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Abstract: [ Objective] In recent years, more attention has been paid to the persistence of glyphosate and its degradation product,
ammethylphosphoric acid (AMPA), in soil, as well as their environmental risks. However, with a similar structure as phosphate
and with a positive charge, glyphosate may compete with phosphate for adsorption sites on the surface of soil particles, thereby
affecting its environmental behavior and the bioavailability of phosphorus in soil. Our aim was to investigate the degradation
kinetics of glyphosate pesticide, soil available phosphorus and soil enzyme activity in Loess soil. [ Method] Laboratory
experiments were carried out under different phosphate application levels (0, 50, and 100 mg-kg™') and water conditions (20%
field water capacity (20FC) and 60% field water capacity (60FC). [ Result] The results showed that: 1)The degradation rate of
glyphosate was fast at the initial stage of spraying and gradually slowed down at the later stage under different levels of phosphate
application and soil moisture. Different phosphate levels had no significant effect on glyphosate degradation while different soil
moisture did. Also, the content of AMPA increased with the degradation of glyphosate, and there was no significant difference in
the content of AMPA under different phosphate levels. However, the peak and variation characteristics of AMPA under different
soil moisture significantly differed. The peak was reached on day 14 after spraying for 20FC and on day 7 for 60FC. In addition,
the quantitative characteristics of glyphosate residues fitted the first-order kinetic degradation model, with a half-life time of
69.3~77.0 d (20FC) and 10.5~12.8 d (60FC). 2)After spraying glyphosate, the content of available phosphorus decreased first
and then increased with the degradation of glyphosate, which was significantly affected by soil moisture. In addition, phosphatase
activity was significantly inhibited after glyphosate application, while the activities of N-acetylamino-B-glucosidase,
B-glucosidase and leucine aminopeptidase changed dynamically. Phosphate levels showed no significant effects on soil enzymes’
activities while soil moisture did. [ Conclusion] The findings indicate that phosphorus level in Loess soil had no significant effect
on the degradation characteristics of glyphosate, but soil moisture significantly affected the degradation rate of glyphosate and the
residual level of its metabolite. Meanwhile, glyphosate application had a significant effect on the activities of available
phosphorus and phosphatase, which may affect soil phosphorus cycling and plant utilization. Therefore, the feed-effects of
glyphosate and soil phosphorus components as well as the related enzyme activities should be considered in follow-up studies,
especially the relationship between the persistence of glyphosate and its metabolite and soil health indicators under drought
conditions. This will provide scientific-based information to guide glyphosate use in Loess soil regions.

Key words: Glyphosate; ammethylphosphoric acid (AMPA); Degradation kinetics; Available phosphorous; Soil health
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Fig. 1

Glyphosate and aminomethylphosphonic acid residues in different treatments
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Table 1 Degradation kinetics of glyphosate in different treatments

Qb P Treatment 712 )7 Kinetics equation 32 1] Half-life time/d R?
P0-20FC C=10.65¢ "0 69.3 0.50
P1-20FC C,=11.55¢ 0 77.0 0.64
P2-20FC C,=13.50¢ 69.3 0.74
P0-60FC C,=6.90¢ "% 12.8 0.76
P1-60FC C,=8.10e % 10.5 0.85
P2-60FC C,=8.85¢ 0¥ 10.7 0.85

. 20FC: 20%M A HF/KE; 60FC: 60% MK T ; ANRIBEEE SR E K Po: 0mgke';s Pl: 50 mgkg'; P2: 100
mgkg'. Note: 20FC: 20% field capacity; 60FC: 60% field capacity; Different phosphate concentration levels PO: 0 mgkg'; P1: 50

mgkg'; P2: 100 mgkg '

