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Effects of Water Deficit on Greenhouse Gas Emission in Wheat Field in Different
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Water-saving Agriculture in Arid Areas in Northwest China, Northwest A&F University, Yangling 712100, China; 3. Key Laboratory of
Agricultural Water and Soil Engineering, Ministry of Education, Northwest A&F University, Yangling 712100, China)

Abstract: Field experiments and static chamber-gas chromatography analysis were conducted in 2016-2017 to study the effects of
deficit irrigation on CO,, N,0, and CH, emissions from soils of winter wheat fields and to optimize irrigation management measures in
the Guanzhong Plain of China. Three irrigation levels (full irrigation, 100% ; medium water deficit, 80% ; and severe water deficit,
60% ) were set during the three important growth periods of winter wheat (overwintering, jointing to heading, and heading to filling
periods) , with 6 distinct treatments (CK, T1, T2, T3, T4, TS, in which CK treatment is full irrigation, and others are water deficit
treatments ). The dynamic characteristics of the emission fluxes of the three greenhouse gases were described. Crop yield, long-term net
global warming potential (net GWP, ), and seasonal net global warming potential (net GWP,) were used to comprehensively evaluate
the influence of water deficit levels during different growth periods of wheat on economic and ecological issues in the Guanzhong Plain.
The results showed that the CO, and N,O emission fluxes increased, with the highest values for CK treatment. The CH, absorption
fluxes decreased rapidly with increased irrigation, there was even indication of CH, emissions during high irrigation treatment.
Compared to CK treatment, T1, T2, T3, T4, and T5 CO, emissions decreased significantly by 13.32% , 25.98% , 5.55%,
15.47% , and 17.52% (P <0.05); and N,O emissions decreased by 12.20% , 18.00% , 5.63% , 11.54% , and 13.53% (P <
0.05), respectively. The total CH, absorption significantly increased by 46.47% , 75.78% , 19.47% , 53.40% , and 62.33% (P <
0.05), respectively. Net GWP, for T1, T2, T3, T4, and TS treatments were significantly reduced by 10.07% , 12.77% , 6.50% ,
6.81% , and 11.53% (P <0.05), respectively, in comparison with CK treatment. In addition to T3 treatment, net GWP, of T1, T2,
T4, and T5 treatments decreased significantly by 13.21% , 37.65% , 24.60% , and 19.86% (P <0.05), respectively, compared
with CK. Wheat yield at T1, T2, T3, T4, and T5 treatments reduced significantly by 12.56% , 32.53% , 2.25% , 20.93% , and
18. 14% compared with CK treatment (P <0.05). Even though wheat yield under T3 treatment was reduced by 2. 25% compared with
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CK treatment, there was no significant difference (P >0.05). In addition, there were highly significant (P <0.01) positive partial

correlations between CO,, N,0, and CH, emission fluxes and soil WFPS. Therefore, deficient irrigation can significantly reduce

greenhouse gas emissions in wheat fields, but there are varying degrees of reduction. Considering both economic and ecological effects

of water deficit in different growth periods, T3 treatment is the most conducive to keep the balance between production yield, water

conservation, and emission reduction of winter wheat crops in the Guanzhong Plain.

Key words: deficit irrigation; winter wheat field; greenhouse gas( GHG) ; net global warming potential (NGWP) ; winter wheat yield
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Table 1  Different irrigation levels for winter wheat during 2016-2017
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K, Y REY &, kg-hm 2.
1.3.5  ZEA RO (net GWP)

U VS AR FH A Al i AN [ Ui 2 AR A Rk AR
AR, 4R 2R 38R AR A7) fr%; :
net GWP = GWPy,, - GWPy,. — GWP, . + GWP,,

