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Effect on Soil Aggregates Distribution and Their Carbon and Nitrogen Content
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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
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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
2~0.25mm and the application of Chinese milk vetch. [ Conclusion] The 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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EALRES AT 2008 4 9 H, 50t s A BB MRk T o 1200 X I i i O it 1 2R RS,
fie, FEFHRUE 16.0°C, FFHEKE 1250 mm, EF HIER% 1 903 h, FFHLHE
246 d. AR5 H ORI YR B KRS L, FUCARIE L BIER RN E TR
FE-MRE, o iAoy QUL ALy ia s It i v A AL 27.09 g kgt &% 1.72
g kgl BEAEE 135.0 mg kgl, R 8.87 mg kgl EAAH 79.49 mg kgl C/IN Lt 9.14,
pH 5.52,

1.2 X%

AR EE 6 M, RREREAETEMT: (1 A, £xEARE
(CK) ; (2) Hjifhie, HREAFE (GM0O) ; (3 AL, LREREEHE 7
500 kg hm2 (GM1) ; (4) JAWAE, L= EFEiLHE 15 000 kg hm? (GM2) ;
(5) JENALIE, 2 =IEEIE HE 22 500 kg hm?2 (GM3) ;  (6) i ANLIE, E=dfiE
1 H & 30 000 kg hm? (GM4) . FREAEH & N-P20s-K,0 =105-52.5-63 kg him2. 45 =3¢
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mg, 4i KBr 200 mg A A 7 0 i SIS 5], B TRE SRR RE T, TR
NLLAMGIEAC R, BTG E 4000~400 cm?, F9fkER 32, #EK 4 em?, =5/EN
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A3 0.25~0.053 mm F1<0.053 mm i (1) 4] 57 & & F 49 L AH AR T GMO AbBE. X bk
GM1-4 4b3E, 75 [R—HRigh h &b 2 (8 22 AR E .
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e CK: X, AMfie, HREATE; GMO: ML, EREAFE: GML: MAAE, EZIEHEE 7500 kg hm
2, GM2: AL, TR 1500 kg hm2;, GM3: HEAMLAL, S =TEEIE SR 22 500 kg hm2; GM4: JEAGAL, REHE
I 5 30 000 kg hm2, B HASIRE LR ZEL bR, AFE/NG FEMUR [ — KA F b2 2 7 7E P<0.05 /K L7 5
#. FIA. Note: CK: the control, with no fertilizers and no Chinese milk vetch; GMO: with chemical fertilizers only; GM1: with 7 500
kg hm2 Chinese milk vetch; GM2: with 15 000 kg hm2 Chinese milk vetch; GM3: with 22 500 kg hm Chinese milk vetch; GM4: with
30 000 kg ©im2 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.

1SR 2 R 5 OB R A R A g8 A SR AR T 4 4
Fig.1 The soil aggregate fractions with the application of Chinese milk vetch

22 ZREPETAN LIRARFF B NEERERA S ENE
221 MR AT BRI AR SRR E NS R AR A MRS = LR 1o X AR
Rk LA NS B, 7 CK AbFE ki Z%>0.053 mm AR & & m T HAh 3 ANkidk; St
LB 3 (GMO) HiZt>2 mm H1<0.053 mm AL S &= S E ST 0.25~0.053 mm
(P<0.05) ; fLAERCIES ~ockbH# (GM1-4) HERBA>2 mm KL g F R AR A HURR S i
w, Hod GM4 H>2 mm k2R A R R oA AU 2 T A 3 MR B (P<0.05) o Sl
JEALEE (GMO) AHEL, GM1-4 4bFEd1>2 mm. 2~0.25 mm A1 0.25~0.053 mm A bR & &
SrdRE T 15.70%~39.79%. 18.55%~31.86%#l 16.42%~60.32%. Xftt GM1-4 %/ ik
H, 4 MRGFREPEIREEE GM1-4 AF 2 A ERAEE . (HE GM1-4 |, >2
mm £ 0.25~0.053 mm 3 LAk & 7 BB G 5 = e il R mp s s in, 5% 25k E
Z A2 IEA ORI R

