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Abstract: This study investigated the dynamic development of grain configuration traits in spring— and sum-
mer—sown maize using varieties Zhuyu216(ZY216), Zhuyu902(Z2Y902), Zhongkeyu(ZKY505), Yufeng303(YF303),
and Zhengdan958(ZD958), aiming to provide a theoretical basis for maize grain configuration breeding. The results
showed that the grain length of spring—sown YF303 increased in fluctuation from days 12 to 19, while the grain
length of summer—sown ZKY505 increased rapidly from days 12 to 26. The grain width of spring—sown ZD958 and
YF303 steadily widened with the increase of pollination days, while the grain width of summer—sown ZKY 505 sharp-
ly widened from days 12 to 19. The grain thickness of spring—sown ZY216 and ZY902 increased rapidly from days
12 to 33, while the grain thickness of summer—sown ZD958 increased rapidly from days 12 to 33. The 100—grain vol-
ume of spring—sown maize varieties exhibited a parabolic dynamic development, while the 100—grain volume of sum-
mer—sown maize varieties showed a linear trend of change. The 100—grain weight of spring and summer maize variet-
ies showed a parabolic dynamic development trend. The length—width ratio for spring—sown ZY216 and ZY902 were
greater than 1:1 from days 12 to 19, while the length—width ratio for summer—sown ZKY505 and ZD958 were signif-
icantly increased from days 40 to 47. The grain density of spring—sown ZY216 and ZKY505 increased sharply from
days 40 to 47, while the grain density of summer—sown YF303 and ZD958 decreased slowly from days 12 to 19.

Key words: Maize; Spring—sown and summer—sown; Grain configuration; Length—width ratio; Grain density

KAHS: 2024-11-14

BEETH: WrARHLEOS I H (242102111168)

EEE A : EDT(1985-), &, W B L, BIBIIFSR 01, E 2N EAEM B SRR EORITIY . E-mail:liansy123333@163.com
VR N IEIN S —VE# . Tel: 15839671015  E-mail : xuht0101@126.com
INBE AR SGEEEE . E-mail :1sk8336@163.com



40 £ ok B 33%:

T K (Zea mays L) FNEE IR EED Z—,
X LR B HE P BT LS 55%" . B IR A R i
FEETKEF BbR, PRy eI RE S & EE
(A ES PR, TR R P B R DG I 22 3 R 4 1
A A B AR R, R — s A
TR KR H ™ o ) Bl o SRR kA
R R EOK A . E R KPR AR,
TR RIFE bR S AR R B A 1 S OGEH
b, FRORA Y | € R T R e R ) T A
EMEME Y, R TRAE N IR T, )4
Tk Z5 AR ot R /NP TR R M
JERB SR EESAL, B 5™ it i 2 AH G,
i 5 25 B OK R A S0 TR, S ROK E Y
i P S AR R L, oK RO
TR ] 43 A T 2SR AN A /NAR , P77 R /)N
JEE YRR SYAT I YA SIS R AN e i TR N A 7 S A
K58 b KR L R 5 L T R R A R
By - A 1 e IR TR A Y, S kL
I HIEEES R,

KT TRy B 5 = AR R A EoR P A
—SEHE AL S T iRk 1 22 R
TR Y5 P B A ST 5 R B KO- 7 KR
T AR2E R SIS R, FORTROR T SR 2
PR 35 EAH O r PR S K S B 3 R R oG
JE S v S B ARURR S R DR SEAE A TR AR Y
PEER R, 5 R AR TR S 2 TEAE DG,
&5 FRARTRAR IS BB EIC R . s MRAE X
TR KE S8 RS R E A S E ST &
B2 A SN YA 1Y SRS R E YA L ST E A S S
F RSP IR ARG R . WA
i@ 1= Mie 5 S oy A 4 S E 2, il = BV GO R TS N TR DT [N
R o SR A pr fif o 5 T dE R ST IRARAE T
PR 12 d NZEIE RN, 12 ~ 32 d SRR &7 L T
32 dJE¥EINARS% . AT SCHERBIF SR ORI
FRARFR RLR R B TEFEM 5 RN, b ik
e KRG 38 1) B[] 2 LR AR R RLIE BB
AR 225 18 d IR IE(E , T 5 8 f a3 K
2 Logistic SRR, B R 5 ) BT
m22)5 14 ~ 15 d 117 ~ 18 d. /i AFHIR B H 7 %
AN 114 RILFER , 7EAS R P SE R AFSE T RS kL
K OBLTE ERLE 5 R R B R R K
SR R R I (P TR 5C OC R At
I P W AN A S R A () ae i AR s o3 T
FEEAR I,

