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Evaluation of Grain Filling and Dehydration Rate of Maize
Inbred Lines in Different Heterosis Groups
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Abstract: Forty-three maize inbred lines in different heterosis groups were used to analyze the difference
on grain filling and dehydration rate, in order to provide insights in breeding for maize varieties with high grain
filling and dehydration rate. The results showed that:( 1 ) the average yield of maize inbred lines was 4504.29 kg/hm’, while
Jing724 showed the highest yield performance. The performance among different heterosis groups was revealed
( X group>Improved Reid>Huangzaosi improved lines>Reid group>Ilodent group>P group>Lyuda red cob
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group ). (2 ) The average grain filling rate was 0.68 g/100-grain/d. Jing2416 showed the highest grain filling rate,
representing 0.28 and 0.19 g/100-grain/d higher than Zheng58 and PH4CV. Among different heterosis groups,
X group was observed to higher than that of Reid group, followed by lodent group, Huangzaosi improved lines,
Improved Reid, Lyuda red cob and P group. ( 3 ) The average grain moisture content at harvest was 22.44%,
and that of Jing2416 was 18.91%, 6.34% and 3.18% lower than that of Zheng58 and PH6WC, the average grain
dehydration rate after physiological maturity was 0.65%/d, among which Jing2416 was the highest, 78.26% and
17.14% higher than that of Zheng58 and PH6WC. The dehydration rate of different types of maize inbred lines
was as follows: X group>lodent group and Reid group>Huangzaosi improved lines>Lyuda red cob>Improved
Reid>P group. (4 ) Four inbred lines including Jing2416, JingB547, JingMCO1 and Jing72464 showed higher
grain filling rate and dehydration rate. ( 5 ) The grain yield was significantly positively correlated with grain filling
rate and dry matter transport rate. A significant negative correlation between grain moisture content at harvest
and grain dehydration rate after physiological maturity was detected, whereas a significant positive correlation
between grain dehydration rate and grain filling rate after physiological maturity was observed. The results
showed that the grain filling and dehydration rates of X group were higher than those of other genetic groups,
Jing2416, the Huangzaosi improved lines, had the earliest maturity and the highest grain filling and dehydration
rates, which had important breeding value for breeding new maize varieties with early maturity and suitable

grain yield.

Key words: heterosis group ; maize inbred line; grain filling and dehydration rate ; evaluate
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Table 1 Growth period, dry matter accumulation and yield of maize inbred lines with different heterosis groups

AR EEES AEEW(d) o (kg/hm’) 22 R T E (g) TYIBHHE R (%)
Heterotic group Inbred line Growth stage Yield Dry weight per plant at silking stage ~ Dry matter transport rate
T 7 2416 97 5515.80cd 113.08hij 32.67a
Huangzaosi improved lines 5024 101 5172.45¢f 107.06ijklm 29.84bc
5237 105 4046.80mn 70.23t 21.531mn
572 111 4258.60lm 92.33pqr 20.49mno
B Y 105 3207.30s 78.91st 19.16nop
i 2416B92 110 5178.85ef 142.34cd 28.97cde
592 112 4996.35fg 90.68qr 25.61ghi
Lx9801 108 4788.30ghi 113.11hij 24.70ghij
C1120 118 6626.25b 127.31ef 30.01bc
8 92-8 112 4272.55klm 101.55kImnop 21.78klmn
5L 404 110 4349.50kI 112.92hij 20.96mno
KRB HE J1 340 105 2408.20u 109.32ijk 14.85qr
Lyuda red cob group #1598 117 3711.80pq 108.31ijkl 14.88qr
2531 110 4220.20lm 87.45rs 18.560p
K Reid B 9058 109 5338.10de 129.94ef 25.49ghi
Improved Reid 9046 110 4518.40jk 109.45ijk 24.57ghij
58 117 4807.15ghi 98.09mnopq 19.56n0
i 478 112 4795.70ghi 102.23kIlmno 21.50Imn
CH3 109 4844.65ghi 128.92¢f 27.06defg
X B 5 724 111 7140.55a 153.20ab 31.93ab
X group 725 110 7021.65a 155.75a 29.93bc
5t 464 113 4849.00ghi 154.41a 26.60efgh
7 MCO1 100 5763.55¢ 94.430pqr 26.29fghi
5 B547 105 5659.45¢ 96.86nopqr 25.59ghi
5t 88 110 4626.70ij 90.12qr 22.33jkim
572464 110 5396.60de 134.23de 28.29cdef
50 D9H 108 4641.70hi 106.34ijklmn 25.71fghi
1 X005 108 4842.85ghi 112.91hij 23.80ijkl
5 D9B 110 4044.80mn 112.34hij 24.14hijkl
PRt P178 115 3854.65n0p 120.24fgh 15.90q
P group F421 115 2824.80t 113.98hij 12.68rs
P008 110 3565.65qr 151.23abc 15.12qr
P138 118 3788.500pq 143.23bcd 16.60pq
3 319 117 445785kl 162.12a 23.79ijkl
Reid ff B73 105 3172.55s 60.12u 9.95t
Reid group PH6WC 110 5347.25de 123.23fg 28.31cdef
SY8727 110 2712.80t 102.34kImno 10.41st
SK516 110 4074.80mn 110.21ijk 29.33bed
Todent #f Y59 110 4026.80mno 89.45qr 24.32hijk
lodent group PH4CV 107 4883.45gh 113.23hij 26.96defg
PH207 110 2824.80t 89.98qr 16.80pq
w17 106 3373.20rs 99.12lmnopq 19.19nop
SK1098 105 3733.40pq 103.56jklmno 25.12ghi

