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Abstract: [Objective] The application of Chinese milk vetch to paddy soil is an effective practice to improve soil fertility and
maintain high and stable yields in South China. The soil aggregates distributions and their carbon and nitrogen content may be
influenced by the continuous multi-year application of Chinese milk vetch. [ Method] We investigated the effects of 12 years of
Chinese milk vetch returned to soil on soil aggregate size distribution and aggregate-associated carbon and nitrogen by setting
with six treatments including CK (no fertilizers and no Chinese milk vetch applied), GMO (fertilizer only) and four gradients of
Chinese milk vetch applied (GM1-4). The aggregate size distribution and the content and storage of organic carbon and nitrogen
in the soil aggregate were analyzed. Also the types and relative intensity of organic functional groups in different size classes
were determined using Fourier Transform Infrared spectrometer (FTIR). [Result] The results showed that the >2 mm soil
aggregate was dominant (61.12%—-68.53%)and followed by the 2-0.25 mm fraction. The application of Chinese milk vetch
increased the percentage of the soil aggregate size (>2 mm) by 5.93%-9.91%. Also, the contents of organic carbon and total
nitrogen in the >0.053 mm aggregates increased with the application rate of the treatment. There was a significant positive
correlation between the contents of organic carbon and total nitrogen and the application rates of Chinese milk vetch. Interestingly,
the application of Chinese milk vetch increased the total storage of organic carbon and nitrogen by 19.42%-37.09% and
22.31%-40.13%, respectively. Moreover, the distribution of organic carbon and nitrogen in >2 mm soil aggregate was also
increased after the treatment. FTIR spectroscopic analysis revealed that the relative contents of aliphatic and aromatic organic
carbons in soil aggregates were increased after treatment, and there was a significant positive correlation between the N-H
functional groups and the application rate of Chinese milk vetch. In addition, the relative intensities of 1 630/2 850+2 940 and
1 720/2 850+2 940 in different soil aggregates were increased. There was a significant positive correlation between the values of
the relative intensity of 1 630/2 850+2 940 in both aggregate sizes of >2 mm and 2—0.25 mm and the application of Chinese milk
vetch.l Conclusion IThe application of Chinese milk vetch to paddy soil improved the distribution of soil aggregates, increased the
activity and stability of organic carbon, and enhanced the organic carbon and nitrogen storage in soil aggregates. These positive
impacts of Chinese milk vetch played an important role in enhancing paddy soil fertility.

Key words: Chinese milk vetch; Aggregate fractions; Organic carbon; Total nitrogen; Organic functional groups; FTIR
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52 N LRI A oY 40 =t A Nt 8 7 Y B |
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0.5~0.25 mm K H K RIENGHIKEE, AR TR
U - HEEE R RO T O B S TR A H A e
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AT B E R, IR T IR AR AR
P BRI T RIS SRR A S B LA
BB R 348 X AU A A = 3 AS [ Rr 2% A SR Ak v i
R FZ R DL RO i e A AR A s D, AR
WA SRS, AP LE 12 AR R B R e |
RS H R AR R AR PR R S i AN
DA RS G20 AME, R T ELZF L @l kid
FH Xof 398 141 SR A4 b ik L4010 DA SORE 06 2 R A1 41
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1.1 R XHEER

ENRIE AT 2008 4E 9 H , 1561 25 o A
MRS T o 12 DX I R iy KB M XU e, 411
IR 16.0°C, A FEKER 1250 mm, 4EFHHE
BTEL 1 903 h, 4P TCFEI 246 d. U5 M 35K
WY E B RKRS L, i b+ AR
RNERY-RRE-E R, E Aoy TR it
R EA M B A HL 27.09 gkg!, &R

1.72 gkg', B # A 1350 mgkg!, A S #E
8.87 mg-kg ', HEALH 79.49 mgkg ', C/N It 9.14,
pH 5.52.

