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Horticultural Characteristics and Cultivation Practices of Peppers Suitable for
Mechanical Harvesting: A Review
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ABSTRACT: Peppers belong to the Solanaceae family and are highly valued worldwide for their fla-
vor, nutritional content, and economic benefits. They contain various antioxidant compounds and vita-
mins associated with numerous health advantages, such as boosting metabolism and reducing
inflammation. In addition, peppers are an important agricultural crop, contributing significantly to in-
come along their value chain and serving as an indispensable ingredient in many dishes. However,
domestic pepper production has steadily declined, mainly due to increased production costs. Peppers
require a significant amount of labor during the harvest season, leading to high labor expenses. As a
result, mechanized harvesting is emerging as a potential solution to address this issue. Research on
mechanical harvesting of peppers has focused on developing harvesting machines, breeding suitable
varieties, and exploring innovative cultivation methods appropriate for mechanization. Although sim-
ilar research has been conducted in Korea, significant results have yet to be achieved. This review
summarizes cases of mechanical pepper harvesting and outlines the traits and cultivation methods re-
quired for its effective implementation. For successful mechanical harvesting, the ideal cultivar should
be suitable for once-over harvesting, with characteristics such as simultaneous and uniform ripening,
low plant height, narrow branching angles, resistance to lodging, and ease of pedicel detachment from
the stem. Moreover, fundamental research is essential for developing cultivation methods that do not
rely on stacking and for determining optimal planting distances.

Key words: Capsicum annuum L., Pepper, Mechanical harvesting, Non-staking cultivation, Once-over
harvesting type
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59 7% st =2 S H[ERL A, B, C 59 U
Jorstal 71x]7) =0k Gang et al., 2008; Walia et al., 2015;
de Aguiar et al., 2019; Tobolka et al., 2021) A A|AZ o=
AH|E T = ZHEo|th(Howard et al., 2000; Bosland et al.,
2012; Ganguly et al., 2017; Saleh et al., 2018). 3t ZA|A|
o= W AHF2 g JF7ista 9low, ookt %7t
o] AHgE Bt ofye, AHAES] {7 9 HA A
2ol 4SBT U uhe £419] THIES WA Kb EdE
o S8 AAHORE S} e e FEolzu T
Sk, T i A A%, Ta k] e S
U} A&H o A WHo] FHAHT Y= 2Aol5, Sl
59 BAAES] LYol e L5 22, Qv 57,
2o 2% 71 S22 B4 1+ B9 5L F8
9102 & % 9lck Fu| 1 43 343 AAea o
o, 48pA7]0] FET o5 EUT &S AAu} B2
4] S7ER o]ojA= AIZE AT olet ZAIE 9
Asl7] Y3t #oto g 745 =¢lo] RE
139 7ASEE T E F 7P W2 aEolH, 55

F F sdol 8FHE £ Y9 7ASES A9

7152702 7H A AFoto] 1FE AEistal o,
W "o diyt= Aufstal Rlo] 71A o A-tsitt
I = 5 A o]of et 714 et P E AFEo] AF
Fo] 2o m(Wall et al., 2003; Gentry et al., 1978; Lenker
and Nascimento, 1982; Marshall, 1986; Wolf and Alper,
1984), 714 &9 G842 &°l7] 93 ¥ +il, &<
7] 5 71A g At ES 7K 1 EFF5 T
(Walker et al., 2021) 2 Aul ' (Wall et al., 2003; Cavero et
al., 2001; Lenker and Nascimento, 1982; Esch and Marshall,
1987, Marshall, 1997) 59| A7 1 dF Aot Sy
2 B3 15 8] g 2 V1A S AT 5 N
AFE Ags) FAT AR 2 s e AAolth
(KREI, 2016; Huh, 2019). 2% Fot& BiHH] A&
sfasta P AF pFS A= = A7l 714
TS B9 w5Y dZo] IpAolAnt, S 1159 714
2 A+ 2 A8 AREle T35 S d=elth o9 HEC
A|&Ao] 1L oAl 115 Au & FES Al 714 £l
AT 5 MY 2 A 71s 97 5 o8 oM A
T7ige] dasttt 2 =R I1F £ =¥ A3E
A%t FWie] 159 714 £ A AT AR, 71A
< 91t ABS E43 Aul Aol ot ARE AFsta =
W 714 go] Ajtet i3 5 NS A% +2 4, &
Ax 5ol s e, 71&stih