) —FF R AN RING PR R AN R AL B 22 535 0.05 2K, R 1)

Values within a column followed by different letters are significantly different at the 0.05 probability level among different treatments, the same as below
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1R 0 s 4 3 3 7K R A, DU EE 1 d B .
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FOURT AT S G R, R 2 5 Rl F=ACBe™ ™/ ( 1+
Be ) PP Ko ol ki (g), A N i 4k
(g), t WEE# G RE(d), B.C.D H 7 FE T
FEMSE, Hrh, 4 W AEKE, B IVIESE,
CHERKHERSE, D WILIRSEL, S D=1 B}, Bk
Logistic 772, FIRERHR G, =AC/(2D+4 ),
132 BRZKGEZER  ARAEkPRL A ok b o AR
THERPRLS AR KPR KR (% )= H R EEE -
TR T )/ [RLEEE x 100, AR FH 205 kR
TR (%/d )= (A BEAIARL S 7K 2 - I
KPR K ) / RIS AR
133 =8 ORI, BB, £ /DX AT
Wk 4 47, 585 A SR, B RS kit ™ (4%
14% PR S K AR 5 ),
1.4 ZUESDH

K SAS BRI R AT 7 2250, b b B
i) 22 55 i MR ) LSD e #E A7 36 (0=0.05 ), %
JH Microsoft Excel 2017 #1 Sigma Plot 10.0 #f 17 %%
PHEAER . R SPSS.19 HET RGBT,

2 HERS55H

21 &£FH

M 2% 1 AT AR B L i 22 B R T
o T Y s AR 2 AR 2 oK A
LRMAERKRZEF . NFEZEMEHFEKRAL

RAHWEYIH 109.56 d, Hi it 2416 A4 B WM,
P138 #l C1120 A= H M Ec s S A AL R P
4504.29 kg/hm’, LAST 724 e ) 340 Fefi, AR [R) 44 Fl
PSR LA X BE (5398.69 kg/hm® ) > B H Ried
#F (4860.80 kg/hm® ) > ¥ UCRE (4764.80 kg/hm® ) >
Reid 7 (3826.85 kg/hm® ) >lodent ¥ ( 3768.33 kg/hm® ) >
P 71 (369829 kg/hm® )> g KL 7 ( 3446.73 kg/hm’ ) ;
22 9] FpUbR T B F- 35 O 112.30 g, AR 2R AR
PR R P AE(138.16 g)>X FE(121.06 g)>
2 K Ried #f (113.73 g)> & i #(104.50 g)> ik
KELLE#E(101.69 g )>Todent £ (99.06 g ) >Reid £f
(98.98 g ) ; TW ki V34 22.82% , LI 5T 2416
e, HRGE R 724, B73 ik,
22 MR TYEMERER

3% 2 AT 1A AT, A Richard J5 TR AEAS R
UFRLE FPRIE SR G AR DR R S8 AR A R
T FNE IR R AN R A UL SR A 38 &R ]
ZERNAS o APARLRESE R DL O T o 2416 Femy o
ZIE K AL R ERTWET-EH 27.04 g, ZlEH
22.11~32.79 g, AN [FIZFIOCHHE R R I 2L R Ried
E(29.57 g)>P #F(28.05 g)>X Rf(27.22 g)>
Reid £ (27.18 g)> U #f (26.67 g ) >lodent fif
(25.50 g)> iR KL RE(24.28 g ) 5 K HOREHY
49 0.68 g/100-grain/d, LA 5L 2416 AR s, 5 58 5
0.28 g/100-grain/d, 341K 4 46.67%, 7% 92-8 Fl1 |5 7-2
AR, AN [F) 2 Fl O A ) 2R B XRE (0.76 g/100-
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(0.71 g/100-grain/d ) > # k¥ ( 0.67 g/100-grain/d ) >
P B Reid ¥ (0.65 g/100-grain/d ) > Jig K 21 ‘B BF
(0.61 g/100-grain/d ) >P #¥ ( 0.59 g/100-grain/d ),
2.3 FFRIEIKEEFIRE KR
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PRI HER A s R 225145 550 H, S %
KA 28 7 A BT AR 5 7K - 345 31.43%,
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AN K WO IHRERL 25 7K 3734 0y 22.44% , 72 i
18.229%0~25.27% , H: 1 50 2416 1 18.91%, % A 58
ik 6.34 A~ H 43 a5 5 A B PR 7K B R -1
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151 78.26% Fl1 9.33% , A~ [) 2% Fh AL 4 1] 26 9 R X
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Ried £ (0.53 %/d )>P ## (0.49 %/d ),
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Table 2 100-grain dry weight and grain filling rate of maize inbred lines with different heterosis groups

