2017,36(7):1425-1433 ol IFOE R ¥ ¥ IR 2017 47 H

Journal of Agro-Environment Science

AW, EMERE, KRR, SF. SRR H R RAAL O XURS: K BB ST 0], Al PR 240, 2017, 36(7) : 1425-1433.
ZHU Jian, JI Xiong—hui, TIAN Fa—xiang, et al. Research on P loss risk and threshold value in typical double-cropping rice field[J]. Journal of Agro—Environ—
ment Science, 2017, 36(7): 1425-1433.

BRI 2= M Fa kit ok XU & B 52
kOB BT, MR, RRM, ABEL B A MRR, F i
HiE T 2

(LA RAADI T A B -0 Be, Kb 4101255 2,381 p 48 ARl k2 B /AR Ml B T v 0 1 S Al P95 0 5 S 6 2 /4 Y M o
JE TSR B S R A A SR, Kb 410125 )

 EGET 3 (20112013 45 ) M BLZERS H ] /INX U5, PREH T AS IR i 2 SOCRAg ™ £ | -3l R AR il 28 T XU 1y 5
Wey, AR T L HECSOTT  E B (. IFSRAS SRR 35 4L 3 AR AR A FIUKAG R IR 5 5474~5552 kg hm™ F1 7096~
7521 kg hm, i St FHBA AL X /KRS ™ 12 TG 10 3 187 AR, RO A 0™ B XU o it FH B S , 13 Olsen—P 75 52 W 2548 . HITEIZK TP
SIS 3 Olsen—P 2 25 IFAH GG 5 M fE HE /K 85 2R S S RE FHE BB (Y =Co e k>0) L4, BV Wil 25 5 0L it P 2t 34
T, FH TR K A G KU B o 85 K R B AR | 1 S 3% R LT R 2R B XU, I A DX Sl | G R e e 1 140531 Ry
(48.53+7.07) kg P,0s -hm™2 F1(56.87+7.90) kg P,0s-hm>,

KR B R B LR

hE S ES.X592 N HERFRERD A MERS:1672-2043(2017)07-1425-09 doi:10.11654/jaes.2017-0314

Research on P loss risk and threshold value in typical double—cropping rice field

ZHU Jian'?, JI Xiong—hui*", TIAN Fa—xiang?, WU Jia—mei?, LIU Zhao-bing®, PENG Hua'? LIU Sai-hua®, GUAN Di% XIE Yun-he?
(1.Longping Branch of Graduate School of Central South University, Changsha 410125, China; 2.Hunan Academy of Agriculture Sciences/
Ministry of Agriculture Key Laboratory of Agriculture Environment in Middle Reach Plain of Yangtze River/Key Lab of Prevention, Control
and Remediation of Soil Heavy Metal Pollution in Hunan Province, Changsha 410125, China )

Abstract: Effects of different rates of phosphorus (P ) application on the grain yield, soil P accumulation, and risk of P loss through surface
runoff were studied in double—cropping rice fields to determine the threshold values of the optimal P fertilizer application rates, using the
field plot experiments during 2011—2013. The results showed that average yields of the early and late rice were 5474~5552 kg -hm™ and
7096~7521 kg +hm™ during the 3—year observation period, respectively, and excessive P fertilizer application did not significantly increase
the rice yields, but in fact increased the risk of yield reduction. P fertilizer application significantly increased soil Olsen—P contents. The av—
erage total-P(TP) concentrations in the surface water of rice fields showed a significantly linear relationship with the soil Olsen—P contents.
The dynamics of P concentrations could be simulated using the exponential model (Y=C,-e",k>0), suggesting that the risk of P loss through
surface runoff would elevate with the increasing P fertilizer application rates. Considering the effects of P fertilizer application on rice yields,
soil P surplus, and environmental risk of P loss, the recommended threshold for the optimal P fertilizer application rates were estimated to be
(48.53+7.07 ) kg P,0s *hm™ and (56.87£7.90) kg P,0s -hm™ for the early and late rice, respectively, in southern China.
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VLA, 73 438 SRR HH = i ad A, Wi A it
FH R O e zs 8 o VR I SEPR A5 e it o AN/ b DX -
Bk R KR B, LA R B R AT AR
HH - A RO SR AV E Y 5 2 i Im K AR
XTHEAL A A RARAG , 35 15 00T S 2= AEY H A
5%~15% , fin - J5 80— WA 1L 25% , 245 75%~90%
Bt A B iy P A g B IE R FH R FEASGE AR
TN GEIR IR 2, S A A= 7= A, ¥ i 1 4 H
4 2 B b R A2 U ARV 1) K A RS 1) JRUS: , S 350K (R
B E A

