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Abstract: In the process of transplanting rootstock seedlings attached with substrate in the factory produc-
tion of container citrus seedlings, the filling substrate to the seedling pots and forming the holes for trans-

planting are completed by manual operation, which are labor-intensity, low efficiency, and poor operation
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quality. A seedling pot filling and hole punching processing line has been designed to solve these problems.
The equipment consists of three parts: filling module, watering module, and hole punching module. The
flow operation was carried out with eight seedling pots as a group in a transporting box. A series of devices
were designed and developed, including the transporting box with seedling pot support and fast unloading
function. the split-scraping device with uniform filling function, the quantitative watering device, the hole
punching device, and the control system of the whole machine. The critical working process of the pro-
cessing line was analyzed, and the working parameters of the prototype were optimized using the orthogo-
nal test. The filling test was carried out with the filling volume and uniformity as the evaluation indexes.
The results show that the best filling effect was achieved when the volumetric moisture content of the nu-
trient soil was 3%, the hoist speed was 0. 25 m/s, and the discharge height was 580 mm. The watering-
punching test was carried out with the hole diameter shrinkage rate, the seedling pot collapse height, and
the soil settlement height as evaluation indexes. The results show that the transplanting hole-forming
effect was the best when the accumulated flow of watering was 450 mL, the water infiltration time was
19 s, the head angle of the punching column was 35°, the punching speed was 200 mm/s, and the hole
bottom dwell time was 2 s. Under the combination of optimal parameters, the working efficiency of the
whole machine is more than 2 300 pots/h, and the effect of filling and forming holes is the best, which can
meet the production demand.

Key words: citrus; factory container seedling; seedling pot; filling; punching hole; transplanting hole;
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L_ﬂ‘lfc%a TR T ORRE ol ORI R = — 3 RS v O TR Y R 270 mm. SRA] Ly (31 IEARZ R I
g s B EE 3k, BUGEE AR,

x5 RE-HMANRBREARSKE
WHELEA)/  BWEEEGB/ W OERERMAE )/ wUEEZ D)/ JOR AR B I R (E) /

7K

mlL S (mm=+s ")

s
1 400 13 35 120 1
2 450 16 50 160 2
3 500 19 65 200 3
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3.2.3 RBERL M

BV R BRI A SR SR 2 T a2 6 B n, RIS EHE Jr 22 g R gk 7 iR, th & 6 AL,
FA IR 2 i X REFLBREE P, AR FLBRE P, 978 54 % ~ 94 %030 Bl N . B % Tl 12 R A7 Al A B 10 R B
U R O AT AR 25 5 05 2240 M. FLOCRESLIRE P, SR/ TR FLBRE P, U o X O RE
MIEGEE R FoUR. S5A3 6 L 7 nl ., PeiE B X fLAR AR R R, 52 ma il 3% . 3= i B[] AR o 5% B8
WX R, S 8%, #HZEEmMERN A, E, B, D, C, SiLHEH A B,C,D,E, ; BeHl i %l & ik 1
Farm B b, S S 2, whoAEHER M EEX A MR R, AR Em ERA C,ALDLWBLE, A &N
A,B,C Dy Ey s thoChEHESR M B X B 3% LT o, Sl B, SR REmWEWR R C, D, A, E, B, il
H4E5 N AB,C,D,E,.

