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Effects of 'Bibdegradable Plastic". Filql Mulching on ('}I:e'r:énhous'eI Gas Emissions Ullnder
Wh’eat-Malze Rotation System in the Guanzhong Plain
GUO Yl tmg  LUO Xiao-qi", "WANG Rui' , CHEN- Hai-xit" FENG Hio

(1. College of Water Resotitees and Architectural Engineering, Northwest A&F University, Yangling 712100, China; 2. Institute of Soil and Water Conservation, Chinese
Academy.of Sciences and Ministry of Water Resources, Yangling 712100, China; 3. Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100,
China)

Abstract; In order to explore the effects of biodegradable plastic film mulching on the greenhouse gas emissions of a winter wheat-summer maize rotation system, the three
treatments deployed in this experiment during a winter wheat-summer maize planting period from 2018 t0 2019 included ordinary plastic film mulching (PM) and biodegradable
plastic film mulching (BPM) , with no film mulching as the control (CK). The emissions of soil greenhouse gases (CO,, CH,, and N,0) were monitored using a static
opaque chamber and chromatography methods. Moreover, the water use efficiency (WUE), greenhouse gas emission intensity (GHGI) , and net ecosystem economic budget
(NEEB) indicators were used to assess the impact of mulching on crop yield, farmland greenhouse effects, and economic benefits. The resulis of this study showed that
compared with that of CK, the PM and BPM treatments increased soil CO, emissions during the summer maize growing season, and the cumulative CO, emission of the PM
treatment was higher than that of BPM (P >0.05). Both the PM and BPM treatments significantly reduced the CH, ahsorption flux of the soil, and the annual absorption of
CH, decreased by 42. 0% and 24.2%, respectively, compared with that of CK (P <0.05). Furthermore, the PM and BPM treatments increased the cumulative N,0 emission
flux in the wheat growing season (P >0.05) but significantly decreased the emissions of N,0 from soil in the maize season compared with that of CK (P <0.05). Film
mulching increased crop yield and water use efficiency compared with those of CK, the wheat yield under the PM and BPM treatments increased by 51.7% and 32.3% (P <
0.05), respectively, and the corresponding water use efficiencies were respectively increased by 33. 1% and 36.3% (P <0.05). Similarly, in the summer maize season, the
yield of PM and BPM increased significantly by 43.3% and 19.5% (P <0.03), and the water use efficiency increased by 49. 8% and 18.4% (P <0.05), respectively.
Combined with annual production and greenhouse gas emissions, PM and BPM reduced the GHGI by 20. 5% and 14.8% (P >0.05) compared with that of CK, respectively,
and PM significantly increased NEEB by 84.2% (P <0.05) compared with that of CK during the wheat-maize growing season, whereas BPM increased by 8.9% (P >
0.05). To summarize, considering the yield, water use efficiency, environmental effects, and economic benefit, biodegradable plastic film mulching has the feasibility to
replace ordinary plastic film mulching.

Key words: biodegradable plastic film mulching; wheat-maize ; greenhouse gas; yield; water use efficiency; greenhouse gas emission intensity ; net ecosystem economic budget
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Fig. 1 Daily maximum air temperature, minimum air temperature and precipitation during the wheat-maize growing season
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PR A | PN 2R 5 AR ) KU A A< 1, # 10
T =30 R AR AR TS A B R T R R Ry
50 cm x50 cm x5 em, B VRS | 7306 B2 A
1A A R T/ X A ] R S m, J5 8
PRFFAR S /NZZE TR KA TS JAE P, Xof T b s 7
TEALFH | JRJE N e T A P MR 25 7R/ INAE
B 5K T ) 8 — 2k 4% | B OR R A B AE 8] T
FL. SRAE 2 B P TR K 88 B URIE RS R B R, <
AR AERT[E] 2 09.00 ~ 11:00, ZE414E)5 0, 10, 20
130 min B} 60 mlL 7525 R AR N A, Iﬁlﬁﬁa
AR SR ERIFIGIRE. 57 d REE—
P S R TG I RAFEAR R | RAFES EEJ:ALEI]'H?
(8] 51256 58 FH A €6 3% A% ( Agilent 7890 A RY | 38 [ %2
AR A BRA R #4743 81, CH, F1 CO, f &
JHAE TR 2% (FID) Il 2, A WA, HEE A
80°C , 44 T £ 1% B °h 200°C , i 4 40 mL-min~';
RS, W 35 mL-min ™'y IR EZA,
P 350 mLemin~'. NO ff I H 4 35 R 28
(ECD) ,ﬁ%%ﬁﬁﬁ’kﬁz,ﬁ\ﬁﬁ% 65°G , Ko I 5 ik £
330°C, i A 30 mLe min ' SARHE B E R 4T
$2§@ﬁéundeﬁﬂ’m$% 1952 ﬁﬁlﬂﬁﬁﬁ /LP ﬁk’ﬁﬁt
ﬁ;fr%fﬁ“' '