AFE TR EE T ERA A RET2EASTENE 2. GM1-4 | 4 MRLEZ R
HE, NEIMIKRK AN (52 mm) > (2~0.25 mm) > (0.25~0.053 mm) > (<0.053
mm) . 5 GMO &HAHE, GM1-4 &¥E>2 mm. 2~0.25 mm A1 0.25~0.053 mm ¥ 2% 4]
B ERESEDIRTT 23.08%~49.23%. 12.06%~18.44%F11 19.77%~52.33%, Jfik3|
EMER (P<0.05) . £ GM1-4 AbF[a], H ARG 2R G B8R FE R o R 20
W, £ GM4 Ik F i, Hd>2 mm R REE T RS ELN 5L - REE
Z I R B EA GG R

® 1 EEZFETRPBELHNERTIEAR G D EIRS EMFIT
Table 1 The organic carbon in soil aggregates with the application of Chinese milk vetch/(g kg?)
AbFE +HEFE K Soil aggregates
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Treatments >2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm
cK 9.05+1.15¢ 8.5140.23c 7.2740.80c 11.91:41.30a
GMO 11.2140.83¢ 9.7640.10b 8.04=1.15hc 11.1540.81ab
GM1 12.9740.21b 11.574.27a 9.3640.30b 11.08+1.92ab
GM2 14.354.24ab 12.4640.92a 11.0240.56ab 11.0942.57ab
GM3 14.4840.36ab 12.874.44a 11.51+1.60ab 10.6140.52ab
GM4 15.674.11a 12.7940.48a 12.8940.26a 10.42:41.24ab

W ARFRERRE R T AF A E ZE R 2% (P<0.05) . T[E. Note: Different letters indicate
significant differences among these treatments in the same soil aggregate size at 0.05 level. The same below.

R 2 EEZFRACEBETCHMNERDRARGKF RS ENTMN
Table 2 The total nitrogen in soil aggregates with the application of Chinese milk vetch /(g kg™)

+3EH %4k Soil aggregates

A
Treatments >2 mm 2~0.25 mm 0.25~0.053 mm <0.053 mm
CcK 0.9520.06d 1.1740.03¢ 0.690.01d 0.600.02b
GMO 1.3040.11¢ 1.410.05b 0.860.04c 0.6120.04b
GM1L 1.5940.03b 1.5840.03a 1.0340.14b 0.620.01b
GM2 1.6940.03b 1.6240.02a 1.1340.02ab 0.6520.01b
GM3 1.8440.06b 1.6540.03a 1.2140.16ab 0.790.05a
GM4 1.9440.12a 1.6740.03a 1.3140.03a 0.8120.04a

222 MR AAEE IR AR = JE B R & N AR A R AR A Lkt & AR 3. ALK
BEAELES2 mm Rk A B4R N, T 7E<0.053 mm ki 2% [ 544 4 (A HLER i B i . 55 GMO
REFEAEEL, GM1-4 AbFE>2 mm F1 2~0.25 mm Hi 2k A AR A NG B Blde T
26.29%~52.25%1 13.62%~32.69%, AT EEMEZR (P<0.05) ; 7Ekigk 0.25~0.053
mm £1<0.053 mm H GM1-4 &3 HLAKfif & U 5 K T GMO 402 (P<0.05) , 737K T
19.28%~32.33%F1 28.51%~56.33%. [FIIf GM1-4 Kb ({4 HL R s i & 15 3 & T GMO Ak
i 19.42%~37.09% (P<0.05) . fEAFEE ST, MEE S ERMEEMN, K
Z>2 mm A WL EIREIE N, GM4 KHAEI R & Rigk<0.053 mm 5 HLAR fits & I 7 %
K.

