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Effect of Sowing Date and Planting Density on Yield and Temperature
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Abstract: To investigate the yield characteristics and temperature and light use efficiency of early-ma-
turing wheat varieties under late sowing after rice stubble and early harvest in the southwestern, a
two-factor split-plot experiment was designed, with sowing date as the main plot namely, early so-
wing (S, , 23 October), regular sowing(S,, 30 October), late sowing for 7 d(S;, 6 November), late
sowing for 14 d(S,, 13 November), and late sowing for 21 d(S;, 20 November) , and planting density
as the split-plot(2. 50 X 10%, 3. 25X 10°, 4. 00X 10° plants * hm ?), to study the effects of sowing

date and planting density on yield and its components, dry matter accumulation and translocation, fill-
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ing characteristics and temperature, light use efficiency of winter wheat. The results showed that
there was no significant difference in wheat yield among S,, S; and S,, while S; and S; reduced yields
by 7.6% and 32. 2%, respectively, compared to S,. There is no significant difference in yield between
different planting densities. Late sowing can shorten the entire growth period of winter wheat, and re-
duce the effective accumulated temperature and daily average temperature before jointing. Compared
with S,, S;, S, and S; reduced the accumulated temperature during wheat growth by 65.4, 84.1 and
93.8 C, and the daily average temperature by 1. 3, 2.4 and 3.7 “C, respectively. Late sowing in-
creased the daily average temperature during jointing to booting and booting to flowering stages, re-
duced the effective number of spikes, and increased the number of grains per spike. Late sowing
wheat has abundant temperature and light resources after flowering, manifested by an increase in daily
average temperature and radiation after flowering, an increase in dry matter accumulation after flow-
ering, an acceleration in grain filling rate, a shortened duration of grain filling, and stable grain
weight. Increasing planting density increased the contribution rate of pre-flowering dry matter, re-
duced the duration and activity time of grain filling, and had a relatively small impact on the grain fill-
ing rate. Moderate late sowing can improve temperature use efficiency, with an increase rate of 2. 24% and
8.02% for S, and S, respectively, compared to S,. In summary, late sowing winter wheat can a-
chieve stable yield by increasing the number of grains per ear, and the accumulation amount and trans-
port efficiency of dry matter after flowering can be improved.

Keywords: Sowing date; Planting density; Grain Filling characteristics; Temperature and radiation u-
tilization efficiency
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Fig.2 Effect of sowing date on growth period of winter wheat
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Different lowercase letters above the columns indicate significant differences among different treatments( P<Z0. 05).

* % ; P<C0.01. The same in figure 5.
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Fig.3 Winter wheat yield and yield components under different sowing dates and planting densities
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Table 1 Effects of different sowing dates and planting densities on dry matter accumulation and transportation of winter wheat

130 e POICCERE i pamasmnx JEITOIIH #ETUR JER TR
Treatment DBFTA/? DBFTP/ % H—;{fjf':%y::m%i TRR A X '{“}*{LF%M@\%‘_‘
(kg + hm~?) CRDBFG/ % DAPA/(kg « hm~?%) CRDPA/ %
Dy 2 741. 39abc 22.08a 33. 75abc 4 996. 56bcd 66. 25abc
S D. 3 020. 78abc 24.42a 38. 26abc 4 993. 29bced 61. 74abc
D; 3 525. 72abc 26.92a 46. 32a 4 164. 00de 53.68d
SEHIE Average 3095, 96A 24.47A 39.45A 4 717.95C 60.55C
o 2883, 64abe 23.60a  32.87he 5878.87abe 67.13ab
S, D, 2 700. 36bed 22.72a 30. 36¢ 5 524. 04abc 69. 64a
D; 3 533.50a 26.49a 40. 66abc 4 849. 40cd 59. 34abc
FEIE Average 3 039. 17AB 24. 28A 34. 63AB 5 417. 44B 65. 37BC
"""""""""" DI 2761.88abe 24922 32.63bc  5242.80abc  67.37ab
Ss D, 2 723. 78abc 23.45a 31.05bc 6 139. 39ab 68. 95ab
Ds 2 825. 50abc 25.31a 34. 48abc 5 546. 15abc 65. 52abc
SEHI{H Average 2 770.39AB 24.56 A 32.72BC 5 642. 78AB 67.28AB
"""""""""" Di 2443.33d  23.49a  28.26c  6304.07a  7L74a
S, D, 2 380. 44cd 23.32a 28.49c¢ 6 096. 61ab 71.51a
Ds 2 940. 33abc 25. 66a 31. 98bc 5 586. 28abc 68. 02ab
SFHI{H Average 2 588. 04BC 24. 16 A 29.57C 5 995.65A 70.43A
"""""""""" D 1935.94d  24.8%a  32.07bc  3393.8%  67.93abc
Ss D, 2 194. 28cd 26.23a 34. 70abc 3 393. 24e 65. 30abc
D; 2 833. 89abc 30. 84a 43. 32ab 3 445. 63e 56. 68bc
SEHI{H Average 2 321.37C 27.32A 36. 70AB 3 410.90D 63. 30BC
S 5.48" 1. 34 7.497 7 80.05" " 7.497 "
P‘vaue D 18.97" 7 4.38 15.82*~ 3.57 15.82*~
SXD 0. 87 0.29 0. 64 1.23 0. 64

