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TR WL A5 W) 5L AN 0 KRR
SEAfER, KRN R Y. AR RS E
TR, HAITIRE R, AN A KR R
R LE B0 e, AR AR AT T AN
BUBBUROK(E®, W38 TR, 80 T M3
BRI R R A RS, FURPTRIL, R T LS
S S T PR B T 4
S 2 R UGS W S AE X 5%, o T IR
% 5 SRR L B IR, TSRO
RN PR TR . 5T MR A
[y 7 AR 67, RO RO B BB, 7 BEFAEE 0.5% ~
45.5% 3 FLIIRIEIE S5O0 R A EHIE . SR T
T HHBIR AN B S, 3 TR 2,
FEERRE 129012, BT AHIR AN T B
b RTINS R
B TR LA BB, XA TR A IRIX
HHEIL IR T 2, S RAEHR IR AN R BTG,
LSRR P96 A S5 BUR 2, BT AE KR4 2 B K
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SN AT R AR N K, AU



% 6 W

Mo TR SR ORI PERHE T &N R B 5 R 81

ARBE 5304 E W4 AR e Re b, SR . 1S
B PP EIE R BE 2 TR/ N R H & &
HAR4L, B H F S ANE R . A O RRARIR X A
INFERFRLER (5 S B R W AT IE H 2R 2 B ek,
KRB T I 4 0 /N R A A RO AR A Y
) R 2 At A A B, L R B R SRR AR B R S R R
M e 21 B A o Benzian 25U i %o [ s b 45 SR AT
SN, RIVNENFRLE A& 2SS AR K
%o Spiertz 2RI F 7 #AR 56 AR = 48 95 05 S 7T R B
T ] #A 38 CRESC AT FAREAT AL 2R ) AT DL 3 520
INFEFFRLER AR & & . IR R ZHE P E = N
5%, I B 32 T FURE T E] P B3 T AN R RL B T
FEIR, B AT BING IR R ARG . R,
T B A1 OB GRS SR 0 4 /N2 R R B 1 07 B0 A
AR R IR 9 A2 A b B

PRIFPERHE (bt 2 BN R X T2 A8 H 1
—FEHER . SEMBHEMLL, G ERELY =S
b 37K 3 I Eh AR HE A /N S R A S R
() B S FT ORI 0 R I, G bE /N 22 T I i 2 ] i P 2R
A TR, D0 W 1 97 I S
UL G B RR T H R AT DA i & /N PR AR
G, HAREREZEKTFPL, S5EMBHEMLL, BT
FPRLER (& B ] BERT R S e, JEH, B AT
TR B Z SAFEAR R A E A BT 2N R E . B E
MEAR S B B, KPFFE D ENE T
P XA R R T SRS, B R s A R E AL
A E IR N RL R i S R, RS E
ARBRAT A& /NEEFF R B 7 B (M R I SR R AR

1 MR5RE

1.1 IR RSIEREG

] 36 7 v [ s 2 e o i 4 5 i e (36°40'~
37°12' N, 116°22'~116°45'7 E, ##k 23.4 m) 47, J&
T ET52A0%. 19852016 R4 PSR fF K&
4 13.1 CHI 561 mm, 70%HIFEMEREL6 H—9 H,
FEIFAEWN 180~230 do MEIEDR LT 5 E E AR
BAEME N ZE—E B ARGERE LA AV T 5 K&
AR I S TS GOM I R Y AE 10 s T E R T R AH R
FEF PP TAE
1.2 X3t

ISR R DRI v, 8 iR e 0 45 R R AR
HABHNHER. LG (No Tillage, NT) FE U HHE
(Conventional Tillage, CT) 3t 2 MHHEAFE A FEHE,
FOE R R AL O EIREL . E 12 > 2 mx2 m BT R
e, B4 MeEEE 3 IR

4 MAEFE RN A g IR (No-Tillage Warmed,
NTW) ; B: ### i (No-Tillage Unwarmed, NTN) ;
C: HHHHERIR (Conventional Tillage Warmed, CTW) ;
D: & M #HE 5 I5.(Conventional Tillage Unwarmed, CTN),
Horh CTN HI NTN {E 0T HEAH . G ab 3 4 o E TS
&, FURAERRANIN X TR S AR AL B

Ao W RBHEA AR AL R N AT AT BB, IREL
N 15 eme FBHE L IRAFETCR AT E o, (EYIREFT 40
Bk, SHHET BN LBA B R, BFRRETH MY
BEFENN 492 kg/hm? e IRIGH TR, LI, A
77 VEWRSE FH ) B 5 P SR R g — B, MRAR I
—HME, JHAETTE BB AR Z BRI R, ERKFENRZ
G F LR HER I . RIS RN 22, 2017—
2019 FFEA /N FEFP AR WA 1.

&1 20172019 EAELIE T LN EBMFUBIRER
Table 1 Sowing and harvesting dates of winter wheat under
different treatments from 2017 to 2019
posii] A0 H 1] Sowing date i3k H # Harvesting date

Treatments 5017 2018 2019 2017 2018 2019
CTN 2016-10-122017-10-21 2018-10-15 2017-06-06 2018-06-05 2019-06-11
CTW  2016-10-122017-10-21 2018-10-15 2017-06-05 2018-05-29 2018-05-30
NTN 2016-10-122017-10-21 2018-10-15 2017-06-08 2018-06-05 2019-06-11
NTW  2016-10-122017-10-21 2018-10-15 2017-06-07 2018-06-05 2019-06-08

H: CTN JyH MAHER AL, CTW NH IBHER IRALE, NTN J5%dhs
WALEE, NTW ARfHgiRsLEE, TFE.

