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Plant abscission: An age-old yet ongoing challenge in future agriculture
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Abstract Plant abscission is a natural process in which
plant organs or tissues undergo detachment, a strategy
selected by nature for the disposal of nonessential organs and
widespread dissemination of seeds and fruits. However,
from an agricultural perspective, the abscission of seeds or
fruits represents a major factor that reduces crop pro-
ductivity and product quality. Therefore, during the crop
domestication process in traditional agriculture, mutants
exhibiting suppressed abscission were selected and crossbred,
thereby enabling the production of modern crop varieties
such as rice, tomatoes, canola, and soybeans. These crops
possess a unique trait of retaining ripe fruits or seeds in
contrast to disposal via abscission. During the previous
century, research on quantitative trait loci along with genetic
and molecular biological studies on Arabidopsis thaliana
have elucidated various cell biological mechanisms, signaling
pathways, and transcription regulators involved in abscission.
Additionally, it has been revealed that various hormone
signals, which are involved in plant growth, play crucial
roles in modulating abscission activity. Researchers have
developed several chemical treatments that target these
hormones and signal transduction pathways to enhance crop
yields. This review aimed to introduce the previously identified
signal transduction pathways and pivotal regulators im-
plicated in abscission activity. Moreover, this review will
discuss the future direction of research required to investigate
crop abscission mechanisms for their potential application in
smart farming and other areas of agriculture, as well as areas
within model systems that require extensive research.
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g e (abscision)= 2] AR 71 AASHE 23S
QA Ao, e v Ul wskshs B7of thgstel
4, 9 EE G 7B A Ao AATOE A2 4
£ ugste Ay AU Zolth ol H T B B8 F
A2 AEe] BoyE WolEe el wEet AvkAal
244 A2k 7]oj5ka qlek. ol €A A8 HE B
shere] WAL QIgke] b ashA) gho, geld 4
o 223t 7ol o 49l F Shtol7| = Stk WAL
I S o] el WA 54 RFe) G olol
o 2 7120 AR 2534348 5 G2} Yof 42
o s Belvolt 4402 eEs, 1 A%
FAe] ek @A A v, W, 455 S 2L Ay

9] ZH5-50| & A ] ¢ th(Doebley et al. 2006; Li et al. 2006; Lin
etal. 2012). o] = At ZHALS] & o] F3aL Q7 Fo WY
S =N A B F T WA SR £ T Yk,
925 Alolsh 7} 5z Q17he] 12l & o] 3] A 5ol
ok AP Hejol A gel= ol sl Sask ZA7EH a9l
=, Hd 50%2] oheF EAlo] Fe & Qlaf WAsto] B
1% v} QI tHCLARKE 1981; Niruntrayakul et al. 2009; Thurber
ctal. 2013). ALT}e} 28 FHA RO A E Lk AAko] o
e 2L F0T 89 F PR, Yt S e AR A
AL2Fo] 50% 4 w7} o] 2 3t ols) A4S 7] 5t
(Raja et al. 2017). 141 2] AJ<=0] 40 ~ 50% Hhol] & 2] ¢koFL
o B ok Yk RO A= RS 2A HeA
8 o eh(Meier 1997), T AlThE 7197 915k F402] 4
o= 48k v XA Eth(Kwack et al. 2013; Snipes and
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Baskin 1994). 0] 4@l &2 A4S A s)ol= T2l E vt) 9]
3 35t oFE 5 ThoFel WY o & tejo] AE 1L 9]
A, £5) B2} A=Al ola|s Bo Fe] WAL w3}

A 0 2 Aofsh= A o] HFEA| E Q).

