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Effect of Planting Density on Yield Formation of Different Spring Wheat Varieties
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Abstract: To clarify the effects of planting density on yield formation in different spring wheat culti-
vars, a field experiment was conducted using three spring wheat cultivars, Liaochun 18, Liaochun 43,
and Shenmai 155, under five planting densities of 3. 75 million, 5. 25 million, 6. 75 million, 8. 25 mil-
lion, and 9. 75 million plants « hm?, designated as D1, D2, D3, D4, and D5, respectively. The
effects of planting density on grain yield and its components, SPAD value, dry matter accumulation
and distribution, leaf area index(LLAI), grain to leaf ratio, and photosynthetic characteristics were
compared among cultivars. The results showed that planting density significantly affected grain yield
and its components, with significant variety and planting density interaction effects. With the increase
of planting density, the number of effective spikes per unit area of the three varieties spring wheat
showed a significant increasing trend, while the number of grains per spike and 1 000-grain weight
generally showed a decreasing trend, and the yield showed an initial increase and then a decrease. The
yield of Liaochun 18 and Shenmai 155 reached the highest under the D4 treatment, which were 8 206. 62
and 5 057. 74 kg « hm ?, respectively, the yield of Liaochun 43 reached the highest under the D2
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treatment(7 191. 61 kg « hm ?). With the increase of planting density, the dry matter transport be-
fore flowering, the dry matter transport efficiency before flowering, the contribution rate of dry mat-
ter before flowering to grain yield, the dry matter accumulation after flowering, the contribution rate
of dry matter after flowering to grain yield, and the SPAD value of flag leaves all showed a trend of
increasing first and then decreasing, and all reached the maximum at D3 or D4 treatments. The LAI,
grain number per leaf, grain weight per leaf, intercellular CO; concentration of flag leaves, net photo-
synthetic rate, stomatal conductance, and transpiration rate all showed an initial increase and then de-
crease trend with the increase of planting density. In conclusion, the optimum planting density was

8. 25 million plants « hm * for Liaochun 18 and Shenmai 155, and 5. 25 million plants * hm * for

Liaochun 43.
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Table 1 Yield and their components of spring wheat under different treatments

. AL % A i
=] B2 J
V?nﬁt Pl: f‘f/’ﬁ%rgt Effective spikes/ Gre ?%)F\j_é?ﬁ( ke 1 000-grain Grain yield/
anety anting density (X10* « hm ?) rams per spike weight/g (kg *» hm %)
iHF 18 D1 411.13f 39.57d 45.18a 6 935. 32bc
Liaochun 18
D2 483. 36¢ 36. 43ef 45. 48a 6 781.99bc
D3 550. 03d 36. 10f 43. 56bc 8 167.45a
D4 622. 25b 39. 10de 44. 64ab 8 206. 62a
D5 744. 48a 31.60gh 13. 26cd 6 654. 52bc
L& 43 D1 333.35g 52.37a 42.43d 7 079.22b
Liaochun 43
D2 522. 25de 42.87¢ 42.93cd 7 191.61b
D3 533. 36d 47.00b 36.61h 6 566. 47bc
D4 594.47c 30. 10hi 44, 62ab 6 947. 09bc
D5 655.59b 25.27j 37.32h 5 830. 26d
A 155 D1 338.91¢g 40. 53cd 39. 391g 4624.77e
Shenmai 155
D2 405, 581 38. 40def 40. 53e 4 980. 03de
D3 516. 69de 29. 03hi 39.77¢g 4 633. 3%
D4 494, 47de 33.37¢g 40. 08ef 5 057. 74de
D5 600. 03¢ 28.10i 36.58h 4702.42e
A v % % * * * * %
Bl X FIAE %5 B VXD * * * *

PRSI F/ING R R [ AR B 22 57 2 3 (P <C0. 05),

il % x AFPIFERAE 0.05 0. 01 KF FERBE, TH.