EA KRBT T ARy B Sk~ i

AIRHSCE AR TR TR E R TR B fd mad B, 5L
F LR G R E T AR AR AT T
TR R A o TR T ROE AR KNS
AR SCATZT , 0 TR B B i i s A
AT G , H52 24 A PR 25 1 22 AR A W iy
AR BRI, TR TR R 22 P A R, B
SO FOK TR i B A R R, 1)
SE TR T AR AL S TR 1A A 7 T A B
Fro TOKTRLIE ™ o o A LA , A SGE I =
FERIO FOR TR R Sh A % 7 5 25 T, 4R
WP RAY B P R o A 1 stk ok, 4R
BRI A 25 AR R TR B BT R S T
KR SC AR R0 TR AR TR TR R Bl s
AR 22 S P A Al Rl L B AR R R S
FH O B TR R B b S v 7 B R B B e S A

fii .
1 MRSTTE

1.1 KIE gt

2023 4F 5-9 H 74 2RI 2=, b gt 5
JEERX(33°0'36" N, 114°2'31" E, 16454 89.8 m)FY
AW A7 wa e & 25 A A N W i P 2SS
RIS RSB R T B A
KB o a0 3 o 2 b 25 e 28 2
JELBE 20 em A2 A7, AL o0 1.3 ke, Bl A &
TN 89.7 mg/kg, HAEN % 5 h 81.4 me/kg, B AL H
i o 81.4 me/kg, pHE K 6.3, i 40 Hb 2% 10T 1
T 5] R hebe BT neHE . e I Al A A XL
HH=1- 65 FILE WY #5022 F W 5, FH Elitech RC-4HC i
JEIESRAIN 2 H R 4 H s S iR /27
T RAEAR K BN f s AR AR O T
HIEWE 1, 202345 H6 HES A28 HEEEK
R EEF N EMAIR 10 ~29 C, &R 19 ~
36 °C, AR 1 852.0 °C - d, M £ 671.6 mm;
20234E6 13 H 29 H 28 HEHE E K ERK & F
PHRARAR 14 ~ 29 °C, e AR 19 ~ 36 °C, A R
IR 1765.5°C-d, MFEN & 184.9 mm. HFIEHLEF L
I A P R R AR T 184.9 mm, A SRR I N T
86.5C-d.
1.2 kst

PAGE T 216(2Y216) 5 £ 902(Z2Y902)  HF} £ 505
(ZKY505) 44 3 303(YF303) , A5 ¥ 958(ZD958) T K i
PR g6 A1), 58 & 216 .55 & 902 J& i 5 S T4k
AP BB FORBFR T 4R AL, R 505 4303
S R AL SRR AT FRA H T R R T 1A Rl B



6

B DA R R R TR BIE SR T 22 T 41

FoA BRA AR B FE AL, 4 5 958 J2 fh i) B 44 Al B
FREE T AL, 303 KBEA 958 I E A HE) I

U RICTR ——THTE

m— R

40
35
30
254
20

AR (‘C) Temperature

15

FRER dt i, I (R v T X B K e et
DX el 6T A s

I I}
||||||||||||||

D R R R R R - O e e

150

5

P25 3

E

L100 2

[-W

E

v L7s £

ﬂll’}ﬂ

Fso &
N L 25
l"ll”ll”Ulllli”l 0

N T T TR - - M- Y- -

HH#H (H+H) Date
E1 H.EBEREFTHNESRERRRE. FTHSESKREE

Fig.1 Maximum temperature, minimum temperature, average temperature, and precipitation during