ohefet Rl S-S Ao = Be] 34 O Al 2 &4
S8 EA AU E| AtE o] $HaL, o] & ol gl &4
s 9141 4] 3-8 s} vhopat LS A Y L AR E A
=0 FHE ) &al =3~ 459 layer2 -4 ¥ abscission
zone (AZ)o| Al EolA o & dojifz), AZS 7|2 i =
710l 7138} 7] A Fof| AH K ¥l §/d o] Hrt. A et wfrt
wo] ge|7 DAt AZY] STt Fojoll A Alazu o &
217k dojut 7|3 A =5 "o =g A Hh(Patterson
2001). o] gk T of = o et Wf - Q] R Al T A A o]
o] & of Qli=1, of & dl(ethylene), X 22 AHjasmonic acid, JA),
&4 auin) 5 A0 A4S 2G5S ok BB RE
TR A S o) e Ao L T A0 AA
Ao, o AAHAEY (AL, AL, X F) B4
2~ (reactive oxygen species, ROS)2} -2 QA& E3F &4
Al 719 & 3F-S 1] 2 th(Jacobs 1968; Sawicki et al. 2015). o] =
A B3 3hel g2 Al o] A= pectinase @} 72 Al 22 5
aao drdo] HRlE o] AAAQ A2y F2| 2 o]o] A=
g, o] 74 - INFLORESCENCE DEFICIENT IN ABSCISSION
(IDA) #HEfo] =9} LRR =84 Thal 2 Q] HAESA (HAE) /
HAE-like 2 (HSL2)o|| &Jsf] =4 Hth= A o] off 7] 2 7]
T g2 ATLE E3) 93 A th(Aalen et al. 2013; Cho et al.

a4

2008; Patharkar and Walker 2015).

A5-31E] 583 15 9] ) B X G5 smart farm A
off SofA A 2o el 552 & thE Hehrt 2 a s
B it 2 o B oA me A Ado) A AT E AlE o
g 24 v A YFof Bt 2419 o] sfj ot A REe Al
81, o] &3k Ak o] Ach smart fam A| 2 of of 87 A
GE oo T ARIA, EZE GO & off 7] Aol BLel A] A H]) of| A
o gt A7} 3 = of of & A UA o T 7k 32 Al A
a4 g},

=E
Abscission zone (AZ)2] g4 % =X HAHLZ

P AEQl o 71T O] £ el & Ao = EAA |
AUSS 8 5H7] 913t A7 go] 430 & 31 th(Taylor and
Whitelaw 2001). o 7] &l Z£9] AZL 247 Q) M|ZZ2 07 L
J =] o 9l om 7|3 o] % 7] 3 4] El th(Patterson 2001).
of 717 ol Al AZ7} & = 2L A =] 7] 913l Al BLADE ON
PETIOLE 1/2 (BOPIZ} 2) 27} 9] G- A7} 2= Q 514 2H8-3}
= Ao 2 &3 H th(Hepworth et al. 2005; McKim et al. 2008)
(Table 1). BOP1/2+= NONEXPRESSOR OF PR GENES 1
(NPRI) 5 Aptof] &3t AR A RJIAE A, TheFet A& 9]
MPT Bt oy o wo] HEg T A WS 2 A

Table 1 Regulators involved in formation of the organ abscission zone

Gene Plant species Tissue Reference

MADS box transcription factor

SHP] Arabidopsis Seed Liljegren et al. 2000
SHP2 Arabidopsis Seed Liljegren et al. 2000
STK Arabidopsis Seed Pinyopich et al. 2003
FUL Arabidopsis Seed Gu et al. 1998

FLF Arabidopsis Flower Chen et al. 2011

J Tomato Fruit-pedicel Mao et al. 2000
MC Tomato Fruit-pedicel Nakano et al. 2012
NPR transcription factor

BOPI Arabidopsis Flower McKim et al. 2008
BOP2 Arabidopsis Flower McKim et al. 2008
bHLH transcription factor

HEC3 Arabidopsis Seed Ogawa et al. 2009
IND Arabidopsis Seed Liljegren et al. 2004
ALC Arabidopsis Seed Groszmann et al. 2011
BEL-type homeodomain transcription factor

SHS5 Rice Seed-pedicel Yoon et al. 2014
qSHI Rice Seed-pedicel Konishi et al. 2006
MYB transcription factor

SH4/SHA1 Rice Seed-pedicel Qin et al. 2010
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Ao 2 &4 A lth(Khanetal. 2014). bopl/2 0] 2
ol A5 AZo| ol A 8l fAA d7-7F YA
AE7| = ol AZY] 545 Hol= A2 Fo] AdEo] 9l
a1, 0] g 7t A E dojyR] 9k=th(Leeetal. 2018; McKim
etal. 2008). o] 2] 3t 2T BOP127}F AZ2] F 43} 97 o]
R AP S

