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Effect of delayed harvest on the agronomic traits and
mechanical harvest quality of spring maize in the
middle reaches of the Yangtze River

LIU Zhihui' » ZHAN Ming'* . LIANG Ruyu', WANG Yan', LIU Yongzhong' .

HUANG Yigin®, YANG Renneng'. SHANG Chunhui’

(1. College of Plant Science and Technology/Key Laboratory of Crop Ecophysiology and Farming System in the Middle Reaches of the
Yangtze River of Minstry of Agriculture and Rural Affair, Huazhong Agricultural University, Wuhan 430070, China;
2. Institute of Food Crop Science, Hubei Academy of Agricultural Sciences, Wuhan 430070, China)

Abstract To explore the suitable varieties and supporting agronomic measures of maize mechanical harvesting in the
middle reaches of the Yangtze River, different maize varieties were selected and harvested at different times after grain
maturity in 2018 and 2019 to analyze the changes in yield and quality of mechanical harvest. The key agronomic traits
were further identified influencing the broken rate and loss rate in mechanical harvest. The results showed that the
harvest time had significant effects on mechanical harvest yield and quality in spring maize. The delayed harvest by a
week significantly increased the grain test weight, thus increased the mechanical harvest yield by 9.72% averaged
across varieties and two years. However, delayed harvest by 2 weeks would reduce the yield of mechanical harvest.
In the two experimental years, the impurity rate was less than 3% , while the broken rate and loss rate of mechanical
harvest were all higher than 5%, which were the major problem in maize mechanical harvest in this region. Grain

thickness, grain moisture and 100-grain weight were the key traits affecting the grain broken rate in mechanical harvest,
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which showed a significant negatively quadratic curve relationship with the grain broken rate. The lodging rate, ear

height and barycenter height were the key traits affecting the loss rate. The lodging rate is positively linearly correlated

with the mechanical harvest loss, while the ear height and the barycenter height had a significant quadratic curve

relationship with the loss rate. In conclusion, the delayed harvest by one week significantly decreases the grain

moisture and thus reduces the grain broken rate. However, continuing to delay the harvest has the risk in increasing

lodging rate. It is suggested that spring maize in the middle reaches of Yangtze river could be mechanically harvested

7 — 10 d after maturity, which could effectively reduce the grain moisture and the grain broken rate, thus increase the

mechanical yield.

Keywords the middle reaches of the Yangtze River; spring maize; mechanical grain harvest; harvest time; broken

rate; agronomic traits
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Table 1 Daily mean temperature, accumulated rainfall and relative humidity over ten-days

from April to August in 2018 and 2019

H ¥ /°C FitFE/K i/ mm ,
H A i B . _ RH/%
Average daily temperature Accumulated rainfall
Month Period
2018 2019 2018 2019 2018 2019
Ff] Eearly 17.3 18.1 36. 6 35.9 65.5 73.4
4
F14] Mid 18.0 19.1 40.1 7.4 74.5 71.4
Apr
T 4] Late 19.8 18.0 37.2 74.3 79.5 85. 4
4] Eearly 21.0 20. 3 30. 4 1.1 75.0 66.3
5
H1A] Mid 25.3 22.0 59.5 49.1 77.5 82.1
May
T 4] Late 22.1 22.6 30. 3 81.2 77.0 74.5
Ff] Eearly 24.2 27.7 0.7 58.3 74.8 72.4
6
] H14) Mid 27.0 25.5 17.1 82.0 69. 6 81.5
un
F A Late 27.4 26.3 103. 8 36.9 80.9 81.2
Ff] Eearly 26.9 27.9 101.3 49.0 86.9 77.2
7
Tl F14] Mid 29.8 27.8 10. 8 11.0 80. 1 81.0
u
T4 Late July 30.1 31.5 20.1 55.0 77.1 76.6
_Ff] Eearly 29.5 31.0 45.2 7.4 80. 8 72.1
8
F14) Mid 29.4 30.9 6.1 6.0 70.8 70.0
Aug
T 4] Late 29.3 29.4 5.2 10. 2 64.5 65. 3

1.2 RIigit

SR AR st i) 5 s b 19 R 28 2 IX 4 60 A 3K ef
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Table 2 Mechanical harvest yield of spring maize at different harvest time t/hm®

A A W Harvest time W
Year Varieties T, T, T, Average

DH618 9.274+0.76 A(a) 9.6040.78 A(b) 8.984+0.73 B(b) 9.28 b

DK517 8.4640. 23 B(bc) 10.9740. 29 A(a) 11.244-0. 30 A(a) 10.22 a

ZND7737 7.8040.20 A(e) 7.1240. 18 B(o) 7.72+0.19 AB(eo) 7.55 ¢
2018 LS1 8.99+0.27 A(ab) 7.35+0.22 B(o) 6.11+0.18 C(d) 7.48 ¢

