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3. Shijiazhuang Gaocheng City Seed Industry Corporation, Shijiazhuang 052160, China)

Abstract: In recent years, the low self-sufficiency ratio of soybeans has become an urgent issue in China. Gaocheng District of
Shijiazhuang City of Hebei Province is an important county for soybean production in the Huang-Huai-Hai area. Although soybean
has symbiotic nitrogen fixation efficiency, excessive inputs like fertilizers and pesticides still cause environmental pollution. There-
fore, scientific evaluation of the eco-efficiency of soybean production is conducive to promoting the sustainable development of the
soybean industry in the Gaocheng District. Based on a survey of 50 farmer households in the Gaocheng District, we evaluated the en-
vironmental impact and eco-efficiency of local soybean production using a life cycle assessment (LCA) and a super-efficiency slakck-
based measure (SBM) model (super-SBM). The environmental impact results showed that the four indices, global warming potential
(GWP), terrestrial eco-toxicity potential (TETP), acidification potential (AP), and eutrophication potential (EP), were the dominant
potential environmental impact categories in soybean production. The sowing-to-seedling stage contributed to the largest part
(1.45E-5) of GWP, the largest part (5.34E—6) of AP, and the largest part (3.21E—6) of EP; the largest part (5.85E—6) of TETP was
attributed to the flowering-to-podding stage. Among the four indicators, GWP, TETP, and EP of large-scale farming were the highest
according to the planting scale. Concerning irrigation methods, GWP and AP were highest in trickle irrigation, and TETP and EP
were highest in furrow irrigation. Based on the planting areas, GWP, AP, and EP in northern Gaocheng were higher than in southern
Gaocheng. The eco-efficiency analysis showed that the mean value of all farmers’ eco-efficiency was 0.84, indicating that local soy-
bean production was inefficient and had room for improvement. Concerning the planting scales, eco-efficiency followed the order of
large-scale > mid-scale > small-scale. Concerning irrigation methods, eco-efficiency decreased in the order of trickle irrigation,
sprinkling irrigation, no irrigation, and furrow irrigation. Concerning the planting areas, the eco-efficiency in southern Gaocheng was
higher than that in northern Gaocheng. Moreover, six redundancy indices were compared under three planting scales. The range of
redundancy ratio (max—min) in pesticides was the highest (5.89%), indicating that the change in planting scale had the greatest
impact on the use of insecticides. Six redundancy indices were compared under four irrigation methods, and the range of redundancy
ratio in water was the highest (8.40%), indicating that irrigation methods had the greatest influence on irrigation water. Six redund-
ancy indices were compared under two planting areas. The range of the redundancy ratio in fertilizer was the highest (2.79%), indicat-
ing that the difference in planting area had the greatest impact on fertilizer application. Overall, to ensure the yield and improve the
ecological efficiency of soybean production in Gaocheng District, we suggest farming soybean at a large scale, constructing water
conservancy facilities, developing trickle irrigation, and controlling the use of fertilizers and pesticides at the different stages of soy-
bean production. These results provide a reference basis for the eco-efficiency evaluation of local soybean production that might be-

nefit the sustainable development of the soybean industry in the Gaocheng District.

Keywords: Life cycle assessment; Super efficiency model; Soybean production; Ecological efficiency

K 5L (Glycine max) & it 50 T 2L A MM AR 8, SEIMXOK e 45 P BOR SRR, G2 DX R S oA 1T AR

