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Different lowercase letters in the same tiller position indicate significant difference at P < 0.05 level among different density treatments. The same below.
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Fig.2 Grain number per spike and florets setting rate of main stem, tiller I and tiller II under different density treatments
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)25 S 35 I8 B 2K . WO.5 AT W10 i, 25
7E D420 B T EFY R R E 5 D540 1% 7
ISR K AL W10 B T 20 BEAE D420 A3 T (1)
TR R B S D540 /745 535 25 11 /3 BEfE
D420 4 T AR T i AR R 25 D540 £ % I 1
YR EER.

F1 TREBELETZNENEKETYRIRES

Table 1  Spike dry matter accumulation per plant of winter
wheat under different density treatments mg
BEf b A KB H Growth period

Tiller position Treatment W¢.5 W7.5 W85 WO9.5 W10
o D180 16.62a 102.90a 140.00a 273.70a 334.70a
D300 14.33ab 76.20b 102.33b 238.30b 292.93b
D420 10.33b  51.00c 93.52b 225.50b 283.73b
D540  9.94b 48.58c 90.80b 165.50c 236.97c
I D180 10.56a 75.77a 95.50a 211.97a 299.60a
D300 10.32a 35.55b 57.37b 183.20b 231.88b
D420  4.58b 22.25¢ 43.77c 124.81c 227.13b
D540  3.42b  21.15¢ 42.76¢ 110.59¢c 197.82¢c
II D180 9.16a 49.77a 83.66a 203.58a 276.76a

D300  6.77b  32.94b 46.10b 156.38b 208.43b
D420  3.10c  19.33c 39.17c¢ 116.33c 184.81bc
D540  1.11d 17.61c 37.93c 109.12¢ 166.75¢

Al —BRAL AR N F RER R A R % AR BRI 4E P < 0.05 /KF B2
FRE. N

Different lowercase letters in the same tiller position indicate significant
difference at P < 0.05 level among different density treatments. The
same below.

B 2 I, BRI, &0 2T
AR E FRBHE . %5 H D180 ¥ % D540, &
W6.5. W7.5. W8.5. W9.5 fll W10 i, =%
TV A R BB 73 8 21.31% 28.28%.
15.26%-~ 29.07%A1 22.50%; 1 43 BEM 18 5 5 R
41.40%- 43.32%- 24.49%. 31.14%#121.93%; 11
Iy BEMIFENR Y N 53.41% 44.59%. 22.41%.
32.39%7F1 24.07%. AN[FIZ FEALER ], W7.5~W10
BPHAE 25, 120 BERN 1T 49 BELE D180 Ab3 F 25+
YRR BB S D300, D420, D540 4b 3 (K] % 7 1)

KR E KT (BREENL 1T 1Y W7.5 B3 - W8.5~W10
B, EZEE D300 FE FHNETHHRMERS
D420 M 5 ¥R, (HYEE & T D540 b
(B W85 Bf ) 5 W9.5 F1 W10 B, 1478
D300 43 R 2TV A R 5 D540 1) 2 75k
K W8.5~W10 I3, 11 43 BEFE D300, D420
A1 D540 4bBEE ZE TR RER Z R BIA R .
w2 TREBEELETZNENERETYRIRNES

Table 2 Stem dry matter accumulation per plant of winter

wheat under different density treatments mg
BEAL AbEE A K # Growth period
Tiller position Treatment We6.5 W7.5 W85 W9.5 WI0
(6] D180 480.58a 747.47a 787.47a 999.83a 1054.00a

D300 449.76a 625.00b 700.40b 870.70b 923.30b
D420 368.58b 520.20c 688.56b 857.13b 927.90b
D540 378.16b 536.06c 667.30b 709.20c 816.87¢c
I D180 346.24a 552.33a 625.21a 797.30a 937.63a
D300 353.15a 440.60b 491.97b 693.30b 812.59b
D420  246.00b 341.67c 476.78b 583.86¢c 798.26b
D540 202.89b 313.04c 472.11b 549.05¢ 732.00c
I D180 353.69a 483.63a 574.98a 769.06a 911.97a
D300 309.67b 414.52a 474.14b 597.63b 731.18b
D420 187.81c 286.50b 453.00b 548.58b 715.17b
D540 164.77¢ 267.98b 446.13b 519.93b  692.50b

3 RN E AR AL, ME RN
Hahn, SBHIREZE LI 2R BB . AR R AL
[f], W7.5~W10 R (BRI 2200 W9.5 AT W10 i)
W, FZE TPEEA I 4 BELE D180 ALBE T ()l
25 D420, D540 (1) 2% 535018 W2 7K1, 78 D420
MH R R EL S D540 ZER AR E .