Aol A= T 9 F A0 Al Lof L Selof Ttk 1
7F R E o). T4] A9 2 ABe) BT BE A
9] pedicel]| AZo] &A= th(Dong and Wang 2015; Bleecker
and Patterson 1997; Tabuchi 1999). jointless E U} E = pedicel
o] AZ 5 40] flo1 4 EAol A, EohE 7HE A& 3]
o Qe mobe E3e shiz de 8w gt
(Butler 1936; Rick 1967). JOINTLESS= MADS box AAFZ=4
AR e mgehi, An 59 e FolA o
MADS box HAFEHQIAFO] gto] HEEO] §l= A o=
R 315 t}(Ito and Nakano 2015; Mao et al. 2000). MADS box -
AR} 9] ok AL A /A MACROCALYX (MC) = ©f
7)) 22 AZ B4 9] 28 9129l FRUITFULL (FUL)9)
A=A G HAE(Gu et al. 1998), JOINTLESS 942 A} & 2H4-
& B9 EubE walo) gel S Ak A0R oA
(Nakano et al. 2012). 9t o}y g}, AGAMOUS (AG) 15
MADS box A A} 24 R}l SEEDSTICK (STK) E3t of) 7] %
o) Zx1e] AZ Ao Holstr ¢)th(Nakano et al. 2012;
Pinyopich et al. 2003). ©] 4] & NPR -3-Z &} 9t of] 2} 2}
EolAl HEEH MADS box HAFEH AL A off 714t €]
CheFet 7] 2 o] AZ /g of) ol A o = of A A w(Table 1),
o)eldt 8 §AHAGo] mAA A4 FelE 2ok
WA Y50} A7} chib e o2 o] Rol Aok 3 Ba g e A
Apghe}.

52 2204 79 shateringe] 1} 3441 9] & 52 9
A} Z£7] Alo]of| 24 5}= AZQ] lemma-pedicel 2] joint H-E-
o A o o} tth(Dong and Wang 2015). ¥ (Oryza sativa) G
A o] A 218§ = quantitative trait loci (QTLs) A& Z3f| £}
o) gelE 2dshs ot AALR A A} AR A
Sl tt. Shattering4 (Sh4) F-ARF= off 714t MYB3 AALZA
AR} S A E 2 FHAARA, pedicel F-9]0 B ]S
FAstet $8% 75 B30t A= S Hrh(Liet
al. 2006; Qin et al. 2010). *E3}, Arabidopsis 2] BEL-type homeobox
8- REPLUMLESS (RPL)%] ortholog®l ¢SHI%] single
nucleotide polymorphism (SNP) &1 o]= AZ7} YE & %]
= japonica #5282 A ad R Yo, 4
120 g B o g7t gle A F 2 o] & o] WSt (Konishi
et al. 2006). gSHI T} =0 AFEA S 1ol SH50] Eulo]
A AZ7} QlaL FA e "ol gle R P& Holw, SHS
O I Frket ey @A o7 st B W& FA E
2ho] UEldth(Yoon et al. 2014; Yoon et al. 2017). o] 3 A+
A5 FARRE o] 5 ALY SNP7L Q17 7} o] &3l 2

2319 1914 AlE Yo Aol fAR FARA T2
WA AU ZO 2 £ 5 o] $2-2 vl drHAmaud et
al. 2011; Li et al. 2020).

gl 2dslel defg MAHUS

g2 Aol FE3= TEE A3HEY 9
gl B 2 A7 242 A dE YR AedY
oot o ety Weks I 2 2R 4
=2 AT, et A Ee Tl ol E 2
o] Az HEs 2dste 22 Ye e, 2 a4
oot AE s aE A dE g of o 2ol +f

WA TtHKim et al. 2013; Meir et al. 2019; Patterson and
Bleecker 2004). of & @, ABA (abscisic acid), JA, &-& E% 3ot
&goll A Aol E7Lo]d (cytokinin, CK) 2|5 /A
7)=Hh, 2Al x|, B 2}A] e A H| 2 0] =(Brassinosteroid,
BR) = 2| & Y A|ol= A & & & H th(Cracker and Abeles
1969; Jacobs 1968; La Rue 1936; Roberts et al. 2002)(Fig. 1). &
2lo] B4l5} A7) olelet B2 RS aka AT
Fol st 248wt
SRR EMBEEPESEE FENESE R EL
9J3t 3 2 X o] th(Hong et al. 2000; Riov and Goren 1979). ©f
A of 7)o o) £ 7| B e E ek thEA 2
2ol 70| o FHA & = =35k o1k ek
g7 82 o gl S A sto] AZ Ao WE5HA
s FAH g Al 2] B} A EA=EE Y 7
E Y& &Z3cH(Hong et al. 2000). of €&l 4=~8-A] ETR1
IN2= o ddl AT - o] A A Qa2 A o=l
sto] gelE 245t dlo] 83 A gt 1
U etrl-1 3} ein2-1 of 7174 Ed ol = 27t wol XA
8 AZ7 YA S Eel7F Ao drh(Alonso et al.
1999; Patterson and Bleecker 2004). ©] 2|3t AFAl-S o €l gl o]
ool 271 4Q) Q10| Tl B4 AT oo A8
2 4S5 A AR Botton et al. 2011).

