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I T 2017 4F 10 ALELRE LA 78 b
Bt ARG e b L AR 48 5 R T e OB R AT . i IX
IbT 36°25'~37°09'N. 117°10'~117°35'E, J& ek
TR KR RS X, A H BB %k 2 647.60 h, 4E-F
BISE 12.8 °C, FEHIFFKE 600.80 mm, LA HAZ) 192 d.

65.10 mg/kg, M 22.33 mg/kg, HAET 144.14 mg/kg,
pH 1# 8.17, TIEIREE 1.43 g/em’, 0~5cm. 5~10 cm
T2 P EKE SN 16.42%F0 16.30%, 1%
SEFEA 1.81 MPa.

RIGA B FEAL R 958, Sk 335, B 605, Fiff
618, KR4 101, ik} 702, R . 29, B 818, &I 9066
M 218, B9 9088, HHL 9151, B 2016 L 13 M
Bl AN AR FORAEFF AR A A SRR 1.
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Table 1 Parameters of straw and ear for different maize varieties

Sl Ifﬁﬁ% ey RS OREOUREE g - TRUE I

Varieties iameter of Height of straw/m Height of lowest D1ameter of Length of ear/mm Yield/(kg-hm™) lOOQ—gr am

straw/mm ear/cm bigger ear/mm weight/g
FBERL 958 ZD958 24.04 2.29 83.80 56.50 180.50 12 082.35 329.58
%5 335 XYu335 23.10 2.73 77.90 49.70 181.00 10427.55 312.67
B 605 DH605 24.20 2.52 83.10 50.70 227.50 11 054.25 391.94
¥ 618 DH618 22.04 2.29 56.20 49.40 180.20 11 684.25 340.81
A4 101 NY101 22.98 2.59 75.20 51.60 181.10 10 382.40 351.75
%L 702 WK702 22.15 235 80.20 56.00 216.70 11 749.20 370.27
R 529 JD29 22.44 227 90.80 54.70 188.70 11 669.55 337.74
£ 818 LD8I1S 21.89 2.29 69.80 53.30 209.90 11 002.65 400.55
.5 9066 LD9066 25.82 2.62 95.10 48.80 190.50 10 104.30 341.58
FEHF 218 XY218 24.51 2.53 78.60 52.70 184.00 10 041.00 366.18
.5 9088 LD908S 24.47 2.49 69.30 51.00 200.20 10277.85 399.28
£ 9151 LD9151 21.58 2.74 85.60 48.80 176.30 10 525.80 330.79
.5 2016 LD2016 24.07 225 57.10 51.80 174.90 10 722.60 344.36
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FESCRTARIGR S, N IER ISR 10 B 24 HRAEE
FPRISERML 4YL-3 HEATFFRIGREG, BONIEZRIER. R
FHRARYCRES, 43 B8 BOR BRI . VR BRI R
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Table 2 Main parameters of maize harvester and maize grain

harvester
24 Parameters A Values
4YZP-4X 4YL-3
25730 Type of structure H H &
TAEAT4L Working lines 4 3
3& 4T Row space/mm 550~650 530~630
TAEMEFE Working width/mm 2 400 1800
HROREVREE O @
Maximum height of ear (grain) loading/mm 1800 2100
5/ g ] R
Minimum distance from ground/mm 320 260
RV FE Fuel consumption/(kg-h™-m™?) 30 <45
£ & #50 Type of header R Bl
WikiiE £ 7770 Type of threshing and cleaning Bl =
VeV Working velocity/(km-h™) 45 45
ZEAFUIRERLRY 30 Type of straw cutting AR AR

b. AR
b. Maize grain harvesting

T R .

a. Maize ear harvesting
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Fig.1 Harvesting test in maize site
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5t RZBUN 6.72%. 1EF YR 5 il P T RAFRL S K R B 2
T, TR RS 19.38%, Hirh B B OK )
N 36.85% (B 618) o KPR THIE/KE AN 28.06%,
B E] 5 7K A A Y LR 23.54%~32.12%, 5% /BN
10.44%. LI FORKFRLE ACRAK IR B B, FPRL S /K R (A
INTF 25% R EKBFMNE e K 335, B 618 &
9151, ZELEYSCHRIT U & TR S K E, BRI 134
FORMFIHRA 9 NSRRI K R R E R &
IKEFE R LLBILE 30% LA F, (5 3REe R 1 69.23%; ¥k
S EIKER 22.52%, ATIEREIN 17.62%~27.94%, 48
7 RZECH 13.53%. WLIACH 8L 702 FIR R 29 1 &K