E = pg'x (V/A) X (Ac/At) x (273/T> (5)

st 0 Oy 4z|:ﬁ|amz@$[’co
mg: '(m h) CHy+ mg- (m b)) ! 5.4 NO
pge(m? ) ] p M CO,. CH, &NOHW’W&**
_FB/J_\AZ]:& (mg em ™) VRHEHHAE (m);

A CHEAFE SHLE A (m?) 5 Ac/ At HIRUCRAER 4

ASRE R RNE T3 21/ o, . CH, 5% N0 HE

R T Ry SR 25 P AR PN 8 2 X (K
AR ZE R = AR S R TR AT

En = ZRD (6)

K (BLco, M), En ﬁii%%ﬁﬁ CO, HEjik &
(kg-hm™?); R, W i UWCRFER CO, Y EI:HFMZIEE
[mg:(m*+d) 'T; D, W i YORFERIEE i +1 UCR
FERTRIRG R AL (d)
1.4 S EREGIEVESARNE A HE R
MR R IPCC AF 5T R, 78 100 4F I A R
T,CH, F N,O i35 w3543 5102 Co, /Yy 28 £ Al
265 5. H Uk, 4 Bk 14 I v 44 (global warming
potential, GWP) Fliit %= AR HEAC# FE (GHGI) 15
AR,
GWP =265En(N,0) +
28En(CH,) + En(CO,) (7)
GHGI = GWP/Y (8)

K, GWP N 2 ERIG RIS (kg-hm *) ; En(CH,) |
En(N,0) 1 En (CO,) 435k -3 CH, . N,O il
CO, HEjik M (kg-hm™?) ; GHGI il % AR HE
FRPE (kgot™'); Y & (t-hm 7).
1.5 HBESRRFETHR
HERRGATHIA (NEEB, JC-hm ) EAEY
A FE RO IS S B S 8 bR, 1T R R R AN ]
ARV & it T AR 25 A 7= 0 RVIR S AT R Sk 2 (8] 1 56
R, OF S it AS TR 4 Y e B AT 2 5% R AT PR
W AHEARITFRY
NEEB = R, - C - GWP, (9)
X, RONPEEER (O -hm ™), Y R
(7 S0 A% (/N2 2.38 JE-kg™', EK N 1.86
JC-kg ™) AR A BK R AT € R A
(76-hm™?), zlxﬁwwmzzlxaz%i@%%ﬁ(ﬁnﬂﬂ
b, MU RIS ) R B A CRERI G 5 S
WAk ) 45, Hoeh "Eii%w&ﬁ@i&ﬂ;ﬁﬁﬂﬁﬁ%ﬁ%%
WCHOIR AR 43 ARE R 174 Rk
), A2 T SRR i%a_ﬁifli %Fﬁ%ﬁﬁ@)ﬁm&&
1, %*%mﬁ%ﬂﬁﬁﬁﬁﬂﬁ& TEIOIR 5 1 ﬁﬁﬁ%ﬂ%.
e, LA T 60 o - d ey
AR 24 TC ke 7 W H T AP R S 12
= kg-‘ GWP, H GWP WA , AR SE 5 i (403. 7
, LI CO,-eq i) 5 cWP 1y 3 B it &
(m hm ~*) .
1.6  Bdsib 5 T
R F SPSS 22. 0 H 4%t B 4E AT S o #r, £
R /N B 22 595 1SD, B EKFEN P <
0.05. T #4538 3 W E &, N H Origin 2021 %k
{1 P&