Note: CTN is conventional tillage unwarmed treatment, CTW is conventional
tillage warmed treatment; NTN is no-tillage unwarmed treatment, NTW is no-till
warmed treatment. The same below.

B 77 AR A RN U R, R E R
MSR-2420 £T 715 #% (ralglo Electronics Ine, Bethlehem,
PA, USA) SRAELSEARRE . 1258 B il 40 4ME i) kiR
e AR IR, A KN 165 emx15 em, &
T I#m /N IE BT 3 m &b, &K 24 h RREn#t, 1
T L& IR R OB ARFF AN, ZLAM A ES 11 2 S o
HZN 92 Wim?, X b 2R S R e e . A AMEIR S B R
FEAAT AT R VR K R] R FIF PT 100 #4 e {8
1 FDS 100 1£/8%%% (Unism Technologies Incorporated,
Beijing, China) Ml 5 cm PREEM HIE AR 0~10 cm
LS K AR e JR R R A (SC2000 Therma
CAM, Flir Systems, Danderyd, Sweden) %€, J¢F-ill
SEMIVEANE B STHR[7]. AEARXS N IANSE IR N IX, 4Rk
AN IR B — BN SRR IR, IR BT R
R R B RE 7K I 22 57
1.3 iEtrSNE

I IHAFESL (LAD : FHRTFISER AT
KK (L, em) FIECKTERE (W, em) o HETIFATEEL (LAL
m*/m*) FF R AR5

LA=0.77-L-W (1
TLA =2 ,(0.77-L,-W,) (2)
LAI=ATLA-D (3)

A LA AR, m®; TLA NEFRRAEY) ST,
m’; ATLA PR SR, m?’s o NEREY
ok R B, D ONFE SR, FRm?s
KNERE A EHERN E: FHEE S
YE A% (LI-6400XT, LI Cor, Lincoln, NE, USA) A
% W FAL R T N B A R AT E . AEF
WK s A/ AR E BRI MR T 2R, 75 50%
PR R I8 I AH R 1) 2 K B B AT 10 5% . b B AR
B E: ERA/NX AREHLE 20 #k/DNZE, KN H
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AR BT REE . AR =, ARG RS 70 C
T 48 h BIEFA R, MHNMAEYEHITHRE. &
NI BN EES . AN, BRI, TR &
Vs N THEMIRS . mEEd AN 1 mxI m
NN (RBRRFERRN, %MD =ik
3o SBTIE - H BRI /N 22 6 R IE I KT
G AT R E . RA CN Ju&R 2 #HriC (LECO
Truspec CN, Cebas-Csic, Spain) MlE&/NEZE . i,
Hhf R EGE. FREARSE (gke) @il FHR &
HEx5.7 15 (GB 5009.5—2016) ; AW HIZEH& &
R E (kg/hm®) il 2B R & B TR k&5
ERBERERERE (kg/hm®) Bl TP ZE R E MR
REWERANE RN RE I E EH AR TR S 2
HERREHEGRAIAH AR ERBZEN A A K
KON AR AE M. BT RE. o E A
4 RS FE AL B 0 7 B 2508 N TR) 8 B R 2017—2019 4F5
ZNE R B WRDE G HR AHRA R A RS2
P5 M 2019 £,
1.4 BB

XA FE AL EE R I %dE, KA Microsoft Excel 2019 #
AT AL FE . FIFH IBM SPSS Statistics 25 Ziit#ifF, %
FARUR 2R Z i AR BB E « IR DL S < IR B A A%
Mg, R ¢ A3 Ml B &Y. I IBM SPSS
Amos 26 AT S5 R T7 FERL

2 HBRESH

2.1 AEHSRS5EEMR

2017—2019 AFiR50Hh Y B s AR B L 1, £
Pk B TFE GG 100 m (9N TG0 . 458K, 2019
4 (10.73 C) /32 (2018 4F 10 H—2019 4= 6 HHf))
HF-E)<R T 2017 4 (9.78 °C) A12018 4E (9.46 C)
INFEZE, 2018 4 (450.1 mm) /NEZ[FKEHEZ T 2017
£ (169.9 mm) 12019 4E (115.7 mm) /hEZE,

—_— B A tamneratipe  meeeeeees

Sl Air temperature [#7K Precipitation

40 - 20174/ F 2 20184 /N EZE 20194E/N 2 4250

Wheat season in 2017 Wheat season in 2018 Wheat season in 2019
v

p 30 | i | 1200 E
E | 3
£ 2
e ol 1150 &
i & 15}
52 =
-8 10F =
T g {100 &
g i}
z 0r %
g 450 “%

-10 . . - . ,

H 4 P R 1 0

A0 A1 16 o0 '_z- ','&s a1

2016 A V10 2 Hov1-0% A g0 0 e 2 JNCTY 0 01908 7
H 1] Date

B 1 2017—2019 F £ 5K B EKEAR B PR

Fig.1 Daily precipitation and mean daily air temperature of test
site in wheat season from 2017 to 2019

R LLANIN AR B IR HOR CAE Z A/ AT 7T il

e, AHIE T B BECR A (92 WMD) . A
IR AR W 2. NT F1 CT 4B E BT Z 1 5 cm &
Ak H S IR B Ay e T 1.09 F1 1.60°C . KT H
KAL) ()35 F iR B, CT AbEE N LR A T
(1.51 f11.68 'C) , =T NT4:# (0.73 f11.34 C) .
PRARERVE SRR, B0 e 2 i B PR sz e 2 A E 1Y), B
FTARZARNESGREZLm, HIiEFYEZRER
INTFRNE], A E IR T 1.62 °C, Hial#EF 0.95 C.
TEAN[F BRI B 2 (], GR35 KR AN A 3 5
Wi, A8 0~ 10 cm ¥R 1) B E /KR T 3.84 NH AT AL,
HENT FHBD T 1.87 NE A

