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Abstract: [Objective] The study was carried out to optimize the inter-season climatic resource distribution of traditional

winter wheat-summer maize cropping system and explore the optimal two-season climatic resource distribution model, so as to
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further increase the annual yield potential and resource utilization efficiency of Huang-Huai-Hai region. [Method] In this study,
five sowing dates of winter wheat and corresponding harvest dates of summer maize were set from early October to early December,
and the field experiment was conducted at Xinxiang county from 2015 to 2017. Based on the field experiments, The annual yield,
climate resources distribution and resources use efficiency were studied. [Result] With the sowing/harvest dates delayed, days of
wheat growth period and amount of radiation, temperature, and precipitation resources gradually reduced, more growth time and
resources were transferred to maize season, and the resources distribution rate between two seasons changed from treatment I
(46%:54%, 60%:40%, 42%:58%) to treatment V (34%:66%, 49%:51%, 34%:66%), which resulted in decrease of wheat grain yield.
However, due to greater number of ears and grains of ZM66, no significant difference was found in wheat yield between treatment [
and treatment V. Maize grain weight increased by 13.1% and 15.5% due to 15 d, 143.8 and 120.7 MJ'm?, 290.5 and 281.6°C, 12.4
and 25.7 mm increasing in 2016 and 2017, respectively, in maize growth duration, radiation, accumulated temperature, and
precipitation, eventually the annual grain yield of treatment V increased by 7.9% and 6.7% compared than that of treatment I ,
respectively. In addition, the grain water content decreased to 14.4%-17.3% due to 15 d, 322.5 and 336.3 MJ-m?, 509.6 and 497.8°C,
56.7 and 14.1 mm increasing in maize growth duration, radiation, accumulated temperature, and precipitation in 2016 and 2017,
respectively. At the same time, because of radiation and temperature resources in wheat season of treatment V decreased significantly,
especially the irrigation water reduced 150 mm, the radiation, temperature and water production efficiency of wheat for treatment V
increased by 12.5% and 15.8%, 10.9% and 7.7%, 39.6% and 59.3% in 2016 and 2017, respectively, compared than treatment [ .
During maize growth season, radiation and temperature production efficiency under treatment V decreased, but water production
efficiency increased significantly than that under treatment I , so the annual radiation, temperature and water production efficiency of
treatment V increased by 7.3% and 9.1%, 5.6% and 5.1%, 17.3% and 29.3% in 2016 and 2017, respectively, compared than
treatment 1 , respectively. [Conclusion] Tt is of great significance for promoting the sustainable development of winter
wheat-summer maize double cropping system in the Huang-Huai-Hai plain by changing sowing and harvest dates (Wheat was sown
in early December and maize was harvested in mid-November) to optimize the distribution of resources between two seasons for
winter wheat-summer maize double cropping system without any input.

Key words: winter wheat-summer maize cropping system; sowing/harvest date; resource distribution; grain yield; resources
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F1 TEHE/WHALELNE-EEXMERR
Table 1 Scheme for winter wheat-summer maize with different sowing/harvest dates
EAy Qb /N3#7% Wheat T K2R Maize
Year  Treatment ooz ypangy A WoKE R Al R A W33y KR R
Variety Sowing date Maturity ~ Wateruse  Planting Variety Sowing date Maturity Harvest date Wateruse  Planting
(M-D) date (mm) density (M-D) date (M-D) (mm) density
(M-D) (x10*hm™) (M-D) (x10*hm™)
2015- I AKSS8 10-11 06-02 300 300 ZD958 06-11 — 09-25 150 6.75
2016 ZM66  10-11 06-01 300 300 XY335 0611 — 09-25 150 6.75
I AKSS8 10-26 06-02 300 405 ZD958 06-11 10-10 10-10 150 6.75
ZM66 10-26 06-01 300 405 XY335 06-11 10-08 10-08 150 6.75
i AKSS8 11-10 06-04 300 510 ZD958 06-11 10-10 10-25 150 6.75
ZM66 11-10 06-02 300 510 XY335 06-11 10-08 10-23 150 6.75
v AKSS8 11-24 06-06 225 615 ZD958 06-11 10-10 11-09 150 6.75
ZM66 11-24 06-04 225 615 XY335 06-11 10-08 11-07 150 6.75
\% AKSS8 12-8 06-07 150 720 ZD958 06-11 10-10 11-24 150 6.75
ZM66 12-8 06-06 150 720 XY335 06-11 10-08 11-22 150 6.75
2016- I AKSS8 10-13 06-05 300 300 ZD958 06-12 — 09-28 150 6.75
2017 ZM66  10-13 06-04 300 300 XY335  06-12 — 09-28 150 6.75
I AKSS8 10-28 06-05 300 405 ZD958 06-12 10-13 10-13 150 6.75
ZM66 10-28 06-04 300 405 XY335 06-12 10-10 10-10 150 6.75
i AKSS8 11-11 06-07 300 510 ZD958 06-12 10-13 10-28 150 6.75
ZM66 11-11 06-05 300 510 XY335 06-12 10-10 10-25 150 6.75
v AKSS8 11-25 06-09 225 615 ZD958 06-12 10-13 11-12 150 6.75
ZM66 11-25 06-07 300 615 XY335 06-12 10-10 11-09 150 6.75
\% AKSS8 12-10 06-09 150 720 ZD958 06-12 10-13 11-27 150 6.75
ZM66 12-10 06-08 300 720 XY335 06-12 10-10 11-24 150 6.75

