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Abstract: Emergy theory and method, including two new indices ( environmental pollution index and emergy feedback rate ), were used to eval—
uate the best fertilization management practice in double rice ecosystem. The emergy efficiency of five straw returning models as conventional

fertilization without straw( CK ), low amount of straw at 3 t-hm™ (LS ), high amount of straw at 6 t-hm™ (HS), low amount of biochar at 24 t+

hm? (LC) and high amount biochar at 48 t+hm= (HC) were analyzed. The results showed that straw treatments significantly increased the e—
mergy outputs of greenhouse gases, but reduced the emergy outputs of rice biomass. For LS and HS treatments, emergy outputs of greenhouse

gases were 1.94 times and 2.92 times than that of CK treatment, while emergy outputs of rice biomass decreased 8.13% and 10.80%, respec—

tively. However, biochar treatments obviously reduced emergy outputs of greenhouse gases compared with straw treatments. The emergy out—
puts of greenhouse gases of LC and HC treatments decreased about 49.10%~59.36% compared with that of straw treatments. Moreover, the e—
mergy output of rice biomass in LC and HC treatments increased 10.49% and 4.32% than that of CK treatment, and increased 20.27% and

16.96% than that of straw treatments. In early rice season, the emergy input—output ratio of five straw returning models was in the order of
LC>HC>CK>HS>LS, and in late rice season, the order was HC>LC>CK>LS>HS. The sustainable development levels of double rice ecosys—
tem in HC treatment were highest in both early and late rice seasons. Therefore, the model of high amount of biochar at 48 t-hm™ was the best
fertilization management practice in the region.
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Table 1 Management of different treatments

(Egiiyi CK LS HS LC HC
AR BEM/m’-hm? 3000 3000 3000 3000 3000
N/kg+hm? 120 120 120 120 120

P,0s/kg-hm™ 40 40 40 40 40
K,0/kg+hm™ 100 100 100 100 100
ZnS0./kg*hm™ 5 5 5 5 5

A 25/mL-hm? 750 750 750 750 750
MefS  WEME/m’-hm? 3000 3000 3000 3000 3000

Nkg-hm? 150 150 150 150 150
P.Oskg-hm? 40 40 40 40 40
K:O/kg-hm? 100 100 100 100 100

ZnSO/kg-hm? 5 5 5 5 5

K Zj/mL-hm?> 750 750 750 750 750
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Table 2 Energy input and output of different treatments

ok g L\ 1 /J'h 2, -1
iH gy UTIERAY IR b0
10° J - unit CK LS HS LC HC
B AT HAREIR
KPHRE — — 1.45x10" 1.45%10" 1.45x10" 1.45%10" 1.45%10"
Pl — — 3.81x10" 3.81x10" 3.81x10" 3.81x10" 3.81x10"
7K #gE — — 1.24x10" 1.24x10% 1.24x10" 1.24x10% 1.24x10%
MK BE — — 3.14x10" 3.14x10" 3.14x10" 3.14x10" 3.14x10"
N 1.46x10" 1.46x10" 1.46x10" 1.46x10" 1.46x10"
ANATHEHT AR BRI
FIZ Lk — — 1.57x10° 1.57x10° 1.57x10° 1.57x10° 1.57x10°
AN T L RE
TR — — 1.43x10° 1.43x10" 1.43x10" 1.43%x10" 1.43x10"
AJIE kg 9 1.09x10" 1.09x10% 1.09x10" 1.09x10% 1.09x10%
e k 102 5.32x10° 5.32x10° 5.32x10° 5.32x10° 5.32x10°
g
e k 91 9.00x10° 9.00x10® 9.00x10° 9.00x10® 9.00x108
g

G ] mL 13.3 3.83x10° 3.83x10° 3.83x10° 3.83x10° 3.83x10°
N 3.05x10" 3.05%x10% 3.05x10" 3.05%x10% 3.05x10"
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Table 2 Energy input and output of different treatments( continued )

