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Fig.2 Scan of pre-treated maize seed
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Fig.3 Automated seed identification software collects physical parameters related to maize seeds
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Table 1 Correlation analysis between bud length, root length and fresh weight of maize seeds and their physical indicators

LB EELIN eAME L ON] N MR fip LR R
Physical indicator Minimal value ~ Maximum value  Bud length  Root length  Fresh weight  Coefficient of variation
R 148.8 189.6 0.624™ 0.599™ 0.624™ 0.06
G 132.7 199.1 -0.037 -0.085 -0.055 0.11
B 138.5 179.0 -0.140 -0.171 -0.134 0.06
L 57.2 76.7 0.081 0.030 0.064 0.08
A -18.1 16.9 0.312" 0.347" 0.331" 1.08
B2 -8.6 20.6 0.233 0.203 0.209 -29.42
H 63.6 351.5 0.147 0.135 0.142 0.35
S 6.3 24.0 0.632" 0.607™" 0.608™ 0.29
B3 59.2 78.1 0.418™ 0.369™ 0.401™ 0.07
IR Gray scale 138.8 183.4 0.105 0.055 0.090 0.07
i £ Width (mm) 7.2 9.6 0.118 0.058 0.104 0.08
K ¥ Length (mm) 9.0 11.7 0.011 -0.052 -0.008 0.07
BERZIMAN Projection area (px) 4892.6 7504.0 0.095 0.028 0.077 0.13
@R S RIFRRTE 0.05 F10.01 KT BRI,
“*” and “*” indicate significant correlation at the 0.05 and 0.01 levels, respectively.
2 EHXKMTFR. A, S, B3 ighriFiE
Table 2 Maize seed screening by R, A, S and B3 indicators
MR i g (GOPRC O RIS BORE R CPRBE OB
Selection indicator Interval Total um.ber .of Numb.er of  Germination Selection Aver.age fresh Slmple vitality
germination  ungerminated rate (%) rate (%) weight (g) index
JR4AXHE Original control — 200 132 68 66.0 1.0 0.269 0.178
R 140<R<150 9 5 4 55.6 3.8 0.025 0.014
150<R<160 27 16 11 59.3 12.1 0.058 0.034
160<R<170 60 36 24 60.0 27.3 0.132 0.079
170<R<180 56 38 18 67.9 28.8 0.342 0.232
180<R<190 48 37 11 77.1 28.0 0.520 0.400
170<R<190(s) 104 75 29 72.1 56.8 0.424 0.306
A A<0 13 8 5 61.5 6.1 0.143 0.088
0<A<5 22 8 14 36.4 6.1 0.016 0.006
5<A<I0 51 32 19 62.7 242 0.032 0.020
10<A<I5 65 43 22 66.2 32.6 0.357 0.236
15<A<20 49 41 8 83.7 31.1 0.546 0.457
10<A<20(s) 114 84 30 73.7 63.6 0.438 0.323
S 4<S<8 13 7 6 53.8 53 0.024 0.013
8<S<12 44 22 22 50.0 16.7 0.036 0.018
12<8<16 51 34 17 66.7 25.8 0.176 0.117
16<S<20 65 46 19 70.8 34.8 0.436 0.309
20<S<24 27 23 4 85.2 17.4 0.540 0.460
16<S<24 (s) 92 69 23 75.0 52.3 0.467 0.350
B3 59<B3<63 24 15 9 62.5 114 0.031 0.019
63<B3<67 36 21 15 58.3 15.9 0.032 0.019
67<B3<71 49 29 20 59.2 22.0 0.306 0.181
71<B3<75 42 30 12 71.4 22.7 0.364 0.260
75<B3<79 49 37 12 75.5 28.0 0.441 0.333
71<B3<79(s) 91 67 24 73.6 50.8 0.405 0.299
s: FHIEIX .

s: selection.