ohFe A= F o Aol A SAIS el o A A = A o
ArE] o] 9F 0 w(Estornell et al. 2013; La Rue 1936; Taylor and
Whitelaw 2001), 'FolQl= 7|38 tiv] ol & 7| #o] =2 &
Al FEFElE AZS B g A4S AAsk= Aow
2 th(Addicott et al. 1955; Louie Jr and Addicott 1970). &
EUE 34 O AZo| A g2 A]7]of w2 DR5:GUS S| T &
o] pedicel AZE FH 2= S35 e Hol=dl, ol=AZ
£ SHORE 3 A9 el 9S4l SA45E0] 71
g of mj - = Q $H-2 AJAFSFTH(Dong et al. 2021). ERLE 22
o SA YK 22 AA ] S A FES WY 2o &
27 freE o, ojdf o dil & AslistA =W o]
8 9= Abe}A oh(Bar-Dror et al. 2011; Meir et al. 2010). A 3
o]0l 23k pectinase 5 9] A WE -2 o &l ol

es]

rE e i Rl orlo for u® ale

olo
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Fig 1 A schematic model showing the involved regulatory factors of organ abscission activation. Arrows and blunt lines indicate

positive and negative regulation, respectively

Z 7] &|+=1| (Hong et al. 2000; Jiang et al. 2008), = Al %] 2] = o]
pectinase -2 2} 2] W& -2 ¢ A 5} 4 th(Hong et al. 2000). ©]
Bt AL S A0 SR oA A5 A g S
29 Fele 2T AL AAI5HL 9lchBlanusa et al,
2005; Hagemann et al. 2015). 3HH, 2] A] 7] of u}2 of &l 9]
g0l o] 2 g4l B E Tl of Y& ETh Ao| i
Sl =d|(Kucko et al. 2019), o] = T 25 AFG 22 0] Q2 9]
feedback loop= A] & £ AT 7hsAJof] thsf RE=A] -
Eojop g P oS HolEth

ABAE F 20 o B3 Gossypium hirsutum) o A B2
£ §Esl-ABEaRoR WAL WA 1 o|Eo| ol
¢l th(Addicott and Lyon 1969; Ohkuma et al. 1963). S}Z| gk,
ABA°| o3t 2] fee= ogdl oY FUHE T3 1A A
8 1}¢] o] A| Al & ¢ 22 (Cracker and Abeles 1969), 0] 3 &2] 9]
QAeH4ol Tt ABAY) 7] AT 2 TS WA 349
o 2|29 of g At 7| oll A ABAZF tHE T2
Thol 45482 F ol 27100 e S 2R AL AN

ALtk ABA 29 Fdw o] of 7|4 o aba2-2= % E Y
2@ o] WEE T, ein2-1 39| o]F FAWHO] JA| ein2-1

= FHYL v} 7 202 Lhehieh. sHR T ein2-1,
aba2 X aos (ALLENE OXIDE SYNTHASE (40S)) A& =9
ol JA /g oll e Eofqlth) o 4hF &M ol= oF
B o717t Bl s o ob A ztek e A A
B th(Ogawa et al. 2009). o] 23t A 1}=2 ABAQ)
e 3 22110 Ao Ao WA BA 7 US55 AlAF
ok 252 o 7|20 2 7)) 2 g of w2 AR s
A} o714 Z =7 dold o, ABASF o H il A

oot o

2l

O‘?O o
2 rlo o ox

Ll
2
2)

4

il

L

o

U A HY P SAR] FAL S5 0], JASH &
A A B $AAE gasks 4TS w0l A
Y ABAL o 9, $,4,JA 5 THE B2 B0 4582
£ W) BA ol AR o] 9 Ao ojA A,