(7)
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X', net GWP ﬂ?%%iﬁﬁ%&%, Ll Co, M
(kg-hm ?)KFIR, XY net GWP >0 i}, RILHEZE
SRBNIE, RZ AT, CWPy . GWPy FI GWP,
SHIILAT(8) ~ (10), GWP g I 5 A HL
T 78 A 114 1 L AN ( e e B 3 T 220086 )
GWPy,, = (B, + By + B,) x0.45 x 44/12(8)
K, CWP, MYEWIBR AR 3R, DL COo, HE
R, kg-hm %5 0. 45 JEA Yy a e A0 ik & = i
ML B 5 44712 2 C ALK CO, IR BT
CWPeuo, = Foo, + Foy, X 25 + Fyy x 298 (9)
L, GWPy e A I 3 B4R CO, . N0 5K
CH, i == S f9 380 %%, DL o, HEk &,
kg-hm ™, 7£ 100 4F (I [A] RUBE |, 90 i CH,
FIN, O 38 8 9 3450 531k CO, 1 25 F1 298 £
Ho, Foo, 2 HE b 5 95 0 W 31OBHE i 4,
kg+hm s Fen, h A3 CH, REHE &, kg hm ;
Fyo h H3EN,0 2FHERCE , kg+hm ™. o
WP, = > 1, xGr . (10)
T$(Nmmﬁﬁ$ﬁmﬁA%ﬁ%ﬁﬁﬁmﬁ
iy, A4 A 50 (HLRG ., FR 2 H/@’gm
yeap R L
C, AL By e ) A GO, T R
éﬁt ZISLiBAEE?@,Hﬁ PR R AR R
%Nﬁﬁﬁ ﬂmm%@%$ﬁ01K&%%m
d)ﬁm%ﬁ%%ﬁfgklwkgm'm P
(N)3.59 kg-kg™" 7 BEAE(P) 0.61 kg-kg™ "7,
i % SRR B (greenhouse gas intensity, GHGI)

PN P A P R X S AR R ), TR K
mr.
net GWP
GHGI = yield (11)

A, GHGIL i % AR EE, L CO, HEjit &1t
(kg-kg™ ); net GWP 4 4 BR 8 W W #,
(kg-hm %) ; yield A/NEZr= &, (kg-hm ™).
1.3.6 Hfiorbr

I3 FH SPSS 16. 0 H1 B J5 22 53 Hr ( ANOVA) Fil {fi
MR B UEATAC R, BN R 5 20 it AT
“Or [ BTIEAG, J 22 AR AE I A 2 ECR
Least-significant difference ( LSD ) ¥ 58 mi. >k H
OriginPro 8.5 Z:[A].

2 ZEREHHR

2.1 THYEBRANEE T AN R S ARHEBURAE
2.1.1 -+ COo, HERRE

ANTFEIAEIE A 38 CO, HEE & 7E /2 4 K%

h AAHM R B (E ), REEUTE, 5
T HERE SRS 2), ERAE I
PUOBUEAE. 38 CO, HEMGHE & /Y 3208 1 BL7E 200
d (), Db CK 4 B & & [ 188.66
mg-(m’*-h) '], T, T2 F1 T4 AbFEEE CK AL B4

210

—a—CK —o—TI] ——T2

CO HEME #it/mg: (m™ hy™!
g

0 30 60 90 120 150 180 210 240

—o— T3 —o— T4 ——T5
180 +

150 |,

120 | R\

COxHbE it /mg: (m h)™!
]

60 L
30
0 Lo L L L L L L L e
0 30 60 90 120 150 180 210 240
I AR BUd
1L NEEKSERELELE CO, HgEg
Fig. 1 Soil CO, flux under different treatments
during the whole wheat growing season
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=
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Fig. 2 Soil temperature and WFPS changes in wheat growing season



5 4 WRAE ., BRI A/ N AR R = S ARHER 52 2417
B EW/N 13.89% | 25.67% , 18.45% (P <0.05), B CK 3/ b1 7.41% . 2.73% F16.71% , 1B

T3 F1'TS Zb ¥4 CK Ab PRS0/ 4. 88% | 7.05% ,
ZRMAREE (P >0.05). A[E 40 H R H B E
AR A 225, CK, T3, T4 fI TS HHFAE9 d, TI
A1 T2 AbFEEA HERAE 20 d, YRIG(EIL N 126. 24 ~
139.57 mg+(m*-h) ~", AbHE[E] JC W FEME2ER (P >
0.05). 7E58 ~119 d(#4 M), 22413 CO, HEik
ahF e H M ARAS, 4 FFE 25.86 ~ 52.32
“HERE.

