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Chinese Academy of Sciences (116°40'E, 38°00'N) in 2014-2015 to investigate the performance of ‘Xiaoyan 60’ wheat
cultivar under the rainfed condition. The objective of the study was to test the adaptability of ‘Xiaoyan 60’ wheat cultivar to
late sowing and yield loss compensation by increased seeding rate. Treatments included two factors, sowing date and seeding
density. Six sowing dates were set, which were from the 15" of October to the 14™ of November with six days interval, and
denoted as T1, T2, T3, T4, TS and T6, respectively. Then there were two treatments of seeding densities — constant seeding
rate (B1) and increased seeding rates with delayed sowing date (B2). In B1, sowing density was 300 kg-hm™ for all sowing
dates, whereas in B2, it started at 300 kg-hm™ and progressively increased at 7.5 kg-hm -day™" with delayed sowing date.
Thus the sowing densities at sowing dates in B2 treatments were 300 kg-hm™ for T1, 345 kg-hm™ for T2, 390 kg-hm™ for T3,
435 kg-hm™ for T4, 480 kg-hm™ for T5 and 525 kg-hm™ for T6. The population properties, growth, yield and water use
characteristics were investigated under different treatments. The results showed that the plant population traits, yield and water
use efficiency varied with sowing date and seeding density. The growth period shortened with delayed sowing date, the
duration for all the growth stages was also shortened. In contrast, seeding rate had no effect on growth period, but positively
influenced the number of seedlings, number of spikes and dry biomass amount. Also plant height was not affected by seeding
density. Delayed sowing gradually decreased the rate of seedling emergence, number of spikes per plant, plant height and dry
biomass. Similarly, grain yield decreased with delayed sowing. However, the grain yield reached 6 600 kg-hm™ level through
increase seeding density to compensate for delayed sowing. There was no significant difference among the first four sowing
dates (from T1 to T4) for grain-yield-based water use efficiency, which was above 29 kg-hm > mm™"'. Because ‘Xiaoyan 60’
wheat cultivar was strongly adaptable to late sowing, it was recommended for cultivation under the rainfed farming conditions.
Yield loss due to delayed sowing was compensated for by increasing seeding rate, which ensured optimum plant population.
The correlation between seeding density (y) and delayed days (x) of sowing could be decribed by the regression equation y =
0.368 2x>+ 1.193 9x+316.7 (R* = 0.98).

Keywords Winter wheat; ‘Xiaoyan 60’; Sowing date; Sowing density; Wheat yield; Water use efficiency
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Table 1 Weather data during the winter wheat growing season in 2014—-2015 in the study area

Month 10 11 12 1 2 3 4 5 6
Precipitation (mm) 1.6 0.0 0.0 0.0 0.0 11.4 53.2 37.0 1.8
Temperature ('C) 14.8 6.6 -1.2 -0.8 1.2 7.9 13.1 20.5 25.0
5 mm , 10 10 31 ,6 6 1 Invalid

rainfall of less than 5 mm was recorded in water consumption calculation. Precipitation and temperature in October were the mean from sown to
October 31. Precipitation and temperature in June were the mean from June 1 to the harvest day.
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Excel 2007 IBM SPSS Statistics 20 10 15 ‘ 60° 7d,
, 10 21 10 d,
(LSD) (a=0.05) 20d , 31d;
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Table 2 Effects of different sowing dates and densities on the growing process of winter wheat ‘Xiaoyan 60’

(- ) Growing process (month-day)
Sowing Sowing date Emergence Jointing Anthesis Maturity
date Bl B2 Bl B2 Bl B2 Bl B2 Bl B2
T1 10-15 10-15 10-22 10-22 04-08 04-08 05-02 05-02 06-02 06-02
T2 10-21 10-21 10-31 10-31 04-09 04-09 05-03 05-03 06-03 06-03
T3 10-27 10-27 11-07 11-07 04-12 04-12 05-04 05-04 06-04 06-04
T4 11-02 11-02 11-24 11-24 04-14 04-14 05-04 05-04 06-04 06-04
TS 11-08 11-08 12-04 12-04 04-15 04-15 05-06 05-06 06-05 06-05
T6 11-14 11-14 12-15 12-15 04-20 04-20 05-08 05-08 06-06 06-06
TI1,10 15 ;12,10 21 ;T3,10 27 ;T4, 11 2 ;TS5 11 8 ;T6, 11 14 Bl: 300 kg-hm ™2,
Tl Té6 ; B2: , 1d 7.5 kghm™, 300 kg'hm™(T1) 345 kg'hm™ (T2) 390 kg'hm™
(T3) 435 kg-hm™(T4) 480 kg'hm™2(T5) 525 kg-hm™ (T6) T1: sowing date was October 15" T2: sowing date was October 21%; T3: sowing