ANFEE PR T R SR B R AR AU & LR 4. 7E>0.25 mm ki 2] 4] SR i o
B, 1Mi<0.053 mm kigk AR b &g E AL, 5 GMO AL, GM1-4 AHH>2 mm
2% [ AR R Ak BN 33.40% ~62.36%, 1M1<0.053 mm Hi 2 [F] Z 44 b & 4iF & 5 2 PR AR
21.29%~46.04% (P<0.05) , GM1-4 4B ZUS il 7 AL GMO B35 3N 22.31%~40.13%

(P<0.05) . £ GM1-4 kb¥iz [A], &K AR £ R EEERE>2 mm FIEAES, H
TEZRL LR P R R R s R 1 i mi g in, GM4 MRS E R m . HILEH
R E B TE>0.25 mm R [ SRR, HIESE S 55 2 Bl e d FH R 25 3R TH>2 mm ki
A EULFASER.

*® 3 ESZFRALRPECHMERDRARGEKIEENTE

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

b3 +3EHFF K Soil aggregates Mg
Treatments ~ Total storage
>2mm 2~0.25 mm O.25mn2.053 <0.053 mm g
CK 1146.154141.01d 593.76466.17c 73.5446.17b 32.2546.59h 1845.704220.12d
GMO 1407.02491.37¢c 568.3442.96C 119.29+10.18a  36.87+1.88a 2131.42480.11c
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GM1 1776.9522.11b 645.72450.84b 96.29+2.87b 26.36+1.85b 2545.31444.02b
GM2 1900.4344.25b 754.15423.42a 80.7243.49b 17.9840.94c 2753.29465.12ab
GM3 1928.81446.85b 676.60382.25ab 97.4136.13b 18.5942.80c  2721.41#125.63ab
GM4 2142.14482.29a 676.2248.11ab 87.5440.32b 16.1040.64c 2922.00+73.22a

R4 EESFEAEPELANTEHIDIRAR KR EHNZIT

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

b T HERI R/ Soil aggregates HfEE
Treatments >2 mm 2~025mm  025~0053mm  <0.053mm lotalstorage
CK 122.8047.01d  79.9943.06b 6.9540.11b 1.634054ab 2113743524

GMO 163.37+12.19c  82.2242.57ab 12.87+1.33a 20240182  260.48+10.59¢
GM1 217.9340.62b  88.56:1.20ab 10.520.83a 15040.05ab  318.6040.95b
GM2 226.0448.22b  94.0048.28a 10.1240.39a 10940030 331.26+16.86b
GM3  244.87+1229ab 86.8542.16ab 10.2340.75a 152400lab  343.4610.89b
GM4 265.2547.73a  88.445.77ab 9.8740.04ab 14540140 365.00:1.85a

2.2.3 XA ME G ARE SR EE N SR A R ARG UGG =BT 5 L
UK 2a) o AS[EDRLR A SR A WLUBR it 52 B o B 2 BRIBUF AR O (32 mm) > (2~0.25
mm) > (0.25~0.053 mm) > (0.053 mm) . 5 GMO fHttL, GM1-4 AbFE>2 mm g H Hibk
R E D EZERE (P<0.05) , i 0.25~0.053 mm #1<0.053 mm 2k [F1 544k th A HLa Ak
2 Ll U I 2 AR (P<0 05) . XFEh GM1-4, >2 mm Hi g [ AR KA HUBK i & b LB 58
ORI S B SR Y, GM4 A LR E R G e .

AL TR & R SR B R P S TG A L 2b) o 7ERN R R A
W, >2 mm Fig A SRR B AT B ot R, 387E 58.00% LA F, GM4 HE 4 Ik
F] 73.41%; <0.053 mm Fi 2 A AR B & B o bR 5 GMO AbFEAHLEL, GM1-4
b H>2 mm kg A R R RS TS E o LR 8.80%~17.13% (P<0.05) ; 1M 2~
0.25 mm. 0.25~0.053 mm #1<0.053 mm Eﬁiufﬁl SR UNCAR 7= T A s ] S
10.41%~24.87%. 33.13%~44.89%F 35.72%~57.58%. GM1-4 kbFH>2 mm High [ 5R fA
B 5 LR 2L o B R BN S; /£ 2-0.25 mm #1<0.053 mm i g [4] 5 Ak
ARG S H tE TR . Bt rT I, EEERGE B EARAE T >2 mm g A R A
W, EKRIRMAR (52 mm) A E X RS M E TR R K R o TR I R TR
=>2 mm RLR A R AR EE B E b, FE{<0.25 mm kg [ B AR A AiE R E L.