I I T VL VAR RHRER 5 A ANERRFI RO W ORI B R [

I, II, III, IV, V are the different sowing dates of wheat and harvest dates of maize from one to five. The same as below
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A is the wheat season in 2015-2016, B is the maize season in 2016, C is the wheat season in 2016-2017, D is the maize season in 2017. Different letters within a

column mean significant at 5% level. The same as below

B TRE WPLEENE-BEERERTRY

Fig. 1 Total growth duration of winter wheat-summer maize with different sowing/harvest dates

2.2 AEE/WHERTENE-EER—FEFHHE
KB ESIRHRIR 5 EFE
HI3% 2 Wl A, RO SO 5 SUEY) AR KRR &
AR, AH PR ZE A RE . BN RIS,
AERAR B B2 B, 2015—2016 42810 1 877.7
—2457.8°C, 1%V ALIFUE 5 i o AR T 8k
W), PRIK 7.7% 15.7%. 22.2%F1 23.6%; 2016

—2017 FEAALYE [ 1 853.5—2392.8°C, 11 & V AL
WE AR T TARRE, BRIK 6.2%. 16.0% 19.9%H
22.5%.

Bt R KSR IR, A= K2y e AR il 12 22 448 T,
2016 FALIEH 2 894.1—3 594.2°C, 11 3| V AL FEFE
EOBEE ST [ AEE, $#25 10.0%. 16.8%. 21.5%
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VAR W m T AR, i 9.8%.
17.4%- 21.4%F 27.2%. 74+, SR (1)
EHFRLSEATA RN AT (1) I w5 AR i 2 9 40 )
$9290.5 F1281.6°Cs A= B R 25 Kb 1k N B KB B,
2016 4RI IV V ARZRFFRE i 7K S5 TR R il 540 ) oA
196.6. 332.8 A1 509.6°C, 2017 4350 217.4. 331.6
F1497.8°C.

Je) A S AR B 7 Ak B TR) R A s ) 22 S AN W 35
2015—2016 4 5 NMEEEEEIh 5 424.1°C, 2016—

2017 P34 5322.3°Co AR [A] 4 Z AR L & Ay R 4F
SRR A 1 A9 B P R I LA AR G s, T 2RV Ak
BN S AR U R Sl S el (Ol R
46%- 42%-. 38%- 36%F1 34%, L KAKZFHHHN
54%. 58%-. 62%-. 64%FH1 66%; /NEEZL T kFR
IR ELAE 54 0.84 0.7, 0.6, 0.6 F1 0.5, III. V.
VAb BOFF Rz i K U )RR Ol B A AR K R R
6.1%- 9.5%F1 13.7%, v & 4F S B 5 1) L 43 4 )
H3.9%-. 6.1%AH1 9.3%.

x2 TEB/WHALELENE-EER—FRPRKXEFRESE

Table 2 Distribution of accumulated temperature between winter wheat and summer maize with different sowing/harvest dates

E JOSE] /NFEZ Wheat T K7 Maize JA4F Annual
Year Treatment 5L SHEH B SR i WL
Accumulated Distribution rate Accumulated Distribution rate Accumulated ~ Rate between two

temperature ('C) (%) temperature ('C) (%) temperature (‘C) seasons

2015-2016 | 2457.8a 46a 2894.1d 54d 5351.9a 0.8a

II 2281.5b 42b 3184.6¢ 58¢ 5466.1a 0.7b

il 2071.3¢ 38¢c 3381.2bc 62b 5452.5a 0.6¢

1960.8d 36d 3517.4b 64ab 5478.2a 0.6¢

Vv 1877.7¢ 34e 3694.2a 66a 5571.9a 0.5d

2016-2017 | 2392.8a 46a 2862.5d 54d 5255.2b 0.8a

II 2254.0b 42b 3144.1c 58¢c 5397.9ab 0.7b

il 2009.6¢ 38¢ 3361.5b 62b 5371.1ab 0.6¢c

IV 1916.2d 36d 3475.7b 64ab 5391.9ab 0.6¢

\% 1853.5¢ 34e 3641.9a 66a 5495.4a 0.5d
A Year (Y) 0.016 0.696 0.005 0.489 0.002 0.488
QLB Treatment (T) 0.001 0.007 0.001 0.002 0.101 0.001
Y*T 0.575 0.549 0.132 0.521 0.320 0.642

NEFRERIR 0.05 K TFEREE. NH

Values within a column followed by different letters mean significantly different at P<<0.05. The same as below

% 3 T LUEH, BE/NERRNAEE, KN
SHERE TR, a2z REE. 2015—2016 465
AL 2 105.7—2 528.5 MI'm™?, 1I1Z V 4b# 4R 5
AT T AREE, FEK 10.7%. 13.3%F1 16.7%:
2016—2017 4EfR AL 2 012.0—2 423.3MJ-m”,
% VA PR S 0 i BT 1 A3, BRMK
8.9%. 13.8%F!1 17.0%.