1.2 Rt

ARG E 6 LB, BRI FE O Z U
(1) A e, E£xA/E (CK); (2) Hjtifhk
B, ERIARBE (GMO); (3) i ALIE, &b
Bk 42 7 500 kg'hm ™ (GM1); (4) Jiti ABAE,
ERYERE L F A 15 000 kg'hm 2 (GM2 ); (5) Jiti
AMEHE, S8 ZHEHI RIS A 22 500 kg-hm 2 ( GM3 );
(6) i AEIE, 282 9Hl R if H i 30 000 kg-hm™
(GM4 ). R4 E A & N-P,0s-K,0=105-52.5-

63 kghm >, ERW T HEBAAT 10~15 d BHEA
H, KR . MR £AL BRI ( CK) ANt At 4h,
HoA ¥ % 8tk B, N-P,05-K,0=180-75-
120 kg-hm >, BEAPAE 43R IE0GE , RALHRIEAL © 4 BE
HE - BEAE=50% : 30% : 20%}ii . /N HEA 20 m?,
4 HER FEALIX A HEF /N X 3 58 30 cm, 5 20 cm,
MR S5, Bk /NX IR KR . RS/ N X AEHE
TE/NE — B HEHE D o BRFDIE M N TRRRE, HoAl
G A —8.
1.3 HRRESHH

(1) E3ere S RE S WA, 2020 4EIEFFISCER
JEAEREA /KR B LSRRV R 0~20 om +- 4
S, IRAE RS E . F UGk . ok
A%, I ARAEERTF, KT, 5P iR
A, 4T A R AR IS e . 3 PR
SR BRSO | EERCEN R pHL A S K i R fifg - B 1)
kAT,

(2) - HEFIRARGE 73 KA BB . 45 &
FE o WX HHERE s LR 2.0 0.25. 0.053 mm
MIETR, A3 AR TR A T 0 P SR R o - 49 8
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MG I, Sl A KA IR 10 min, SRJ57E+ 1%
R R A HT LR 30 YRAYEEE 43 10 min
(PR 4 om ), W07 45 005 4 B8 745 9L 1 iy AT 2R
RUE AR, TR T . THIGFRE, Rk
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A1 B AR 0.25~0.053 mm ) FIH3 EhKE( <0.053 mm ),
S A R AR 1 100 B 5 5 R FH# B AL 0T 7
I RE AT LR A A A

(3) ZIAMGIGHRSE . T HEAS Rk 2 A1 3R 1A it
L0 2T 75 52 SR R 8 B 2T 48354 ( Thermo
Scientific Nicolet iS5 ) JRALHNE F %0 5E . FREUS
R TR AT R ARAE L 2 mg, 4l KBr 200 mg i
A EER e o W ES 35T, AR e g
WA, CBERE A LA A R I, G
4000~400 cm ', HHIKEL 32, PR 4 em !, =
SfEAT R, B A bR sois.
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ivmE gl pe
=
2 sof a b b
e
s5 =
R Y60 FEF [
o=
< 2
S 40}
55 b b a
3
T 20f
2
[}
£ o

LR A (GM1-4) BERE T>2 mm
B AR E 5 (5.93%~9.91%, P<0.05);
GM1-4 AbBRH>0.25 mm g% I RIAE 70 5 ol
F GMO &b H (4.02%~5.95% ). GM1-4 43 0.25~
0.053 mm F1<0.053 mm K7 2% it A R 1A 5 5 43 L)
FRAE T GMO 4 BE ., XFH GM1-4 b3, 7E[R]—k;
R SN I PR N TE

22 EREFMELTHI TIEFAREKHENEERE

TR S ER

221 XA SGEMER  AFRLsEBEET
BRI R AHR & R IR 1o X AR RDR
THEE LR F &, 7F CK 4B ARIZ>0.053 mm A
BB & i T A 3 Vg% Mt fL AR AR BE ( GMO )
R >2 mm <0053 mm AHBRSEEBEST
0.25~0.053 mm ( P<0.05); AkA0 Lt 28 2~ & 4b 2
( GM1-4 )33 B A >2 mm A7 2 A R A5 AR 75 1
e, Hoh GM4 h>2 mm kg% B AR AT HLER
EETHA 3 AN (P<0.05), 5 ik Az bR
(GMO) Htt, GMI1-4 4b#iH>2 mm, 2~0.25 mm
Ml 0.25~0.053 mm A HLAEK & & E T
15.70% ~ 39.79% . 18.55% ~ 31.86% Fl 16.42% ~
60.32%. XLt GM1-4 £ANAb3, 4 S RE g AR A