Ivil 31 K048 J5 A [ 7 B 2 7% A B [R) 2 7 i 3 (P <0, 05) , o vh K5 7 18 S 6 1157 34 3R] LA

DBFTA: Dry matter before flowering translocation amount; DBFTP. Dry matter before flowering translocation proportion; CRD-

¥ . P<C0.05; * * ;P<0.01, FId,

BFG: Contribution rate of dry matter before flowering translocation to grain; DAPA: Dry matter accumulation of post-anthesis; CRD-
PA: Contribution rate of dry matter of post-anthesis to grain. Different letters following data in the same column mean significant differ-
* ; P<C0.05; * x ;P<C0.01.

ent between treatments(P<C0. 05). Capital letters are comparisons among the averages of differentt sowing date.

The same in table 2.
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Fig. 4 Grain filling curve of winter wheat under different sowing dates and planting densities



625

£ 11 56

7

LY

HEReH A

=X
=N

KN

#

6 1 o A R

A

iR T

e

§7°1 651 651 £6°0 187 16°0 £6°1 18°0 L2he axs
1877 sz ez L6877 L7888 02°0 7T 860 .. €261 a %m_w,mm
L .81°22 . .81°22 . .90 10T L1872 L1871 . .52°262 .. 98762 L9V L6 . .62°6F L8172 ..£0°202 S
V€90 V122 V2870 ast L1 as. el ars et aoz ‘z¢ V6I'T ase vy V92 ATL 07 98epAy Hyfsfe
829 °0 9802 °7 qv18 "0 1269 °91 PIV e 182 €1 181 °T¢ eQT ‘T 186 °¢7 TS 7 366°61
620 126791 jerel 1611 PYLLE e1Z T 1L e vc9 'z ysiLt0z ' S
vSg "0 1oPEg 61 P6L VT 196 €1 269 €€ e6T T yser Ly TS 7 39¢°1z
““““ SdSs0 el d19t0 ege'sT D68l 929l o8peLe  d66°0  0j0°Te o027 DL0°%7 oBemay Hisk
9paYS 0 opage 1 9pa6C 0 P62 81 P20 V1 oY L1 PSo-Le POqL6 0 857 06 P20 °7 6272t
P2995 *0 POq66 T 209 °0 PPEl 81 P19 T P89 ‘L1 P8I -LE q00 T 8)87 08 p2qL7 7 16672
Pa985 *0 POqL6 T 5290 9pac0 81 opace o1 opeL Ll P2z '8¢ q00 T 1P 26 paqez 7 pIyieza
......... ate'o @ om0 aoustl adsel  dzetsT  0s0'se 660 OFITe  €ee 0197 oPemny Wik
JPLS "0 PPYZ 81 PLY JoP9S ‘T8 p96sz
2985 °0 29207 8ja5¢ 0 PPYS LT PPET T 5965 61 psz 'ge 5966 "0 PILTS 2q9¢ °7 POv9z  d fS
PaqSS 0 Paqco °z JPLS "0 P8y 81 P9z 71 P9, 81 PgLLE 5900 'T 892 "0¢ poq e °7 pescz  la
“““““ asvo dsit 090 vielz VEELT  VeLSl  vis@r 0680 VE9'SS  d66°T  VIP'SZ oBueay Wik
PPIS 0 PPz8 -1 811¢ "0 Poq.8 61 PaqL6 °ST 5929 *61 296 °0F 3pT6 0 paqc “ce P80 2 291977 fd
8,70 3691 PPLE 0 ves ‘72 vge g1 982661 26y Y 2880 %27 19 8661 vT6z TS
8187 "0 3L PPLS 0 q8L0 22 queg LT 5959 61 quoT "gy 268 "0 BTz "6¢ 8186 1 mertgz A
““““ s AT ave'o  dussl dester VISl dsaly 0160 detes  ADSIT Va6°Lg oBeesy Bk
opIgS "0 opagg 1 1960 paqee 61 paqeg "cl 5q0¢ 61 3L 0¥ 9pag6 "0 PagT "cs POV 2 scroz
9p29S 0 9po96 ' 81¢°0 opoTE 8T P20 "C1 216 02 550 " 1¥ 9pIg6 "0 opoLL BE PoEz 2 meygz 'S
8547 0 8509, 1 P9¢ 0 29896 '12 5qe16 9T 5928 61 5976 °1¥ 288 "0 5q7E “L¢ 81010 'z qe8°z  'a
Coop = BUD /5 (P« BUH /2 (1P - BU) P/ ey e p/d =P B P/ L P - B P/L yauneer]
WECRM RFOCR HFORR Mg Whegs whess M0 ey B ey e TR
&% i &7 ) [fif Gy 14 [fif 51 27 ffif 57 2 ffif Gy 6t s B BT A SR FRBMY Y ENEMYY