a) FHLB Organic carbon b) £& Total nitrogen

8
g £
=4 I <0.053mm [ 0.25~0.053mm [[]2~0.25mm []>2mm g I <0.053mm [ 0.25~0.053mm []2~0.25mm [__]>2mm
2
S 100 wd 3 5 b b b g 100 a a ab b b b
5 100 |
z e B v O = Y B =5 I g =R Omm P R R
28 .- d
R ]2 a b bc bc cd
g s e a b be b bc ® ﬁ:n 2w
[ =
[ = [ 8=< E
Es Bl B & — -
BE o [ | £ ooor g ]
= & E
iTs s
&2 gz
40+ 40 F
% s c c ab b ab a s
5] BS d c b b ab a
@ @®e
E&S 2f 3 f
@
() kg
g s
5 s
E @
2 0 . . . . . . 2 o . . . . . .
£ cK GMo GM1 GM2 GM3 GM4 = cK GMo GM1 GMm2 GM3 GM4
HIE Treatments LbFETreatments

B 2 JES: 25 3 S [ TN A T S R AR LB it @) AUl b) o i Lt
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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23FE L FRTRBETHTREATEFRR A C/N LRSI
HELE 2R el ek N AR B R AR CINE AR 5. 5 GMO bBEAHEE, B
BEBH RIS R T 2~0.25 mm 1 0.25~0.053 mm kigk [ A CINE, HBEE % =58
JEEIGIN G IN; (Rl F#AS 1 <0.053 mm 154k CIN fH, ZELEBEAE 5 = 0l e 2 1Y
I ek ) o
ROEEEZFETEPHETHTEATEARAKS CINE
Table 5 The C/N ratios in soil aggregates with the application of Chinese milk vetch

e +HEFE Ak Soil aggregates
Treatments >2 mm 20.25 mm 0.25~0.053 mm <0.053 mm

CK 9.5420.62a 7.300.38a 10.59:4.05a 20.1742.62a
GMO 8.62:0.08ab 6.92:0.20a 8.7320.12b 20.1540.35a
GM1L 8.1540.01b 7.3040.67a 9.1940.99ab 16.59+1.65ab
GM2 8.480.60ab 7.700.66a 9.410.16ab 15.51+41.65b
GM3 8.1740.550 7.9140.93a 9.5240.10ab 12.2821.91b
GM4 8.070.08b 7.900.42a 9.82:0.00ab 12.10+1.60b

24 FEZFET R ELHTFEEIDIEER R AT INGEE

B 3 T LA H 2% A B A 3 AN (R 2% [ SR AR 4T A0 6 T 1 PR AR, (HL = R e 0 (R W i
5 P R AN R AL [B) AAS [R) R 2 B TR AR TR AR 22 5%« >2 mm. 2~0.25 mm. 0.25~0.053 mm
H1<0.053 mm i 2 A S A )l ik ] rh 41 7E 3 698~3 700 emt A1 3 622~3 626 cm™, 3 430~3
392 cmt PAJ 2 920~2 940 em HHURFAE i, Hoh 3 698~3 700cmt il 3 622~3 626
omt EHLHARBII g, i R RE (R, BRIE-0-H) MRSk, £ 3
430~3 392 cmrt IS AT BE I BE AL R N-H /ERI SR, IR S N-H 77175 R s 2
HIEER . 2 920~2 940 e AKX AR AR C-H M4aRsNE; ~2 875 cm™ X #r g% C-H
fhZaHRBNIENRS191, 7F 2 100~800 cmt Ak i == EIUR e s iy w57 f2 A & 437 . ~1 720 cmr?
RNIREREE C=0 M4EiRsNE, 1 628~1 635ecm™ AT &k C=C H4Edkzh, HrlaeRmE. B2k
e EYIE: (C=0) MBZEIRSN, TREREskSs & HLHulH C=0 #k3); 1 085~1 091 cm* I
J& T 2B C-O H4E9R5N; 1033~1 035 cmt Ny Z AR L WY 1) C-O s 5k E 4L &4
1 Si-O % #R3); 1 009~1 012 e Ali/K AL AP Isclée; 917 em™ 24 3 622 cmd X B2 ) A%
TEARBN A2 6181 A E 2 850 cmt AT 2 940 em (KA B FE HEAT IO AN, A HAR 2 g i e
C-H: 3FH 1 720/2 850+2 940 F1 1 630/2 850+2 940 KF1E EAE 70 AR J&E Bl i 7 1 (K FR e b/
JIG I 0 A AR 55 5 Mk g 0 B A ) LA, T 5 B o s AL FE R, b 1 630/2 850+2
940 LB = e IR RS e MR 2 2> A LA & S sy, RIS 2 2 A LR 7 ey