ZeR B H3Z & Richard J7 2 EEEN AR TYE(g)  #ERHE (g/100-grain/d )
Heterotic group Inbred line Richard equation Fitting coefficient 100-grain dry weight Grain filling rate
BT T 2416 Y=30.34/( 1400120y V0 0.9945 30.34 +0.13cde 0.88 +0.03a
Huangzaosi 24 Y=30.28/( 1+¢ 001X ) 1010 0.9913 30.68 + 0.11bcd 0.80 + 0.01bcde
improved lines 5237 Y=23.08/( 14e 060120y 1000 0.9899 23.08 = 0.12rs 0.69 + 0.02jklm
& 72 Y=24.33/( 14¢ 2?2 010%)) 1100 0.9934 24.33 + 0.22nopqr 0.41 +0.03u
Y Y=23.66/ ( 1+¢ 701X ) 107 0.9923 23.66 = 0.11pqrs 0.69 = 0.02kIm
T 2416B92  Y=26.61/( 1+e 2201 ) 104 0.9912 26.61 + 0.12hijkl 0.76 = 0.02efg
92 Y=24.10/ ( 14¢ 9> 016%)) 1090 0.9934 24.10 +0.110pqr 0.69 + 0.02kIm
Lx9801  Y=27.77/( 14¢' 45010%)) 1006 0.9987 27.77 + 0.38fgh 0.65 = 0.01mnop
C1120 Y=32.46/ ( 1+4¢ 000X ) 1016 0.9978 32.46+0.11a 0.70 + 0.01ijkl
W 92-8  Y=25.49/( 1+¢' 001010 0.9975 25.49 + 0.21jkImno 0.41+0.01u
50404 Y=24.81/( 1+¢+05016%) ) VL0 0.9981 24.81 + 0.38mnopq 0.66 + 0.01lmno
KL R 71340 Y=22.11/( 1+¢! 020085y von 0.9949 22.11+0.22s 0.44 +0.02u
Lyuda red cob group #1598 Y=23.74/ ( 14> ¥007%)) 1016 0.9992 23.74 +0.31pqr 0.62 + 0.030pq
7531 Y=27.00/ ( 1+¢>I701% ) 113 0.9912 27.00 = 0.11ghij 0.77 £ 0.01efg
P K Reid B 9058 Y=32.79/ ( 14 30140 ) 1106 0.9989 3279 +0.12a 0.75 £ 0.01fgh
Improved Reid 9046 Y=25.54/ ( 1+¢!~H05010%) ) o6 0.9969 25.54 + 0.34ijklmno 0.61 +0.02pqr
*5 58 Y=32.15/( 14¢' 13700%) ) 1040 0.9923 32.15 +0.29ab 0.60 + 0.03qrs
i 478 Y=28.23/ ( 1+¢ 400X 1012 0.9918 28.23 + 0.25fg 0.58 + 0.03rs
CH3 Y=29.16/ ( 1+¢!~1-010%) ) 1003 0.9943 29.16 + 0.12def 0.73 + 0.01ghij
X 5724 Y=29.09/ ( 1+¢ 7002 1210 0.9929 29.09 + 0.11def 0.80 + 0.01bcde
X group 5725 Y=26.83/( 1+¢! 4013 ) vo 0.9928 26.83 = 0.11ghijk 0.79 £ 0.01cde
5t 464 Y=27.12/ ( 14 27-01%0 ) 1073 0.9981 27.12 + 0.25ghi 0.56 +0.02s
TUMCO1  Y=23.30/( 14! >*¥0170) 1ot 0.9976 23.30 +0.13qrs 0.84 + 0.03ab
HUBS547  Y=25.38/( [+ 0PIy 0n 0.9923 25.38 + 0.12klmno 0.82 + 0.02bcd
5t 88 Y=22.96/ ( 1+4¢ 031024 ) U178 0.9941 22.96 +0.12rs 0.72 = 0.02hijk
072464 Y=29.29/(14¢" 2P0 V020 0.9963 29.29 + 0.11cdef 0.81 +0.01bcd
FUDOH  Y=30.86/( I+¢ *3710%)) 102! 0.9987 30.86 = 0.11bc 0.71 £ 0.01ijk
X005 Y=29.37/( 1+ P00 ) 106 0.9958 29.37 + 0.12cdef 0.77 £ 0.02efg
7t D9B Y=28.01/( 1+¢'*!3015%) ) vosi 0.9997 28.01 + 0.12fgh 0.74 + 0.01ghi
P B P178 Y=26.13/( 1+¢ 0377010%) ) 1020 0.9934 26.13 = 0.32ijklm 0.62 + 0.02pqr
P group F421 Y=28.07/( 1+¢ 400X ) 1008 0.9912 28.07 + 0.32fgh 0.62 + 0.02pqr
P008 Y=26.62/( 1+ *7 00y vote 0.9989 26.62 + 0.22hijk 0.52 = 0.02t
P138 Y=30.37/( 14¢ 0000y o 0.9993 30.37 + 0.26¢de 0.60 = 0.03qrs
3 319 Y=29.05/( 14¢ 030X ) 1018 0.9978 29.05 + 0.27ef 0.60 + 0.03qrs
Reid #f B73 Y=23.65/( 1+¢' 220140 ) 1007 0.9687 23.65 +0.11pqrs 0.82 +0.01bcd
Reid group PH6WC  Y=29.23/( 14¢' "1 010%)) 100 0.9992 29.23 = 0.11def 0.69 = 0.01jklm
SY8727  Y=29.88/( 1+¢'8HONX)) 104 0.9914 29.88 + 0.38cde 0.66 + 0.01lmno
SK516 Y=25.94/ ( 1+ 3301 ) v 0.9945 25.94 + 0.11ijklm 0.69 = 0.02kIm
Todent Fif Y59 Y=29.10/ ( 14¢ 000120 ) 1007 0.9898 29.10 +0.12def 0.84 + 0.02ab
Todent group PH4CV  Y=25.87/( I+¢! &%) ) 0e 0.9898 25.87 = 0.43ijklmn 0.67 £ 0.01lmn
PH207 Y=23.52/( 1+¢ 001X ) 1004 0.9923 23.52 +0.38pqrs 0.65 = 0.01mnop
17 Y=24.01/( 1+¢' #5201 1013 0.9987 24.01 +0.130pqr 0.76 + 0.03efg
SKI1098  Y=25.02/( 1+4¢">*018%))1es 0.9955 25.02 + 0.32Imnop 0.62 + 0.020pq

