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Effects of management practices on the emission intensity of CH, and N,O in a rice—wheat rotated field under
nighttime warming
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Abstract: Climate change and water shortage are the two important drivers of food insecurity. It is a common concern of humankind to
improve the food production potential to cope with climate change by adopting the best management practices (e.g., irrigation methods and
sowing date). A field—scale simulation experiment was performed to quantify the effects of management practices (water—saving irrigation

and late sowing) on yield and greenhouse gas emissions (CHs and N,O) in a rice—wheat rotated field in response to nighttime warming. An
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experimental design with three factors and with two levels per factor was adopted in this study. The two levels of nighttime temperature were

set as ambient temperature (CK, control) and nighttime warming(NW). The crop canopy was covered with aluminum foil film at night (19:
00 to 6:00) to simulate nighttime warming. The two levels of irrigation in rice—growing season were set as conventional irrigation (F,
intermittent flooding with a 5—cm water layer) and water—saving irrigation (M, moistening without water layer). The two levels of sowing
date of winter wheat were set as normal sowing date (NS) and late sowing date (LS). Results showed that, compared with that of the control,
nighttime warming or water—saving irrigation reduced rice biomass and yield by 14.69%—-18.16% and 7.27%-9.14%, respectively, whereas
late sowing increased wheat yield by 0.71%. Compared with the CH, efflux with ambient temperature and flooding irrigation, CH, efflux
from rice field significantly declined with nighttime warming or water—saving irrigation but significantly rose with nighttime warming under
water—saving irrigation. Under ambient temperature, compared with that of flooding irrigation, water—saving irrigation significantly reduced
the cumulative CH4 emission by 79.46% but significantly promoted the cumulative N,O emission by 97.21%. Under nighttime warming,
water—saving irrigation significantly increased the cumulative CH4 and N,O emissions by 39.98% and 45.62%, respectively, compared with
that of flooding irrigation. Compared with that of the control, late sowing significantly reduced the cumulative N,O emission by 21.46%—
53.77% in wheat field. Global warming/cooling potential (SGWP/SGCP) was used to evaluate the contribution of the greenhouse gas
emissions during the rice— and wheat—growing seasons to global warming potential in the rice=wheat rotation field. The contribution of CH,4
emissions from the rice field was dominant in all the treatments. Nighttime warming significantly decreased the greenhouse gas emission
intensity (GHGI) of the rice—wheat rotated field with flooding irrigation and normal sowing but significantly increased GHGI of the field with
water—saving irrigation and late sowing. Given the increased yield and environmental benefits, this study suggests that conventional
irrigation (intermittent flooding) for rice and normal sowing for wheat are the effective management practices for the rice—wheat rotation
field to cope with global warming in the lower reaches of the Yangtze River.

Keywords : nighttime warming; rice-~wheat rotation; methane; nitrous oxide; greenhouse gas emission intensity
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Figure 1 The variations of average daily temperature and precipitation during rice and wheat growth periods
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Table 1 Effects of nighttime warming on mean nighttime canopy

temperature in rice and wheat during main growth periods

27 Ab 3 SYEERN PO JFAERD EENR
Crop Treatment Tillering Jointing Flowering Filling Maturity
KRE  F+CK 24.7 27.0 24.7 21.2 19.6
Rice  pynw 25.3 28.3 252 233 210
M+CK 24.8 275 24.9 220 204
M+NW 25.5 29.0 257 239 217
INEE NS+CK 15 10.5 11.7 178 220
Wheat gy Nw 1.9 11.0 122 183 239
LS+CK 1.9 112 13.9 18.1 20.5
LS+NW 2.2 11.7 14.6 186 221