2021 4EFR [E R E =5 1960 7 t, i 2020 4F 3 [k
SR A 11985 7 t, I EE 7 KR =1 83.70% 1K
kO, A7 Rk 16.30%" . WAk, FiE 25 4L
S KR N B AR TG KT 1 2 i, FR B R L R
SN, 5T E PR G BRI AN BRI AL 7oK, X
B R A 2 A i L R, PRt v 3R [ K e
O T e R, 3R R 77 X B B
Vi 1 DX AR b i DX, G v B 9 Vg b DX R 5 A 1T AR
29232 73 hm’, 24 4 [ K SRR TR 20.00%, &
4NN ety N S M e [ <y NI L =R AS I
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A1 5% T T 3B I IX il Ak ] b A8 P R S, i AR [
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2 1s AR (slacks-based measure, SBM) #5 # %if
A ROCR AT, 5] A A A AP (life
cycle assessment, LCA) 115 4= &80 AT H F8 b5
ZR AR . B PRAR AR 2% LCA (1)
FE SCA AL B FEAS — AN 7= i (3055 ) 1R RTEEA
Az i JEL A0 %) T A 48 R R P 5 3 S T 5 i Y
kN L, R 5 ) LCA-SBM #5817 A
BRI

LCA-SBM 5 B 2 3 Al 1 ) A= 5 R i T 2007
B, HAE ERRAEY AR 2 N, B, #hor
APV SE ok % 3K T E K (Zea mays) #E47 LCA-SBM
B AL 3 B, W0 PR T 5 e AV Al Y B (E R
1.28E~7, ¥ HAE AR B 7 Hh 4 A SBM i A5 R A5 Y
TR, IAS R AR P A S ROR I 0.87, HR A
OLS (ordinary least squares) F1 Tobit J7 i Il 75 f£ A Al
A PR IR 55 %t A SRR R R i . SRR
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AR J A S RCRIGE N 0.70, FLiE i Tobit [8 1945 Hi 4
BRFES HHBIL . SERMA - HRA R RER
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Fig. 1 Life cycle system boundary of soybean production
R1 4 MR EBLZE N
Table 1 Introduction to four types of environmental impacts
M Hf E X
Impact category Unit Definition
SRR ) ke CO CO,MICH, A5l 2 AR HERL B Rl 3k
Global warming potential gL eq Emissions of greenhouse gases, such as CO, and CH, lead to global temperature rise
Rl A= AT T ke 1.4.DCB Rl A= BB 2 RV TR F RIS
Terrestrial eco-toxicity potential g L5 cd Phenomenon of terrestrial ecological environment damaged by toxic substances
AL T ke SO SOAFSMARHENL, TE LT, BRI AES RS
Acidification potential £50: ¢4 Emission of SO, and other gases forming acid rain and leading to acidifying ecosystems
X eEia- Vi ke PO, eq N, PAEICRAEAK PG, 1R i BA, AR AR I 4
4

Eutrophication potential

N, P and other elements are enriched in water, resulting in algae blooms and damage of water environment

A NH BRHE R 00185 ) A R B RS (6 2) AT
FRUEALAD T, AR, 1
D (E,xCF,,)

NEI, = -~ 1
NR. (1)

3 NEL, R 55 m Fh 3K 55 52 i 25 0 4 o 4k 25
NR,, N5 m FEREE RS () S (35 2); E, MR
77 I AR AR BT Y M A B R CF,, MR n
Fhis YW A sl B 6B m Fh BRI 52 i S Y ) 2
FRON K 2) AR T 2 Leiden KEEIFFBIRL %
FRUCE &R B SimaPro 580 BE R PEA 45 Y,
FIMBPEAL 5 R % L2, B4 FbrfE R —, AR W5
TR,
1.2.2 @B ZE SBM 1=E

e Tone™ $2H AYARFE T . ARF EEHBACE SBM
BERUSEAT IS, AR A
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n
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=Lj#k
n
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J=Ljtk
Z A;=1;

j=lij#k
5,57 20,i=1,2--- myr=12---,q;
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Table 2 Standardized benchmarks and equivalent coefficients for four types of environmental impacts

RMAZEAY Impact category

JLYE(H Reference value

VG345 Z 50 Pollutant (quivalent factor)

ERAFBEV 1 Global warming potential
[ili A= 25 BP0 ) Terrestrial eco-toxicity potential
Rk 71 Acidification potential
& 5 FE4L# ) Eutrophication potential

