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Mechanical grain harvesting quality of summer maize in
Sichuan and its influencing factors
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Abstract The aim of this study was to clarify the present situation and main influencing factors of mechanized grain
harvesting quality of summer maize in Sichuan Province. From 2017 to 2018, mechanical grain harvesting experiments
were carried out on more than 20 maize varieties in Sichuan Province. The plant traits, ear traits, organ moisture
content. mechanical strength of grain and cob, and mechanical grain harvesting quality of the tested varieties were
investigated. The results showed that. 1) The grain moisture content harvesting in two years ranged from 10. 14% to
37.16% , the grain moisture content in 90.00% of test samples was below 29.00% . The average broken rate was
5.80% » which was higher than the national standard of <<5.00% . the average impurity rate was 2.56 % . which was
lower than the national standard of <C3.00% . and the average grain loss rate was 1.02% . Postponed harvesting
reduced grain moisture content and significantly improved mechanical grain harvesting quality. 2) The broken rate,
which was significantly different among varieties, was mainly affected by grain moisture content and grain mechanical
strength. Cob was the main component of impurity, and the impurity rate was closely related to the cob moisture
content and mechanical strength. The grain loss rate gradually decreased with the decrease of grain moisture content.

Sichuan net-cropping summer maize could meet the requirement of mechanical grain harvesting for grain moisture
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content. The varieties with fast dehydration in late development period, suitable physical and mechanical characteristic

of grain, low mechanical strength and strong toughness of cob, suitable plant and ear height were selected. According

to climatic conditions and crop cohesion, in time and late harvest is necessary to improve the mechanical grain

harvesting quality of Sichuan summer maize.

Keywords summer maize in Sichuan; mechanical grain harvesting; moisture content; broken rate; influencing factors
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Table 2 Mechanical grain harvest quality of summer maize

W 3 B[]
EA q . VA A AR HARE RKME/ % B/ME/ % FEME/ 0 WE/ 0 BRRE
arves
Year d Variability Number Maximum  Minimum Average Range (@AY
ate