Bt R KR I B IR , A K 2 e i T 184
2016 FARALIERE] 1 727.1—2 193.4MJ-m™?, 11 £V &b F
AR R EE T T AT, 325 8.3%.14.5%.19.1%
F127.0%; 2017 AEAZAL T 1 628.3—2 085.3 MJ'm™?,

12 VAL B AR 5 A B T T A3, 3205 7.4%.
13.9%. 20.1%F1 28.1%. HIEGWERM (1) B=EK
PRI SE AR B A (11D Frifsfadd w70k
143.8 1 120.7 MJ-m?; ZF B 205 b b A\ B K B B,
2016 4RI IV V ARSDRF R M 7K 5 1R 6 5 20 ) b
107.1. 185.6 F1322.5 MI'm?, 2017 443 %14 105.6+
206.2 Fi1 336.3 MJ'm™.

A S e PR A AR ) 25 N
#(33),2015—2016 4E SAMEEL T4 4 280.2 MI-m”,
2016—2017 £EF-¥1 0 4 066.3 MIm?. K245 5 &
JEVAE S S 5 () Le A9 B P 2RI LU AR AR T 5, 2015—
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x3 TEEB/WHALELENE-EER—FRPRKEFREHIE

Table 3 Distribution of radiation between winter wheat and summer maize with different sowing/harvest dates

A yusiil /N Wheat K Maize JA4F Annual
Year Treatment st P st R st LR
Radiation Distribution rate Radiation Distribution rate Radiation Rate between two
(MJ'm) (%) MJm?) (%) MJm?) seasons
2015-2016 [ 2528.5a 59a 1727.1d 41c 4285.6a 1.5a
Il 2459.6a 57a 1870.9¢ 43¢ 4330.5a 1.3b
11 2258.3b 53b 1978.0b 47b 4236.3a I.1c
2192.9bc 52b 2056.5b 48b 4249.3a l.1c
v 2105.7¢ 49¢ 2193.4a Sla 4299.1a 1.0d
2016-2017 I 2423 .3a 60a 1628.3e 40c 4051.7a 1.5a
Il 2326.8a 57b 1749.0d 43¢ 4075.8a 1.3b
11 2208.2b 54c 1854.6¢ 46b 4062.8a 1.2¢
v 2088.6¢ 52¢ 1955.2b 48b 4043.7a 1.1d
\Y 2012.0c 49d 2085.3a 5la 4097.3a 1.0e
AE4 Year (Y) 0.006 0.286 0.009 0.589 0.002 0.590
K3 Treatment (T) 0.001 0.007 0.003 0.002 0.192 0.001
YT 0.575 0.771 0.925 0.977 0.676 0.874

2016 4F, T &2V A FR /N2 R & o JR A S A AN R
EEBI 205 59% 57% 53%. 52%A1 49%, LKF
IYRIN 41% 43%- 47%. 48%F1 51%, PNEFL L
KEBEES RS 1.5. 1.30 1.1, 1.1 fl 1.0,
2016—2017 4, [ 2V ALHE/NE TR 5 b AR B
SR ELE 9 5N 60%. 57%- 54%-. 52%F11 49%,
TKFE0 000 40% 43%. 46%. 48%A1 51%, PiZ
FEAE 209 154 137 120 1.1 1 1.0, 1. V. V
Aab BEOFT oz Mot 7K 1) e S5 o 2R K R AR A 1) 5.6%
9.8%M1 15.4%, AT VAR ST 2= 1 LU 43 ) ok 2.6%.
4.7%M 7.9%.

HE 4 nTRUR Y, JRSOW T SO ey A K
ZEPEK AR, EPR A ZE S B3, TR R ZE
AW 20152016 4, BRALEEI/NEFFEKER
FACT AP T 4, HAMELEE LR, B H
168.9—206.6 mm. 2016—2017 4, /N7 &K EFH
R IAHE IR BB A, A TE ] 149.6—192.4mm, 11
BV RE AR T T AR, FRK 12.6%
17.9%- 18.9%%1 22.2%.

B KGRI AEIR ,, A K2 K S Wi,
2016 ALV 273.3—342.4 mm, 11 5V AF[EK
EOMEERT TR, #5 85%. 21.6% 25.7%
A1 30.1%; 2017 FAR(LE M 253.1—292.9 mm, 115