6869.00 kg(CO, eq)-a "-cap '
6.11 kg(1,4-DCB eq)-a "-cap ™'
52.26 kg(SO, eq)a “cap '
1.88 kg(PO,” eq)-a -cap '

CO, (1), CO (2), N,O (310), CH, (21)
1,4-DCB (1), N HEJf¢ Pretilachlor (0.54)
SO, (1), NE;(1.88), NO, (0.7)
PO,” (1), NO4(0.13), NO; (0.42), NH, (0.35), NH," (0.33)

Xy HBEAFEFEICR, y, W IR, by AR
JEE = AR R TR A AN (0] 485 k FORER kA
I,

N3 3 Jw, BEASRBR R G AT 7= B 1%
AN, AR bR 2 SR A5 A AT — X — TR AR
W 7 ARy S B L R R R

K G, AR AR P R AR UL R P R TR,
i FHAE A RPN O ik K S A 7 R G B I 3R
Besm b4 T AL 4 2, SR ER A BRAR MRV . i A=
BT BRI BB T 4 A
M 2 AR SRy AR B = 48 bR . FE UL SR AL b, 2
MaxDEA Ultra 9 {45 A= ORI TN

#3 BHRX S0 MRPET Lt KENESYEITNIERESR

Table 3 Evaluation index system of eco-efficiency of 50 farms to produce 1 t soybean in Gaocheng District

— R dEbn TR =R s
Level 1 indicator Level 2 indicator Level 3 indicator Unit
BTG AETR#% A Energy inputs 1,77 Electricity kWh-t
Input indicator BRI A Resources inputs WEBEFH/K Trrigation water m*t’
ZU % A Economic inputs 4 Diesel kgt
ABHE Fertilizers kgt
BRHEF Herbicides kgt
A& HUF Insecticides kgt
7R bR AEHAEE™ i Undesirable outputs ERAFBEE ) Global warming potential kg(CO, eq)-t”
Output indicator Rili A= 257 MW 7 Terrestrial eco-toxicity potential kg(1,4-DCB eq)-t '
FRALIE 1 Acidification potential kg(SO, eq)t”
& EF#LIE 71 Eutrophication potential kg(PO,” eq)t”
HAEE™ H} Desirable outputs PP Yield kg'hm*

2 HBREZDH
2.1 REEFEwBFHITN
211 KEE~EBRENBETEZIITEN

AT RS K G A R D S A I AR PR R R
fEbR, A WIS 42 BRZ B 7 ) (global warming poten-
tial, GWP) . [ifi i A= 25 5 14 ¥ /1 (terrestrial eco-tox-
icity potential, TETP). 21k ¥ 7J (acidification poten-
tial, AP), & & 71L& )7 (eutrophication potential, EP) .
WK A 253 7 (marine aquatic eco-toxicity poten-
tial, MAETP), A 2% PE ¥ 77 (human toxicity poten-
tial, HTP), JR/KA BRI JT (freshwater aquatic eco-
toxicity potential, FAETP). dE A= ¥ %% I A 8 & 7)
(abiotic depletion potential, ADP), JtAik 24 R4 A il
71 (photochemical ozone creation potential, POCP) F15
45 JZ FE W ¥ JJ (ozone layer depletion potential, ODP)
2 ER R M FE bR AT TR LA AT, S5 R AR 4 B .
B IX R ELAE 7 3 A B BObRHE A IS 10 25 58 52 i 45 54
HI 4 AARUOE: BRARME W Ty . Bl 2R R R T