S gy JTRERRY PRGN ™o
10° J - unit™ CK LS HS LC HC
LA A HLEE
AT A-a” 3 500 3.97x10° 4.43x10° 4.90x10° 4.20x10° 4.43%x10°
- kg 16 1.20x10° 1.20x10° 1.20x10° 1.20x10° 1.20x10°
PR kg 13.8 0.00 4.14x10" 8.28x10" 0.00 0.00
YR (10 4E953F) kg 2.07 0.00 0.00 0.00 4.97x10" 9.94x10"
/N 0.16x10" 4.30x10'° 8.45x10" 5.13x10"° 10.1x10"
A APy iy
hag A kg 16 7.19x10% 5.77x10% 5.75x10" 8.27x10" 7.34x10%
F&FF kg 13.8 4.58x10" 3.79x10" 3.94x10" 5.69x10" 4.59x10"
N 1.18x10" 5.42x10"° 1.41x10%° 9.00x10" 1.99x10"
A =A™
CH, kg 38.5 (1.4120.63)x10° (12.9£3.53)x10° (22.0+4.83)x10°  (1.37£0.56)x10°  (0.9120.40)x10°
N0 kg 17.2 (3.4320.28)x10° (2.31x0.12)x10° (1.51£0.12)x10°  (4.20£0.42)x10°  (7.70£0.52)x10°
Co, kg 6.28 (6.4421.43)x10° (7.66+4.54)x10° (11.8+4.28)x10°  (10.2+2.07)x10°  (9.58+2.02)x10°
/N (0.78£0.21)x10" (2.06+0.81)x10" (3.38+0.91)x10°  (1.1520.26)x10" (1.05+0.24)x10"
MRS RTHEH E AR BEUR
KFHfE — — 1.97x10" 1.97x10% 1.97x10" 1.97x10% 1.97x10%
K — — 431x10" 4.31x10" 431x10" 431x10" 431x10"
K #RE — — 3.73x10° 3.73x10° 3.73x10° 3.73x10° 3.73x10°
Kb RE — — 9.40x10% 9.40x10" 9.40x10" 9.40x10" 9.40x10"
/N 1.97x10" 1.97x10™ 1.97x10" 1.97x10™ 1.97x10%
ANFIEEHT F AR BT
T2 ik — — 1.57x10° 1.57x10° 1.57x10° 1.57x10° 1.57x10°
ANl EEER AL A B RE
HEE — — 1.43x10" 1.43x10% 1.43x10% 1.43x10% 1.43x10%
A kg 9 1.37x10% 1.37x10" 1.37x10% 1.37%10" 1.37%x10"
B kg 102 5.32x108 5.32x10° 5.32x108 5.32x10° 5.32x10°
AR kg 9.00x10° 9.00x10° 9.00x10° 9.00x10° 9.00x10°
A2k ml 13.3 3.83x10° 3.83x10° 3.83x10° 3.83x10° 3.83x10°
/N 3.32x10% 3.32x10% 3.32x10" 3.32x10% 3.32x10%
A HHAT HLGE
AT A-at 3500 4.20x10° 4.67x10° 5.13x108 4.43x10° 4.67x10°
T kg 16 7.20x10° 7.20x10° 7.20x10° 7.20x10° 7.20x10°
FHEL kg 13.8 0.00 4.14x10" 8.28x10" 0.00 0.00
YR (10 4E953F) kg 2.07 0.00 0.00 0.00 4.97x10" 9.94x10"
/N 0.114x10"° 4.26x10" 8.40x10" 5.08x10" 10.1x10%
A A=y i
pag kg 16 1.01x10" 1.00x10" 0.95x10" 1.07x10" 0.99x10"
FEFF kg 13.8 8.41x10"° 8.27x10"° 7.91x10" 8.88x10"° 10.1x10"
/N 1.85x10" 1.42x10" 0.91x10" 1.46x10" 1.00x10"
A FIR = SR 1
CH, kg 38.5 (3.8520.43)x10° (21.1£3.33)x10°  (40.6£10.6)x10°  (2.270.60)x10°  (2.50+0.81)x10°
N0 kg 172 (1.27£0.19)x10° (9.03£0.23)x10°  (10.5+0.05)x10°  (1.58+0.15)x10°  (1.67+0.16)x10°
Co, kg 6.28 (2.19+0.60)x10" (2.36+0.58)x10° (2.38+0.81)x10" (1.94+0.62)x10" (2.69+0.81)x10"
/N (2.58+0.64)x10" (4.47+0.91)x10" (6.44+1.87)x10" (2.17+0.68)x10" (2.94+0.89)x10"
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Figure 1 Emergy inputs of double paddy system with different types of straw—return
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Table 3 Emergy input and output of different treatments