R2 BETAEHMELENTRMEREETLE
Table 2 Soil and canopy temperature variation values for
different tillage treatments under warming
545 Index NT CT
F3) 50 B
Diurnal mean soil temperature /'C
H a3 iR
Daytime mean soil temperature /'C
8] gl
Nighttime mean soil temperature /C
e LI
Maximum soil temperature /°C
b 31z 103
Minimum soil temperature /°C
H 1) 147 ek 22
Daytime mean canopy temperature /C
TR 1535 e S UL P
Nighttime mean canopy temperature /C
TIEARBE K
Soil volume moisture percentage points
TE: RPPTE I P<0.05, WSFRMD . NT A%, CT AHHHHE.
Note: P<0.05 for all data in the table, and the minus sign indicates a decrease.
NT means no tillage, and CT means conventional tillage.

1.09+0.14 1.60 +0.30

0.73+0.17 1.51+0.19
1.34+0.11 1.68 +0.20
1.46 £0.23 1.01 +0.14
1.66 +0.23 1.50+0.19
0.95+0.19
1.62+0.13

-1.87 -3.84

ARFFWEI T 2017—2019 £EBEIE N AS FEHEAE AL PR 1K)
TP A KRR, SR NAER 3. BER A
2017—2019 4F CT ALEE 5 em IR T35 385 5 43 3 42
F+7T 1.87.1.81.1.99 C; NT 4FE4r BT+ T 1.45. 1.58.
1.37 ‘C. 2017—2019 “E3IR A CT F1 NT Ab#E T35 7K
R, 20172019 3G CT 4FE 0~10 cm FRJZ
TIEE KR RHIBECT 2.27. 1.80. 1.67 NEIF S, NT
AEFR M HIBRAR T 1.404 1.804 1.60 AN 20 . (HASVER Y
f&, IR NTN A#AKT CTN AL, NTW KT
CTW #bFH, 385 /KE NTN 4# & T CTN A3, NTW
LAhHR T CTW AbHE,

®3 20172019 FARLE T FHLIRBEEMIIREAE
Table 3 Average soil temperature and soil moisture content under
different treatments from 2017 to 2019

hes o3 LIEAHIIE KR
Soil temperature/C Soil volume moisture content/%
Treatments

2017 2018 2019 2017 2018 2019
CTN 13.46 14.36 13.44 17.97 17.90 17.47
CTW 1533 16.17 15.43 15.70 16.10 15.80
NTN 12.87 14.11 12.88 18.70 18.60 18.30
NTW 14.32 15.69 14.25 17.30 16.80 16.70
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2.2 FREMETFEEMN S NEREKEL FIRFHNF
2.2.1 rtmARigsH
AN TR AEAE AR BE T 5 i 0 24/ 22 % A 0 T AR 4R
B R WK 4.2017—2019 4% AL PR R B IR % & /N3
T AR AR RO AR R, AT AE A B e KA, B
Ja T AR ECR B HERIRTE T 2017—2019 4 CT &b
B /NZE IR T — I A I AR 16 50, FEAR T Sy - i
FUEH. BRI T 2017—2019 4 NT ALHURE — ik
A EAFE R, CT ALFEA NT Ab B3GR T 1 AR 45
K AE 3R 5 )48 W A o R
&4 20172019 FREMELE TR & NEH EREH
e
Table 4 Effects of warming on Leaf Area Index (LAI) of winter
wheat under different tillage treatments from 2017 to 2019

(m’-m?)
R e ] P THEM 1
Vear Treatments Regre‘enmg Jom‘tmg Anthe51s Matgrlty
period period period period
CTIN 0.20+0.03b 1.86+0.02c  2.64+0.06b 1.80+0.03a
2017 CTW 0.53+0.03a 2.32+0.04a  2.86+0.04a 1.63+0.03b
NTN 0.16+0.04b 1.60+0.04d  1.48+0.05¢ 0.92+0.05d
NTW 0.52+0.04a 2.15+0.02b  2.66+0.02b 1.17+0.10c
CTN 0.19+0.14¢ 1.87+0.05b  2.60+0.59b 1.79+0.06a
2018 CTW 0.69+0.05a 2.17+0.13a  2.91+0.02a 1.64+0.03b
NTN 0.16+0.02¢ 1.27+0.10c  1.66+0.07c 0.93+0.06d
NTW 0.49+0.03b 2.23+0.07a  2.69+£0.05b 1.21+0.07¢
CTN 0.27+0.02b 1.88+0.06b  2.66+0.06b 1.78+0.05a
2019 CTW 0.48+0.03a 2.39+0.09a  2.99+0.07a 1.66+0.02b
NTN 0.16+0.02¢ 1.51+0.06c  1.54+0.07c 0.95+0.08d
NTW 0.46+0.02a 2.26+0.10a  2.74+0.07b 1.23+0.08c

E: RIPBFEARNE FRFRARZER LB, P<0.05. £ 6. 9. 10,
12 .

Note: Different lowercase letters in the same column in the same year indicate
significant differences between groups, P<0.05. Table 6, 9, 10, 12 are the same.

ANV B 3R BEAE A B RR B X & /N 22 A8 A T
HUBE =R RNV AT IR 45 LR 5. S5 R, ®4EF
SRR A A 3 Rk B 0T 2% /N 52 i T AR R H ) RN B
WERE X (P<0.001) o BRIRFIAIN, B b 2 5 B
XPA/NETBERNZ LA NEEERE X
(P<0.001) .