=W 1F XHHY 24

I3 20249 712 =W AuiHA 26,436 ha, A
68,074 tonO & 7, 1FF 50| 2YR T ALEHLE T2
EA QL ZFR| T} A 40 tHKOSIS, 2024a). AT 115 &7}
o] Ak Z7H= QIgt 4 oj8E 59 FdFo= F 1
Z Au WAL 2004 61,894 ha, 2010 44,585 ha, 20161
32,181 ha, 20224 29,770 ha, 18] 1 20243 26,436 haoj o]
2I7MA A&KHORE FAsHE FAE Ho|il QTHKOSIS,
2024b). = 13 Al @A AqrE SHE AEiEa, A
Hio E2igt 7|¥, HEF EEo] 3= A FA 5
o & QIgt =& A4iH] 59 o] JdA7F EAZTH(Choi et
al,, 2010). 5= $2 A] iR 52o] Q3 AEo|A|
o S B SARES 1PSE Qe wid 25|
Aot A, dAHE FUFstA Qlol 1F9] Ak Azt
4 5719 k5 Aol AlFsith Sy 13 Aule T,
S5, A4, BA, 8 59 AYdHEE A F2 5H
o] 8+ &= A== (Heu et al.,, 2001; Hwang, 2002), 715 5
oA 7MY w2 AGH7E A8 EM(Ha et al., 2019),
olfst fAMCE VASE B 139 7|4 9] g
o] =5 Qi AMFo|th(Kim et al., 2002). 2023d 7]
F 5&AEH0] THg Ao BEH 1FE= FQ WHE
%5 7P 22 JIASES 7ISsteeH, B VIASES
48.9%0] E3}stal, 1% 1E, HAL 03%, $T 0%E B
TEQTHRDA, 2023) (Fig. 1, Table 1). T3l 13 U4
8ol ofd off ¥ FEAAS st AER 10a F
9 AlZto] 142 AIZEC.2 mhs 115 A7k o) 94 At 5
OE Fd AaFol v o B2 AZhE 373t AL
S E3 89 kF A7) 202049 7] 188.1 AJ7HO]
285, o= AA 15 Aol AL F 47.3%F AHAE
THGBA, 2024). 0|9} Z2 EAIE 7HAlst7] el 113 Auj
9] =89S AYstet] At 714 82 13 449 o
Al E3o|th(Funk and Walker, 2010).

= F2 £3E9 7F3e

2+ 72.4%

¥ 71.1%

7ot 70.2%

ok} 66.3%
ot= 61.8%

e 60.0%
HE 55.3%
s 48.9%

Fig. 1. Mechanization rates for field crop types in Korea for
2023(Source: RDA 2023).
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Table 1. Mechanization rate for field crops by task type in
Korea for 2023(Source: RDA 2023).

Table 2. Comparative summary of mechanical pepper harvesting
technologies developed since the late 1970s.

2 e, BA | g, FA vd gE | BA | = g 7l /8 F8 & T 94 79
hl 0, 0, L) 0, 0,
o) ) ) W) | G Spring tines AR S o), Gentry et al.,

Fav 3 99.9 6.8 91.4 982 | 84.7 A5S 55 8 4y 1978
TFak 100 2.6 89.2 98.0 | 79.6 rakes Zojy 23} upy Nas?lgnggnto,
ofm

Jaut 100 22.7 91.2 99.1 | 314 Open gy e gne
el 99.9 17.6 57.0 962 | 59.7 double-helixes ~ Zo]Soli= 23l yh ,

X IO Ej5} & al A]

- 100 8.3 93.1 99.0 | 5.7 Cutting heads E%Sr; L}%}Eﬂ%}ga Wolfl(gcgflper,
Hj = 100 0.0 84.4 9.5 | 0.0 ad= 5 THY

- 99.9 0.3 55.2 89.1 | 0.0

LR IF J[A 2 AR

AR G, EAs AR, o
Ao 72 B2 A4
4 nze} 2, wme,
| A= Qe 1% o
7} ol B7] o] 13 ko] A&HoR o]
= Q 5FH(Wall et al., 2003), 222+<]
2% AT WG] oF S0%E A3}
Auk, 714 8 Al JAAHE 10% vToZ FFAECY B
1= t}(Eastman et al., 1997).

Ve 1% VA % A7e FEA oge s 9o

, o 7]|YE(Boes Harvester Company, Crown Agricultural

uf
oS
&l
=
o
(o]

Systems, Massey Spice Harvester Limited Joint Stock Company,
McClendon Pepper Company, Limited, Pik Rite Company,
Ten Square Company, Oxbo Company)o] =ZH A]%}of A
1 875 AJAEIL QIth(Zhang and Cai, 2022) (Fig. 2).