Wi H KIHREM AR/ KPFHAE(E /sej - hm?-a™!
1§
sej+j CK LS HS LC HC
A AIHEHT B SRR
K FARE 1 1.45%x10" 1.45%10" 1.45x10" 1.45%10" 1.45%10"
PN 1 500 5.72x10" 5.72x10" 5.72x10" 5.72x10" 5.72x10"
7K GE 10 500 1.31x10" 1.31x10" 1.31x10" 1.31x10" 1.31x10"
7k b6 18 200 5.71x10" 5.71x10" 5.71x10" 5.71x10" 5.71x10"
/Nt 6.56x10" 6.56x10" 6.56x10" 6.56x10" 6.56x10"
AT T H AR TR
)2 Rk 62 500 9.80x10" 9.80x10" 9.80x10" 9.80x10" 9.80x10"
AN HE DAL S BhRE
HEIE 51 000 7.30x10" 7.30x10" 7.30x10" 7.30x10™ 7.30x10"
A 1 690 000 1.85x10' 1.85%x10' 1.85x10" 1.85%x10' 1.85%x10'
e 41 400 000 2.20x10' 2.20x10' 2.20x10' 2.20x10' 2.20x10'
AR 2 630 000 2.37x10" 2.37%x10" 2.37x10" 2.37x10" 2.37x10"
2 197 7.54x1 7.54x1 7.54x1 7.54x1 7.54x1
fzh 9 700 000 54x10' 4x10' 54x10' 54x10' 4x10'
N 1.19x10" 1.19x107 1.19%x10"7 1.19x10"7 1.19x10"7
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Table 3 Emergy input and output of different treatments( continued )

5 PN BN KBHRE(E/sej*hm™+a™!
18
sejj”! CK LS HS LC HC
LY ATE A PR
AT 380 000 1.51x10" 1.68x10" 1.86x10" 1.60x10" 1.68x10"
7 35 900 4.31x10" 431x10" 4.31x10" 4.31x10" 431x10"
fgw 27 000 0.00 1.12x10" 2.24x10" 0.00 0.00
TR (10 4E53R) 27 000 0.00 0.00 0.00 1.34x10" 2.68x10%
N 0.19x10" 1.33x10% 2.46x10% 1.54x10" 2.89x10%
A A=y B
FFRL 35 900 2.58x10" 2.07x10% 2.07x10% 2.97x10% 2.63x10%
atis 27 000 1.24x10" 1.02x10" 1.06x10" 1.54x10" 1.24x10"
N 3.82x10" 1.98x10" 0.89x10" 3.17x10" 1.19x10"
A R E SR
CH, 111 000 (1.57+0.70)x10* (14.4+3.91)x10" (24.4+5.36)x10* (1.52+0.62)x10" (1.01+0.44)x10"
N,O 111 000 (3.81£0.31)x10" (2.5620.13)x10" (1.68+0.13)x10" (4.66+0.47)x10" (8.55+0.58)x10"
CO, 111 000 (0.71£0.12)x10" (0.85+0.50)x10" (1.3120.48)x10" (1.13+0.23)x10" (1.06+0.22)x10"
/N (0.87+0.23)x10" (2.29+0.90)x10" (3.75+1.01)x10" (1.28+0.29)x10" (1.17+0.27 )x10"
i Al HH F ARG
KPHAE 1 1.97x10" 1.97x10* 1.97x10" 1.97x10% 1.97x10"
K 1 500 6.47x10" 6.47x10" 6.47x10" 6.47x10" 6.47x10"
7Kg 10 500 3.92x10" 3.92x10" 3.92x10° 3.92x10" 3.92x10"
IR 18 200 1.71x10" 1.71x10" 1.71x10% 1.71x10" 1.71x10"
N 2.59%x10" 2.59x10" 2.59x10" 2.59x10" 2.59x10"
ANATHEHT 5 AR TEUR
FZ L EIR 62 500 9.80x10" 9.80x10" 9.80x10" 9.80x10" 9.80x10"
AREHH T4 BhRE
E R 51 000 7.30x10" 7.30x10" 7.30x10" 7.30x10" 7.30x10*
=1 1 690 000 2.31x10' 2.31x10" 2.31x10' 2.31x10% 2.31x10*
WA 41 400 000 2.20x10' 2.20x10' 2.20x10' 2.20x10' 2.20x10'
AR 2 630 000 2.37%x10" 2.37x10" 2.37x10" 2.37x10" 2.37x10"
A2y 19 700 000 7.54x10' 7.54x10' 7.54x10' 7.54%10' 7.54x10'
/N 1.24x10" 1.24x10" 1.24x10" 1.24x10" 1.24x10"
Al EHT A PLEE
A 380 000 1.60x10* 1.77x10* 1.95x10" 1.68x10" 1.77x10*
7 35 900 2.58x10" 2.58x10" 2.58x10" 2.58x10" 2.58x10"
fEwe 27 000 0.00 1.12x10" 2.24x10" 0.00 0.00
HeW e (10 ARG ER ) 27 000 0.00 0.00 0.00 1.34x10" 2.68x10"
/N 0.18x10" 1.32x10" 2.46x10" 1.54x10" 2.89x10"
A A Py =
HRL 35 900 3.63x10" 3.60x10" 3.40x10" 3.83x10" 3.55x10"
FEFF 27 000 2.27x10" 2.23x10" 2.14x10" 2.40x10" 2.72x10"
N 5.90x10" 4.72x10° 3.30x10% 4.89x10" 3.58x10%
A R SR H
CH, 111 000 (4.27£0.48)x10" (23.4£3.70)x10"* (45.1x11.8)x10* (2.52+0.67)x10* (2.77+0.90)x10"
N0 111 000 (1.4120.21)x10" (1.00£0.26)x10" (1.16+0.05)x10" (1.76+0.16)x10" (1.86+0.18)x10"
Co, 111 000 (2.43£0.66)x10" (2.6120.65)x10" (2.64£0.90)x10" (2.16+0.69)x10" (2.99+0.90)x10"
/Nt (2.86+0.71)x10" (4.96+1.02)x10" (7.15+£2.07)x10" (2.41+0.76)x10" (3.26+0.99 )x10"
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FLRE AR RS AE BN 1.26x107 sej+hm™ a™'(£ 4),
22 BEEFSHAW