LY88 5.8640.20 AB(d) 6.35+0.21 A(d 5.57+0.19 B(d) 5.93d

SE¥4{H Average 8.08 B 8.28 A 7.92 C

A v 159.70™

Wi T 409. 10"

VXT 22.0™

DH786 6.6240.51 B(bc) 6.6040.66 B(bc) 7.37+0.76 A(b) 6.87 ef

JNK728 6.04+0.48 Blced) 8.17+0.96 A(ab) 7.60+0.76 A(ab) 7.28 e

DH618 8.414+0.79 A(a) 8.60+0.81 A(a) 9.22+0.87 A(a) 8.74 ab

DK517 6.07=+0.47 B(ed) 8.06=+0. 65A(abc) 8.3240.78 A(ab) 7.48 cde
2019 YD9953 6.5240.67 B(bc) 8.8640.80 A(a) 8.23+0.74 A(ab) 7. 87 bed

XD509 7.67+0.71 B(ab) 8.59+0.77 A(a) 8.854-0. 82 A(ab) 8. 37 abc

DK653 5.037£0. 84 B(d 6.30+0.72 AB(c) 7.05+0.70 A(b) 6.13 f

LY88 8.9340.95 A(a) 9.6540.89 A(a) 8.74+0.83 A(a) 9.10 a

SFEHI{H Average 6.91 B 8.10 A 8.17 A

A v 9.49™

ek T 170.70™

VXT 1.01™

TE T o A2 BRI WOAR 5 T, A2 BBCRVE 1 AR s Ty AR BRAUAE 2 IR . [RIBIAS 6] /N o B 3R it R ] 22 57t 12 3 (P<<0. 05) s [AlAT AN
) R 5 B 3R n AN [ ORI 22 5 (2 (P<C0..05) ¢ » Fll xx 23Sl 3R 7R 0. 05 F1 0. 01 /KR35 ns ORI WE 2SR . Tl

Note: T, harvest at maize maturity; T, harvest delayed by one week after maize maturity; T3 harvest delayed by two weeks after maize

maturity. Different lowercase letters within same column indicate significantly different among different varieties ( P<C0. 05).

* and * %

Different capital letters within each row mean significantly different among different harvesting time (P <0, 05).

represent significant difference at 0. 05 and 0. 01 levels, respectively, ns represents no significantly difference. The same below.
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Table 4 Relative importance of different biological traits to grain

broken rate based on LMG method %
Pk T B K
Trait Average Confidence intervals
¥k )2 Grain thickness 24. 42 32.27~10.41
¥ ki & 7K % Grain moisture 22.76 32.87~10.99
H ki E 100-grain weight 12. 60 20.31~6. 36
f#H Ear diameter 8. 60 19.60~1. 95
¥R AR Grain volume 7.55 13.50~4.45
#iK Ear length 6. 00 19.02~1. 39
¥k i Grain width 5.54 11.59~2. 84
75X Grain test weight 4.63 15.47~2.02
¥+ K Grain length 4.26 10. 60~2. 67
ki % #% 71 Crushing force of grain 3.64 10.16~1. 42
30 (@ y=5.531x>-41.788x+83.836 30r o) y=0.0072240.179x+0.476
e ?=0.275%* 25L 2=().396%*
i %
W = 3 <
B2 &=
% 5 EC=
%3 =3

0 1 1 1 J
4.0 43 4.6 49 52
ki LB /mm- Grain thickness

301 (@)
25
¥
= ~4
- E
& =

15 20 25 30 35 40
Kk &K /% Grain moisture

¥=0.058x>-3.078x+47.222

R?=0.244%

32 36 40

A AL /g 100—grain weight

Bl1 FERNFHNEE(a) FHEKE(D)MERE () SVNBAFHNBEERZ BHX R

Fig.1 Relationship between grain thickness (a), grain moisture (b), 100-grain weight (¢) with grain broken rate

