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Abstract

In this study, wheat varieties Jimai 22 and Jimai 70, summer maize varieties Zhengdan 958 and
Yundan 76 were used as experimental materials to explore the yield potential, accumulated tem-
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perature distribution characteristics and suitable sowing date of the two crops in the Huanghuai
winter wheat rotation system combined with the local climate characteristics. The results showed
that the highest yield of wheat-summer maize combination was “Jinhe 12339-Huadan 136", and its
total output could reach 20413.5 kg/hmz, which was 8.79% higher than that of the lowest variety
combination. The yield of both wheat and maize varieties is closely related to accumulated tem-
perature and utilization efficiency of accumulated temperature during the growth period. In the
distribution of annual accumulated temperature, the accumulated temperature required by summer
maize varieties is significantly more than that of wheat varieties, accounting for about half of the
annual accumulated temperature, and the other half is occupied by wheat and agricultural con-
sumption period. In the distribution of annual accumulated temperature, the accumulated tem-
perature required by summer maize varieties is significantly more than that of wheat varieties,
accounting for about half of the annual accumulated temperature, and the other half is occupied
by wheat and agricultural consumption period. The annual high yield and high efficiency of winter
wheat and summer corn can be achieved through the selection and utilization of varieties with
high accumulated temperature utilization and reasonable adjustment of sowing date. According to
the analysis of accumulated temperature characteristics, the best sowing period of pre-winter
strong seedlings was from October 5 to 15, and the limit sowing period was from October 1 to 20.
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1. 5|15

RAEVE R KB REE AR, RERERIONEY A dr FA HF 2R R, 24
KPR AR [L] . AAED BN SRS A F T A AR SR BRI AR A%, e &
2 JA] A AP PO ASE P 2 A0S 83 A0 1 A1 3 5O ) ) 2] [B]e B R A& Z X IR IR BN 5, &b
%% - R AR AR R AR SR 5 2o I R BE A 1 g A 22 XK B S AR ) 50 AL A
WK, &3 - B EAREMEEA BT ETHA]ARZMHE T PR AN 5 B BRSO BRI T )&
SRR BHIRER DU AR AR RE I A 0 0 S I BRIRA, X 3 R Ui RO B IR AR BN 5K 9K [5]
AN M KBS B IORRDEIRIR, M, BRREFIIRK, e H&NEZNRIEE
o AT i AN 2E 5 R FORIDC R BHR N S B E, SERDEABHRIA A RCR, = F - EHokm,
JEN Z AR FAR SO I IR AR [6]. N T PR —TF ), 2R B8 2R 1)/ B R i 07 SR B, 3K —
Bt R 2 ZEVRPIRI S, (R R A SCRINUMA L RE B RO B e /N2 ROMSCER T L AT 1 Ik Ui
FINUCER, X ERI SR E KK, fIN BRI TR RRFAUBACRE BE R, AR T BT
fdem, BT Lhid 0% ge i B R T7 2 SN 2O A A FOKR R B RR AL EEAT ELRR T AR . e 0 e TSk
e, HSOGRIN FORAEE SRR, AR HUBICER7] [8]. O T MBI /NS - BAOK—4EARKMET 2
FEAED = B 71 KA SR TR S 0L, ASCE /N - B AR & 2L A (R RO & 0 ik e 2 3
PEVIRDE IR 2 BE T, X A/ - B TR AR MR B 2 00 it o 10 (B 79 ) 3R 3 — e (1 2L i
W
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2. BRIASE
21 REBBRAREESRFR

2.1.1. R HHER

58T 2018~2019 4 FEF1 2019~2020 4FFE 2 A4 A A== Jil BIAE Ll P8 AV oK /N2 1t 5 i A ik
B R EAT, BN AR R AR AR R R OROR 2 S5 B AR R R RORGR AT, AN S
BFENEAF, TREE K EAEY G B N IR REF AT R A, A AR 2 MR
FEHTo RI6H s IAE IR 499.0 m, HIEFTHONBNE L, HhACFIE, BEAER] . OG5 S B R B,
RIS SZ LRI o

212 FESRIER

IR 2 M= AN SRR IES, BAEHEN AR RE, 5058 R 2R R RN
2018~2019 /&, >0°CAHRi# 5549.2°C; 2019~2020 -/, >10°CHiR 5518.1°C . AHHF 7t I A R E I H
& TG Rt

2.2. et

AR R e B R ST BCE )RR (R)VF 2 22,55 % 70,284 108 % 14 M F,
B R FE IR P P A B OIS B SR LB 058, JZ . 76, £ 136 %5 10 N (R).

