LR A 2 0 25 R Sk 25 52 i) = A LA )
SR, T AT RESK ) - HE R R IR R A A8 A . H T
AVFZ W 1A BLR S B 5 R A OGO
F U, HABTRERY, A PLER Y H AL 4

EE€IB: 7y 8AREHES (20192BAB203022) . F R L0EM B TR ARBFSE A0 IT i 4 (2020NETRCRSI-9) FII B E 2 & T H4F

BHEFHE (18B404) ¥EHh

BRI P (1994-) , L, UWHEEA, Bit, B98I p, FEMELIEN R SN A, E-mail: danhcbwlh@163.com

“BWAEE : E-mail: liukailou@163.com


https://doi.org/10.19336/j.cnki.trtb.2020122902
https://doi.org/10.19336/j.cnki.trtb.2020122902
mailto:danhcbwlh@163.com
mailto:liukailou@163.com

14 P FFE: RIS T L AL S 254 5 H AL 4G £ £ 153

G122 5 0 S AT SR ARG E PR, SN LA AL
B PRGN T LASE = R AR IR e T, T A
WFoE R, SHAMA S, PR MUK A R R
SR TR AR A G E R AT . XIS AR5 IAC, 40
e R b 1 R A R A A LR 1 e PR R AR e
R MO R . AE I FRAE A HLAR = 1Y
RIS, AP 25 0 128 b 5 R R RS e v
WAATERYIR R . Z2A50s R, b A Al
i (14) 1 2 25 4 181 3R 30 kg e AUl LU ) e v, RO A e
FERR AT Bl , FRILHR LK . BAR KBV C
SRRV T B RAKRLL 23 A WL AL S5 44 ) AR {020,
EX T HLRK Ak 2= 254 5 AT SRR A AR OGO R I =22
FREMES T, BIVECHEAT HLAC AL B A HLAR 1k 27
S KA ot SRR I 1S N B A K AT R AR rf, Btk
W] AR A SRR A R AR B RO 25 640G R
BRI, A AILER 0 A2 2540 5 T SR AR B 20 43 52 1EAH
KBS RRY, HBERLRR AbE S ST 398 P 2R
RE M T e, et b, R AR N b S/
St Sl LR SR R LG 22 S 3 R A DGR, T Y
T8I, Zinaida 55 P BFRERY, ik S HIEATR
P B HRAE R E N IEAH R, [ RHR
VAR B, G RBEEE R, XFHEAHL
B Al 2 454 5 T SR R R R T A 1 R R AT B = IR A
AT BRI, AHIESE LIAT MLER Ak 2 2540 S DDA AT,
EF XA HUBR & AR AL R, 2 b+ AT
MLRAL A SRR TP I ERE AR LR, [#
FED IR AR ] A ATLr 5 P b KA 2 3R 56, Bk
PR WIR AL A Hli & 22 R L3, D
U AT RARZE R HAR, T 2019 4ER RISk
Jo REHE L (0~20cm) KEM, 2080 T AN
JIE &b 3L 5 Kb B 1) - A LR 1 A HLRR fb 2= 25
Fa B PR AR 4y 5545 b, DA AL A DL {22 2544
SRR IEOCHR, W21 5 1 A HLEE A
PEOERRIS ST
1 RS
1.1 RIE LR

e 300 it B K 56 A7 T VPG A kB B gk A
(116°20"E, 28°15'N) , ZHuIX & T iy =R
i, AFSEIRE R AR 43514 1727 mm #1177 C.
RIS FRON S U8 2T B+ . 1986 4RI T IR
BF#EZ (0~20cm) 3% pH i 6.0, AHLERE M