+ FpJRBEAR FHIME + dRifE2s, T

The values before and after + represent mean + standard deviation, the same as below
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Table 3 Grain moisture content and dehydration rate of maize inbred lines with different heterosis groups after physiological

maturity

R

Heterotic group

HACHR

Inbred line

Az B FFRL 5 7K (% )

Grain moisture content at

IR AL K2 (% )

Grain moisture content

A PR FPRL K 3R (9%/d )

Grain dehydration rate after

physiological maturity at harvest physiological maturity
R 5t 2416 30.39 + 0.01mnop 18.91 + 0.04rs 0.82 +0.02a
Huangzaosi improved line % 24 31.67 + 0.01cdefghijkl 21.54 + 0.03Imnop 0.72 + 0.04defghi
5237 29.27 +0.03pq 18.96 + 0.85rs 0.74 + 0.02cdeth
5 7-2 31.51 + 0.02defghijklm 23.95 + 0.76abedef 0.54 +0.02pq
R 30.92 + 0.02ijklmn 20.14 % 0.56pqr 0.77 + 0.01bcd
7% 2416B92 29.79 + 0.01mnop 20.74 + 0.051lmnopq 0.65 +0.01lmn
792 30.64 = 0.03Imn 21.77 % 0.12jklmno 0.63 +0.02n0
Lx9801 31.97 = 0.01bcdefghi 22.40 = 0.03ghijkl 0.68 + 0.02ijklm
C1120 32.18 = 0.03abcdef 23.17 = 0.06defghij 0.64 = 0.02lmn
% 92-8 31.34 = 0.03efghijklm 23.17 = 0.12defghij 0.58 + 0.030p
5 404 30.80 = 0.01jklmn 21.61 = 0.09kImnop 0.66 + 0.01klmn
P NAREr #1340 31.36 + 0.01efghijkim 21.93 + 0.23jklmn 0.67 + 0.02jklmn
Lyuda red cob group FF 598 31.74 + 0.02bcdefghijkl 21.94 + 0.03jkImn 0.70 + 0.02ghijk
7531 30.62 = 0.01lmn 22.45 = 0.04fghijkl 0.58 = 0.030p
MUK Reid 9058 32.08 = 0.02bcdefgh 25.27 +0.05a 0.49 + 0.03rst
Improved Reid 9046 31.02 + 0.04ghijklm 23.69 + 0.06bcdefg 0.52 +0.02qr
H 58 31.69 + 0.02cdefghijkl 2525 +0.02a 0.46 + 0.03st
i 478 31.45 = 0.03efghijklm 24.12 + 0.09abcde 0.52 +0.02qr
CH3 31.86 = 0.04bcdefghijk 22.53 = 0.06fghijkl 0.67 + 0.01jklmn
X #f 724 32.30 + 0.02abcde 23.48 + 0.08cdefghi 0.63 +0.02n
X group 5725 30.94 = 0.02hijklm 21.89 + 0.11jklmn 0.65 + 0.01lmn
464 32.14 + 0.02abcdefg 24.81 + 0.08abc 0.52 +0.02qr
5T MCO1 32.89 + 0.02ab 21.97 = 0.07ijklmn 0.79 + 0.01ab
5 B547 31.48 = 0.03defghijklm 19.62 + 0.43qrs 0.78 + 0.01abc
5t 88 30.48  0.03mno 20.31 = 0.130pqr 0.73 = 0.02defghi
It 72464 29.42 + 0.020pq 20.56 + 0.05nopq 0.76 + 0.01bcde
T D9H 31.04 + 0.01fghijklm 22.87 + 0.23efghijkl 0.75 + 0.03bcdef
5 X005 32.10 + 0.03bcdefg 22.21 = 0.04ghijklm 0.71 £ 0.02fghij
7 D9B 32.72 +0.01abc 22.50 + 0.01fghijkl 0.73 + 0.01defghi
P #i P178 31.50 + 0.01defghijklm 24.92 + 0.08abc 0.47 + 0.04st
P group F421 32.63 + 0.0labed 24.46 + 0.12abed 0.58 +0.030p
P008 31.35 = 0.03efghijklm 25.05 + 0.13ab 0.45 +0.05t
P138 31.08 = 0.02fghijklm 24.78 + 0.07abc 0.45£0.01t
3 319 31.89 = 0.02bcdefghij 24.84 + 0.04abc 0.50 +0.01qrs
Reid #f B73 31.67 = 0.02cdefghijkl 22.48 + 0.08fghijkl 0.66 + 0.01kImn
Reid group PH6WC 31.94 = 0.01bcdefhij 22.09 = 0.08hijklm 0.70 = 0.01ghijk
SY8727 33.28 2 0.01a 23.06 = 0.09defghijk 0.73 = 0.01defghi
SK516 31.88 = 0.01bcdefghij 22.22 + 0.08ghijklm 0.69 = 0.01hijkl
Todent Y59 31.88 + 0.02bcdefghij 22.92 + 0.12ethijkl 0.64 = 0.02mn
Todent group PH4CV 3232+ 0.0labede 21.87 + 0.04jklmn 0.75 + 0.03bcdef
PH207 32.74 +0.01abc 23.55 + 0.04bcdefgh 0.66 + 0.01kImn
w17 30.72 £ 0.01klmn 20.78 + 0.12Imnopq 0.71 £ 0.01fghij
SK1098 28.86 +0.02q 18.22 +0.09s 0.76 + 0.01bcd
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Fig.1 Grain filling rate, grain moisture content and dehydration rate of
maize inbred lines with different heterosis groups
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Fig.2 Cluster analysis of grain filling rate of maize inbred
lines with different heterosis groups
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Table 4 Correlation analysis

