#30% 8
2014 4F 4 H

&k TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol.30 No.8
Apr. 2014

81

e KMk ETEE -

EEEHIE S RU R B NE R A NE

S OB, ORI OE W ERML M A2
EHA 2 EWH D A A B R

(1. PR PIR SR %5, Jbat 100193;
3. WS RBOL R =B E 7 5 5 Tt 5E BT, PERITESS 0100315
4, AT S HE R G R S50, IERIYERR 011705, 5. KEFEIWHKX SR, KF 130600)

WO T RECTEER R  AR N PR AR WA T AR IO, M 2011 4EF] 2012 4ELEA
AT TN IR AR . RS E T 5 ANMEMI, M4 H 26 HIFMGE 6 H 5 HAHR, 3%k 10 d.
GERR, BEERIEIHEE, 5 H 6 HZ G IERh & A BN = i B PR, BT H RN At 4 H 26 H
TR 63.3%~72.3%, KR AR FEEOM TR R R R, T8 /N 0% a2 3 By H
SRR REFRAR TR FE S BURAEE Y BT 7 B RO B AR R B T e A e e, (A TR B A
REW Ok B BARIREE Th 4 0, BSEIRFE To } 20°C) LEARREM R INAF FB3A BE 25, BER 953
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I 51 4D TR 5 s DX A M A 7 LA B B R B S 7 S

IINASEE AN 1972 4E51) 2004 4E 71 32, X/
FWEE T TSR, R S PS4 1
N, R I PR AR AR T AR K 2 R,
PRI, 2B & IR SE B 8] B H BT A R AR AN )
SARSAT TN R B HRERE . Tk wis R A AR B
B RME A e AR R B IR IR, KM EAE i
TR FAERKP—RE X — M EREEH.
X AR B AT T, e R E I
RE MBI AR R E H A il
A4 FH A2 B T IR 1 2650 2 b 100 /S 22 il g s 1) 32
A AN, | P A B R R N AR, T
AE N, F R TN AR R N A AT oY 2
&N, B X BN A B W RS
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AW G AL o B R R v, AT A
FSR AN, BFALR R, AFHR. Koy
FAF. AERAHAHME, R TOR PGS H
TN SR E B IR KRR 4
5, WIRE TS NN EE A REMIH. LU

TR ARG N AR A /N 27 R e B
A 2R AN TR AL IR /N 22 47 A B AA
R U AL S

1 #MR57E

1.1 RIS R 58 %t

IRIGT 2011 4E 2 2012 4EAE N 520 RS R T
R N FR B W IR 5 0 3 AT (41°06'N,
111°28'E), i3 Hh w1 5 5 KB A%,
B 756 m, ETHYRR 3.1°C, 0 DL FAERUR
IR 2 553(°C-d), ZHEPIIBFKE K 342 mm,
MK EEAEDE 7—8 A4, HEBEAMEKER
60%~70% /447, AW 95~105 d, 4F H RN %L
2°047 h, AENEATRERT 20858 MI/m®, 4 T4 X
3 m/se WG LIS O . RIREAE
M 1.5 g/cms, 0~30 cm K L EFAA 1.51 ghkg,
Wt 9.41 mg/kg, A 145.08 mgkg, HHLR
14.75 g/kg, 13 pH 1 8.26, Hi F/KHEEK 20 m. iR
BEMAEW KT MAR LM M2 E T KF
(1960—2010 “F) TEILK 1.

x1 MRXEMERTENSKREH

Table 1 Climate data during crop growing seasons in study area

7 o
HEWT ey Rt Month CheF
Climate data Year rowing
4 A SH 6 H 7H 8 H 9 H season
2011 4.7 10.9 18.8 18.9 19.3 10.5 13.9
) /Al) vE B
TERE 2012 72 13.9 16.4 19.7 17.8 10.3 14.2
Average temperature/ 'C
e 48 12.0 16.9 19.0 17.0 11.3 13.5
2011 4.9 8.9 39.0 96.8 61.1 16.4 227
Ferght 2012 94 28.1 75.0 1023 54.0 70.8 340
Precipitation/mm
ZART Y 13 25 44 93 90 42 307
2011 278.0 2933 278.0 241.4 236.2 250.3 1577
T [f 2K
HIIN 2 2012 299.4 314.1 260.0 260.9 265.4 2234 1623
Sunshine hours/h i
LAY 264 291 284 274 262 246 1621

VE: BENTREATH BN RO R BB 2R 1960 2010 R TR

Note: Precipitation and sunshine hours were cumulative. Annual average temperature, precipitation and sunshine hours were calculated from 1960 to 2010.

TR0 O M T AU I N 22 iR 22 33
S (Triticum aestivum L.) AHER P 56 % E
TS AEMEIE, 4 H a6 E 6 A1, HEE
b 10 Rk —H#&. Hod 2011 4E#ERD H IR Ch 4
H26H.5H6H, SH16 H. 5 H26 Hfl6 H
5 H, 2012 R85, 75 4 MEAN T ARAR, 2K S
FEIASERTE 5 31 Heo /AXJHF 25 m? (5 mX 5 m)
K547, ANX PR 30 om A, SR SE4
BENLX 2007 00, WE 4 AN EE. PR RS
FUh T, JRE N 37.5 kg/hm® CERURHE 73 5
h 46.3%), BEE %k 75 kg/hm® CRUREECH
18%, P,0s 404k 46%), SALH A 37.5 kg/hm’