7E~3 626 cmt Wikl GMO A BEF>2 mm 1 2~0.25 mm $i2% B S ARLE AL AR
STEREEY T GM1-4 AbFE; 7E 0.25~0.053 mm F1<0.053 mm 1, GM1-4 KbIH7E kA ()i
FEXT R T GMO AbEE, 55 2 el R S I 1 0.25~0.053 mm F1<0.053 mm [ A4 -
OH % A&t

7E 2 875 cmri b, BRI A TR AR GM1-4 Zb BRI ST GMO, X B4 25K TR
A U e T A B AR B s TEAS [FIRL R A SR AR TR, >2 mim L2 [ 28 e v A ol g 5 P 3
T Al 3 AR . #E 1630 et Ak, 4 AMRIZG IR AAR TR GM1-4 A (1A o 0 5 15 i
m T GMO Ab3, IXFR L 2 D0 R A5 R T 4 i 8 SR Ak o 5 A LB A A7 Lt
Ab, CK AR Fp A P A G 0 5 B2 78 DU AN SR AR P 3 s T GMO Ab B, X B R BRTEH
FRELIEA K EA RN T, T3 B SR A A AR 5460 m) T DARR 2 05 A IR R AT 1E

Kt b BARIZ 1 630/2 850+2 940 AHXT 3R ELAE, GM1-4 AbBE AR X} HLAE 25 i T B it Ak,
JEAFE (GMO) , 4 MR 12.58% ~ 63.73% . 22.04% ~ 69.09% . 1.48% ~ 20.41% £/l
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54.41%~99.69%. %Lt GM1-4 UEZIEH, >2 mm ki B %Ak 1 630/2 850+2 940 AH X 5% &
ECAEAR T HoAth 3 AN AR, Xt s e tH7E>2 mim iz 2% [ 38 4k o EL A ARGHE 22 (4D I Wi e
TRAELE . 1E<2 mm Bigi A% 4 rh 1 630/2 850+2 940 AHXT 5 LU R T 1, REIEIX 34
o 2 R 55 B I o e v T R W ek & . BhAh, fE>2 mm Al 2~0.25 mm Rz gk [
FfR, 1 630/2 850+2 940 AHXT 58 E LUAE 558 2= Jo il [ & 2 [H) 35 SR 30 B 3 R AR DG K R
(P<0.05%, R?>0.945; P<0.05", R>0.918) , KWK =HEREERINM, & T HEHEAN

ErEAXT A, SEME R R e A LR S R

Xt 1 720/2 850+2 940 FHXT 5% A L AH, [U.?l BRI IBRAK, GM1-4 ZbB AL L
B 23 IRH IRk $s, #5<0.053 mm Figl B RAR R E, R NEE R TR IR EA L
BRIGAEAE. 5 GMO AHEL, 7E>2 mm kigk 4% ﬁitlj GM1-4 b FRIAG TR <2 mm Fidk
AT, GM3 F1 GM4 A3 HE m T GMO, X34 2= Sl & & G #) T <2 mm
F 2 A SR AR R TR S ML R ATAE