2 HRE5H

2.1  HHEEERUK AL
HMFE IR )ZEIKE (0 ~ 10 em) EEZ[F
IKEZA TEREK G A B R ETE. WE 1 FfiE 2 (a)
7R 78 A B - HEFL B B /K 63 = T e 55
AbFE 5 CK ML, /N2 PM Al BPM AR B ()73 +
BEALBR K R B E RS T 27.0% 1 17.8% (P <
0.05), EKZFEWERE T 17.9% M1 10.1% (P <
0.05). nf WL RREE 35 7 =03 B A By i AR K B8R,
H PM 75/ - F KRR KBRS . W 2(b)
FIs A B2 HHERFE (0 ~5 em) (728 L# H
55E—% PM, BPM F1 CK Ab B + 3R 35 F
1 A FRREARME, 7 AR 8. L /NEH
W 2R A | Ml L AT — Y 3R AN, PML Ak B
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B 43 %

(RS H47 4 HE R B A8 CK 4R B ETH T 0.57°C. T
BPM AbFRAE S IRAMERT (1 ~2 A ) WwhE W] B 2T+
0.53 ~1.27°CHY L8 B IR T 1 28 i 1,
Rt T L4360 %, 5 CK M e, PM A BPM (1 -5
+ 3R B 4y W RE AR T 3.53°C Rl 3.24°C (P <
0.05) . fHXF Ho /N AR I 4 38 IR B 1 e KB S
e/ MEZ 25 % R, 76 I Ah B RE 0% [ 1K - 8 IR B 1
g, CK Y fie i 5 e AR B Y 2% (H & ik
32.07°C ,PM F1 BPM 4351 2 26. 97°C Fl 24. 77C.
EE T KRAEFWN,PM AT 8 A ha) Z i 4R
T MR SRR AR 1,25 ~5C 20, 8 H
A Z G IR AE S8 5S. BPM A3 T 7 Avhajz
AU dEE T RIER A RIEEETE 1.67 ~3.5CZ
|] R PR S PM AL G 35 2 . SR BE 5 AR
P e Sk S ) R4 i AV 4 56 J2 B 2 K, BPML Ak
IR AE SR W s, B T HIRIRE. S
CK FHLL, BPM M 8 F ) = e Ak A, + e 1 b
T 0.1 ~1.23C. 8RR F, E A KEPM 4
P-4+ R B R T 6. 8% (P <0 os)
BPM 5 T 4.39% (P >0.05). | \

2.2 8 CO, HEmoE &AL

MEL2(b) FE 3 (a) A LU i, 45 b FH /N -
FORAEFHIN CO, Him AR b a5 + 568 E AR
PERAEEARL, 52 B0 L A A ) 2 AR AR A A2 AT
T, Cco, HemE S IR W E A G (P <
0.01,K 1). TEA/NEZ WA CO, MHFIUE A3 i
TR H AR, BiE SR ET, CO, M &=
BEZ 380, HE R e 5 ~ 8 . AHEI S &=
F ,PM 1 BPM X /222 CO, HEA S %A B 5%
. 7E 5 E KA K2 PM, BPM Al CK 4 ¥ A9 CO,
H S 25 HE a8 & 43 9 A 240.6, 222.5 1 221.9
mg- (m’+h) =" B R ORFE I AR EL R A
Zfi153 CK 19 CO, HEGHE &t = T AL 1 7 A
a2 5, PM Fl BPM [ CO, HERGE #& F CK,
H BPM 9 CO, HERCHEAR T PM AL HE. I 7R ,
BB/ 2 75 CO, ARt o T 5 (P >
0.05). 76 B F sk K 2, PM il BPM AL CK 0
CO, ZE T HE RSP BRI T 23. 8% (P <00 05) A
10.7% (P 5'0.05 ) N ARHRM 5 CRALIE,
PM Fil BPM ji CO, 28 ﬂFﬁﬁlﬁi%jﬂJi‘ﬂn T

i%l Z'I’JLEET/mE—\.ﬂSﬁ:;j:%ﬁF(S cm)?ﬂiﬁé?LF$%7k$(T0 cm)ﬁ]*ﬁ%?ﬂ‘

Table’ 1 Slngle Pearson’s correlation betweéen gfeenhouse gas emission and soil tcmperdture and water filled pore space (WFPS')

e raid | CO, FRplcibdt CH, Wloa e, ! N0 HERCHE B

] - e wersy | i—%’/ﬁfﬁ WEPS -3k WEPS
CK, =4 0.757 0.320° 0.380" 0.126 0. 196 0.407