TR A0 1 B w8 E R AT T, BB S e 48 K0 i
1.93E-5. 1.19E-5. 9.78E—6 J 8.31E—6, Bl /= 1 t
KRG RE kAR . it ESE . RIS
B IR 153 BIAH 24T 2000 45 tH AN S8 3185 52 i v
FIH9(1.93E-3)%. (1.19E-3)%. (9.78E—4)% K (8.31E—
%, PRI, ARBFIERT AL 4 FhEREE 2 R AT
SO, FoAh R ) 2 RUBR HEAL HR BN, TE LA iR
53 HT o

HERGE LR 4 T BRBE 52 i 5 B0 HE 3k XK B A
7 I AR B, AR S AT TR LA AT, 5 R
2 PR, SRR ) EEOk A TRE— R,
b v AL PR 8E 52 0 5 Kk 1.45E-5, BTk Rk 75.13%;
il b A 5 M O R e B B T AR —45 3981, H
T v Tb 3 55 52 Wi 45 BN 5.85E—6, BTk R N 49.37%;
i Ak ¥ 70 1) 32 B BTk B B R 0 o — o 0, AR
IR BE S8 BUR 5.34E-6, TTBRZIA 54.60%; &
FEAb W 71 TR e By BB A — B, HoAR i1
B TS, 3.21E-6, TTHRIL 38.63%.
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Table 4 Standardized indexes of all the impacts categories during three growth stages of soybean production for 50 farms in
Gaocheng District

HoFh—h E

FFAE—45IEW] OB —R

Imfjj[ﬂiijéory Sov.ving to Flov&fcring to Granul.ation to _E) ;I—l
seedling stage podding stage harvesting stage

AEERAEIEW; 1 Global warming potential (GWP) 1.45E-5 9.60E-7 3.79E-6 1.93E-5
i b A 2585 ) Terrestrial eco-toxicity potential (TETP) 2.46E—6 5.85E-6 3.54E-6 1.19E-5
24k 771 Acidification potential (AP) 5.34E-6 2.67E-6 1.77E-6 9.78E-6
& BRI Eutrophication potential (EP) 3.21E-6 2.16E-6 2.94E-6 8.31E-6
KA 2SS F7 Marine aquatic eco-toxicity potential (MAETP) 1.50E—7 6.49E—7 1.86E-7 9.85E—7
A& 7 Human toxicity potential (HTP) 1.18E-8 2.90E-7 6.10E~7 9.12E-7
RS FEMEVE ST Freshwater aquatic eco-toxicity potential (FAETP) 2.12E-8 7.79E—7 4.34E-8 8.44E—7
AW A 5 3 71 Abiotic depletion potential (ADP) 2.81E-8 1.48E—7 4.37E-7 6.13E-7
SefbE R A L 7 Photochemical ozone creation potential (POCP) 8.71E-8 1.81E-7 3.28E-7 5.96E—7
FLEJZHFET J1 Ozone layer depletion potential (ODP) 1.79E—8 3.58E-8 1.44E-8 6.81E-8

0.000 03~ mmm 55— i3 14 Granulation to harvesting stage
mm FFAE—45 I Flowering to podding stage
o FEFP—111H A Sowing to seedling stage

|

TETP AP EP

0.000 02

0.00001 |-
0
GWP
SZMAZSHY Impact catagory

2 RWEXXEE3NMEBEMRHERE 4 BERELIR
e AU R
Fig.2 Top 4 standardized environmental impact indexes of
three growth stages of soybean production in Gaocheng
District
GWP: A BRI 18 71 ; TETP: Fili 4 25 35 YR8 75 AP: IRALTE 5
EP: &5 #1k 1. GWP: global warming potential; TETP: terrestrial eco-

toxicity potential; AP: acidification potential; EP: eutrophication potential.