Different letters within the same column indicate significant differences among treatments at 0. 05 level. * and * * indicate signifi-

cant differences at 0. 05 and 0. 01 levels, respectively. The same in tables 2—4.
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Table 2 Dry matter accumulation and transportation of spring wheat under different treatments
e A6 HT T 56 3 AEJ5 T ) Bt
e i twmssw  CRIWIpppeagks RIDAR ke m s
i A A Pre-anthesis dry o Contribution of s Contribution of
Vari Planting . Pre-anthesis dry . Post-anthesis dry ;
ariety . matter translocation/ . pre-anthesis dry . post-anthesis dry
density 5 matter translocation ) matter accumulation/ :
(kg *+ hm™ %) fficiency,/ % matter translocation (ke » hm2) matter accumulation
etliciency/ 7o to grain yield/ % g m to grain yield/ %
iL#F 18 D1 1 434.08f 26.72d 27.26d 5 117.91e 61. 33de
Liaochunl8
D2 1709.91e 29.17cd 29. 38¢ 7 057. 04c 68.97ab
D3 2 145.78cd 31.52¢ 37.44b 9 397.2b 71. 28a
D4 2 860. 83ab 31. 86¢ 27.64d 10 720. 45a 62.00d
D5 2 650.09b 25. 64d 28. 38cd 9 242.39b 54. 82¢g
i 43 D1 1473.971 31.33c 26. 04e 6 834.41cd 62. 74cd
Liaochun 43
D2 1 892. 83de 30. 03¢ 29. 08¢ 7 574.05¢ 64.91c
D3 2 331. 54c 32.44c¢ 29.10c¢ 9 057.29b 67.18b
D4 3 111.72a 35. 68b 42. 14a 8 001. 29¢ 60. 00e
D5 2 675.77b 30. 15¢ 38.66b 7 197. 46¢ 57. 34f
W# 155 D1 1 768.99e¢ 26.63d 32.28¢ 4 161. 281 49.31h
Shenmai 155
D2 1 990.09d 28. 44d 30. 96¢ 5 169. 94e 62.00d
D3 2 848.48ab 37.79a 44.12a 6 305.78d 66.68b
D4 2 094. 76d 39. 30a 29.76¢ 6 814. 38cd 58. 00f
D5 2 519. 82bc 27.81d 38.02b 6 415.53d 47.14h
777777 BEY O we ae e ae ee
fin i X R A 2% B2 VXD * % * % * % * % * %
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Table 3 Leaf area index of spring wheat at different § 0.9r
g
growth stages under different treatments ©
g
i i ol 2% i WA Z T FFAE K
Variety  Planting density Jointing Booting Anthesis ;& 06
[=] Or
TH 18 DI 1. 76f 2. 09i 1. 87k 2E a
Liaochunl8 ) el
D2 2.13e 2.36h 2.231 & &
3
D3 2.68¢c 3.0le 2.81g & S
D4 3.31b 3. 71bc 3.58¢ %
Kal
D5 3.29b 3.63c 3.45d g
L 43 D1 2. 24de 2. 44gh 2.33i g
Liaochun 43 D2 2.61 2.99 2.78 5 : !
C . e g ¥ N R
11418 &3 wE155
D3 2.40d 2.78f 2.55h Liaochun 18  Liaochun 43 Shenmai 155
D4 2.79¢ 3.26d  3.0le 30 it Ff Variety
D5 2. 63c 3.11de 2. 9def g
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Q
h# 155 D1 1. 84f 2. 62fg 2.12j -
Shenmai 155 g a
D2 2.72¢ 3.13de 2. 881g %’ b b
= 20F
D3 3. 68a 3.88b 3.71b _if El
D4 3.77a 4.08a 3.87a i g I e de
i & ' f o
D5 3. 28b 3.67c  3.44d *3 %::: % %
RV % % % % % % jé 10 éééégﬁ géé ::é
. g g2
BRREE ) * ¥ * ¥ * ¥ = I
ol 2% i v ] %E:E % %:
SR R I VXD - - - E %:: % %;
[ = a
O 0_ j.-'l 1 A. 3 1 4' d ]
2.6 MEZENAREENE RS NS0 DRI D43 LALSS
Liaochun 18  Liaochun 43 Shenmai 155
AR 25 B2 L o R 5 D R 9 R AR X R /N A Fi F Variety
FEI5 14 d M C P, G, FI T, 52 2 35 3% Pl S 7 /N5 5 B 2 3 R ]k 0] 25 5 % (P <20, 05),