(K;0 FUE 0l 60%), T RS MUsAE— X
PR, AR FIESE . BTy T 22
TRIX, FERENEMmMD, HPEWEZEEPRE 7. 8
Aoy, $REIE 2 AN HPIREW, JLTFTEERBFK,
SRR AR, R o BB TS A A, 1hAE
Jith FH A oAt s X ARG . VR AE K N T e s
o AR AR HERE I R FRAR BRI A A
YR ZEE N BT D EANK LB R EYISET ., W
HN K DD R v E N TR RA R 1 A AT 0 AT o
1.2 MEmMBSAHZ*

MNZE T BRGRI TN, SR 15d
AT 1 RO A, D VEI bR s 5 S e
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bR, HHas BORAEAR S MR 25, Ly FE 4 580
FREFFE &R G, 2 Rl2EF4uasd, BEFHMNE
105°C47 30 min Jii, Hl 8OCHT 2w lEE, K
BT TR, AR TR RS
HIE . K8 BRI R AR A8 B A
e A AME A AU (L1-3000C) W FEAE
HHIAR, Pl AR5 (LAD . SR AT
SE LIRS KR, A5 TE M N I e v
RIH 0~5cm, >5~10cm ZJ5%HF 10 cm h— 2
£ 100 cm.
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IS FH 7~ 2 XRA S A 49 TR RE K £

AW = P-R—U-E-TR-I+Q+Ir (1
A AW R IR AE SR BE N IR AL, mm;
P AFRKE, mm; R AGHE, mm; UNBRE,
mm; E N HIEZEKLE, mm; TR WHikkZEE,
mm; [ AVEWIERE K E, mm; Q AEBE LT
K, mm; Ir ¥R, mm. KA ZXEREFFK
N, ZHIESLBEWE R KEN A 41.6 mm
(2011—2012 4F), HAESTE 7 A MEDFEK
RN R B, RN 24, 48 A1 72 h 4y
B LS K E, KOAAERM IS, (HE
HRAEH R 50~70 cm A4y, HUR 1 m R BIESKE
BAIEARREEAA, WZKSIE U; HTZXIE
R K EEIR, 2 BOB X 20 m, TR,
A EE LTHK Qs WRE/NMX AT T HFEE, hX
RO, BT AEEARTF I 2SR R MFRARL
SAFN, RBHATHEMR, Tr (4 05 [RIULAR HHS2prz
B ALy AW=P-E-TR—I, W78y 34t
N ANRGLHRE, FHFEIE AR (ET) O
TIRWMZE KRR E, MKIIZEE TR FYEY) R
BRI KR I, Bl ET=E+TR+I, mitknl%n
ET=P-AW,

YER 7K 53 ) FH 2385036 E AR 00T 7 e R SEE e il
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X Y RGBT R, o/m’s ET I aE 8 WIEY
Fe/KE, mm.
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ED e R — B B LR T B RN (B
], TT), JKT 0 F-/INF a1 Bl B
SR AEBLR E AR R S R vk
S TR X R T A e X B i £ H %
1R, prolzmg T BRI ER ), RAHED I E
W2 B R R Bl B R B RN R B R
ERE AN 20C. HEAXIT:
PDT=(T-Th)/(To—Tb) (4)
P Thy To 43 5IH A A4 2 BR il F R il
E, C.
R B T EXCEL2003 A1 SPSS17.0 4 fbik47
MG 04T, £E a=0.05 KV 1] LSD k%
T LA % A B 1) 22 e W S

2 FER5SH

2.1 BHMENEFEMPRERELRRIS D

RIS /NP B R (3R 2). 7F 2011
ERARBER 5 ] 16 HARMR /N 227 Bk B i {1
72911 kg/hm?, 45 1. %5 2 FEWIAL IR (1) /N 2 7 R
2,5 H26 HA6 H 5 HAER /NP R AT LB
EE N I 40.12%F1 66.78%. 2012 4F i 1]
(/N2 P e d ik 31 2981 kg/hm?, 5 H 16 HG %
PRI P W BRI, A T AR d R & 43
50.01%- 57.93%4K11 73.36%. 2012 45 2011 4EAEL,
W2 NI /N2 P B BN T 13.13%F1
22.72%, 5 H 16 HUUGHF & b8 =% T 2011
GSOPVES TS

£2 FRAEE/NEFEMTRRE LR
Table 2 Yield and grain weight per 1000 seeds at different

sowing dates in 2011-2012

i s TR

HeAh H ) Yield/(kg-hm™) Grain weight per 1000 seeds/g
Sowing date
2011 2012 2011 2012
04-26 2 342b 2 874a 44.38a 42.83a
05-06 2 635ab 298la 42.80a 44.65a
05-16 2911a 1 490b 43.74a 30.35b
05-26 1743¢ 1 254b 23.40b 28.24b
06-05 (05-31) 967d 79%4c 20.73¢ 24.26¢
it 1553 129.4 0.75 0.81
Standard error
P i <0.001 <0.001 <0.001 <0.001

Ee TS AR 2012 SFR RS — DR H . AF/NS RIS
[FISEAN R R AL 10 22 e =

Note: The last sowing date for 2012 was on 31 May. The different small
letter indicates significantly difference at ¢=0.05.