VALK R0 B m T 1A, #m 10.2%.
14.1%- 14.5%F1 15.7%. HESBGER (1) 2EK
FRGA R e AR (11D Fr oK B WD 50
12.4 #1257 mm, AEIRGAEFPRIE A KB B, 111
IV VAR BRI /KU R B 7K 37 2016 55351 4 34.6+
45.2 F156.7 mm, 2017 553724 9.9, 11.1 Fl 14.1 mm.
ERRA AR R ZE R R (R 4, 2015—
2016 445 AL H AR AL YE Y 443.1—517.6 mm, L AIIT
BV BEKEY NS E ST T AR, &5
13.3%- 14.1%F1 16.8%. 2016—2017 F554bFLRFIK
wLREZER, TN 4455 mm. 2015—2016 4,
[ 22V A B /N 22 2 i 7K B o 84 5 R K ) B 4B 43
SN 38%- 37%- 40%. 35%A1 34%, LKZFE5r 51N
62%-+ 63%-+ 59%-. 65%F1 66%, /NFETL L KK
KEHAEDH A 0.7, 0.6, 0.6, 0.5 F1 0.5, 2016—
2017 4F, 1 & VAN ZRRE K& A R K &
I ELA 43 930 K 43%- 38%- 35%- 35%F1 34%, KK
NI 5% 62%. 65%. 65%F1 66%, PiZELLAH
4590 0.8, 0.61 0.5, 0.5 il 0.5, III. IV. VA4b¥E
KF R B3 A 30 1) B K B A KR PR OK &1 10.8%
13.7%F1 16.6% (2016 4F) , 3.4%. 3.8%F1 4.8% (2017
) s AR E LB R 6.9%. 8.9%F
11.0% (2016 4£) , 2.2%. 2.5%H1 3.2% (2017 4F)
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Table 4 Distribution of precipitation between winter wheat and summer maize with different sowing/harvest dates
Fhy pG3 L /N Wheat 2K Maize JH4FE Annual
Year Treatment —
C N oy S Rk gL Rk PIZELL
Precipitation Distribution rate Precipitation Distribution rate Precipitation Rate between two
(mm) (%) (mm) (%) (mm) seasons
2015-2016 I 179.8a 41b 263.3d 59¢ 443.1b 0.7a
I 168.9b 37b 285.7¢ 63b 454.6b 0.6b
I 181.6a 36a 320.3b 64ab 501.9a 0.6b
v 174.5ab 35¢ 330.9ab 65ab 505.4a 0.5¢
175.2ab 34c¢ 342.4a 66a 517.6a 0.5¢
2016-2017 I 192.4a 43a 253.1c 57¢c 445.5a 0.8a
I 168.2b 38b 278.8b 62b 447.2a 0.6b
I 157.9¢ 35¢ 288.7a 65ab 446.6a 0.5¢
Y 156.1¢ 35¢ 289.9a 65ab 446.3a 0.5¢
v 149.6¢ 34c¢ 292.9a 66a 442 .5a 0.5¢
A Year (Y) 0.001 0.04 0.001 0.286 0.002 0.682
A3 Treatment (T) 0.006 0.001 0.001 0.001 0.001 0.013
YXT 0.001 0.002 0.046 0.006 0.001 0.043

2.3 TEBE/WHERTENE-EFEK—FHHER
REEREFTE

K 5 WTLUEH, BERRIHAEE, iRt
R BT, AP T R, BV RSN,
SRRPIA) G 2 25 5. 2015—2016 4F [ AL AKS8 77 &
N 8212.9 kg'hm™, 20l AL, VATV AREE 16.5%-
25.8%K19.7%; 1 kB ZM66 775K 8 011.5 kg-hm?,
a3 e FIIRTIV AR EE 16.1%H1 26.2%, 5 V AbBEZE S AN
F. 2016—2017 4 1 4bFE AKS8 7714 9 401.9 kg'hm™?,
ol I IVAIVARHE 20.9%. 27.4%F1 8.9%; |
AbFE ZM66 77l 9 278.7 kgrhm?, 435l TV
AEEE 17.1%F1 21.6%, 5 VB ZERARZE . Ffr(]
INEPRR IR, 20162017 4E 1 £V AL 1477
HE T 2015—2016 4 15.1%. 14.9%. 12.6%-
16.6%A11 15.8%.

PR FE T, N AR AR ORT TR HE Y
SRR HER S AT, BEARIERER, N R
A BORECN TR S5 N R BTG ES. Sk
BT AHLG, TICRAIV 3RS M S Ah B A Aok O TR
B 0 B, VAREE AKSS Bk HOR T8 5 8 3 PR
2015—2016 ¢, [I4bFE AKSS8 Al ZM66 BB AL |
53 MIBEAIG 6.1%F1 5.9%, FHOREE 53 0] FEAIS 5.8% A1 7.4%,

TR0 E 43 A 7.1%F0 7.0%; IVALEE AKSS Fl1 ZM66
FEBUS AL T 23 S BEAG 9.3%H1 6.5%, Rk K5 59 1%
ik 8.3%F1 9.5%, THRIH MK 11.1%F1 8.9%; V
AP AKSS FERIBURALTE 1 BRIG 5.8%, TR &AL
6.8%, {H ZM66 fiifh. FR A TRES [ 4HIE R
FER . 20162017 4F, TIIALEE AKSS FI1 ZM66 4%
AT AR BB 7.5%F0 6.1%, FERLE S ) BEA
4.8%H 6.5%, THRIE S HIFEAC 6.9%H 5.1%; VAL
AKS8 Fil ZM66 A T AHE 7375 FEAIG 10.2%51 7.4%,
TR K 23 I BEAR 6.9% A1 10.2%, T ki 5 4 5l B A%
10.4%F1 7.9%; Vb3 AKSS FERL B  Ab PR IR
5.1%, THRIEEK 7.2%, ZM66 FE%. Rk B T4
FEEAE T LREER,