TEzof ot g 2L th Aol A e 11 o]
HEE O] Qlth Al E| 20f Aol o il g A f A
3} Sale] A2 27 YIS WSt 577} 9o
(Anthony and Coggins Jr 1999; Yuan and Carbaugh 2007), GA 9]
A2 A A2 giE Eole d¥ge st s uET =
2RO A7 auprt AHEo| A E x| a1 Q) th(Webster et al.
2006). S}A|9F &2 Zo] v | = thef gt A vt vjs) g
H EZ2E AR 7e A/ ofdll= Aol A S
Aot 322 AedY 2259 FAR Eo A9
2Ho| | B A7 EFE 2H5t= AR HojA|=
RHE, 2] =g A7) AR L oll/ehel Ak o A
3 T AAE AREY FA4 7 A7 H % 2

e

IDA-HAESA A3 7499 g8 =24 YAYF

gl o] &3k felA e T2 Aedgitnt ofy gt
AZ N EE B A7 AT dgo] JA FastA 283l
7R ol A o A& S8l Bra Aok gel 7t &g H o] &
Az 23 & 58t A2 27} o] Fol A =], HEfo| =
2IZFE DA%} 7|54 545 7H TS LRR =84
1 2 o] HAESA (HAE) / HAE-like 2 (HSL2)2] 23} 0 2 Zu}
= Aol o] £ i 5 85Fth(Cho et al. 2008;
Jinn et al. 2000; Santiago et al. 2016). 2]7t=9] A3} o]
IDA-HAE A3 A g2 MKK4/5, MPK3/62} 722 mitogen-
activated protein kinase (MAPK)E &3] 7] 12, EA 3%
MAPK-= BREVIPEDICELLUS (BP, KNAT1), KNAT 2/62} 2+
S AR AR EA S A st HEo Fatt Al Y
B 2 HEY 540 We] =71E o] o} X th(Butenko et al.
2012; Cho et al. 2008; Patharkar and Walker 2015)(Fig. 1).

IDA-HAE 2}-§-0] T4 v AU S T2 of 7]t ol A +F
FE Ao, F T AR A = fAFSHA A8 A o= A ¢t



146

J Plant Biotechnol (2023) 50:142-154

1 itk EutE AT &) £x19] 2|7} 245t o)
IDA-HAE A5 -9 HE9 F42 o] F7hstalon
(Geng et al. 2022; Lu et al. 2023), T3t 2] x| T}A o] A <of u}
g} IDL 422 @3 o] 27135 2 S th(Ying et al. 2016)
(Table 2). ¥ut of e} guje} &2 Le AEFolAe
IDAS} IDL A 2}9] dF& o] Z7}8l= S(Sto et al. 2015;
Ventimilla et al. 2020), ©] 2|3t A1}52 H7] XPI‘HQ} 25 0]
AZO) A BAL ThE 5 A

H*ﬂﬂmkmmiﬁ%iéﬂ%%%@ﬂwﬂ

A A

rEl
Jo
Pad
el
=
5:

’E_IZZJ = 5%@ 7Hs/d ol AA = AL ek
(Cho et al. 2008; Goren 2008). -2 52 o d &l T 242 0]
o] 5ol 59l DAY $4 S 2 AW AOR Rusti s
o, o} 7| A eh ol Al IDAS} IDA-LIKE (IDL) - A2 Hha &
ogd Al § A o] et 24 & ¢ © ™ (Patterson and Bleecker
2004), thokst Al EF ol A 9] ol gl A el o) A AZ A &

=2 21} Q1 IDA-HAE 8- A A}9]
.2022), o] = o AL v &3
Ez]-_Q. ° =3 28 07 oA
24 S 2 X 3 [DA-HAE R E9 93 £ 707

for Lo
e oL
e

2 Lo B
DR i o I T

=Eslth 2T SA19] A= AlE 2 A B E
X817 T CitlDA §- A7) W2 o Algho] ¥ | ek
(Mesejo et al. 2021). B, A® 2] L] 7] o] ditho] T Q31 A &
o] 3]0 % IDA-HAE 25 0] % 2514 28 =] (Kumpf
et al. 2013), O] Oq:rLoﬂ A 238 Al Az gol] IDAS}