2.5 WREMEXMEERFHNEKE.FESHNRE
A
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mERATRL AT S, HET T Wk, 2018
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2019 4R, T, M WCHROFF B A FE 20 0 R 3 4R S A 2018 ARBLHE R A L BE AR 9 A8 R L A 8 Ok
6. 200F1 3. 700 s ARLEIEIR B T, WORAFRLAR B AR KUR 3 2K 25 S SR S AL 2% 5 48 m L B
ARZE L2018 F1 2019 AR 4r B4R 3. 5015 0. 2%, W= B R R R 22— o BRI, DT i AL
2018 4F TR R B i s 17 2019 4F FOR R B R HUBCRSE 4 A8 HILISC 8 2k 09 1 B R L 7 28 55 IBOE AL
£ i A A A B 3BT AR B AR AR 3R AE 6. 000 LLF f14 32 35 Wi 3R 5 1]

£S5 ET LMG ENEEREEYF AKX HLUCHF L35 K R 932 0m

Table 5 Relative importance of different biological traits to

grain loss rate based on LMG method %
LN T {H AR DX [H]
Biological trait Average Confidence interval
{814k % Lodging rate 44.98 57.36~21.84
.05 ¥ Ear height 14. 11 24.40~5.29
F8 v i Height of barycenter 14.08 22.17~6. 36
29 % Incidence of stalk rot 9.95 34.70~2. 44
#k & Plant height 9. 64 15.22~5.10
25 Stem diameter 4.96 17.26~1.27
¥R 2 7K R Grain moisture 1.83 8.60~0. 36
ZXFFHI4T J) Pulling force of stem 0.45 4.14~0.31

o (o)
¥=0.009x?-1.653x+80.069 °
25 25 R2=0.433%
J§+ £ 20 o ;Sr £ 20F
K ¢ 15 X % 15k
X =D
£ 10 ¥=0.540x+0.941 L3 10
) : $ R=0.491%% ’ s
s " 5 5
0 1 1 1 1 1 1 0 1 ]
0 10 20 30 40 50 60 70 0 75 90 105 120 135 150
811k /% Lodging rate B /em Ear height
301 (c) °o
25 |k ¥=0.005x>-0.954x+50.509
e o 2=0.490%*
ﬁ\i} § 20 +
BLst
=s
& <
E & 10 o
S5k °

0 1 ]
50 70 90 110 130 150 170
HLE JE/em Height of gravity center
B2 FEKRERKE(a) B (D)MBEOTE (o) SHBIFHIRKRZ BHXR
Fig. 2 Relationship between lodging rate (a), ear height (b), gravity

center height (¢) with grain loss rate in spring maize
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Table 6 Changes in grain moisture, test weight and lodging rate under different mechanical harvest time of spring maize

Wi ) s ) KR KR/ Y KPR A/ (g/ 1) R/ %
Harvest Grain moisture Grain test weight Lodging rate
time 2018 2019 2018 2019 2018 2019
28.73 a 32.09 a 687.30 ¢ 720.83 b 8.18 b 1.67 a
] (27.6~29.43) (28.76~35.51) (671.50~722.50) (683.33~758.33) (0.39~21.22) (0.00~5.33)
T 23.96 b 22.49 b 730.20 b 747.54 a 23.10 a 1.75 a
’ (22.77~25.13) (20.93~25.71) (689.50~758.50) (706.67~788.33) (6.02~44.90) (0.00~5.33)
T 19.42 ¢ 18.09 ¢ 755.50 a 749,08 a 25.49 a 2.17 a
3

(19.00~20.50) (15.70~21.56)

(733.50~775.50)

(734.33~792.33) (6.02~44.90) (0.00~5.33)

i — R F/ING 2 BE FR AR RO 22 5 25 (P<C0. 05) s 485 P S S TR i B 45 48 4 19 25 AL T 1L

Note: Different lowercase letters in same column indicate significantly different among different harvesting time (P<C0. 05); The data in

brackets are the ranges of each indicator among different varieties.

RIS I 4
3.1 MHEBESHRARNZMESE

PR TR 6 13 5% M) T K JoT ek 55 2, 2 > i 3K [
TR Ak T MO AL T I 1) m K e, S A
20 {H: 20 v B T G AT T OROFF R B, A7 A R R B
1R 3R K4 ) R, WL OB B %6 1R ik 29. 00261, AR
G K AR T # i 3 5 K A RS 2 At L SR AT il B
H5.36% ~18. 94 %, F ik 12. 08% (% 3), i
i3 i A 2 U T ES T i V1 R o VAR 1 3-8 R
(5,009 WA WF ST Fe B L 5 TV 4 X B &
KL MSCRE R 48 R (S 10, 19265 5 3 4 i Ji 5t
YEX R RT. 23% ~7. 75 %% s b £ KRB H
5.24%0 H i R 9. 48261 s Al LA YT iE AR K ML
WS R A v T LAt R OK 7 X, ASHIF SR B o ]
AL B 2R 25 5 W 3 (3R 3) . 2B 9% 3 W3k
Bk T 2K HF R 5 K R R B R R AR R A G i
E SN T E Rl TN (PSP S S T A 8
RO R B IE AR 19 45. 2%, HAT . EBx b
3k A KR K RTE 18, 0% ~23. 0% I Bl ik R
BRI AR 9t S BORE R B K B 5Ok T T
FEDEN ML XR (B 1(b)), X5 Plett
FUOBE IR — B, BRAL L RERLIE AR L 45 4 R T
SRR Al 23 5 LIS R R A 9 3 1o A
WSS HT o R IR B R AT REL 55 7K % LA &
[ERIA RO LR S Ak SN O S A S E T
FWT R R B SRR AR R ] 2 RO R LY