b i E AR A CLPL G s R T o |
BT T BB E 0. 3 b e e
5 14 dBAE Cu P, G, M T, S 2 B 1 REATE TN E R I RO B
%ﬂ}ﬁﬁ%ﬁ% ’ /E\: EF' 1L % 18 FIiL % 43 ¥J1E D4 Fig. 1 Different treatments on grain number-to-leaf
Thm.TkZ 155 7 D2 T, BIEKE.EH area ratio and grain weight-to-leaf area ratio in

B e %”T}Z”ﬁ%ll ﬂ:%_‘%— ﬁ/J\E ﬁ,’ﬁi I ﬁ'ﬁﬁﬁlﬁ o different spring wheat varieties

=Dl mED2 D3 @A D4 &3D5
iT#18 Liaochun 18 iT %43 Liaochun 43 22155 Shenmai 155
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g 60} ¢
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Fig.2 Changes of SPAD value in flag leaves of spring wheat under different treatments
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Table 4 Changes in photosynthetic characteristics of spring wheat under different treatments 14 days after flowering

b o AL 2% Ci/ P./ G/ T./
Variety  Planting density (pmol * mol™1) (pmol *» m™2 « s 1) (mmol * m~ 2" s 1) (mmol * m™ 2%+ s 1)
T 18 DI 311. 00ab 21.50h 534. 501 8. 03be
Liaochunl8 D2 310. 00ab 23. 15def 626. 50bc 8. 93ab
D3 285. 501 22. 25¢ 448. 00h 7.33¢
Di 316. 00a 24.15bc 630. 50bc 9.03a
D5 287. 50¢f 23. 45de 501. 50g 7.97be
"""" %43 DI 304.50bc  20.70i  sl5.50¢  7.99%bc
Liaochun 43 D2 299. 50cd 23. 60cd 602. 50d 8. 3dab
D3 295. 50cd 24. 65b 610. 50cd 8. 40ab
D4 316. 50a 24. 75b 683. 00a 8. 89ab
D5 299. 00cd 20. 20i 574. 00¢ 8. 77ab
""" w155 DL 296.50ed  24.30bc  624.50bc  8.43ab
Shenmai 155 D2 308. 00ab 28. 00a 688. 50a 8. 75ab
D3 294. 00de 24. 20be 634. 00bc 8. 64ab
D4 286. 00f 23. 60cd 666. 00ab 8. 32ab
D5 293. 50de 22. 551g 531. 501 8. 07be
"""" nEY e s
R E D o o o §
SRR X MR % E VXD * % * % % %

3 it
3.1 R B 4 5 Ok A A T

F=EN R

AHIEFE 3 AN AR /N FZ Bl E D AR 2%
JER N R BN BT E R AR, 1T 18
ML 155 75 D4 F/™ w8 . ML & 43 2w 7E
D2 ik F e i, AN [ 5 Ff ) oo 25 8 A4 0 7 A7 A
2555 X AT B 5 R R B RRAE B AR Oy X TR
e o BB AN F A Y, EAFRE L E T
A B B R R /N 7 i O B SRR T
N TR) 3k PR [i) 32 3k A7 A Bl 2 R 25 S Y R
JE b e B B AR SE ) 38 XU O AR 2 BN R
I B XU B, = R T R