N T 4k 9 Ak B 2R /N 1) TR 7 A
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R (R 2). 2011 4E 5 H 16 HZ AEM /N T
BRI 42.80 g, WA ZRARE, ZEH
Pl IR /N 22 TR0 B W 8 RIS, S5 R A A 3
So 2012 FERIFATAE 2011 FEREA L BIER 2
AREER N TR R 22 AN B 35 (42.83~44.65 ),
5 H 16 HZ JE R0 /N2 T o g i B A - 2 |
AN TR) 47 391 4k B ) /)N 22 77 R R T R ) S R
FxR, 5 H 16 HUAGHERNN &40 2, B 7RI
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H 35030 B 4R 7E 18.5°C LA I, P g 7
2 342 kg/hm® LI b, HTRE5 S0 kT
42.80 g, BHAE L I BRAR S B R TR 34 B 3 B
%, 2 5 A A 7= B BRI R 2% . S
6 H2Z Ja R & a5 b, I3 St 25 4 101 (1
IR 2 AR (IR 200 MHRE &S B B i H 11
VY AST e e G RTE AL
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1

y=5.5901x-64.162
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Fig.1 Relationship between yields and harvest index with daily temperature from heading to maturity in 2011 and 2012
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Fig.2 Harvest index response to daily temperature from wheat heading to maturity in 2011 and 2012

2.2 ARIBRAENZHERDIE

Kl 3 Eon/NAEHh BT E I B A AR,
2011 4 4 H 26 HEER /N HL T4 it 1A )
1 085 g/m®, & 3% WAL BE ) (¥ e KA, 2012 4E%
Eh 5 H 6 HIRF N TYI s, N
1197 g/, S PRI A B IR Y, Widk &5 Ab B
f M BT R T 848~1 071 g/m” 2 1. 4545

M 2 SRS AT, BRAEM (5 H 6 HZ ik
Bl /N b T R s i AE MR AR AR (5
H 26 HLUG#EMD (i L3 T¥mE@EL T 5 A
16 H 155 N 2
2.3 ARIBHRENEZNEEH

VARG R /N2 A4 F IR s s H 3L
() KT 0 HIFWE (TT) FIFHIERIEE 0 Ml
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U 20°CH AR B A B T INHE) PDT #E4T T )
tbo sk 3 fiow, MIEFP S| W B, #%IH R) SEPr
REHEMZER R, B2 TT AL G KR ZE
FARE, UG BRI ED
P H AR RS e R B R, SR
WA R EVIAR BRI 7. H 208 B, %
WIRAEBRE) 3 Fh &R T L B2, HEA R
FAE - VR oy B8 5 B Hh AR B BRI AEBR H] d
TT F1 PDT iX 3 fpRom vk L B 2R, BN

1400

_ g d=E:]
‘s 1200 b Sowing date
) ——04-26
B 1000 —%—05-06
g —&—05-16
> 800 —5—05-26
n?m ——06-05
: 05-31
= 600 ( )
ﬁ“g_ 400
Ej
200
R
0 )
0527  06-16  07-06 0726  08-15  09-04

HURE H 3% Sampling date

a.2011 4

REBN, HEEHEL BUEAERLR & I R3]
PUR I e A% R B B RS 21 AR 3 R
B AT vy, AR RRERN A H A IR AR S R AL
535K 8.67%H1 9.12%, Szbn H #1128 57 R EH
13.5%. /N NFEAD B Ak E 1, SEbr H AL
AR 5 R BN 4.49%, T AR A AR B & I (A]
LRI S R (3.21%), KT 0 MIFREAILL 0
1 20°C HH55 10 A PR B I IA) AT DUASE b i b B AL
B HI X /N 1) R R

1400

b H
1200 + Sowing date
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—&—05-16
800 F  —8—05-26

—6—05-31
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B3 2011 42012 F 2 EXRTFTHRFEE

Fig.3 Above-ground dry matter of wheat in 2011 and 2012

32011 02012 FREEM AR NEZEEFTHNEL (.
Table 3 Development time (d), thermal time (TT) and physiological development time (PDT) of sprint wheat at different sowing
date in 2011-2012

8
v}

(TT) FAEIBLZERE (PDT)

TR H -5 2 B - -
F Sowing Sowing- emergency Emergency-tillering Tillering-heading Heading-maturity Sowing-maturity
vear date dd TT/(C-d) PDT/d dd TTACd) PDT/d d/d TT/(C-d) PDT/d d/d TT/(C-d) PDT/ d/d TT/('C-d) PDT/

04-26 19 151 7.6 13 174 8.7 35 635 313 51 988 47.6 118 1948 95.1
05-06 16 164 8.2 10 153 7.7 35 657 323 53 1004 48.5 114 1978 96.6
2011 05-16 10 126 6.3 14 237 125 35 651 313 52 992 47.8 111 2005 97.9
05-26 7 112 4.6 15 267 142 37 705 345 51 899 435 110 1984 96.8
06-05 9 155 7.7 10 200 9.6 37 699 34.4 49 803 38.7 105 1856 90.4
04-26 25 345 17.1 9 115 5.9 36 612 29.4 44 835 41.3 114 1907 93.7
05-06 15 207 10.7 9 115 5.9 37 635 30.4 47 866 432 108 1824 90.2
2012 05-16 17 236 11.6 5 79 4.0 38 691 33.4 59 993 49.8 119 1999 98.8
05-26 8 111 5.6 11 155 8.1 35 682 32.6 67 1041 52.1 121 1989 98.3
05-31 7 105 52 13 210 9.8 33 638 31.1 63 968 48.5 116 1921 94.7

FE 133 171 8.45 10.9 170 8.65 358 660 32,1 53.6 939 46.1 113.6 1941 95.3

% 6.1 74.4 379 296 58.7 3.09 148 32.0 1.67 723 81.4 421 5.10 63.0 3.05

@Eg‘?r/i)ﬁﬁ 455 435 448 272 345 357 412 4.84 522 135 8.67 9.12 4.49 3.24 3.21

. FEWE 0.031 0416 0.344 0.773 0.446  0.486 0.952 0.239 0.352 0.605  0.843 0.840 0.803  0.335  0.323
r AEBRIA] 0295 0.237 0.194 0203  0.071  0.074 1.000 0.338 0.196 0379  0.961 0.624 0.344  0.509  0.902

e TT T 0 IANR, PDT W/EBURE I, AR EE 0 Rl & B 20°C it A5,
Note: TT is thermal time which is the sum of above 0 air temperature. PDT is physiological time which is for base temperature of 0 and optimal temperature of

20°C.