A. S, B3 ESZHUIEJE R AR i AT 535 71
TRECBRIE R IR A AN R SR i, Herh A28 A

TR 66.0% 7 DI E 72.7% 74.6% 75.3%F1
70.0%. T4 7 1% JIFE B X IR 0.178 7 Al$E T+ 2
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Table 3 Maize seed selection index validation results
- P REH RRFH REFHR 5 [RZREWAE =t
Fhitabr 4 N L . L1
o umber of Number of Germination rate Average fresh Simple vitality
Selection indicator Parameter R . . .
germination ungerminated (%) weight (g) index
JRUEXTHE Original control — 132 68 66.0 0.269 0.178
R 170<R<190 109 41 72.7 0.432 0.314
A 10<A<20 112 38 74.6 0.433 0.323
S 16<S<24 113 37 75.3 0.461 0.347
B3 71<B3<79 105 45 70.0 0.401 0.281
0.314. 0.323. 0.347 i1 0.281. BIVE TR R, 43 KR ZF Rl 1 A0 22 LR AR 2 Ff
24 ZiZiEEVAREEE TR A 38 KLAN 13 Rk 4 IEH, BN
I 4 B, TR A KR 78.5%. TR 80.9%, BUNK AT
R4 ZiBmmEYIERSE
Table 4 Binary logistic regression model classification
Sz % 5 R T Selected case projection A3 5 = U No selected case projection
Actual test 0 1 IEHHE 4 Correct percentage (%) 0 1 IEHHE 43 L Correct percentage (%)
0 29 17 63.0 13 9 59.1
1 9 80 89.9 5 38 88.4
JBRE 43 L Overall percentage (%) 80.7 78.5

“0” RRAKRRAEMT: “1” RRKIMF. FHE.
“0” indicates ungerminated seeds; “1”
IR 88.4%. BIARE RN 97.3%.
2.5 ZREBHMZBFMHEMERAGIE

WRAEZE 5 P, ML AR 7, 38 Kk
ZFERPTAN 22 KRR EF R TR A 15 KA 34 T
W2 JZ IR ER o 2R IEH, TERIRN 81.7%. Ff
TR FRREE 82.9%, TR ZF Rl TikFE% N
89.5%. BLRIEERN 97.7%.
2.6 TEFEIEFELRE

MRIGER 6 Frm, AHEARREL A FRFh TR 2
66.0%, ZH—IRFRFEIE. —ICIB 4 AR A £
JE TN A A 22 W 2 TR RS 18 5 2 R I AR
JEHR i, b T 2 R IR A i 2 I S R B A

indicates germinated seeds. The same below.

xS ZRERRBASBMEMBER K
Table 5 Classification for multi-layer
perceptron neural network model

T Projection

'T‘—h‘ﬂl
S:ffnzfle Ac:a{fjtest 0 IEH 53
Correct percentage (%)
VI 0 29 17 63.0
Train 1 6 88 93.6
BARE AN (%) 250 750 83.6
mk 0 15 7 68.2
Test 1 4 34 89.5
RARESE %) 317 683 81.7

FSRE R R m, 29N 82.9%F1 89.5%, %Ak
R DL 13 M EE bR R N AR BT XRREZE . I

F6 3 MERMFEES LI

Table 6 Comparison of three maize seed selection methods %
T3 YR bR REFHR R FaEt:
Method Physical indicator ~ Germination rate  Selection rate Stability
B —¥EFRI5iE Selection single indicator 170<R<190 72.1 56.8 —
10<A<20 73.7 63.6 —
16<S<24 75.0 52.3 -
71<B3<79 73.6 50.8 -
4R [ JAFE Y Binary logistic regression model — 80.9 88.4 97.3
Z E A 2 M 2545 8] Multi-layer perceptron neural network model — 82.9 89.5 97.7

SR8 ISR 703 AT, IR E .