9.39 g kg o FHLHIE ALK, HEKREFH N
AAETH, MEREEHNTAZ 11 A,

BRI 10 M EARALEE, FEANALPE 3 IRE R,
N EEHLHES], N R 22.22 m?, ARHF5E 1E$E
T SAMRER, 4k RHEAE (CK) , gt HABEAE
(NP, %2 E KA N H P,0; H 43514 60 Fil 30
kg hm?) , i FHABFEIIE (NPK, 473 F KM N,
P,O; F1 K,O FHE/3514 60, 30 #1 60 kg hm2) , Jif
FHAMEBIE AR (NPKOM, 42 E KA N, P,0;
1 K,0 0514 60, 30 1 60 kg hm2, J& &
4 15000 kg hm™) , HUiiifEzs (OM, BT KM
FEMH RN 15000 kg hm™) o FEEE0 & KRN 75%),
AU 550 340 g kg ' ABEPALFIZENIRE |
PBERENC AN EALRR, Frh @RI . BRI A BOK
FEARIE ML, ZACH R 2/3 AEIE, 137 E
KBS 30 d FEIBAEG
12 HmRESHIE

F 2019 A FORWOR G REE 0 ~ 20 cm #HHZ 1
TR, BAS/NX R OSSR FEIFIR AT S H AR KT,
Hor—ff5rad 5 mm i, @ SRR E
P, BT A5 2 mm G A ALK & A
HLER AL A 2548
1.3 MEMBS%it 5%

AP H,SO,-K,Cr,0, FMin#vked, %
JERN LT R R AR R L RN — R 5 8
2=, SRR 0 A 45 A 00 2 A 3 A R ARy
B, FRES% N >2mm, 1~2mm, 0.5~1mm.
0.25 ~ 0.5 mm. 0.053 ~ 0.25 mm #l < 0.053 mm, J
P T AR E R R (MWD) ©, +
AT WU AL 22 25 ¥ 5% F HE RbBEIE25 4 B 28 °C A% RE
HeR % F %G 1+ Bruker AVANCE 1l 400 FUA% R AR
AR, D E TR AT S5 Li 5509 ()7 6% A
P THUREE . BAAREIRIT  FRELS ¢ M4 (i
0.15 mm i ) BB H, FAA 15 ml 0.1 mol L™
HIREED 0.5 h, RETEE.OHLEELG 10 min, BR
Z LW, HE 3K SRIFMA 50 ml S RERA R4k
LY 1 h, JEELG 20 min, 525 W, EE SR
i, RZECHK B0 T i FR B AR TETE 3 Ik,
R T BN o

AN HUBRALFA 2R (R AE TR AR U R R0,

BESEB /B SE R LA = Bedbm /b de ik

iR RE (%) =(F5 B b + T S0/

(B Hebk + B 48 i + 75 B ) x 100



154 E 4

Fid % 53 &

IR ) 55 Tk LUAE = (Be i + Bl / 05 7 ik

% Microsoft Excel 2010 #4748t #E b 31, R
SAS 9.5 BTG, 2 SR Duncan 734
% YEEIRH Origin 8.5,

2 FER59h

2.1 HIEENHREK

AT AT AR P 2 el - e Bl & i (1)
5 CK A, NPK. NPKOM F1 OM Zb3ify + 5411
WS B IHEINT 23.68% . 51.63% H1 34.34%, {H
NP A PRI TC i 48 . FEFT A Ab 3, NPKOM 4k
PR A DL B s, OM &b BRI EX Ik T NPKOM
AhER, [H2E SRR H NP I NPK b3 A A ALK
WA 2 5 o

16 'c|1
a
14}
b [ i
ooy be I
; X
D20t ¢
o3 |
Q.= 81
©n g
B Hel
=e}
' o4t
2L
0- 1 1 1 1 1
CK NP NPK NPKOM OM