Hl <0.053 mm @ 0.25~0.053 mm [ 2~0.25 mm []>2 mm

sl
b b b
a a a

CK GMO GM1

GM2 GM3 GM4

AbFR Treatments

TE: CK: M, AHiflt, Ea3AME; GMO: Htifeie,

LERWARE; GMI1: WAL, % 5IEHIER 7500 kg-hm™2;

GM2: Ji ALAE, & =FEEIER 15 00 kg-hm?; GM3: fifi AJLIE, ERFEEER 22 500 kg-hm?; GM4: i ALIE, % =38R
30 000 kg-hm >, IRk B AR 2L AREDR, A EVNG FREARR R — R R W R Z (87 P<0.05 KF E 2R B3 . TH. Note:
CK: the control, with no fertilizers and no Chinese milk vetch; GMO: with chemical fertilizers only; GM1: with 7 500 kg-hm 2 Chinese milk
vetch; GM2: with 15 000 kg-hm 2 Chinese milk vetch; GM3: with 22 500 kg-hm > Chinese milk vetch; GM4: with 30 000 kg-hm 2 Chinese

milk vetch. Vertical T bars in the histogram indicate SE, different letters in the same color indicate significant differences among different

treatments in the same soil aggregate size at 0.05 level. The same below.

K1 JEZEAR 5 e Bl Rl T A R S AT SR A 2 53

Fig. 1 The soil aggregate fractions with the application of Chinese milk vetch
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ALK & E GM1-4 Zh B2 [ 322 R 8 3% . (HAE
GM1-4 H1,>2 mm F1 0.25~0.053 mm A HLEE & &5
SIBEE 5 = e Bl s s g g fn, 58 0 #E
o ISR TE Y (DS

NG S I IE i Y T NG o
HILE 2. GMI1-4 4 DR ZH 2R E =,
M ERAR R A >2 mm )>( 2~0.25 mm )>( 0.25~
0.053 mm ) > (<0.053 mm ), 5 GMO &bFAH L,

GM1-4 ZbEF>2 mm, 2~0.25 mm F1 0.25~
0.053 mm fr 2% M R & & A & & 4 7T
23.08%~49.23% . 12.06%~ 18.44%H1 19.77%~
52.33%, JHikF| W EM2ZES (P<0.05), £ GM1-4
SEFRE], ARG AR S mEAR LR R a0
R R Hm s, GM4 BF Ik B i, Hoh
>2 mm R A RAE T 2R G R 5 EZEMH L
ZIA R B EIEMAHCLR,

®1 EEZFLTRPELHMNBHIRARKPANKRS SRZIT

Table 1 The organic carbon in soil aggregates with the application of Chinese milk vetch/ (gkg ™)

Ab ¥ FHER IR Soil aggregates
Treatments >2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm

CK 9.05£1.15¢ 8.51£0.23¢ 7.27+0.80c 11.91+1.30a
GMO 11.21+0.83¢ 9.76+0.10b 8.04+1.15bc 11.15+0.81ab
GM1 12.97+0.21b 11.57+1.27a 9.36+0.30b 11.08+1.92ab
GM2 14.35+1.24ab 12.46+0.92a 11.02+0.56ab 11.09+2.57ab
GM3 14.48+0.36ab 12.87+1.44a 11.51£1.60ab 10.61+0.52ab
GM4 15.67+1.11a 12.79+0.48a 12.89+0.26a 10.42+1.24ab

T AN FEERIR ] R T AR Ab B 22 57 3 (P<0.05), F[A. Note: Different letters indicate significant differences among
these treatments in the same soil aggregate size at 0.05 level. The same below.

