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Detecting and Research on Characteristics and Mechanism of Inner
Mechanical Cracks of Corn Seed Kernels

Li Xiaofeng Jie Xin Zhang Yongli Li Fei Gao Lianxing
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Abstract

In order to study the mechanism and its effect on germination and emergence of inner mechanical
cracks of corn seed kernels in threshing, a computer recognition system of corn seed mechanical damage
was developed and low damage corn seed threshing principle and device parameters was analyzed. The
typical external characteristics of corn seed, distribution of crack, formation rule of inner mechanical
crack and damage extent were studied by means of stereomicroscope technical method. Distribution and
formation regularity of corn seed mechanical cracks were explored. The result showed that obvious
differences universally existed in shape and size and the inner mechanical cracks of three kinds of corn
seeds, the long cracks were accounted to 39.8% of cracks damage. The main reason for inner crack
formation was that crown of corn kernel was shocked by the threshing parts while feeding. The cracks
started from the impacted area of corn kernel crown and enlarged to the embryo inside crown. The
information about the inner cracks could be found from the crown and back of corn seed kernel.

Key words Corn seed, Threshing damage, Inner mechanical crack of kernel, Characteristics,

Mechanism

2|z R E AR AT TR R E
= SKFFARE IR 3 AR B T L B ARRT 3 B4 T B AR
BRBERE BB EE AN KPR R v i P S R 7L A LA S48, PR K A R 25

Wk FAB: 2010 -02 — 11 fE|IHH: 2010 -04 —20

# [EZHRREERE SV H (50675143) (R824 R 24 Rh R G IURHIF R 4 B B0 H (200801570007 ) 3L T4 H AR 5 4 e 1 731
F (20082124 ) FIZLFHTTRHE B S B BB H (1071214 -1 -00)

TEERN . g W4, FEMNFALAVIMEE ST, E-mail lixiaofeng. mail@ 163. com

BEifEE . %ﬁ%‘,?ﬁg,Igy\$;&fbrﬁlq&%€5hﬂiﬂ”ﬂﬁﬁ% , E-mail; lianxing_gao@ 126. com



144 & Ak MO ¥

2010 4F

SERF, RIS — A Sy AT A B, TR I SRR
N RSPRS00 , 5 2 el R R B AL b o A
IR S b AU 15 %) 5K & 2 45 A
Wi, M A GO, BRI EEE, KTE
VSUPIES = LTSN EEE SN T he i3 e N 1P
F KRB L LA B £ KRR R 2 5 i A
KAE M RIS 2 007 Ak 23 R
Tt A G R AE B R W1 R R T AR SO
FORFhF R 5 IR ) A B A
IR 216 55 3 A G A B K714 YT
BB SHR DAL 7 AR D5 I8 O, 595 oK
b5 R S A

1 #MEEFE

1.1 KM S5iEE

TR AL T AR TR 7 5 R R 216 4
I 12 FIfEih 401, ¥ 38808, 2k A SR BRI K2
P, R STYA — 1 84T U 20 5 R R WL
ki, VR I 700 ~ 800 r/min , KL T KA1 57K
R 16.5% ~17.2% , FEIREE %A JEEE SMZ800
A A (2SR 0. 75X ~ 7. 5X) | JE BESURS AH
BL. 1241 29 5 B o3 AT A R T T BEHL i RO
T2 SN
1.2 REARERTRE

(1) FARFFINRAEFAEN 2 . S 505 3 45
KR T BEFLBURE 100 K7, 0 K Fh kR K EE
H 50 B R 7,40 1 Fimx,

- W (%) _—

Bl 1 EARARINE RS 7R E
Fig. 1  Size of corn seed

Lod# 2. w38 4. flE

(2) WEE TR SORh FREAS . 4351 AR
KT FE RSN 22 e H A7 A BB S R F- -4
5, KR SR AR B0 R G TR A ER AT
HER

(3) I TP F I LORG . E it
LSRR €32 onlll B 5 G o/ 5 & A A 2 e i 1Y)
5iEm AT S8R REK ES, RAE GB/T
16714 FRIERLE [ FKAT AL P 3 IR 7L 8L 24 K
B R TR 172 BRSOk K e K H