Bby SR KRN LT AT KL K 3225 R B FPRE
FEA B Z )5 BT BK, BRIt AR SE Sk T ik 21
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Fig.2 Grain moisture content varied with time
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HBEAT RARSGRFFFRLSCGR OGRS 40 2k 2 LI 3. 3L
R SRR 77 P340 R 260 2.59%, SR AP FFREIR
ST RAFEIIRR LN 3.28%. FMH Rk T 2t
92.31%H T oK S AP SRR T H Kb (5%) 5 KH
FFRISCIRIN , 84.62% 1) K fb P 453 2% 3R AT B K A
Rk, 2 E KRS, BRI A 83 52 m g
REBRZE (P>0.05) o b5 007 FIAREAT I 2 Rk
77 R AR R 25, R 13 AT KSR, A4 A5
OB 958, Sk 335, il 618 FIZEWF 218) KAFF
RWCER 7 3 A0 2 2/ TR SR AR oy A s ik
2, HAR PR SR F R AOR T U () s A 2k 2R A

X T R HEAT B SR ARSCGR A RLSOGR T &, 5 618
s RV R A A AR 5, BBk R Y m T E R r
e, HEZRFONHERR, R RBEBGRE
TEABAR 7.28%, K HFFRLCER 5 A I 74 R %R0 4.13%,
SRRSO A 74 R — T L O [ R bR T S A O R
. FREH, SRAFFRISCR & 5 2016 ffhi7x FEEE
AT HIL B 5.06%. Bk 618 FIE L 2016 VR FEIRE &,
FERHTEW 618 FIEH 2016 MRS EML &
618 A1 2016 M (R S5 R 5 56.20 A1 57.10 cm;
HA R RIS AT 69.30~95.10 cm) , iERUE
IR S, 82 AR EORIE R .

WOR G 45 % 2 PR R R SV R M . K SRARIAR
AT, EREREY 5 RBUREN 75.28%, £&HKMH
FEARE 7, A SRS 9151 ITA TR
TR, R % W Bl V5 R I 1B 25 T VR R R
(P<0.05) o TXFTHARICER T &, R 5 S
PURFTM) 54.53%, SHFITERIR 575005 0 IR B3
ZE5 (P>0.05) o SR, J7Z&=mive Rt — DA, &
[ — B B b AT WOIR I, W3R T 0 T 38 R 26 (1) 52 e B Ry
B (P<0.05) , MEERPFWEFAHE (P>0.05) .
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a YR 3k Maize ear harvesting

o Rl 3k Maize grain harvesting
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Fig.3 Comparison of harvesting loss between maize harvesting
and maize grain harvesting

BEATFFRLIE B SO SE 22 SR RSO R A 2 % L] 4.
FE v SR H I 8 I TR) R SE 22 K R0 IS 3R B~ 2 45 Ok R
3.28%A 1.74%; X MIARF R K554 39.37%H1 36.36%.
K IE I T EATFFRLCGR I, 84.62% ) = oK i it 54457
KRBT EFIHE (5%) 5 WHEIATHRRR, 13 4
FooK S AR R F I T B Kb (5%) o PRkt ik
“u I TR AN AE S RLSOIR B SR AR R M & I SRS T
A S E AR RR A IR 2 PR (P<0.05) , T
FEMEIL 43.66%. 5 1EH I [ERFRESC IR T 2 Al o e
TRFWAE (54.53%) ML, ERWERG EFEREL Y
37.16%. HVEKIRRE, MIESEBATHRINGRI, Py
i PR TE R R . O 22 e A itE— B R B AL R O A
DU E TR R, th R mVE R (P<0.05) .
o 1E# UG #7 % Grain falling rate of normal harvesting
6 - BIEZE I R % Grain falling rate of delayed harvesting

8 E 5 WK Al A Cluster falling rate of normal harvesting
BGELT ISk 7 FE#E Cluster falling rate of delayed harvesting,

H125 # Loss rate/%

fiiFiMaize varieties

B 4 sELZPORA R oAt 2K G EALE S B R R
Fig.4 Cluster falling rate and grain falling rate of different maize
varieties influenced by normal delayed harvesting
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B IEMSE, 1UF B SRR I P4 R4 2k o 45 2 0 He A1)
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9151 MVERREGU/NT HLIERIRAL, B TR SR 75
FER IR T HIERIR . R 5 AR R K B
92.21% GRH.29) , “FHILLHIN 75.28%, it B RARKIR
B, SRR S IR A0 R K TR I8 k. URCER
IR B KRS AR AR AR BN . TR R B E AT