[l A 5 0 (O BE BRI T30 I S0 RN i)
TR 18] 56 22 3% 20 FRE (20 °C ) 43 i) A 4 R %k BE 388 o
12.3.4.1,2.8.3.3 CHI37.5 C; @ M MG T, 7 1) 14 iR
fiff bR A= B A 1) 568 J2 3 Bh BRI 4 B 3 i 1406,
12.7.8.2.6.7 CH151.0 °C. HHFEFEHI T (IFEH #& W =k
X2 o B A ) 78 0 498 TR fekT B ORI 0 PN 4 /N2 e J 2 T s AR
T A R BE B 0 60.1 °CH192.9 °C. 5 H TR
HERH EL , 2 (B3GR A& /INAZ 45 A 1 101 R i O 1 P o
J2 i Bl R R, 35 e R 2 1 T IR R R
2.1.3 FEHK)ZE1E

IKAB LIRS RR T, RV TR Ak 34 A e Ak —F i K
R, H K2R AR 5~10 em (B 2) . WP H
WM (2017 4E 8 1 1 H 2 12 F ) BEMWEAS 1, 19 a) 4 7K 5
Z AL KB Iz SRS T BUKZ . Il
FH 25 o, R T SR TE IR K, H 247K 2 5 BE (R R 7E 5
em 2247 o HEA AT (2017 4E 9 H 21 HET)G) , HEE
YD 2R AHEZK AP AR S
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Table 2 Effects of nighttime warming on canopy nighttime active accumulated temperature in rice and wheat during main growth periods

YER) s SrHE PN FAEW] HEI I R e URIE

Crop Treatment Tillering Jointing Flowering Filling Maturity Total observation period

P F+CK 774.6 1000.3 4227 483.4 511.5 3192.5

Rice F+NW 787.1 1047.2 4512 545.0 553.8 33843
M+CK 754.9 933.0 401.3 431.6 4773 2998.0
M+NW 774.9 1001.0 444.0 538.8 539.1 3297.8

INEE NS+CK 141.1 1925 205.0 337.4 621.6 1497.6

Wheat NS+NW 153.4 196.6 207.8 340.7 659.1 1557.7
LS+CK 143.6 199.0 2352 349.0 552.4 1479.4
LS+NW 158.2 211.7 243.4 355.7 603.4 1572.3

TG SRR AT B K RE=10 °CL /4820 C.

Note: The active accumulated temperature is based on =10 °C for rice and =0 °C for wheat, respectively.

H K2R
Mean daily water layer thickness/cm
o
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Figure 2 Variation of water layer thickness in paddy field under flooding irrigation in rice growing season

2.2 AEIKSEE TR EE RS H CH.F1 N0 HE#
A
2.2.1 7# H CH. AN N,O HE il 8

AN TR A PR F HH CHL 2295 PEHE R 2 A — 3,
HEfC R 20 AR (T 3A) o KAEATEENI (7 H 7 H
F 14 H) ,FH CHHERGE f 54 52 TRk b5 bR
e FEE T 5 TR BEA B A, At 3 4h B HH CHLHE
HGE R R BT S AL FT (7 H 28 H )ik
FUIEAE . Bl DET T, 25 A FEAR FH CHLHERCE &k
TR TG 25 o S EET R A K, RS CHL HEBGH &
NP TS, 3T 8 A 25 H kB8 —ANE(E , ARG
B EKAFRLEN, 45 A B CHL HEBGE & R BN 8h
REAAHA 50 I I v K VR AR L, 78 1) 14 iR el
TE T4 R 4 S WA RS FH CHL HE O 1 (RS T
TR (V) 8k U Sk 2 4 v et CHL HEBIGH 12

ANTRIAEHER 5 N0 2= RS it 22 Ak
T H 5 A B CHL HE B & AF 7 BRI RO R (K

3B) . ZKFEAEEWT, AR NLO HEBGH B Je AR 5 BT
BBl RN R) 4, RS H NLO HEJE 7 T B, IF
05 FH AR AR . BEM H ED T, A NLO G &
T b T AR WA 5 0 FH 45 0 Bl P EE R I K
e N, O HE i et G [, B /K Rk A e TR
SR RS L NLO HERIGH 5 S8 s BT
2.2.2 FEH CHL A N0 SRR &