W e % 40 12. 90 1.19 4,91 11.71 65. 28

Broken rate

2% iR 40 9.10 1. 39 4. 40 7.71 55.39

Impurity rate
08-27

V%R R 40 5.09 0.08 1. 30 5.01 91.57

Grain loss rate

FFRL K & 40 37.16 17. 87 27.06 19. 29 21.54

Grain moisture content
2017

W A % 40 8.90 1.67 4.27 7.23 45.11

Broken rate

Zk Ji R 40 3. 90 0.75 1.90 3.15 53.31

Impurity rate
09-15

IR R 40 0.79 0.13 0. 39 0. 66 42.92

Grain loss rate

KR KR 40 20. 95 10. 14 14. 29 10. 81 21. 46

Grain moisture content

T R 45 15. 24 2.68 8. 00 12.56 45.56

Broken rate

7% 5T 45 7.11 0. 49 2.32 6.62 71.91

Impurity rate
09-08

PL T 45 2.54 0.45 1.38 2.09 39. 84

Grain loss rate

R K & 45 31.55 19.72 24.98 11. 83 13.15

Grain moisture content
2018

g 45 11.01 2.58 6. 00 8.43 38.78

Broken rate

Z% iR 45 6.48 0. 40 1.62 6.08 77.86

Impurity rate
09-16

kL 2R 45 2.12 0.33 1. 00 1.79 43.93

Grain loss rate

RS A 45 28.57 17. 37 22.92 11.20 11.40

Grain moisture content
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Table 3 Differences in grain harvest quality at different harvest dates
MR ER<C5.00% R <3, 00%% FF AL F5 7K 46 <228, 00 %%
A WK B 1] FEA i L/ %% FEAR L/ % FEA S B/ Y
Year Harvest date Broken rate<{5. 00% Impurity rate<C3. 00% Grain moisture content<<28. 00 %
sample proportion sample proportion sample proportion
08-27 60. 00 40. 00 60.00(40.00)
2017
09-15 70.00 80. 00 100. 00(100. 00)
09-08 24. 44 73.33 75.56(42.22)
2018
09-16 42.22 88. 89 95.56(77.78)
x4 X TR R E IEARAIIE X &S
Table 4 Relevance analysis on quality index of mechanical grain harvesting
. KT RL B KR Tl B K R EFF KR B - M
=R L. . . . . A 155
Grain moisture ~ Cob moisture Stalk moisture Plant Stalk
Index Ear height
content content content height diameter
[ 0.37" 0.09 0.21 0.31 0.31 —0.05
Broken rate
I i R 0.58" 0.54" 0.09 0.67" 0.63" —0.12
Impurity rate
R 0.39" 0.21
Grain loss rate
AFRLSE T HFRL AN T _ .
) ) —_— e 0 37 A
- R HER A AR ERCRYES s TR 58 12 - _—
™
o Ear Cob Grain facade Grain side - .
Index ) ) ) ) Cob bending Cob crushing
diameter diameter crushing crushing
strength strength
strength strength
e & 0.17 —0.14 —0.60" —0.48" —0.04 0. 26
Broken rate
LR —0.24 0.43 —0.42" 0.22 0.52" 0.21
Impurity rate
P& LR —0.25 —0. 20 0.13 0. 04 0.02 0.31

Grain loss rate

T x RIRTE 0. 05 K L 2R R E . xx KIRTE 0. 01 RV LR RE.

Note: * represents significant at the 0. 05 probability level.

*% represents significant at the 0. 01 probability level.
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The arrow in the figure shows the change trend of broken rate in different grains moisture content regions. The dotted line

in the figure shows the grain moisture content of 20% and 29%.
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The relationship between broken rate and grain moisture content and facade crushing strength
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Fig.3 The relationship between impurity rate and grain moisture content and cob moisture content,

plant height and ear height, cob bending strength and cob crushing strength

o 2017
0 2018 o
y=0.048 2x - 0.070 4
R*>=0.148 5%
o
- % o
8()@[1 o@Oo
L 00®
o . I:]o o Ds ° o
I op O 0, I 18 1
5 10 15 20 25 30 35 40

KRS 7K %/% Grain moisture content

B4 BHESHHNISKENXR

Fig. 4 The relationship between grain loss rate and

grain moisture content

TR REAR . A R W], 2 4R 4 YRISCAR 1Y i R
SRIE R 5. 80 %0, A1k B <5, 00 %6 1 = F AR 7%
BRRBIE N 2. 56 20, £F G <3, 0006 19 [ Z b Uk, 7%
RLAEIME N 1. 0200 2 A5 BLABORL IS 1 e 6 | 4% it 6
FE R 1 2 B 56 — R BCR B /N T 5 — Rl ik
fE . HG AT LAUE B, DU 148 B K B AORL I A A 1Y)
T B ] R R Sy B A R s LA X S IR R R A
S B AV R 0 1 6 2 I 3 A o o3, 44 v AL AU
5 (7] At B Bk /U Mt A Y RS0 AR AR L AR