2.4 FHNEMFEKBEFKLSFIRAKESHT
A 2011 —2012 FESZ i 3K 4 8 i
PRI, BT IFAE R AL Bk /N A 4

EE BRI N 3 ABBG i S A B B AR
HFEKE (3R 4) WREFI-SC1 0, AN HR RV
MHAKEZR R, P 5 A 16 HZHrdErm
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FAEEE N7 1 HFE /K EAE 0.58~1.84 mm/d Z [A],

X2 JGHERI N HAEKE B E WS 151~
3.27 mm/d, EEE T AT AR R EME R T
I KB RIS e H A K, S H26 HZ
JE AR /N AE R PP -R T IR H PR e v, A

YA E R IR, SZhrAE K g -
B B, AN TR 36 30 RAE s i) 4 0 H FE K 2 A8 e 1
3.90~5.19 mm/d Z [Ah4AE M HFKE K
I3 T I B, A3 H B K R 4R R
7 1.40~3.79 mm/d 2 [,

F4 2011 F0 2012 EAREEHLEENERFEKE

Table 4 Daily water use amount of spring wheat at different sowing date in 2011 and 2012 mm-d”
AEH B GER-IRD EEPH G-I AEF AR OFe-3
A ) Sow-jointing Jointing-flowering Flowering-maturity
Sowing date
2011 2012 2012 2011 2012
04-26 0.68+0.22 0.69+0.21 4.04+0.56 4.67+0.07 2.45+0.21 3.79+0.40
05-06 0.58+0.30 0.73£0.16 4.23+0.36 3.90+0.41 2.754+0.09 3.794+0.09
05-16 0.69+0.49 1.84+0.23 3.97+0.43 3.96+0.09 2.59+0.37 2.78+0.42
05-26 3.27+0.58 2.83+1.46 4.42+0.36 4.23+0.20 2.33+0.38 2.26+0.33
06-05 (05-31) 1.51+0.43 2.45+0.60 4.80+0.29 5.19+0.70 1.40+0.12 2.67+£0.28

e 5T N IEUER R 2012 SEIRER 38
Note: The last sowing date for 2012 was on 31May.

RS 20112012 FERREERALENEZRIEN
KO FIAE
Table 5 Evapotranspiration and water use efficiency of spring
wheat at different sowing dates in 2011-2012

2 -1
‘mm

gm
2011 4F 2012 4£
-~ -
SR KA KA
P e o AR MR pEs
Evapotranspiration Water use Evapotranspiration Water use
efficiency efficiency
04-26 272.92bc 0.858ab 373.27b 0.777a
05-06 270.79¢ 0.981a 364.23b 0.824a
05-16 345.76a 0.820b 364.04b 0.412b
05-26 329.09a 0.530¢ 444.43a 0.285bc
06-05
(05-31) 316.54ab 0.306d 374.51b 0.212¢
Standard 20.72 0.049 17.32 0.048

error

TE: 35S ARBUES 2012 SEREE —ANMERN D). 3 FIAEAS TR 01k
WHEAT 225 RE VT, MRANE P RERORER AR

Note: The last sowing date for 2012 was on 31 May. The same small letter
indicates no significantly difference at a=0.05.

20
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16 |
E 14t
2
=T 2r
g | R E
}% & Sowing date
4§ 8r —o—04-26
2g 6t —=—05-06
Z 4L —A—05-16
—8—05-26
2r —o—06-05 (05-31)
0 1 1 1 1L 1
06-06 0626 07-16  08-05 0825  09-14
HURE H 1 Sampling date
a2011 4

2 a PRI ET YRR R R /N 22 WUE 8y Ho
BEER, MERUMEE S A 6 HZ G R & 45
1) WUE 235K, 55 H 6 H#M 1 WUE L,
)5 2 WIHEFR WUE 235 B#K T 46%- 69% (2011
) M 55%. 62% (2012 4F). ANFEIFEALI T,
FRHCR W AAAEZE S, 2011 4FRT 2 NME AL P E R
4 270.79~272.92 g/(m*mm), WELT 5 H 16 H
Z GRS AR A A . 2012 AFR%eT 5 H
16 H Z B R b BEZS B EIACT 5 H 26 H ik
AL BRI A
2.5 b EERREAIIR Y FAF R

TR XY AR W R R R R R RE

(Kl 4> s3trmran, 2aikset 5 H 6 HEERI)/NE
Rz R EWIE B (. 4 H 26 HEEFEEA
FEERERZ, A HBIALE R R R EE
7E 14.0~17.0 g/m* 2 i) . MFEALFE (5 H 26 HLL
i) M EEEE R R ST S H 16 HiER b,