TR/, #5408 13 co, HERGE K
R R, A S BRI, 69 d (K

KW HEKJE, CK, T1 F1 T2 AbBE 43 CO, HEGE

E/J\m L PRTE 75 d, T3, T4 F1 TS LL.EJLT 73 d,
P CK Ab ¥ ¢ 55 [ 55.71 mg-(m*+h) ™' ], T1, T2
TS 4b B CK b F W W /N T 16.61% |
28.33% H1 16.06% (P <0.05), T3, T4 kb ¥ 5
CK AU /N T 2.19% | 6. 14% , T EHE % =
(P>0.05). 75 138 d (3% Z A0 w5,
TI. T2, T4 A1 TS Y76 141 d H B0 HE i N0
co, Hkﬁﬂzn;%ﬁ’%ujiiu 53.94 50,41 45.28 Fil
48,17 th- (i b 71, FLAL R I 5 %?(,P
>0.05) , ﬁﬁﬁl&"*{B'J @J CK F1 T3 LIEE’H%IFJ?&UJ\W%
fi. 5176 d(IBEZ ) HE )T ¢ éfﬁ{ségﬁiﬂj
ﬂe"wmu CO, HER/NEAA. e

ﬂf N2t BB Co, %iﬁﬁkﬁﬁu_gﬂnﬁ 2
JIR. ﬁ_él,ﬂ;ﬁ(ss <119 d) & /NEE 5 €O, T
PHE R B A% A B IRE 30T, LI CK Ak B B 5 [ 44. 69

mg+(m’+h)

WEMZES (P >0.05), FEEKS 7 A T2 F1
T5 +58 CO, “F-¥HEi & 73 %8¢ CK Ab B i 2 di />
T25.22% . 23.41% (P <0.05), HT2 5 T5 kb3
IR EEZR(P>0.05). REZHTTIM(120 ~
142 d), &AL3 1 CO, P X HE 0 = 46 15 K,
CK AbF 5 22 7 T HAl kb 38 [ 60. 21 mg- (m?+h) ~'],
T1, T2, T3, T4, T5 % CK AbFH 43 5 i # FEK T
25.63% . 41.89% . 17.97% . 23.92% . 38.50% ( P
<0.05); HI =MW (143 ~173 d), L5 CO,
HE i W B oA ok, L CK kb B O R [ 97.39
mg-(m>-h) '], 4 F T3 W CK &b E W T
5.68% , HESHEALE(P>0.05). B KE
TIKALEE T1L, T4 F1 TS5 H CK Ab PR3 51 g 35 8 />
18.52% . 20.26% F1 24.91% (P <0.05) ,,,EJE%J(
ARER T2 L FE 4K AE S CK L U /L 387 39% (P
<0.05), HAzpes K aba %Efﬁﬁ&ﬂlﬂﬁﬂ?
TEBEMERE AP <0.05). = fzﬂﬁ(m 4
198 d), TJE CO, F¥ ik & ik Bl Fok, }Eﬁﬁ%ﬁ(
CK Miﬂim[m 06tmg¥ (m*-h) ™' ], T1. oy T3,
T4 F1 TS Liﬂ & CK pﬂﬁ%%ﬂﬁ%ﬁ%& 13. 6% j}l
27.31% . 6.20%!, 18.80% #1l 8.87% (P <0. 05Y; d
?%é’ﬁiﬁ}i%&ﬁﬁ(l% 217 d), 14 CO, “FHHE &
lﬂ%ﬁ?ﬁ%, ST2 M T4 B CK AR RS T
15.59% . 23.77% F122.45% (P <0.05). A[akba
T, 2 /NAE A CO, HEGE s A& E BBk
By AR AR > HER 2 BN > T