24 EBEMNZNEZZEBALAMHESEMNEI

Bl 4 3RO 2% 5 B R B AR ATV 1 0
Bﬁéékuﬁm, SRHARTIE R S 2 B T R

BRAS A AR AL, Bl 2R 3G 0, 5 i
AIVATERE S R R N B . %A H DI MR
D540, 7£ W6.5. W7.5. WS8.5. W9.5 fll W10 K
W, RIEPERE S SRR 08 30.79% 9.77%-
17.44%- 17.30%F1 20.89%; 1 4 BEM B 5 5 R
40.80%-. 9.04%. 7.13%. 17.61%%0 38.09%; II %}
BEIBRIR 2> 51 44.56%. 8.05%. 13.72%. 25.67%
F132.58%. 5 IH] LA, W6.5~W10 B B 1 3= 25 A

SrBE (B W7.5 B 147 BE) . W6.5~W8.5 i) 1]
() 11 43 B%, 7£ D180 AbF FIEL T A& B 5
D300 Ab#E 2 53, (HIYE 5T D540 &b
B W9.5 F1 W10 B B[ 11 73 BE, 7E D300 AbH R
(RRFT R & B 5 D420 eFI LR EE R, H
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Fig.3 Spike-to-stem ratio of winter wheat at different growth stages under different densities
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Fig.4 Spike soluble sugar content of winter wheat at different growth stages under different density treatments
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Fig.5 Correlation analysis of number of fertile florets, spike dry matter accumulation, spike-to-stem ratio, spike
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P BRI B R IR . S45A % 1. BI3AIE D420 MHETREZRALEE, HEHEEST
SHH, BTYFRARRE. BESAMB A RS DS540 AoH, BEEZERN, MHEEMnEs, K
H GRS R BT T R A (A R H, D180 Ab# B KT H4 3 M KT, D300,

50 - 12 000 -
800 |
< 700 - 10 000 -
g 700 % @ —
< 600} Z = Z soo0f
= 1) = &
o T S00F B o g 2 2
T - O = L
& 2 400 Z 2 ﬁ% z 6000
g 2 5 >
2 3001 z s i 4000 F
2 200 é:’ S iR
2000 |
“ 100}
05180 D300 D420 D540 0 D180 D300 D420 D540 0 5180 D300 D420 D540 0 5180 D300 D420 D540

Eo6 TRZEELETZNENTEREMKESR
Fig.6 Yield and its components of winter wheat under different density treatments
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Effects of Accumulation and Distribution of Assimilates
on Floret Development and Grain Set of Winter
Wheat and the Regulatory Effect of Density

Liu Dongliang', Wang Yaqun', Huang Qin?, Wang Pengyue', Zhang Hongyan', Fang Qin', Li Ruiqi'

("College of Agronomy, Hebei Agricultural University/ State Key Laboratory of Crop Improvement and
Regulation in North China/Hebei Provincial Laboratory of Crop Growth Regulation, Baoding 071001,
Hebei, China; ?Baoding Academy of Agricultural Sciences, Baoding 071000, Hebei, China)

Abstract To clarify the effects of assimilate accumulation and distribution on floret development and grain set
of winter wheat and the regulatory effect of density, a field experiment was conducted from 2023 to 2024 using
the winter wheat cultivar Hengguan 35. Four density levels were set at 1.8x10° (D180), 3.0x10° (D300), 4.2x10°
(D420), and 5.4x10° plants/ha (D540). The differences in the maximum number of florets, number of fertile
florets, floret setting rate, and grain number per spike of the main stem, tiller I, and tiller II were compared.
Combined with the dry matter accumulation of spikes and stems and the soluble sugar content of spikes, the
impact of assimilate accumulation and distribution on floret development and grain set was analyzed. The results
showed that under the same density, the number of florets and grains per spike of the main stem were higher than
those of the tillers. With the increase in density, the maximum number of florets, number of fertile florets, and
floret setting rate all showed a decreasing trend, and the differences between D180 and D420 and between D180
and D540, reached significant levels. The dry matter accumulation of spikes and stems, as well as the
spike-to-stem ratio, were higher in the low-density treatments than in the high-density treatments, with a
significant difference between D180 and D540. Correlation analysis indicated that the maximum number of
florets, number of fertile florets, spike dry matter accumulation, spike-to-stem ratio, and spike soluble sugar
content were all extremely significantly and positively correlated with the grain number per spike. Under the
experimental conditions, the grain number per spike of the main stem, tiller I, and tiller II followed the order of
D180 > D300 > D420 > D540. The increase in assimilate accumulation and its distribution ratio in the spike
provided a material foundation for promoting floret development into grains and increasing the grain number per
spike. In summary, the yield components of D300 treatment were more coordinated, making it the optimal
density treatment in this study.

Key words Winter wheat; Planting density; Number of fertile florets; Spike dry matter accumulation; Soluble

sugar content; Grain number per spike
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