2.2.2 BERELL®RE

AN TR B A 2R 386308 5 4 /N 22 B R 1ol A i 2R T
W 6. ZERFW: B CT ALBEIFAEIASL, HhIE 15 5 251
T &NERARIFEEER (P<0.05) . HEIE T CT 47
K/NFIRF AR oM, ML T RAR T T4
2.02 umol/(m’-s); NT ALFEFFAE MR TR A &, M T
SHRLHIR T T2 3.16 umol/(m*s).

I FH &5 74 77 FEAR T 4R A /N2 AE AN R AL B R IR
HTARAE R BER GG Gl R 2 M 3SR,
A VEN S TR bR Z B A OGPE, SRGEAS R E AL 2
AN R KT R — S 2 B S T B R, AT 4 )
AN [ Kb 38T I K /NS A IR AR R B o AR 2 S AL
x 7, GRERY, WGE T A&/NEEER AR TR EOE i, i
TR R G G R e T, ER AT A /N AL A
RAABEEEER . BENE (RE-SLAISEEE)

i T AR 4 Dl T 26 1) B A2 R B K TR B e s e
SRR R HHBHERF T, BE X
KNEFER A E FHRCRAEIR G W T BN B
(AU N 12 R BB N: 0.15—0.87; 0.22—0.64)
Fu A AL EL RO T B B A v A R SOR 1 R
(B 2B N 0.12—0.92; 0.22—0.83) &

RS 20172019 FARE BEHAHMELIEMBE X &/ NEMHE
BB TR EI L T
Table 5 Intersubject effect test of tillage treatments and
temperature on winter wheat LAI in different growth period from

2017 to 2019
AR G E
wy Ot FlE Pl
Period i(;?ir;?;;f S8 df MS F value P value
BHE 0.070 1 0070  19.534 <0.001
B B 1.731 1 1.731  482.638  <0.001
Regreening  FHExIRE 0.001 1 0.001 0.291 0.592
period e 0201 56 0.004
R 9.800 60
BHE 0.893 1 0893  66.498 <0.001
. vyH FEF
B h i Mz 5.186 1 5186 386.176 <0.001
Jointing  HHEXEE 0403 1 0403  30.041 <0.001
period e 0752 56 0013
BAR R 237417 60
ik 6.286 1 6286 990.751  <0.001
vE
TEER % 7.590 1 7590 1196341  <0.001
Anthesis  FHE<RE 2748 1 2748 433108  <0.001
period e 0355 56 0.006
A 337913 60
HHE 6.396 1 639 1494.092 <0.001
e B 0.052 1 0052  12.197 <0.001
Maturity — #HHEEE  0.643 1 0643 150138  <0.001
period e 0240 56  0.004
R 123.730 60

. E£rh SS. df. MS 4l NI M, B, #J5: R 11, 13,
14 [A.

Note: SS, df, and MS in the table are class III sum of squares, degrees of
freedom, and mean square, respectively. Table 11, 13, 14 are the same.

Fz6 2019 EARHMELIE RN Z /NN E L EERERDN
A
Table 6 Effects of warming on group net photosynthetic rate of

winter wheat under different tillage treatments in 2019
(umol-m?-s™)

g3 R T TrAEH] R
Regreening Jointing Anthesis Maturity
Treatments . . . -
period period period period
CTN 0.31+0.01c 2.284+0.09¢ 3.434+0.11bc 4.01+0.08d
CTW 2.33+0.28b 3.09+0.37b 3.3940.66ab 5.41+0.09a
NTN 0.46+0.06c  2.39+0.14c 1.63+0.06¢ 4.38+0.86¢
NTW 2.74+0.01a 5.11£0.09a 4.79+0.97a 4.76+0.13b

2.2.3 AFHTK

ANRIFHE AR BE T BT 4 /N2 A2 I s m WLk 8.
SRR, W N AN K T B ARAR B S A 2k
B, K TEANEEFRAKNER K. HEAE T4
INEFEE AT, R E ROV, IR T
CT AbFHRAT T 16~29 d; NT ALFHET T 11~34 d. H
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BV B R, WIE N A /NE CT AR B &4 & LR
RECEL NT b FE T %,

#7 HEEMHEXWTEE. LAL BRSLERE=5EE
Table 7 Interrelationships among temperature, LAI, and group
net photosynthetic rate under the influence of warming and tillage
A% B SRR 5 22 L)

Path coefficient/Proportion of variance explained

LAIBEKG REBEAIE  fom s

sl i 34

ST 2R L
Treatments Period IfE—LAI St ik Model
Temperature LAI— Group ~ Temperature parameters
L LAI net — Group net
photosynthetic ~ photosynthetic
rate rate
BRHEW 0.89/82% 0.80/57% 0.15/57%
2
W 09096%  0.59/76% 022/76%  X/dE3.21
CTN P=0.01
FIEH 0.78/61% 0.40/61% 0.55/61%  RMSEA=0.46
B 0.89/79% 1.36/92% 0.48/92%
BHEW 0.91/82% 0.84/57% 0.87/57%
2
WA 09896%  0.78/76% 064/76% X /dE3.224

CTW P=0.02

FFEH 0.79/61% 0.48/61% 0.54/61%  RMSEA=0.49
B 0.87/79% 0.92/92% 0.44/92%

BIEFH 0.76/82% 0.82/57% 0.12/57%

R 0.68/96%  0.78/76% 02276%  X1df=336

NTN P=0.04

FFEH 0.58/61% 0.48/61% 0.37/61%  RMSEA=0.49
B 0.89/79% 0.92/92% 0.43/92%

BIFH 0.94/82% 0.84/57% 0.92/57%

R 089/96%  0.78/76% 083/76%  X/4E=328

NTW P=0.03
FHERE  0.78/61% 0.48/61% 0.55/61%  RMSEA=0.51

R 097/79%  0.92/92% 0.48/92%
TE: R e B R TT B L, RMSEA RIEIRZEH 7 .
Note: y2/df is the model chi-squared degrees of freedom ratio;, RMSEA is the
root mean squared error of approximation.