R2 EEZFERIRPELHMBEHIBARKDPERASENTMN

Table 2 The total nitrogen in soil aggregates with the application of Chinese milk vetch / (gkg™)

Ab P TR Soil aggregates

Treatments >2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm
CK 0.95+0.06d 1.17+£0.03¢c 0.69+0.01d 0.60+0.02b
GMO 1.30+0.11¢c 1.41+0.05b 0.86+0.04c 0.61+0.04b
GM1 1.59+0.03b 1.58+0.03a 1.03+0.14b 0.62+0.01b
GM2 1.69+0.03b 1.62+0.02a 1.13+£0.02ab 0.65+0.01b
GM3 1.84+0.06b 1.65+0.03a 1.21+0.16ab 0.79+0.05a
GM4 1.94+0.12a 1.67+£0.03a 1.31£0.03a 0.81+0.04a

222 MEAMERER  AFREZFEREET O WEFMLT GMo 4B (P<0.05), 25T

BRI RAR G LAt i IR 3. A WLk 3= 2
FEAE>2 mm R A R AR, T#E<0.053 mm kig% H
RIERNMA KRR, 5 GMO Ab3AH L,

GM1-4 fb¥r>2 mm Fl 2~0.25 mm Ki%% F B A A
MLBRAE B3 R 0 T 26.29%~52.25%F1 13.62%~
32.69%, ik 3] b 25 F( P<0.05 ); FEARLZL 0.25~
0.053 mm F1<0.053 mm F1 GM1-4 ZbH#A HLEK A% &

19.28%~32.33%F 28.51%~56.33%. [all} GMI1-4
Ab B A LR B i B T GMO b B
19.42%~37.09%( P<0.05 ). 7E AN [F) i 5 = Je b #fl v
Bl 28 2~ B R S BN, R Z>2 mm G HLBRfF Bt
BTG, GM4 B A2 R s Fi94<0.053 mm £l
i i 15 DO 2R 34 AT

AN TR 58 2 0 00 S A5 R P 3R A rp Ui 2 AL
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#£ 4, 7£>0.25 mm Fig A RBA P RGeS,
<0.053 mm AL AR K h A AR E . 5 GMO b2
AL, GMI1-4 Zb3Hrh>2 mm k4% P 5K i 4 fn
33.40%~62.36%, 1Mi<0.053 mm 2% A B4R h A i
B EE 21.29%~46.04% ( P<0.05), GM1-4 kb
P EUSAE R A GMO S BT 22.31%~40.13%

( P<0.05). £ GM1-4 ZbHiZZ [a], £AREg% EUA% B Y
2R3 EEEPES2 mm FRET, BEZREITR
it £ i 55 25 D TR 2 A BRI I 38 in . GMI4 b B i)
R . HILE HAME EEET7E>0.25 mm
R TRAR T, H %2 2 4F 58 R 0 B R 0 H I 35 4
F+>2 mm K A& it i DA SRSt =

x3 EEZFERTRPELHMBHIBARKENSREENSE

Table 3 The organic carbon storage in soil aggregates with the application of Chinese milk vetch / (g:m?)

Kb ¥ T HEFI IR Soil aggregates B
Treatments >2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm Total storage
CK 1146.15+141.01d 593.76+66.17¢ 73.54+6.17b 32.25+6.59b 1845.70+220.12d
GMO 1407.02+91.37¢c 568.34+2.96¢ 119.29+10.18a 36.87+1.88a 2131.42+80.11¢
GM1 1776.95+2.11b 645.72+50.84b 96.29+2.87b 26.36+1.85b 2545.31+44.02b
GM2 1900.43+44.25b 754.15+23.42a 80.72+3.49b 17.98+0.94¢ 2753.29+65.12ab
GM3 1928.81+46.85b 676.60+82.25ab 97.41+6.13b 18.59+2.80¢ 2721.41£125.63ab
GM4 2142.14+82.29a 676.22+8.11ab 87.54+0.32b 16.10+0.64c 2922.00+73.22a

*4 EEFZEE-RPEILANERTRARKEMEENTN

Table 4 The nitrogen storage in soil aggregates with the application of Chinese milk vetch / (g:m?)