H3 6 ITLUEH, BEBGRIHER, TORTFE=5E
Wy, SRR ZERARE, 1. . VATV A2
BEFE ST A, AL, VAV b3 R 2 5 AR b
2016 112 VAL XY335 7757l B E H Gk Ak
HOCD) $#27 8.6%. 14.5%. 16.1%H01 17.5%, ZD958
PR AT AL EE T 10.0% . 19.6% . 19.8% Fll
21.6%. 2017 4E 11 22 V AbHE XY 335 P25 S Ab B 1
5 6.9%- 14.6%. 16.8%F1 15.4%, ZD958 r=1ig4)jl
BOALTE T 40 7.8%. 14.5%. 18.7%H1 16.8%.
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Table 5 Yield and yield components of winter wheat with different sowing dates

Fr Eip ) A IS T TR TRLE
Year Sowing date Variety Grain yield Spikes number Kernel number per Thousand kernel
(kg'hm™?) (x10*/hm?) spike weight (g)
2015-2016 I AKS58 8212.9a 634.5a 32.3ab 42.3a
ZM66 8011.5ab 637.5a 33.5a 41.2ab
I AKS58 8141.4ab 645.1a 31.6bc 40.7abc
ZM66 7830.1bc 625.5ab 32.7ab 39.4cdef
il AKS58 7099.7d 598.5bc 30.8¢ 39.5bedef
ZM66 6902.5d 601.5bc 31.2bed 38.5def
I AKS58 6528.5¢ 580.5¢ 30.1d 38.1ef
ZM66 6346.4¢ 598.5bc 30.6¢cd 37.8f
\% AKS58 7487.4c 634.2a 30.8cd 39.6bcde
ZM66 7859.7b 627.3ab 32.4ab 39.8bed
2016-2017 I AKS58 9401.9a 663.2a 32.7bc 44.6a
ZM66 9278.7a 657.3a 34.5a 43.3abc
Il AKS58 9225.6a 652.5a 32.2bcd 43.8ab
ZM66 9120.1a 655.4a 33.7ab 43.1abc
il AKS58 7775.9¢ 616.5b 31.2cde 41.7cde
ZM66 7925.1¢ 619.2b 32.4bcd 41.2de
v AKS58 7377.6d 601.5b 30.6e 40.4¢
ZM66 7631.9cd 612.6b 31.3cde 40.1e
\% AKS58 8630.9b 657.2a 31.1de 41.6cde
ZM66 9139.2a 654.1a 33.9ab 42.5bcd

BEMOR RIS, T OK BRSO RO 20 A Wl 5 %
b, TR E RN, . VALV AR B R B
FaES, HEEST LA AR, HARRZERAR
W#FH (R 6—7).2016 £ 11 £ V 4L H XY335 Al ZD958
() TR0 53 0l EE AL B T 380 6.6%H11 6.9% 12.1%411
14.2%- 12.3%F1 15.0%- 11.7%F1 14.3%; 2017 4 11
ZVALH XY335 F1 ZD958 Tk 5 4 i b AL HE T
BT 9.2%H1 10.8%-14.1%F1 13.3%-15.1%F1 14.1%.
14.5%%1 15.0%.

B TG IBHEIR , FPRiS KR B2 TR, b
B ZE RN GRT) o H#& 6 0%, 2016 FFII RV
AbPE XY335 Fll ZD958 IO Fr 5 7K & 43 i) L A B
[ FEA% 20.9%F1 17.6%+ 41.0%F1 35.8%. 52.3%F!
46.1%- 61.6%H1 56.4%, Hr VAL XY335 Fil ZD958
HIRFRL S KA N 14.9%F1 17.3%; 2017 NI EV

AEPE XY335 Fll ZD958 FISCHRFFr 2 7K 543 ) Le A B
[ FEAK 18.3%F1 16.5%+ 39.1%F11 34.8%. 51.4%F0
46.5%- 62.9%H1 58.8%, 1V ALBE XY335 Fil ZD958
ISR 7K 53 0 0 14.4%H1 16.5%

WIHTHTR, BEERHNHEE, M=, A
AR R R BN, U= AN R 2
BN, I 2 W, BRRECHA R, ALERV R
PR R, PIAESNIN 18 729.1 F119 503.4 kghm?,
S 2 AR, HEFEmT 1. MMV,
2015—2016 “EHEME 7504 7.8%- 5.0%K1 7.9%, 2016
—2017 S E 54 5.5% 6.4%F1 6.7%.