KL KR M LLRCT AR, Hob SR R B
VAR BRI HIEOR, VR AERBERRL S 7K R
A5 SRR PR S KR AR RL. AR
5B BRI S KR g i 2B e AR 5
PR RS, HAE S KA 28.84% N (B R i/

R3 FFRASKRSRBURZRAREHIEXRY
Table 3 Correlation coefficients between grain moisture content
and loss rates in maize ear harvesting

Johr RIS TERLFR 3 ¥l
hfl dex Grain moisture Grain falling Cluster falling  Total loss
content rate rate rate
FRE
Grain moisture 1.00
content
TR -0.53 1.00
Grain falling rate
TR
Cluster falling rate 0.28 043 1.00
P4 He 3% -
AR -0.34 0.55 0.99 1.00

Total loss rate

Ee #E AR 0.01 KT EMKMERE, TR

Note: * * indicates significantly correlation at the level of 0.01, the same below.

K FFFRLSCER I, AR 7K 365 %451 2R 2R 1] (R AH 5%
MR (MR 4) : FREKREGERR, BRI ER
PR B AR, Ui B R 2 7K S B KA LU 35
JEHRTE R R R R R Fh & KRS IE R 2 ()
B REFCE, U ROOGR 5 7K 26 AN B3 52
VR 5 = .

IEFEAFRLSGRI, FLRCR e AT 4 AN E KA
S AIAFERE 702 (2.46%) R HL 29 (1.89%) « &-HL 9088
(1.80%) FIELHL 958 (1.66%) , I fiFi 7K 43
N 31.48%. 32.12%- 28.84%F1 31.66%. Zit 6 d HIFFRL
FH A SR MK, SEGEARFRIISCR I, YRR e A 1.41% 8
H.29) , BERHZ R 29 HUS/KEN 26.01%; HA 3 M
FERRE 702, &5 9088 FNALHL 958 MTARIAE R 1.09%-
1.07%A1 1.34%. 3X Ut BIFFRLS KA R B S8 T VR R %
M RBE. TEEFFRISCGRIS, VERRE S KRG &R
2016 (5.07%) . & 618 (4.13%) , M —FH&KEH
AN 26.84%F1 23.54% . JEGEFFRIRI, JEFERAE 1)
PR 2016 (1.66%) FIXEEL 958 (1.63%) , BEi
EIKE IR 20.19%F1 24.49% . 11 618 7L 4
2 1.02%. AHRME BT B R KR E/K R 575 R 2 ) T i
EAH I, X YRR E AR K AR T BT R R R
FEAG,  (ER VR R 6 BRI AN 58 42 2 RO R R B K 2 1
RS

AN T SRRSO B P AR 2K o R I LR BR, Ok
LSRN 75 B R SYE R A . RN, ERRS
MEVRRE R R IEA, RS AR R 2R ¥ IE
FHOG, 0B AFRL ISR I v Rl 45 2R 5 50 453 % 40 S5 2 52
MR, HIEBRAIME B, 13 ADNTRRFE 2 4
SR BT [ (1 9 i 26 5 VR 3R AR A0 B 7R 1 RHE — & Bl
T, OAKBERBLSFHIEBREERREE R, A
B R 22 S, USCSRAT S Bt A6 FF R 75 7K 28 (1) A8 1 sl 35K 3
N TERLR . VR RS R Bl A RS KR AR 1L
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Table 4 Correlation coefficients between grain moisture content
and loss rates in maize grain harvesting

A’\ 23S PR A e Y =1 o
b KE g R BERE SRR A7
lnEldex moisture Grain Cluster Total loss Broken Rate of
content falling rate falling rate  rate rate chips
K&
Grain 1.00
moisture :
content
by .
Grain falling  0.68 1.00
rate
TR
Cluster falling  0.21 0.12 1.00
rate
ISE B B .
BIRE 4 048 0.94 1.00
Total loss rate
R s 0.37 0.36 045" 1.00
Broken rate
R . o B
N 0.86 0.58 0.16 0.34 0.48 1.00

Rate of chips

E: FAE 0.05 KT AR R

Note: * indicates significantly correlation at the level of 0.05.
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8 JE 5 Y3k Normal harvesting
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a. Variations of broken rate

& J4 % Rate of chips/%
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b. Variations of rate of chips
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Fig.5 Effect of delayed harvesting on broken rate and
rate of chips
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B R T, R G H R KRR TR B & 5
HILRE, XA SR AR g . S sk, dE
Tl o 7 A RN AT GRE Y, t— e R B
KRR R R 3G