(

O|HRNIDA AR o] ZUIH Ao AZ HuEa gl @R KEH A7 gE vA= 9F
Ch(Patharkar and Walker 2018; St et al. 2015; Wilmowicz et al. o /ﬂ,% ZE50| A AEY Ao w2E A Zo|L 1Y
2016; Ying et al. 2016). T3, off 7] Hff oA ABAY AZ =7 o whE 2|7} e Eh 72 Ael 2T EE 0
Table 2 Regulators involved in the activation of organ abscission
Gene Plant species Tissue Reference
Peptides
DA Arabidopsis Flower Cho et al. 2008
IDA-LIKEs Populus Leaf Ste et al. 2015

Citrus Fruit-pedicel Mesejo et al. 2021

Litchi Fruit-pedicel Ying et al. 2016
PSK Tomato Fruit-pedicel Reichardt et al. 2020
Receptor-like kinase
HAE/HSL?2 Arabidopsis Flower Cho et al. 2008
EVERSHED/SOBIR] Arabidopsis Flower Leslie et al. 2010

Taylor et al. 2019
SERK1/2/3/4 Arabidopsis Flower Lewis et al. 2010
Meng et al. 2016

CST Arabidopsis Flower Burr et al. 2011
KNAT-transcription factors
KNAT1/BP Arabidopsis Flower Butenko et al. 2012
KNAT2/6 Arabidopsis Flower Butenko et al. 2012
LcKNATI Litchi Fruit-pedicel Zhao et al. 2020
Hormone-related factors
ETRI Arabidopsis Flower Patterson and Bleecker 2004
RhERF1 Rose Flower Gao et al. 2019
RhERF4 Rose Flower Gao et al. 2019
SIERFS Tomato Flower Nakano et al. 2014
ARF1/2 Arabidopsis Flower Ellis et al. 2005
SIREV Tomato Flower Hu et al. 2014
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AL 23 o] 7)o oA A WtEE 200w, ML E
UPEO| A 7kl SRt pedicel ©E]7F FERO|E T 224
phytosulfokine (PSK)of| 9]} =4 g o] X 11 & ¢l th(Reichardt
et al. 2020)(Table 3). 7}=Z A o) A] pedicelof| o] A AJ o] =21
¥ PSKi= A LW 7} Ba) f 4 0] TAPGY S AR}o] w2
S7H0A gel B § sk, o) o gal, S 4 T2 B
=20l 24 vFAlo| A gt o} & PSK7} o] &3} o] 1 3 A
289 fi:.} AR A= 8H A] A OJ'O]'Q'(RCIChaI‘dt et al. 2020).
Ed& HA] Eﬁ} , 1%, olETbE, o
Z] o 731 2L Zof| A o] & = vE?ﬂ'E}(Greer and Weston
2010; Huberman et al. 1997, Konsens et al. 1991; Monterroso and
Wien 1990; Reddy et al. 1992; Sedgley and Annells 1981; Yuan
and Burns 2004)(Table 3). 1 & AE G Ao &% 113= o
gl e QYA Tt 2 A 2ol W BF7F A A T4 0] o] 2 et 7}
FEE e, ol L2 AEY Ao O HrEE=TER
/\]ﬁxiﬂ-_,] W 317) 7| o) ghe] A 3} I A 3t BA 7} 9l
< 9 u|gtcH(Huberman et al. 1997). & AEH A o A] &g
of &= vtk 7H A o7, 7|0 W7k 7k
o PEIE YL BN\ Y Fol Ao
2 2-§5ho] WA EITHAdicot 1982). VI, 31 29| &
SHA A& Bpe 92 B oA sk 7 ErbA Rl W] 7]
L stk o= &k Wa7E gl o njAs GFE A6t
ay o} Ao 1

l-ﬂﬂll

7| e dlfof shth= 34\% =3t E}(Sawmkl et al 2015)
P vEZEo] 35S

fo
2
>~
[
%
g
AZ)
rlo
ofd

2]