T HEF TR Soil aggregates it

b Treatments

>2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm Total storage
CK 122.80+7.01d 79.99+3.06b 6.95+0.11b 1.63+0.54ab 211.3743.52d
GMO 163.37+12.19¢ 82.2242.57ab 12.87+1.33a 2.02+0.18a 260.48+10.59¢
GM1 217.93+0.62b 88.56+1.20ab 10.52+0.83a 1.59+0.05ab 318.60+0.95b
GM2 226.04+8.22b 94.00+8.28a 10.12+0.39a 1.09+0.03b 331.26+16.86b
GM3 244.87+12.29ab 86.85+2.16ab 10.23+0.75a 1.52+0.01ab 343.46+10.89b
GM4 265.25+7.73a 88.44+5.77ab 9.87+0.04ab 1.45+0.14b 365.00+1.85a

2.2.3 XA I LS ENGIE P )i
NSRRI A A AT 5 E A LA 2a),
AN [FIREG AT SR AR AT Lt 1t BT o5 A 43 LU AR O
(>2mm) > (2~0.25 mm) > (0.25~0.053 mm ) >
(0.053 mm ). 5 GMO #HL, GM1-4 Zb3H>2 mm KL
G LB AT R A 43 LG B (P<0.05), 1T 0.25~
0.053 mm #1<0.053 mm %7 2 A B4 Hh G HLAR fifh 5t
EE ) 2 B AR ( P<0.05 ). X HE GM1-4, >2 mm %if
G AT RAR DA MLERA 1t o LU B 5 55 2 5 3B 1 o 344 n
SRS, GM4 L FE A HLER 5 S R .
ANTF 58 o 0 B R A 25 R g0 T SR A b UG i T
A E LA 2b), FEAARIH A RA T, >2 mm

L2 A R A R R T 7 e, YIAE 58.00%
PLE, GM4 5> E ik E] 73.41%; <0.053 mm Hi
A SRR A BT o5 A A LR AR . 5 GMO Ab B A
b, GM1-4 4bBEH>2 mm 47 9% I RIR R AG TS E
B EIRE 8.80%~17.13% ( P<0.05); 1 2~
0.25 mm, 0.25~0.053 mm F1<0.053 mm F&H7 2% 4 R
IR R B BT A 8 LA BRI 10.41%~24.87%

33.13%~44.89%F1 35.72%~57.58%., GMI1-4 b3
>2 mm A7 A TR T U R Y A LB A 5 S
JE e Y HE I 5 5 76 2~0.25 mm F1<0.053 mm ki
AR 2 NSRRI s B e < 0 3 PG N el
W, IR R EEARAE T>2 mm R A R AR
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Fig. 2 The storage percent of the organic carbon (a) and nitrogen (b) in soil aggregates with the application of Chinese milk vetch
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Table 5 The C/N ratios in soil aggregates with the application of Chinese milk vetch

Qb FTHEFRIK  Soil aggregates
Treatments >2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm
CK 9.54+0.62a 7.30+0.38a 10.59+1.05a 20.17+2.62a
GMO 8.62+0.08ab 6.92+0.20a 8.73£0.12b 20.15+0.35a
GM1 8.15+0.01b 7.30+0.67a 9.19£0.99ab 16.59+1.65ab
GM2 8.48+0.60ab 7.70+0.66a 9.41£0.16ab 15.51£1.65b
GM3 8.17+0.55b 7.91+0.93a 9.52+0.10ab 12.28+1.91b
GM4 8.07+0.08b 7.90+0.42a 9.82+0.00ab 12.10+1.60b
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Fig.3 The FTIR spectrum of soil aggregates with the application of Chinese milk vetch
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