date was October 27™; T4: sowing date was November 2"; T5: sowing date was November 8"; T6: sowing date was November 14™. B1: sowing
density was 300 kg-hm™ for all sowing dates (T1-T6); B2: sowing density was increased by 7.5 kg-hm>-day™' for later sowing dates. The sowing
density of each sowing date was 300 kg-hm™ (T1), 345 kg-hm™ (T2), 390 kg-hm ™ (T3), 435 kg-hm™ (T4), 480 kg-hm™ (T5) and 525 kg-hm ™ (T6).
The same below.

2.2 B1 , T1 ,
3 , , ¢ 60’ 2.4%~23.2% 2.3%~18.9%
14.6%~56.6% 0.17~0.60 B2
; , Tl )
, B1

x3 BHMBENNZOMECEARE. HEERMBHHZNG

Table 3  Effects of different sowing dates and densities on basic seedlings, emergence rate and spike number of winter wheat

‘Xiaoyan 60’

Sowing Basic seedlings (x10*hm™) Emergence rate (%) Spikes at maturity (x10*hm™?) Spikes per plant

date B1 B2 B1 B2 B1 B2 B1 B2
T1 545.56+11.71a 545.56+11.71d 78.20+1.68a  78.20+1.68a  760.83+42.28a  760.83+42.28a  1.39+0.06a  1.39+0.06a
T2 532.73+5.89a 623.33+18.56cd  76.36+0.85a  77.69+2.31a  650.11+£57.16b  780.83+£68.66a  1.22+0.06b  1.25+0.08b
T3 489.72+38.40b 612.45+70.74cd  70.19+5.50b  67.53+6.81b  594.25+36.81b  761.67+47.18a  1.21+£0.09b  1.24+0.05b
T4 461.17£10.94bc  685.56+28.35bc  66.10£1.57bc  67.77+2.80b  503.09+34.70c  706.67+41.63ab 1.09+0.09c  1.03+0.04c
T5 455.72+12.79¢ 744.04+£18.01ab  65.32+1.83bc  66.65+3.24b  437.66+46.78c  702.22421.43ab 0.96+0.03d  0.94+0.05¢
T6 418.97+13.29d 798.32+£17.17a  63.39£3.90c  65.39+3.47b  330.17+£31.08d  637.78+60.03b  0.79+0.18¢  0.80+0.05d
(P<0.05) Different letters mean significant difference among treatments at 0.05 level. The same below.

B2 C )
( 1d, 7.50 kg'hm™?)
3 , T4 T5 T6 ,
T1 7.1%~16.2%, T6 , y=—0.147x*+226.8x—
, , 80 471 (R*=0.965)( 1),
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Table 4 Yield and its components of winter wheat under different sowing dates and densities of winter wheat ‘Xiaoyan 60’

Sowing __ Spike number (x10*hm™) Grain number per spike 1000-grain weight (g) Yield (kg-hm’z) Harvest index
date Bl B2 Bl B2 Bl B2 Bl B2 Bl B2
Tl 760.83+42.28a 760.83+42.28a 21.76+2.36a 21.76+2.36a 41.52+2.45a 41.5242.45a 6 830.02+302.36a 6 830.02+302.36a 0.45+0.03a 0.45+0.03ab
T2  650.11£57.16b 780.83+68.66a 22.42+0.61a 21.08+0.96a 43.15+1.23a 42.40+0.54a 6283.60+208.47b 6 970.75+567.02a 0.46+0.04a 0.46+0.02ab
T3  594.25+36.81b 761.67+47.18a 22.41+1.05a 21.95+1.62a 42.17+0.38a 41.69+0.88a 5610.08+200.80c 6 950.25+294.41a 0.45+0.01ab 0.48+0.02a
T4  503.09+34.70c  706.67+41.63ab 22.40+0.39a 21.88+2.61a 43.16+0.45a 43.01+0.52a 4 862.34+119.63d 6 648.42+372.04a 0.45+0.03ab 0.47+0.01a
TS5 437.66+46.78c 702.22+21.43ab 21.84+0.48a 20.06+1.19a 41.88+0.28a 40.75+1.48a 4001.61+11.91le 5982.50+602.63b 0.41+0.04bc 0.43+0.02bc
T6  330.17+31.08d 637.78+60.03b 19.09+1.39b 16.91+1.01b 43.05+0.16a 40.46+0.53a 2 705.76+195.71f 4345.11499.33¢  0.36+0.04c 0.41+0.01c