FEH5 Index X1 X2 X3 X4 X5 X6

X1 1.00
X2 -0.16  1.00

X3 -0.82"  0.62"  1.00

X4 057" -0.05 -043" 1.00

X5 028 -0.17 -030" 0437  1.00

X6 0.06 -0.04 -0.07 044" 0827 1.00

X1+ A PR T R IBE /K 32 45 X2+ A BRI R 35 K 35 X3
W FF AL 5 7K 485 X4 FESGHA X5 THIBTHkiE 45 X6 77 & .
" TE P<0.01 KPR AR P<0.05 KPR

X1: Grain dehydration rate after physiological maturity, X2 : Grain
moisture content at physiological maturity, X3 : Grain moisture content
at harvest, X4: Grain filling rate, X5: Transfer rate of dry matter, X6:
Yield, *": significantly different at P<0.01, ": significantly different at
P<0.05

FFRIBR KR R B LM
Fig.3 Cluster analysis of dehydration rate with different
heterosis groups after physiological maturity

3 itie

FORFPRMUMOR TR [ K= & R i ATy
[ 207, T A MSOAR IR 7 7K 3R A e 2 o 24 6 Kt
S A FEHUBAL B FPRL B A R s
PEUE T FOK S A IBOGR I R R 3 /KR = K. AT
NAFGE KB PR /KR AE 25% DL R8s BT
il PRI, 3 FH AU | S MO K R 1 R K
S BUREARL MU B TR AR
PR B M0 FORFPRL T AR 3R, 0™ i g A
FI'2 0 BT ARG BB, KR 3 o 5 AT A g
B SGs B il M R OK 28 RS R, KR
PRERER R PRI, IR R K 58 R B
I A 23R 2 P, DT 0 PR B AL ISOR AR, 6K
FIEE . AT R, AR 2R RSB F ok A 38
FRMER R R, RN X >Reid B >lodent



6 4 TR 2  ARAF LR 0K B 22 ZFPRLES AU A 294 1603

> BB > P B Reid BF > ik K20 B3 >P B, X
PiHH X . Reid B . Todent £ 141 i FR Z i} (A 405,
JB T R B oK R, x5 TR 4
— 5, FREE T H 38 R 2416 MK HE R,
MR iR 92-8 AT E 7-2 e fik. X #F AR AT
LT IR HR N v T A 2 R AR R Ao A
BAEL R &L 724 50 725 45 X BE A 2 R A T 5 R
968 . HUR} 665 A b TR AN, A8 T K
FURMHE) ", SCEIE I EAT R = B i o8 AR
P R T R, PR SRR I R
SR IR A OG . DRI, 3 e e AN AR
TR FEK AR, BB AR FER A ER A,
AT SEEE K PR