20 -

of I
16}
g 14 |
2o,
5 2
®E 10f .
= : Sowing date
g 8§ 81 ——04-26
=E 6f —8—05-06
Z 4L —&—05-16
5 —8—05-26
i —6—05-31
0 P 1 1 L
05-21  06-15  07-10  08-04 0829  09-23
HURE H 1 Sampling date
b.2012 4

B4 2011 5422012 Vet LR EE RS

Fig.4 Nitrogen accumulation of above-ground biomass in 2011 and 2012



5 8 31 B AR I PRI S R MO AR /N AT UK R T AR 87

OGRS (B 2) srbralan, 5 H 26 H2 54
Foh 8 AbER I BCER SR B A, BRRE b L3584
A EEA D W S SR AR BT 7 (R LE A v, DRI,
M AL LR N AR IR 0 R T F s 258155
BN

G FE ) FH 2505 T DA E 37 I 1) e I S 25 R R
Frem vk (B 5, ANEFEHAABLT /N R EZR
MZEEREE, ANFESF0E S A6 HZEEMir/
FREM T RROCAE 17~19 g/g 2 18], BEFHIZIN
IR, 5 H 16 HZ Ja Mt &5 ab B A ACE 8
FRRAK. Horh 2011 AL P RE LR (5 H 26
H2Z M MREFHBERE 5 H 16 HabE 5y
AL T 39.96%F1 70%. 2012 fE&ALFIH, 5 A
16 H LU #EF 1 S b B R Z R H R 5 H 6 Hik
RO EAG T 42.15% 52.56%F1 70.94%.

30

~ 4 Year
s L 2011
e
#8201 7T T 02012
& .8
& 2
=% 15
W 2
®Z 10}
Q.
e
B 57
p4
0 1 1 1L 3
04-26 05-06 05-16 05-26 05-31 06-05
0 H ¥ Sowing date

BS5 2011 F4= 2012 FAE4 R&E AR 2E
Fig5 Nitrogen use efficiency of above-ground biomass in
2011 and 2012

3 it it

Vet Kad b, i, KOS BRI T2 d
YEI, semE KR i i 0 3k
=, O B AR ER, SR E A
SAUOL, T S R R v OB ] B I, KT
or = e o B T A 1 Ll A B S A B B
A, 35 3002 S M R AR E 47 BRIl 5 (1) e T B
g rIpR U, &R BT DR SR
3 7 s B A2,

TR, SEUGEY R s B
H P ¥ B = A 22 e, Ml S R e 18.5°C LL LI,
INFE (PR R 2 342 kg/hm? LA E,  HLOTRETR TN
HEHRT 42.80 g, WHHAREUBE R IR ER
IAERL (2011 4F), ATRESAT R TWEdk N4 =,
EJEAERR IR B . FRACIR L RIS B, XK
2 SR AR AR AT X, 38 I LR T R i A ot
PEFIRA R, RS A

ATFFCRH T S2b0 H 4. B AARR R

BIN] 3 FhRIA T Kb T/ A E R, 1EY)
AERGEWR AT FAKR, —MEHAFHSET 1
MERH . MEWEIERGEE A T AERKN, 1
AMEREH HHANT 1A EKRAPY AR5~z
SERALEFYIMARTE 1 941 ('C-d), SLhrHHL
WE 114 d i, HEFRENT 953 do FIHAR
RE W H R IR I MR AIE BN IMAEE I, HAEA
FAEG FEA S E N BB A B % =
Ft, UHZ T EARASE v 4 . AR BRI I Ta) (1)
h A S AR PR R AR RO, 0 /N 22 1 A2 7 o A
T IR . I RS M R 2 W S e e
ALEREI i, I ECEEYIIEI . S RS
IS 224 1 A L A5 A R A A AR BGAT O IR DL
PR, AR A A KU

TR, AEYA R AT Bk sk
PRAFEZE S, T8I R 28 R FIVEDI I 725 5 76
WA, WIS T YRR 3 R ROR 0 22 5. AL
TSRS FUAR WA /N 22 70 3T - e AR el - L 2 By
B MU foe i), R RS R RN Ky
BUAE RN S0 AU R M AN 58 A — 3,
BT AR FL A B K SR X N R
B A 300 5 T L RN, 4T -l R ) S 0] 7 A A
BERGSEmRP . AW, 5 H 6 HZ R
/NFE WUE ik 0.777~0.981 g/(m*mm), 2 J5&4%
WAL WUE $0{8 25 FRAK, AR BRI 21
KATBUBI S WEYIA, R TEDEK, FIT1E
YRR R s, SRR R, BRI
R, EmErr R mK AR HRCR . R
B KO R R AR AR S P, (R R [/
FhFEKE . P2 B NK R SR R 2
SO A 5 FE AR VPR L (AR R I LN, S
ZEVAHEN L ZEIRVR A AN R T, Rm TR T
BRI BRIz Ah, 50 B e 1% X 5k
IRIFFCUE I ) H 25 R S AE R 88, BT B
KPR A, 755 4RI 5 2 AR HOAS Bl 11 L
o L AR bR TR A P R B QB LA — s I A 7
ARG, M0 HIE BE BT A AP (RS A
B, T L I AR AR TR RR, AT R e
TR TR o S BEAE o5 FVARHA 7 o 258 e vl LAg
/N PR A R R PO,