3 g
FPAE AN “HB 7, RRREE A 7S

RIBEAT o 0 R AR RSO S et = B A AE
Rz, Al BRI B A KR H
R LA 2 S0, e G e R A T, S Bk H e
B NI AR ORI B IE A H L SR
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ZE R AR 0 3% AT 66.0% 2 i 3R T = 72.1%
73.7%- 75.0%- 73.6%, {5y i 7146 0 A 0 1 A
[ 0.178 73 HIFRTF 2 0.306. 0.323. 0.350. 0.299,
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(3G K, R 2F AN 20 JJHa B K B A X 8]
Ko KEF RN GG RSN ER, BHEX
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FREeUN IR, EXE N 8<s<<12; B# B3
X B3 K, R 52 5 id 1 Fe B e i/ I 14
K, BMEHN 63<B3<67, ;=i 2 7 JR K A R 2 KA
AN [R] ity Fob 18] P~ 2 26 5 R AL M R A5 A O 1 A7
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5] VA 1 22 2 TR 2% o 8 X 485 43 S 7 VR AT R A,
T T KR 2R FIRIE R . Tu ZF22ATE B Pl
LR, MR8, 2R
28 A5 AN 002 A Y AE T M 1 R SE SR B
BERUFH, 22 IRAZ 4 N 8N e R RS I
FRTT, RFERMNKREIE N 59.3%5 &2
791%, RIEZFEF 90%, BERFEMN 99.4%. 5
NP S S5 R — 8, AR 2 2RS4
W 2 A5 e R A L Bk FR S AL AR E M B I e

AH PG AR 1 K0 K 57 F 66.0%42 5 & 82.9%,
REZH 89.5%, BIRIFREMEN 97.7%, (HILsE
PR RR IS AT 25 RAFAE/NE BB, RE 2 RIS
BCPIME .

4 ZEip

FR IRKEEEE SR TR, A S, B3 HE
BFEMRNE, AN ERMTAEILESH. MR
Fabr A —oni2 iR AR, SR 13 R AEAR
N PR B I 22 2 IR 45 A £ 1) 4 A TR A FEI b1
KA RGN E T R A BRI, 5k
FEIE TR I FAIEL, K2 H M 66.0%52 i 2 82.9%.,
RIEF N 89.5%, B ENEN 97.7%.
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Abstract
and parameters were discussed. Based on this, Zhengdan 958 was used as the test material in this experiment.

In order to further improve the germination rate of maize seeds, the more suitable selection methods

The physical parameters of single maize seed were obtained by Seed Identification software, and the single seed
germination test was carried out to study the correlation between maize seed vigor index and its morphological
and physical parameters, so as to screen the optimal selection index; At the same time, the single index
classification method, binary logistic regression model and multi-layer perceptron neural network model were
used to predict the seed germination rate to determine the best selection method. The bud length, root length and
fresh weight of seedlings were significantly correlated with the physical parameters of R, A, S and B3.
According to the single index of 170<<R<<190, 10 A <20, 16<S<<24, 71<<B3 <79, the germination rate
increased from 66.0% to 72.1%, 73.7%, 75.0% and 73.6% respectively, and the selection rate was 56.8%, 63.6%,
52.3% and 50.8%, respectively; The seed germination rate of the binary logistic regression model method was
increased to 80.9%, the seed germination selection rate was 88.4%, and the model stability rate was 97.3%; The
seed germination rate of the multi-layer perceptron neural network model method was increased to 82.9%, the
seed germination selection rate was 89.5%, and the model stability rate was 97.7%. In conclusion, the physical
indexes R, A, S and B3 values can be used as the selection parameters of maize seeds; Compared with single
index and binary logistic regression model, the multi-layer perceptron neural network model has strong
advantages in predicting seed germination rate, selection rate and stability, and can be determined as the best
selection method.

Key words Maize seed; Refined selection method; Physical parameters; Machine vision technology;

Multi-layer perceptron neural network model
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