3 7] A2 1970 o] =88 S=et 425, Al F
g 2uF Bo] x9te AFE 1 FEV|ERE AIEEO]
oefet WAYSe] AFEH Aoy A-83HEA] ESkal 19909
o Suto]] A3 A-83tE Qeh(Wall et al., 2003). A 7 o] <
71A & 71L& spring tines(Gentry et al.,, 1978), rubber
finger rakes(Lenker and Nascimento, 1982), open double-helixes,
cutting heads(Marshall, 1986; Wolf and Alper, 1984) 59 tt
It FHE EHSHITH(Table 2).

FHEE Aol = HAA o]F WAl 2 FH(unfolded
double spiral wire type)7} 7} SH A o1 ASEHE= &
HAYZ0o g nolElth(Zhang and Cai, 2022). A A|AZA 0
2 9k 230 9] 58 71 A7} A 2= 312 H(Marshall and Boese,
1998), 3091 7Fx|9] thefet 11 714 8 HAYZL R
2 207HA] o} FE9 1FE A2 H 9 714 23
59 &g 4 Jth(Wall et al., 2003).

SRR 71 S8l Sloid B4 Gk Fulel 3,

A 4% % ok @ SAHE o 5 o3 shasior o

(b)

Fig. 2. (a) Massey’s three-row self-propelled pepper harvester, and (b) McClendon four-row self-extracting dry red pepper

harvester(Source: Zhang and Cai, 2022).
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Table 3. Summary of auxiliary equipment for sorting pepper fruits after mechanical harvesting.

w5 A 9 38 FHAT B

715 9 54

i

1=l

pils

Fd

Air grading 371 352 &% 7HHE olgd &Y

A 9 7L E5F 34 AA Marshall et al., 1990

Counter-rotating gifuleko 2 Sldsh= 8 AlolE

Wolf & Alper, 1984

rollers BTHAA £
=2 oF S|AAE 0] QA=A
Star wheels 2 2 SIHAE o8, 9% 7 T4 48 @ o2l Hg Wolf & Alper, 1984

Reflexed TREHZ 17 ZFet AsZ B3
rubber-finger shaker

Lenker & Nascimento, 1982

Combing belt ~E $ HES E8, =48 ¢ Ay}t =7 AA Esch & Marshall, 1987
(0] g cItS ‘;% Ve X] X‘" It = SC arsnall,
Conveyor belt WE 9] oiEo] gl AW B 74 9l o]2d HE He Gentry et al., 1978

(hand sorting) =

IAZE EART AEE e 15 299 Ieee A
8 7hset FgH ALY 70%14 90% FEo Edtoh,
71A g =5 EE 93 @ &44Ee Az A% &
Aol Q9 EAZ gol Qth(Lenker and Nascimento, 1982;
Marshall, 1986; Wolf and Alper, 1984). 7]A] 525t ujjof
A A, E71 L AEAL fle @uE Z8Uof she A =S
AYER A8dh= Aol ol& siast7] $13 air grading
(Marshall et al., 1990), counter-rotating rollers, star wheels
(Wolf and Alper, 1984), reflexed rubber-finger shakers (Lenker
and Nascimento, 1982), combing belts (Esch and Marshall,
1987) 9 conveyor belts for hand sorting (Gentry et al., 1978)
So] thokst Au|So] A vt 9o m(Table 3), 717 48
L% ol GojAl= Euje] 5 £o17] {17t AH|E 7Alst
AL s FAoIEH(Wall et al., 2003). O|AH 7|A +& =F
L dul EAHZ Eo]7] 9T AF o] A&HHow
AN, B TR AF FES aEEHYA 5 4
AEsty] fiZe] olHgt Arled] g 2 e
aF 7A EEdS °HE DA
Boese, 1998).

Z o]tk (Marshall and

% 28 2o oE A7 ma AAEH, /1A $8
719 A9 43 HAoIH ABE w5 ghge] AA 45
AAL G WolHT BEY 5 YAW 15 248 % &
T2 5 AW AR St U o] =gt AL 7]
A o] B8] o] o] 22 43 A7l Waiol

Z ¥ 3. At} Masood and Haghshenas-Jaryani(2021)+= 11
% oo 23l 1540 gd AFE B 1% 50 2
20 2% WAL 58 A 23 To| A% Lol Bl
Sjof B3 S ool Fere FA] o A, ke 4
Bl RSk A, WE BT ¥ LUt A, wolA
FAHY AR7A &ESt= Aol 7MY F8%F AL Hi
stalch. 22 7 ZEQl EnfE, nfxErt 59 Fe 2
A A od A g 25 s JSHoE A4 AY

Ea low, olo] wet AE9 F4 JfAHETE= 2R A
& 39, gl 9A AA, 24 Aol 59 2 dagE
A 22 At do] FE o|FofA = JFOE(Arad et
al., 2020), o]2[3t AFE0] ¥ 1F £ 2R A9 T
4ol 4FE v1A Aolet BZErkFie. 3)