F 3R KR A K AT, B2 BE-H I,
FH CH. SR FHE S f5e e , 25 A 33U ) CHL SR FRUHE il o
19 o JH SO0 B S HE A A 60% DA b o W K U TBE
T R0 3 I (R 43 BE A PR A CHL R AR
HEC D, SRR T AE A AE S ) CHL SRR T
UL CHL SR B HE it bk 2D 57 % , Ab 3] 22 S
Y138 8 3 K- (P<0.05) 5 SR8 HEWE T, 73 1] 334 18 4 A
FH 25 A8 1 ) CHL RARHE R R 2 7, B0 B9 CHL 2R
FEUCHE S T 55 192.90% |, Bk 43 B 301 A S 3 o1, b 3
I¥] 22 514735 58 35 /K F- (P<0.05) 5 B2 RIS 36 T, 3 i 9
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Figure 3 Effects of nighttime warming on CH,4 and N>O fluxes in rice field under different water management

K3 AEKSEETHELEXEEHCH RRHNEN 0

Table 3 Effects of water management on cumulative CH4 emissions from rice field under nighttime warming

e . . . SOOI
Sy B BT IE M A AL
- - . . . . Total observation
Tillering Jointing Heading to flowering Filling Maturity .
Kb periods
Treatment  HEjir it Akt HE A At HE A Hi kb HE At HE di kb HE A
Emission/ Percentage/ Emission/ Percentage/ Emission/ Percentage/ Emission/ Percentage/ Emission/ Percentage/  Emission/
(mg-m™) % (mg-m™) % (mg-m™) % (mg-m™) % (mg-m™) % (mg-m™)
F+CK  963+25.9a 1.7 4 806+148a 58.4 1 059+6.5a 12.9 212+23.8b 2.6 1 191+56.2a 14.5 8231+730a
F+NW  372+115b 10.5 1776+171c 50.2 611+64.8b 17.3 402+44.3a 114 379+20.4b 10.7 3539+831¢
M+CK  755£190a 44.7 737+54d 43.6 58.6+9.9¢ 3.5 24.8+15.5¢ 1.5 116+5.2¢ 6.9 1691+262d

M+NW  803+207a 16.2 2 887+252b 58.3 553+70.0b 11.2 173+33.7be 3.5 538+15.3b 10.9 4 954+995b

1 [E]— AR INE FRE R R AL BRI ZE 0.05 /K F-22 52 B2, FIAl,

Note: Different lowercase letters in a column indicate the significant difference between treatments at 0.05 level. The same below.

Tk 5 A FH 40 B 09 1 300 ) CHL SR AR R T ST, B 4 b FRAS T NLO B2 HE R &R0
1, AR TTAE I ) CHL BB HE A B B, s L] T3 B HE O B 40% A2 A, 43 BE S ANE S W B2 A
B CH, 2R T 39.98%, # IEXT RN, g g .E,U\ﬁkﬁﬁziﬂﬁ 5% fiAT o WEARIRAETR 1 Ia) L 1 R

T8 {5 et FH 2% A2 3 401 CHL 3R FRUHE s B e A1, S 00 D00 30 o BE] TR RETTAE 3] R RN N0 SR
CH. RO FEAR 79.46% ﬁk;ﬁiz P NO R B HE T e, S U 3