mg- (m>-h) '], BREEAKA T EALEE T, T3 R T4 WL D] > BAHE] R B
F2 ZNEZELEFMRIFBESME(CO,. N,Of CH,) FHHHIBEE
Table 2 Mean values of greenhouse gas fluxes (CO,, N,O, and CH,) during winter wheat season
RN Jb 3 B A BEEYC R EME MREERER T 2
CK 91. 13a 44.69a 60.21a 97.39a 174. 06a 160. 81a
T1 83.63a 41.38a 44.78b 79.35b 150. 29¢ 135. 74cd
) 4 T2 74. 40b 33.42b 34.99¢ 64.87c 126. 52e 122. 58e
CO,/mg-(m” +h)
T3 89.73a 43.47a 49.39b 91. 86a 163.27b 148. 39ab
T4 84.25a 41. 69a 45.81b 77. 66b 142.21d 124.71de
T5 75.90b 34.23b 37.03c 73.13b 158. 62b 143. 42ab
CK 102. 84a 33.02a 38. 06a 53. 15a 65.55a 51.27a
T1 94.41a 28. 10ab 33.48ab 43.23b 55.92b 42. 88bc
_ T2 95.83a 24.23¢ 28.96b 38. 84c 47. 18¢ 38. 88c
N,0/ug- (m +h) !
T3 101. 03a 30. 24a 34. 34ab 51.11a 59.55b 45.94ab
T4 98. 74a 29.99a 34.09ab 43.82b 49. 24c¢ 39. 56¢
T5 94.35a 24. 94be 31.27b 44.15b 56.22h 46. 96ab
CK -20. 89a - 18.24a -24.12a -19.99a -18.97a -40. 69a
T1 -26.25a -27.59b -33.21b -34.79b -35.62c -53.82be
T2 -33.61b -32.76¢ -38.75¢ —-43.28¢ —-40. 56d -62.56d
CH,/mg-(m*-h) ~!
T3 -21.05a -25.61b -25.25a -22.52a -27.39b -48.26b
T4 -32.01b -25.83b -30.72b —-35.43b —-41.02d —-55.45¢
T5 -33.60b -33.03¢ -37.50c -37.12b -31.22he —-53. 04be
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2.1.2  HIENOHERURE

K3 &/ 2R E I IEN,0 M R 3h 2.
TN, O HEGE & RN A F RS, ZE&
R TE9 d(H]) , 25403 4 5N, O HEH ik
B G B I HERCHE B (A, DL T3 Ak PEHEGE

K [148.15 wg+(m’-h) 7' ], CK, T1, T2, T4

TS 5 T3 AR5 JI R T 8.44% . 11.81%
7.20% . 11.83% 1 6. 63% , ALF|A] TG B &1 2 H
(P>0.05); Bfijo +3ENOHE @ & T &= 64 d
FIHERAR A, F CK L T1, T2, T3, T4 F1T5 4b 3
4 3 N,O HE il = 4 B 3k F) 31,06, 20.69,
10.36, 16.39, 18.97 #123.28 pg-(m>-h) ~', 7
64 ~117 d, +HEN,OHEHE & — B E B /NERN
WeBh[10.36 ~38.95 pg-(m*-h) "' ]. 7E 124 ~
200 d(RTE BRI, HHEN,OHECE = 2% 12 3
hnaﬁcuﬁﬁﬁ_ﬂ%m H 211 dJ5, TN, ou&q&

SN T <k

A5 b 58 N, O HERE e 4/ 3 W K
FCRB IR, IS B R NG A, HEE K
PRLAFESIHEAK 1 €K b3 .
KIF, ﬁ%{%@{&tiﬂ CK. Tl T2 T3/ T4, Tsfm
AR IIFE 75 71 73 7573 A 73 dAh ﬁFﬁjL/]}ll.l}*
i, B CK AR [38.95 pe- (md ) Foh
AFER L CK ik LAy 53 T FE TS, 4% . 6. 03%

6730 {11, 419% F2072% , ﬂj“mmg izé_ﬁ(_P;’

160

—a—CK —o—T1 —a—T2

NoOHERGE fit/ug: (m*h)™!

160

120 |-n 8
j

100 | Bl 4

NoOHEHGHE Bt /pg- (m>h)™!

(J] 2’0 5’(] 8‘0 1 I] 0 1 11(] 1 :f(} .';[)(} 2‘3(}
IR R B d
B3 NEEKFERFLEN,OFTHHHMES
Fig. 3 Soil N,O fluxes under different treatments

during the whole wheat growing season

1 “69'd(f; %ﬂ)?@_:

0.05). 7E 138 d(#17 EHAEI) #EK S, AbHE T2
76 144 d FIALFR T3 | T4 | T5 7F 141 d HIRHERU NG
i, T2, T3, T4 1 TS 4bFEN,O HE i E & 2 51 H .
38.37 . 43.54  45.17 f140. 44 pg-(m*-h) ", HAb
FREI TR EFME2ZH (P >0.05), AR Wi CK A1
T1 AP HEHONEE. 7E 176 d (HliE = )
W, TP AREIAE 179 d WM E]/NE(E , DL CK 4b
PR [65.52 pg-(m*+h) 7' ], T1, T2 Al T4 &b B
3 CK b3 i 2 /N T 19.99% | 30.32% Fil
22.48% (P <0.05), T3 Fl TS Ab# L CK AbH />
T7.61% ,13.73% , HZSMHEAEE(P>0.05).