=9 A5 A 115 PA=olAp A=, E=olH A
MA 3 el BAQ] oF 40%E XA|oFL UA|TH(Anjin et
al., 2021), A1&2Q1 Al WA o] F7to] g =58 FZ0
= A F 5} 18] AT HlF0] oAl FAo)
of. mEbA Fa2 13 AR HAES s 1F FAK| 9
A R QA 23 AA] oJ5) At o] 2ol glo
o, olo] we}t 8 Ao FYEE kEH 3 ol
Aol FEutete] Hs) A FPrI7 RA FA=HIL ot
(Ha et al,, 2019). |2} HE°] /I 7/ o]F 5AY 7|4
3} 20| IA FE, 58 AR 9t 8 F49
7| A1 A7 X9, A-E3FE AL 91tk (Zhang and Cai, 2022)
(Fig. 4). Jung et al.(2003) YA| FEAAE TYSIHHH 1
F Aol FUE= AA =5 48%7F AAEH T il
Sk HE it S IFE 678 XY 8 FFE AXH
ojZ|gt o] 81EE= k5ES AT 57Fe] A4t
4 FgulE dE A3 4= AchHa et al, 2019).

n=3 F59 A R A 89 F52 &3 714
22 &&otANL ol ¥ fgo] 7ttt thE 8 7
A Nz A5 vF QQck(Shaw, 1975; Gentry et al., 1978).
SHA|EE o] g thE =Y 7A|Y AS AlEA 0 et &4
< Ys5|H o|F o] frAH wet, g o] &
= 4A 87 714 o] A= tk(Lee et al., 1993).
U9 AL AiE Y= 1= oy H 58 £ Qle
FFo] tiFEolH, £ n5 5 =9 115 Auj 24}
71%, #5 9 EY 5ol e gt =9 115 55 714
o I =Y ofHE ALE AZHT S 13 AHj Al
54 #8719 vt @ 12 o5It 7|9 13 239
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Fig. 3. (a) Sweet pepper harvesting robot, featuring an end effector with a cutting device, a Fotonic F80 camera, LED

illumination, and a fruit-catching device; and (b) Pepper harvesting robot equipped with a Braccio robot arm(Source:
Arad et al., 2020, Masood and Haghshenas-Jaryani, 2021).

(b)

Fig. 4. (a) 4JZ-3.6 Self-propelled pepper harvester, and (b) 4JZ-3600B Self-propelled pepper harvester(Source: Zhang and Cai,

2022, Wuhan Anon Tech Trade Co., Ltd, 2025).

E% 4HiS 2 WSl 714 o] of2e 4ol
wste] 53 o] A=A, 43 747} |17
U EAS HET 98t glo] A A 43 8 x
ol YE AFOoE Qelvterel /137t 1% A 58 87
of 9y FE G vX L Yk B, 0)F W FF et
2o Wek WA F49 A 2ARs e, 2y
A 57k F EE ARA A 9 55 ARG &5
o WA} got 43 749 H2Ae] ARt upt ek,

OHo| = B35t 113 7] A 89 " QA (Marshall et al.,
1986; Thomas and Rollason, 1980, Wolf and Alper, 1984)<
ofg] A+ Aol HiuEHW X&H 0w A7|HIL o, =
W s A9 193t H Q1A 9] F7tet shEe =uioflA
T 1992¥RE 13 $27] fdZ 917t 712 A (Lee et al,
1993)7F AJZE I 714 28 F570E0] 191 7E 9
AEH(E FYANSAA NN ASHOE 45T 9
= A=olth shARE sUe] 11F 7]A £ digt AT
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15 F59 NF 9 V1A sl At 55 N AR
O= 7129 153 &350 28T 5 A= +F 714 Ao
A5l AAeH, 714 £ E3t 7|E I 1
F59 EA4Y ey 5T vt 4= fle AAold
(Choi et al., 2010; Lee et al., 1993; Lee et al., 1995; Lee et
al., 1997; Hong et al., 2006; Kim et al., 2002). T3t 173 7]
A 22 A= Ao G4, 5=, B Sl Bt AlA
ol AgY AP BASHARE ofA|71A] o] fo] AA| ok A
gro]tH(Choi et al., 2010).