&8 TRIMMELIETIEEN &/ NEE BN
Table 8 Effects of warming on the growth period of winter wheat
under different tillage treatments

A2 W2 s H 1 Start date of growth period

o LR mwm WM OJHEM
Regreening Jointing Anthesis Maturity

period period period period
CTN 2017-03-07  2017-04-05  2017-05-01  2017-06-06

2017 CTW 2017-02-17  2017-03-28  2017-04-22  2017-05-31
NTN 2017-03-07  2017-04-08  2017-05-04  2017-06-08
NTW 2017-02-17  2017-04-02  2017-05-02  2017-06-07

CIN 2018-03-04  2018-03-31  2018-04-30  2018-06-05
2018 CTW 2018-02-16  2018-03-21  2018-04-22  2018-05-29
NTN 2018-03-04  2018-04-05 2018-05-02  2018-06-05
NTW 2018-02-21 2018-04-01  2018-05-01  2018-06-04

CTN 2019-03-03  2019-04-04  2019-05-04  2019-06-11
2019 CTW 2019-02-02  2019-03-12  2019-04-19  2019-05-30
NTN 2019-03-03  2019-04-05 2019-05-04  2019-06-11
NTW 2019-01-28  2019-03-24  2019-04-27  2019-06-08

2.3 ARHELE TR L NEH EBFRE, HE
EMHARRNR, BBEURINITFR SRR

AN TFRAE AR B 38 G A /NS Rl B3 o 1 R
W 9, FEREN], [ 2017 4E CT &FEAL, HAAFTR
WIS A/ N EEF s n, 7E 2018 £l 2019 4F
AN NT AbBLA B R /K (P<0.05)

®9 20172019 FAEMIELIE TR &N EHth EEF IR
=10 )
Table 9 Effects of warming on aboveground dry mass of winter
wheat under different tillage treatments from 2017 to 2019 kg

Ab 3 Treatments 2017 2018 2019
CTN 1.55+0.08a 0.97+0.05a 1.24+0.06ab
CTW 1.47+0.07a 1.01+0.05a 1.32+0.66a
NTN 1.10+0.06b 0.74+0.37b 0.84+0.04¢
NTW 1.13+£0.57b 0.96+0.05a 1.174+0.06b

AR HEVE AL BN SIS 2 N2 T AR I 25
REMRE., WEENRARFKIZELHILE 10, 4505%
1, $5iR T &N IHE M R R R BT T 20.17%
(CT) .+ 9921% (NT) : IR FA&/NZ M2 #
HREWRTE T 10.19% (CT) \ 24.87% (NT) ; T
KNZGETRREBERTT T 24.62% (CT) .
134.21% (NT) 5 3G F A /N2 28R EFPRL I Tk
T T 2.43% (CT) « 46.10% (NT) .

F10 2019 FREAIER S NERR M RIPPRFAREH I
Table 10 Effects of different treatments on nitrogen metabolism
and contribution to seeds of winter wheat in 2019

THEZEM R RAEMR fEEZEH AR

Ay FRRE i S EFRL ) B
Nitrogen Nitrogen Nitrogen A
pused accumulation accumulation transport amount R

Contribution
rate to grain
/%

Treatments amount in stems amount in stems  in stems and
and leaves at and leaves at leaves after
anthesis period maturity period anthesis period

/(kg-hm™) /(kg-hm™) /(kg-hm™)
CTN 108.014£2.19b  33.37£1.51b  74.65:0.68c  70.64+0.64b
CTW 129.80+1.14a  36.77+1.24a  93.03x0.11a  72.36:0.08b
NTN 54.39+2.20c 17.41£1.62d  36.98+0.63d  51.19+0.88¢
NTW 108.35+2.09b  21.74£0.39c  86.61+1.70b  74.79+1.47a

FEVE RO X & /N2 A I 2R R R e B & R FF L
DTHRZE I AR MR IS5 R AR 11, G5 R T, BHE
Ao BRI B 0T 4 /N G2 A Jm 25 I G 3R RS B DL RO RN
BT R R RS W 3 RN RN A R N A R R Y
(P<0.001) &

2.4 AERHELEBTEEXNZNETE. FFEMMFTT
NERRSEMFMN

ANFEBHE B N /N e R PR K
LR S B WL 12, 45 SRR B NT A3 5 18 77,
CT AbFEIGIE I AR (3a bR 1a b, 2al&) ;
BEH NT P8 T CT. CT AR 2017, 2018
SEHIR A NE PSR R % 2.14%. 4.62%, 2019 381
7.05% . NT Kb3 R E & /NE 7= &0 5T 5.54%
(2017) . 34.44% (2018) . 42.25% (2019) . HET
CT I NT A RUMEEED, B 2017 4 CT 1A% 2%
K (P<0.05) o 32 PRI 7 2017 F1 2019 4 NT 4
INEANZNFEEL (P<0.05) , #&T 2017, 2018 4 CT
AR FEANZ/NREEL, (AR TA R B /K. 1R R 2018 4E CT
KINEFERIBUR FEPRG (P<0.05) , HAhEFEG S HHELTE
N HYR AR XS AN RN AR R . 2019 3G
™ CT A NT B TR &3 EFF, FEAE CT kb3 Nk E
B HADTEN BBHE AL N IR I AR X &N T
L A R R,
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W IR A /N RL B RS B R M (P<0.05),
ZER LK 12, 2017—2019 £ 2 [H] ()22 75N, 8T
KNFFFRLE AR BRI 3 a “FIIETHE 14.28%
(CT) + 17.39% (NT) o {0t prfe X4 -8 T R
ZJE IR, PR bR IR T BT ChNE RO
PR, (HEBEEAEERE N, AR AR 5T
G BT B IR A /N2 KRR 1 5 ) 5