HFF 5726 BH S [R] 36 309 Ak 20 ) b | 3002 25 B R 2
KA E, BRSO RER S, TR
M E T 2 Z R AR . Braunack ZEWF 5T W)
HRAE R E R R I 5 538 T Lk 25801,
Ferrise 25k i6 rh 5 B 7 AN EUIRBERE , BF5T
P HIFI U ] 0 N = s A, et U ) i
P22 S 5 /N I R & W2k, (BRI



88 ek TR 244

2014 4F

BRERHBRR THEZ WA EMEE, [N
RAC LA e J2 G, AERESR I R) T AR
2 EYREAE R, ARSI = AE
TS BT . A, R EA R R
AR, e SeR g T LB E AR R, 2
BTz XK SRR R A RCRC EL

4 #Z

D WIS BRI, RPCTHEATHIX, FNE
M EBOEREINTE 5 H 6 HZ i, #EUHEIR 5 /N =i
AR, WEiRAbEL (5 H 26 HUUGHERD 7= SR,
MAER TR, T T 40.12%~73.26%, i A%
FF/IN Az R =R o W7 A 1 /)N 2 SRl - il 3
B B H PSR, ANBEIR BN %A B I i
T K, B E N R TR R A
WORFE TR AR -

2) AFIRHAEEL T, N4 E WK R
MR RIS, 5 H 6 HZar# A asd, Ko
P& s 0.777~0.981 g/(m*>mm), BEFE G
IR, KRR YT @Sl T 46%~
69%:

3) FIRMBL (5 A 6 HZAiER), fERNE
REMN TR FEAE 17~19 g/g 2 18], FEE & IIHE
IR, 5 H 26 HULSEHERM AL T, A BRI AR
MR S E B T 39.96%~70.94%.

4) BT XS A AN A A BRI AL B R,
& (547233 %) MAERKENMEREL 953 ME
HHE. oL, RECCHWWIRAINES H6 H
ZHITRERAR AN, R SRAF RO AR 8 1 R
IR A F 0%

(& % x #]

[1] EiEte, i, B, PEICRBOSE RA

RFAIE S AR AT B A 2 B e 4R, 2008,
31(5): 671—678.
Yan Guanhua, Li Qiaoping, Lii Donghong. Climate
change and future trends of the farming grazing zone in
Northern China[J]. Journal of Nanjing Institute of
Meteorology , 2008, 31(5) : 671 —678. (in Chinese with
English abstract)

(2] A SEARA S AL T7 R BT A A = JE 55 TR 1R 5%

WARTFE[D]. Fut: R R E B TR, 2007,
He Lei. The Study of Climate Change Impact on the
Vulnerability of the Agricultural Production of Northern
Farming-Pastoral =~ Region[D]. = Nanjing: = Nanjing
University of information and science technology, 2007.
(in Chinese with English abstract)

(31 )y, B . RECTHH R G A IS o A3
AR [I]. MRS 2003, 14(12): 2311—
2315.

Cheng Xu, Mao Liuxi. Concept of system productivity

[12]

and its significance in ecological reconstruction of
pasture and agriculture transitional zone in China[J].
Chinese Journal of Applied ecology, 2003, 14(12):
2311—2315. (in Chinese with English abstract)

BRH Wb AU T E AL 5 AR o i = 1)
fiF sgm[l]. +RXZES T, 2012, 26(10):
1—6.

Li Qiuyue, Pan Xuebiao. The impact of climate change
on boundary shift of farming pasture ecotone in northern
China[J]. Journal of Arid Land Resources and
Environment, 2012, 26(10): 1 —6. (in Chinese with
English abstract)

Ju Hui, Velde M, Lin Erda, et al. The impacts of climate
change on agricultural production systems in China[J].
Climatic Change, 2013, 120: 313—324. (in Chinese with
English abstract)

XSHRGE, Fom, ko, &5 op AL AR TR
VEVD IR S N 0] B4R, 2010, 30(22):
6278 —6288.

Deng Zhenyong, Wang Qiang, Zhang Qiang, et al. Impact
of climate change warming and drying on food crops in
north China and the countermeasures[J]. Acta Ecologica
Sinica, 2010, 30(22): 6278 —6288. (in Chinese with
English abstract)

B, FREIE, MR A S URARAL SR AR
PERIIZ ). P E AR TS, 2009, 30(4): 560 —564.
Hou Qiong, Guo Ruiqing, Yang Litao.Climate change and
its impact on main crops in Inner Mongolia[J]. Chinese
Journal of Agrometeorology, 2009, 30(4): 560—564. (in
Chinese with English abstract)

Waha K L, Bussel L G J, Miiller C, et al. Climate—driven
simulation of global crop sowing dates[J]. Global Ecol
Biogeography, 2012, 21, 247—259.

INEL, VLo, B a. ARG RN AT 5
WI[T). /NEWFST, 2005, 26(1): 31—36.

SRIZA A, GRS, AF IR T AU E I (] F A
A A IR ], Mafk2edi, 2003, 15(2): 97—
103.

Zhang Lizhen, Cao Weixing, Zhang Siping, et al.
Simulation model for cotton development stages based on
physiological development time[J]. Cotton Science, 2003,
15(2): 97—103. (in Chinese with English abstract)
kA, LA, B DL NS A BRI (] Y
VSR E W TIN. Z2RAEY AR, 2000, 20(3):
29—34.

Liu Tiemei, Cao Weixing, Luo Weihong. Calculation of
physiological development time and prediction of
development stages after heading[J]. Journal of Triticeae
Crops, 2000, 20(3): 29—34. (in Chinese with English
abstract)

TN, BEH, IR AR N T
IR IRLBRLD]. RS 244, 2008, 19(7):
1544—1550.