W 5 0 DU )1 48 B T R AILBRORL A 32 2 (R 38 X
FIZ X FARHUR I % e B 2R S, 1 A
FEFE W TR AL U Bk 32 A0 A A A M R R AR B



38 O A K R it

2020 4F 55 25 %

M A B SR L I 2 2 AR R R K
sl o WAL 48 A N % A58 DR 3R A 52 R T G ok
R K AN Ay 2 5 R AL BRORE A A 1) S i
RIH R TEAE A R — 4R AR AL T gk
PLELH 25 PF T 0 Sl A gt A7 LR i it 36 8] A
A2 1 R R R VDR SRR IR L AR MO I Y
T KA RE AL B R Al 1) 3 2 5 JEE AL BRORE WA ik 4
o AHOCHE S AT W L B 1 % 2 B SRR K R L
P E 7 AT FES 4 3, 38 )5 W 2% 0 4 2 B 2 KL 5 7K
AT K A bk R L RS R R Tl T T R R A R
LR e St v v YA (TR A L i YA
F R R DU 11 48 BT oK ML O AT T R 4 B 22 TN R
(] A A ) 2 5 52 R G 46 i) 5 A 85 470 3 5 A
W5 S BURF L 19 A ) 0 2 R P 5 ML Wi A v i
AL P BB G AR D) A W) MR R T A T OR AR
J AR P £ 5 000 o 5 R AL fe /MBS 7 52 B DG
TEAF L7 7K A A 8 I 6 KORF L B P AR+ 35 7K 3R
B K RFRLIR BE R . A BT R B AR RL
IR T — 2 ELIN AR A S 0 R e, X T e 2
PR T B AP 5 K TR RO 5 2 4 (LA 1A
R 11 90 P A 3 4 T LA R R g 2 8 BE 35 R
EAT LA i REAT A R AR e 201 e — 2
& 22 5 Tl 2R F L TR A b 0 38 ) 2 R R L
B 52 » A1 X 3 K HIUABORE WCH AR By 4 ) 0 ELATL
P e AR AR 22 T . R A B R B TE 2 4R
4 YRR WS 56 WL ARORE Wi A FORF AL 5 K 3
745 21t Rl 110 i 22 1R S R BORER (3 2) L 0l
o 2 AT ek 5 I LB ST K R A i o T A 3
SR THHLMOR, A . AR E T 25 5 R WA A 2 2 Y
2SS By o TR 1 75 KR L AT 3R Bl 5 2 ROR G
AEU MAE W T EDNN v =
0.004 Togmans’ — 0.295 Oxgmaxse T+ 6.179 4
(R*=0. 384 4™ )y yyms = 0. 614 0™ *muresmn
(R*=0.264 5" ). CAHBIFINN . ERLR 5k R
RS R BOR A BEORE R K R R RS T
w1 AT YR W] 7 Y HT A A AF N 1
TORBILAORE I B 3 5 R RE 5 KR ] R G R
it 3 R KRB T B YRR BT IR . AT 5T
Hh AT AR AR AR K R AE 10, 1496 ~37. 1674
FEARE 5 VU1 A B B R RL IR 5 K R

L LR AR 2 EHLRCRGR g b U1 B R
AR 90. 0020 IR FE A Kb 25 7K 3 <<29. 0024,

B At S ALK ORF R B K 2R i 2 AR A BF
FE AL VA8 B T o A 7™ b o 3ok 1 A 3 T 0 A
IR HF AL B T 2 e R R R T 2 5 R R )
A et S R AR v T R B R O AR R A AR A S AR
7 H22 175 D0 T I RIS A 482 o U 1T A B R R AL AORE Wi

i .

S EHE  References

(1] XR4, EEE, THF, 5 ¢, ERE, EEE XHFF. &
B A B B % A2 5 R R LT DL A, 2018
(2): 1-7
Liu TJ, Wang Y X, Ning M Y, Jin F, Dong X X, Wang Z
M, Liu C Q. Discussion on the path and strategy of maize seed
industry transformation and upgrading in China [ J]. China
Seed Industry . 2018(2) . 1-7 (in Chinese)

(2] ZAR. FEF KRR i 52 ) R Bk CE R Y & R
i LI A R 4. AARELE R, 2017(3) : 265-272
Li S K. Factors affecting the quality of maize grain mechanical
harvest and the development trend of grain harvest technology
[J]. Journal of Shihezi University: Natural Science, 2017
(3): 265-272 (in Chinese)

[3] GB/T 21962—2008. EXRWFHHL FARKMHELS]. b5t FHE
PR AL, 2008
GB/T 21962—2008. Technical Requirements for Maize
Combine Harvester [ S]. Beijing: Standards Press of China,
2008 (in Chinese)

(4] ZEmemk, JWEMS, 52, oo, Gn, sk, Z20R. &
K MUBRCRL OTT E m BR # 4 A LT L B Ol B4, 2017, 50
(11) . 2044-2051
LiLL, Lei X P, Xie RZ, Wang K R, Hou P, Zhang F L, Li
S K. Analysis of influential factors on mechanical grain harvest
quality of summer maize [ ] ]. Scientia Agricultura Sinica .
2017, 50(11): 2044-2051 (in Chinese)

(5] Fsadn. 2. FORVUMUR I mE B0 58 i e [T, b E ARl
B2z, 2017, 50(11): 2018-2026
Wang K R, Li S K. Progresses in research on grain broken
rate by mechanical grain harvesting[ ] ]. Scientia Agricultura
Sinica, 2017, 50(11): 2018-2026 (in Chinese)