IR & B IR AR AR [ 320 1 AR 4 R R
TR EBEWRA A b B2 DEAKIR s B R
M FEICRZ —, JRKIE E IR NG T,
OV ) AE R B0 T A8 1 R PR 141, B4, B
M BRI HIBER A 35%~T0% K 5T A 10T TS
Y56 IR I AR T 458 XoF 7K A 1Y) BT Bk 6 v s
19%", PRtk , A PRt FHRRAE , y8i/ A b Tl I e i A5

P AR AN L A DB AR R
Tl IR (L, 2 T Ak FH T P o, AR 6 AR Ak
FH = SR 28 (04 IR (15 AR 4ot 2% B (N e YR
TR (B 55  Hesketh S22 T R RIS &
A “ (A" (Change—Point ) I HE &, BRI 2 A 15
Olsen—P 15 CaCl—P & 543 51 AR 4l A\ /R AR
K2R, M2k 1 1 8 s A XS R 1Y) Olsen—P B, B by [
i, HAMFFRN, L4 Olsen-P F 5 CaCl,-P %
T A I AR A s A — S Ay
F 3 Olsen-P &5 5 HIRIK#E R & B ER KK
FZ A /IR 2 [ 58 1138 | I TRDK B
I USRI A FH it ol B, SR T A TAR B8 & 5 3R
B8 4 WUER A5 AAVE 98 A2 e FH e A 59 L 17 i 28
b ARSGHE I FH RIBAEAE 67 12X, A5 it FH e A X
ZEfEre & 13 Olsen—P FH R &5 1 /KB XUk )
AU AR, B R A RS R sl A
Rt 2R RS, iy e s EH Al NS e FH R, A e FH B A 5
Pt FHE AR SR LR AR

| HREHE

1.1 58 T R X R
RIS Jr BB R N R T, SRS 3 4R
(2011—2013 4%, iRImHA TWimA KD ETE S
TR X T AR E4(28°08'18" N, 113°12'0" E), X 4
AR K N 1400 mm, FEEAERAERETEMEZE,

AESERIR B R 16.8 °C, i e AR AR T P34 7 B2 433
h28.9C(7 A)F47°C(1 A), 5 H 85
LR+ R B LR BT, R AT L
PR A AL 37.67 g-kg™ . pH {E (K L1 2.5:1) K
5.88 A (TN)1.92 g-kg™ B (TP)0.64 g-kg™' A4S
A (NHi-N)17.13 g- kg AR (NO;-N)0.33 g-kg™'
AR5 (Olsen—P)12.63 mg kg™ HRLA 154.70 g-kg',
NE T34k T 2K
1.2 iR Iwigit