22 4 B KRG BRI AR N0 RARHE R & NoO B2 HE R 22 30.52% , I 4 B 39 R0 EE S 3 4

1% WHART]
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Table 4 Effects of water management on cumulative N.O emissions from rice field under nighttime warming
e _— . . SOURIIE:
S BE] P TREIT £ el A Jﬁ;j'
_ - . . . . Total observation
Tillering Jointing Heading to flowering Filling Maturity .
Kb periods
Treatment  Hgjirit Akl HE At HE Hi kb HE At HE ik HE
Emission/ Percentage/ Emission/ Percentage/ Emission/ Percentage/ Emission/ Percentage/ FEmission/ Percentage/  Emission/
(mg-m’z) % (mg-m’z) % (mg-m’z) % (mg-m’z) % (mg-m’z) % (mg-m’z)
F+CK 0.72+1.30a  4.90 7.68+x1.84b 5232  0.85%1.29¢ 579  0.56x0.38a  3.81 4.87+1.32d  33.17 14.68+3.74b
F+NW  0.97+0.42a  5.06 3.89+0.64¢ 20.30  5.83x0.71a 3043  0.88+2.59a  4.59 7.59+1.33¢  39.61 19.16+2.64ab
M+CK 1.89+1.19a  6.53 10.25+1.21a 3541  3.57+0.74b 12.33  1.08+2.09a 3.73 12.16x1.14b  42.00 28.95+7.08a
M+NW 1.16+3.62a  4.16 4.43+1.13¢ 15.88  6.21+0.81a  22.26  0.84x1.58a 3.01 15.26x1.11a  54.70 27.90+3.54a

Ab 3R] 22 5 245K W 2 KT (P<0.05) 5 M9 4514 N L 7K
(1) 185 VL A T FH 23 B 19 S R S 00T NLO R AR HETi
R, SRR A8 A AN B AU NLO SRR = T
AL N.O SR FHHE A REAIR 3.63% , B 43 BE BT FIE
SHAHN b3 E] 22 F 5k B 2 KOF- (P<0.05) .

B W RECT V7] Y B 5 A S UL A N,O R AR
HEREE 3G 97.21% , bR 43 BEAFNHE S B 51 , Ak 34 1) 2
ST KOV (P<0.05) 5 7% [R) 38 LT 1008 10 3 0k
Fet O8I A NLO B2 AR HE ik it T 5 45.62% , {UBLEA
A A B R) 2 5508 J 2 K F- (P<0.05) .

2.3 AEIBH T RIELEXT 2 H CH.A0 N0 HE B #2m
2.3.1 ZZ H CH. A1 N,O HE il

AR AR 27 FCHLZE 1 M HE R a5 A — 2
Heil 5 A Ak A (B 4A) o R IR, %
Ab R AZ AR BN CHL MR, CHL IR ACE Tt 52 9% 3
AR A AN R I 08 A3 i HH BT 2018 43 J 6
H &) A4 7 15 H (B EsoF e ) ;4 15 H
J5i 22 H CH. WG o 72 ek /D | B A /N2 L, 454k
PRZZ H CH,HEGHE 5 Y R BUOMGE F TR 4 715
H 1R A WA 0, 5 iR BERE G, 18 [R) 86 3R 66 22 HH CHL,
W AL A R R R B R S N T SR
FEIIRA LU, 0o 38 17 22 FH CHL W A e 7 78 1) B4 7L 25 1
TREMR. 5 A 3 HAHE IS, 55 IR AR L, 2R3
T o8 42 FH CHL HE TR 2 7 1 5 40 300 R 6 45 79 o 2% 14
TYTEE S R R A MR £ 22 CHL HE G
S TGS R () 184 T W R 45 R T o S0 T o A
o T, AHFE AR, 24 22 RIS CHLILR 7 [h]
R AR E 27 X CHL A W 5 X 22 H R BA CHL IR
B, 2 ] 3 Yt 2 {1 0 2 B CHL R, AR )R B 4%
R, 2422 H RN CHAL I, IR 3% 01 %5 22 H CH,
W S P S ) AN B I, 182 ) 394 T T G 9 FAAIG 22 FH CHL L
W5 24 32 B Ry CHL VR A, 39 300 X6 S ] 3 B 2% 1