S5 40 Environmental impact index

212 ARIZFBTAEEFREBETERZN

3 BI04 T AN () AR A . R TR A = A
oA DX 3 1) T AR IR B S W A AE 25 5 o TR, AR5
M 3R 3 A B —— B AR AR I R A X
9 Oy NI RA RSl IUF 7l A S8 AT (=2 GTi RO E 7 s

R T HRGE A [ IR AR T R 7 A 7 BV A R B
LM, N AR A AR A3 o0 AR | rp SR/ N RRASE,
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Fig.3 Standardized environmental impact indexes for the full
life cycle of soybean production at different soybean
cropping scales (A), irrigation modes (B) and cropping
regions (C) in Gaocheng District

GWP: S BRAZ I J1; TETP: ffi /A 25 VR 75 AP: BRAK Y D15

EP: & BT o AR/NG TR A RS BB
X 45 6] 7E P<0.05 7K F 2% 5+ &2 ¥ . GWP: global warming potential;
TETP: terrestrial eco-toxicity potential; AP: acidification potential; EP: eu-
trophication potential. Different lowercase letters mean significant differ-
ences among different planting scales, irrigation modes and regions at

P<0.05 level.

Il X 8 7 AL DX 3, R VT P 5 5 i i
P 3C Bl o BRIl A= 253 PR 181, 15 B sl g A0
FE, BRI TR A R R ERAR BRI 1 . BRI
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B GCRME =) AR S A 134, M B8 Gk R (8
<) WFAE A 37 4.tk 6 AR, BRRCR I E
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5, AR P 5o 1, B K OF-2h 3000 kg-hm 2, 2 B
A R R, (P R SR S Y e AR
BRORERE N 37 FA 7, HAERRCE AR H 5
5K 0.95 1 3525 kg-hm , B 37 54 3 i 4 4k
Ty e BRI T RROR . IR R o,
IR f5z i B AR P 2R 20 5, AR 23003 B 7 {533l
41°0.75 F1 3900 kg-hm >, $i B 20 5 4 f1 & 7 AR AR
BRORM AL LEE S T s KPR 75
AR J, HEASECR AR TAE S50 0.54 #1500 kg-hm 2,
VLT 7 SR PR R S A AR TR AR PP B R ORI
R% .

AT AR 13 PSR T, ORBE A 1.23,
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Table 5 Descriptive analysis of ecological effectiveness and ecological inefficiency of 50 soybean farmers in Gaocheng District

e/ ME ORI FHMH 5 REL Vi IRE S
Minimum Maximum Mean Coefficient of variation Number of farms
FERTTCERL BCRAE Efficiency value 0.39 0.95 0.70 0.21 37
Relatively ineffective P Yield (kg-hm?) 1500.00 3900.00 3053.92 0.17
HIXFA %L R Efficiency value 1.00 1.75 1.23 0.18 13
Relatively effective BRE Yield (kghm ) 2250.00 4125.00 346731 0.15
F6 BHIX S0 NAERPESYEMBSEKE
Table 6 Ecological efficiencies and yield levels of 50 soybean farms in Gaocheng District
s RORH s P BES:N s P BORMH L
Number  Efficiency value  Yield (kg-hm ™) Number  Efficiency value  Yield (kg-hm ™) Number Efficiency value  Yield (kg-hm™)

1 0.39 3000 18 0.74 2550 35 0.88 3000
2 0.40 3000 19 0.75 3000 36 0.90 3450
3 0.45 3000 20 0.75 3900 37 0.95 3525
4 0.47 1875 21 0.76 3000 38 1.00 2250
5 0.51 3000 22 0.76 3750 39 1.00 3750
6 0.53 3000 23 0.77 3750 40 1.00 3750
7 0.54 1500 24 0.78 3720 41 1.09 3750
8 0.54 3000 25 0.79 3450 42 1.11 3000
9 0.57 3000 26 0.80 2250 43 1.12 3000
10 0.62 2925 27 0.80 3750 44 1.23 3900
11 0.63 3450 28 0.81 3500 45 1.25 3000
12 0.64 2750 29 0.81 3500 46 1.26 3525
13 0.65 3000 30 0.82 3000 47 1.27 3750
14 0.69 2250 31 0.83 3000 48 1.34 4125
15 0.70 3000 32 0.85 3750 49 1.51 3525
16 0.71 2700 33 0.87 3000 50 1.75 3750
17 0.73 2700 34 0.87 3000 FEI{H Mean 0.84 3161