2017—2019 R FRURLEE X & /N2 7= B 1 A A ) 2k
Mk R WA 13, SRR, By 2017 FEEER 2018
FERHENT /N RPN B E RN A B B = A, H
il 4F A 38 ) OB DA R A LR A R E R L
(P<0.05) o ¢4 2017—2019 SEEE, HHERTR X4/
FHFRLEE A & B AR A R IR 45 SR AR 14, S5k
B, BRABHEX &N E ARS8 FERNE 2
FHRE X (P<0.05) , BRZEHP/ALE,

R 11 HHEFRE X & NEIEFEM R R ERMIFFRITTR
=S ESENEI VR oL
Table 11 Intersubject effect test of tillage and temperature on
nitrogen transfer from stem and leaf and contribution rate to grain
of winter wheat after anthesis period

saki SR Fi P
Source of SS df MS
Index .. Fvalue P value
variation
FIAEENUE F S HHE 1457901 1 1457912 1031.512 <0.001
Heiakt WU 3469702 1 3469.742 2454.821 <0.001
Nitrogen o
transport amount HHEIRE 732745 1 732731 518442 <0.001
in stems and PRz 11312 8
leaves after N
anthesis period BT 69 300.321 12
BHE 217.101 1 217.145 173.595 <0.001
X‘J‘*ﬂfﬁﬂ’\] g 481.141 1 481.154 384.575 <0.001
m'ﬁk}: HHE<IEE  358.812 1 358.842 286912 <0.001
Contribution rate L
to grain R 10.145 8
HAR 55332313 12

T 12 20172019 EAFEHELE T EXN L /NEZE, FEMRNITNERRSENFMN

Table 12 Effects of warming on yield, yield components, and grain protein content of winter wheat under different tillage treatments from

2017 to 2019
F1R Qb T BRI EEL AZNERL R TR i s KPR P
Year Treatments Effective spikelets Infertile spikelets — Grain per ear Thousand grain mass/g Yield/(kg-hm™) Grain protein content/(g-kg™")
CIN 19.20+1.86a 2.00+£1.22b 51.20+11.79a 43.28+0.85a 7 429.49+218.06a 99.25+1.63b
2017 CTW 16.10+2.83b 2.70£1.98ab 44.25+12.49ab 43.05+0.86a 7273.82+97.55a 116.46+4.52a
NTN 17.25+2.72b 3.50+1.63a 41.45+12.63b 41.32+0.88b 5384.75+110.41b 103.41+4.23b
NTW 17.00+3.99ab 1.90+1.04b 45.00+9.82ab 41.92+0.89b 5683.15+£92.21b 122.21+1.75a
CTN 14.55£2.11a 2.35+1.15ab 29.80+7.33a 33.51+0.88a 3930.38+99.52ab 102.69+1.44b
2018 CTW 14.30+2.05a 2.60+1.74a 27.80+7.82¢ 33.43+0.89a 3 756.77+160.46b 115.27+3.53a
NTN 15.15+2.19a 1.60:1.36bc 33.85+7.65b 34.19+0.64a 3 133.07+160.09¢ 103.55+4.19b
NTW 14.95+2.06a 1.00+1.22¢ 34.10+5.77b 34.04+0.49a 4212.10£90.67a 120.24+1.12a
CTN 17.60+2.13a 1.45+1.12b 44.45+8.66a 40.74+0.91b 6 047.48+132.15b 103.07+4.71b
2019 CTW 16.70+3.32a 1.25+1.09b 42.40+12.69a 42.66+0.91a 6474.05+74.23a 116.73+4.99a
NTN 17.95+2.73a 2.80+£2.11a 41.75+13.33a 42.05+0.88a 3 953.83+67.84d 102.09+5.74b
NTW 17.20+2.44a 1.70+0.78b 40.80+8.15a 42.35+0.88a 5624.29+139.43¢ 120.36+0.86a

13 20172019 FHEFLRE N Z/NEF =BT HENIGTE
Table 13 Intersubject effect test of tillage and temperature on
winter wheat yield from 2017 to 2019

T i FiE P
Source of SS df MS
Year . Fvalue P value
variation
HHE 9912220.812 1 9915550.912 339.922 <0.001
W 15279.121 1 15279.145 0.524 0490
2017 BHEXIRE 154 627.145 1 154 627.123 5303  0.050
R 233 282.345 8 29 160.352
T 508 432
MRS 065.945 12

BHE 87 715.321
B 614 835.613

1 87715445 3365 0.104
1
2018 BHEXIREE 1176856231 1
8

614 835.652  23.590 <0.001
1176 856.212 45.153 <0.001

R 208 510.412 26 063.846
A B 171 566
S 027.221 12

HHE 6497 725.612
R 3298 181.945

1 6497725778 368540 <0.001
1
2019 DHMEXIEREE 1160458.175 1
8

3298 181.987 187.067 <0.001
1160 458.214 65.819 <0.001

R 141 047.884 17 630912
. 377393

AR S
e 384.545 12

F14 REHABHMERMREXN L NEIFNEB RS S FEMX
ol
Table 14 Intersubject effect test of tillage and temperature on the
protein content of winter wheat grains in experimental period