SRR KA 15 7K R J2 e A P A
AR 7K 3 LR B AR SE RE IBE K G R T &
KAFRLIE A G R 57 Z L P B R, 2
SZ MR AL N 52, L BE s A% , T i R
BT KR RERE 5 K SRR K R 20,
SCEE BRI T K o A B AR K
R WA R FHA . WHFPRL KR 54
PRI K T3 R TR A A I 2 SRR O A
B R K R G R A IR A OG .
PO AT UL, PERIUABOREIS B K A R 8 7 5 1T, 7 BE R TE S
PR K R [ 22 &, DT SE I 7 FAR
o ARWFIE R I, ASE) 2R L 3AE K H 28 R K
R F W X BE R Todent 7 > ¥ 2t B >Reid £ >
JRALLERE > o B Ried BE >P BF, X 5501 v 4 3
WA SRR —2, X TR S 2P IR B A C R
erE ey WY IBZ v S U Y S IV N [ P/ /v 0 S B S
H 58 22 4 B UR FFRE I K 20 0.65 %/d,
TN [ 2 R0 S5 P KB T F 28 R K 4 2 03]
&5, Hoh SO T A 28 R ot 2416 MK HOR I
15, AN [ 2 i A A (] FL b D) 5t B547 L 52 MCO1
FARZERY X BEFILL PHACV AR HY Todent B F 52
FFFRLI K E A I 5 T A e A LS. R,
TE B HESK LK PRI TR S, 765 TR 2P L A
bug e = i RV EN A S S b/ L v s b7 8 4
KM FE R AL FR . AW SR F K AL RN
W HEIR A RN B K BRI T R B R AT R, 5t
2416 50 B547 . 50 MCO1 5t 72464 hp KT HE S H0R
T SRR i ok S RV ARBFSE A
EF MR HIZ AR RAR T 5 AR R 728
(5T MCO1 x 3t 2416, & # % 20170007 ) .MC812
(51 B547 x &t 2416, [# # £ 20190284 ) Hl MC121

(7% 72464 x 5t 2416, EH ¥ £ 20180070 ), & Z4F- i
B R A AE = SRR, % 2R 51 b ELAT R
Jt AP 3 BB B IOk 45 5 3 520 e
AT UL A2 R PR S I K SR 22 38 B, 5
&5 2Z MG R EMRIR DL A 32 2 TR B R R I 34
T, FHEACAR FIREAS ()R L 2 i 7K s %, XAk
[EJHEATREC A J1 534, R SXFEA G AT BEZH C R kL
RE KD H s P A &

SEHk

(1] BASR, EoRMe . v oK A 7= A e D AR A7 A T R X 3
PELOLRHE 0, 2013, 15(3): 1-6
Zhao J R, Wang R H. Development process, problem and
countermeasure of maize production in China. Journal of
Agricultural Science and Technology, 2013, 15(3 ): 1-6

(2] BASR M RMG, EIAR, SRR, E464, £ RUK , 4L
T, TR . HET SNP WA 7R P FOK T R B 38 1% 24
PESTERIR LA . hE AR, 2018, 51(4): 626-634
ZhaoJR,Li CH, Song W, Wang Y D, Zhang RY, Wang ] D,
Wang F G, Tian H L, Wang R. Genetic diversity and population
structure of important Chinese maize breeding germplasm
revealed by SNP-chips. Scientia Agricultura Sinica, 2018, 51
(4):626-634

(3] BRZE, A LB, KBRAF, SR A&, SR . Bk X/ A2 1ok
XHUFF R AR R S 9 P EAR S, 2017, 33 (11):
5-7
QiulJ, Deng S Z, Zheng T C, Guo L L, Zhang X Q. Exploration
and practice of wheat and maize dual harvest model in Huang
huaihai region. China Agricultural Technology Extension,
2017,33(11):5-7

[4]  EREE, sk, X0, 8 £45, A, X, £k %, b
B, ELE . AR E KSR A RLE S R . AR
AL, 2014, 47 (18 ): 3557-3565
Wang X H, Zhang L, Liu SL, Cao Y Q, Wei W W, Liu C G,
Wang Y J, Bian S F, Wang L C. Grain filling characteristics
of maize hybrids differing in maturities. Scientia Agricultura
Sinica, 2014, 47 ( 18 ): 3557-3565

[5] B8 . ARASHX EARCARAESER F ARSI L
WFE . R TR, 2018
Ge J. Comparative study on the photosynthetic characteristics
of maize and related enzymes of starch synthesis in different
ecological areas. Shenyang: Shenyang Agricultural University,
2018

[6]  ALEJEL, i, FaEDL, XIS, XN . T X T K
IBERE RN . h A2, 2020, 36 (4): 30-35
Kong DY, Yang S, Tao J G, Liu W, Liu Y L. Sowing date
affects grain filling progress of maize in Hetao area. Chinese
Agricultural Science Bulletin, 2020, 36 (4 ): 30-35

(7] EFLL B AR, BT . BRIV A [ 20 5 oK
PERF AN . BE SHE, 2019(4): 6-10, 14
Wang Y H, Zhou X, Shen D F, Wang X P. Effects of sowing
dates on growth and yield of summer maize varieties differing in
maturities in Henan province. Tillage and Cultivation,2019( 4 ):
6-10, 14



1604 L N7/ I S A S S 4 2%
[8] ARRE, 2T PHMEEIEXT/NE - B 1 KBAET KAk J, Chen J T. Analysis of maize grain filling rate in different

[18]

SRFVE B RN AR AR, 2014, 29 (2): 141-145
Tong X X, Jiang W. Effects of tillage managements in wheat-
maize whole season on grain filling characteristics and yield of
summer maize. Acta Agriculturae Boreali-Sinica,2014,29 (2 ):
141-145