7oy | 0.636" o.u? | L oA3s 0.014 0.400 0.429"

J BPM ' 0.654 o3 9.253 -0. 003 0.383 ™ 0.377 "

1) * S5 P <0.05 KT 52541

18.5% (P >0.05)F17.8% (P >0.05).
2.3 13 CH, HRiluE R 2T AR L

K 3(b) A T RFAEER CH, HEfE AR 1k
e I PR T RS AL CH, , 78 8RR
FHNRA U CH,. AT S, /N - KR TR
CH, FEA W ISCRHIE XA HEBCREE , CH,  H HE i &
£ -0.07 ~0.09 mg-(m’-h) ' Z A 254k | 4% 4bBH
CH, HERCB A 22 B0 B 0 0 2315 HE O A A0 56
3T, CK AL BEAY CH, W GE B 5 R i 5
WEIEAIE (P <0.01) 073 I AL 255 - SR B2 A
ISR B B A (F 1) . E A
PETE 8 A I T CH, HEE, X 0l 68 5 7 i b 21
OIS S = = ) i o 5 5 W= B2 B N ]
PRFET WS A CH, A 6. 26 2 il %, & 4b
PTE/NZE M E KA K ZE S CH, M. 5 CK
AL FEAH L, PM 5 BPM kb B 4y I W R T
42.0% F124.2% B9 +HEXT CH, WIAEMR I E (P <
0.05).

“ FIRTE P <0.01 7J<3F ﬁz*ﬁa@

2.4 +HEN,O HEBGE & ZET AR

WA 3 (c) Fias, £ A0 B + 35 NLO HERCE L
FEARL 1 2575 R AH G o #7267 AL 3L NLO
HIE I 2 5 9 IR R - L B S K R T A
XK, CK LBV 5 4 I FLBR &K i 2t i 3 IE AR G (P
<0.01,3% 1). FERFEFRIIA , 52 it NE 5 7 L K W 1)
S AL FRETE 6 A 23 H BRI, H CK 4b
HN,O HF il 0 f e, W (B 868. 1 pge (m®+h) ™
BPM I5{H 4 298.9 pg+(m’-h) =", PM &b B AR 0%
54 228.7 wg- (m?-h) ~'. BFEALFR N,O HEjif 14
HA A 07 5 A 3L, T BB R Ay 3 4 A T i A5
7 e AL PR A LR AR RIS ISR T -
SALVE R T e 5 Hi BS54 b BHL R T 1 4% N,O 1)
HERCA 5. 7Nz 2 it o I — J&] J P Ak B0 11 B T ¢
/N NLO HETBOI 38 AR S A B0 G A NLO HE T
U AN E] NLO A HERCE R Bl R 3. B &
KAE S A R A 3 NLO A s e 30 o 30 1)
FAL N0 M HE B 5 4 2R O HE R Y
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Fig. 2 Dynamics of soil temperature and soil WFPS under different treatments

47.7% ~64. 7%, EL PM 1 BPM % CK &b F8 43 51 (G
T 48.5% F147. 7% 1) N,O HERCE: 17 EHE i 14
11, PM 1) N,O HER#E CK AHR /D T 4. 4%, BPM 1)
N,O HERCEE CK AR BRI T 5.2% . th & 2 Al 5
CK AbFEAH L, PM il BPM AbFHYA8E fin T /A7 25 + 3
N,O AgHERE &, (AVE A .3 (P >0.05). 1 7 i
fEfs o E IR B ok Z 4 N,O BIHERCE =, PM
1 BPM 4b B 43 51 BE K T 32.9% (P < 0.05) Al
29.0% (P <0.05). A5 AE 1 145 N,O HEBUR
76 1.03 ~1.27 kg-hm > Z 7] 284k, 5 CK #H b,
PM . E &K T 18.8% (P <0.05) , BPM i 2 [
T 18.2% (P <0.05).
2.5 =il WUE 284k

