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Abstract This study investigated the storability of onions according to manual and
mechanical harvesting. Moreover, we simulated the onion-to-onion impact during
the mechanical harvesting process and investigated the storability after artificially
subjecting the onions to impact treatment. The onion harvesting methods included
hand plucking + manual collection, digger + manual, and digger + mechanical
collection. The maximum impact height during the mechanical harvesting process
was 0.5 m. Immediately after harvesting, no significant difference in the bruise and
wound rate among the harvesting methods was observed. Any increased bruise or
wound rate because of mechanical harvesting was presumed to be influenced by
soil conditions, such as the presence of gravel, and machine operation factors.
Furthermore, the storability during the 8.5 months storage showed no significant
difference according to the harvesting methods. In treatments by simulating the
impacts during the mechanical harvesting process, the impact heights were 0.0 m
(0.0]), 0.25 m (0.86 J), 0.5 m (1.72 ]), and 0.75 m (2.57 ]), each performed once,
and four times at the same position (3.43 ]) and four times at different positions
(3.43 J) at 0.25 m. Throughout all the treatments, there were no significant
differences in the storability during the 8.5 months storage period.
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Fig. 1. The onion harvesting methods in this study. Hand plucking (A), mechanical digging (B), manual collection using meshes
(C), mechanical collection consisting of picking up by conveyor belt (D) and gathering using ton bags (E).

itk Arale(wound, %) oFnt Qlmo] Arx7} dHAysH
AZ A= FEste] YRR YEI. 8 Y
20 kg 127 3% 3uHEelo] 43 4% 1 2Alsiol)

2.1.4. NE & &4, FIE Y 0|YFE 34 YHE =M

EAE(oss, %) Fof 4 o|FRF S T I
HEgE YeRfQltt. Fule(decay, %) Fof ko] Wi
&2 YEIYRl, oS SAF ¥ E(translucent scale
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P AL o AFE A T duE wdsto] WiEs
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2EEEE 9 & 9 0.5C AL AR 39 e
25+0.5Cof|A] equilibration & 1.2 L &7]°] go] 25T
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ZAFSIITE.
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Table 1. Impact treatments in this study

(0,)% A5 pendulum HH4l(Fig. 2)2&2 A A 25t

-S4 Bole ¥ VA = FHolA dske 54
= A 2ARSko] A 5HAtHTable 2). ofdle 24 &
Al AR FAeE IUAIEERAS WETHFu
2020).

o e

ol

< (cosf,—cosb,)

m gl
( 12 p+mglp

h=
mg
h& 44 $4 %°], my= pendulum®| F+7), m2 4ut
o] A, g2 9 7IEE, = pendulum 9 Zoj,
Goniometer

%—’ Vacuum device

o

Pendulum arm \\‘:1111}“

A stationary onion

Q® A moving onion

Fig. 2. A simple schematic presentation of pendulum-type
impact test device used in this study. The tip of the pendulum
arm is connected to a vacuum device with a light hose,
allowing the onion to attach to the other side of the pendulum
arm.

Impact height (m) The number of impacts

Impact location

Impact energy (J)

Increasing impact height

0.25 1 0.86
05 1 1.72
0.75 1 2.57
Increasing the number of impacts and different impact locations
0.25 4 Same location 3.43
Different locations 3.43
814 https://doi.org/10.11002/kjfp.2023.30.5.811
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Table 2. Potential onion impacting situations in this study and
associated impact height

Situation Potential impact Impact material
height
Mechanical digging 0-04 m Onion, soail, steel

Mechanical collection 0.3-0.5 m Onion, steel

cosb, = FAF] gt 34 A Ak, cosd = FuH-Fut
7t 3= ¥ 7450 et pendulum®] ZEolH: cosf =
AP Aol A Btgh2 3 H sk

SAUA= A9 AR Bt TFA 350 g FHE 71

£0|°lA FTE oflo] A U= kfﬂr

E Yozl W S42s duvt Ft olyAeld. &
AoHqA] 42 ofgfet AtHFu 5, 2020; Opara &,
2007).