Kt 172 ~ 174 Z I FR Ry h 20, K /NF R K
1/4 WIS,
1.3 HEBBRIUENES

PR RS0k I 22 e R AT AR ARSI R 48 (1A 2) Rk
PR GE (B 3) M, AT HEASIN R G S X KT
KT 2B BE , KT VR G M LIRS B 6AE 1L
P75 10 3 M IR E AT — 5 38 R Y KR R
e, — B BT AER 2 BRI 24, v] R
T AHMLR AL EARNTRL N TR L EIR . 38 R 2
TR GE ] X B KFL N B AL 2L S AT IR A
HEBRLEE AL S B T AR T 2 VA B R A
W LI A/ 2R 2, I HL AT 3 FH 8 S k2 e 9
AT AN 0 28OS, B A0 I B 5
AL, 7T LA A7 R R AT WA
3R,

, NI

5 6
K2 ATAER IR S
Fig.2 Light box detecting system
LTI 2580090 3. KA 4. 3R 5. 806k 6. 64

1

K3 RRRERS
Fig.3 Stereo microscope system
1HEE 2 BNl 3. 388 4 ENTHENL 5. UL
6. BIDLER 7. 015 8. HMH

2 FERE5SH

2.1 EXRMFIMEFFE

FZHE 3 P EOKRFFAFRIAME RS (3£ 1) AR
(B 4) B3, EARPFAE TR 5 FK, HATRLANE
ANEI] JEARTFNIR ] 22 S H i 2 378 P R A AR
KRES . BT EARFRICIRA BN, T KA R
Z [ AN B T KR ) AH B 45 R FEE 821 )
BN, oir s i s B A4 A AR KA B 1 AN g
R, I HAFR R AR — B, FORFE L B AR
S 2T YRR E I AE FORBE LA, oK
b R AZ ol B



F12H

ZEEIE A TORM T N LGRSO I S LA 5T

145

®1 EXRMFIMER

Tab.1 Size of corn seed mm
i Ei=ta KEH  5EB BT

Pl 7.23 7.85 5.80
FEHL216

bRz 0. 86 0.76 1.03

Pl 8.12 8.51 5.79
£ 12

brife 22 0.91 0. 69 1.04

¥ 8. 81 8. 66 6.24
it 401

brfE2z 1.15 0.85 1.38

2.2 EXRFFHIBIMALIRG R

ot R LR G S, 3 S Bl KRR T
WP SOE 2 Bt i R a1 n gk 2 frn
K2 g, i 24 gr At 28 a0 38 38405 K 4 R
39.8% 4.0% M1 21.3% , i K g i b
1 AK a2 FRAELBGRL N 12.4% |
3 &M UL ERZLBULFEN 15.0% ;3 A ahFprh
Rt 401 YK Lt R s, o 55% , B 216
e fi%, B 23% .,

(c)

B4 FRFFRLIN LB SORS I 245

Fig. 4
(a) JEHRPLL
F2 EXRFRAEBHH R LIRS E

Tab.2 Damage ratio statistics of corn seed

(b) TFTHZLL

mechanical cracks

P ERALI LB %
Hugr BEE216 4N 12 FEil 401 FHy
1 43448 6 9 22 12.4
KL 2 53 1 15 21 12.4
3 %ML 2L 16 17 12 15.0
GRESE3'E 2 9 1 4.0
(ELIA 17 24 23 21.3

RS BB FORBh T N ER LR S 3 1 Dl
FoAse ™ o 1 HLASFP R SOE LRI B AR 7 s KA — i
FARIRAFAE I A 0] LA (2805 i e
— i KRB B AL 0 S R S A Re AR 2 w1 A0 i
TN RGO KR T & 2E R S i
BUEARAKG B
2.3 MBRGEEBEISER

iz AR 080 2R GOKs T KRR, 40 3 T
WO 4a) T (E 4b) B T (E 4e) O T

Inner mechanical cracks of corn

() HETHZEL

([ 4d) W] WARBCIRIL , JF Zid 20 S T
TRABTFE KB : O F K A7 A SR AR R B0 ) R
SRR AR i EL R R L 2 i
BB AE LA A BT B2 R 59/ e i X (1] 4a)
QR A B R ARG R EE R 5 (1] 4b 4e
4d) ,2E PR JE 04 2 S0 NORFRE I T XE AL %€ 3]
(F 4c) (HNFF ARSI B AT UL (158 4b) , @2 %
EREC L XS s 1 DU R R

X LR S5 R BEAT 73 M O KBl T A LR R
OB R AT, i B ORAEAE R A 1 i v 2
e AR R A IRFARE L 8 52 B ERE R F Fr) oot A P i
Az ik B —E R A R A R B
i AR IR SR, 2480t T H, QAR B2 i
AT MR SEAR 5547 5%, 2 iy T F R Bl 5~ A R E5 A4 I
W FTEL (&S ), i T2 2 AR A i Bz BA B d (Y
SR SRV, AR BN S R X Rl B R R
A5 T RFLA N Zx R P A # B, ARl oA o
HATER B RE LG E , f JFR LA I 22 18] A9
53 LA s e 0 24 1 i YR A A