A J|A 20 s 4] 54

71A e 15 EFF ML 159 714 g fIRt
-9 523k ZAlolch. A AuiRL, 7] E 714 AR
A7t Afsto] 15 $E7|AE NSt AR, 714 £
of HAstd 1F FFY A& S0y e, F4EY o
e A= RS AAolth(Wall et al., 2003). @A 7 @
AlZoA A=l F2 I3 80% ool 7A $£EEA|
gk, o] &gt 7|A £ 7ol EilFoll= ofEA A-gF Ao
gt A= vHsit) ol fIs] H2 115 o] AREH
= 7144 72719 498 8 sl=g E15 TolA 37t
Sl =t|(Funk and walker, 2010), o] A3 o2 A7IX|7} gl=
9d £7] 4 E(single stemmed plants without basal branches)
I golA 8 =4 2 Euivt 714 &) agof ¢ 7o
Sh= Ao 2 dszon, AE A%, 7 99, EHie] £9
A 2 9 7et e EALS 714 29 aedol &

EX|O
= O -

Fe FFE vAH, IF $2 St F2 EX42 714
B 1% 9icJoukhadar et al., 2018;

R
Swami et al., 2021).

159 714 o) FFS vA= 58T 84 F St
42| gy Fejz, RAzto] Wor s)A S Al A7}
A= A Bweo] QUARE, BA|ZHo] FOoH 7HA|7E K
A= o] o] 7|4 £8Z o] stA okl LA Ut
(Esch and Marshall, 1987; Wolf and Alper, 1984). 5 Z-&
of A4 WS} £248 417} FolA T BA7o] FolA
o] FAHW(Wall et al, 2003), /1A G $2F2 &
s WA See 574 4 Uokn 2 o gt
(Cavero et al., 2001; Lenker and Nascimento, 1982; Esch and
Marshall, 1987; Marshall, 1997).

27t gle EQOl §e dgo] & | FAE2 7|4 %
9 a8A4E =ol= ZOoFE HIFEJIOW(Wolf and Alper,
1984), upgt ZHE-2 o] A%t AZHTh 74R] $7F A3 &)
o] Fo} Fej7} Eol= Aol Hil(Cooksey et al., 1994),
A F HEES IHH VA o8 &F e 5S¢
4 k= A A3k (Boese and Marshall, 1998; Esch and
Marshall, 1987; McCullough et al., 1995) 5| 2]t} Walker
et al 2021) 3t 71A] 58} ThsoiRs A et ol e
Ralv, Fuo] S 714 Foo] AP 2%l 23 A
9ol Wi, o]4l9] A 7]} A Wio] RAstel Se]
of ofsh gA Hej7t Hol= 24 9 2RI AEY = E
Eol= A% 7IA 89 880] oA+ 5, A=9 IFH
W E4e wE W A4 wol wet 24 dFe vy
maselt. F AT AlE Avmw g 278 9o
71A £ HEO] ks d PiatdS Z]ASs ok o
o, Y SOl wEeo] wo| RIFE 7|29 $o
P A BRI e Asselol ok, BAL B &
e FAAANZ 4 ot B HE QQk(Lee et al., 1993).
Eg A 2ok 13 B30 g Ao A HF A4

Fig. 5. (a) Etgar Moses 1010 chile harvester, and (b) ‘NuMex Odyssey’ marketable green fruit(Source: Walker et al., 2021).
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A+ 120em °]Fof| 20ecm 7HEo| F& Aujrt st
A+ZATH(Jeon et al., 2003) S°] Ut}

120] 7|4 #3E AFAE YA Seke] B4o] e
Zasiul 5 J14 Soo] Hgd vl 27 9 A
0] 50| B4o] UL F NuMex Odyssey's} 2L 5
Wk (Walker et al., 2021) (Fig. 5) 9 Ajuf =4, 26 @
W 717 24¢ B9 714 o] g BEe 2E AT
(Havlik et al., 2018) 5o AP AR FHo| A= LA &
g9 W 71A o At FHE M F59 FAET
ofyz} o]} THAE AFe} FF MY A o]FofX L QL
A g2 Aot} 7|EY I 15 FFE2 ol 4
Tz SR a1 $o8F ERE AA] g0 ofd ofF W U
7t $eohs Aol s £52 247 f1= w7
A& A2 duig @] gio] g0l =88 49 8=
of & &4Z 25t Hedl ol 22 AEA Wl =4
o guie} n] SA4E Firt SESH, Z71AE 53 94 ¢

A

rN

3t Al A"HA $3lo] EV55H] wiolth ol ZFESH]
glote] 9j=te] dAl £ FFS TlstEHE 7%, A
gy s BEF B4 5ol o=mihe oEr, oA &
H]E|3 gl 3% Quleh gtk go) wlslA) orow L%