E= 54 MXL me ¥ 74, g2 Y 7HEE, he

FAAY & Higo] & Fotal 157 oA 17-20¢
oA % 0.5+0.5C, 65-95% RH AA43a10)A4 20214
7958 20229 397HA] & 8.570E7E ARSI
2.2.3. 24E U EF =M

£AET FF A4S AT 3ESIN B, 7
13 E FFE AT 395 3NHESH 19 4
o] o] WE Al A% A(d ) 19, A% 8.571€

Tol oF 2.570Y 7HA0E 3H £ 4W RAWIRL, 229
S0} 9 W A AR A, A 84 T 29 =
Abstgict. WA= o AT Sdslt

2.24. SAEA

o gt st
3. 4t H &

3.1. 25 & J[A+20f HfE fnfof XHEY
3.1.1. & githoj| o2 MEd Mol
#3‘:} A3 ZARE gte] R 2717F gLt JF
cm D]u 9] PA2 9F 53-67%, XA 2-2.5 cme %
30%, A7 2.5 cm 2= oF 5-12% LA, X
%VJQ 270l ¢ 4 cm¥tHTable 3). 23] W& W&
2 58 i 7 folgt Zho)zt %i‘ﬂxlﬂi, olgogut 45t
P qEtt 7|AE ol 8aiM S W X 2 cm o
9] ol o Wol T A 1L &t Qg ZFFHE
7IA 27, 3 G4 o] FTHHoRE WG Ao
2 HQlt}
&8 A% A4 2 cm oAF9] YA XA
S8 9 7 ot 2ol 7k IR Q
%j 33.5%, 7|A=H & %h#@ 40 9% 121 7| AZH
7IASR 46.5%2 BE S8 oA 30%E dict
(Tab e 3). o] a7t 23, —’Fé], 52 AXHEA P
o] o] A= Ao Helrh
dolgS 2 W 7 5993 Aot lSiThFig. 3). &
A Aol §ls =EYlA AujE Fuhe 714 $-got

Table 3. Rate of bruise by diameter according to harvesting methods before storage

Harvest methods” Bruise diameter (cm)

Q@ 2-25 )2.5
Ha+Ma 66.545.37 27.7+4.7 5.841.7
Di+Ma 59.145.7 33.845.0 71418
Di+Me 53.53.3 35.0£2.9 11.5¢2.4
Pr)F NS? NS NS

Abbreviations are; Ha+Ma, hand plucking followed by manual collection; Di+Ma, using digger followed by manual collection; Di+Me, using digger

followed by mechanical collection.
Il values are represented as meanststandard error.

INS indicates not significant between the means of the harvest methods at p)0.05 (n=9).
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p=0.54
12 NS

Wound (%)
—

Ha+Ma Di+Ma Di+Me
Harvesting methods

Fig. 3. Wound of onion according to harvesting methods
immediately after harvest. Abbreviations are; Ha+Ma, hand
plucking followed by manual collection; Di+Ma, using digger
followed by manual collection; Di+Me, using digger followed
by mechanical collection. NS indicates not significant between
the means of the harvest methods at p)0.05. Data are
meanstSE (n=9).

A=, ek Aol 3hgE EYolA 7AR g g
= A7 5 Eol IE & AUZ AoE FEHY. 25
£ 0.5 m/sec, PTO(power take off) 540, AR 3] A
1,500 rpm®| & A7 2Z0A e 5-8%t. &
Ao AR Y 2F719F FARE SF7IE ARERE A
(Choi &, 2021)°14 0.67 m/sec £ =2 AAPS 1 &
BERE)S 1.02%= Wk, PTO 9 AZ3] M2}
FAE Al £449] 7]E0] AAE ] UA] 2ot Xé%}‘%} H| =
ofHth. sHAlRE F AE Bl & uj 7AIZFE Qs HA
e &4 A6 A2 ACE Yeyth 18 A4
IR 25 9 F Al EAES ARNIHSTH
1,800 rpmOlA= 2+ 8-10%, 6.7-7.8%% 2L 1,800 rpm

7k 4%, 4.5% °IStE ARB AT} HeS
| S7HEekL 3HAc(in 5, 2015). ©] E
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=z
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r
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o =