B8 ~57 d), AAbHE+3EN,OF- 4 HE il =
PE R EME2ZR (P >0.05); #AW (58 ~ 119
d), DAFESTHEME CK AbBE A 38 N,0 - 5 HE il i &
F9033.02 pge (m?+h) "' ], REEAKAN T BRAKEE TT
T3 A T4 HLALER CK 43BN T 14, 90%8, 212570
9.18% , {AJG etk 2E % (P >0.05), ifﬂ(
b B T2 S 1L cm Ak P 3 R N 26{62% 9Fﬂ
24.47% (P)<0.05)" " @ﬁwﬂ;ﬁuzoqu o,
CK mﬁi%"l\lm¥ﬂjﬂkﬁiﬁgﬁ38 06
b (m’+h YT T3 AT LB CK A3 A
T 12.03%/, 9 7% Fk 10.43% 1El£# iT_ﬁ%j
(P>0.08) ¢ 42 TS AbE . CK L}Eﬁ%ﬁ“ﬂi&?
23.91% FILAT. 84% (P <0.05) ; #17 ZAhEEN] (143
173 d), T3 AbFE I CK ALBIS/NT 3.84% , {HI
BEZEF(P>0.05), BE7/KAH T, T4 F1 TS
I CK 4b 3 43 0 2 2% 9 /D 18.66% | 17.55% Fil
16.93% (P <0.05), H A5 /K43 T2 AL FE CK
WL 26.92% (P <0.05) , B 5 KM E 5
KALFRE IR B EPE2E R (P <0.05) ; flifR =K
(174 ~198 d), T2, T4 LbH N B EFEKAL R, +
HEN,OF- g HE ik i o AR T H A AL B (P <0.05)
Ho CK b3 &g 220 30. 16% . 27.11% (P <0.05) ;
IR BN (199 ~217 d), Ab#E CK - 3EN,0F
Yot i, (HS T3, TS AbFRC B E MR (P
>0.05), T1, T2 Fl T4 ZbBE4 5t CK 4b P + 352
N,OF & HE i & 1 3 FE IR 16.36% . 24.17% H
22.84% (P <0.05). ARHE T, 4/NE+1EN,0
HenloE S EAAES AT BRI A W > iR E
TN > P BRI | BEIE 2 i > A |
2.1.3  +3E CH, HEERE

W 4 Fizs, AEACHEE L% CH, HERGE B 7E %
MEINE AR B R AL AR, BRATRRN,
HEEWBCHEE R, 280G CH, TRISGHE 5 L
CK AbFHiAR, T2 AbFiR &



B4 MEERKFARLE CH, HBEE

~ Fig. 4 g.of.l. CHy ifluxes under differént treatmem% { 5" g

-

durmg .!“he ‘whole wheat glowmg %easoq fl- _'

fﬁ\/ \igﬁi , 13 CH, %Ulﬁ(ﬁi RL/UZ

u&EﬁM b7k CGK ummmﬁrﬁwu m;'kéa\
Mﬁimfwlﬁﬁﬂ%ﬁ £ 69 d(ié‘%ﬁ)ﬁéﬂ(}:
%Mﬂj;,i%é CH ﬂlﬁtl&cﬁiL SRS L CK Absiy
f&[8. 92 mg-(m>-h) '], T1, T2, T4 I TS I CK
ALFR G E TN T 100. 34% | 224.96% . 141.71% Fll
162.94% (P < 0.05), T3 4b ¥4 CK kb FE 3 i
44.82% , TCREMEZER(P>0.05). 7£138 d(KHY
B WEK S, CK ORI T3 AbBRAE 114 d B H B
T CH, HECM %, HECE 20 10. 68
mg+(m’-h) "' H18.68 mg-(m’-h) '; ZJ5+HECH,
WG A B BAR R RIZL. 7E 176 d(Hh
MR WS, 2R HRIAE 179 d B I
2 CH, HE B4R AE |, DL CK &b P HE i & fiz 3 [ 16. 19

H HY IRy

®3 TELEEES

5 1] ez . o O EXT A /N AR R 2 AR HE R 9 3 2419
40 mg+(m’+h) '], Tl H CK AL BV /N T 22.72% (P
ol Ko >0.05), T2, T3, T4 FI TS AbFRAE CK 4b R . %5