222 ARIEBGTAEETHESHRESN
AW FTEE A LR R4y 1 3 44 B (R A R ASE
TR A AN oA X3 %ot K R A 7 1 A SRR AT
TRAG T N3 7 iR, IS 6] Aok A £ 2 ok
KA A Fr A= SRR e v, B5CRAEN 0.93, A& 7
B 5 H 24%, AR S R BON 0.31; UL T, S0R Y
B8 0.92, 4 8RR 7 B P B0 32%, A8 S R ECH
0.37; /INIAR A F7 AR SRR IE AR, S 0.73, 4R A

i R R 44%, R T IR RS 4 A R,
AR RN 0.22,

Fie HROAS [ 9 A 0] 0, 8 FH O i e o P AR 38
BRI E R, R 0.96, B 5 28%, 85 &
BN 0.33; BEREAR P AE S RORIE N 0.86, 4 7 fifi H
RN 30%:; VAVEAR P A S ECEIME N 0.73, & 5
30%, AL 5 R EUCH 0.40; JCHEBEAR 77 AR SRR R 0.79,
AR SEZKCN 0.15, 41 5 12%, MEZE SR B E .

®7 BHEX 50 MRERFFARIREMHERE GEREMMEXKIER S SHERERE T2
Table 7 Descriptive analysis of eco-efficiency values of soybean planting scale, irrigation mode and planting regions of 50 soybean
farms in Gaocheng District

NG AR PR IS NE] oMl ¥fi AL

Different conditions Number of farms Maximum Minimum Mean Coefficient of variation
FvAE RS /NS Small scale 22 1.23 0.47 0.73 0.22
Planting scale T Middle scale 16 1.75 0.40 0.92 0.37
KHUBE Large scale 12 1.51 0.39 0.93 0.31
TR J47E Trickle irrigation 14 1.51 0.51 0.96 0.33
Irrigation mode W& Sprinkling irrigation 15 1.75 0.40 0.86 0.31
47 Furrow irrigation 15 1.34 0.39 0.73 0.40
TJCHENE No irrigation 6 1.00 0.69 0.79 0.15
Tl X 35, Fidk X L North of Gaocheng District 26 1.23 0.54 0.79 0.35
Planting area FEIRIX {4 South of Gaocheng District 24 1.75 0.39 0.88 0.32
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MR IR0 K R, S A PSR E RR P 8, B AR I B 4, /NS
RORIEA 0.79, 4 P 80RE 55 1L 52%: BEIRFIMACST o P AT T B AR 17.65%, LI 45 85 H A 2
HEASBCRIG N 0.88, & T RIMAL ML DG, GARMCRE . B AL, ABEIE AR 4K bR T A R A
L 48%. BURRE, PR KIRCRIEZ B quiskmmas (W35 hn T oA 5 B/ M 22 58),

RTE LR, 2 R TUAY RN 22 5K (5.89%), 15 1 il
223 LRI e e N A

R — 2D RGO A A ROR AR T B TE
AR, AT KA i B A AR R 1990
RAHEAT T 007 o R I B IR B AN [R) 251 % T Ay 3
Fra) o0, SRBCEF M, 38056 8 4528 . 5 H b A ™ 2

ARFEBA LT, L8 6 NMEri iR R 15,
T HEA P AR AR TUAY R fc i, BV T A P T s 4k
REAE FH Y 18.73%, DAt m HAR0R . ab, H15
R L, AT it FH A S8R A i B K, U4 I?J:if‘aﬁTKﬁi%?%ﬁftﬁ%%ﬂ%&%, %%E%
1 17.98%: B4 A TE A 2K 2 . VEE W FH 7K P T AR 2 25 e K (8.40%), 156 W Bl 75 74 ik
8.89%, i WL JHI K HE &4 88 = HCTT Av oy 7.06%, deby DRROXTRBEKIZ IR