(d) iR



146 P | R = O

2010 4F

@ TR b E KRR
B 2 K LB A T AR L
HOGAR/INER 43, T LA 2
S PR TR AR A TR
FLJZ, B LA B i A2 3]
445, H Tl R A 0] A JE
SRR AN R TR 9
PRI,
2.4 FERFFRTIABLLH
GELRAULHE Ks

P/ S/ ASEE Y )
3 ﬁ@iﬁti*ﬂq?% Fig.5 Inner structure

100 %, H 4 FB B A 43

AL o 2L B T Ay 1EFL 2. RZERS 3. %

of corn seed

N v e 4T OSURAR 6. AR
o 3, AT ST S TR 6 IR

i 2 0 B AL 34 L e 3

F B 216 SEEFRR 0 TR RN T 2SR
52.36% 20.42% .18.32% .8.90% , 4N 12 43514
49.50% 19.75% .21.75% .9.00% , il 401 43 5]
H50.42% ,16.44% 18.66% .14.48% , 3 Ptz
TR 100 RLSLPRAAE R WK 4, B 216 4N
12 FIREH 401 FRFpF45 100 K7, HASZES0O80 5 1)
63,101 F1 100, 5 & A LECH 7 e 51.22% |
37.97% F142. 02% , "1 2480H 73 43 17.89%
18.80% F17.98% , 24 8L E 43 L4351 27 30. 89% |
43.23% F150.00% , MR 45 R o] %0, 3 £ K Fh
FRELEI N 43.74% L0 41.37%
H ST A e, N 14, 89%

R3 EXMFAMBEHLES LG
Tab.3 Amounts and ratios of cracks

in visible part of corn seed

AT AR
FARFpT —
A MW Wm M

ELIE G 100 17 35 39
X216

HIrt/ % 52.36 8.90  18.32 20.42

BRI 198 36 87 79
£l 12

Ho/ % 49.50 9.00 21.75 19.75

B G 181 52 67 59
[l 401

B4t/ % 50.42 14.48 18.66  16.44

PRURASAPEY { EoRRE A E i 6 i DNE I R B

AR 12 Bl 401 FEEEL 216, 4K 12 kil 401
RKAMLHE 2 TR 216, FERIEAR . BKRF T 5
MR BURLET 55 7K S0 AT BE 52 i 3] K BT Py
)RR AR R A A R ik — 20 5%
R 5% o % B AT IS S0 BOR TS PR 0k,
J R R 43 S SCAT A 2 Ak 2 AN DL b A AR 5%
F, FRZERE, g R B R A W T F KR
RIS, T 1t e S B0 FE T, RS
FORFhF N REOT ARSI RGN, 7] % B E
DR 568 58 R 18 9 A ] R A7 R B S B RS AR
R4 EARMFRERBLHE

Tab.4 Real amounts of cracks of corn seed

FRFPF - - - -
Kg LREAIA'y (eSS
BRI 63 22 38

216
HAor /% 51.22 17. 89 30. 89
g e 101 50 115

4:W 12
Hrlb/ % 37.97 18. 80 43.23
AR 6N 100 19 119

[t 401
B/ % 42.02 7.98 50. 00

3 g

(1) FRFhFHMNE 22 5 B3, T BB MEE 22
K.

(2) 3 sl F KA -3 3 A7 7E P AR 2
il If K 280 M SO R s R i 74, 3
PR FORFP 1K 2L L5 R 35 R 39. 8% , F
M1 SRR REUR 2 KRB 245 M 12. 4% |
3 AR ALEMIE N 15.0%

(3) EARBIF NFBHUR R B 322 2 A= e kPR
PRIF A IRAE i 5 R | 7 A R0 e A AR R
P ) i DX A s KR Rty ECR A 2 5%
L, R, s A Gt R v g SRR s

(4) FANFRLIEE B2 2 80™ A 1) F AL 7]
-t 2 F2 B R R A, 43 24 80T LA T AL
FEEE, B BT F KTl 2 80U
ES T 79 N 7 N e o 3 A= T TR T R R
P EECREHEE B,