R LY
Source}g()?\:)iiation S8 df MS Flz/jie Pf:ljilgue
HHE 4.143 1 4143 9.176 0.004
W 115.817 1 115817 256.542  <0.001
HHExIRLEE 1.303 1 1.303  2.886 0.095
R 25.281 56 0.451
AR 21679.817 60
3 3 i

3.1 HEERTEFEKHMNNATHERRSENFMNE

BRI R &N R R AR R A
REE ], Z/NEFFRIE BT 80% /e A7 AL A HE AR L
F7 503 I TR 81, 18 I 6F 46 /)N 22 00 16 3 1) 56 o) S AE 1T
TR A R 2 0 (KRB TR 3R - & /D W S0 U A2
IRz FF) ) 27 AR RFF 9 op A7 A 22 5 1240 3040 U 1 A
I ME R RN SR AR B 2 IR &N AE KK E
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HERR, ZEAAVEW R AR T MR, AT TR B
FH ] F 308G iR 5 34 /N2l A B e, Ik 75 B BH SR
e, W7 ANEEFREKNBENK (K8, XZ&H
T4 F AL TR 1) & A Faoe AR X, & V15 A8 iR iR
FERF HADTERT, SRR f5 /N E R HEIR, ] B
TR R R, BARSEEIHAEYE, Hi
TR AR IR A A 46 5 %, FIBRAREIR W 5 B AR S
W1 (BRI AARARIA AN, /N 32 FE A 21 B2 B 1)
ST A S (1, AN RTR G RE S AR TR 2 0, BT RE K
A RE B IR A T/ 2 E J iR VN, AR T4
INERIER KT . AWFFRAIL 2019 5K B WHEHT R
W2 T 2017 F1 2018 4, HJH K 5 Fr fEE iy 24 & R
A 5,2018 4E 10 H—2019 4F 6 H HF <5 & T H
At A TR H PSR B 1D, AR R B,
BANERERK KRS, I IR R 2E F s JF
HAW BRI, 2017—2019 4 CT LHESNIAEKE
PERT R B BOKT NT 402, HJR R 5 AR BHEAL T
g R O, BEIE R CT AbFE - 338 (Y 48 i 5 R B
EET NT 3 (R 3). WAHHE LT3 X 4N
Z2 Ak U1 T 3K o ] R 4 A 4908 IR AR K IE K, A ER T
TENEMEREFREKBZE. MAEREE (F 10,
NG B R AR R S Rt T B I AL . T
WL, 2 /N RE R AR B £ 1F — 58 B2 P 6 SR AR A 38 B 1A
B I SR KT 3 40 S A AR B i R 1D A7 THD RS ) o 3
WX /N 228 7R AR A U R 5 ) 2 B 28 e /N FE R R ER
RERM—ANHEEREK.
3.2 HEEMZFNEFEMFNEARSEZENFMN
MR R 80% LA ok B FAEE e &4 7=, Frhi
BEMIT 80% /47K A TALRT A, 1t fr &g
HIERT C BB SmitE e G A, AL
INFERFRL P B R (15 5 B 2 [AEAE A e e R P
R e B T 2% A T S A AR DG O &R AT AR AT
TEIESE 3 a 1 H RSO R 00 oW 21, 38R A 15 F L
EAR SRR, K0 &N E = AR
W, XRH T HGE TN AN ER A E B, AR AT
FGRE SRR, 185 TR/ DNERIROLEE R,
PREAE R A=, AR TR /NE =, 5 B
PRI TENRERARRRE, 85 7 2R R
iz ' LRI BT R (R 10), BERAIEAE )G9 A=
NReE IR R A R A R, A3 T A/ N RRL A
EAF SR, A, MR RS E A SR AP IEA
KR AW R BT AR A i s M g 2 8 5B
SO, T B AT A G P DRI UL B SR R v x e e
FAR SR EABRLRAMBM. o, KRR,
2018 EA/NE B AT 2017 F1 2019 &, HTags
2018 FEHFEZEREKE XK, 2018 FHEZHE/KEH BT 2017
R 2019 4E (E D, IZMBERIMEI&NEEKRE,
BEM = e A AR . IR R, 4&/NEE NT Ab#E
WG, 1 CT AbEIE A E, BiES NT 4
P ECT CT 48, HEFZE NT B HEFEHEH, F
FHE T NT B TR ERT CT 43, NT 4b3 3%