il
o
(0]
aanl
o
>

il

o

=)
2 S

|m o

£

b

=

fo

T
i
mlm il
Z
N
lo

=

T o oxt
@)
w2
tu oo = it

o\
o

W B3} Az g

D}(Waszczak et al. 2018). off 7] &l
4 AL ROS} 32 g0l 2252
= 2 A JFE Fe Aor YA
(Lee etal. 2022; Liao et al. 2016, Sakamoto et al. 2008; Yang et al.
2015). L off 7| At o] A] ROS2] A A 1} Hafjof Tho]st=
Manganese superoxide dismutase 2 (MSD2)+ ©&] & & 2] At
5} 2] 2~ (nitric oxide) S =9} ABA Al 3 AT 7 2 2 34314
7111, o] 2 E3] IDA-HAE A1 & A eho] SHA] sl = o 2 5 Lol
o] Hoj x| = glo| B S A Gho] H 11 %] 9 Th(Lee et al. 2022).
o} o] e} thabet A o] 4 = A= 2o] 983 ROS
S}IDA-HAE 4l 5 7 o] 22| of A| a2 2 2] 280 1 Q&
202 B %30 ¢)tH(Tucker and Yang 2012; Ventimilla et al.
2020; Ventimilla et al. 2021). o] = o 7| T | A FH Z ~E
H A0t ea] Al Ao] AFS 2HE ] AL Zo] thoksl &
oA HZEE o] 9L o] o, wEA W A5 2

o = 1o ¥ ox &
o oy
fr 2 K

O M 1

%

EEEEE BELS ERESEEESREL B T
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22| SN0 Stigle MOl Wl

Table 3 Effect of chemicals / stress on organ abscission in crops

Plant species Treatment Tissue Reference

Chemical treatment

Rapeseed Sealicit Seed Langowski et al. 2019
Birdsfoot trefoil DNBP, PCP, Endothal Seed Wiggans et al. 1956

Corn Sugar Fruit-pedicel LeClere et al. 2010
Apple Benzyladenine Fruit-pedicel Botton et al. 2011

Apple Hexanal Fruit-pedicel Sriskantharajah et al. 2021
Soybean Gibberellin Seed Gulluoglu et al. 2006
Sesame Paclobutrazol Seed Mehmood et al. 2021
Environmental stress

Tomato Drought Fruit-pedicel Reichardt et al. 2020
Cotton Leaf Jordan et al. 1972

Cotton Heat Fruit-peidcel Reddy et al. 1992
Soybean Seed Konsens et al. 1991
Grapevine Flower Greer and Weston 2010
Pepper Flower Huberman et al. 1997
Citrus Waterlogging Fruit-pedicel Goémez-Cadenas et al. 1996
Cotton Leaf Najeeb et al. 2015

Pepper Leaf Goto et al. 2022

DNBP, di-n-butyl phthalate; PCP, pentachlorophenol.
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Stz AZ W O] A 22} 2 2] Zhof| £ 8= Al 32 matrix ©]
24 otk A 25 A 2 ddst= e HatA
middle lamella:= 52 pectin® & o] 2 0] 4] th(Carpita and
Gibeaut 1993). middle lamella®] 51| &= t}-9F3} pectinaseo]] 2] 3
& 6 L}=1], pectin methylesterases (PMEs), polygalacturonases
(PGs) 18] AL pectate lyases (PLs)2} 22 Z50] =2 pectin
polymers 9] cross-linking2 A A3}l t}E Bajaar| A|E
WS B33k 4> 91 A 3| %= tH(Greenberg et al. 1975; Huberman
and Goren 1979; Riov 1974). Middle lamella®] &3] 2} 5 A] o],
A ZE SYAIL Sl 12F A A A] 1/ & of Thetgt A
ZH F25 ASAA A|27h BAFsHA H thBleecker and
Patterson 1997; Roberts et al. 2002).

Ge7 Qo 248 vh 22 AEE EH B
P S B LEP P ENERERTS
L m250] 28597 Ul Ro|u, A EH 9 lignino] o] 2]
B4 448 2ASHE TS s Ao AT
(Leeetal. 2018). o] x| = 2 ] o] 3 /A & lignin A| 3282 2t
B A7 A2 B g art SHE A2 Al 2 & A
e = A Bk 7ho] =9 82 gt} o] 22 lignification
O] HE ZF O R A Folgles 245 Hogith=7|&9 d&
T3 += 7 © 2 (Biggs and Northover 1985; Hepworth and Pautot
2015; Moline and Bostrack 1972; Roberts et al. 2000), '8 ¢] X| =
2 W 9] petiole, Tz TFE 9] Te] ZHof 4] 4] F
S A Bl A0 wot chabg 24 o] 2] ek op 2}
Z1E a0 A gl 7t dofd wfof = lignificationo] 5 8.3 A
O 2 oA X1t} Lignin®] A4} 57 Whg-ofl = ROS & A4
1 2ol 5 245 of g Akskehe & 4of 2] % monolignol
O] 4+a} Hh-g-o] Wi F 2 5}A A& FHrk(Barros et al. 2015).
AZO M & WL 50| & RbohDS} RbohF= 51 & A d]o]
Z(peroxidase) &] & 2] lignin & /J of] B 2 3+ ROSE A| 55}
70 2 uFa] 7.0 1 (Lee et al. 2018), 0] = ROS7} ] EhAJ
g obUj o} AZ) Mz H o] 2ol E AApkE|o] YTk 2
EH FEROSAITHG O] N ZpFo A el 5 248H=
HAYZo] et ApARE A A7 B e AlARRH
(Fig. 1).