2.4 TEE/WHERTENE-EER—FEHHE
XNRMEFRF ARE

& 8 WLAEH, FEIRIHELR, /AR A ™

MR A AR, EBRIAIZE S 2 . 2015—2016 4F
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Table 6 Yield and yield components of summer maize with different harvest dates
FEA LS vl I AL TR THLTE KL K
Year Treatment Variety Grain yield Ears number Grain number per ear Thousand kernel Water content
(kg'hm?) (x10*/hm?) weight (g) (%)
2016 | XY335 9524.5d 6.2a 478.1ab 321.3d 38.8a
ZD958 8979.6¢ 6.3a 463.9b 315.4d 39.7a
I XY335 10340.4bc 6.4a 481.6ab 343.9bc 30.7¢
ZD958 9879.8cd 6.3a 475.9ab 338.7¢c 32.7b
il XY335 10901.2a 6.3a 479.6ab 365.7a 22.9¢
ZD958 10738.8ab 6.3a 475.1ab 356.0abc 25.5d
IV XY335 11058.6a 6.4a 483.6ab 366.3a 18.5¢g
ZD958 10759.3ab 6.3a 479.9ab 359.4ab 21.4f
Vv XY335 11188.1a 6.3a 486.8a 363.9a 14.9i
ZD958 10922.9a 6.4a 481.3ab 356.5ab 17.3h
2017 I XY335 9089.4¢ 6.5a 422.1b 329.9¢ 38.9a
ZD958 9202.9¢ 6.6a 439.2ab 320.7¢ 40.0a
I XY335 9718.8d 6.5a 429.0ab 352.3b 31.8¢c
ZD958 9924.2¢d 6.5a 436.6ab 359.5b 33.4b
il XY335 10413.1bc 6.6a 425.6b 372.5ab 23.7¢
ZD958 10536.9ab 6.6a 440.8ab 370.1ab 26.1d
v XY335 10617.5ab 6.5a 428.1ab 376.8a 18.9g
ZD958 10926.9a 6.5a 448.5a 373.5ab 21.4f
\% XY335 10490.2ab 6.6a 431.6ab 374.2ab 14.4i
ZD958 10746.5ab 6.4a 442.2ab 377.2a 16.5h

x71 FiRE. ABEMEAHELSNE-BEERFERTEMHERHTED T

Table 7 The ANOVA analyses for yield and yield components of winter wheat and summer maize by years, treatment, and variety

/A Wheat T2k Maize
FeRE sy Tl %4 TR s Eisy Tt % RRED KFRLE K
Grain yield Spikes Kernel number  Thousand Grain yield Ears Grain number  Thousand ~ Water content
number per spike kernel weight number per ear kernel weight
0y 0.001 0.011 0.001 0.003 0.002 0.001 0.001 0.001 0.199
Year (Y)
B 0.002 0.263 0.003 0.001 0.001 0.984 0.333 0.001 0.003
Treatment (T)
m A 0.701 0.817 0.002 0.043 0.169 0.817 0.258 0.033 0.001
Variety (V)
YT 0.262 0.656 0.988 0.585 0.230 0.713 0.971 0.584 0.172
YV 0.060 0.701 0.084 0.539 0.001 0.847 0.003 0.149 0.597
>V 0.003 0.887 0.063 0.235 0.600 0.864 0.947 0.591 0.093
YXTxV 0.888 0.979 0.922 0.975 0.762 0.731 0.915 0.672 0.990
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A 2 2015—2016 4F7=ht, B4 2015—2016 4F/~Ht A is grain yield in 2015-2016, B is grain yield in 2016-2017

B2 AREE/WHLEXNE-BEER—FRPEXRETE

Fig. 2 Grain yield of winter wheat-summer maize double cropping system with different treatments

®8 AEHE/MHALELE/NE-EERLBEHE

Table 8 Production efficiency of accumulated temperature and radiation for winter wheat and summer maize with different sowing/

harvest dates

o e Bk bk
Year Treatment Production efficiency of temperature (kg-hm™‘C™) Production efficiency of radiation (g-MJ™)
N ok Jel4 Nz Tk el
Wheat Maize Annual Wheat Maize Annual
2015-2016 I 3.30c 3.20ab 3.24b 0.32b 0.54ab 0.41b
I 3.66b 3.27a 3.43a 0.32b 0.56a 0.43a
11 3.37¢ 3.20ab 3.25b 0.31b 0.55ab 0.42ab
v 3.28¢ 3.10b 3.17b 0.29¢ 0.53b 0.41b
\Y 4.09a 3.08b 3.42a 0.36a 0.50¢ 0.44a
2016-2017 I 3.90¢c 3.18ab 3.45b 0.38b 0.56ab 0.44b
I 4.20b 3.24a 3.63a 0.39b 0.58a 0.47a
11 3.85¢ 3.18ab 3.44b 0.35¢ 0.56ab 0.45ab
v 3.82¢ 3.04bc 3.32b 0.35¢ 0.54b 0.44b
\Y 4.79a 3.0lc 3.62a 0.44a 0.51c 0.48a
AEAy Year (Y) 0.001 0.590 0.017 0.001 0.069 0.002
Ab3 Treatment (T) 0.001 0.347 0.049 0.002 0.001 0.022
YxT 0.412 0.899 0.698 0.031 0.977 0.867

V BN ZE SRR AL P R 4.09 kgshm ™ C
BEFET L. . NIV, #2575 10.9%. 11.7%-
21.4%1 24.7%; 2016—2017 4F V &b FESF-3 R A4 2
BN 4.79 kghm>CT, BFE T 1L 1L IIMIVA:
R, R 7.7%. 14.0%. 24.4%F0 25.4%. BEWCRIHE
IR, FORFRURA R R B, o T ab
EESTIVAV G, 5 1O ZERAEE. 2016

