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Abstract: [ Objective | In order to address the difficulties of manual collection such as labor intensity and
time consumption, as well as the lack of mechanization, this study proposes the design of a device for collecting
Camellia oleifera anther, which aims to capture all the pollen released after the anther splits. Furthermore, the
working process and key component parameters of the device have been designed and analyzed. [ Method |
Based on the analysis of the pollination and fertilization agronomic traits and mechanical properties of Camellia
oleifera, a comb—type Camellia oleifera anther collector was designed. The interaction process between the
Camellia oleifera anther and the comb separation mechanism was mechanically analyzed to determine the main
factors affecting anther harvesting performance.Using anther cleaning rate and flower damage rate as evaluation
indicators, a single—factor experimental method was employed to determine the range of values for the comb
clearance, comb installation angle and comb roller speed. Furthermore, a three—factor and three—level
orthogonal experiment was conducted with comb clearance, comb installation angle, and comb roller speed as
the experimental factors. Using anther cleaning rate and flower damage rate as assessment indicators, the
Design—expert software was utilized to optimize the experimental factors and obtain the optimal parameter
combinations for each factor.Based on the optimized working parameters, a performance test was conducted on
the Camellia oleifera anther harvesting by using the time taken to harvest the anther of a single Camellia
oleifera flower as the evaluation metric. The harvesting efficiency of the comb—type Camellia oleifera anther
collector was determined. [ Result | The ranking of factors in terms of affecting the anther cleaning rate is comb
roller speed, comb installation angle, and comb clearance.For the flower damage rate, the ranking of factors is
comb roller speed, comb installation angle, and comb clearance. Based on the comprehensive analysis, the
optimal combination of parameter is: comb clearance of 0.59 mm, comb installation angle of 58° , and comb
roller speed of 322.23 r/min.With these parameters, the anther collector achieves an anther net collection rate of
97.02% and a flower damage rate of 8.33%.The harvesting performance test shows that the comb—type Camellia
oleifera anther collector has an average harvesting efficiency of approximately 3.88 seconds per flower.
[ Conclusion | The proposed method of using the comb mechanism for anther collection is feasible, and the
developed comb—type Camellia oleifera anther collector operates stably, meeting the agronomic requirements
for Camellia oleifera production.It can provide a reference for research on the mechanization of pollen collection
technology and equipment for Camellia oleifera.
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Tab.1 Measurement parameters of Camellia oleifera flower

s L VA {E P22
Part Range Average Standard deviation
1656 A% d,/mm
41.54~68.71 56.58 6.36
The diameter of the flower crown
A EAR d)/mm
13.06~22.87 16.95 2.15
The diameter of the pistil
12 5% d/mm
) 0.33~1.00 0.65 0.14
The diameter of the stamen
A HE d,/mm
1.09~2.25 1.56 0.30
The diameter of the anther
AEZGC S | /mm
1.41~3.27 2.02 0.33
The length of the anther
A 22K FE 1 /mm
10.38~18.62 14.21 1.69

The length of the stamen
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Fig.2 Determination results of separation power of Camellia oleifera anthers and filaments
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Fig.10  Single factor test result
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H1 T 10Ce) PTAR,  15 IR 3 0 220~320 v/min o, 4624 R4 38 A0 A0 475 250 I DA e R 2 o g R 2
BT L TR A AR 18R 320~370 r/min I, 4825 R 15 3R Bl 1A A B B A 3 DR SR B T R
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R , S R4 24 (R SRR o R UL, B D AR s LR 270~370 r/min
44 ERRE
441 RKBEFE

R o3 AT AL AT TR BT 1A 22 2B A 32 R 1A A R 0 145t XA 24 SR AR AR AL P RE 1) 5% ), 4R e £
SRS PR IESSI I SE . R = 2 =K1Y Box Behnken i 55 3211 R B R T 1E 283080, 45 & 5
FIe PR 2 BBV, 430 45 P 2 S e s AR B . IE 2SI I 2R 5K nEk 3 s .

3 EXRBEZEKER
Tab.3 Test factor level table

K- Wi ] B /mm WL/ (7) P RLARF H/ (remin™)
Level Comb gap Comb installation angle Comb roller speed
-1 0.4 45 270
0 0.6 60 320
1 0.8 75 370

442 wABRRE S5 R FESHT
IE AR I 45 R W 3% 4 0T 7R, Bl Design—Expert #/F XHRIG 25 R 7 2 on I IHLA , 3k 5.3k 6
FI7R o