2.3. MwAE

ZARIE WA TESE 2 NNEE - HEKRAEFE I, B MRIE M RIS F AN R Rl . N2 SRR GR) /N X R
FTHIAR N 13.3 m?, #E 3 RER, AEAFENLXAHS, HIRER RN X EFYLE R, BRI =
KBGREAT %, —MFE 910 H 10 HifjG. /AMX 86 41TX, 1784 21.6 ecm, /MX+K 10 m. H A&
520N R EAR R A A MR R B R AR BRAMESE, ORI A XSGR . B
Kt P (R)FEF AN 20.0 m®, BB 3 KEE, AEREHLIXAHES], W IR T 208 TKERHL
FEE, NT R, SEFEILAATEE N ZWCGRIm e, —MREm 6 H 18 HAl/a, H IR L 2 K H A 2
—F. HM/NX A 5ATIX, 1786 0.6 m, BRI 0.247 m. MHEEAMORAHE H . th2 . Fieinss,
WA IS RN X ) 3 AT HEAT 77

3. BERE S
3.1 ZHIINE - BEERKFFESH

2018~2020 4F 2 MAEFERIANERE KBS T Z o L 1 & 2. J/NERFNE,
2018~2019 4EFF 14 AN/INFE LR () 18] 77 48 5335 By 6354.0~7269.0 kg/hm?,  2019~2020 £F FF H: A8 776
SN 6579.0~7645.5 kg/hm?, 2 /N4 FE 18] 7= KPR AR 2 1 S AR (R) A 4K 12339, /814 119, GY14038 %%,
FEBRIA] P A R e E R ZE I SR 2R 4k 108, HE 14-5337. BHE 77 5. P REAKCEAN B, HAEBRA)EL
NEEERIRFN(R)E SR 12339, 114 25771, HE 14-4610 25 5, M= B A BE IR 56 B b (R)FE— 4 F 4
PERESENNEZBE . SE FRMFIE, 2019 £ 10 N EKSEM(R)EFZEEFEEN
11024.0~11759.4 kg/hm?, 2020 £E & HAF 537 A 11569.5~12346.5 kglhm?, 45 [ 7 B A ok i 1 e 1) i
Fh(R)AEF 9898, F Tl 99, FEIH 160 &5; ™ FAHX AL mE A VEmG 22 1) i Fh (R) A 4R 5 136, K
99. a5k 566 %%, XL GFh(R)HIEGMEN—F AEMIBEE TR M.

M2 AEFE AW EY S P B URE, RIGLL 14 AN/NZE AR 10 DKo IRIEXT 5, TR
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140 A “A/NF Al + H ARG A E,

X 140 AL AN A TE 2018~2019 4EE4H A A pE B AR SV

s 17223.3 kg/hm?~19028.4 kg/hm?, 1fii 2019~2020 4F & %45 53t Bl 18148.5~20423.5 kg/hm?. 2018~2019
SEFE N IR E TR SR R EE AN 4K 12339 + B 1367, T 2019~2020 4EFE e P
HEN “4K 12339 + #iFETF 566”7 .