RIS e A SRR 38 K& . B X br
HEFFHLE , FPRISCRIS Y B e B N <3%. 135 I [RFF L
WA, FFRE S e R IME N 2.20%, IR H 29 HIAFRLS
FFK (3.49%) T E AR, LIRS K E N 32.12%.
HAR 12 NSRRI R RLBOGR I & 4 R 3555 [ XK b
e . HLAE SEGAFRLISGRI , TEHFRL B 7K 2 <25% IR A,
100%FIFEAFFRL S 2 RAK T 2%,

B 2 2R PR TR LSO o & 1) — AN L B4R A
Ebr (GB/T-21962—2008) Fi i K RIS IR I 25 24 e v <
3%. EITXT 78 AAEADHT (B 6) AI%N: &4 REEHHT
RS KRG IR, XS R E, wiida
WrR P& 2 (M) 2R E IEFHC R (=0.86%%) , TH
TR R=0.174M-2.6404 (R*=0.601 6**, n=78) fh&.
AR 77 BREAT Ak I, SRR 7K S8 2] 32.40%H
fETHE 283N 2.997%, 21T & RFE<3%M EARER . )
WEARAUNE B MEHEIE, RERRLE KR T 32.40%
ISR 3 P DAORAIE 25 2% 2236 2 AR 25K .
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Effect of harvesting methods and grain moisture content on maize
harvesting quality

Fang Huimin, Niu Mengmeng, Shi Song, Liu Hu, Zhou Jin®
(Shandong Academy of Agricultural Machinery Sciences, Jinan 250100, China)

Abstract: In China, maize crops are harvested about 35.93% underplanting area and 39.16% share of the total yield. Maize
grains are the most significant concerns during the harvesting stage for the further process towards foods yield for the
designing of the harvester, thresher, handling, processing, and storage equipment. The maize grain harvesting quality is
affected by maize variety characteristics, dehydration rate after physiological maturity and grain moisture content, etc.
Therefore, the harvesting area of maize grain harvesting only accounts for 5%-6% of the total maize production area though
maize grain harvesting technology is the key technology of modern production of maize and a developing direction of maize
harvesting. Therefore, the present research was planned to analyze the effect of harvesting techniques (maize harvesting and
maize grain harvesting), moisture content (17.62% to 32.12 %) and thirteen maize grains varieties (ZD958, XYu335, DH605,
DH618, NH101, WK702, JD29, LD818, LD9066, XY218, LD9088, LD9151, LD2016) on maize harvesting quality. Further,
cluster falling rate, grain falling rate, grain broken rate and rate of chips were assessed during harvesting time. The results
revealed that the grain moisture content of maize varieties decreased significantly (P<0.05) from 32.12% to 17.62% towards
the normal and delayed harvesting periods, but the change rates of grain moisture content among maize varieties were different.
The total harvesting loss rates were 2.59% and 3.28% observed towards maize harvesting and maize grain harvesting, and
there was no significant difference (P>0.05) found between maize harvesting and maize grain harvesting. The cluster falling
rate occupied 75.28% (maize harvesting) and 54.53% (maize grain harvesting) of total loss rate. Furthermore, the mechanical
harvesting method significantly (P<0.05) affected grain falling rate during the normal harvesting time, grain falling rate and
cluster falling rate decreased significantly (P<0.05) during the delayed harvesting time. There was no significant correlation
between grain moisture content and loss rates (including total loss rate, cluster falling rate and grain falling rate) when maize
harvesting was adapted. As for maize grain harvesting, there was significant correlations between grain moisture content and
grain falling rate, total loss rate, broken rate, rate of chips. Further, the average rate of chips, total loss rate and broken rate
(1.32%, 1.74%, and 13.23%) were found under the delayed harvesting period. Thus, results revealed that the average rate of
chips and total loss rate was observed not higher than the national standard requirements of 3% and 5%, whereas the average
broken rate was observed higher than the national standard requirement of 5%. The linear relationship between the rate of
chips and the grain moisture content was developed. According to the relationship, the rate of chips can meet the national
requirement if the grain moisture content rate is less than 32.40%. Therefore, it is concluded that the delayed harvesting period
would minmize the losses of harvesting and provide a guideline to farmers for harvesting the grains on the appropriate time.
This study can provide data support and scientific basis for the research and popularization of maize grain harvesting
technology.

Keywords: agricultural machinery; harvesting; moisture content; total loss rate; broken rate; rate of chips