F4 THRMEZIRWER
Tab.4 Orthogonal experimental results of anther harvesting

R HZ Factor P HE 45 Evaluation indexes
Test number A/mm BI(®) C/(r-min™) T /% T)%
1 0.4 45 320 92.23 13.33
2 0.8 45 320 91.21 11.66
3 0.4 75 320 90.74 18.33
4 0.8 75 320 89.55 15
5 0.4 60 270 86.89 5
6 0.8 60 270 85.17 8.33
7 0.4 60 370 94.85 26.67
8 0.8 60 370 94.97 25
9 0.6 45 270 87.06 8.33
10 0.6 75 270 84.79 6.67
11 0.6 45 370 94.31 25
12 0.6 75 370 93.27 31.67
13 0.6 60 320 97.28 10
14 0.6 60 320 96.71 8.33
15 0.6 60 320 96.63 6.67
16 0.6 60 320 96.98 8.33
17 0.6 60 320 97.09 10

AR FRIEIBR , B A I i 2256 1 B2, € Ry D R AR ikt
A is comb gap, B is comb installation angle , C is comb roller speed.

FH 28 5 A6 20 Rigr R R I S ml AR AU 1) 77 22 73 B il AT, A6 28 SR e o 1 Rl B Y (P<0.000 1) 1% ik
2Lt BAEA 0 R A 7 22 (P>0.05) A W 3, aBH BN 7 FE LG AR AT o 4% PR 28 XK 2 R R 52
F14) T PR IR Ry 1 R A R 1 B 2 A B BRI DB o A L I X A 2 R R R I e K, R L
BE AR 55 M 147 ] B XoF A 245 SR ¥ 385 e AR GE B8/, v A 0 T 5 5 0 A 1 2 3 X6 A 24 SR 1 R I 58 B %
M) i %
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RS RHRSFEZREZUWALEFEBHFTEST

Tab.5 Variance analysis of quadratic regression model of anther net collection rate

Ty 22K U5 Y7 A EE 05 F v »
Source Mean square Freedom Sum of squares
BT Model 300.73 9 33.41 274.03 <0.000 1 ok
A 1.81 1 1.81 14.88 0.006 2 o
B 5.22 1 5.22 42.78 0.000 3 o
c 140.20 1 140.20 1149.83 <0.000 1 o
AB 0.007 2 1 0.007 2 0.059 3 0.814 7
AC 0.846 4 1 0.846 4 6.94 0.033 7 o
BC 0.378 2 1 0.378 2 3.10 0.121 6
A2 30.62 1 30.62 251.09 <0.000 1 o
B? 46.10 1 46.10 378.11 <0.000 1 o
c? 59.89 1 59.89 491.20 <0.000 1 ok
5% Residual 0.853 5 7 0.1219
JAUTR Lack of Fit 0.564 8 3 0.188 3 261 0.188 5
2% 2% Pure Error 0.288 7 4 0.072 2
JFR2Z Cor Total 301.58 16

" J R L (P<0.01) , “#" 7% i 35 (P<0.05) .
“##”indicates extremely significant correlation(P<0.01)and significant correlation(P<0.05).

F6 HLRBHGEZREZWALEFEBHFTEST

Tab.6 Variance analysis of quadratic regression model of flower damage rate

7 2R ¥17 5 e il - »
Source Mean square Freedom Sum of squares
Y Model 1073.39 9 119.27 51.90 <0.000 1 ok
A 1.39 1 1.39 0.606 89 0.461 5
B 22.28 1 22.28 9.69 0.017 0 *
c 800.20 1 800.20 348.22 <0.000 1 o
AB 0.688 9 1 0.688 9 0.299 8 0.601 0
AC 6.25 1 6.25 272 0.143 1
BC 17.35 1 17.35 7.55 0.028 6 #
A2 18.98 1 18.98 8.26 0.0239 *
B 60.50 1 60.50 26.33 0.001 4 *
c? 125.56 1 125.56 54.64 0.000 2 o
7% 2% Residual 16.09 7 2.30
JAII Lack of Fit 8.32 3 2.77 1.43 0.3589
4li{k 2 Pure Error 7.77 4 1.94
JFR2E Cor Total 1 089.48 16

“ R (P<0.01) , “ 35 i (P<0.05) .

“#*”indicates extremely significant correlation (P<0.01)and significant correlation(P<0.05).

H13 6 AL 2401 5 38 — R 22 15X Il AR 2L 1) 07 22 43 A ml R0, A 2458 03 32 19 [l I A5 28 (P<0.000 1) 1%
& It BAESRB ARG T 22 (P>0.05) A R 3%, WA A 5 #2 A B L HAEIREF . 2 IR X AE 4143
) 1) R MR U Ry R A R A S R A 2 2R A T BRI TR B AT AR SR AR e 3 AR S R R R 1A
it 22 1 B X AR 240105 F S M AR 8/ A 14T 1) B RS A 2 10 05 B R i A 8 28, G PP e 47 T B 5 14 A R
AL R R A B 3