SRS AT A 7 o, M S P K A ARFHRET, L8 6 MMM TLAF AR,
LA s e 25 i S IR 3 DX A NS T A R i e, RV i X 14 A

AW HT T R RIFE AR . Al 7 IR ALY 18.26%, DLk s HL A A
B0 e T4 72 A o & T 4 A S AR T4 SR B UEAh, TR R — 8 bR O [E L X TR R 0 22, 45
AFEFAEIBE T, L 6 M BASRIRRIUARFA, SRR, WIBIURRIZER K (2.79%), B A F Fite
NIRRT A RETCA R ey, SEWT/NIBAR I X AR IS K

#8 RHEX 50 MRERFAEIASEHERE GEREXMMEXEHRNEIRTRE

Table 8 Redundancy ratios of input indexes of soybean planting scale, irrigation mode and planting area of 50 soybean farmers in

Gaocheng District %
FAE AL Planting scale HEMEAR L Irrigation mode FHE X 35 Planting area
" " o Wl WRE Wl o R sk T
R i o T BGE il mmRAE  FmREE
. Trickle  Sprinkling  Furrow No North of South of
Small scale Middle scale Large scale . . . S L S s Lo
irrigation  irrigation irrigation irrigation ~Gaocheng District Gaocheng District
3] Electricity 2.30 3.79 4.59 4.54 3.55 2.23 1.31 3.26 427 3.21
T
E . K 7.93 6.84 3.87 2.25 3.14 8.55 0.15 7.78 6.88 7.96
Irrigation water
S&7l Diesel 10.78 7.90 7.64 8.17 8.32 6.69 8.29 8.29 7.48 8.89
ALHE Fertilizers 17.65 17.50 15.67 18.73 18.02 16.50 16.38 18.26 15.47 17.98
Ex#5] Herbicides 2.56 2.09 3.15 3.10 2.19 3.09 231 2.44 2.93 2.76
& H7 Pesticides 2.54 3.29 8.43 5.83 4.50 5.19 3.28 5.19 3.59 4.87
LY IR -+ — A N Vi S A [21] s 45—
3 He5&Ee R S A SRV, R0 A5 HEAT B AR BT SR A
> > £ 3 [29] M 5
31 i 2 B TR R G0 A WA, 2610 7710

e AE T Al 2B P op A, H P LIPS /N2 A i F B VP S5 0 5 358 BB 48 7 A ) B
o PR 2 4 IR B, BRI X SR A K T R, K AT B, ASHIE 988 i 4 4 R85 w1 A AR 3
SRR T S BRI 70% 0, LA B BB B AT S B M4 TR, T
FrE B ECRILRE L EETE T RE, T B — 2 RS A T IREERL AR T T
A3 AT, 3R 3 DX R Ml R RE SR K R LA B A ARHIF 5T A5 KRB AR 1 114 4 R AR I 5 il R B
B o ARG X IR X HE AT LCA-SBM A 43 Sy B 5, 3R RO BN AR PR AR, K
BE, 42 TF 5 A 7o 2ok 4 W VR 5, AR I O 45 7R 2 FRASE A P 32 BT MU AR 2B 7, A AL h 5 9 T
JIN I AR 7 BB A BUAR, 2 2 4k DX A 1l 4 FEF=HE 1Y CO, HE R 1 B 42 BRAR B2 11 32 2L [ o
JEBARL 38 X A BT, ASHIESE S B A ER AR R . B T A P B ok 1t A 25 7 P R o R B 3 R A1, 16
MRS . MRS B FRAVE IR I E I X R RIS A P A 24 45 Ak 24 300 it A8 /0, TR Ry e A
AR M R AR, X 5 E TS T T FUINEE 5 T 45 B, B8/ NGRS U, T RS A P HL g
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— B WU AL B A, BT LA A IR A 70 5 A0 i 1) 4
AL AR, Ab 2% 24 590 0 it FH o SEORG o . LYk, T VEE R
M I 5 S0 A R AR W W ) S 3 R T VA R R TR
AR 2 A1 Ay 7% R R s 0 R T P R O v T,
LT THAE P AR Y CO, 35 o YA, I GV I D) AN
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R IX AR A R AL e SRk B T
ML X, PR LT X DL o =, B AR R R W
RV R0 G, B b DX ] LUy RS R P o A
F TR ARIEEY, HEE X 7R 2 R K SR a3 g
e AR rE A, RIS R H K + A4 E EAE Y AR
e, — BB LR Uit FH s A 1 HE TR A 2
AR, BEAS T RRAL TN & B IR