piseil

Treatments

E: F R A R REOR S A BRI 22 5 3 (P<0.05) , T,
B 1 KHRERELLIE T LIRAHRAIEL
Fig.1 Changes of soil organic carbon in long term fertilization
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Fig.2 C nuclear magnetic resonance spectra of soil organic
carbon in long term fertilization treatments
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Fig.3 Chemical structure for soil organic carbon in long-term
fertilization treatments
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Table 1 Changes of soil aggregate composition in long-term fertilization
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NP 339+0.67d 7.69+1.88ab 1547+3.00bc 28.00+7.79a  30.40+1.40b 15.04+5.07 a 040£0.12b
NPK 4.67+0.49 ¢ 6.62+2.00b 21.18+588ab 29.09+1.10a 2446+3.25¢ 13.99+3.12a 0.42+0.08 b
NPKOM 7.15£043a 11.02+£2.57a 2191+4.68a 2534+3.05a 24.07+120¢ 10.51+0.34a 0.48+0.02a
oM 6.03£0.23b 932+1.12b 2245+233a 23.67+1.05a 25.94+0.87 ¢ 12.59+0.21 a 0.45+0.04 ab
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Fig.5 The correlation between mean weight diameter of soil aggregates and organic carbon indexes
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Table 2  Fitting equation of mean weight diameter of soil aggregates and organic carbon indexes
Ei=tan WEHR R P
Indexes Fitting equation
A HLEK Orgenic carbon y=0.0286x + 0.0744 0.9427 0.0059
Yot BB S Alkyl/alkoxy carbon y=0.8806x + 0.0668 0.1389 0.5366
FAE Aromaticity y=-0.0154x + 0.7827 0.8381 0.0291
B/ 5 ik Aliphatic/aromatic carbon y=0.0855x +0.223 0.7825 0.0462
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The Relationship between Chemical Structure of Organic Carbon and
Stability of Aggregates in Red Soils under Long-term Fertilization

HU Dan-dan', LI Hao?, SONG Hui-jie', HU Zhi-hua', YE Hui-cai',
LI Da-ming', YU Xi-chu', WANG Chang-yan', LIU Kai-lou"
(1. National Red Soil Improvement Engineering Technology Research Center, Jiangxi Institute of Red Soil, Nanchang 330046, China;
2. College of Resources and Environment Henan Institute of Science and Technology, Xinxiang 453003, China)

Abstract: [Objective] In general, it is poor structure and lower organic carbon content in red soil. Soil organic carbon
(SOC) is the key indicator for affecting soil structure. However, lot of studies were focused on the relationship
between SOC and aggregates. It was unknown that the regulation mechanism of SOC on aggregate. [Method] Based
on the long-term experiment in red soil which started in 1986. Five treatments were selected: No fertilizers (CK);
mineral nitrogen and phosphorus (NP); mineral nitrogen, phosphorus, and potassium (NPK); NPK plus pig manure
(NPKOM); pig manure only (OM). Soil in 0-20 cm was sampled after early corn harvested in 2019. SOC content and
its chemical structure, aggregate components were measured and analyzed. The correlation between the chemical
structure of SOC and aggregates was further quantified. [Result] Compared with CK, SOC content under NPKOM
and OM was increased by 51.63% and 34.34%, respectively; the proportion of alkyl carbon and alkoxy carbon in
NPKOM was increased by 29.85% and 21.54%, respectively; they were increased by 31.98% and 28.81%,
respectively, in OM. But the proportions of aromatic carbon and carboxyl carbon in NPKOM and OM were decreased.
Compared with CK, the aromaticity of NPKOM and OM was reduced than CK by 24.90% and 25.19%, respectively.
While, the aliphatic carbon and aromatic carbon ratio were increased by 64.87% and 73.34%. Meanwhile, the mean
weight diameter (MWD) under all the treatments with fertilizer (NP, NPK, NPKOM and OM) was significantly higher
than that under CK. SOC, aliphatic carbon, and aromatic carbon ratio were positive correlated with MWD, while the
aromaticity was negative correlated with MWD. [Conclusion] Manure application was an optimum management to
improve SOC chemical structure. The ratio of alkyl carbon and alkoxy carbon, aliphatic carbon and aromatic carbon
were increased, but the aromaticity was reduced. Therefore, the soil structure was improved by SOC accumulation and
MWD promotion.

Key words: Red soil; Soil organic carbon; Organic carbon chemical structure; Soil aggregates
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