FE 77 AR B T B A %R R v B TR
A SRR L i AR BOR TR ER R R
A ST LS H 5 0 Oy 58 AE D i B P A B A
IR Ry R AR AR S G (B 11 VA B A
MZ5 I AR — 3, XOE i T % B Ry S R,
A K P I3 3k 1 o 27 T AR AR A5 B 208 A
S5 0, AR BB AR K s (R RN R R 2 2 FR L 40 BE
SR R T B S AT R T Sk R A2 B

PRI o 7 e 5 0 O B E 1 6 3 B % B AT
SEPERLA TR SO A BRI A S TR
] B b [ A Ak 5 B 25 A

JeEVER R B IE R A B, C P L G
T, BB MM EEAE AR AR5
W, 3 AN F/NE SRR C P, G, L T, BF
T2 BE RGN R R TG B IL B 18 £ D4 R
FEOCA SRR R, BOZ A B 7= B i s A 43
BAIE D4 FOGH SRR AR m  AH ™ 5 0
BAE D2 F sk 155 WIAE D2 Nt G 68 1 8
SR TMAE DA R R R, XUl B
AL ) B G A BE 7L 3 38 a1 R A4+ R
BEASE A B e e M doE & i, BT K
B B R ARG 6 )2 b R R Az R BN 2 L
BT A BAZ B L A8 B R R
SPAD fA1E i &% R & 1 19 35 DL 48 A, S Bt
JE W1, AW P S Y 1% (D3 . D) A AT
Y HRE R AL S T SPAD (B 3 5 Y A A 25
FE(D5) F#4r 4b 3 SPAD { F W, ol fig 5 56 2O
Sy ARE] R BT A e LALFE
2 I A B 0, HL B % R 1S B S Tt S R
ORI SR B R R N e



5

ARLAT e 257« o AR 55 ok AN [ 5 A 2 /N 22 7 T L 04 5 ) © 665 -«

735 M4 LAT o KB, 56 )2 T &6 6 BUK S s T
= G R N = T G VAR A R N /3 1
o TE AR /N ZE Rl A e 0 B O e O Y
R P, SPAD Y5 LAI KV SR8 & .
Ui W] 3 B R ok R P B AR 25 4 5 e 2O 3
5 . AR USR] $2 THBE ARG A AE 1 R REOKOF
3.2 THURBRRERSEEHAXN =M
AGTT T ) BT % 3 5 | 3 03 R 0 R R
DT R AR T T B 2R B TR R AR R AR
Wi o AL 285 1 3 n 359 e B S TH ) R R AR
P IFAEATR] i Fl AR B B AAE ] e 25 5, X
VPN P (S A R 7 E B R [
165 G AL g A AL U = A A X B B A
FE2E R0 AR5 45 R R L FE — 5 2 R
P B R AR TSR B AOL G R I AR JE T
Wy B RR 2R DT 44 5 A6 J5 T 4 B R A 7 1 1) BT
Fk s (HL 2o v 5 BT AT [R) 5 S i) L 8 5328 7 52 3]
T AL HT AT TP R R AR 25 35 27 ] R A
7 LU AL A b R R R S X
T AR I T R 5 B ) A R O O AR R
ROV AR AR . AR T3 AN/
2% ot T B4 7 B0 BERORE B I L i 2 R B AR 2
Fe T B i, FL W %% i 5 7 5 FIRE AR T4 o
FHBR 1Y B 305 4% B IXC (] R AR — B0, U0 BH A O %
T T AR G 5 R R RRLFE S8 () Z Rl
FEAH X bR AR T S B RR  E KR &
st o (B LU 7K P A7 7R 28 o S e 1 JHG I A T
FRAEARTA . L% 18 AR b Fvks 5 Lo A i
B B BLAE D4 F1 D3 T L1245 43 HHB7E D3
T 3R WY IR A A TS O B 5 Ik 22 155 kLRt
LU R A I 25 A L S IR R A A B L S 5™ R
FIARRETE 3 B X 58 5 B 4518 — 3