A A= ) R AEL™ Hh 2 B S K RS RS AT FIFE L
B7= e [ BHOBR T RSAF AR F RO AREEL. TR
[F] b3 7 i FAS AT AN [R) , S [R5 P83 1 R A
FEFFIRAE 030 F T AR H AR e =
MR 2E 5 AR A B AR A Yy s Re (8 i 7E
Tl U2 400 50 30 FH AL ) 0 sy, R 3 FH Ah P
AR, PR RAEE BRI : LC>HC>CK>
HS>LS, M fg 224K vk R : HC>LC>CK>SLS>HS(F 2) i
4 3 5, MAEFEWIZERGITE, LS F HS Ab B /KA
A= Wy BEAEL ™ L E B IE Ak B s /D 8.13% Al
10.08% ,LC F1 HC 43 7] b & # e AE A& PR 34 i T
11.42%1 11.36% , FLFEFF B A G T 25.08%F1
16.48%,

A HR = SR BRI )™ h F 2 A HE CH, N0 Al
CO, 3 Pl =M. I 2 BoRIRE SAHE i RE(E 2
ZAGH CH, #1 CO, HE A2, o CH, HERCREE

KNS EY R HEREAR I, RS A A H A 3 i
55,9058 2.44x10% 4.51x10% sej-hm™ -a™; B A2 5
ERGFIR AP B ik AR PRI 1.01x10™ sej +hm™-
™, R IR R A AT AR ) o i FH AR 2.52x10
sej+hm™-a™(F 3), FRIERFE H AP B id H
FEAIY CO, w35 T AL B ) H i SRS A4 b B
B, 4 1.31x10" sej-hm?-a™; iAE 2 CO, HFAE
SR TR BRAR R A= W 0T e i A AP %o i
AL PRAR | HAd AL PRI & %) B HS s AW Bk H
A FRER R, O 2.99x10% sej-hm™-a™, N A4F I ZEAF HA
[ A FH L 28 SR BB AE ™ 1450, LS FN HS Ab Bk H i
AR 43 0 2 L A AL B Y 1.94 A% AN
2.92 1%, LC 1 HC 4b 3 5 5 A jta JE Ak B 258 2 (43
2099, 1.19 4%), Wikl LS F1 HS b By /b 1
49.10%#F1 59.36%
2.3 BEfEIERRSTHR