IR K A 6.0 mx5.0 m /DX HFT, ¥4 DT, 3
WHEL It 12 /N ALK A HES , bd R 3 AR
17, /NX Al ZE B T - e Ab 2 - POCAS it ) \P1(
5 :75 kg P,Oshm™ B F : 45 kg P,Os-hm™) P2(FA5 .
150 kg P,0s-hm™, BifFH:90 kg P,0s-hm) . P3 (7.
300 kg P05+ hm™ BEF - 180 kg P,Oshm™), % 4b HA
JE B E ft FH 12—, 5 AR 20l 150 kg N+hm™,
90 kg K,0-hm™ F1 180 kg N-hm2,135 kg K,0+hm2, H
s EIE 23 A o R S AN SR B AR AT 1 Wit
A RIS 2 WA FEAE(70% N) ARER S 8, 5%
TR L (30% N)AIRE i HAL 555 9 d A,
Jit Y 3 Ay 2 T O
1.3 BEERSHAZE

FERE 5 L 3ESE 10 d B KRB HKRE 1R, &
ZE IR 5 O, BORERST ) 7E 9:00—11:00, HITAIZK
KA T e S DU A, AT R0 5 R A SRR,
A TE, ZRIREREL 250 mL HEH K T
BHH T, -4 CLUTR R URIRAE . 408 TP, AT S
(TDP), TP FidmiBRSHE 2 (120 °C,200 kPa, 40 min)
FHWE L e 22 (GB 11893—1989) ; TDP 4% 0.45 wm
UEREE G AR R TE AL S5 AR ek . DX RS
TR AT SR o e K R BB R SR R
PR+ B R R A R AR U

YRy b Al 3R AR =R A 7 i A AT o i B+
T T R xR A O W it

TR R AR = - E Y IR R
i
1.4 HiE4bIE

X F Excel 2007 #1 SPSS 17.0 #4347 505 b
P, 5% A Origin 6.0 F1 Excel 2007 #A4VER], v F LSD
U REA e

2 HBRE5H5H
2.1 AREIERENNERBZEHZI
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ATt A PR HH ™ REIE L DL AR 1. M\ 3 4R
Bk o, 1Lk 3 AR WIS [R] itk 2 i /K A
e 25 - 15 77 1 43 5l & 5474 ~5552 kg -hm > F17096 ~
7521 kg+hm™ N [A] Zb 3] 35 77 5 25 5o i 2, 3R
X35 1- 458 Olsen—P & HEE e, FEABRIE I /KR 1 A=
K2R, 1A PN AN A B S it e X KA ™
R . X EE AR AR B R) A9 7 i & B, 20112012
KR i SRR R OC R B g i TR 3
AR, ANFE A PRK R - S R I W 2 . Hp 3
AP SR AN B AL R (PO ) IR K ARG ™ o 2 B ™ a3,
L MR AL FE(PL P2 P3 )78 ™ IR B Ik 1.4%~
2.9%F1 2.5%~5.1%, 2013 4EHF5Z P2 4bH - i iy
FL, 5 P3N R AR E, WE T P AR wp A
ZE[al AR P2 AP Ry, (HAS [t ol Ak 2 ) ™ o 2 5
NTEN
2.2 AEE#EITTEEBE 11 Olsen-P B3I

L 3 AF 6 ZEMBEIE R IR R, AN R R A i
FHEHF)Z T3 Olsen—P KB A [W]F2 B2 (Y 3G fim (%
2), PO Ab3H 13 Olsen—P &1 52 B4R T FEAG# A,
MATERIF) 12.63 mg-ke™ [ 8.44 mg kg, [EMLRIA
33.2%( P<0.05) . A5 25 FA0 2R B, Bt il A1 B2 114 184
Jn, 4% Olsen—P [ & W34 i, Al 5 41
Olsen—P 71 5 i 2 PR AH G (R?=0.983 .P<0.05) , H.
+ 4 Olsen—P BHF K 5B fs & 8 EAH K.
2013 AR Z, P1.P2 . P3 b3 43 Olsen—P &

VIR S B3 56.1% 187.7%F1 502.1% ,P3 403+
% Olsen—P B H A7) o P1 AL FEAN P2 4b B 17y
3.86 f5H01 2.09 15 . A[FitmEAb3HE] , )2 L1 Olsen—
P & ik 3 i /K (P<0.05) .