A wHNA = oS eetEd W o 22 qAd Bl
o] gejut FA1Y] shattering2 £017] 918 ARE-E L Gl
(Table 3). 9| & 59, Ascophyllum nodosum 718¥Fe] A A=
(Sealicit)= 52| ol A &] ZA} shatteringT} 48 £A1-S 7+4
A7)+ AL 2 B35S w(Langowski et al. 2019), Birdsfoot
trefoil (Lotus corniculatus)o| A= A ZA] 9] U3 (di-n-butyl-
phthalate (DNBP), pentachlorophenol (PCP), and endothal)2 A
Zeo] A Al Dy o] A 245} th(Wiggans etal. 1956).
uhel 91914 ol s}akebE A 27} obl AE o] wrekahg S of

~

(Alferez et al. 2007).

E2E ATAE A2 Aesr AR S 2ot
Yotz A7 o B e & 24817 = ghrk(Table 3). Abh= 2
o) 7] WA 7] AAT RS $A157] 99 A9
o2 g8 & Frgfof gt} o] Al7] 34 ¢f benzyladenine
BA, AolE7bol e Heleto] GelE fET 4 ot
(Botton etal. 2011), AL3fo] BAZ 2] 5 oF 221 5] of el g4
o] F7st7] AlAsow, 6dvtol= FA Tl LS Y
E}] ¢l th(Botton et al. 2011; Dal Cin et al. 2005; Eccher et al.
2015). T3t 2| At} A o) FEfE 9] 98 A g sk
hexanal & o 21l 7} ABA 4314 0 2he] el & E3h o
2 9ol ge) S48 R AR TS ohe Ao U
% Th(Sriskantharajah et al. 2021). E3F 3} 4] o] ] A2
213k oo B3k4) o] )= T o] Wo] Y7t %7} shattering
S 7+ A7) = 217} 9l ch(Gulluoglu et al. 2006). L2 L, 74
oA A T 220 Hod AsAI¢ GErRESE
(paclobutrazol, PBZ) 9] #| 2] = 9 3] & £ A} shattering2- 74
A A FEeFe S7HA 71 =8 G5 E&o] Fth(Mehmood et
al. 2021). o] A 7} Z-Zof] ATl T2 9 An|Zho]
B 0 FRE Aolstul, B&H A8 43k 2
2 915 o] 5ol ZH-g-ah= 14 o A Ui o] A3 o Aok
o Aol ek E3F, A A 2o A Y 2 E A E '
2R A 9] o] &2 5 A O] EF L HE oF7| T koY
2, o whef St ARt Hel e HolA HEE AY
7RG op et A A BEX A A 2] Al ] thgFet 4]
4 428 Fo 01 59] A4 Hehe 2 of Ttk (Bottonet
al. 2011; Botton and Ruperti 2019; Warrington 2018).

I —-O

o714 mAN 2o ) G BABETA ATE
2 48| chopat /1B L A ol okt RS 77
T4 Ao, ole] AEL o wEYolE BEY
SELDERES ERELENEREEEh LY
Hg =] AROIA R85 olg5lo] gkt Left 12
3] glol el o] F Aol BTstn g Aadel i
AR BT ATk ol B BT A HE-L oby B

=9 A7 a st

o714t AZ P& 24317 $J3) 41+ BOP1/BOP2 A
AFZ AR Fa3to] & LA QA WHHepworth et al.
2005; McKim et al. 2008), o] 2]l AZ F/Jo] o]® Al 5 of 9
3l U E]=%], T BOPI/BOP2 M AR A Q1A 7} 2 A 8l=
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4] Sl A AL 348 4 LA 5 R
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