AR AT 2, T EEMERETE R,
D3R 4, VRRE(E™ 2B T A )™ [RIRE ()™ b T B 4%

5.00E+15 1
4.50E+15 | @ IcK
7, 4.00E+15} ¥ BLs
. 3.50E+15 | § . EEHS
g = | BLC
< 3.00E+15+ g = H
= 1 ! = I pFm 1 i
F 2.50E+15 {7 i % | EHC | i
fﬁ 2.00E+15§<; E : i i |
T 1.50E+15 ot : Lo
2 1.00E+15 H 3 : . B e
H g 1 [ | |
5.00E+14 1} E : e |
0.00E+00 Li- ER - i j} ............ :.....Z.i: ).!..i. _,'-'E
Y2 Yg-CH, Yg-N,O Yg-CO,
Y1 KR 5 Y2 K FEFE AT A W i 5 Ve T = AR
Y1:Rice yield; Y2 Rice straw amount; Y g: Green—house gas emission
2 AEAEREFHRSGREENHE
Figure 2 Emergy outputs of double paddy system with different types of straw—return
&4 TEEREESTIERER
Table 4 Indexes of emergy analysis of different treatments
FEPRAFR Fik LS HS LC HC
A ] A SRR (sej-hm?-a™) R 6.56x10" 6.56x10" 6.56x10" 6.56x10" 6.56x10"
A B A AR PER (sej -hm?-a™) N 9.80x10" 9.80x10" 9.80x10" 9.80x10" 9.80x10"
E IR B A (sej-hm™-a™) I=R+N 6.66x10" 6.66x10" 6.66x10" 6.66x10" 6.66x10"
ANE A BIRE (sej chm™ea™) F 1.19x10" 1.19x10" 1.19x10" 1.19x10"” 1.19x10"”
o] B A PGB BE (sej chm™-a™) T 1.94x10" 2.13x10™" 2.32x10" 2.04x10" 2.14x10"
TR REREA (sej-hm™2-a™) M=F+T 1.19x10" 1.19x10" 1.19x10" 1.19x10" 1.19x10"
J 5t HE(sej - hm=-a™) K=+ 4 W o 0.00 1.12x10" 2.24x10" 1.34x10" 2.68x10"
JAE(EA% A (sej+hm™?-a™) U=I+M 1.26x10" 1.26x10" 1.26x10" 1.26x10" 1.26x10"
ZErE T H (sejrhm™2-a™) Y1 2.58x10" 2.07x10" 2.07x10" 2.97x10" 2.63x10"
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Table 4 Indexes of emergy analysis of different treatments( continued )