2.3 AEIMERAGCIER HEKBEE TN R RREE
2.3.1 MK TP 5 TDP

2L 3 4F 6 ZEAN Rt b A H K TP 38748
RN 1 R WS, #5 C FEH TR K TP s
FEAR—F A S S 1 d, HTE K TP ¥ B2 RN ik S5 AE
Z 5 2RI IR RN A K . K TP R
K/NIF R P3>P2>P1>P0, W Bifi 45 it i 12t (19 184
HH T 7K TP e BEAR Y T 5 -

AS TRl it i AL FETE] , PO AB B FH TRIZK TP A 4k 45
TEEAR A K- (0.38~0.83 mg- L), FLAHZE Hy Tt
K, BTRIZK TP ¥ B WA AR 0 e e A 55, LA P3 Ab 38Ry
B, FLFEZE TP ¥ B IE(E A 21.19~37.62 mg - L™, B Fe
Z2R 12.24~16.97 mg- L™, A[FEAEFRME], HEIZK TP ¥
FEWEARATAE— € 22 5, IR DN F2 B2 AR R ) A [ () <A
K JZREE 52 T BEAE A /K i A 33T Bl R A9 [ 5E o
WA 7 d 2247, PrAa AbBOKEE TP W3 ¥ Fhae
HHER e I, X 5 HT A IR EE RS Al
WL AR A, it B R A AL R TRIK TP 5 iR 22
AR A T T A IR TA) B, P3 A PRAE SR S5 45 5 d iR
PR T B o BT /K TP e B B , Bl AR i 4 2 XL
I ARG, XIS B A, AR e o W it A B, it e s,

F 1 2011—2013 EARREENEFE 2 (kg-hm?)
Table 1 Effect of phosphate fertilizer supply on cropping yield during 2011—2013(kg-hm™)

b 2011 4F 2012 4 2013 4F 3 ARy
B WA B Wefe R WA R W Fe
PO 6652a 6336b 5020a 8133a 4920b 6818b 5531+973a 7096+931a
P1 6562a 7187a 4989a 8331a 4989b 7047ab 5513+908a 7521+705a
P2 6284a 6284h 5069a 8231a 5069a 7184a 5474+702a 7233+974a
P3 6651a 6027h 5002a 8462a 5002a 6991ab 55524952a 7160+£1227a
T [FAA Rl F R R 22 57 .25 (P<0.05), 1] o
Note: Values within a column followed by different letters are significantly different at P<0.05. The same below.
2 HEREXFE A B TIE Olsen-P B0 (mg-keg™)
Table 2 Effect of phosphate fertilizer supply on Olsen—P in rice soil(mg+kg™)
Ak R IR E 2011 FLA 2011 M fe 2012 RLAF 2012 WA 2013 RLAF 2013 WA
PO 12.63 8.77+0.55a 10.50+1.01¢ 10.53+1.66¢ 10.27+1.29¢ 10.13£1.17¢ 8.44+0.27d
P1 8.73+1.65a 11.47£1.03bc 12.37+2.74bc 16.19+3.32bc 19.87+2.57¢ 19.71+2.98¢
P2 12.47+5.81a 16.20+2.65b 23.00+£2.50b 22.03+7.04b 41.00£3.27b 36.34+2.67b
P3 10.73+1.08a 21.90+3.36a 41.27£12.60a 47.32+£5.98a 86.80+10.19a 76.05+7.51a
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Figure 1 Dynamics of TP in surface water in different phosphorus treatment during 2011—2013
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Figure 2 Dynamics of TDP in surface water in different phosphorus treatment during 2011—2013
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ATA] it Ak BEAE H#FZ 13 Olsen— P 5K
A RIK TP e B /) AEC R AN E 3 s B
ittt 0, A A2 L3 Olsen—P 2 BRI N
Ry, MK TP ¥Rl 113 Olsen—P & ()3
IR i 2 2R PRI N (y=0.043 1x+0.035 1) % X Ik A A
FEAEHAESE, T3 Olsen—P 75 S 380 21| 5 — A B HH 1fj
TK TP -S43 B - WA S, DRI T A 300 2 AU fin