=9 Aol HA 2= 27 o] Y= FFY 2 =
qto] AL oy =tal Azt

tl= 9 F=o] Hgf o Euete] 71 9 EQF o1
g DAl FEAAY EQio] HE AldUioll= o HAARE A
v B A, dA] 8 13 E5 N 59 7ol o]F
ot Al FEAA =Y B 714 22 57 A
QHIE A 3 5 S Aotk

1139 714 489 o] =E(McCullough et al., 1993)7}
HEo] TEZ HA5H7] Q8 ARt AF= 714 2%
AollA & Fofaglor Z-EH(Kim et al., 2002). = 1L
F A= 7] At vjHil s IAYste EE-Z WA
st7] 9o AFet FlES Aot w2 Al kF
go| FAE, o]gA HAH AT}t &2 714 5
Zrdofl Qlo] dd=o] Hrh(Lee et al, 2023). 124 =
13 52 88 AR vt 9 £2-5 Sutehs vt
71% SH o= Qs AFtf HA glol= Aui7t E7Fse @
Aolty, £E-S AXst= 3202 AES FEig, o 7d, &Y
o}etA E/J(Shah et al., 2017) o]Qo|& ZH&E9] £F, ot
U, A 9 59 o27HA] ¥RlE0] Uth(Wang et al.,
2022). Kim et al.(2002)2 YA] 8§ 15 $87] 7o
#eE AoA 139 714 a2 M= =W 71E 15
F30] obd FA|F A7t 7hsshiA skeF Al i
359 o] dosiH, BAF AT AR 15 F5Y
e 71& 15 F30) vlsf 23] 71 &7 AP 72
5740l ANt 13 duirt dRE] A AR 2E=
E4og Qs GFAE ol&T 7I1A = Al 7HE W2

i

N
4

G e 9 P =2 v 29 Bt A+ 2%
R HE QUok ERE, Beje AE9 mEAYAC
o2 ob, 3 9 e 2o 5 IS W=

Bes 28 A ZE 14 9 AGRE AA st §80] F
2 aRild], a7t W 4A dEdeE 2E5AY0l A&
SlEltt . R yE HF 9ltk(Karim and Janhan, 2013; Khobra
et al., 2019). Stoffella and Khan(1986)-2 | AJ#} o gk
o] 957 1= BES APt o] ERo] B3 1%
52 Jarslen] $8 Zolw, oe AToNE B4
o ATl 13, EokE, saelste] M4l Al B4 2
7} QoA 20| 2o ZTE MY B sst)
(White, 1937; Vavrina et al., 1994; Mangan et al., 2000).

o= S92 A3 714 g2 AR EF5, A f
w3 B 5] 274 AALoR Pulsigt. viwe] A4S
=] 4d(abscission)0] F2 F5 tivtE WA 9| Feiet &
= 7Rt ®, 5 A7) 11F AEA|9] R & AASH
A 9 F2E &9 B =55 =011 AU, ole HE
o] 2ks & 9 A AH|7F ZlH o] Uth(Marshall et al,
1990). E3F 7|4 $2H2 QoA =2 A4 =, & 2T 4
FZ BAZ9 AY FHo|HA AEA AR EA Ex
H g 59 B2 Ad 52 Aulistal Ach(Wall et al.,
2003). =2 "o Hs| AH o2 4F FHE 7|5t
2374 2 AA D DA 7 A7 DRt dolH,
A9E 15 Au w7t AP E Q] Zfolrh AATE F2
4] g otz ZAOE RAMEQUTHHa et al., 2019). ¥,
vt &5go] HAE A FAT AR d B3
ot 2, 12 o o §d $87] 59 &HoE Qg 1
F 58 7|A3} oAo] &8st A=t w|Eet Aot

O ok o

ZEHy

3% AR kel st ste] B3] 43 2919 717
sofl oisk 7ol Bl BAel BF Aol olReixL 9
o oA AFgEe] A S8l AT BF AL A9
A 714 ol % Fzo] golst ABA Tx, AA S8, T
A% A, 2 D AT o] Bojrt wefslolof k. 5
3 wal YA 2WSHe FNA 4o fAGG} Su%
of ofgt ojshe Al&sia meHe ABE o] WAL
deS o 4 A(Lei et al., 2024).