FARR, AN . R R B HRIRIGIR L 5 RO R
IRFSE . AEYIFAR, 1991, 17(3): 185-191

Qin T C, Li Z L. Studies on the inheritance of the kernel growth
characters and their relation to the yield characters in maize ( Zea
mays L. ). Acta Agronomica Sinica, 1991, 17(3): 185-191
Borras L, Zinselmeier C, Lynn S M, Westgate M E, Muszynski
M G. Characterization of grain-filling patterns in diverse maize
germplasm. Crop Science, 2009, 49 (3 ): 999-1009

XU HE K, 2% I, 255307 1, G L 2, UG, Jo) Aok, sk e A2
SATHE, SRR B L 0T, S A, P, SR RS SR AR
1970s ~ 2000s =K A%l A 5 B AR BESE . FORFE
%,2015,23(1): 8591

LiuYQ,LiMS,Li X H, Yong HJ, Yan N, Zhou Z Q, Zhang
X X, XiaR P, Zhang D G,Hao ZF, Weng J F,Bai L, ShiZ S,
Zhang S H. Preliminary study on grain filling and dehydration
rate of maize hybrids used predominantly in 1970s-2000s.
Maize Science, 2015,23( 1): 85-91

2y N % 2 I o 7 s o = R SN B S X
FKFEAR AL RMIER S AR B . EW i, 2014,
40 ( 11 ): 1990-1998

Li C F, Zhao M, Liu P, Zhang J W, Yang J S, Dong S T.
Characteristics of grain filling and nitrogen translocation of
maize parent lines released in different eras in China. Acta
Agronomica Sinica, 2014, 40( 11 ): 1990-1998

Purdy J L, Crane P L. Inheritance of drying rate in “mature”
corn ( Zea mays L. ). Crop Science, 1967, 7 (4 ): 294-297
Crane P L, Miles S R, Newman J E. Factors associated with
varietal differences in rate of field drying in corn. Agronomy
Journal, 1959, 51:318-320

Tridn, 2R R RRPRL I K RS e AT . A
A AHSE, 2017, 50 (11): 2027-2035

Wang K R, Li S K. Progresses in research on grain broken rate
by mechanical grain harvesting. Scientia Agricultura Sinica,
2017, 50 (11 ): 2027-2035

AL, 2 T . FR A B R R /K A T SR
WFE LRI . PUNRL R4, 1993, 11 (4): 626-629
Huo S P, Yan Q J. Significance and research advance of grain
moisture quick-loss after physiological maturity in maize.
Journal of Sichuan Agricultural University, 1993, 11 (4 ) : 626-
629

XA, EIRAe, 5 R, sobk . EARPRLAE IS H
SRIBK I QTL MRI2E 0 . VR4, 2010, 36 (1) : 51-
56

Liu X J, Wang Z H, Wang X, Li T F, Zhang L. Primary
mapping of QTL for dehydration rate of maize kernel after
physiological maturing. Acta Agronomica Sinica,2010,36( 1 ):
51-56

SRACA, XV, UK EE , DU, SR, S8, Mo i . AT
RO TR F PRI R . P E AL B, 2014,
47(17): 3323-3335

Zhang D M, Liu Y, Zhao Y F, Zhu L Y, Huang Y Q, Guo J

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

heterotic groups. Scientia Agricultura Sinica, 2014,47(17 ) :
3323-3335

RPAR & WAL, BETRH K FEAPRLEIK M AR . AR
Hz, 1988, 14(3): 182-193

Zhu Q S, Cao X Z, Luo Y Q. Growth analysis on the process
of grain filling in rice. Acta Agronomica Sinica, 1988, 14(3 ) :
182-193

£33N H RGIEIR S S S A R 1 e R S 4
Bl£Be, 2017

Li L L. Study on grain dehydration characteristics of summer
maize in Huanghuaihai plain. Beijing: Chinese Academy of
Agricultural Sciences, 2017

FH T, TR, AR, slobk, SO0 | TR RS K
ARSCHEIR A I8 1 S BRI o . FoRB, 2004, 12.(1): 21-25
Jiang Y X, Wang Z H, Jin Y, Zhang L, E W D. Genetics on
water content at harvesting and correlative traits and breeding
strategy. Maize Science, 2004, 12(1): 21-25

A0 TR FORAURLIS e e DR 38 SRS AR B 2
JrTa AT R FIRBIERR, 2017, 35(3): 265-272
Li S K. Factors affecting the quality of maize grain mechanical
harvest and the development trend of grain harvest technology.
Journal of Shihezi University : Natural Science, 2017,35(3 ) :
265-272

Jiltg . AN F K B A8 R B H A AR A FB K A LB
FE . TR TR R, 2018

Zhou T. Study on the characteristics of grain filling and
dehydration of maize inbred lines and their hybrids with
different maturities. Jilin: Jilin Agricultural University, 2018

G g, SRACHK, EARAE PN . KRR S 0 R R
A RRIAIZE AT . AR R 224, 1998, 29 (1): 3-5

Jin Y, Zhang Y L, Wang Z H, Sun C J. Difference analysis on
100 kernel weight in 30-60 days after silking in maize hydrids.
Journal of Northeast Agricultural University, 1998,29 (1 ): 3-5
T . FRE AR AR K B B HR A FNIBE K
RO . dbst: P ELOLREERE, 2012