=
A% 8.5704 J ‘:‘“@5& SEAE

i 1741

2 —’F%‘r"‘“g “Hl‘n‘t} EAEC] AT, 8 ol o

OML OJHM %iﬁ QA A% Wl nER I £5H
o] £2 yetyttt. ol A% Hof= 2 A F A
wo] A% F wgzo] ol2W WHsHA HKCho 5,
2010). 1911 2= 5 oA A% A FAEC] 30%
£ 97X H(Table 3), AY & 4 FA=ZRH AlZH &7
= gtk 281 Q18 B A4 gugr|s 5
g e A20lA 34E ARRE o A2 7t Fufg

FARFAS(in &, 2015). et £ 49 714 23 4
7IA 3 Bol|A 2 FE Fxe Fure] Fufgo] A
o] JFE MAA g ACE woHE

OVIRE T4 WA ute A 8.571YEY 3Y XA
A TEEGT. o3RS T2 AR T T B

sz guke] 2 1" 2-3ufolA 2 9 55 4ol U

e

Table 4. Loss, decay and translucent scale of onion according to harvesting methods for 8.5 months of storage

Harvest methods” Loss (%) Decay (%) Translucent scale of onion bulb (%)
Ha+Ma 5.810.8? 4.6t0.6 1.2+0.4

Di+Ma 8.0£1.4 6.8+1.2 1.2+04

Di+Me 8.0£1.8 6.1£1.2 24411

Pr)F NS? NS

Abbreviations are; Ha+Ma, hand plucking followed by manual collection; Di+Ma, using digger followed by manual collection; Di+Me, using digger

followed by mechanical collection.
Il values are represented as meanststandard error.

INS indicates not significant between the means of the harvest methods at p)0.05 (n=9).
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A7} 5U3sH FFolAtHKwon 5, 1999; Petropoulos
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BEs A A} Blws] A & tha FASIUANE A%
o|%o= ZHago] WoItHFig. 4). 7HA 1= T A
& 257141 99 Tl E AR A3k FARSEIARE, A1
7\7to] A A5 §3Er= AR} 7]|7ko] A
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30

12
A) . Ha+Ma (B)
| —= Di+Ma 110
mmm Di+Me
3 NS NS 18
NS ] NS <
- NS NS NS M M — NS S
N | — — [— [ — 16 (@)
- ()]
7))
F 14
L 12
- - - - 0
(©) NS © ls
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I —_
NS 16 &
[}
[%2]
M o
a P
- NS TP 14 5
NS g
| Iﬂl i |
NS
A0 I | 0
0 2.5 55 8.5 0 2.5 55 8 5

Storage period (mon)

Storage period (mon)

Fig. 4. Changes in firmness (A), soluble solid contents (B) and respiration rate (C) of onion according to harvesting methods during
storage. Data are meanstSE (n=27). Changes in weight loss (D) of onion during storage. Data are meanstSE (n=3). Small letters
on the figure indicate mean separation significance at p¢0.05 by Duncan’s multiple range test. Values sharing the same letter are

not significant different. NS indicates not significant.
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Montero

30 12
(A) mmmm Control (B)
25 | E= 0.25m 1_t|me NS 110
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—3 0.75m 1 time —
_ 20 T T 18 g
B NS 2
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E 401 %)
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12
0 - - = » - = - = 0
0 35 6 85 0 3.5 6 8.5

Storage period (mon)

Storage period (mon)

Fig. 5. Changes in loss (A) and weight loss (B) of onion with increasing impact height during storage. Data are meanstSE (n=3).
Changes in firmness (C) and soluble solid contents (D) of onion with increasing impact height during storage. Data are meanstSE
(n=9). Small letters on the figure indicate mean separation significance at p{0.05 by Duncan’s multiple range test. Values sharing
the same letter are not significant different. NS indicates not significant.
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25 10
(A) mmm Control (B)
[ 0.25 m 4 times (Different locations)
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] 16 §
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£ 1%}
E 4l @

w 14

20 ¢ 12

0 0

Before storage 8.5 Before storage 8.5

Storage period (mon)

Storage period (mon)

Fig. 6. Changes in loss (A) and weight loss (B) of onion with increasing the number of impacts and different impact locations during
storage. Data are meanstSE (n=3). Changes in firmness (C) and soluble solid contents (D) of onion with increasing the number
of impacts and different impact locations during storage. Data are meanstSE (n=9). Small letters on the figure indicate mean
separation significance at p0.05 by Duncan’s multiple range test. Values sharing the same letter are not significant different. NS

indicates not significant.
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