LIRS T
2.5 TEHERE T IEPRRKE T E
2.5.1 HHERER I T-f

L 3 A BRI, b B 2T (% 4)
B, KR AN B e m e R 8l
(46.85£1.29) kg P-hm™, A [F] it it (o] VE P A R 7
HEFAK,

FEARZE BRI S BRI , AS Rt A B ) 4 35E s P22
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Table 3 Exponential simulation of the decrease in the P concentrations in the surface water after P fertilizing

TP TDP
e e
P1 P2 P3 P1 P2 P3
HF Co/mg-1! 0.18 0.21 0.53 0.07 0.11 0.39
kid™ 3.14 4.37 3.99 3.64 4.44 4.06
r 0.848 2 0.874 9 0.961 9 09515 0.926 8 0.991 6
p 0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1
m A Co/mg-1! 0.17 0.16 0.26 0.13 0.10 0.14
k™! 2.02 3.41 4.25 2.02 3.41 4.25
r 0.802 0 0.908 7 0.985 8 0.951 4 0.894 3 0.958 1
P <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1

T Co AT BREL b AR B REG r R REG P AR FAISEH R AL EEAR R A

Note: C was the constant;k was the regression coefficient;r was the correlation coefficient ; P was the probability of the observed value in F-test.

45y R4 AEEFHLENBRY X EE
; 4.0 y=0.043 1x40.035 1 e © Table 4 Phosphorus balance of different phosphorus treatments
& 35F -~
E R=0.9679,P<0.000 1 -~ —
B 30f - BHEAS A femrRimey R
2 e GRS BN S N
& 2.5: o - e g P0s+hm g FP+hm g F+hm kg P-hm™
'é' ?(5)' . k\ 2011 4E A7 PO 0 0 270 -22.70
< & Pl 75 32.75 24.07 8.68
= 1of Pt
W ogsh P2 150 65.49 22.89 42.60
ol & P3 300 130.99 23.71 107.27
0 20 40 60 80 100 2011 4EMERE PO 0 0 2380  -23.80
135 Olsen-P % #/mg kg
3 iR OlsonP & 5 EEK TP THREHER P 45 19.65 22.98 -3.33
= i - P2 90 39.30 2431 14.99
Figure 3 Relationship between Olsen—P content and average
. o P3 180 78.59 2420 5439
concentration of TP in field 2012 4EEFE PO 0 0 - .
Pl 75 3275 23.00 9.74
Pt ik 210 kg P-hm i, F4F +IER R B AR ok P2 150 65.49 22.08 43.42
159.94 kg P-hm2, U625 0 , 1ot R MO v P3 300 130.99 2135 109.63
SRR o e 2012 4EHEFE PO 0 0 19.35 -19.35
P 3 SRR, A P8 2002 X R s
5.2 K W - 1 1 [ A 4y ’ ' -
252 vt %ﬁ#ﬁ&:{?@fﬁ‘lﬂ{ﬁﬂ *)T o . P2 90 39.30 25.43 13.87
TR R WG AT DU R y=ax—b FIR(R5), A 2013 4E5LFE PO 0 0 1792 -17.92
(7] A 2 11 L S AT S - 17 18 B i 3 R M AR OG Pl 75 32.75 15.58 17.17
(P<0.001) . B TWfe T3 rh TR i 18, IE A P2 150 65.49 2097 44.52
R LSO R BB R. AF P00 20411036
e b vt T v e s PN \ 2013 % PO 0 0 26.27 -26.27
S S 2o BRSSP 0 2R L 4 B R R o
TR MR T OB . RIS, LR 7S 1o bW ww wn o
P 110 1 Oy 40.29~53.11 kg P,Os+hm™, I 2= 4 ¢ P3 180 78.59 33.22 4537