6 EB-HNRBERSWESN

A/ B/ Cc/ D/ E/ R,/ h./ h,/ P./ P,/
W=
mL s ° (mm=+s ') s % mm mm % %
1 400 13 35 120 1 9.53 17.9 34. 2 55. 86 60. 06
2 400 16 50 160 2 10. 63 22.8 44.5 60. 09 61.69
3 400 19 65 200 3 9.27 25.4 45. 8 59.28 62.71
4 450 13 35 160 2 9. 07 17.5 40. 3 59. 07 61.72
5 450 16 50 200 3 14. 89 10. 7 41.2 56. 82 61.10
6 450 19 65 120 1 11.97 28.7 48. 2 59.71 63.11
7 500 13 50 120 3 12. 48 17. 8 41.5 57.54 62. 89
8 500 16 65 160 1 13. 87 23.9 52.3 61.37 60. 51
9 500 19 35 200 2 10. 01 11. 8 37.5 62.07 62. 39
10 400 13 65 200 2 7.57 27.3 49. 8 61.66 61.66
11 400 16 35 120 3 10. 49 22.3 40. 8 58.00 61. 34
12 400 19 50 160 1 9.20 23.3 44. 0 58.11 60. 49
13 450 13 50 200 1 17.01 12.5 38.2 62. 36 61.88
14 450 16 65 120 2 13. 25 18. 8 45.0 60. 91 63.78
15 450 19 35 160 3 12. 17 12.3 36.7 56. 88 58.48
16 500 13 65 160 3 10. 96 25.5 54.0 60. 62 60. 27
17 500 16 35 200 1 16. 80 8.1 34.8 60. 86 59. 26
18 500 19 50 120 2 10. 49 19. 6 40. 8 61.61 60.51
R, &, 9.45 11. 10 11.35 11.37 13.06
k, 13. 06 13. 32 12. 45 10. 98 10. 17
ks 12. 44 10. 52 11. 15 12.59 11.71
R 3.61 2. 80 1. 30 1.61 2. 89
h. k, 23.2 19. 8 15.0 20. 8 19.1
k, 16.7 17. 8 17. 8 20.9 19.6
k 17.8 20. 2 24.9 15.9 19.0
R 6.4 2.4 9.9 4.9 0.6
h, k, 43.19 43. 00 37. 39 41.75 41. 95
k, 41.59 43.11 41.70 45. 31 43. 00
ks 43.50 42. 17 49.19 41.22 43.33
R 1.91 0. 94 11. 81 4. 08 1. 39

n

HE: ALB,C.D,E 20 B o B B, SR E] o R R A B O L SRR ] R, WAL R b N E
WK B b, NEFR LU, P, R CBELEREE . P, Sy 7 URALER L.

4
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x7T RE-MNREFESN

ki K5 Nl A ¥ F {H i
R, A 44. 71 2 22. 36 15. 36 0.002 8" "
B 26. 24 2 13.12 9.02 0.011 6"
5.91 2 2.95 2.03 0.201 7
8. 46 2 4.23 2.91 0.120 5
E 25.15 2 12.57 8. 64 0.012 9"
iR 10. 19 7 1. 46
A 120. 66 17
h, A 142. 44 2 71. 22 7.20 0.020 0"
B 19. 92 2 9.96 1.01 0.412 6
C 315. 93 2 157. 97 15. 97 0.0025""
D 96. 04 2 48. 02 4. 86 0.047 6
1. 45 2 0.73 0.07 0.929 9
TR 2 69. 23 7 9. 89
payil| 7 303. 60 18
h, A 12. 68 2 6. 34 0.95 0.430 2
B 3.19 2 1. 60 0.24 0.792 7
C 428. 26 2 214.13 32.21 0.000 3""
D 59.18 2 29. 59 4.45 0.056 6
E 6. 30 2 3.15 0.47 0.641 3
TR 2 46. 54 7 6. 65
B 556. 15 17

X4 B DUB/NLAR IR R, B PRI A S B b RS SR L UTRE S B A, Sy BARBEAT AL, DediE Bt
Xt R, Flh, ¥5gm e, E2% EEU/NE IR, FLGEE il R OO g, DRV R R 450 mL;
AR X R, S0 83, BN 19 s; MhoCREHER MBS A R A ¥ B, HERMAS 8 Hikik
Wy 35%5 whoE BE A T PR AR I TC W S, R R AR O, U 200 mm/ss SRS B B )X
R, S, BN 2 s, 28 1, PEBUASKSEHE M 450 mL (WM MR N 3. 0 L/min) . RIEEHE] 19 s,
PR HER AR B 357, R CHE 200 mm/s, SURMER I E 2 s MIRIEBEAS. RICASGT. X FE
GEHE TP e KRR 5, 29 2 360 $5/h, W RT3 17 1985 KBOR 7, (2 322 $K/h) 5 [a] BEEAG whoCp deok
R, 493428 8K /by KT . NSCBUEHT, BEE . o 3 AN TR RIRCRICED . 75 DL S8 T 850 ol S v
R AR DE T R o TR K%, S ARIE e T T RO IR T s ) S5 06 1 — 3, BRI DR 3 TR 380R (1 7 X 7 1%
VETF b Z B I G Rt 4, R oh TP AR I 5 SO 7R ph XSS R Z S5 G I S fR e L Ak, S R IE B
TR ] T A B L BE AR L IR B KRR 19 s ME MR AR GO WE L, +L, =
1.02, #5464, B L, 5 0.27 m, L, J90.75 m. PRI, 5% R0 5 8 A0 85 B R B %1t 0. 27 m,
i R i 326 1 o o AN T BERE B R 0. 75 m.