i Ay Fikat CK LS HS LC HC
YA FEFF 7 (sej-hm™-a™) Y2 1.24x10% 1.02x10% 1.06x10% 1.54x10" 1.24x10"
A L 28 SUAA T H (sej-hm™-a™) Yg 0.87x10" 2.29x10" 3.75x10" 1.28x10" 1.17x10"
A HAE Y H (sej+hm™+a™) Yb=Y1+Y2 3.82x10" 3.09x10" 3.13x10" 4.51x10% 3.87x10%
JARBME H (sej-hm?+a™) Y=Yb+Yg 4.69x10" 5.38x10" 6.88x10" 5.79x10" 5.04x10"
GIENEEE (R+N)/U=IIU 0.05 0.05 0.05 0.05 0.05
Tk AR BhRE 2 FU 0.946 0.945 0.945 0.945 0.945
BB AR LR TIU 1.54x107 1.69x107 1.84x10° 1.62x107 1.70x107
IREE % ELR (N+F)/(R+T) 17.6 17.6 175 17.6 17.6
WK RE(E L3 (F+T)IU=MIU 0.95 0.95 0.95 0.95 0.95
REfAI A S (F+T)I(R+N)=M/T 17.9 17.9 17.9 17.9 17.9
BRI 3 EYR (Y14Y2)/(F+T)=Yb/M 3.20x107 2.60x107 2.63x107 3.78x107 3.25x102
REME 2 (sej-hm™-a™) U 1.26x10" 1.26x10" 1.26x10" 1.26x107 1.26x107
RGATHLRE S (YilYh ) 0.56 0.56 0.55 0.55 0.57
RG] A5 5L EYRIELR 1.82x107 1.48x107 1.50x10° 2.15x10° 1.85x107
R RAETETE R -3 (YilYb)In(Yi/lYb) — 0.16 0.16 0.16 0.16 0.16
IS G AR EL YglY 0.19 0.43 0.55 0.22 0.23
AR KIM 0.00 9.38x107 18.8x10° 11.3x10° 22.5x10°
REE =% L Yb/U 3.20x10 2.60x10 2.63x107 3.78x107 3.25x107
Wi AIHEHT E AR IR (sej-hm™+a™) R 2.59x10" 2.59x10" 2.59x10" 2.59x10" 2.59x10"
AN]SR YE U (sej-hm2-a™) N 9.80x10" 9.80x10" 9.80x10" 9.80x10" 9.80x10"
IRBE G B4 A (sej-hm™-a™) I=R+N 2.69x10" 2.69x10" 2.69x10" 2.69x10" 2.69x10"
KA TV B B (sej-hm2-a™) F 1.24x10" 1.24x10" 1.24x10" 1.24x10" 1.24x10"
B AL I BE (sej-hm™a™) T 1.85x10" 2.04x10" 2.23x10" 1.96x10" 2.06x10"
SR RERE A (sej+hm?-a™) M=F+T 1.24x107 1.24x107 1.24x10" 1.24x10" 1.24x10"
S (sej-hm2-a™) FE B+ A5 e 0.00 1.12x10% 2.24x10" 1.34x10% 2.68x10"
BREEIE A (sej-hm?-a™) U=I+M 1.26x10" 1.26x10" 1.26x10" 1.26x10" 1.26x10"
L= H (sej-hm?-a™) Yl 3.63x10% 3.60x10% 3.40x10" 3.83x10" 3.55x10"
FEFE = R H (sej-hm™-a™) Y2 2.27x10% 2.23x10% 2.14x10" 2.40x10" 2.72x10"
A L 28 SUAA T H (sej - hm™+a™) Yg 2.86x10" 4.96x10" 7.15x10" 2.41x10" 3.26x10"
A HAEY ™ H (sej+hm™+a™) Yb=Y1+Y2 5.90x10" 5.84x10" 5.54x10" 6.23x10" 6.27x10"
JLAE(E ™ H (sej-hm?-a™) Y=Yb+Yg 8.76x10" 10.8x10% 12.7x10% 8.64x10" 9.53x10"
ABfA A 4% (R+N)/U=IU 0.02 0.02 0.02 0.02 0.02
LAk A Bl RE FU 0.98 0.98 0.98 0.98 0.98
AHRE L TIU 1.47x107 1.62x107 1.76x10 1.55x10° 1.63x10°
WEE 1 F3 ELR (N+F)/(R+T) 445 442 439 443 442
WK RE(E L (F+T)IU=MIU 0.98 0.98 0.98 0.98 0.98
RE(EIE A (F+T)I(R+N)=M/I 46.0 46.0 46.0 46.0 46.0
HREME” I3 EYR (Y14Y2)/(F+T)=Yb/M 4.77x107 4.72x10? 4.47x107 5.03x107 5.06x10™
FE 25 B (sej+hm - a™) U 1.26x107 1.26x107 1.26x10" 1.26x10" 1.26x10"
RGATHLERE S (YilYb)? 0.53 0.53 0.53 0.53 0.51
RETRElE Al Rrsda L EYRIELR 1.07x107 1.07x107 1.02x107 1.14x10° 1.15x10°
REFAEMETEEL -S> (YidYb)In(Yi/Yb) 0.5 0.15 0.15 0.15 0.13
RIS QL a4 YalY 0.33 0.46 0.56 0.28 0.34
BEfE S KIM 0.00 0.91x10? 1.81x107 1.08x107 2.17x107
REfE S He L Yb/U 4.77x10? 4.72x10? 4.47x107 5.03x107 5.06x10
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AR, R (™ 2R 85, WS R 0% 1z T
BRI S T g ) R . AN R AL A A
B ERE” 2 S T AR F W, O RS AR AE
Wy b P vy, R B LA AR PR IR . AR F
1 LC 275k 3.78x1072, LS %y 2.60x1072; B A A=
H ) HC F 55k 5.06x102, HS iy 4.47x102,