A B RAR e, 6 FhALFRIYAE~3 430 com it H B bR 5 A R A e, Ok Ak R R
iU 3= BRI e A A N-H /B 512, A IREERGR ) N-H fEE R R I 2 IR RS . 15
AR RS R, 6 &AL AR R T, GM1-4 43R =T GMO Ab3E, 25l E T 1.19%~
5.83%. 6.74%~37.79%. 23.62%~52.92%F1 11.55%~40.50%, %55l/e GM3 fil GM4. H.
TESARI T, SEAL RIS G BE & 5 = e R E I B I B ER IS, R =%
%}JELBHﬁ$U?i*JJnE] R ERS R R, BAER5EREE N 22 500 kg hm2 1 30
000 kg hm-2 ik 3] %

a) >2 mm b) 2~0.25 mm 1031
8 3698 2932 ., 1885 1639 3 370042 322 1627
~ 3621 2858 g
3 |6m4 : g |oM4 :
2 3728 = :
£lows e Zloms TR
L} : 5 :
R |GM2 pN— % GM_Z__JA—"!\
B : F :
CGMI A E GM1 o~ —
GMO oA GMO #3393
K i K o
4()'00 35IOO 30IOO 2000 1500 1000 40I00 35IOO 3()'00 2(;00 15IOO lOIOO
i&R% Wavenumbers /cm? iBEEWavenumbers /cm™
¢) 0.25~0.053 mm d) <0.053 mm 1030
E | soos 36? 3423 5908 1634 8
£ GW g
2 3728: S
I [GM38 Ao 2
il i
Rlowe £
& =
S —
GMO on i
CD/\__ZMOO\
4000 3500 3000 2000 1500 1000 4OIOO 35IOO 30IOO 2(;00 lSIOO lOIOO
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Fig.3 The FTIR spectrum of soil aggregates with the application of Chinese milk vetch
A) \/\
30
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31 E-EHELHN LIEF R AP B/IIRE EUARAINEIERF M

T IEE RS T3 S AR T FR R 1 S B R R P02, AR ARG R s el a4
EERIN>0.25 mm FREH ARG EU LAV E; HAVRES EHEE S S s E
AT RGN . IX UiHE>0.25 mm AT H A WL M AL R A EEREA, E a0
B J5>0.25 mm AT A HLIKE A B E S E R ER, X R EEY
Fro — 7 T %K = el R 3N T H 3G WA, WOR TR YEYE, A Z IR
g, R LIERR RS S AR N — TR = AR N B B I AN h 2K,
XY AT DA AR 330N, 2 [A)  F FLF 7, (R T SRR (1) SR R & (29, 222381,

2 DR Rk AR SE n>0.25 mm HERAR A WLk & EAE R R FR,  [FRR S T >2
mm BTGP E S L, BRI 7 <0.053 mm FIEA T ARG E S, X 5iE
BT B R = o id s 7 R SR A E AU 3RS, X 5 RAESEDANHT 745 SR A
L. FH ElliottPIf RNy, KRR B/ SR A s i & i & i AERa M e 45 77 (o
HHE 2. AR MAEMAEYIRN 20 KRams, BRHRERNARESHEZ
FIE MK 10 T IERR 457 B RIE T T IRA WA, R BB NEZGY, Hom
TR 5 B e FRFERR . PRIE AR LI IZ A% DON (YRS & b 591 254k
G LR AR IR R R, At TR A - R R R M R A E . R m s IR
Rete m LA NVURAM BRI AN ELEREN D TEMAERE, A HIEERIIER
SEME, S SR K B AR T RN A g 14 25261, S 4R 7 Sl 0 TR /K R ZE KR T
FEMEFRVI, RHKFERREK, KRR WA 558 8 B A WL 459 s m,
H—0E TR RAR NI A S &=,