x5 YMECFESFEZERMMBEXMESNT

Table 5 Correlation among spike number, grain number per spike, 1000-grain weight and yield of winter wheat ‘Xiaoyan 60’

Spike number Grain number per spike 1000-grain weight Yield
Spike number 1.000
Grain number per spike -0.017 1.000
1000-grain weight —0.242 0.039 1.000
Yield 0.900" 0.376" -0.066 1.000
* (P<0.05); ** (P<0.01), * mean significant correlation at 0.05 level; ** means significant correlation at
0.01 level. The same as the table 7.
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Table 6 Effects of different sowing dates and densities on water consumption and water use efficiency (WUE) of winter wheat
‘Xiaoyan 60’

Total water consumption

Biomass water use efficiency

Yield water use efficiency

Leaf water use efficiency

S‘;‘;’ti:g (mm) (kg'hm ™ mm™) (kg-hm2-mm™") (umol-mmol ™)
B1 B2 B1 B2 B1 B2 Bl B2
T1 229.44+1.84a 229.44+1.83a 65.74+6.34a 65.74+6.34a 29.77+1.32ab 29.77€1.32a 5.17+0.11a 5.17+0.11a
T2 222.82+0.15ab 228.39+0.15a 63.03+3.90a 66.42+7.48a 28.74+1.12ab 30.52+2.48a 5.29+0.01a 5.19+0.13a
T3 218.05+18.36ab 228.95+£19.28a 60.99+3.67ab 63.98+4.62a 27.48+1.40b 30.36+1.29a 5.14+0.25a 5.32+0.05a
T4 212.08+0.31ab 227.98+0.34a 55.58+3.43b 62.58+3.48a 25.10+1.13¢ 29.16+1.63ab  5.15+0.27a 5.36+0.06a
T5 201.90+7.11ab 222.09+7.82a 55.42+4.05b 62.66+7.38a 22.41+0.41d 26.94+2.71b 5.27+0.27a 5.38+0.02a
T6 191.81+28.18b 215.79+31.70a 44.69+1.87¢c 49.60+2.14b 16.11+1.29¢ 20.14+0.46¢ 5.07+£0.02a 5.37+0.25a
: ( , WUE,
BIT6 ) (WUEs) , WUE,,
(WUE,)
Bl 3’ 3 - 3 WiEsR
T6 , TS T6 ;
T1 ,BIT4 BITS ;
BIT6 B2T5 B2T6 9.5%~ 7d 31d, ;
45.9% (WUEear) ’ ’
[7-8,15-16]
2.6 , .
‘ 60’ , :
(7, WUEpm :
WUE, HI WUE, HI , :
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Table 7 Correlation analysis of water use efficiency (WUE), harvest index (HI) and yield of winter wheat ‘Xiaoyan 60’
WUE, WUEpm WUEjear HI Yield
WUE, 1
WUEbm 0.900" 1
WUEiear —-0.325 —-0.235 1
HI 0.690™ 0.307 ~0.306 1
Yield 0.998" 0.890" -0.320 0.705™ 1
WUE, , WUE, , WUE car , HI WUE, is yield water use efficiency;
WUE4y, is biomass water use efficiency; WUE).,y is leaf water use efficiency; HI is harvest index.
2
b b b b b
3 607 ,
b b ;
: 3=0.368 2x*+1.193 9x+316.7 (R*=0.983 9),
17
, (7 , . B2 , 10 15
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