Table 1. Analysis of wheat yield and its difference under two cropping seasons

# 1 ME-BER—FE_MENETEghm)REESHH

2019~2020 4 JF

P 2018~2019 4 ¥

B b4 s b 44 e
1 4K 12339 7269.0a 47K 12339 7645.5a
2 QF195 7257.0a 1 25771 7585.5ab
3 Hl 14-5337 7210.5ab BHE 77 7504.5abc
4 14 25771 7164.0ab 7242 108 7393.5hbcd
5 1l 14-4610 7129.5hc fi % 0517-8 7356.0cd
6 Rk 119 7083.0bcd &% 119 7317.0cd
7 3 56 7026.0cd i 14-4610 7276.5de
8 Tz 22 7002.0d 3 56 7264.5de
9 GY 14038 6828.0e GY 14038 7219.5def
10 &4 108 6712.5ef i 14-5337 7194.0def
11 FHE 77 6667.5f QF195 7084.5¢f
12 153 4366 6643.5fg TFE 22 7024.0f
13 i 0517-8 6538.5¢ B3 70 6762.0g
14 53 70 6354.0h 1857 4366 6579.0g

Table 2. Analysis of summer maize yield and its difference under two cropping seasons

F2. & -BER—FEERFEREARMR

g 2019 4EfF 2020 4

IRV Y B Pt i 447k Pt
1 B8 136 11759.4a %55 F 566 12768a
2 B T5 99 11674.5ab K919 12415.5b
3 IEH 76 11620.8ab T 99 12388.5bc
4 %445 9898 11607.9ab i LN229 12346.5hc
5 K- #1919 11481.5bc 4 5% 9898 12312hc
6 FE1H 160 11336.1cd FE 1 160 12234c
7 2 5% =F 566 11222.2de 151 136 11917.5d
8 K 168 11123.3e HP B 958 11916d
9 g LN229 11024ef 3% 168 11899.5d
10 # B 958 10869.3f G T6 11569.5¢
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32. —F{EhE - EERNETHS

2018~2020 4F = ANA = JEH FR AR [N R FOK SR (R) AR & BRI AR 2GR R R 40 L 3E 3 A1
7 4, 2018~2019 4EFE 14 MRS /N R A B AR VG FDRY 232~238 K, HLEGHIG 2 P A AR 2 6
R, 11 2019~2020 4 JEIX 14 A (R) A B 132 e Ya [ Dy 232~235 K, - 2ANIHG 24 i b b JBI AR 22 3 R
MASE] SR (R)2 FEREPRE RS, /N amFP 4R 12339, HIE 14-4610. 1l 25771, QF195 &5 i Ff(R)
B LT, T GY 14038, 183F 246 %5 2 EIMEHE RN, 250/ INGE S Rl ) R AU 7E 4 B TR R I —
2, (HWAEAH) S F RPN R, WARNE 77 1E 2018~2019 4 s ARG G, TI7E 2019~2020 4 JiF Bl 3
HA SRR 5, 30 IS R AR A (R AR R A X 28 /N2 P I G 2 A B, . R AR A LR
2019 £EFE 10 MRI K SR (R)E B IR IE R 112~116 K, F2FIMG 2 G FHRGAIAE 22 4 R, T
2020 fEFE R AP A B AR VO EDN 113~116 K, F BRI 24 5 Al s TAE 22 3 K. A R4 B[R] 175
K&, IEH 76, FE1H 160 S5 FP(R) 2 IR, ST 99 S5 M Fh(R) 2 AFIIRIGE R, X 2 B AR,
FOAPEAE BRI AR AR AN, (F A GG Fr, anfEs 136 75 2019 - BEAM BT 7E 2020 47 R SR I N -
B, AERR AT BRI 2 I . BN RE RO A B RIS RIRE, 2 FiEY) 2018~2019 4EFEHIE
B WIS A AR VG B N 344~354 K, 1] 2018~2019 4FFEE H A WA AR AR S YE L Ny 345~351 K.

WG EE NSRS, W Eim A G /N E A (&R 12339) + E R KM F
(HE5 136), A EH WIRECZ AR 346 K 1= Em (KB s PP 4G /N2 i B (BF 22 70) + B FOK AR O
H1958), KRB ATA 3485 K. i Hit4 A 12339 thirs 70 R34 1 K, fEH 136 LLARHL 958 FL34 1.5
RZAFIE). AT, Tol RN AL & oK, HEARBki o™= Eillm, 1m5RUR R AR
KK R

Table 3. Growth period of different wheat varieties for harvest twice a year with wheat and summer maize