717 olF L Ho] Rold AlBH FRE 2 X450
29o] pelE PSS Aol shul, B % (sympodial)
o

7] DS QEsle FASCICULATE (FA) AR} Z=2
AtE]o] Leh(Elitzur et al., 2009). 1329] F4 $-HA = Enf
¥ SELF PRUNING (SF) 4 ofj71%H2] TERMINAL FLOWERI
(TFLN®] A& FAARA 7Y 45 Frdt ol&
Edwo] AlZIH o7t Fokxal, AxYd F39] o
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7o) HalElo] B4R 2 Felvt B4R B ohiet A
Hog 7|7} FolAw z7] ANt APHckElitzur et al.,
2009). kA9t o] FAA = W2 WY oHEd adE A
Y &% Z2Td0] S74Fog HEs7|de A Us
Aog Helty, 2 A+ B F TCP [FHAHTCP gene
family)o] 7}A] £-X|(Braun et al., 2012)2} mtc] Zo]|(Kieffer
et al, 2011) 240 Tofgto] H11H B} 9lom, £3] 1130
A= CaTCP63} CaTCP8°| EULE Q] Solanum lycopersicum
BRANCHEDI (SIBRCHZ A4S Hol H-$A(apical
dominance) 5o 583 &S & AoE A== Qo
(Dong et al., 2024). ol= 7|Algo] At 28 F4 NP
S Y3t 783 44 Aol & & QU

YA 5 FF NS AoiAe A A58 29 343
ClEo], 23} 9 23} A7)0 JFE = FHF 849
do] "asitt AE9] At A7l 281} IsiA= BEA
=2 o7 tolA E2A [FAAR] FT (FLOWERING
LOCUS DNE TALE &%t A7 X =o] gom, 13
AL e 7R3} FEQ EvtES] FTE ¢ SINGLE-
FLOWER TRUSS (SFT)®] 25491 CaFT-LIKE7} 7}3k2 %30
Sl= Ao B E|QIthBorovsky et al., 2020). T3}, APETALA2
(4P2)9] ZF&AIQ CaFFNo] 7|3tA 9] 752 she 34
2 H9A 27] s 5 el 719 7hedS EoFdl
Ch(Yuan et al., 2021). EntES] IH4 W 9 <40 HHE
SIMADS-RIN (RIPENING INHIBITOR) S-AAF9] AlEA|Ql
LOC1078474732 B o]A WA (breaker) Fufje} A<=t &
oA S B WS Holm 1R WTLHHL AN

= A+ Aa7F dtk(Dubey et al., 2019). SIMADS-RIN=
TH8-9] A3}, carotenoid =37, ethylene] A LU Z+x|of &
o5t= ZoZ LA QO H(Dubey et al., 2019), SEP 374
AHSIMADSHAL &2 R34 152 $543 8o
Hdo] /4o F83% AL oty HEJUTHDong et
al,, 2013, 2014). T3t SIMADS-RIN S-AA= o2 1Y &
4 $AASNE AEEo}R, TROIAE SIMADS-RIN $7
2] & A (ortholog)7t FA = o] 1130] Frfj =/dof HAY
q sttty B a1% HE QIth(Dong et al., 2014). 0|2}
T4 BAL Rolal gARe] 24 oiRo] o
A& Aele oA olg §%502 voprt
Nz AT 28E 4 AL Aol
FAF QS 7FssHA st foliMe =5 A= A
Slsfjof she, o] & fsiA= AV 2 HEo] AsHEel
Hef 29 7jAo] ¥Wr=A] FQ5ttk(Lynch, 2022). 124
IFoAE By S5t 22 F8 IR/ Ao Hl§) He
FE2U Zteof gt f5he AFrh wie- v Egt Aot
(Zhang et al., 2017). Thih, T2 ZEE9] A7E FoojHEH
e fxet A IS 285 A g2 =5 AT
At QA S gHo| AAAQ 7]oE st Avke ol

J

i}

ro

0,

f
fo ¢

BCA
)
__>[l_1‘
=
o

N,
ok
oo

re 18

ol

H3}s| = HWth(Hochholdinger et al., 2018; Lynch, 2022).
vo| A= DROI (DEEPER ROOTINGI) SRR} 7+ Ha)
7% 24 AL AdEol, Bel2 v 2 ARAA
e AT 2 AFHS PINY 5 UL AT
(Uga et al., 2013). =3+ x| X(gravitropism)a} THF G4
AF(PIN-FORMED, AUX/IAA 5)9] 715 7= HI 9
47 AT 724 54 2do] SRS HolFglew,
ol of/lgtst 2L wY ARONE @ sl rt
(Roychoudhry and Kepinski, 2015). ]33t 2= I HT
o, 13 oA Beje] A WA, ol, UK, AR 5
o 724 42 qAHoR zAstel ATt 3