WP B3 1 50.68~65.81 kg P,0s-hm™, 22 515 A
A BESEAN [FAE Y A] K R AN ], S BOK RGN -3 4 (48.52+7.07) kg P,0s-hm™ F1(56.87+7.90) kg P,0;-
HEHIBEAE (R 4) 0 X 3R TIEBE RS T O hm 2, D - S 22 S 100 £ B Ol 2 2 o T A
Mo A B, L R S DI RO AR 0 SRR RS B (L
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Table 5 Phosphorus threshold based on soil phosphorus balance

N P fE/ P05 {H/
PUE R kg+hm™ kg+hm™

2011 LA 9=0.995 4x-23.082 R>=0.999 9**  23.19 53.11
2011 BEFFE  y=0.990 4x-23.494 R>=0.999 8** 2372 54.33
2012 LA y=1.011 3x-22.912 R>=0.999 9**  22.66 51.89
2012 ifE y=0.915 0x-20.246 R’=0.998 2%+  22.13 50.68
2013 FAF y=0.971 5x-17.092 R’=0.998 8**  17.59 40.29
2013 MiAS y=0.913 6x-26.252 R>=0.999 9**  28.73 65.81
BFFEH y=0.992 8x-21.032 R’=0.999 9**  21.18 48.52
MRS T4 y=0.939 7x-23.332 R’=0.999 8%+  24.83 56.87
T - AURBEHL B A 5y AU LI R AL

Note:x was phosphate fertilizer input; y was soil phosphorus balance

e SRR

values.

3 g

PR ER 77 13 |, Olsen-P H @ KT
10 mg-kg™ i, 0t /K AR A2 K TT2 ™, AIEoE b i
25 3 4N FHBEAE , P3 AP Olsen-P & & #E1:k 86 mg-
kg™ KR P i P1 ARSI B P AOR IR AT
TEV ™ AR o [RTERE, B RS ZR KR ™ B A AR R 22
S, TR 2R IS it ) A M AR R EL R 7 B AP T R
R, 32 i LR AT R P 2 I R I, R TS
PESZZH ], Mes R kD (FOGR IR e L R
TG M, O™ AR R R . 1 Olsen-P & 2
il 21K R3S 7 1) TP, ABIFFE R AN i
Qb PR it W A0 B Y -3 Olsen—P & 1 A1 7= S 1A [
I, 13X 5SS il - 39 v R PR P R Il
R S

RGP LRI L DX HEA 7 (3% 2 13 AEBRIE it
RIGER WoR , KIIATEREAL B L4 Olsen—P 7E 284
— AR E TRELRERG AR ERRL KRt
1 3% Olsen—P & f2 RN i Fe W) 1Y 5 BORASF22 oh
B B, R AR AT E WK o AIe s R
H, 2L 3 4F P1 AT I Olsen—-P 5 5 VI Y
T BCRAFAS R B o B, Bt i O 458 A g
i 0 SO A 7 A 2R, DXCIURe FH it e e AN et
A

A OB FAE - LR RE T RN
JEFH A9 B R B, 7] At 2 S A FH 53 IR 7
FESH AR SRR S R B A
el 22 g i AR 32 Olsen—P 4 50~70 mg-
kg™ AR FHE 2095 T 5 e K R R B0 A5 . 7%

SRl 45 SR PR S - IR K p B S
AEFE 2 IEAMEE, X411 Olsen—P #17 60 mg 'kg’l
BF, R K TS PR B - 1 Olsen—P ()38 in 52 Lk
. AR KRR BEAL G A 0 5 1 4% Olsen-P
FE A LPEME, ELE 3 AERIE AT P3 K
A, £33 Olsen—P 5 L 86 mg-kg™ , A HBIE N T
W23 AR 5 B IR T R ) JRURSE: o 7 AT b DX S 4+
R R, SRS 10 d 2B R R E IR
2 1 e DRI 5, T vy it PRV A TS, 8 2 ) 0t 2 DR 14
FER ATRREE E 50~70 dP), AERt A5 AR 25,
T il S R O 2R U O RS A, AL 2 XSS 1A
FE—EMZESR, BT R Ry IRk 2 5
Ve, 3T ARG, 4 R RE T o, RV A =
Wit FH 25 F S, AR B 2R S e LS 4~6 d (VR
FEAKE 0.5 mg- L' LI'F .