W = el RO AT DU S5 38 n e vh R IR . BESR. 2R, Z WSS, iERE
e 7 IR AR . 5w IR AR LAY S R, e IE DOM HR IO A R4 T
&, ST HIEEE VLU E RE B AR e e 281, R ARG T R s el R L AR
T IR AR S HRAR BRI SRR e e L & &, FERE T >2 mm B R AR s A
Wlix CREWEANER) AR . K TIEEMEY SRR S R s A sy, R
EFREERO), FE58 = O SRR G P AR TS YE A MU 0% B R« R AR . LB S A S A e
PR SRR |, 28 TR 45 - ER S T A SR AR, SR I LR T A B R LA
TEERIE AT, T LN E T . EARYS T, Bt 45 2 B 38 FH R /N R 2%
(<0.053 mm) FHZEEEAR R 1 720/2 850+2 940 H{E A1 1 630/2 850+2 940 Hrff, M7
<0.053 mm FLZ A RAR G UK FE LS FIRARIE N E, Tl s TR EAE
FROE S . W FOIA N A SR AA 9 A WL ) B Ak FEFEREICR,  ELAMAT SR AR 2 B W B 7
PEREOR, @ H /INRAR B SRR A A WL — R 4EREE RO K, A AU E 2 K
HARAR E 3 B, Hrp A LT DA SE RS e TR S AR AERCSY, (R = e/ N A WL kLS
A F A HURTE L3 K I6E 7
32 K- EHELHM LIEFRAPER S EURLIINCERIF N

BRBAENERNEY, BFEASEYR, HARERAIER 82.35 mg-kgt. HHAK
1934 gkg?, HFMIEHEEHRKE N TERAIR (FIHERE. B , 56F
B N-H B R[0S 32, FEAIE H 48 2 ol ok H S 3 N 1 &k 2 A R kb () 0
5, HMEE TR EERIEINmIE N, X 5H7E~3 430 om™ FH X 0§55 B (1) 45 I A —
B B RTNE IR H AR LA G REAE~3 430 emt BLA EL G e AW, R X 5 R LU A
R E ST R IR R, HBEE 2 o 008 2 s b A f e IE AL I . AR
W7 B T . BRI B R (=3 430 ecmt) o N-H R4adRzhig . XK &5 aesa
SRR B DA R oy TS SR AR T MR R AR, (Rt AR B R Rk m R
HRE&R.

588 200 Rk A AL S AS R 12, 55 2 Dl Tk FH IR 38 0 1 <0.053 mm Fi gk
AREP RS E. — R RTEREIEH G E 50 YRR E N T & 2GR
(R B DR K TERAFEYIR, X Y54 T IR A 4 B i R
M, G IR YIR, i )5 905 R 438 (4] S A7 B Ui Bf ] =27, 33341, 5 —
J7THI<0.053 mm Higk ISR, HRAREN, FLERTARK, XF 7555 (W i [ 52 58 77 o8 5,
MR FE W EAEL R EEST, BT S % R 1E<0.053 mm kg F R E & .
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2 AR IS AR R R KB R AR R, $Em>2 mm R [ SR AR U I
bb, F#M<0.25 mm ZAEE I H 4. BIRARTE T 75 B WU 549 1 640 & 138 T Ak
25, BIREEEAENBOEREF SR 28R, FREARERBAREHIER, HE
AL S HEMUBRIEAR —5. EARIS 38 R R b & & R R Jk /N T 20T B
., 0.25 mm it AN A, X ATRERE HT>0.25 mm k2 [ S AA e S Bl i T 11
WAREEK. RORSGREEZ AT, BN =5 DR 3R E A ar s ahid
P SEG N R L @A . B E S LR E B RIR G &, SRIGERR
AAIB 4 [ S G R R e AEAE R A A 3SR 2R B0 1 <0.25 mm ki 2% () Ab T b S B A 6
%o
33 £ RFELASHEITTHEN HIEARKHREENNESR

EHATRNAE SR, DU 2 SN AR R 0 SR AR R I B RIS FF 34 FH 48 Ak B BB (A L
REAEHE b, KA M E IR, IRE IR IR, LI EY s R T
T B A B 404,