4 H#

WG4 T iDL % 18 7E 825 Ji#k » hm ?
A 285 B T 7™ it e e . L AR TR R DA A R A B
AT ARURERIC A A 1 T R LA R 5 v i 4 I T 9 TR
SRR I Fb ok BARAE 0 43 7F 525 TRk ¢
hm ™" FAE % 8 T I8 8] | (E, R EKER S
{18 FAE F5CRN B V8 ) A6 T L A TS T W 5 R 4 0 s R
g PR UL A 155 76 825 Ji Kk « hm ? FhAN %
TR AR R U TS T R R T
R e ) MO G M RR BT

S E WK

(10 PR CBK L. A B A%, 5. % 0 R0 % B Xt & /b 22 ol &
26 F R R R R[], 22 R AEY £ . 2016.36(7) 913,
YANG W J,JIA Y H,SHI S B, et al. Effect of sowing date
and planting density on growth and yield of spring wheat Xin-
chun 26 [J]. Jowrnal of Triticeae Crops,2016,36(7):913.

L2/ &, ok O A8, 55 7K 23 75 BRI 6008 7 /N 22 A A

KEFHMEL]]. ZRMEY R .2019.39(4) 478,
WEN L,ZHANG F C,ZOU H Y,ez al. Effect of water deficit
and nitrogen rate on the growth, water and nitrogen use of
spring wheat [J]. Journal of Triticeae Crops+2019,39(4):
478.

[3aK AR BT, W0 » Tk T, 45 vl [ 2 M 4 A T BRI JH 22 3
G #E )] L. 2008,45(5) 915,

ZHANG F S,WANG J Q,ZHANG W F,et al. Nutrient use
efficiencies of major cereal crops in China and measures for
improvement [ J]. Acta Pedologica Sinica ,2008,45(5) :915.

CATBR N BN o I8 2510 2%, 55 A 285 B X 77 B AR /N 22 397 i i
CROREMR G5 S 7= e i S L), A1 2458, 2013(3) £ 99.
CHEN X L,SUN Z B.,LI Q R,et al. Influence of planting den-
sity on group structure and yield of new spring wheat varieties
(lines) in Ningxia [J]. Crops,2013(3):99.

[5JFLA4 35 B AR I, T4 S, A5 5 IR 6 F 45 1 1 A 28 0 /DN 22

FEAR G5 F RO Re AT A 2w L], 22 6B % 4k, 2020, 40
(7):850.
KONG L Y,ZHAO J Y, YU Z W, et al. Effect of planting
density on population structure and light use efficiency of
wheat under wide-width sowing conditions [J]. Journal of
Triticeae Crops ,2020,40(7) :850.

L6125 A BB, 2. /N 22 AN [R] A 2 s 23 A R 1k 11

WEFELT]. PEALRIY 241, 1999,19(1) : 132,
LI C X, SHI H E, JIANG L N. Investigation on the grain
weight distribution characteristic of wheat in different densi-
ties [ J]. Acta Botanica Boreali-Occidentalia Sinica »1999,19
(1):132.

LTI 35T Wi, B U, 45, 4 J7 =0 3 1 22 DX 78 30 4 /)

ERFFNE ™ 8I8 Ba 2w L], 0T A & %4, 2023, 34
(6):1572.
YANG Y X,CHEN Y Z, TANG P, et al. Effects of sowing
patterns on nitrogen utilization and yield formation of winter
wheat in the western Huang-Huai-Hai region [ J]. Chinese
Journal of Applied Ecology ,2023,34(6):1572.

(85 1, 4= 5k, BRIDEZE, 55 M AE Jr 2 5 i A 85 8 X 1 S 4y B

AR B AR N P R e L), L7 el = 42, 2021,49(2)
17.
LIAN B,LI Q. WEI X J,et al. The effects of tillage pattern
and planting density on soil physical properties and spring
wheat yield traits [J]. Journal of Northern Agriculture,
2021,49(2):17.

[OTE BL,BUKLL, B DU 4k, 55, 4 Fh 7 250 FlAE 25 B X & /N 22 R
FAERKM AW 2 2EEYE . 2023,43(2) 1 225.
WANG K,JIA'Y H,LUO S W,ez al. Effect of sowing pattern
and planting density on root growth and yield of winter wheat
[J]. Journal of Triticeae Crops,2023,43(2):225.