FLAR A 5 256 i o T B a3 KR /N s T RE R S IR A KR DB, K ki 3R A ORE IR] 14 i 1 K
TEAVER, SBCE IR LS BE A K B RS A, T K B RS 1R B R, I Bl PR B K R
/N, [l R, P ACE IR K, P S K BB, T S M B K 2 RS B
A A, 5 B AR WA 0 3R B 922 30 B [ 7 38 R /I L A% e 4 3R Bt RS 5% B ESF T 20 D/ P38 K, T i S
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157 B ISF [) RS I LA R DAE Y, TR B s A B 5 OBE RS 3 A £ T o B v RG 3% T 97K S g3 g 5 AL
JMCAR. R B I v R B G A S RN IS T R, T BB R TR D 7 IR U Bl P S K S RS 8D
A5 R BT 32 B 3 S8 80/ i 18 R, 5 BCHOOS T A A R R VL SO T B A e R R R TR v
JEE B33 e R R 2 A R R T R T R A D AT o R AN AR B, ol R Sk R B R AR AR B LT
] B9 0 3 O, X855 SR b B B e A R R R
3.2.4 BiEKE

M FIEQIR R R KIS A &, I T B A & B L RO 30 IR 1%, 10560 7 ik R A, 5
523 W WRARNE 8 R, dikImai Rl [, m LS A G T, LRI RN 8. 9800 . 7 i pRIR b i 2
9 16. 3 mm, E I UL R 33. 8 mm, JXEEFNSURALEREE S5 56. 66 201 60. 27 0 . Hyi AL I Bl
AV B AR T 2L

*8 WIERWER

75 R,/% h./mm h,/mm P./% P,/%
1 9.32 15.3 33.5 58.11 63. 00
2 8. 50 17.0 33.0 54.74 57.22
3 9.13 16.5 35.0 57. 14 60. 59
1y 8.98 16. 3 33.8 56. 66 60. 27

e ROHALIRNAE AR h NEEERIBBE RS WER VIR, P, XBEALBE . P, o URFLBE.

4 Zig

D W T A TG T AR T AT RO A A, R R R R e | R A A X
BEHCA B, ST B i B SR R S DL RO AR AR . S8 T AR P R LR S A S 4 ) R 5
(T, 8T T AR E 2 T AR R, HE1T T S8R5,

2) BH IS HIE SIS R, RE IR R S 5 e 1 F2 B A7 B IR b S KRR EUR R B . e R
BEME R BHEERBEKE 3 BTFHLERE 0. 25 m/s. HUE B 580 mm. BEHE-poCIE SR FE I,
B ok 7 AL AR W 40 e T2 B A7 e T St L YRV R DR ORI S ) T A A B R B R A R R
TCREHESS A B SE M L E 3R TR B R A2 o O HE SR A B RS L o RE A G L BRE 24 R R R s
B I BB A DR R 450 mL (R BEHEVR 3.0 L/min)  SRIFEAE] 19 s, o HESS M E 35°,
JUHE 200 mm/s, TUREFE 2 s,

3) MBS HAGT, BHKCRKT 2 300 85 /h, HBEBUR R . At BT & B e i B0,
SEHAE T LA B W E R S B A OR A LR A Sk e e K
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