2 % x #

1 W, 220 RS, 45 PR BORLIR 8 (1 KRR O il R [ 1] . Bl R 2541k, 2005 ,36 (6) 1756 ~758.
Zhou Xu, Li Xinping, Gao Lianxing, et al. Comparison of corn kernel damage using two types of threshing cylinders[ J].
Journal of Shenyang Agricultural University,2005,36 (6) :756 ~758. (in Chinese)

2 FRE, HE%E KA. AR TR R AN RS R[], R T RS444% ,2001,23(2) 107 ~ 110.



512 4] R 2 . TR N RSSO S AL RS 147

Li Baoguo, Xiao Jianjun, Zhang Yan. Research progress on corn stress cracks in drying process [ J]. University of Shanghai
for Science and Technology,2001,23(2) :107 ~110. (in Chinese)
30 ORI, FEEE. FORN RS A A R BRI T ] ARl TR 4R ,2000,16 (1) 1113 ~ 116.
Zhu Wenxue, Lian Zhengguo. Simulation of formation and development of stress cracks in corn [ J]. Transactions of the
CSAE, 2000,16(1) :113 ~116. (in Chinese)
4 ZEOP REXS, BRI FORF T ISR A FROT T[T ] AP PR ,2007,38(10) 164 ~67.
Li Xinping, Gao Lianxing, Ma Fuli. Analysis of finite element method on mechanical properties of corn seed [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2007,38 (10) :64 ~67. (in Chinese)
5 gREME, ) — 2. EETIR SRR TORFh TR I RSO 3k [ )] J65RG % T2 ,2007,15(6) 951 ~956.
Zhang Junxiong, Xun Yi, Li Wei. Detection of surface cracks of corn kernel based on morphology [ J]. Optics and Precision
Engineering, 2007,15(6) :951 ~956. (in Chinese)
6 A0 KT A TR B TR R SR B ) Sy AT ] A BUB: 1999 ,30(3) 148 - 52.
Zhu Wenxue, Zhang Yuxian, Li Dong, et al. Study on fractional models and propagating kinetics of stress cracks on corn[J].
Transactions of the Chinese Society for Agricultural Machinery,1999,30(3) :48 ~52. (in Chinese)
T RO RS R FORERCR AR BRI LB YETT [T]. Al TR A4, 2007 ,23 (11) :47 ~51.
Li Xinping, Gao Lianxing. Experimental study on breaking mechanism of kernel stem of corn seed [ J]. Transactions of the
CSAE, 2007,23(11) :47 ~51. (in Chinese)
8 Bino R J, Aartse ] W, Van Der Burg W J. Non destructive X-ray of arabidopsis embryo mutants[ J]. Seed Science Research,
1993,3(2) :167 ~ 170.
9 Cicero S M. Evaluation of mechanical damage in seeds of maize ( Zea mays L. ) by X-ray and digital imaging[ J]. Seed Science
and Technology, 1998,26(3) :603 ~612.
10 fRarEs RN AU B KRS RLBORAR O B2 e PR A0 [ D], R 74,2008 ,39(12) :55 ~59.
Xu Lizhang, Li Yaoming, Li Hongchang. Analysis on factors affecting performance of rice kernel damage during threshing
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2008,39(12) :55 ~59. (iin Chinese)
11 s, 2Rl Heds A8, RELNTRHLIER 0 A 2R asem [ ], 4Ol ,2010,41(10) :63 ~66,102.
Gao Lianxing, Li Xiaofeng, Jie Xin, et al. Inner mechanical damage impact to germination of soybean kernels [ ] ].

Transactions of the Chinese Society for Agricultural Machinery, 2010,41(10) :63 ~66,102. (in Chinese)

(E#E 129 IT)

10 Abe H, Iyo C, Kawano S. A study on the universality of a calibration with sample temperature compensation [ J]. Journal of
Near Infrared Spectroscopy, 2000, 8(1): 209 ~213.

11 B XS0, Pha i, 2. JET LS - SVM WYARMEZ DN REML I AR (5 5 B Ikt se [ 1], A shfk=#iiE, 2008, 34(8) .
869 ~875.
Wei Guo, Liu Jian, Sun Jinwei, et al. Study on nonlinear multifunctional sensor signal reconstruction method based on
LS-SVM [J]. Acta Automatica Sinica, 2008, 34(8) :869 ~875. (in Chinese)

12 Wiilfert F, Kok W Th, de Noord O E, et al. Linear techniques to correct for temperature induced spectra variation in

multivariate calibration [ J]. Chemometrics Intelligent Laboratory Systems, 2000, 51(2): 189 ~200.