R, EEEW 508 69.3 d (PO-20FC ), 70.0 d (PI-
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20FC Ab 321 v i H Jle e 245 1) ik o 00 3B 05 4G
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TR RS TROE YR, (AXERAERE,
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9 iy - S O
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W it S 1 9 o Tl % A I A T i) %) 22 i Bl
. P2 MR AP AT, RO i b
W% it F KBS B T e R, 7RSS 5 ORERAR N
28.95 mgkg ', ML 0 KAHH TR 28.52%, Ut
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1 RPN S sl il 2 i S BN, e R ER N
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(P1), 37.53 mgkg ' (P2), 5B KA, 4357
TR 24% (P1), 23.34% (P2), ML/EZ#iFmE, W
R D N e T ¥ (L S LY TR NI (EF =5~ 7 N T
23 ARLGEEFHTHEREETN

ti2 2 W], £ 20FC 4B, +3E NAG f
PERERF R % S W, HARfBESAAL, BFAE—
Z 5t ANFBEIR AU & T, £HE NAG Tt
ZRARE, A EEAKCTEI NAG TEHE R
S8 5 T 5 H AR 25 5t 5 NAG 15 1 B s it s R )
BT, FIEE 14 K3 NAG IS 3R e
g, NAG {1494 93.68 nmol-g“h™" (PO ),
96.58 nmol-g *h™' (P1), 99.80 nmol-g "“h™' (P2),
FOH AR 2t 2 K, 3E NAG WEPER S, 25
Bl 8 it fo R B R, fR RV e i R 5, B
HEmE i 2E 14 K (PO, P1), 30 d(P2) XF+3E NAG
TEEFE AR, EEMEE R, LSRRy, =Fh
WL — S i 5T 148 NAG WM B RT
WSt K .

M 2 WA, #£ 60FC AbBEdlrh, AIRIBERR —
SURIE T S50 T 05 NAG 15 1 BE I 8] % 30 5. L 1B
ANFEREACE RG22 S AR E . R, HiE
NAG JEYETH R, 26 14 RHGEHETFIR TR, 25 30 K
W P I, NAG 16 P43 31k 34.85 nmol-g "*h (PO ).

http://pedologica.issas.ac.cn



2 ] TR Ky KK X e IR 2 KA 50 1 2 s 475

70 a a

60 - al

TR i
Available phosphorus content/(mg-kg™")

OCK-P0 OP0 @CK-PlI @Pl &@CK-P2 mP2

o
@)
o

IIIIIIIIIIIIIIIIIII:
IIIIIIIIIIIIIIIIII O
TRRNRNRNNRNNN III: o

abcc il

1
Available phosphorus content/(mg-kg™")

I8t J5 K%L Days after application/d

d
idll
7

o

(el

IIIIIIIIIIIIIIIIIIIH::
IIIIIIIIIIIIIIIIIII o

abb

“ulbt): FHL Days after application/d

TE: AR T RERIR A — 7K 3 25 B [R) — Bl 3 /KA R I [8] 9 22 576 P<0.05 /KPR35 . CR-AURAR WG R H AR 25 AL B ; A T)
WilR — SN vk B 7KF- PO: 0 mgkg'; P1: 50 mg-kg '; P2: 100 mg-kg '. Note: Different letters indicate significant differences among
treatments with the same conditions of phosphorus and soil moisture at P<0.05 level. CK- represents the treated group without glyphosate
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Fig.2 Soil available phosphorus content in different treatments (a: 20% field capacity, b: 60% field capacity )
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145 LAP {5 PE W2 5 T W4 K (P<0.05), 1M Pl
SEFRSEAET LAP WG VEAR Tt > K o Rl 5 TR
AW L, RO RS SE 1 K, 158 LAP &
PEZ 2], 55 14 KIVEIERRREL, AFBEER
SUE T 25 AR A 353 51158 50.01%( PO ). 43.07%

(P1). 78.60% (P2), UL/l £ FH 2 i s 55

30 K Nz Eish, Wilg %Hfﬁﬁﬂ?%ﬁifa%
LAP GPERIH RN HAEN, ML 71.10%
(PO). 74.89% (P1), 72.10% (P2 ),

H2 3 Al AL, K4 (60FC) 148 LAP
TR 3 T K S (20FC) (P<0.05). ARl
i — S AT, 15 LAP WG R AR .
FOH B 2t E 5 14 K, HIGTERBUT s,
ZH 30 RGBS &EAM, LAP W& 45 H
322 nmol-g"*h™' (PO ). 445 nmol-g"*h™' (P1),
462 nmol-g "*h"'( P2 ), )5 + 3 LAP 7P i o
ﬁﬁ 45 R XFFIR T IS5 it + 1% LAP J6 %