Ding J Q. A study of grain filling and dehydration of rate for
different periods of maize single-cross hybrids and their parents
in China. Beijing: Chinese Academy of Agricultural Sciences,
2012

FIRMe AR A BB K, EOCAR B R 0 H 1, 2507, X))
F 2 RASR R [R)YIZE FK S RRRERESRE R KRR
VEWIZAA, 2021, 47 (1): 149-158

Wang RH,XuTJ,ChenCY,Wang Y D,LvTF,LiuYE,
Cai W T, Liu X Z, Zhao J R. Grain filling and dehydrating
characteristics of maize hybrids with different maturity. Acta
Agronomica Sinica, 2021, 47 (1) 149-158

%% . FRFFARLIBEA AN 8 Ty B A B st AL F5E . )il
PR R, 2011

Xiang K. Genetic analysis and measuring method development
of kernel fast dry down rate in maize. Sichuan: Sichuan
Agricultural University, 2011

FARLL, A R, S, £, e, B, ER R W
GBS, EHOR . FRAPRLIBK RIS T B R Bk R
KM . AR, 2015,5(7):15-18

Wang Z H, Zhou F M, Guo H, Wang J, Jin H L, Liu H X,
Wang L F, Shen Y F, Yang M L, Wang B T. Research and



6 1)

V5 TR (L TK F SRR R R A 5

1605

analysis on dehydration rate of maize grain and germplasm
improvement tactics. Journal of Agriculture, 2015,5(7):
15-18

FIUAKR, ALK, B S, TR Brfte i, I, AR it , 3k
B, BRI, BREAVL . ERCR FOR BRI R R 5007 . Y
WETHIEAE, 2020, 21 (4): 866-874

Wang Y D, Zhao J R, Fu XY, ZhangHS,ChenCY, WuS S,
Zhang C Y, Zhang X Y, Chen M, Chen S J. Exploration and
analysis about the application of Huanglv-European lines in
maize breeding. Journal of Plant Genetic Resources, 2020, 21
(4):866-874

bR, FARAE, &5, T RIL . BRI FoK R ie & 714
B . PARIAOI A4, 2005, 18 (5): 32-35

Zhang L, Wang Z H, Jin Y, Yu T J. Combining ability analysis
of water content in harvest stage in corn. Southwest China
Journal of Agricultural Sciences, 2005, 18 (5 ): 32-35
PR BT AR . BRI BB GHR T b 2 5
SRS . R IR, 2011, 27 (27 ): 92-97

Li D X, Gong X J, Qian C R. Difference and correlation
analysis of grain milking rate and grain dehydrating rate on
maize. Chinese Agricultural Science Bulletin, 2011,27(27) :
92-97

JRIESC, SRARAE AR KRR T, AP K HE  INERI ™ e 3,
SCHE, TRIERE, AR . 8 A TR A4 3SR KRR RTF ST
TEHRAI RN, 2019, 47 (12): 122-125
LuDW,Zhang Y Y,LiYJ,SongJQ,NiuY F,SunH C, Lu
LY, Dong W H, Zhang X H, Cui J M. Study on dehydration
characteristics of 8 maize hybrids. Jiangsu Agricultural
Sciences, 2019, 47 (12 ): 122-125

[33]

[34]

[35]

[36]

SRS BRI, TRAHE BURIE , B, Bl . AN R 2R
PSR T K TR R AT . R it A 23, 2018,
19(1):39-48

Guo J J, Zhao Y F, Zhang D M, Zhu L Y, Huang Y Q, Chen J
T. Analysis of grain dehydration rate in different maize heterotic
groups. Journal of Plant Genetic Resources, 2018, 19( 1) :
39-48

SR, ETCR R A, TR INTR BB XIH . EAETH
SEF AT 2416 (M H 5 R . R s 1L B UR 24 AR, 2020, 21
(5):1051-1057

Zhao J R, Wang Y D, Song W, Zhang R Y, Li C H, Liu X X.
Breeding and application of maize founder inbred line Jing2416.
Journal of Plant Genetic Resources, 2020, 21( 5): 1051-1057
F oM, IR 4 AR, EICAR BERF, B R, X i, 4%
TI6 , RNF52Z X . ORI KPR 7K 2R KA RIATLIA
BRI . AR B T4, 2020, 22 (11 ): 35-41

Wang R H, Xu T J, Zhao J R, Wang Y D, Xing J F,Lv TF,
LiuY E, Cai WT, Liu X Z, Liu C G. Effects of harvest date on
maize grain moisture content and grain mechanical harvesting
quality. Journal of Agricultural Science and Technology, 2020,
22(11): 35-41

FICHKR, AR, KA Bl K, S, skAR I, BT 7 , 55
TR, BRI, BRATIL . R R B K H 2E R B HLAOR R
TRRHERTSE . H i BT IREAA, 2019, 20 (6 ): 1554-1565
Wang Y D, Zhao J R, Zhang HS, Chen CY, Wu S S, Zhang C
Y, Liu X X, Guo C E, Chen M, Chen S J. Characteristics of the
“Huanglv-European lines” maize inbred lines for mechanical
grain harvesting. Journal of Plant Genetic Resources, 2019, 20
(6):1554-1565