3. Mk - BEERR—F(ERRNERMEFH()

2018~2019 4 ¥ 2019~2020 4 Ji¥ 2018~2019 4 fiF 2019~2020 4 ¥
A A4 R i 44 R

AEW Mk AEEM MK AWM R AEFEM X
Bz 22 233 1 233 2 5 4366 236 4 235 4
T 70 234 2 234 3 FHE 77 236 4 233 2
A< 108 234 2 234 3 g 25771 234 2 235 4
QF195 234 2 232 1 s 14-4610 235 3 234 3
33 56 236 4 234 3 Rk 119 234 2 235 4
Hls 14-5337 236 4 234 3 47k 12339 233 1 233 2
GY14038 237 5 235 4 i3 0517-8 235 4 234 3

#ik: 1) RPEFWREA I B BARHIR R EG 2) HEAA AL EF I B R

Table 4. Growth period of different summer maize varieties under harvest twice a year with wheat and summer maize

F 4. & - BER—FEREERGAMEBH()

2019 “FJF 2020 FEJF 2019 FEJF 2020 “EJF
F 4T — — F 4 TR — -
EEE GIK EEN Rk EEE Bk RN Bk
HH 958 114 3 115 3 T 99 116 5 116 4
iZHL 76 112 1 113 1 K919 114 3 113 1
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Continued
1Er 136 113 2 113 1 FE14 160 113 2 113 1
3K 168 114 3 115 3 B LN229 114 3 114 2
23 1% 9898 115 4 115 3 % 5% 3 566 115 4 115 3
#VE: 1) R A F IR AR AR R 2 2) HER MO E E B E R,

33. IpE - BEERNTERHEFHREXES

2018~2020 4 1) /N 22 FH 3% K SR 77 e 5 LA B AR AR DGR 20 #r L2 5, ARIE A RHI/INEZ fb
Fh 5 HAE B HAM S HETE 2018~2019 FEFE A ML, 2019~2020 FFEW A MK, (H 2 FEHIREEZEK
o AR EARTE R E (2 1 i3t 3), WG 4K 12339 1) 2 RV EHAE 1, M4 EH
2018~2019 FfZ N, B—FEELEBWHALE 2. SZMARIEBSBFIEA LR 25771, IR
NP R R, AR S W . TR (R) GY 14038 FI1S 5 4366 K EH AP B AR — i, e
FIASUEA K o B0 i T IX S SR A AE, B3 T R S A E R U EE) UG . AR 1
oK, e g AR N IEASG, (AR R E KT i — Ui /N () 2 &
K= B R4 B IR, 625 SRS R R R 5%

Table 5. Correlation between grain yield and growth period under harvest twice a year with wheat and summer maize

"5 —HFEFHETINZEEXTESEEHEXM

=7 N RN
G 2018~2019 4E ¥ 2019~2020 4E ¥ 2019 4 fiF 2020 4F i
MR -0.2398 -0.1172 0.1988 0.3337

34. IpE - BEREFAH > 0CCHRIRHFE

MF 6 TR, HT/NERBAEY, RELEFIRK, EIMEFREMNEERR AR,
T ARAR A, W36 2 A= AR /N 22 S FREFERT > 0°C HIRE 2 R 43.4% 1 44.8%, 17 K Rl 9
FERIR 73128 52.5%7F1 50.1%. 2018~2019 4FFEAAEIANIRECH 11 K, X RIEFEFTHAEY O BH T
PR R AN RE S SR A R B, AU R JE B . B TR N A ER R T O ARE R . X 11 RH
FERLAFRURN 4.1%, X TREEMES, XFMEFEATERIEFE, BT DA RS> RFEIA 1 R 2L
2019~2020 FEEHIRFEIATE K, 18 15 K, XK N 2020 G52 U NZIGITIGRITIER: 2 KW, S5
NFWCRIAHEIR T, DTG0 T AKEIIRI R AL, T AR A AR AR 5.1%. BT AAR = b AR s A LR AL
R, BORBREEGiR RFE, > To N AR IR I AE -

Table 6. Days and accumulated temperature consumption of wheat, summer maize and agricultural consumption period >
0°C under harvest twice a year with wheat and summer maize