Wang Jichuan, Ma Fuyu, Feng Shengli, et al. Simulation
model for the development stages of processing tomato
based on physiological development time[J]. Chinese
Journal of Applied ecology, 2008, 19(7): 1544—1550. (in
Chinese with English abstract)



8 ]

e A
T

¢ 8 PRI i ARSI R Rk 89

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[23]

WO, TRk, whARM, S5 P EAERAIEKHED
WCRFEHONREFT R EL 7], h AR R 2224, 2011,
16(1): 9—17.

Xie Guanghui, Wang Xiaoyu, Han Donggian, et al.
Harvest index and residue factor of non-cereal crops in
China[J]. Journal of China Agricultral University, 2011,
16(1): 9—17. (in Chinese with English abstract)

OB 0 TGN AE ) B R BUELE B VPAN (0], AR
W, 1999, 25(4): 474—482.

Yin Xinyou. A critical appraisal of thermal time approach
for predicting crop development[J]. Acta Agronomica
Scinica, 1999, 25(4): 474—482. (in Chinese with English
abstract)

Porter J R. & Semenov M A. Crop responses to climatic
variation[J]. Philosophical Transactions of the Royal
Society B: Biological Sciences, 2005, 360(10): 2021 —
2035.

Bassu S, Asseng S, Motzo R, Giunta F. Optimizing
sowing date of durum wheat in a variable Mediterranean
environment[J]. Field Crops Res. 2009, 111, 109—118..
Miralles D J, Ferro B C, Slafer G A. Developmental

responses to sowing date in wheat, barley and rapeseed[J].

Field Crop Research, 2001,72, 211—223.

McLeod J G, Campbell C A, Dyck F B, et al. Optimum
seeding dates of winter wheat in southwestern
Saskatchewan[J]. Agronomy Journal, 1992, 84, 86—90.
KL, I8, FiEst, & HHNENEEKKRE R
PRI ARG, 2012, 31(2): 324—331.
Zhang Kai, Li Qiaozhen, Wang Runyuan, et al. Effects of
sowing date on the growth and yield of spring wheat[J].
Chinese Journal of Ecology 2012, 31(2): 324—331. (in
Chinese with English abstract)

HRTy, Wik, /NSRS BRI AN R
Lot FUPEAR B 52 ma (0], TR A ME R 2254k, 2007,
42(5): 73—78.

Yuan Junxiu, Shang Xunwu, Ma Xiaole, et al. Effects of
seeding date on seed yield and flour quality of spring
wheat[J]. Journal of Gansu Agricultural University, 2007,
42(5) : 73—78. (in Chinese with English abstract)
fedte, B DLr, KT, 5. W E R/ BRI
ST, EARLRE, 2005, 38(6): 1219—1225.
Ni Jiheng, Luo Weihong, Li Yongxiu, et al. Simulation of
the Development of Tomato in Greenhouse[J]. Scientia
Agricultura Sinica, 2005, 38(6): 1219—1225. (in Chinese
with English abstract)

AR, VTR DU B U PPAN L DR 4R A R
JE[J]. FRXEFEEIREE, 2002, 16(3): 38—46.
Pan Xuebiao. Climate resources assessment and regional
sustainable agriculture development in West Arid
Region[J]. Journal of Arid Land Resources and
Environment, 2002, 16(3): 38 —46. (in Chinese with
English abstract)

KRR, ROTAD, HBEER. /NS HUSHs S5 K
HAF IR, iR Rk CHRE
R, 2003, 24(4): 1—4.

Du Yaodong, Song Lili, Shao Yang. Water sensitivity
indexes for spring wheat and optimum distribution of
limited water duringits development stage[J]. Journal of

[27]

[28]

[29]

[30]

South China Agricultural University (Natural Science
Edition, 2003, 24(4): 1 —4. (in Chinese with English abstract)
A, HEZE, TS, S AR T R SRR
W XN 2 BRI )], M Bk Rk, 2007,
22(3): 322—327.

Zhao Hong, Xiao Guoju, Wang Runyuan, et al. Impact of
climate change on spring wheat growth in semi -arid rain
feed region[J]. Advance in Earth Science, 2007, 22(3):
322—327. (in Chinese with English abstract)

FKIBA, B, M)A, TR RN ZFK
AFSE[I]. T RHDCRMEATST, 2004, 22(2): 63—66
Zhang Xudong, Yang Xingguo, Yang Qiguo. Study on
laws of evapotranspiration of spring wheat in semi-arid
region[J]. Agricultural Research in the Arid Areas, 2004,
22(2): 63—66. (in Chinese with English abstract)
HORLE, RIEA, XA, AF. ANZEANIE] S 2K 2 A
RSN SO E A BE i B[], AL TR 23R, 2007,
23(9): 27—33.

Dong Baodi, Zhang Zhengbin, Liu Mengyu, et al. Water
use characteristics of different wheat varieties and their
responses to different irrigation  schedulings[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2007, 23(9):
27—33. (in Chinese with English abstract)

[, F2, ZEpbk, 2. BWEWXNFRETFRX L
KBS AT B2 12 2 ORI (], ARl TR 2
i, 2012, 28(12): 122—126.

HeFeng, WangKun, Li Xianglin, et al. Effects of ridge
and furrow rainfall harvesting system of on soil
hydrothermal condition and yields of Elymus sibiricus L.
in arid and semiarid regions[J]. Transactions of the
Chinese  Society of  Agricultural  Engineering
(Transactions of the CSAE), 2012, 28(12): 122—126. (in
Chinese with English abstract)

HOEE, KL T, SR 1) H SEAN R ) A AR S
A=) KoK AR ]. R TFEF4R, 2012, 28(18):
127—133.