the growth and development period of spring—sown and summer—sown maize
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Fig.2 Dynamic development of grain length in spring—sown and summer—sown maize grains
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Fig.3 Dynamic development of grain width in spring and summer—sown maize grains
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Fig.4 Dynamic development of grain thickness in spring—sown and summer—sown maize grains
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Fig.5 Dynamic development of 100—grain volume in spring—sown and summer—sown maize grains
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Fig.6 Dynamic development of 100—grain weight in spring—sown and summer—sown maize grains
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Table 1  Dynamic changes of length—width ratio of spring—sown and summer—sown maize grains
FH% Spring—sown
bR H ()
Days after pollination HEE216 3£ 902 HiR} £ 505 #4303 5958
Zhuyu 216 Zhuyu902 Zhongkeyu505 Yufeng303 Zhengdan 958
12 1.07b 1.00d 1.05¢ 1.27d 1.12b
19 1.01b 1.15cd 1.25b 1.32 de 1.21b
26 121a 1.26 be 1.16 b 141 ed 147 a
33 1.19a 1.34 ab 1.06 ¢ 1.53 ab 144 a
40 127 a 1.35ab 1.22b 1.62 a 1.47 a
47 1.26 a 1.47 a 1.34a 1.48 be 1.39a
E % Summer—sown
EHYE H ()
Days after pollination JEF 216 BE %902 £ 505 #3303 FBE958
Zhuyu 216 Zhuyu902 Zhongkeyu505 Yufeng303 Zhengdan958

12 1.13 be 1.04 ¢ 1.08 ¢ 1.17b 1.17b
19 1.05¢ 1.13 be 1.04 ¢ 1.18 b 1.12b
26 1.14 be 1.21 ab 1.16 ab 1.49 a 1.08 b
33 1.20 ab 1.30 a 1.09 ¢ 1.37 ab 1.07 b
40 1.18 b 127 a 127 a 1.38 ab 1.36 a
47 1.32a 1.34a 1.30 a 142 a 1.24 ab

T : FIVECP A RNG FREROR 22518 5% K. R &R

Note: Different lowercase letters in the same column indicate a significant difference in the 5% level. The same below.
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47 R 0 E 902 2 0 J5 A6 12 K TRk,
5519 ~ 47 FAVRRIE NN, B FRHESK FT LA 47 Kk F|
e RUGAE s #8 3F= 303 BEM A 275 12 ~ 19 KIE i 5781k,
5519 ~ 26 K TR0 IR LRGN, TR B TG AR
K526 ~ 47 KA AIE B /K- BB 958 #2453
9512 ~33 KPR BEARL AL, 22 5 R 3, 46
33 ~ 40 KA, Z I WA BEAR . 4% oK FRE
% R 505 A G AR 12 ~ 26 REEE TH 4R
26 ~33 KR IC R E AL AL, 55 33 ~ 47 K R FR AL
BEE 216K 555 12 ~ 19 KZE18 F I, 5519 ~ 26 K
PN, 56 26 ~ 47 R IR AARL ; 1 902 B2k
JE 12 ~ 19 TR Wik 5 SR 315 33 K, 46
33~40 R LI KA, 5 40 ~47 RFSA T K%
M 303 LS8 FZMYE A5 12 ~ 19 REZI2 FRE, 56
19 ~ 47 K XA BT, AE3Enie B2 A58 2K

*2 B EBRERTHBEENSE

Table 2 Dynamic changes of grain density of spring—sown and summer—sown maize g/em’