FAKEET CT AFE (£ 3), XERT/NE BN
AR B (A DL PR R I, T SOk A A R R o ok S A
S TR A H
3.3 #ETHEARMNZNEZIFRNERRSENZ M
AT 5T R I FH 8] T O R 5 3 38 0 T A 4 Ak 2
THREARSE (P<0.05), HEREMREK 7LD
TEFERKM BRI, &5 T &/NEZRR GGGl R A
AR P B AR BRI, 1N T ARG G 2 R R A
. A MR R E R D EFRL I DTk . HY
TR /N2 A RN REE R 15 i A 0 N B 2 F R
LA R HENBREA IR L, REFERE
FR SN, thah, MR FEARSENRERTS
B WCREEIE A oAb, W] RSS2 oAl A 73 5 5 v
A R AR B A A o B P R R B AT
PLEZ MR B R, CT AbFEA] LR IR A 1k
ANGEREO, i NT AbHE AT U R8s i sh R )2 3%, i
LIRS RR TR E S, WaRKBE, Wbt
AR KK, FERI AR S EPY . AR
HOREL, CT AL FRm AR Te . e EHERE T
NT &b¥E (R 4. £ 6), XFEAER— %M FEDRIEE
ZIR. ERIX SRR HT NT AR5 E - EKE
(R 3), HETIREERFENE, HmE/NEZRRE MR
WK, XTE—ERE LS EREYEK, FENT 48
KNS TUE B R AR IR UG (SRR, 1F
BB, CT Ab3 5 NT AbF /N 2RI A R & &)
TRFEZER (R 12); JRF RN RFF T b 115
JE A TE 3 S KR DA R 3RS M T T e 3, [RS8 R
ARFRSRAN T Gt 13 S BURAH HIRGIR S A, SRIE
NS A A A AR AN IR A KA A T A R AR AR
WK 5 CT AL, ¥R T NT A2 n] DARRAK L5k
B, SRR (£3), XEATFERESRET
fNEAKP, I AAER R EERE, TRSEERS
%, NT 5 CT Mk CO, Hi = A Ak, #h4b, CT
AbFE T RE T B R BEE HLROCIE TR, SR B B Ok
IR A A ) S R AR 0 AR SRR AS AR AR IR R R,
NT Kb &/ 0] DUARYE B S L 348 15 s B a0 =<
BANEAE — 2, X T ARG i Rk 12— Ff
AT RS B E R I

4 £ i

AHIF T I &N A A T A R s A A T R G
WEFAFIFE AL T GRS &N AR A KRR 7 &
FRCRE A SR, 45080, MRA/NERE
PAT, MK TEFRAERKM B K, a7 AR RO
KINE BRSO G A R A T, SRR hn 7 MR
HIZEM R R RE. )G MR RS & DR b
UTTHREE . MGIE R AN P E ST, B B E R
TN, SR BT B AT AUHE
R RN T AN RLE AR R (P<0.05) , TR
FRACEE R CR AR, FAUHHE S 3R R 8
TR T2 14.28%, RHHEF T4 17.39%. HEW Bt
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Effects of warming on the protein content of winter wheat grains under
the conservation tillage

2,3

Yang Guang’, Kong Xiangfei*?, Hou Ruixing***, Ouyang Zhu*?

(1. College of Water & Architectural Engineering, Shihezi University, Key Laboratory of Modern Water-Saving Irrigation of Xinjiang
Production & Construction Group, Shihezi 832000, China; 2. Institute of Geographic Sciences and Natural Resources Research, Chinese

Academy of Sciences, Key Laboratory of Ecosystem Network Observation and Modeling, Beijing 100101, China; 3. University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract: Winter wheat (Triticum aestivum L.) is one of the major food crops in the world. Climate warming has dominated
the growth and yield of winter wheat, particularly the protein formation and content of grains. But, the effects of warming on
the protein content still remain unclear so far. Taking “Ji Mai 22” as the test material, this study aims to determine the specific
effects of climate warming on the winter wheat growth and development, yield, and grain protein content. Climate warming
was also simulated with an infrared warming device. Field warming experiments were conducted under the No Tillage (NT),
and Conventional Tillage (CT) in the North China Plain for three consecutive years (2017-2019). The results showed that the
open field warming reduced the overwintering period, indicating a significant shift in the regreening period. The nutritional
growth period was then prolonged for the nitrogen accumulation time in the pre-anthesis period of plants. There was an
increase in the Leaf Area Index (LAI) at the regreening-anthesis period, the net photosynthetic rate at the regreening-maturity
period, and the aboveground dry mass of winter wheat. 20.17% (CT) and 99.21% (NT) of nitrogen accumulation in the winter
wheat stems and leaves at the anthesis period, respectively, whereas, 24.62% (CT) and 134.21% (NT) of nitrogen transfer in
the stems and leaves after anthesis increased by the warming in 2019, and the contribution of nitrogen in the stems and leaves
contribution to seeds increased by 2.43% (CT), and 46.10% (NT). The NT warming increased the yield, where the NT yield
was on average lower than that of CT. The CT yield of warmed winter wheat decreased by 2.14% and 4.62% in 2017 and 2018,
respectively, and increased by 7.05% in 2019, whereas, the NT yield increased by 5.54% (2017), 34.44% (2018), and 42.25%
(2019), respectively. The winter wheat yield in 2018 was significantly lower than that in 2017 and 2019. The reason was that
the excessive precipitation in spring inhibited the winter wheat growth and development, leading to less yield in 2018. The
temperature greatly contributed to the protein content of winter wheat grains, with an average increase of 14.28% (CT) and
17.39% (NT) for three consecutive years, compared with the control group. Therefore, the temperature promoted the
conversion of nitrogen to the grain via the physiological characteristics of winter wheat. The reduction in effective spikelets
number allowed the nitrogen for more grains to enter the final effective grain number, thus significantly increasing the grain
protein content at high temperatures. The soil temperature under the NT was lower than that under the CT. The soil
temperature was slower to rise in early spring, which affected the greening and early growth of wheat, resulting in the lower
initial values of LAI, and net photosynthetic rate of winter wheat under the NT. The NT under the warming treatment reduced
the post-anthesis soil temperature, but increased the soil water content, indicating the better wheat growth under a high
post-anthesis temperature environment, compared with the CT. There was no significant difference in the grain protein content
between CT and NT. This finding can provide a strong reference for the effect of climate warming on the protein content of
winter wheat seeds under conservation tillage.

Keywords: soils; yield; warming; protein; conservation tillage; winter wheat
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