AN[FIALBEXTAE Y P it | AEIFE K FIZK 53 1AL
R FER AN 2 Fr R, PO 7 Ak B2 8 2 48 i T
ZONEME E AR E, 5 CK A AH L, PM Al
BPM AY4c/N A =g 4 il i 42 T 51.7% (P <
0.05) f132.3% (P <0.05) , B L K=o B %
J+7T43.3% (P <0.05)F119.5% (P <0.05). T

PM 1l BPM ¥ 7 i) [a] B O oK b 2 38 VR #E K i,
fiif5 PM A1 BPM &b B /N 22 25 () 7K 43 1) 3803 4 1)
He CK Zb #4293 T 33.1% (P <0.05) 1 36.3% (P
<0.05), B EKRFHRMET 49.8% (P <0.05) Al
18.4% (P <0.05). N/NE-FKEKZERE,PM Fl
BPM b P35 $E AR - ) R B R s T
YEYIR7K A3 RO, Horp PM AR B 7 o B 3 1
T BPM (P <0.05) , (HM & 2 [8] i 7K 53 R AL R 2
FAREZE(P>0.05).
2.6 GWP., GHGI fil NEEB AY7451k

ERIEIR R (GWP) AT LI 44 28 S AR % 4
BRAZ 2 I it i 52 PR, 4 2 firzs , PM #l BPM
REFR/NAZZR1 GWP AHXT T CK B E 27 (P >
0.05), k% PM AL B GWP AL CK & 54
T 21.8% (P <0.05) ,BPM &b PRI T 9.2% (P >
0.05) . i % HEBR E (GHGI) S22 PR B8 47 F1
VRS AP 25 5 P 5 A, PMAT BPM A B
REME I 0 0 5 1 5 P R 1 PR IR GHGL, PM AT BPM 4b
B/NEZR) GHGL 43 B T 26. 2% (P >0.05) il
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Fig. 3 Dynamics of CO,, CH,, and N,O fluxes from the field during the wheat-maize growing season under different treatments

21.7% (P >0.05) , ERZFDHIFFEILT 15.7% (P >
0.05)F19.0% (P >0.05). ¥ ESRF LT HA
(NEEB) & A BRI IR V5 3 A 2% JEAE N TR &
Teakas i —A> B e bR, A L CK b3, PM /NAE 22
FEAKZ=Y) NEEB 34 58 238 0, 3600 Lo 451 53 501 s 3k
97.7% (P <0.05) 1 72.9% (P <0.05). BPM 4b 3
P T e (%) S A /N2 = 1) NEEB A4 & T
24.3% (P >0.05) , 5 %2 £ KZ (¥ NEEB LT CK
GEER HZERAREE(P>0.05). GH/NE-FXKE
KZk A, PM A BPM AbHi7E — @ F2JE B3n T

GWP JEFMK T GHGI, BPM 43 GWP # PM 4b
FEFEAE T 8.9% ,PM 1 BPM P # ) GHGI #¢ CK At
FRERAR T 20.5% (P >0.05) i1 14.8% (P >0.05) ,
NEEB 4% & 1 84.2% (P <0.05) f1 8.9% (P >
0.05).