(6] Sest3c, Eveln, SRRTT, W=, 2, DI, &S, X9
B VIPRA . KITE L IRESR ., X)) DR, ERPUBUR L
B BUIR K5 S KRB C R LT ERL A, 2017, 50
(11): 2036-2043

Chai Z W, Wang KR, Guo Y Q, Xie RZ, Li L L, Ming B,



5 439 Al A

(EPIEWIE S VIR & i L €N

i S R R 39

(7]

(8]

9]

(10]

[11]

[12]

[13]

[14]

[15]

Hou P, Liu Z W, Chu Z D, Zhang W X, Zhang G Q, Liu G
Z, Li SK. Current status of maize mechanical grain harvesting
and its relationship with grain moisture content[ ] ]. Scientia
Agricultura Sinica, 2017, 50(11): 2036-2043 (in Chinese)
Waelti H. Physical properties and morphological characteristics of
maize and their influence on threshing injury of kernels[ D]J.
Ames: lowa State University, 1967

Plett S. Corn kernel breakage as a function of grain moisture
at harvest in a prairie environment[ ] ]. Canadian Journal of
Plant Science, 1994, 74(3) . 543-544

Chowdhury M H, Buchele W F. Effects of the operating
parameters of the rubber roller sheller[J]. Transactions of the
ASABE., 1975, 18(3) . 482-486

BEZE, ZEB0 . WA 2, Eooan, GEms. wid, sk, sk
W . IR, PHRA . AR BRI KL AURL i
[ 953 2 0 AR A % 5% [T . AR 2= 3l
1774-1781

2018, 44 (12):

Xue J, Li L L, Xie R Z, Wang K R, Hou P, Ming B, Zhang
W X, Zhang G Q. Gao S, Bai S ], Chu Z D, Li S K. Changes
of maize lodging after physiological maturity and its influencing
factors[ J]. Acta Agronomica Sinica, 2018, 44 (12), 1774~
1781 (in Chinese)

Johnson W H, Lamp B J, Henry ] E, Hall G E. Corn
harvesting performance at various dates[ J]. Transactions of

the ASABE , 1963, (6): 268-272

FEyiin, AR, FRORFR K E AR 0 = LT ] b A
Ay BE3 . 2017, 50(11): 2027-2035

Wang K R, Li S K. Analysis of influencing factors on kernel
dehydration rate of maize hybrids[]]. Scientia Agricultura
Sinica, 2017, 50(11):
2008. FRWARPIM 5058 T7 iE[S]. bt
Frife i RAL . 2008

GB/T 21961—2008. Test method for Maize Combine Harvester

2027-2035 (in Chinese)

GB/T 21961 [

[S]. Beijing: Standards Press of China, 2008 (in Chinese)
SRITHET . F . SREGE . PBEEE, M, RERE, RE, ME
B PR SR EORRLBIL AR A AR A K R O e LT . b 7 Ak
24, 2018(1) : 25-29

Zhang X Q. Wang R, Zhang R X, Guo X X, Jian J S. Cheng
Y C, Wu H, Sun F C. Screening varieties suitable for
mechanical harvesting of spring maize kernel in Inner Mongolia
[17. Journal of Northern Agriculture, 2018, 46(1); 25-29
(in Chinese)

BEZE, ERREE, SKOTI . ERE, W, Esan, B, IS,
2R F KRBT R B K HC X AL ARORL WO RE R 1 S 1Y 5

w7, E g B2, 2018, 51(10): 1868-1877

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Sinica , 2018, 51(10):

Xue J, Li L, Zhang W X, Wang Q, Xie R Z, Wang K R,
Ming B, Hou P, Li S K. Maize cob mechanical strength and
its influence on kernel broken rate[ J|. Scientia Agricultura
1868-1877 (in Chinese)

R, BEZE, W, Eochn. BIME. IS, .

#AR.