AT AL EE FOKZE IR AE P 250% 327 kg-hm™-C™,
VATV AR BEA> B T 5.5%1 6.2%; 2017 4E 11 4b
RO Z TR A P RN 3.24 kghm™C™', &
VAV AL EE A3 32 5 6.6%F1 7.6%. Kk, TTAV
JUERR AR S wm T 1L IV, 2%
SR . 2015—2016 4 1T AV & 42 BUE A 7= 30k
Iy 3.43 1 3.42 kghm™C, e 1L I
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bk Al B

2

= 52 45

VAL 5.9%F1 5.6%-5.5%F1 5.2%-8.2%F1 7.9%:;
2016—2017 4 11 AV A3 R AE R A 7= ROR 3 93 0
3.63 Al 3.62 kghm™C™", pHlET 1. HIFIVALHE
5.2%F1 5.1%- 5.5%H1 5.2%- 9.3%F19.0%.

& 8 TLUAH, BEFFIHEE, NEFuped
FER A RS AR G e, AER IR 2 e R
2015—2016 4F V&b /N T RE A 7 A
0.36 gMI', T 1. 1. HIAIVAREE 12.5%.
12.5%. 14.1%A1 24.1%; 2016—2017 4 V AL FEN A
ZCREA R N 0.44 gMT, e T T VL.
IRV AL P 15.8%. 12.8%. 25.3%H1 25.7%. FEFE I
PIIHEIR ,  FOKRTEL AR AR 7= 2R B 5e 1N 5 Bk &
P, AP R TIVAIV AL, HA0E [ A2
FAEE . 2015—2016 F I A3 FOKFLRE A = 3%
N 0.56 gMI, AHIE T IV AR EE 5.7%F
12.1%; 2016—2017 4 1 A FE E KRB REAE P~ 808 A
0.58 gMJ™', 3 5lm T IV V AL EE 7.4%1 13.7%.
B, TEANV A B A SR B8 A2 7= 2R B 3 m T AR HE T
IV, HoFERARE. 2015—2016 4 11 F1V 4b
H R AESCRE A P2 R Bk 0.44 F10.43 M, 4%
ST T AIIVALEE 5.0%F1 7.3%. 5.2%A1 7.4%; 2016

RO TEHE/MHALEE/NE-B ERKSEFHE

—2017 4F LAV AL 3 S A0 B A2 =20 40 il ok 0.48
F10.47 gMI", 3 50ET 1T AIVAEEE 6.8%F11 9.1%-
6.9%F1 9.2%.

M3 9 ATLAE H, BERRIHHER, NEFKE (B
KEHHKEZFD) BFE TR, VRFKRERRK,
PIAESY Bk 325.5 F1299.6 mm, fE A% T HoAh 7% 101 4k
. BRI,V AEBEK A RR B, 2015
—2016 44 23.6 kghm?mm™, Zp5lm T 1. 1. 11
HIVALPE 39.6%. 38.8%-. 62.8%H1 46.6%; 2016—2017
0 29.7 kghm™mm™, 5ET 1. 1. HIAIVA
L 56.3%- 51.5%+ 75.7%K1 54.7%. BEUEIHER,
FOKRFEKEEH N, VACEFKE S S, PES
M 492.4 F1 442.9 mm, {Hl T =8 B8, 2016 4
KA PR EE G R T LW 2, 2017 AR T 1 Ak
P 6.6%. [ 2016 FEALBRIIIE KK > AP 2R B v
FAEFE T 4F, HABACER R K E PR 2 RAN B .
DAL, AL BV RS 7K 40 AR 7 303 e e, PRAE 2300 23.0
A126.9 kghm™mm™, 2016 R #EmT 1. 11, IR
IVAREE, 5 17.3%. 12.2%. 22.9%F1 18.6%, 2017
FERERET T IVIDRIVAE L, $275 29.3%.25.1%-
32.5%H1 24.5%.

Table 9 Production efficiency of water for winter wheat-summer maize with different sowing/harvest dates

A P /NA2ZE Wheat FAKZ= Maize JH4F Annual
Year Treatment gkt IO H R AR A AR Fokit IO
Water use Water use efficiency Water use Water use efficiency Water use Water use efficiency
(mm) (kghm?mm™) (mm) (kg'hm?mm™) (mm) (kghm?mm™)

2015-2016 | 479.8a 16.9b 413.3d 22.4b 593.1b 19.6bc

II 468.9a 17.0b 435.7¢ 23.9a 604.6b 20.5ab

il 481.6a 14.5d 470.3bc 23.0ab 651.9a 18.7¢

I 399.5b 16.1¢c 480.9ab 22.7b 655.4a 19.4¢

\Y 325.2¢ 23.6a 492.4a 22.5b 667.6a 23.0a
2016-2017 I 492.4a 19.0b 403.1b 22.6b 595.5a 20.8bc