[LOD5R e A0 AR . ik DR 20 R 96 o 8 J8E 0 46 /N 22 A BE S A & L

Py o3 BC Ko™ wE RS R L) ). 00T 5 B AR M 4. 2011, 17
(3):369.
WU X L,BAO W K. Effects of genotype and sowing density

on growth, biomass allocation and yield of winter wheat at



- 666 - # K E

L7/

546 &

tillering stage [J1. Chinese Journal of Applied & Environ-
mental Biology ,2011,17(3) :369.

L1 JUPE, o bk, o 45 5%, 45 AR BRE 51T B /D2 T 9 B

RENAE LA KR MBI [T, 22 2K EY ¥R, 2007, 27
(4):693.
MENG F D,MA L,SHI S B,et al. Dynamics change of dry
matter accumulation and relative characteristics of spring
wheat under different tillage [JJ. Journal of Triticeae
Crops,2007,27(4) :693.

L1203k A7 R W, 8 A7, 45, 85 BE RATBE X BBk N AR K O &

K=k my g [)]. 22 AEY =M, 2015,35(1) . 86.
ZHANG X Q,CHEN H,ZHAO Z,et al. Effect of planting
density and row spacing on growth, photosynthesis and yield
of wheat under early sowing [ J]. Journal of Triticeae
Crops+2015,35(1) : 86.

L1308 B, A= g A, il , 45 AN [a) 47 R 4% J32 X Tt 22 il Ao 5 5

16 A J5 AN M ot A0 i s [) ). 22 2B W2 41k, 2016, 36
(4):465.
SHAO K,LIJ W,YU L H,et al. Effect of plant density and
row spacing on growth and yield of post-anthesis individual
in spring wheat [J]. Journal of Triticeae Crops, 2016, 36
(4):465.

[lax 822 5k Kok 558, 55, /N S Bk B Pl 5 1t 25 44 07 A %

UEIRARIR [T, 2 FRAEY AR . 2025.45(3) 349,
LIU M Y, ZHANG Y, ZHANG ] H, et al. Evaluation and
screening of identification indices of planting density tolerance in
common wheat germplasm with erect plant type [J]. Journal of
Triticeae Crops 2025,45(3) :349.

L1505 58 AT 45 58, £ AR 55 48 W R B X & /22 3% 7K 151

FPRLTE AR E K= & i 2w [T ).t R ROk A 2, 2017, 49
(6):41.
LIUF L,REN Y F, WANG W D, et al. Effects of sowing
date and planting density on grain-filling characteristics and
yield of winter wheat cultivar pubing 151 [J]. Shandong Ag-
ricultural Sciences s2017,49(6) :41.

(16085 A BT 55, 25 B, S5 FhoR 25 B2 X 5 4% & /N2 T st )
R HIE R e )] 2 EY R, 2021.41(2) 1238,
CHEN M,LIANG X Q,LI L,et al. Effect of planting density
on dry matter accumulation, translocation and grain yield of
uniformly sown winter wheat [ J]. Journal of Triticeae
Crops+2021,41(2) :238.

L1707 M W), B 2L, 45 AR A 700 ok i S sk 8 7 /N 22 O & 1

R 7 AR 3R R i s ) ). 22 B4 9 2 4, 2025, 45
(8):1070.
YU S,CHEN G Z,JIA Y H,et al. Effects of water-retaining
agents on photosynthetic performance. yield and water use
efficiency of reduced-irrigation spring wheat in Xinjiang [J].
Journal of Triticeae Crops ,2025,45(8) :1070.

C18Fh MG, 5k 4 il , BT £1 . 55 . S 4R 50 4% FRN A 2% B % 4/ &2 4

IR B G R R m []]. 22 AE W2 . 2019, 39(7)
844.
SUN P,ZHANG JS,JIA Y H.,et al. Effects of stereoscopic
planting and planting density on agronomic traits and photo-
synthetic characteristics of winter wheat [J]. Jowrnal of
Triticeae Crops»2019,39(7) :844.