3 itig

3.1 BB ORI A i R R
M TR St BE RS TH PR SV P s | s e R E
AN TR 18] A7 AR SRR SR L3R e . A



5 FRAG AT o A=W T i Akt R 508 DG v b X /N2 - K AR L 28 AR HE B 5 0 2795
ENGESEPopIE 8 E%’:ZQEEI CO,. CH, FIN,O HEE, &, (FWHEKE, KOFIRARE,
SIERER ., BESEHECREMAESRELFHRENZ N
Table 2 Cumulative emissions of CO,, CH,, and N,O, Yield, ET, WUE, GWP, GHGI,
and NEEB during the wheat-maize growing season under different treatments
9 i €O, ﬂkﬁﬂz:‘iﬁ CH, HFﬁJL:E‘;% N,O ﬂkﬁﬁu‘iﬁ Fﬂﬁﬁ ET
/kg+hm /kg+hm /kg+hm /t-hm /mm
CK 5132 +710a" -1.00 £0. 12a 0.28 £0. 04a 4.02 +0.38h 237.6 +13.2a
N PM 5742 £825a -0.54 £0.09b 0.37 £0.03a 6.09 £0 . 54a 271.0 £22.3a
BPM 5352 +605a -0.75 0. 13b 0.33 +0. 06a 5.32£0.72a 229.9 £32. 6a
CK 6325 +434h -0.76 0. 06a 1.00 +0. 12a 5.79 +0. 46¢ 447.0 +6.5a
ERS PM 7833 £169a -0.48 £0.05¢ 0.67 +0. 06h 8.29 £0.17a 428.8 +18.0a
BPM 7003 =661ab -0.58 +0.02b 0.71 0. 11b 6.91 0. 67b 455.3 £39. la
CK 11457 +1138a -1.76 £0. 17a 1.27 £0. 12a 9.80 +0. 80c 684.6 + 11. 4a
A PM 13574 £972a ~1.02 £0. 04c 1.03 £0. 06b 14.39 +0. 59a 699.8 +9.3a
BPM 12 355 + 1216a -1.33£0.12b 1.04 0. 05b 12.23 +1.00b 685.2 + 14. 6a
WUE GWP GHGI NEEB
] 4R /kg+ (hm? -mm) ! /kg+hm =2 /kget™! /JG+hm 2
CK 17.0 £2. 6b 5177 £707a 1305 +£288a 3555 £968h
INE PM 22.6 £3. 4a 5823 £831a 963 +173a 7030 =1 3062
BPM 23.2+1.7a 5420 +585a 1023 £47a [ 441871 662aby [
CK 12.9 +0.9h 6 567 +465b 1145 +178a 4269 £909h," [
Tk PM 19.4£1.2a 7996 +168a 964 44 7383 £305a
BPM 15.3 £2.5b 7174 £690ab 10A2£112a | ) 4103 12245
CK 14.3 +1.3b A1744 1 167a 121022232 7824 x1794b S
A PM 20.6+1.1a | - 13820 +969a 962 734 14413 £ 13682 (¥
BPM ¢ 17.9+1.7a | | 1259 5i04a (1031 x642 % W | 8521 +2 049h
1)%%#145&%%7?19{& +|$T(E£ n=3; HﬁlJ/TI‘J?ﬁ%%T Figmtﬁﬁﬁw <005) ¥ Y € | . y

- e -

ﬁd%%%%ﬂ%*?ﬂ%&%m%ﬁﬁkn%g
rﬁdiww%zﬁ#/m%aa@m%%mw
%%K%ME§%ﬁmv%%WMM%%%
m%%if%¢£$km%ﬁ%ﬁ%#/ﬂ%fﬁ
AR/ I3 49 16 2 W 5 300 7T R A1 + 3R B 0. 25 ~
0. 43°C . BARIEE S A BF 5 32 1, A 00 T o ik e 5
57 M RS 0 ~ 20 em B9 IR EERG AN 6. 43 ~
7.65°C, A Ml A5 A T oo i b S IR )2 L B
17 0.26°C. AR A5 2 T 2 RUAG 45 5 | 25 B Ak 7
FHA/INAZ AT LA A P B 0% B, AR AN R R
A T R T 1 RS A5 A A A /N R
T2 A0 R 4R R T 0. 57°C, A T R
it b R TE 4 1 I B AR 4 T 1 0.53 ~1.27°C , 1
SRR T RIR AT 4N B A K G L IR I &
A, 3308 b I A 4 T S B 45 0 AR AR T
TR (P <0.05) , X Al fE & KA 2 /N 5l 2 1)
BRI BH R S JCE B i T Rk - e
PR LR FEVE PR , [ Aot R B P 7 5
KT TR S8, BT DA 3 B R AR 1 e
L RO 7R B R OKAE BRI, AR Tl i 5 5
368 b S o IR B T T A A R AR RO, B
B TOKIEE)Z 132 M1 K, T e b 1 84 R RN 3%
ﬁmﬁ%ﬂgfxiﬁF%éymTV%ﬂﬁm%ﬁ
ORI B, X 58 258 0 i iF s 45 R — 2