S B JABEARY rh B T 52 i PR 3R (P>0.05) 5, 15 BIAE 25 R 38 T, AL 05558 T,/ a1 H 5 72

T,=96.94-0.47624—0.8075B+4.19C+0.46AC-2.7A>-3.31B°-3.77C" (14)
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T,28.67+1.67B+10C+2.08BC+2.124°+3. 79845 46> (15)
K (14) (15) T A RFLE B, mm, B LR ME, (7)), C U TR , r/min.
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Fig.11 Interaction 3D response surface

(1) 48 24 2R v 220 1o i T 20 o 224 61 58 A 0 7K (B=60° ) BF, A7t 7 100 Bt 5 k7 A R 5 3o 1940 52 L A R %
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2SRRI A A SR T ) AR AU VA A AT (R B 1 AR A5G, 1A R 3 X 4 24 R R 1) 5 )
S ] T
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BR3P 22 e F B R 45° ~60° i, A6 24451 475 e It 25 147 A 22 20 A T 1 398 IR /1 5 224 43 A 22 20 1 B Ky
60°~75° I, 46 A 5105 56 B 25 1A 0 40 20 A 1 ROMT I A 5 224 1 A 42 28 A B A 51°~63° I, AE 45 477 R d5 /N
AT RH] 3.33% . P I [ T8 AT 20, A6 2 30403 R 0 A 1A AR o ) A A AR P, T A A L 8 A B T T AR
PAAS , 145 AR A% T A6 A 47 3R 1) 5 M B U AR 2 o B B 25 o DRI, 7R 2 A6 e A (IR A8 0 R R 11
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444 REpkA

FARAF L AT A AL 2R A R Sk e TAES AL G, 38 FH Design—Expert 12 54X} iR 24~
] AR Y R AT 20 o H bR . SRAFAE 2T, A UE A6 25 R R i iy, 76 I b R AR AL Ze 00 3R
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WA 223 A1 o0 58° I AR % 3 A 322.23 v/min, LI, FE 25 R R N 97.18% , AL A 115 % 4 8.98% ., R
PRI 0 TAES L, #6173 R E 20, 15 B0 25 R 50 97.02% , AL A=8 1% 4 8.33% , ik I 45 2R 5
b R —3

4.5 FAeeitie

451 Hbi%

Sk e v A T 2 4K 24 R AR 2R AR A PR B L AR UL AL S 09 TAES %K, DAL 2SRRI CRAM — 2T
ARACALZG I [E])) A PEM R AR, BT T IR 25 RIS . BEALIERE 10 BRIM SR, BARM A RFRiIC 10 2=
TMZRAEVER 1R 2, R G ARG 2 A8 24 R AR a8 EAT AE 25 R e . SRAP 190 SR IO 3 S U, BV >Re
TS5 1 2RI AE AR ZY 5, 37 E R A B B 20 1 R A AL BRI 1 1 2%, 2 58 O AL Th e A it ATk
AEACZG )RR . IR N3k 7 P .

452 ZRS5H5H
R 7 AT, A M 2R AL 2 R AR A T AR AR RUR 2R 3.88 s/

R7T FEABEER
Tab.7 Harvesting test result

A G RACTAL A e FATERIL
Average time for harvesting Average time for harvesting
1 4.03 6 4.11
2 3.92 7 3.84
3 4.06 8 3.78
4 3.77 9 3.74
5 3.67 10 3.86
5 & it

FET AR SR A ZVRIR J7 28R e SO A A6 a5 W RHE BE , 32 1l i R AR I A AL 2 R U B A 24
Z4TF 5 B A TRAL R O 58 SV R T — b B X S5 A 25 R B

ST T MR AL 24 5 V0 R AR AL RS AR LR 00 5 e PR 25, I ko R 2 56 4 80 A D (D B DX ) A
0.4~0.8 mm , A i 423 A1 JEE IX R Ry 45°~75° , WA i 41 4 8 IXC[] 2 270~370 r/min.

TR ZIR IR L5 5L, 12 H Design—Expert #CPFFF J& 1IE SR, /04T D R 4 AL 8 A7 47 [ B2 L 0 A
B S0 FE TR LR A DR 3R X AR 24 SR iR AR 4500 8 i 5 e 5 O o7 [ A B A | A T S LAk Ak
B U0k, A3 B S B A IR BT 0.59 mm P 1226 ff B 58° A Bt 4R % i 322.23 v/min, X 1 Y £ 24
KGR A 97.02% LA R K 8.33% . RIGILALE 9 TAESEGHAT R MERE UL , X0 25 S R0 . 1
T AL 25 R A P Y R LR 20 3.88 s/

Bigt VT MO R I AR AT £ I (TXYCZX (2023 )231) (JXYCZX (2023124 1) [RIF X ABFGT 45T 17 9¢ B, 88 231
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