7 H CH. W HEC i AH S

ASTRI AL BETR 22 FH NLO 25715 1 HE il 52 B 2 e AR
LB (E4B) . 517 152 H NO HEjil 2 e Tt R B
P, B — AN EAE S 22 HNLO HE— BLAL /NI i
PR, HE 41 25 H B A s 16 Bl s 2
R B 5 Ja TR (5 A 10 H =15 HD) FRFHE .
IEH R 7 B8 15 22 T NLO P-4 HERGHE & 4 28.60
pgem2-h, FH IR XS R AL PR =5 29.12% ; MR 44 T,
PR TA] 3G I 22 NLO - HE G 2 13.68 pg-m™-h',
Fb IR R AL FEAIG 23.58% . 5 IE W RRWIAH L, BE A%l
2 FH NLO - ¥ 30 2 7 X BERIC [ 348 30 o o 2
TR HIRAR
2.3.2 M CH A1 N,O RFHEj &

FSRY], L/ NEWI I R T e
RIS I, £5 A ¥ 52 1 CHL BRRHERCRE 30
R[22 HH 145 3 B R X6F CHL B MR L ; 2 /N2 8 e
0F T H TR B2 D CHL RBHERCE L, R R
XF CHa B, o4y 3 A AR B ZZ H CHL RAHE R N
IEAE, B RAHEL CHae 1B 8 #E 5T, 7% 0] 388 95 1
KNP ZREI FAE RN 2R 0 2 D CHL
WS 398 T, e 0 R 2 CHL W s R ek 2D, A 4R
RN ITAE T, Ab B ] 22 Sk B KT (P<0.05) 5 B
FEAAE S, R 3G 4 /N 22 1 O SR R
B H CHL I Jk /b, 22 AR R e
FH CHL. W AT 38 i, A0 15 S0 Ak 3 ) 22 e 3k (B 3 K
(P<0.05) o “F WX HETR , PR As 040 , o 46 fif 22 H 4%
A2 CHL WIS G I, ST W b 3 ) 22 Sk i 2
IR (P<0.05) 5 B2 B34 I T, B A A 01 RN i 2 41, e
T 27 H &A= 0 CHL WIS B AT, (AT A A4
H A B A 25 579 8 2% K F- (P<0.05) .

F 6 KM, AN N0 HEf B4 F AN FE
A5 0T, B SR RN A | 3 R ) B 5 b 3
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Figure 4 Effects of nighttime warming on CHs4 and N>O fluxes in wheat field under different sowing dates

x5 AEBHTHREIGENZEHCH. RRHHENZIT(mg-m™)

Table 5 Effects of nighttime warming on cumulative CH, emissions from wheat field under different sowing dates(mg+m™)

wE R P AN R W RSt

Treatment Jointing Booting Heading Flowering Filling Maturity ~ Total observation periods
NS+CK ~1.53+0.66a -2.09+1.00a -2.85+4.50a -1.93+5.71a -3.26+2.75a 0.48+2.13a -11.18+2.25a
NS+NW —-6.59+1.17¢ -2.87+0.73a -2.75+0.92a -10.83+1.86b -3.56+2.94a 2.42+2.30a -24.18+2.40c
LS+CK -5.90+0.83¢ -2.20+0.83a -2.62+1.00a —-2.04+2.32a -3.86+1.97a -0.20+1.92a -16.82+0.29b
LS+NW -4.00+0.75b -2.59+0.79a -6.60+0.99a -2.88+2.18a —-2.26+0.97a 2.35+2.32a -17.04+5.13b

F6 AREEH TRENGREYZ HN.0 RRHMEH 00

Table 6 Effects of nighttime warming on cumulative N,O emissions from wheat field under different sowing dates

_— . " JSSURIEE
i i A SHEM i gy SO
Jointing Booting Heading Flowering Filling Maturity

st

periods

Treatment  Hijfri G HERGE SN 6 i et G R s AR hit ek
Emission/ Percentage/ Emission/ Percentage/ Emission/ Percentage/ Emission/ Percentage/ Emission/ Percentage/ Emission/ Percentage/  Emission/
(mg-m?) % (mg-m?) % (mg-m?) % (mg-m™?) % (mg-m?) % (mg-m™?) % (mg-m?)