JITA A R B R B AR bR At A e
Ut B AR B8 A S B A ] ™ o, A R 3B sR T, R
AR, (B R G AL GRHE Y, 8 3 A )
AR R H SR AL TR i AR IR, B, T A
AR, B A SRR . MR THRA
FERRICAY NG S M 2 B, K [) P A BASE o 2% U550 T
ARFEHIMN 25 Foe K CRIBE—/ VRS ), BRI R A T /N
B P, RBRASE AR 2 ] R B o 5 009 R Y BT IR
S Efe At i R HUR, A 2E 2GR T4, PRI
FHRATEAR 71 IO a2 AN 0 B2 1) 245 550 i P, n s kG 40 4k
ol o AN [ 0 A X 0 R P /K W 25 B R (Y T —
TCTHEE), ForfyB BEAR PR F KK B 33 kL kg 75
W7 T BRI TR 2 G, O O s> T
K GEVE A, AR 2R 0GR AR A ok 1 AN
S TV RIS VR A P DU s R R R T K BRI, Db
THEBE K TTAY o AR RIAR DX I AR R TC A 3R 1
W22 d K, IR A B b X 4 3 LA VD R o o 32,
PRAK PR AE B 55, — o P B o T AR e A e
FRA, ARl DX DL AE 22 D 1 £k 3, e
S R, AR LR A Z R IR, i R
I b Hl DX AR AE TU 4% 2 (18.26%) 1 T 1 38 b X
(15.47%).

AR FE R T FIAE B B AR R AR T s R
SERARE | Rl A ST L WAk R R SRk, AR
HEARAE M 1.93E-5, 1.19E-5. 9.78E—6 &% 8.31E—6,
KA A SRR N 0.84; Bp 7 75450 i 98 K 2R
TRA T KA P A AL A A 2 PR RCRAE R 0.87.
HETAS, KGR E R A SRR R, (H KA
FE B IR BT R T O A R N e Al A e
A3 A R R G O R VR AR R I AR M 2R 7 X R
HIREI, PR AR SROR, Sl Az = i nl Rese & R

32 g

IRBE 0 77 1 AH T A A AR RLRE, KB
PR A BRAR BT . Bl b AR IS TRV ) R B TR
T 1 DR T F R AR AT LA R AR =, T R A
(14) 4= BR A B2 18 77 RN R A 15 o sk v 7 B K B L
A P B A BRAZ WG 1 . FRAKYE T RN E SRR
UKV I K F ik & . AEBBORIrm: K.
INFIASEAR P AR S RSO AE 43 51 0,93 0.92 1 0.73;
TEVE . WEVE | YAV R JCTE R AR 0 A S ROCRME 5 B
90.96, 0.86. 0.73 1 0.79; B3l X U ARG 4 )
() AR 258 R AH 23 ) A 0.79 1 0.88, A TTUAY )T Tl
T AL RIS XGT 2% HR TS A 1) 2 il e A R TR A ok v
T 7K TC 4 109 52 i e K5 v DX 3 2 S %o AR B IT
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