BT R R K R LA R i B 6 5 i [T, FR 4 2 4R
2018, 44(12); 1747-1754

Li L L, Xue ], Xie RZ, Wang K R, Ming B, Hou P, Gao S,
Li S K. Effects of grain moisture content on mechanical grain
harvesting quality of summer maize [ J ]. Acta Agronomica
Sinica, 2018, 44(12) . 1747-1754 (in Chinese)

Bauer P J, Carter P R. Effect of seeding date plant density,
moisture availability and soil nitrogen fertility on maize kernel
breakage susceptibility[J]. Crop Science, 1986, 26(6); 1220-
1226

Vyn T J, Moes J. Breakage susceptibility of corn kernels in
relation to crop management under long growing season
conditions[ J 1. Agronomy Journal , 1988, 80(6): 915-920
Waelti H, Buchele W F. Factors affecting corn kernel damage
combine cylinders [ J ]. Transactions of the ASABE, 1969
(12) . 55-59

W2, FELEMS . ErLn. SRARTY, SRR, IS, FAOR. W
W K FARHULAR R B S w4 LT ). fE 2= 5, 2014(2) .
76-79

Xie R Z, Lei X P, Wang K R, Guo Y Q, Chai Z W, Hou P,
Li S K. Research on corn mechanically harvesting grain quality
in Huanghuaihai Plain [ J]. Crops, 2014 (2): 76-79 C(in
Chinese)

MRS, Eseln, 24, EEM, TR, Bokd, EXE, &
K, AR R R BLARMORL TR R S A L) ] AR 4
A, 2013(4); 116-119

Liu F H, Wang KR, LiJ, Wang X M, Sun Y L, Chen Y S,
Wang Y H, Han D S, Li S K. Factors affecting corn
mechanically harvesting grain quality [ ] ]. Crops, 2013 (4):
116-119 (in Chinese)

TIEAL ARG, Bt XUMS, oA
T K it R AL T I K AR e e L
2018, 44(10) .

s IR RE. AR AN B
LYOARARE (Y XS
1517-1526
Wan Z H, Ren B Z, Zhao B, Liu P, Dong S T, Zhang ] W.
Grain filling and dehydration characteristics of summer maize

hybrids differing in maturities and effect of plant density[J].

Acta Agronomica Sinica, 2018, 44 (10). 1517-1526 (in
Chinese)
. AT, ZEEREE . R, BEE. N, Ew, FEOR.

BN EORFF R K 5 KR W T R T fE Wi,



40

hoE kR R R R

2020 4F 55 25 %

[24]

2018, 44(12). 1755-1763

Gao S, Ming B, Li L L., Xie R Z, Xun J, Hou P, Wang K R,
Li S K. Relationship between grain dehydration and
meteorological factors in the Yellow-Huai-Hai rivers summer
maize[]]. Acta Agronomica Sinica, 2018, 44(12); 1755-1763
(in Chinese)

R, WA, Ewan, I, ®mN, 20R. MEERE X
KA B RS K AR LT ] R 2k, 2017(2) .

Li L L, Xie RZ, Wang K R, Ming B, Hou P, Li SK. Kernel

88-92

moisture content of summer maize at physiological maturity
stage in Huanghuaihai region[ J]. Crops, 2017(2): 88-92 (in
Chinese)

Zhang L, Liang X G, Shen S, Yin H, Zhou L L, Gao Z, Lv X
Y, Zhou S L. Increasing the abscisic acid level in maize grains
induces precocious maturation by accelerating grain filling and

dehydration[ J . Plant Growth Regulation, 2018, 86(1): 65-
79

[26]

[27]

[28]

A, PR, whIEE. XS], RGSE . MR K. BT K
AWy 1 R S BB R A OC R ST . AR MLAEBE 5T
(4): 192-196

2017

Cai CJ, Chen Z, Han Z D, Liu G M, Zhang Z L., Hao J F.
Study on relationship of biomechanical characteristics of corn
seed and threshing performance[ J]. Journal of Agricultural
Mechanization Research s 2017(4): 192-196 (in Chinese)

0V, BYR, 8, mEM. RO A BRI S
s LT ol ML, 2015,
Li X P, Ma Y D, Jin X, Gao L X. Design and test of corn seed

46(7) . 97-101

bionic thresher[ J]. Transactions of The Chinese Society of
Agricultural Machinery, 2015, 46(7) .
TRAKHE L, XIZLTT, 250 T FRRPRL Y U1 B i 50
WEELT . A HLALBT ST 136-138

Zhang Y L, Gao L X, Liu H L, Li X P. Experimental study

97-101 (in Chinese)

2007(5) :

on corn kernel shear crash [ J]. Journal of Agricultural
Mechanization Research, 2007(5): 136-138 (in Chinese)

WAL A B e