5 F Wi 24 K ( P<0.05 ), F5E 525 Jo Ak 24 i 41
x#tlz, T AR 2GS 14 KA LAP &Y
TG AR BES M, 14 KI5 R B IHEA,
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Table 2 Soil N-acetamino-B-glucosidase activity in different treatments
A4 GRS #i7/KF Phosphorus levels/ ( mg-kg™")
Days after
Soil moisture o CK-PO PO CK-P1 Pl CK-P2 P2
application/d
20FC 0 78.30 83.76+5.93ab 85.27 74.18+4.77bc 87.20 77.414£2.72b
1 59.70 76.21+4.28bc 62.79 83.74+8.06ab 66.33 105.0+0.73a
3 30.68 86.74+5.87ab 31.79 85.85+1.09ab 33.39 91.46+1.85ab
5 32.16 87.62+10.47ab 53.25 85.64+3.11ab 27.77 93.17+3.42ab
7 36.39 85.94+0.21ab 18.89 85.74+8.66ab 19.10 90.64+3.84ab
14 129.1 93.68+2.55ab 121.3 96.58+2.58a 73.71 99.80+3.82a
30 65.39 66.71+1.36¢ 62.76 60.23+9.67¢ 87.70 75.70+£22.92b
45 56.46 36.89+0.73d 45.24 38.41+8.1d 48.26 27.26£1.99¢
60 62.67 31.98+5.42d 66.39 38.56+12.43d 52.07 39.08+7.28¢
60FC 0 76.66 73.24+1.9b 90.26 78.37+4.49b 84.30 85.84+3.48bc
1 58.95 80.94+4.43a 75.92 80.79+1.4b 69.16 84.06+1.11¢c
3 47.15 84.92+2.73a 43.11 84.30+2.47b 42.32 80.99+0.8¢
5 19.05 81.15+3.47a 38.92 81.37+£9.67b 31.46 89.97+3.54bc
7 25.69 67.90+1.96b 36.43 78.17+3.6b 63.61 101.0+1.13a
14 75.98 83.83+5.37a 96.72 98.29+1.51a 86.17 95.47+2.76ab
30 88.87 34.85+1.20d 79.99 44.44+091d 76.25 29.70+7.24e
45 65.51 42.30+0.76¢d 55.11 63.71+2.93¢ 73.69 49.62+0.81d
60 53.75 49.31+4.66¢ 100.6 45.69+3.79d 58.02 35.26+9.38¢

e AR FREFR R AR 45K 55 Kb B AN [R] SR AR (] 9 &8 35 PE 22 5% (P<0.05); 20FC: 20% M []#F/K & ; 60FC: 60%
M ()R K 5 CK-AG R A Wl 5 H B 2 A0 382 Rl B — SV S Ik BE PO: 0 mgkg™'; P1: 50 mg'kg™'; P2: 100 mg'kg™'s Al
Note: Different letters indicate significant differences among different treatments with the same condition of phosphorus and soil moisture

( P<0.05 ); 20FC: 20% field capacity; 60FC: 60% field capacity; CK- represents the treated group without glyphosate application; Different

phosphate concentration levels PO: 0 mgkg'; Pl: 50 mg'kg '; P2: 100 mg-kg '.The same as below.

55 30 KM 1E S 2, il 2k 77.42%( PO ).
69.18% (P1). 63.30% (P2), IHJm Ml AF 152 s
55, EULIN 2 R T 2 BRI VR

Hi %% 4 A1, 7E 20FC Al 60FC b #ig] i, KIA]
WERR — S 4 1F 4 BG MR AR E,
R e 2h B . B H AR 2wt S, 14 BG
PR B KO, B8 7 RiEtERR, WE BG
TEYEFFOR TR LI &% o i 9 v 35 11K T it 24
K, 20FC-P1 AbFEZM 25 A3 Rk, 76
20FC Fll 60FC b 20 rhmi i 5 H BEBR 7RSS 7 KX+
B BG T MEFE A AR IEVE RSN, KRS8 3R (R
PR 7= A A