TEARIG Y, 58 25580 8 B 3 0 +3%>0.25 mm RLZg FI B AR A 4y, BmHE RS &
PALRA WU, 2 T30 SR Ak v 5 i iR AR R R S5 A e A LA 1) 75 & BA e >2 mm 4]
RARPRIEEA MR IRFIRE IO IR, X580 R FT 34 H X - 398 [ 5% Ak 45 #) 2 Rk
DL WU A 520 e AR — Fj 16, 36-37) ) B8 25 U RE MRS AT S N B AL, 3 B B s i & i
&2, BRIETWEN 460 gkg™ T , fEWIRSFF, QKR Bk, DEHBSERY
1E 399~444 gkgt 218, IS HEAZEA KR, 82008 B 5 350G HURR IR 45 74 th
A G FEFT I H I — 3, 18], R — 3% 0 R - 48 [ SR AR ZH R DA S A LB S B il S
TR, DUEDIFERT . B =S H HIRIE B S Ja 7= AR BB WU &5 4 o vt 3 [ 5%
IR E — EWE R ER, e R R4S, BB T4 m R >2 mm kg 4%
REE EMfRENE, RIS, Wi EIEFR A AR, X HLHE S
A WU ) [ 58 RS AP AE BV R, TAE AR AR IR B AR FH - 338 AL ot 1 =5 ok
PRI, SR T 38 2 [ R A i M UBR IR JZ IR 22 538 T itk — D IR AN 9E

S FRIFEE A EALIE H RS FFE AL, ol R e IS B A B S B NFE, T8
ERHERFEFR. ERNRE (T MAHHEN T, BES =IO EEH>2 mm fil 2~
0.25 mm Ki gk [F AR P RS B I3RS T 49.23%H1 15.60% (£ 3) , 1] T KAEFFE H i 4]
Biad>2 mm A S E THET 6.2%, X 2~0.25 mm MRS & LERAEmERI, [r115E
H SRS A ERIEN, B5 - FNEEREAR. EaRmENGRSE, RER&EN
FHEE (3440 gkgt, HEFIE) 5 KFE. EOK. DERE S ER 6.50~9.10 gkgt 2 lH] CHE
T, BLESEREBBIT UK. M. £ BAKEERED 3.814% ~5.3 f% 22, 1
WA ESREZES, R 5EEHE HIEHNELREN HIRREEA R RER .
R SEVIARSFIAI L, R R R I8 AN AT DASGE: 3R R AR I 44y, S MLk & &=
Aifig i, &nTLha B REMEAR, Be LHEARA P ERTENEAME, X2
S 2 HE 5 VYRS AT FE R HL A K PR F MR 3

4 75 i

(1D FEH#HE LA R LR Z>2 mm BIRAE N, o5 EE-HEMNT>2 mm
R RAR T 0 tb . (2) >0.053 mm Rz 2R [ ARG HURR & 2 A1>2 mm ki gy [ 58 44 Fh i it &
BE 5K 2~ B R A I G N, 4R = RN 8 G R T MR e 43 A E>2 mm ki 2 [
RAR . R TR s FH 32 n 39 ok g [ R A b HR W A UK . FRER SRS A L
TR, 2 m o SR AR b 05 2 Ak g 105 Tt R0 2 IR e/ Mt 7 T Bk AEL AT EUARL, 2 s B LB AR
EME.  (3) >2 mm REHEERFHERSEMERMER S Kol EEHES T %
AR A RR RS, >2 mm R A RR PR S B E S s B R E g . £
2 TR I8 FH RS0 B A SR AR B R DA B A R AR RS . B AR (N-HD N
F, ELRBTERIEEN 30 000 kg-hm2 i 58 B o 25 5 2 J8fi 0 FAMCE R 1 B0 AL
R RGN, IREAMRNRERE M, CERSERETERE LRI RS &
HEAHEMIS, st — D3I E TIEIE .
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