W, FAF Aol Aget EF Ndo] 7 AL

(o]

fru
N,
o 0 e

EPER I NPT EIRE
o BRE ko] ANAL T FA% 3}

Uofof Tt} 71A g #EI!
B g, wlwe) 29
W 8% 2o o]0 %3 SUTkHill et al,
2023). ARk o2 nF FF2 2N T St HH A
o BA7L 47 Belshd, AR BoEAS QEsiehs
S locus(Paran and van der Knaap, 2007) 2 Capanal0g002229
(Hu et al., 2023) 5°] dA¥E o] o] &= v Qe 11
G ol fHUAAES Fuo FEE ATl st
gl Qwksol 9ol Tl sl ZuE 5w
7] fzoll, a5t 2 B oy %3 FFo] 8
Sl i Relh Q. FRE WY 4L A2 WA
AeE 5 shtQl ‘UCD-14” o] LAE =Y, etdg 9l
At Bt o Z =A10] <3t AejoflA A ZHn £
He FEe AReH, §4 As A+E &3 F 979
QTL (quantitative trait loci)o] FMA] 2, 3, 4, 6, 9, 10, 11
of Exstd, Byl FHAXHEo] Holste AoE HAHIT
(Hill et al, 2023). E3F 7|7 228 A] ‘UCD-14’ EZ9] 0}y
A& 40% o]Fo] HAIZF AAEUA ARl v, AFE
et F52 2% vlHQl F3 Bl ol2jt A=
1% 53} JAs] 4YF BE AL A g 549
o] £F ZEIHoA FastH, E3] 108 FHA ] 9
213t destem10.12 -85t £ /NES XgPFolzt ALt
QATHHIll et al,, 2023). Lei et al.(2024)°] ATLAE 3, 4,
108 QEAOIA] ol 4K QTLo| WHAEI oD, Bl
33 FAAS] QTLE 7]&o] &exl 4 E47 #dw
QTL ¥} A3 slow, oi7|gtiel Jdat 4e Heg F=o
o St= Mitogen-activated protein kinase kinase5 (MKK5)S
B QAR 2= THCho et al, 2008). 73 THAlo] X
wan pose "o AL pERo 34 "o Al
AZ-CQ} TASIH(Merelo et al., 2017), of71&AH 9] 37 &
2= ARSI (Rajani and Sundaresan, 2001) ©]o] #o{sh=

A

g ofi
M1

i)
1o 1o ffo z@

Hir ok
fo rit
(U il
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L oH o
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ju)
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AR HAESA-LIKE2 (HSL2), Somatic Embryogenesis Receptor-
like KINASE! (SERKI), EVERSHED (EVR), CAST AWAY
(CST) E3H T X A {AXZE AFJH vF JAThHill et al.,
2023). P SHoA 159 EAFE Re= Y 7]
o Yu), BA% 2 wef, Fue] SA9t 4o 4THE Hol
ARk, AEAQ] F2Y AEHA BREolE Fofuldt A
o] ¥olx] ko] HiH v} ITh(Ortega et al., 2024; Hill et
al., 2023), TH3} BRI 59 FES] U QLY T8
24 AR A+ts 75| A= Eom(Han et al., 2016;
Lee et al., 2020), T}tu] TA49] ZL GMA 4ol A genome-
wide association study (GWAS), QTL E4Jo|4 H5& 733+ AHt
A& Bo] A3t Growth regulating factor1-LIKE (GRFI-LIKE)
SRAZL T3 A % BE 20| HUH ATS T A
O =& o=l tk(Lee et al., 2020).

oleE BE AT Yo wed] AEe] YIS Hol b
5 409 57 AW Fdee 4P BT olold

4 Qlth(Kang et al., 2021). E3H, 1539 2§ W 74 EA
3 Bl WA AR 7154 T EBo] 1249 b

o|g A AA FHo] FAlo| o]FolXHH, 7|4 S|
FAgE FF 54 7S 95T 5 U ﬂO]E}(Joukhadar
et al, 2018). o]Z H3f oA AFEH =¥ =4 AR (F4,
CaTCP -5) (Elitzur et al., 2009; Dong et al., 2024) 2 2+3}
7]« %47 28 SAXNCaFT-LIKE, CaFFN, SIMADS-RIN,
GRFI-LIKE 5) (Borovsky et al.,, 2020; Yuan et al., 2021;
Lee et al., 2020)°] tgt 71421 7|5 B3 EXLE 7]
£e) 2Hgo] Brxol. BAo, B5 B4 WY AW|E
9] 70t A ARe BEO A 59 B 4848
=0|&= 9 5% 92 & Zlo]tk(Funk and Walker, 2010;
Funk et al., 2011). T2t EF9] Feshd, 45 744
Bk ohe), 53 A4 9 B AETe] S

Hralo] & g5t (Lozada et al.,, 2022), °o]& B3 1L
Are] WNEY WESIoL Ay AN YA
O F 7|tjEtk(Marshall, 1997; Walker et al., 2021).
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