H2e 5 ATAl, F 20FC 4b#idid, L3 ALP %
PERERS RN ST, HARfL B REAL . AN F#ER —
SN AT, T ALP ML SRR E, H
JilE A 20 JS , 43 ALP Jh MRS B KO, B 30
RGP, ALP iW&HE5510 1494 nmol-g "h'
(PO). 1344 nmol'g"“h™' (P1), 21504 nmol-g "h"'
(P2), MJ5HIEMZ WAL, VL2, g 148 ALP
T AR T W 2 K (P<0.05 ). FERIHL, 504k
LW X LY, BH AR 2 Wi S X L1 ALP 5P
FEARRAMRIVE R, WEiE 1 K5 0 /R A Se i 5 v
55, 255 30 KMFIMERTFEA, M 2 IHES M e
o Wt H B R o B TR R XS 138 ALP I
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Table 3  Soil leucine aminopeptidase activity in different treatments

ARGy LUOEES St #§7K3F Phosphorus levels/ ( mgkg™)
Soil Days after
moisture application/d CK-PO PO CK-P1 Pl CK-P2 P2
20FC 0 1024 963+8.88¢e 1031 990+43.89¢ 1098 1 029+3.08d
1 976 1 057+2.4d 1004 977+£56.73¢ 984 1113+70.3¢
3 1356 1078+13.47cd 1237 1001+11.89¢ 1449 1 139+19.5¢
5 1391 1 086+1.85bcd 1509 929+60.77¢ 1516 1117+1.1¢
7 1621 1217+23.18a 1353 1218+14.35ab 1174 1379+10.32a
14 2324 1162+21.31ab 2336 1 330+19.68a 166 1357+41.7a
30 1031 755+6.83f 870 692+72.37d 1004 462+21.69¢
45 3983 1 151+31.55abc 3701 1 140+94.21b 3 649 1 018+0.64d
60 369 1 057+97.43d 3843 965+2.57¢ 4250 1 244+55.67b
60FC 0 1433 1274+14.93d 1430 1 425+16.89¢ 1383 1 434+61.9¢
1 1289 1 507+39.89b 1360 1 429+67.72¢ 1262 1 457+99.19¢
3 1420 1 385+31.26bcd 1696 1423+37.98¢ 1705 1 648+17.1c
5 1283 1 471+18.5bc 1438 1411+16.53¢c 1618 1 444+24.12¢
7 1369 1328+37.13cd 1483 1 605+28.94c¢ 1625 1 653+20.62¢
14 1450 1 454+26.06bc 1660 1 558+16.95¢ 1 648 1 483+63.65¢
30 1426 322+12.24e 1444 445+26.33d 1425 523+81.32d
45 2 689 2 533+3.03a 3357 2 698+134.99b 2810 2 784+321.37a
60 2 625 2 558+209.62a 3700 2 920+214.91a 3010 2 115+£69.33b
PP A AR, S R s 47.67% (PO ). 3 i ©®©

48.23% (P1), 53.11% (P2),

& 5 AT, 78 60FC AbBR4IH, KNIEBERR —
S 4 3 ALP S22 R A E, {H ALP
TEPERER R S 2, B R BT M- LT TR L
FE-FRE- T Rutas, 258 7 KGR, ALP
TEYE 1 1929 nmol-g“h™' (PO). 1985 nmol-g h!
(P1).2 141 nmol-g "“h" ' (P2), B 45 KGRk,
ALP % ¥ 4 9 A 245 nmolgh' ( PO ) |
335 nmol-g *h"' (P1), 316 nmol-g "“h™" (P2). Wil
SEORm, FEME R T W K (P<0.05). ¢
S TOR WAL L, WE R H BERRTESS 1 KDL
K 14 KAFH3E ALP P=AARHEE AN, Ko 85
i B[] ORGP A R, i 3 i =i 57.19%
(PO). 56.49% (P1), 62.28% (P2),