Dong Wanlin, Zhang Lizhen, Yu Yang, et al. Productivity
and water use in sunflower intercropped with potato[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2012, 28(18):
127—133. (in Chinese with English abstract)

HITT, SROLA, EEBEME, SF. ARPCSSE AN W) AR
K A= H7 (0], Al THRE2EHR, 2013, 29(6):
129—141.

Gou Fang, Zhang Lizhen, Dong Wanlin, et al.
Productivityof  strip  intercropping  systems in
agro-pastoral ecotone[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2013, 29(6): 129—141. (in Chinese with English
abstract)

PRE, REZ, B, 5 ARFEBHET RN
JEERFERUK > R RCR RS2 [T]. AR TR 2R,
2006, 22 (12): 44—48.

Li Youjun, Wu Jinzhi, Huang Ming, et al. Effects of
different tillage systems on photosynthesis characteristics
of flag leaf and water use efficiency in winter wheat[J].
Transactions of the Chinese Society of Agricultural



90 O T2 2R 2014 4

Engineering (Transactions of the CSAE),2006, 22 (12): [32] Ferrise R, Triossi A, Stratonovitch P, et al. Sowing date
44—48. (in Chinese with English abstract) and nitrogen fertilization effects on dry matter and

[31] Braunack M V, Bange M P, Johnston D B. Can planting nitrogen dynamics for durum wheat: An experimental and
date and cultivar selection improve resource use simulation study[J]. Field Crops Research, 2010, 117:
efficiency of cotton systems?[J]. Field Crops Research, 245—257.

2012, 137: 1—11.

Optimal sowing dates improving yield, water and nitrogen use
efficiencies of spring wheat in agriculture and pasture ecotone

Yang Ning'?, Pan Xuebiao'?*, Zhang Lizhen'?, Wang Jing™?, Dong Wanlin*?®, Hu Qi*?,

Li Qiuyue™?, Wang Xiaoxiao™?, Tang Jianzhao'?, Liu Zhe™?, Zhao Peiyi®*
(1. College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China;
2. Wuchuan Scientific Observing and Experimental Station of Agro-Environment, Ministry of Agriculture, Huhhot 011705, China;
3. Institute of Plant Nutrition and Analysis, Inner-Mongolia Academy of Agricultural Sciences, Hohhot 010031, China;
4. Scientific Observing and Experimental Station of Arable Land Conservation (Inner Mongolia), Ministry of Agriculture,
Huhhot 011705, China; 5. Changchun Shuangyang Meteorological Administration, Changchun 130600, China)

Abstract: Agriculture and pasture ecotone are typical ecologically vulnerable areas. Crop productivities and the
agricultural sustainability are greatly affected by climate change in these areas. Field experiments were conducted
from 2011 to 2013 in Inner Mongolia (41°06'N, 111°28'E) to investigate the influence of planting dates on yield
and phenology of spring wheat and potential of improving resource (water and nitrogen) use efficiencies. The
experimental field was located in arid and semiarid climate zone, where mean annual temperature was 2.7°C,
annual growing degree days (>0) was about 2553 (°C-d), the average annual rainfall was only 354 mm mainly in
July and August accounting for 80% precipitation in the whole growing season. Five sowing dates was designed
from 26 April to 5 June with a 10-day interval. The results showed that the yields after 6 May were significantly
(»<0.05) decreased due to delayed sowing dates. Compared to early sowing date (26 April), the yield of the late
sowing date was reduced by 63.3% to 72.3% due to the obvious reduction in daily temperature from the growth
stages of heading to maturity. Harvest index (HI) and grain weight per 1000 seeds were also affected by sowing
dates. The early sowing (26 April and 5 May) treatments had higher HI. But after 16 May, the HI decreased
significantly (p<0.05). The grain weight per 1000 seeds decreased from 44.65 to 20.73 g with the delaying of the
seeding dates, which had a trend similar with HI. It indicated that low values of HI and grain weight contributed to
yield decrease when sowing after 26 May. Phenology of wheat as expressed in calendar days were different
between years and sowing dates, especially from sowing to emergency, but the phenology based on physiological
development time (PDT) was similar with a constant value of 95.3 days (the days required to complete whole
development stage at optimal temperature condition) between years and sowing dates. Water use efficiency (WUE)
was significantly (p<0.05) decreased by delaying sowing dates. Compared with early sowing treatments, the
WUE of late sowing dates were reduced by 68.8% to 74.3% probably due to the reduction of ratio of spike over
above-ground dry matter in late sowing treatments (i.e. more vegetative growth and bigger canopy than early
sowing treatments). Total nitrogen uptake by above-ground biomass ranged from 14.0 to 17.0 g/m?® for different
sowing dates, however, the difference was not statistically significant (p>0.05). As the early sowing treatments
showed higher (p<0.05) yield and HI, nitrogen use efficiency (NUE), the transformation of nitrogen uptake to the
economic yield was significantly (p<0.05) higher in early sowing treatments than in late sowing treatments.
Therefore, the best sowing date should be earlier than 6 May, and early sowing before 6 May could improve yield,
water and nitrogen use efficiencies of wheat in the agriculture and pasture ecotone.

Key words: water; nitrogen; crop; sowing date; spring wheat; phenology; yields
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