= SAHE B RE A o5 5™ th BRAELY L 28 RAE IR
V5 YL Pa 55, AR Ab PR AR A T IR B TS Y8 B0
THAFEEM. FAEMEEREA T HS ¥5e, 405
4 0.55 F1 0.56, FAg A4 7 I CK &A% H 0.19; BEAFA:
B LC R 0.28, MM ERLE , FEFF A
W Ab PR (LC \HC ) PR35 15 Y d6 B0 0Lt B Ak B
LRI, A5k 0.98 112 4%, AR FREFE H 8
FHAbFE 43312 LS (HS 4bFf% 0.57.0.52 1%

REE = LR Aa A H A W) S aB ™ 5 B RBME
AL, RN T 256 B IR A R . A Rlab P
MofE A RE(E R LR TR AE B . RREAE
] LC £k 3.78x1072, LS T Hy 2.60x1072; B A A=
H ] HC 2550 5.06x102, HS Ik H 4.47x102, 5 Fif
FEAFE A, RBP4t W AR 2Kl : LC>HCS
CK>HS>LS, B A5 2Rk vk 0 : HC>LC>CK>LS>HS

RGREMH T HFEL AR BOR S RE M R 5 B 1
T2 OB, SN T RGN T RELi . AN R b P AR
A B W R SR AT RS R B T AR A F I R A
HI LC 2750 2.15x1072, LS £k 1.48x107; M A5
A HC ik 1.15x107, HS %k 1.02x1073,
24 EBUBEREN

MR ZE G VEMN 7 R A AL B BE Rl K R
Ml 255 K SRRSO RS R SRR, R 5. 4K
b SR AR 2855 K S K A AR B2 IR A AR
b AT HESE K JR K- RS PR AE A= 1 HC 2t s, 43
R 0.72 F10.70, RAEAF B LS fAik R 0.50, B Ag
AT CK Ak 0.54,HS IRz R 0.57,

%5 FRLBEESAFNIER

Table 5 Comprehensive evaluation indexes of different treatments

LEATPNFEER CK LS HS LC HC

W R EERKE 096 098 1.00 097 098
fMZFHREAKFE 096 092 092 1.00 096

gl AT K JEAKE 056 050 053 0.68  0.72

MR AR AR 095 097 099 097 098
LM 2B R BAKYE 098 098 097 1.00 1.00

fl AT K JBAKFE 054 057 060  0.66  0.70

3 itig
TEFE R 7= R, AR B SRR TT IR X

L8512l AZ 1 R bR ——RE (B 10 A R 7 R R A
ZE0r 5 17.9 F1046.0, 1835 5 1 1998 4 H [kl &R
SR REIE I AR 4.939 i FREE VEUR BE(E 5 M B A g
{H HR (BEME B 4 %) BRI MRS 243514 0.05 Al
0.02, Ut i R G iYia i 2 2AKH T b S 40 i B g
TE AP, 5352 b X 28 R AR e ik, BRAR TE A
DR AR P S A B A 22 0 4 M SIS S A PR A
(AT RE A 7 RS0 B RBHIL AT 96.68% ).
A FH AR Wy 7 BB A5 R B 5 A BB A 2 L B g
(B2 H R R T 2R G P S 2 T R IR A AR B %
S MFEbR, e T WZERGAE = R 52, 0.03~0.05 (1)
FUAB G BHAR RS A 7 RCRAR AR, BB S B ™
W K HBREAR T R K REAE T S B e 4 g, KAl Bl
REAEA AW TR BIRAER TR 52 T 43 sts K
P B RO PR R G RR E HK P