3.1 TEREEE _SEKENEHBER NFE

FHER) 20

H IR 24 B8 R P B A S P A BB AT
. BOH B R R ) AMPA B BREE XU — H 52
BIRHE . AT, AR = St 7K P X
H A2 e L b i e AN W, (EAE W H IR
A, R S K R L, R
i3 B W e T B TR U KO 3, %
S5 R R8-S R H B AN - 398 v B WA AR L T A B2
A%, T2 1 B i LSR5 47 . Wang 4512
HIF5E e BRAE 338 i -5 e MRl 45 A4 A B A e i R
SRR H A S P A R, B R A
HE RS, RIS T8 H R R A% . Bott SR
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Table 4 Soil B-glucosidase activity in different treatments
THOKIy LUOEES AIF#§/KFE Phosphorus levels/ ( mgkg™)
Soil Days after
moisture application/d CK-PO PO CK-P1 Pl CK-P2 P2
20FC 0 436 443+1.39cd 567 383+32.68cde 594 437+0.49¢
1 410 386+12.71d 486 457+14.35¢ 518 5107+27.22d
3 555 559+8.29b 522 434+34.03cd 723 4304+27.58e
5 555 541+20.01bc 729 499+91.78bc 535 535+40.77cd
7 521 716+99.89a 491 776+51.82a 441 755£3.66a
14 971 518+12.53bc 762 639+139.8ab 425 581+21.18cd
30 570 511£17.61bc 481 500+7.02bc 563 636+4.88b
45 308 1 640+48.78¢ 195 276+40.58de 252 181+£5.42F
60 182 215+1.17e 280 216+0.59¢ 337 204+0.63f
60FC 0 602 743+42.18b 639 687+10.94b 624 638+33.4bc
1 510 617+25.71c 549 532+35.48¢ 579 560+94.38cd
3 471 556+12.37¢ 743 530+9.99¢ 607 698+49.87b
5 447 713+42.25b 730 563+5.32¢ 484 482+39.32d
7 399 817+24.73a 480 685+20.54b 527 903+0.79a
14 592 616+31.61c 665 754+22.66a 879 866+35.04a
30 779 311+4.52d 834 392+51.82d 764 465+18.34d
45 234 210+17.8e 374 269+16.51e 272 222+49.27e
60 257 234+2.94e 309 248+14.08¢ 247 244+1.61e

R AR A B AL i b, AR H RS K S
TP Z W FE B TC G, SR AR et W 2R b 3 Y - 48
) 57 10 R 1 A A 7K SF- 334 M0 1771 38 i da Costa 2512
WA, Kt B FE A KA & s e A 1 8 rh
FH X HZBR BRI, s rh R IE 093 hn g
b e ARG R X A it R B A A o X TR SR
MR EL 5 WA A AL, B SRR B R A, Y
TR L o A M, I O B0 B R
FAREARES, Pk, 2% B H e R b T
AU, AR ) A o o it Tl R — S Bt it i
1o ) -

AN AU TR, ROH R A A i iR — L
it B B K gy S T =R = AT DLk B 69.3 d
( PO-20FC ), 77.0d ( P1-20FC ). 69.3 d ( P2-20FC ),
12.8 d (P0-60FC ). 10.5 d (P1-60FC ), 10.7 d
(P2-60FC ). B H BEAEA [R5 i i 2 o 1] 22 S 4

K, HETHEMREHBEERAE 1~197dZ
] 2930 Litz ZEPUHE ST & BUAE 8 CHYSEH A F &
HBEE o 30 d, (H S REF AN T R H R ik
T, KR 7.5~10.5 do AFEBFSE PR R
HWIAE, —hmh TrERRE RGNS EL S,
S 50 A B A R TR e B AN B L S S R
A LGHE R AR O, 59— 2 R - e Ak
PERA B0 5 Z22, BH e 30 A e A M S
fift— e R 2 B P A, AR T
+ R AR BRI pH%E . Bento PRSI A L, 1E
20% M 47K it RHEAC AT, BOH R 10 4 ol 2
60% HH [B] F5 7K 1 K 24 F0 - 380 2.9 £5F0 3.6 £i% -
R EBET DB ST R B R A K RN A R A
FITEH BB . Y SRR LML, R
KW, 5 60%H [EF KGR, 20% H [E+F
7K A S v R AR 24 1 R A ) B R
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Table 5 Soil alkaline phosphatase activity in different treatments