FERLERE AT 3. 5~4. 5 mm, HLUS i A R K (& 1
(a)) o, WLAh. ARG & BURL 55 Rk i b 2
FH R 2 F (B o)), 4 A5 750 A B AR Al g i
AR S AR RLEAE 28, 0~31.0 g B AIE. A WY
Wi A B T 3 1 TR R A 22 BR R K 43 411 5 oAt 52 e
HER WD HAR —BUN N T4 6 % IX
B0 A A S AR R R R ) B A — 2D TR AR
HURMSCAR i 2 ) 453 2 236 B 2 52 i 2 oK i
AR, SRS SN A B T VG b AR AL
F K KL ORE K 7= i BB R R 4L 120% . T
AT, 2 AR R R AL ISR O R AR AR K, 2018 4F
5 1.58% ~43.47%,2019 4K 1.51% ~13.06%,
S AL 5. 00 %6 (% 3), T H A F K= Xy
JKOFE AT R 20 b B A SR PR R P A
LR G A — R R . ARG & I 5 IR
HIXF AL R A B E R (R 3, FREYE
KA F T AR R 38 1 T K AL A 2k 1Y) = 5 e [A]
FLERCR AR N 100, RAE 8 m 0. 15 % . 4R
25 B AACAILIORE R 50 o R I R % ST AT R
TR AR T B ol L %5 i 46 3 4 55 i LSO 2 30T
A 32 50 368 3o R XoF i 43 A B ARIAR S0 5 e 45
A S R, L R R T Bk 3R AT Gk
46.46% (R 5)  AEAR KIS &0 T M ERE<1IY
BF R R A HIAE 5% LR (B 2Ca)), B4
FEFE W BT 5 S 5 O AR A B R R, AR
A 5t & IRV 5 5 O R B LA A6 2 tho A
DTER (R 5) H S5 AL 2 8 B2 1 Zkith 2658
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F (B 2(b)FICe)) s MHEA7 & 45 i 7 82. 0~102. 0 cm
S (3] N 7 B R S o G s o (= S B A oy N
ol ) 7 0 AR AR 4 B — @ B MR . B AE
SRS R B E IR 7 4 2 5 R RLK 4 S AR DG R
KK <21, 4200}, PEr it R RERAL . AR K
BUFFRL B 7K XA 2R 52 il R B 2 (3R 5) . BEAE
SEAEDY A R BRI 8 RSk MR R R R K
BLsCH R WA e, IR RS B R R T .
AR E 2018 4R EOR A B AT S (7 HIE—8 H
FADBEK B £ T 2019 4E (% 1), X 7] i 2
2018 AEHI R A0 T 2019 AFERY I 22—,

3.2 REKIFHEEANMBRENTITRE

KA BB S AR IR ISR AT A 3 R AR R
K AR AL WSORT L A A 8 . 96 1B 7 36 KR RE AL
27 39038 3k JE R ARl RF R S K R R 200 BB
1+ 35 B RRAR AL SORF I B 5 28 1 S80S i i 3
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b DX K AE IR SR g A AR R IR AR K 4 28 SR K
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R e R - T B 3. 48 %, B3R 2 JE Wi 4k, 7] 4k
SRR 2. 8400 (5 3) . [H &, Bl 3 WK U k3R 25 )
S SR R A R s TR, IR Ok R 3
TN AN s BCAR A 18 AR A L T L AL
PO T B RPN . ASHFSE &, 2018
AEMLMCAEIR 1 F iR o 816K 238 B f 55 (3R 6),2019
ARBIR AR IR WO G A AN K. X AT REZ 2018
AEIEIR 1 AN (2 7 AIE—8 H EAD KK &£ .
b 2019 4E09 RH K (R 1), dibnr i, 28R Wik A5
T B AR RFRL A A 58 {HL A7 A AL WAL 2% 38 1 iy
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