NS+CK  6.98+0.66ab  18.26  5.96£0.25a  15.59  4.34+1.62a 1137  251+1.62b  6.56  11.02+0.10a 28.86  7.40+1.28b  19.36 38.21+0.95ab
NS+NW  9.14+0.72a  18.32  5.82+0.59a  11.67 3.85t1.67a  7.72  6.86x0.6la 13.75 6.70x1.43ab 1344 17.51+4.07a 35.10 49.88+0.95a
LS+CK  6.84+1.45b 2280 3.67x0.73b 1222  2.24+0.93a 746  2.17+0.89b 723  833+1.5lab 27.75 6.76x1.29b  22.54 30.01+4.22b
LS+NW  4.19+1.65¢  18.18  2.51+0.43c 1090 3.44+1.29a 1491 3.01s253b 13.06 3.715.14b  16.08  6.19+2.34b  26.87 23.05+1.38b

1% WHART]
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H N0 RAHEACRE ¥ 5 6 2B & I S HE R 50% A2
fio IEEREWIT , BRI (5 A N ZE 480 11 T AL
FURC I ZZ N0 BRHERCE IS £, A2 R il R 40
FIHE IR 22 B NLO RFRHEACE I, NLO B R ARk
T3 22 30.54% , A TF AL R 2R 4 Ab 3 1) 22 5 3K
B E K- (P<0.05) s MLHE 2511 T, 5 [ 3R A 4 /N A2
PRI 2R VA AN S 2 T NLO B AR
A, AR A B 22 B N0 R AR AR = T
NLO i BN A 23.16% , Hrp A& 5 1 A2
A A0 3R] 25 S 3R B K (P<0.05) . HIRATIE T,
GG % f6fF 2 HH R ORI 3 NLO R R HE ik R AR 21.46%,
A 2 R0 B A P ) 22 57 56 B 2 7K F- (P<0.05) 5 7 [ 3
TLT M A 22 HOR LI Y NLO B8 B HE T A AR
53.77% , BRAMAR I FNIE SR A1 | b B[R] 22 S5 Mk B 2
K (P<0.05) o A UL, AH TR EE T, 4% 35 10 25 B AIX
7 H N0 BRHE R
24 AERHEBEENE ZEVERFFEN N
A7) T R 2% T 12 ) 1 e 2 PR AIOK R AR
FAATR R 2 Ky 14.69%~18.16%(P<0.05) (£ 7). 1E 1%
WIZAET |, B IR AT 2 /N2 R W T R 19.81% 5 B
T B3GR A /N7 AR W 4 1 5.63% , H.
b PR ) 2 5 ARG B K-

W 7K R T 7R TR 3 L K A T R S R IR
9.14% (P<0.05) 5 {8 7 8 0 T 78 [71) 384 5L fof 7K e = i 1]
S REAK 7.27% AR Ab 38R 25 5 A8 1B K- IE R
01T 1 ) 3G I A 4 /N7 7 AR 18.26% , M4 A5 14
R[] el A /N P RS B S IR 0.72%
L Ah 3 ) 2 S 3y Rk i KO-

2.5 AERBEEXTE-FRERHERE B 20

AN TR A FHAE 3T 9 FH RN 22 CHL R NLO 42 BR 3
TV SR IR & AR HE R B R B 5 (36 8) . fEUK
FEAE K2R, MK AEE T, 7% ) 3% IR 2 3 B AIK R
SGWPcu, | Totalsewe M1 GHGI (P<0.05) , {H 2 &5 # H
SGWP,o; WL T, 75 (R34 T o 2 B A FH SGWPen, |
Totalsewe 1 GHGI(P<0.05) , fHRE(IEAG H SGWPx,0, PR
R S T A R A3 T A FH SGWP o0 (ELXS 7
SGWPcen, Totalsewy M GHGIRFEMAG 255, HRXTHET,
TR B & R ICRS HH SGWP en, Totalsewe A GHGI 1R
HERAE T W R YE n AE H SGWPen, | Totalswe
SGWP,oFIGHGI,