+ K5 Wit J R %K W7k F Phosphorus levels/ ( mgkg ')
Soil Days after
moisture application/d CK-PO PO CK-P1 Pl CK-P2 P2
20FC 0 1148 1 089+31.78d 1313 1011+0.37¢ 1228 1101+33.85d
1 1059 898+31.73¢ 1161 955+7.83¢c 1 006 1 205+22.03¢
3 1981 1 090+12.64d 1837 951£9.25¢ 2 041 957+60.01e
5 2014 1203+19.01¢c 2423 1 262+38.49b 2397 1 2204+24.56¢
7 2252 1361+4.53b 2013 1331+33.17ab 2244 1316+53.73b
14 2 064 1 080+85.48d 1965 1 313+58.16ab 1589 1359+2.47b
30 1319 1494+11.23a 1365 1344+56.31a 1559 2 150+46.94a
45 443 266+3.57f 411 236+3.64d 401 191+6.48f
60 396 227+6.25f 383 238+9.43d 435 227+6.79f
60FC 0 1693 1909+19.91a 1855 1 953+9.26ab 1581 1 659+11.63¢
1 1492 1 648+80.38¢ 1539 1299+110.09d 1430 1 739+74.64c
3 1927 1 918+23.76a 2273 1767+88.41c 2281 1 768+153.37¢c
5 1979 1 635+10.15¢ 2259 983+40.16¢ 2394 903+27.47¢
7 2162 1 929+27.63a 2177 1 985+93.88a 2 355 2 141+3.56a
14 1951 1 780+28.91b 1839 1 810+73.24bc 1909 1 942+58.61b
30 2523 1 080+22.82d 1981 1209+23.53d 1982 1271+8.12d
45 365 245+2.57¢ 411 335+30.56f 343 316+4.84f
60 417 303+5.6e 416 277+0.25F 351 256+9.25f

Sk 60% H [R5 K it 54 T2 0 5 % ~6 . X
A B TR K /55 1) 3 550 oA 1 F ik
YIWER , Y K o E iR, G e A
FIIT IR0 A 9™ 02 2 B BRI CY i oA o e s f
i o figp 1ot B SR o FELAGME TS, AT )42
ST H AR 24 1 R A R URURREAE
NI R, FE AR [RRLAR B A v s H
N INAT) S0 88 fe o S, SO B ] %) 348 o e fie
AW, FUH AR B R AT — W ) 2E
RY, HLRRAR =4 AMPA 25t B B H IR AR 24 (0 B At o
FhE EREAR . R RN 7R BTt R H Bk 25w, B
H R A B AMPA, M8 H 3 AMPA & &
PR, [ i 2 ) [E) AR A AMPA. 7 UAE P 1
YER T SRR &AM, Hik, BEEBES
REWIEA, HERBE N, X—25R 585
SEERARL, AEAS [RS8 4 48 b s H IRl R R 22 5

B3, HAE R S AR DT WA 22 3~62 d. SR,
X R TR KA B 1 SRR AT LA R B, AR
R — VB AL AR B H IR R e 5l ) 2 LS R R
B e NI R AR, IX T AR R 5 R O,
LT BRI A A0 R H B A 25 e A0 o At i A 0
WVERRPY, TSI T LA AR
3.2 EHBARGBGEX T EBE R EEE N

)

OH B T SRR ER A M R A DI, S EUR
B R B Wi A R S A, el R A B A
b AT o B R . ATRTERBL, O R
WL, AN [RIBAERR — Ut T e s
W ER . AEAECE R R, WO R
AR 2 HEAE I SRR AR, IR BT 4 ik -
X 4 iR R o ] T AL A DS 5 S 300 28 d s ke B
LT T 2 mgekg YR H R 2 B S A L e
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61 %

WA S, It o M %) £ Ml B e R 8
PR Xt B AR A7 S0 A AR DT S AR A
TARBE R H AR 2SR, 0~2 em + 2 o & &
WEERN, X GABEITEE FAL . - Em it R
AR 25 I RO o RN, — v el TR H R
REAIS 198 pHL, (3 - 3Rk S B 1 P 1 22
BN, WX BE AR B, AR B A B S —
Jr i, A LR BB 4% A A se a0 Ak L3 Y
Fe-P. A1-P SFXEIAAHE, BH B RBOBE 1 = 2 AL
A RE S MLER TE AL B R MLRIAH R, B B2
PSSR I, DT ol 0 Jl 5 X e ol )
APY | Fe SEATE F AR, M o 5 8k (0 IR B
i - S B s U 4