=
&

JBIYM JIJUIM JO SOTISLIdJORIRYD SUI[[Ij Uress uo sonsuap Sunue[d pue sajep SUIMOS JUIIPJIP Jo SISA[eUY T I[qR],

WEREMHHEHE T FHEZEWOLHBBEY X



. 626 - # X ME B ¥ M o545 %

R3 TRABPTZNEZEEFTNENERRENBYE

Table 3 Effective accumulated temperature and daily average temperature of winter wheat at different

growth stage under different sowing dates C
¥ 1 SO—SE SE—TI TI—JO JO—HE HE—AN AN—MA WGP
&WmﬁﬁﬂﬁHWEﬁﬁﬂﬁﬁwﬁﬁﬁﬂﬁﬁwﬁﬁmﬂﬁru%a@@&&am&4@%%aﬂmﬁﬁﬁaﬁﬂmﬁ
date EAT  Tuen EAT  Tuen EAT  Tuean EAT T mean EAT T mean EAT T mean EAT T mean

S 115.8 16.5 228.3 16. 3 380. 4 10. 6 338.0 6.6 326. 4 10. 9 832.5 16.7 2221.4 11.8
Sy 114.7 16. 4 191.8 14.8 351.9 9.3 370.7 7.1 310.8 12.0 765.7 17.0 2105.6 11.6
S; 113.6 16.2 250. 8 13.9 215.5 6.7 454. 8 7.8 218.4 13.7 796.0 17.3  2049.1 11.6
S, 92.3 13.2 202.1 11.2 279.9 7.2 422.8 8.5 248.3 13.8 733.3 18.3 1978.7 11.5

S; 121.1 15.1 183.7 7.7 259.8 6.2 434.1 11.1 202.9 12.7 684. 8 19.0 1886.4 11.4

EAT A BB T mean « H T3 SO AR B s SE th 75 T1 0 BEH ; JO 4875 s HE 2B 1 AN JF A s MAL R s WGP &/
. TR,

ETA: Effective accumulated temperature; T mean: Daily average temperature; SO: Sowing date; SE: Emergence; TI: Tillering
stage; JO: Jointing stage; HE: Heading stage; AN: Anthesis stage; MA: Maturity stage; WGP: Whole growth period. The same in

table 5.

F4 TRABEPTR2NEEETFNERNENHEHENBHEHSE
Table 4 Accumulated radiation and daily average radiation at different growth

stages of winter wheat under different sowing dates MJ * m?

SO—SE SE—TI TI—JO JO—HE HE—AN AN—MA WGP
Sowing mip gy 2y A 2 AY 2k H¥ 23 H¥ 0 2 H¥E O ZiF A

date  gmubmr fRAThE GRHTR GO EAR WME O WHHR WM WHE WME ESE WHE RS E WM
CRS  Ruemn CRS  Ruemn CRS  Ruen CRS  Runen CRS  Runen CRS  Ruen CRS  Ruen

S 30.6 4.4 89.8 6.4 204.4 5.7 358.3 7.0 230. 6 7.7 644.3 12.9 1558.1 8.3

S, 55.5 7.9 75.3 5.8 224.0 5.9 330.7 6.4 276.8 10.6 565. 2 12.6 1527.5 8.4

Ss 34.3 4.9 119.0 6.6 168. 8 5.3 389.3 6.7 219.7 13.7 613.4 13.3 1544.6 8.7
Sy 53.1 7.6 90. 6 5.0 223.2 5.7 331.8 6.6 193.4 10. 7 585.2 14.6 1477.2 8.6
Ss 53.1 6.6 121.7 5.1 293.9 7.0 315.1 8.1 150.7 9.4 549.7 15.3 1484.2 9.0
CRS: RT3 i R mean : H HIEGTHE,
CRS: Cumulative radiation; R e : Daily average radiation.
D, b, b,
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Fig. 5 Temperature and radiation use efficiency of winter wheat under different sowing dates
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