FEA/NEARKE  IEF R, 15 B R PR 27
EE] SGWPC"h ) @i j]l] i EEI SGWPNzO Totalscweiscer %ﬂ GH-
GL; M RE S5 AF T, R IR G TR I 22 B SGWPen, AL T
7 W SGWPx,0 | Totalsowrscer F1 GHGI ., T Fh iR B 4514

KT ARAKHEETRE ZEMERTEHELR

Table 7 Comparison of biomass and yield in rice and wheat under different field management

Kb Ep kT i Total plant dry weight/g 774 Yield/(t-hm™)
Treatment TKAF Rice /N Wheat KT Rice /N Wheat
F/NS+CK 23.69+0.55a 14.03£2.12a 9.19+0.16a 8.16+0.43ab
F/NS+NW 20.21+1.15b 11.25+1.62a 8.35+0.70b 6.67+0.63b
M/LS+CK 24.34+0.69a 11.73£1.98a 8.53+0.47ab 8.37+0.21a
M/LS+NW 19.92+0.71b 12.39+1.65a 7.910.46b 8.43+0.67a

R8 FRKHAEETHEEEITE-Z RS SCWP/SGCP F1 GHGI FIE4 M (kg COze-t™")
Table 8 Effects of nighttime warming on SGWP/SGCP and GHGI in rice and wheat system under field management (kg COse-t™)

T H Item F/NS+CK F/NS+NW M/LS+CK M/LS+NW
& H Rice field SGWPe, 3703.96+328.62a 1 592.73+374.07b 761.13+117.93¢ 2229.36+459.40b
SGWPy,o 39.61+14.80b 51.71+16.06ab 78.13+19.15a 75.33+9.57a
Totalscwr 3743.57+343.36a 1 644.44+382.67b 839.27+104.97¢ 2 304.69+457.22b
GHGI 406.86+33.98a 200.65+53.10c 100.05+15.84d 287.58+47.88b
7% Hl Wheat field SGWPe, -22.68+34.94a —49.05+12.26a -34.14+15.58a -32.46x11.90a
SGWPx,0 103.16+20.69ab 134.06+25.28a 81.02+23.22b 62.25+27.22b
Totalscwrscer 80.48+59.39a 85.61+27.88a 46.87+17.91a 29.79+38.35a
GHGI 9.23+2.16ab 12.42+3.04a 5.67+2.27be 2.96+1.97¢
F-Z RS GHGI 416.09+28.03a 213.07+51.69¢ 105.72+17.81d 290.47+53.81b
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VRETS Rt Y F 2B FE 5 H

T, A& YRR EZ [ SGWPx.0 , Totalsowersoer M1 GHGI
AN FHAS I A )3 TR RS - 22 R S8 GHGL Y
SEMASTA] o W 7K TR/ I 4G 0T 2 ) 3 L S
RAT -2 2521 GHGI(P<0.05) , 10 18 4 W/ 4% T, 1%
[i] 3k S 4R M R - 22 RS GHGI(P<0.05) o Fid
GHGIMTE-ZZ 5 E R G AR H GHGI T TTRkEE K.

3 iFig

i H CHLHE R 5 3987 B e R B0 A7 B 3
IEAHSE R ZR TR, 4 A HH ™ FE o B 50 T A R0
D CHL AR ™, A [F] K 438 1 SR R AN m) AR 0
T CHAR S AE D M E R FE I A 2R, A
5T KRR A T, BEK R AR I, A T AR
A P BT ] 328 0T B K 7 HH 5 D 1 00 AR 2 A T
e (5 S FH A R CHL i ok 30 e AR ; BT FH 67
e S i, 7 R BE T B AR AR IR B 2 BRI
Hbe e i B, Y e AR T i i B T £ F CHL
AL e FH CHL AR S 2 T B Il 45 o,
FH SR B R BT K, 7 6 T P AR B B W A2, CHL
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