KA AT 2 I FOH WA 355 S R
Py ARt - AR AR AR Lok T
H A WA A A TG B, I e A SRR AR A 4 3
+ 3 BG. NAG., LAP. ALP J274: 450 i A B |
R BEIREUEE, MR N A PO . A
B IR AT BE A F R TGRS AR LB, 7E 20%
MR K R AT, B 30632 T 2 Wi 2 445
it 75 P IR T 60% HH (] 57K o 45 1F T 1Y e T
P o A AR R B AR T 5 2 B2 - AL T
KRS B 25 1 25 P ) - S e W R T G 1k . R
W — e Lo FR Y KRR R
M), 38 K SRR 25 BRI AR 2 A 06 7K 43 1
FIFH, MR B, S kR m i, 44
SR, AU EFEAL, DT R B A B 4 RE AT
1113 w4 53T S |1 0 ) €7 8% 3 11 US4
i) 4 S B AL AP T . A AL A A Rk L s
i 8 1T AR A SRR A WS, DI S ) - S 1
ARG PEC Y AHESE b, W R H A 2 %) £
NAG. BG. LAP i&VEZ I shck , B 5 6 +
5 ALP 151, 20% H [ RE7K Gt 2500 T 40 i) 25 5 s >
44.15% (PO ). 50.53% (P1), 53.10% (P2), 60%
FH E) 457 7K i 251 N I 2R 05 & o 57.21% (PO ).
56.50% (P1). 62.30% (P2), WRRE2E02RE5T R 3L,
ALP 35 1 Bt A 39 AE 57 38 T anei 38 o, i s i v
FERYSE N, +HE ALP TEPES RS, KRR N
35%. RFEFAEIE Y & B H A 208 60 d )5
148 ALP WG MESZ 2], Wi 150 d 5 IR HA
JIEU A o A2 S0 A AR B AR N TR it H R S
SR T Wl R i R S RRAIG, JF H ERAE IR

SERH o AR R RERE AT BILRA e AL D AR 4 T i 14 08
HLBERY L3RG, S H B L4 ALP W, T
REZ A H R T AP A AR I DR L AT XS -3 ALP 15 4
FEAAIE Rl WS R B RE R, A P
Ji ) T O B TR A B B AR A, 0 A4 P 8 T DS
KAt FH H B, PR ALP 35 P52 ) £ 4
ERIHAL, BRAR AR 0 Bk, el k=
e, 5 R R A R, DU R
IR BHE LR  , 5— T3 1 DR R IE Y 1
SR JEE AR iy SRR TR RS RO Al - W, R
ey S B A R

4 4 i

BT AR 245 W it ) AR RURS: H i 24 o AE g
PERTr, i A Ry SR s R A A G
HZE 22— ARG AS A W e — S50t Sk 43 2%
PFF 8 A RO A 25 A7 ) ) SRR A TR
AWFAF LT (1) KRB S8t H
B EAE T, ROH AR 25 0 B e AR AL, B
2N N B L A S SRR b, ] 1 i
fiff LR B W IRGE ; LREAR ) AMPA B % BH AR
2 1 B fR S SR N, AN R B — A K
AMPA 22 R, RO 400 T HIg(H &
ARA 2 S 2 AN AT IR — Bt ] B K o3 41 R
BT TRl A 24 1 S DA B T e W) — G By ) A B A
A HRAE 5 69.3~77.0 d (20FC ), 10.5~
12.8 d (60FC ). N[mlha — & A FH K - 5 H
V&1 G3 NIpIE S AP NTE S (SR N & s s
T RUH B A 2 R AR AR AR AL, FRRIETE 60% H
] 4F 7K St 2 1 B R e pa R A K, B R A A
>97%A I AR A 25 B A . (2) RH A 24t
e, TEHEEEAEE S RAERE SR 7 R (20FC ). %6 5
K (60FC) FBURIZNHZ, X Al Bese P o wH R
WA £h AT AR A2 A, — 2 A e G W 7 o5 S 3K
1, T T 2 e Tl e o8 A R Al B o SR MR A
AR T H B AR 25 Wit g oK . eah, REH A2y
W% it 0+ SRS M AL K . o, -4 ALP R
ZF A BINH, NAG, BG. LAP IGtEd shac k., AN
[ e 1 20 it D 7 S o LA D o - 398 il A 52 i
ZERARE, ARFIK IR HE w52, &K
AT (60FC) HiElgTs e K. ik, J5 2t
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HARARAE, FRE X T AT O R A
P35 Ak S AR OC Rt — PR IT, LA B
DR g 24 10 22 4 Mt B R S AR
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