E@i%%ﬁ%%fﬁf#iﬁF%ﬁ%%%iv
16T 4R ik T s kA M T A

/SR M AT TR AT X

FEAROR A 3 b A /N 27 R R OK 2R )O3 - R
JEE R A A0 T RS b 33— T T A 7 e e
mﬁ*%mkm%mﬁi%Mﬁﬁi% — 7 ]

il 15 £ g T AR ik b SR AR A B T I T A A G
W%%m%%ﬁ%%ﬂi%%ﬁﬁﬁ%%kJ%‘
FIREER R IR )2 1 3 1 R )2 - 3R 3, Of
FEAE A K 0 S5 I BER o 2 2 R e i ok i T
¢m%¢%ﬁmw$%%£&ﬁmﬁﬁi$@m
RAEWFIRE 10.1% ~27.0% (P <0.05) , Hr
ﬁﬂ%mi%ﬂ%amzl%iijﬁﬂ%m
PR KRR 55 305 30 b, 35K, 5 A 40 T I o e 5
PR R 3 2550 7 2 A T U0 P B 2t S 1 A e ek 5
%[4%44].

g AR A AL T LA Rkl KA
P, X R A A e A A A A A 5
O, AT R R B R ANEESE S a Y
PR K 23 I FH %R 5 3 i 22 S R B 3. T B
P57 (R AT 5 3 T I i B 15 2 38 b S 7 26 ok
BRI KPR i S AR R TC B 2R
H W ER T AREBAIE. Zhang 251 (AIF5T 22 1
S R nT R 25 R T K
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B 43 %

PRI ARG A R R gk R — i, R aE A A
A AT I i b B 2 2 B e T AR 7 R K 4
FHRCR. A /N2 A=A 2 | 330 1 R AR A ) T e fe e B
FREE = H A 43 0 v ik 51, 7% (P < 0. 05) F132.3%
(P <0.05) , 1M A= 4 AT B fiff b B2 PR T SEAR 1Y 4 /N 22
FEK L, HOU R A K o3 R RCR Ry e, BTG 35 10
FHNT 36.3% (P <0.05). H TA/NEAETME
UFAb TR K % Z B3 7 FEE BB A% T 4% - 17K 43 1) B
25 FAYEC T A LRI & RN E R R T
FLUT, A IR JE 1K 4 TR A, 7 X 4
JINFE A A PR TR AR X R 7% A< it A /)N
ERPA T —E TR, TR c4 1R, Bk E
TS TS L R HOKIIR B BT K
AR B R 7= 2 T . 5 3 B 1 B R K
KA R RCR B 3 BT T 43.3% (P <
0.05) F149. 8% (P <0.05) , A= 4] B A b J o B A7
3 BYEPEAE T, B R K R AR A R SR TG
WEBE LT T 19.5% (P <0.05) Fl 18. 4% (P <
0.05). SR F 3 b B A AR P 0

T 1 gy T WA M S50 T i DR Ay T WA T

TEFIIAE KRB K PR (kR s
1Rl S T, 30 1 55 0 A T e S
wrgdr. - L A of
32 R e | )

b 00, 0 7 AR 1 T 9 R

R L) A IR R B e 2 s+
WLEE B A R Y | R B
e R M P 1 91 T A
ek BT 53 CO, HERC ™ ABRSEHIA M
H ], CO, MHEHGERE S 15 om VIEALYRLIE 5
B EHIG, SRS P 0 4
G (1), UL ML FE 2 )
CO, HEBEE P T 2 — 32 HHE A g B
HRTBE/IN. A/ R A3 IR FE B, U E e
IR HOVE A IS5 , CO, HERURLARAE i E 7 ~
8 TR AR R T A ISR AL, EL - 5O e g, B
AEIERERR AR CO,. /N T ALY
1,45 b B HE CO, B4 B RO HE BUHE G
W, 7 T PR 4 W 19 08 9 A REBEARG e
2 ffi + e W77 AR Birch SO0, ff CO, i & BE A
SIS 5 SRR CO, 1Y 85 HERI S UIE G
A —E R R R RENR T R R L
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