I 468.2b 19.6b 428.8a 23.5ab 597.2a 21.5b

il 457.9b 16.9¢c 438.7a 23.6ab 596.6a 20.3¢

IV 381.1c 19.2b 439.9a 24.0a 596.3a 21.6b

Vv 299.6d 29.7a 442.9a 24.1a 592.5a 26.9a
AE4 Year (Y) 0.018 0.002 0.001 0.186 0.001 0.001
M3 Treatment (T) 0.001 0.001 0.004 0.073 0.017 0.003
YT 0.007 0.006 0.069 0.226 0.001 0.012

FE7K 3 24 22 300 R K 5 R 2K e B R

Water use is the amount of precipitation and irrigation
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3.1 E/NENTLENENEERERKESRER
Vo

PeAAL 298 26 /N 2 - B T KASE 2705 [a) A ik B U T
B, WREMWTRERAE R R SRR A e U — 5
B YA M DX S A 7 I ) R R Ak R )
o BT CHEMHRAR AR, A AR K
PRI S 7 18 R4 /N2 10 A K T 1 D8
A ROR e AR IR, T S T & /N5 ok
WM BB, ST AR RIAE] 15 000 kg-hm™®
P b, S SPEAE P 1 I R 64% A1 124% 10,
SR, BEAG S DX AU S R RN AR = S AR (R AR AL
KNG KT . &R R RORE K ™ B4 )
R 2 et [ p R 2 e T R 5 KR
FERLE K EAT 30%LA b, 7 E S LA B FF R
i, BTk A0 b R RGN B
R A 5 P R0 AR 7 25 A (1) A6 /N 22 - B T K — 4 P i
AW A KT AR I S BHIE /T %8, ABFFEMN 10
H B CHfR RS BHERIND &2 12 H By (B4
RIANHE AR HIED) , BB T 5 P&/ N B TR O
Bt WFCRW, W RO, NAEF IR
HEh 1EH R 236 d s 25 AR 168 d, AHMY.
() R K S A K R B R A S Ms i 106 d C T ) B &
166 d (V) , AFE V /N2 W 3R FH T K IS I i T 4 “ X0
M FARBRIEK 50 d 2240, Hah, HuEll 2
FORBGR I FPRLE B A B R, KBTI, VATV 390
IR (15—45 &) FZHTFREIENK . Ak
B 5] 114 0 5 SO P 26 K 2R Y i K B 5 Rk AR
FARA, B FEASONHEIR, PR AR Kl K B
P BE LE 20 3 EH AR EE T 1) 60% = 40%- 46% : 54%-
42% : S8%AFE R ALFE V 1) 49% : 51%- 34% : 66%-
34% : 66%3 I A, /N F2 7= /K Wt U R kL
ToKZEEERN, A ABRIITZE VKR 3 7K 38 1)
(R BE U 540 ) oy AR BRI 9.3% A 7.9%,
Bk B P BT o BBl 11.0% (2016) A1 3.2% (2017)
HOR B AL BRAE BRI G K PR & 2 e W, (RN
JEV A R R 1 LA A ) [ CREOKBRAM) , 53
ATRT A IO FT 45 SR — B, Xt it — D M I o
Be 5= B ) G R e it T e bt v, i/
WAL SO F 8 R T S B4 /N - B ORI AR )
ARSI, A — DT St
A T A O U AL T A o

3.2 #B/WHAZ ML NEFMEEKFEWMNK
BANWFRER I, AEW) =Y S 2L e X 1
TR S A A A B DA DR 2730 ARHE 5 i i 3 A
VL, A1 AN B RO R A K 2
TIRA LR AR B AR, S A F e b2 A T
WO o AN R B AR IR TR, FRTE R
1 866.5—2 024.3 kg-hm™, {HALF [T K AFE V 1) ZM66
AR RS IR R B R B ARORT R
SIPHEIR B E RN, B0E 1 528.1—2 208.5 kg-hm?,
DA HE TT R VO RAE P~ g 4 AR FRITTRNIV 5
R T AEF R R . X EAT AT AN -
HARK R ARG A5 R AR S T
FIRR 32, AWETT /N 22 W 05 5 S0 ok R0
TR AR, (HARFEIIM Vv FBEAEE, T
ZM66 fiFhAEARHE TTRT V HAT 5 i (R ROk 4R
TR BT AR, Wik n] 8 B L8N 2 R
eI S i, dERE I R R 1O W R P e
SIPBL R R R R AR N A R AR A e
JIFIT)RAR R ae I /INGE SR CUn 2 22) SR 4ERF
B3 /N 35 e A S Y . SRR AT AT 5T
EHI ) ZM66 St Fe kb BT TR V3 01 oA 8 e
JEC BT FERE ST, WTAERE T /N2 468 e R AT R
FLECRURL T s (7] I H - 7 i Bl /N 22 93 BE DD, 45
JEACER VA B KRR, R R R
TSR, R T R R R X T
NZ/NEWWAR (11 A La)) iR g g R0, @
LR FBRE 22 SRR INI% R 800—850 Ki/m® 7E
AL RS T &N ik 82 900 kgrhm? (1177
IR o BRI, N[ b X DR T /K B8 5 SR 1) 22 5
TR A I I S 2 12 X /N 22 08 B R AIR A .
B BRI R A4, DMRUERS i /N P i
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