Z 0 /NT 63.19% . 33.81% . 69.07% Hl 74.23% (P <
3 ol 0.05). M 200 d Z&/NE gk, 4 kbHE 13 CH, 1
i TN T IIEE)
w0l 0, AT (8 ~ 119 d), +3E CH, SFHIML
50 SRR IR AR (120 ~ 142 d) , Sk
70 | CK AL, AbFRT1, T2, T4 A1 TS 43 CH, P
20 50 w0 1o 10 170 200 230 i 55 B O 37.69% . 60.66% . 27.36% i
;‘3 [ et 55.47% (P > 0.05), kb B T3 %5 CK &b 3 3 fin
o 4.68% , (AW EMEZRS (P >0.05); #K7 E il
EE‘ ol 1143 ~173 d), FooMfoK, BEHUK | FREEBUK
10 g (AL 3R] + 1 CH, PS4 W i Y A7 M 22 7
gzg 3 (P<0.05), 57407k CK AL HEAA L, B 5K
- AREE L, T4 TS SN 74, 04% | T794% F
g0 85.69% (P <0.05) | T 75 /K 4b 1 T2 254
-70 116.51% (P <0:05) ; ?Ha?ﬁi{%ﬂ‘%ﬂ;ﬁ(m £198 d),
20 % w10 M0 1% 20 20 E{ﬂkﬁﬂi%& CH, P e CKe ifﬁﬁ%i‘
Hifi b I K e/ d

in, EAT2 A T4 SN B, Sl 3 113, 819 Fl
116.24% (P-< 0 '05)4 rééﬁi;ﬂwﬂ“&(w%ﬂn
d), -4 ety R ok, 11, T2, 13,4 %H:;
T5 b CK/ AZHE i —g B4 32.27% - 53, 75% §
18.60% { 36 7% F1 30! 25% (P <0.05). Tﬂﬁjﬁi
T, &/t ECH, iR s ETE ST B"Eﬁé
SO T A > R BRI T E
99, AR > I A,
2.2 THEBALET R S S ARHE

ANTF] 5 S AL FE A3 CO, FIN,OHERUE &5
HITE 3 655.96 ~ 4939. 14 kg-hm > f12627.36 ~
3204.27 g-hm > 3 [l N A2 fk, CH, WUl & & 7F
1187.22 ~2086.92 g-hm *[A] 28 fL (% 3), KI A
INFE MBI+ HE CO, FIN,ORHERLIR, & CH, AYTL.
AP CK, T1 A1 T2 (1] 4 58 5 SAHE R (W) &
HHBENELER(P<0.05), £ 7 EEEMAE D
FEA/NZZ 2 138 CO, FIN,OHEk &=, ¥4 CH, W
Wkt

FHR R ERIGREE

Table 3 Amount of GHGs emissions and net GWP under different irrigation treatment

T2 SR KRIFAKFRL RIS FF TEAFFRLANAE AT

Ab ¥ Co, N,O0 CH, net GWP, GHGI net GWPg GHGI
/kg+hm ~2 /g+-hm 2 /g+-hm 2 /kg-hm 2 /kg+kg 2 /kg+hm ~2 /kg-kg 2
CK 4939. 14a 3204.27a -1187.22a -4268.63¢ -0. 688ab 16 462. 66a 2. 650ab
Tl 4281.05¢ 2813. 43¢ —-1738.87c —3838.95ab —0.709ab 14 288. 41b 2. 630ab

v 3 655. 96e 2627.36d -2 086.92¢ -3723.38a -0.892¢ 10 264. 40¢ 2. 446¢

T3 4 664. 78b 3023.82b —1418.43b -3991.33b -0. 660a 16 305.97a 2.685a
T4 4175. 19¢d 2 834. 66¢ -1821.18cd -3977.74b -0.812be 12 413. 67b 2.526bc
T5 4073.92d 2770. 68¢ -1927.19d —-3776. 66ab -0.747ab 13 193. 40b 2.592ab
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AN B AL B CO, HEMURFILA .CK > T3
>TI >T4 >T5 >T2. Hr, CK Fl T3 ZbBEHE = B
e THABATE (P <0.05), H =% ZH{E7E %
PER(P<0.05). 5 CK M, TI, T2, T4 #1 TS
A BN HE R A > T 13.32% | 25.98%
15.47% M 17.52% . 4=Z=N,0HE E%%I)ub CK
>T3>T4>TI >T5>T2, % T1, T4, T5 X 3 b
PHIA]JC i E M2 5 (P >0.05) &1, Hoftn4b 38 8] 25 35
FBEMEE T (P <0.05). X T4 H 3 kA
CH, Wy, KBRS MM K, H8EXT CH,
(AW G FE /D, AN [R5 SR R AL 3 CH, AR A i
TR T2>T4>T1 >T5 >T3 > CK.
2.3 FHEBAAIET net GWP & GHGI