AN S Tlb i B BB (AN R AT 5 P U
REAEL 55 AT 58T B SR B2 U6 RE (0 In ] 55 5T ML4H Bh B
2 FU R IREE 67 fof RPN R R PR AR B (4B b,
XU ZEAE 72 Gu IR £ far R R RGN 2200 1A 3 17.6
1443, AALET 1998 4 H FE AL R SE Y 2.80, th i
F &5 E R A H A 1994 454 1 7 58 3 5% 1 faf o
(14.47 )P0 335 B2 X KRR A= 7= 2L 206 ARV TR
BT BRI, 3t AR A R G h R Bl
HH A iR 22 G X R 35E SHe ) 0 o A 224 A3, X4 iy
T I e — Bt ) P 2 58 4 M O A RSE AT
B E SRR, PR AR . AN T 5T
YL BOR FRAF R H % SUARBEE 5 S RE(E™ H 1 He
TN EREA RGBS Y8 B 0.19~0.56,
ot B AR FH L 2 AR HIE R T B s ol 1 BRI [ 5 |
SRS

BT WERE A = R REIES AL T R0, R
AT RBTA HLAR BB (A A o5 S RBE A 3% 4547,
FERFAS R H 5 X5 1k 045 AL B e (10 TN 22 5+
IR = T R R (B 1~ 2) . TR
FE SRS AT U5 A 9 i BB i T B R Gl A
HLUAE B RE A, T HA REAE I AAH[E], 7T LAk fg
(B i 22 57 2 LR RS FTE Oy XA [R5 R 1 o
s ARSI HH 5 AT 5 A, il 2 CHL HETO Y 388
i, 3R B TN RS A L R s A R e
+-3E Eh R il AZE YIS AR R
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A E KW R AFFLBRE, B Il =<k, A
FIT CH, 144k, INITTREAR CH, PR, 2k
SEOSIF Y HLIESE T RS FF B A FIG M T CH, I HERL
T A= 0 S0 (A R L 4 T CHL iR . 9 4h F
ML B B ASG IN T L3R E P RF IS, WT LA
FARTE A R s FE R, T N CO, (A HE R 5
I HLRfE AR IA 3 22 | S — gt Rl
SRH BRI IR A IR —3 ., AR B N, X -3
R B HILAR B 20 A A 31 1E 3 RO, ik C O, A HE
B, P RESEAN ST A B AR B CO, HECE: & X
HEARPRA R FEFFIA FHERAS T RS H N0 (HER (%
2), 3% ] A2 DR A R AT 3 A4 o 998 0 3 A, 30 7
TSR PTG NITTRZ I NSO 8 7= A= 5 5K s Ak
B PR K E 1| Y VA E KO roy  5% R Si 3 bl A 2=
A N0 Hififi . B St AJKAE )5, BT
H & & NHi-N 5{ NO;-N™ 1] e S 280 7 A58
N;O HER = B3, I 5., & 2E oAb B NSO HE
i R AR AR T A

N REELBRIE X AR A4 T RG] Frek K e
ARBLAHT, R RGPS5 — B AR e
FE IR S FIME A . 1997 4F 26 [ A 524 K Brown fllE
KA A K Ulgiati™ g AR H T REE 7T 72L& i
{645 ESICRI EYR/ELR , Z 4 WO BEAE ™ ) R 5 B
WRZH) ., FIER AR A R ER R RE(E ™ Hlk
25 MR KA, B 2207 S T IR RG] HR Kk R
AEJ1BIHTHE bR EISD (BEAE )™ 1% 5 RR (B A4 2 1) 3fe
TS R 2 L)W S T RBIE AL 5 5 2 55
LRGSR AT — TR TR R AR L RE S B R 52
F— R, ICANRE ESI 5% EISD 3XFE i —
A B — PR AR Sl 2R G0 A PR IR, AT 5T 45
BHEERGETRBE  RE R E T FF SR RS
FoE PEFR B IRBE TS Y48 50 RBAE S ot R RN e ™ 4%
o, X RG] Rgk kR AT 4R AP, P ik
SIS Y8 B (VR s ATHED) FRE
B CREFF AL HIERUY )2 845, X R G0 K
AH—E R . AT e R0, R R AR A
W) 5 A FHELA S e R AT 42 R R K, WIS B
KUZS G X RS AT L 200 B AR A AR UEA 54

4 Hig

AT T | APREE 15 G458 O BE R S 152 5 2
AR PR A B R G AT R R /K- o R id
T R A AU B BEIE LA I8 T R AR
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ARG AR RE AR L S T IR S UAHE L RE
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