F# 6. —FMEFHTIE, BEERERFEAPREL > 0CRIEHFE

INFE R RS STY RAEH

i A OWFERNE GERERUR KM WRERUR  NOERERUR O WMEORIR  NOERERUR
F)  (Cd) B  (F)  (Cd) W) (K)  (Cd) )

2018~2019 FJ¥ 238 2409.6 43.4 116 2915.1 525 11 2245 41

2019~2020 &£J¥ 235 2459.1 44.8 116 2749.3 50.1 15 309.7 51
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3.5. INEAREIBEAZ M ZRIFRIR 24T

FRAE S AE DL AT, 2018 4 B R 2019 4F /N AR FE WX B > 0°CA&RTARIR W% 7 (BRI T
SRR EFIES 2 BFGE Ril). At —4 9 AR/ NE - B ROKRMAEF IS, R R Z 5
TGS TANEEE N RS M NEIERE SR N 6 A 12 HAG M, 6 H 15 HAEGWGR, Mg
FoKAE 6 H 18 Hf/E#Fl, —M&fE 10 H 12 HAT/E &z, 10 A 15 HAT/EYGEE, 10 H 18 HAT/E#HEM T
AN RPEET A FE IR, N2 AT B IS BARIE Y 500°C~600°C, B R AR IR PR B 6 > 400°C~750°C,
Je HH I PR U Ll 2 2 R 46 T 55 B BRACHITHE 1 o ARAE 22 7 W Y, TR AR W AR5 10 H 5 H
~12 H, HIRFEHNERDY 10 A 1 H~20 H. 14N 58 00y 10 A 18 Hil/s, AATEMRBRIEIE
FlMiA%, WAHTLRARTIIN . FTLL, AEre s ROZ R Sl D R IA R AL, /N2 R 7% TR AEE 2 5 24,
ISR FAEA, AFHLARTERCHE, BRNE - B R —EEREER R

Table 7. Corresponding accumulated temperature of wheat before winter under different sowing date

7. NEBHARIB) R EM R ZRIFIE(E )

FAhy 9/25 10/01 10/05 10/10 10/15 10/20 10/25

2018 /5 771.1 670.2 588.1 512.4 441.2 3715 295.9

2019 4E 5 812.5 702.3 602.1 531.5 453.1 388.8 324.6
4. g

4.1 ik - BEERN=EBRBNOH

ARI T EAE 2 TEAEY) B iR A B 204235 kglhm?, S FIZ-SH4TE R “/NE S Fr: 4K 12339 +
HEKMAR. 1367 , WHAFWKRE, $©K 12339 (UAFW 2 4EH N 233 K, £ 136 L FHH
113 R, HFEKRAN 346 K, MMTZEEY &4 E EK A 352 K, Wil “4 K 12339 + 4
136”7 A FIAREUL R KM SRS A F B 6 K, MmiIH 4% 48 & 1K M SRl s 7 fE
Wk FEFRMEAFZXLNEME TR —FE AFEERAE T NENAEEN, — RSN s 2 8En—
AR AN R INEGEIR 2] 10 H 20 HA G . RARE Bl s “4K 12339 + H£H 136”7 [
R ISR, FLATZIR 6 RIN [RIME /N ZE S b 4R 12339 REFE 10 A 14 HAT/E#Ar, Kbl E L 10
H 20 I FEFNIR A R0 BSR4 AT, o) KR FESE /N2 7 i, RIS el T A/ N R ST 6 Rt X
AR AR SOGRIAEE AT 1~2 K, MR R RIBII AT SEaT 1~2 K, XFEAT DUB R —Fl R DG, A F)
TRFEANE - EFKKE T E I E[9]. o W, 8 SR ik R 3 moG A BHIRR A 2, 8 %A
(1) Er B BERIA B R IRAE /N - HFORZ A EL, AWSEINE - B FRK—E BN AR
s — R R AT [10] [11] [12].