4 Spring—sown

A H ()
Days after pollination FEE216 3EF 902 HREE 505 #i303 FBEL958
Zhuyu 216 Zhuyu902 Zhongkeyu505 Yufeng303 Zhengdan 958
12 1.21 ab 1.04 ¢ 1.08 ¢ 1.17b 1.17b
19 1.05¢ 1.13 be 1.04 ¢ 1.18 b 1.12b
26 1.14 be 1.21 ab 1.16 ab 1.49 a 1.08 b
33 1.20 ab 1.30a 1.09 ¢ 1.37 ab 1.07 b
40 1.18 b 127 a 1.27 a 1.38 ab 1.36 a
47 1.32a 1.34a 1.30 a 1.42a 1.24 ab
4% Summer—sown
A H ()
Days after pollination JE%:216 BEE 902 R 505 #2303 HSIP.958
Zhuyu 216 Zhuyu902 Zhongkeyu505 Yufeng303 Zhengdan958
12 1.20 ab 1.13 ¢ 1.11b 1.10b 1.10b
19 1.02 ¢ 1.09d 1.12b 1.06 ¢ 1.05¢
26 1.21a 1.17b 1.19a 1.14 a 1.17 a
33 1.18 b 1.22a 1.19a 1.18a 1.16 a
40 1.20 ab 1.22a 1.18 a 1.17 a 1.16 a
47 1.19b 1.14 ¢ 1.16a 1.18a 1.17 a

2.7 H.EHEXKTHHHE Spearson xS
TR SR krve REShS A F B M
Koo AN B IE T TR IR (B i — 25

Spearson AH AT, HH 28 3 0] A1, 7 B FOKFkE
MRS B IR Z [0 B 1 35 TEAH G R O
Vi LR Z AL IA N 2 IE AR G (P<0.01), 5 FURLARFR
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R A A 3 IE A G (P<0.01) ;s TR B L
SRR ORLR S IR 3 IE A DG (P<0.01), Sk AR IR
2K (P>0.05) ;s k72 B SR K RS A 1k
FIKF(P<0.05) 3B R 2 K- (P<0.01), S A58
FAEAR IR WK (P>0.05); FRAARFL AR T S

TR TE HE R R B B A 25 TE AT O (P<0.01)
HIEE AT DL , oK ity e 7 ek e v nl ] 20 P8
KR RLTE KRR SEZR (] ST R (A | P A
i, AT R TR B A F R A A

#x3 H.EBEXTHME Spearson HHXES

Table 3 Spearson correlation analysis of grain configuration characters in spring and summer—sown maize

% TR 1 bR AL T TIRLATR TR Kig ERA
Sowing Grain Grain length  Grain width Grain 100—grain 100-grain  Length—-width  Grain density
season structure thickness volume weight ratio
71 kK 1.000

B 5E 0.599%* 1.000

AN 0.837%* 0.738%* 1.000

R 0.886%* 0.832%+ 0.897++ 1.000

[ER AT 0.875%* 0.825%* 0.886%* 0.997** 1.000

KIEr 0.854%* 0.100 0.570%* 0.560%* 0.550%* 1.000

A 0.369%* 0.315 0.395% 0.514%* 0.576%* 0.240 1.000
2 1 LANES 1.000

ki 58 0.829%* 1.000

o JE 0.821%* 0.863** 1.000

[ER AN 0.936%* 0.896%* 0.914%* 1.000

R 0.934: 0.878%% 0.919%* 0.997%* 1.000

KiEr 0.770%* 0.285 0.415* 0.575%* 0.591%* 1.000

Fhr 0.794%* 0.689%* 0.871%* 0.827%* 0.862%* 0.574%* 1.000

T 0 RIRTE 0.01 K Al BB ARG #37R 11 0.05 K- E ARG .

Note: ** indicates extremely significant correlation at the 0.01 level; * indicates significant correlation at the 0.05 level.