C19]F B B, £ R AF WA ORRE Fh % B2 X5 AR L s X &
INE R B R R R [T, 5 XA BF 5T 2024,
42(6) :69.

FENG M,WANG Y J,WANG S, et al. Effects of irrigation
mode and sowing density on photosynthetic efficiency and
yield of spring wheat in Northeast China [J]. Agricultural
Research in the Arid Areas2024,42(6) :69.

L2044 36, K I, X R e , S FhoAE 95 88 XoF 58 R 43 /) 22 0T 46 R

B A R EA T B R 5B R [, & B
#2.2024,44(12) :1573.
KONG L Y,ZHANG Z,ZHAO ] Y.,et al. Effects of planting
density on photosynthetic characteristics and dry matter ac-
cumulation and transport in {lag leaves of wheat after anthe-
sis under wide-sowing conditions [ J]. Journal of Triticeae
Crops,2024,44(12) :1573.

[21 58P XT3, 5 BT, 45 58 S /N A BER 45 4 L e e R T &

L 1 x F A 2 S5 38 A g B[], 2 RAEY F R,
2024,44(1) . 82.
GUO D D,LIU Z W,CHANG X H,et al. Response of popu-
lation structure, light utilization and grain yield to planting
density and nitrogen topdressing in strong gluten wheat [J].
Journal of Triticeae Crops,2024.,44(1) .82,

[22]JZHANG Y P.ZHANG Y H.WANG Z M, et al. Characteris-
tics of canopy structure and contributions of non-leafl organs
to yield in winter wheat under different irrigated conditions
[J]. Field Crops Research ,2011,123(3) :187.

[23 ]2 KM BRSE W, A 55 AN TR AR A B /N 22 Ty AR B

TY R RS AR B[], BIR VLR R, 2005
(6):11.
L1 C H,SHAO L G,WANG Y.er al. Study on the dynamic
accumulation character of LA and DM and in spring wheat
cultivar with different eco-type [ J]. Heilongjiang Agricul-
tural Sciences,2005(6) :11.

[24 T 2500, X M X 527 o 45 5 I 2 4 R0 o A 8 2 X i 200

BRI R T YRR R A L], 2 26 Y %4k, 2022, 42
(12):1527.
FENG X Y,LIU J H,ZHAO B P, et al. Effects of wide so-
wing and planting density on photosynthetic characteristics
and dry matter accumulation of oat [ J]. Journal of Triticeae
Crops»2022,42(12) :1527.

[25]JFENG S W,SHI C C,WANG P Y.et al. Optimizing wheat
planting density by adjusting population structure and stabi-
lizing stem strength to achieve high and stable yields []].
Agronomy s2024,14(8) :1853.

[26]BASTOS L. M,CARCIOCHI W,LOLLATO R P,et al. Win-
ter wheat yield response to plant density as a function of
yield environment and tillering potential: A review and field
studies [J . Frontiers in Plant Science ,2020,11:54.

L2700 sa AL, A G , g AR, S5 77 /DN 22 U1 o Pk B L6 &R 9 F

FECID HERER L RS mi RO ] ZREY SR,
2003,23(4):63.
LIU K L,ZHAI L J.GAO ] L,et al. Study on the characters
of source and sink and their relation in spring wheat ([ ):
Ratio of community source and sink and its relation with
yield [J]. Acta Tritical Crops2003,23(4) :63.

(2804 oF, T 4Rl , % 1E, 55, B XM G E 1 Skkh =55

TR BTGB [T ], 22 AR 223 2014, 34(4) 1521,
Z1 Y,DING ] F,CHE Z.,et al. Effects of planting density on
grain yield and population characteristics of waxy wheat variety
Yangnuomai 1 [J]. Journal of Triticeae Crops, 2014, 34
(4):521.