4.2. ZihE - RERNBHARRBFRFIRBE 47

FEF — R E — 4 o, SRR AN AR B ISR — MR A R RIE TR, A F K, S
i AR, 2 BR8]0 A 2 NMEKFITER RN AL e B TR R A AE — s, B
R B SR B AR R, XS ETABI A RAR —B[14] [15]. HRDMRAEFME RN T
GARILR, REREEZFART, WUEAAEFHRKKSAAKIES, X525/ N2 2
30°C LA Lyl R TG BB AT 0%, W HEIECT I UE S, BB B IR RS R A E
WA TR REER, PR EAR IR A, W AL - BRI AT
THOURE, BREIRA /N - ORI ER a0, il R SO AT A .
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FEHIXS B K it ik 30 2E PR AT 5 (BRI AT SRS, — i o BRARR 75 R A Eh L A R
(7, VR AREIREE, SRR A KRR R [13] (H A — fh A e AN RS m0 0T 7 B AR IR A A I AE
E 25, WIIRRACR I AAE 5 e B A S SR AT AR R R[16] . HIEFE A AR LESXIEFEH
dn il SR A A IR . MRAR IS TT RE X oK A — IR, ERE A KR, XN B
o, BRERNE R TARRRAL, FEE, PR, KRTHRAL, FUERITE KT IR
KA o FT AR R IR AFE I B A, BRI B /N2 A K i, G B A S I
SEA T SRAG /N A HE SRR PO A B, B R I R B R ISR, SR ORISR AT R I (]
E SR, fa TRt BEE I s, XA F I R RS OR T 1 RS, SRR
NFE - EACKI A S 7]

4.3. ZipE - BERNmMARB 547

HET, BEEARBIUBALE LA R, RN TR A ASCRIZET R U AL T AR, XA AT BL
> NS5 R, T HAT A > AR B A . CHR R EOK, DT R A T &
o, WOk RN TG AT AR HR RN /N 22 Ok R R BRI R, SR 9 R AR UL EEAT B
WeRE T, JF HA RRSCRI L B SOR TR RL K A e 55 (4] IRt 4/ E2 - RAOR I SRS T
R B, KBRS T R, RO ORI S BUE B IIER, iz 3R H
PR AR, ORI SRR, S ESGRI RS KB R, HUSCH R FUs 05 ™ 5, K+
UL ACT B R [1]. FrAR/INFE - B K B S TR s SOt it ol B AT (0 A A AR LA AL 7T B
eI

XN AN S, ROEFE AR, AR RER LI, SR WIS LT, RN R, AR
JEPENF o FRAVINZZ ST g JE R EOK R A TN I (A B AL . (H B RN S A LN L X,
FATR) St RFPRLVLT TS SRR DU IR TS T FPRIMRE 2 . A8 P /N2 iRl R 12339
Hg M EAGA, i 6 8 HA, BEHMARA 2 K, HRUE E A, BRI, XK
P A6 T R BB 1 fh R SR 5L 136 57 F 566 BT 99 &%, IXLE SR (F) LR K4S mi2 B
SRR T aE, PURTELF, REARMEH T, RETBOR, AR, MER A AE PRI PR, il
el E S T

5. &

AR /NG - B RK A AR AR A B IA H 20423.5 kglhm? To il /N2 S FOd /2 oK
B, Hrm RS AEHKEAAE R ZANE, BN FOKRAE— 8 42 8 TG B A 4 E R0 A 80
TR R G . /N - B ROK— 4 AR AN R I B SRON AT R B AR, 5 IR B ARG A
P, MAeE RER B, JEIRATE BT e, AR B I R AR A R, BRI AR L
X K T I LR A SRR PSR, BURTELE, MMREETE, BTROR, EHIRPRIESR R, HEIR S
REAFRLBK R, X IR BRI 2R A o AR A4 /N2 X R A I RICRR I R B SRR SR R /N 22 1 JE A
SN, HrFAEE XA SRR 10 A 5 H~12 H, WIREERE N 10 H 1 H~20 H, #
HH B3 R 3 2 5 T b A T T 5 7

E&WE

rbr e 5] S5 05 B K B R 4T H (YDZX20201400001441), 17548 4 bR e A WL AE AT & &
(YCX2020410), 7G4 /NERNLEIH R A ECEBECTH (YZGG-02).
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