FH T 7K A A [R]85 098 22 Vi B 15 Ik (] S22 40 i 2 4
B C (3 3), FFE B AR AL (Y =Co - ", k>0) 7] LA
B0 M FIU) FH DK A TP R TDP FHR BE 84K . %4518
it T A PO T M X A T AR ] H 5 R
SEPTE VTP B 4 b X BB A O 85 AP E 22
5o KRS SEIYE T e IR IR IESE , IS i R
TSR AR BE R TR /K IS 24— JR Z N Bl ) 4R
FHE,  HRIHEKBE R AR I ReIS K. A5 i LA
TDP ¥ £ 0.02 mg- L™ K HE & IR0 BME ) e if &
A HETOAR FE A TASEALL, VUt mie Ak 2R 1Y) 2 A HE I R B
R BB, VR AE W O AT AT — Ok HH [R) HE K ERAE 7R
BRI KSUKIR B B IR AT RE, X 57K &85
45—,

] FFE 2 PO Y (AT e B IR
RARW I K INE A S5 A R = L 1355 A
AFE ) —S A RTEE T | bl 133 R & f 3
Mgm, (HRTE - A5 ik 3 —a RRUKF
I, ARV IR A B B AT SO AR A PR, —
HR B 3B K J5 12 A A% il 28 il 2 1k
FZRIEIN . Hesketh ZERFF R, HTHIZK TP ~F-3
W B R 5 1 Olsen—P FYIEHN, 8 H 25 LR AE 55
AABFE R IF R I Olsen—P 55 2 14 i 2 52— B
FH 7K TP S Yo B 34 e BH d A 3 4, L IR v g 2
2RI TSR FH ) - 338 T 5 R kG B, - B [ B e T 4
5, HBR BRI AR e AR e T B R Y AR
(1) Fsf 2 bt IXC o2 R 2 R T 3 B, 38 e XL A
A0 BoC R Kk, B RER S e
B, A ST it A P AT EL A s v A R [ R BB D
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YEINCR RS Y £ 36 5% 7 H

W[V SR EA T 100 ZAEMITFRF0, B0
AR AEIT 0.1~0.5 mm, HARut HAE WAL 5 i &
RS Bl 1~3 eml, fuf [l 2R A5 RAF 5% 3 BH 21 498 1) [ s e
FIAL A 130~2900 kg-hm2, PR b fl 39, Rk
it ABREAC , AR RE A FH TRIZK TP S 243 B 1 B
%38

4 #ig

(1)aad 2t it FH WA A T 7K R 7 1 G i 24 7 ROR
S TTA U™ 1) XU o 3 Sl aet i AL 7T LA 25 3 m
B2 A3 b Olsen—P & i, (B A AN jta WA JIE A2 22 b
HVEY , + 3508 1% 7P () Olsen—P 2B #i s S FE .

(2w f . FH TRI K A7 R A v R B 2R A8 T 4 2 XL
W, RS ZEAS [ ot Ak B P T K 22 4 HE R 18] 4
4~11d, BEREZE N 3~10 d, A [ it i 4k 1+ 48
Olsen—P 5 Hi /K TP 3k 5 R EMHEC R R &
A A S A0 s, XA BE I X A T R, L Ak
R | L IR RE AR G,

(3) 7 A T - SR 3 IS YA 0% fta ol
435 9 (48.53+7.07) kg P,0s-hm™ F1(56.87+7.90) kg
P,Os5+hm™,
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