3 shieiie

FRTRIE AR H As 54 7870 M IESE
5 R AT AR AR (A 7= b TR B AIE
AR F AR R . TR L R R
PR 2Z W) AH R0 SRR ER % TS B AR T oK
A P AR PSSR — PR LS A AT R i JCBROR B
REDATHAR T A FAR , Blov & B P g MR 22 18] 19
MH KRR B REE, RERP| Eoli F A, TR
RS KB R R4 HAERE T TR TR &
TR RLTE RIS AR TORA B RS AR AL K St A
Ve I H AR A H AR
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Z IR R A AE—E 2 5. AL, [A)— &
Keh MR IR AR SIS L B 25, BIIHA
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RAEWEFE R I, TR 85 HOR/INEEDIAHG , &
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o YPS ke B R0 1 bvivk 2 I ok 2 uB Sk oy AN )
i 25 SNPORA R AT R 22 25 M AV ), B R 8t 4% 1 3k
73.68% , S REFR MR 2 (0] 2 W E A OC KR R . A STk
WFFEHE Y, B TFRORLR 5 h7 K 2 B (2 2 Tk ¢
P, 5 R R I IE AR O R  RLE AR KA
KM ARIE BE K- AT R Tk
PR IEARDCHE o JE SR AFGE TR FOK TR
PIBRE L2558 ~ 13 KK R R 5 15K
KB, 7 FARFRLPREEL T WA 2
& TR FRORL R S 2SR B RE , T2 ik S XF
TR P AR S E B A TR LY
FOREF

kg 1t — 3 e i T K TR AR B X P ) BT R v
1 2F B TR R AT T A 25T (AR R i L
WA TR AR ILARGE . AR R, B KT
PERAAHENY RIS RE B R TRE
AN AR S SR Wl Ry B =N < 1 1 5P/ Sy TSR 1A
TR EAEAE 22 5, 22555 13 ~ 18 K TFhRifAk
UK e, A SCERIF S R B, KRR
B E KT EAE, TR ARBUR R i 2 8 —
WA FEINZR SE 222, Fohr d B R LR E T Fhr
IRFRI AN,

EE/ SER Wt oy ol - R O R G Ta i 2 N E]
R R M N R 22— AR SR
JE RLTE R R I R EAR M. AR,
TRTER SIS KIS Logistic 2 18,k 22)5
5514 ~ 15K 55 17 ~ 18 RAHIak B 14K s R 14 1 4
Pk o ARWFFE AR R TR TR R R )
LIV Kk BGRR[0 AR AR A A —
22 500, RLEAE R B R — |, 7R
PR TR KR B8 5 A EIORE XA S 25 BRI
b S 1F A ERE TS =1 o A o v 1 e 1A
GAEUY D ORe S YA N T Y (A 11U A 5 e YR i B
P PR TR L EL v R B AT A ) AR e

K58 U E R IE % LW RAE FROERFE R, T
W7 A A T RS B AR ) B, HRuL A
KT KRR T H 5 TR S kB AR et
A OSCHRARE o A S P K R BE HUAE B G A
1.00 ~ 1.53, 4% 7 1.04 ~ 1.49, ki K %8 b AE K
RERET R P R T PR A B 7 b S B vt AR AR
o ARG R TR EHEE N 1.02~ 149, 5
& H 1.05 ~ 1.22, K TR0k B & s ik vp7oks 2%
B RSB PR G B A B RS

ARHFFERT A B FOK TR B R (B i — 25
Spearson A I T K B, A K oK TR AL 5

BRE VAR ZIEH R 25 IEAHDC R DRI kLIS
Z Ta) Ik 8 3 TE AR SEPE(P<0.01), 5 A KL R 1ok
Jo (8] 3 35 W I 35 1F A PR (P<0.01); TR 58 LE S8
e RS I 2 IE AR DG (P<0.01); F-H7 2 B SR
R R I WL KO (P<0.05) 2 4% A W 5K F
(P<0.01); A RARFR AR i 5 R TE L %
JIE R B IEAE(P<0.01) 7E T K TR R 5,
FhE & R D Eh R GRS DRLSE DR K T LY O
Z, [ ek B EORUATR (AR AL, ARSI
[EBENE e e A ¢ pAVT R S STHT LS

B BRE K TRORL K R B A 2 R G
TR GE K B RER R IB A AR S, ROk & F JE
KRB LIC B ELIE . Bk F K TR RN
YLV ELE AR TR AR E
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KPR K T8 L E AR N 1.00 ~ 1.53, ZHE N 1.04 ~
1.49; T %7 25 B % 4 1.02 ~ 1.49, H #& 4 1.05 ~
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