AR SCHE L 3 AR I i R T A A3 Sl 2 2R AR
(net GWP,) K ZERL R (net GWP, ), 4 ZERL N A
K CWP o A E Y 2 E W i Ak NPP Byt , K
TERY I S PR | AR IR ALK S I CO,
LA KA R EA TR /N A AR [ e EMKKIEJ
£ BE VRN AN = KA B 45

I 3 T/ THRL /N2 Ak PR e i 5& %_:‘

ﬁLfﬂnet GWPf<Q Iﬁ'ﬂf %fﬁﬂf%ﬁtﬁ

e, /J\ii&;%(%%ﬂzl:mﬁkﬁﬂzﬁ EEP CKU&
ﬁkﬁﬁtﬁ%x%ﬂﬁ@f“m’é%mk T ¢ T2 (T4
ATTS b BLAG C Ak B v /m«**%%a\ﬁj?ﬁk?

10.07%". 1277%\650%\681%$ﬂ11 53%, % r

SR &P <0 05). T2, T4 4b 3 CHGI s %@
U g o 7 i AR B X AR IR B R Bk, CK
LR TL, T3, TS AbHE = SRR E GHGL o 3%
PEZESR (P >0.05) 5 T3 /INAZ A B 15 IR AL
135 R AEFEAY net GWP >0, 8B 7E 24 Z 5500 45 bk
VEMR, /N MR IR % SR MTE. B CK b3, =
b PR R P A AT 9D, DL T2 D IR O
FAIK T 37.65% , T3 AbBHE) CK AbH G i 3 M 25
(P>0.05). T3 4b¥ GHGI #¢f, {H5 CK, T1, TS
MHTE R E 22 R (P >0.05), T2, T4 4B GHGI
A, 5 CK AL, J3 IR T 7.70% | 4. 68%.
2.4 SEEBAE T &N i R AR K o AL
XA (WUE)

Nz P BOK RIS DL 5. /N2 P LA
AEBR CK f¢ir, 6210 kg-hm ™, AbFH T1, T2, T4 Al
TS Z/NAZ P-4y il L AR BE CK i 5 FRAIR T 12, 56%
32.53% . 20.93% F118.15% (P <0.05) , {E#& 5%
FEK AP0 | H5T 2 A A A it e 2 0 ) 53 ) S
it 78S E K SR B K 435 Rk AR EE T3 5 CK AbEE/N
FEELXRENZER(P>0.05). REFEY, 7
RS AN R FE Hb S AR 7 i, 4070 2 Hh R 1)

IRXITVERIFFRL P S s e K, HAR Rt 2= v S 40
A | FEETIIRE A P i AN ) PRI N T
IS A LR T, At X 7K 4375 R AN A%
IR BRI K oy 7 B, AN X /NG Fo it e A I 3 bk
M. ARG, 4B T3 3R15 5K WUE, H.Eb CK
AEBR R E AR T 10.92% (P <0.05).

8000 3.0
Pk 772 WUE
7000 | L7 ~
a -
6000 | (17 b 1 e g
“ 3 ¢ 25 %
5000 =
5 g hom ]
; 4000 | a %
L ab 7 =
#3000 he /Z be be {20 E
2000 | 75 | =
20 9 1| Ol il bl £
1000 |- / %
0 2 A 1.5
CK Tl T2 T3 T4 Ts
AL

BS FRAETEMEFRRASHANE -

Fig. 5 Crop yleld and water use efficiency of wmte-l;,
4

“ wheat under different treatments F ";-

2.5 R/J %iﬂz/ﬁfi mﬁiﬂlﬁﬁﬁz 'ﬁiiﬁﬂ(éﬁn/mr“lﬁl
3 ﬁlﬂmﬁi( co2 JN o%n CH,) OHEGE 'j*ii;&ﬂf‘
~10 e BTREEFN WEPS (956 2 1115 4 Fiz.
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