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Abstract. This study aimed to evaluate the effect of height suppression of cucumber and tomato plug seedlings as
affected by mechanical stimulus using brushing as environment-friendly method. Cucumber (Cucumis sativus L.
‘Joeunbaekdadagi’) and tomato (Solanum lycopersicum L. ‘Mini Chal’) seeds were sown in 40-cell plug trays
(54 x 27.5 x 5 cm) filled with growing medium on Oct. 9, 2017. The cultivation environment in a venlo-type glass-
house was maintained as cultivation temperature range of 15 - 25°C and the relative humidity of 50 + 10%. Non-
treatment and diniconazole (7.5 mg-L") application at 15 days after sowing were used as the control. In addition,
brushing treatments in cucumber and tomato were applied interval of 2, 4 or 6 hrs for 15 and 20 days, respectively.
Plant height, hypocotyl length, and internode length were inhibited for cucumber and tomato in the diniconazole
treatment than in the control. The leaf size was reduced, both cucumber and tomato, while the SPAD increased under
the diniconazole treatment. However, stem diameter of cucumber was the thickest in the 2 hrs brushing interval treat-
ment. Fresh weights of shoot and root were the significantly lowest in the diniconazole treatment. Application of
brushing improved seedlings quality by promoting dry weights of shoot and root, and compactness of tomato seed-
lings. The chlorophyll fluorescence of tomato seedlings drastically decreased with 2 hrs treatment, indicating that
mechanical stress by brushing treatment. The relative growth rate of tomato seedlings was significantly lower in the
diniconazole treatment, but cucumber seedlings were not significantly different in all treatments. As a results, height
suppression of cucumber and tomato seedlings was best achievement in the diniconazole treatment by the chemical
as growth regulator. In an environment-friendly point of view, however, it is considered that 2 hrs brushing interval
treatment can be the applicability for replacing the chemical methods in plug seedling growth of cucumber and
tomato.
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ek AHRFEES] QI2o] Eopdlel wmal Ui F7tex=
A Y] AR-S AL s FAlolH
AFZAA 0] o]go] AIE wet HAAF e S5
Al F8EA =2 JAVee] d9vt EeEM, 1 F
AR A=l ofghk AEe] A wkgl HEFHIA
(thigmomorphogenesisy?} THAE A7} st AAelct
(Jaffe, 1973). 2EAo] o ZFFo] HPESHH ~EyX
7F 7IAR AFdl £ 4 09H brushing(&7]),
rubbing(&27]), touching(dZ5), wind¥F), impedence(%t

3 ol Aelell whE e 29, #e A4, Wue P
% Wl T 2E Hkgo] TEE o %l’ﬂ-(BadenJ/]-
Latimer, 1992; Samimy, 1993; Morel &, 2012;

Hernandez, 2016; Graham¥} Wheeler, 2017). =juollA]
= T2 B A GAIE A 71AIH A= A
2 A7 X]EEQMX] , HF S5 A FHS5EAY

=3 HAR LS ﬂﬂ brushing 2|9 A4 A=,
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1. MExE ¥ xHufEd

2 A3 prushing Ao W& IFAF S22 B9
Sgolol] PR e olns] Sdal T AR
oA Aakels =2 FANFTA L0 (Cucumis sativus L.
‘Joeunbaekdadagi’ )y} EVLE(Solanum  Ilycopersicum L.
‘Mini Chal’)E o] g3l ATy REFH HEd &
g2l A FaETh 20173 108 oYl AU &
AEHE E3PdE(Tosilee, Shinan Grow Co. Ltd.,

Jinju, Koreay’} FXE 40 E1  EF/]
(54x27.5x5empll 178 19 9F SiTh A7z
o W2y fElede 2ne 15-25°C, AUk

50£10%2 -t 95 § 2o 237 HAE
S o, 20173 10€ 24UH¥EH S5 FE7FA] brushing
A& 2Pt ErfES} Qo] &e1 B i
#el= EvEE Somneveld A8 HH|(EC 1.5dS'm™, pH
6.5} 2°] PTG Z& HH|(EC 1.5dS'm’, pH 6.5)%
ZAIsl 2 13] AHTASG 3 TH(Sonneveld9} Straver,
1994).

2. 2211 29| brushing X2|

209} BErle Z8171 X9 brushing AEZ 98] #}
Elo|HE o] 83 o]%7X](240x120x80cm)S A|&k3}
of W=l AASIAAL, B brusheke] HEAF 9
FolE o A F A SitkFig. 1). B F

ofr

3 = HEFFoll= A=ol=E (FLOT31A, Crenjoy Co.
Ltd., Seoul, KoreayS ¢ brushing *2]5 3l A&

Fig. 1. Schematic diagram (A) and the surfacing feed installed (B) for testing the effect of the brushing intervals of mechanical stimulus.
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Fig. 2. Scheme of brushing intervals treatment of cucumber and tomato plug seedlings.

o, £ 02me] &E2 2447F A A2k
Brushing #1215 S}A] @2 FA{2]ot stebs] Azl of
o] HluE 93} 3g20L(FFEARE 71 7.5mgL)e] Wivt
2](diniconazole 5%, Dongbangagro Co. Ltd., Seoul,
Korea) #|2](Kim &, 20162 ZTE 3ot &3
Qoleo} ErlE HO| brushing *1Z]l= 00:00A1FE] 24:00
AI7FA] 3FF  12cycle brushing(2 hrs), 3FF 6cycle
brushing(4 hrs), 3+ 4cycle brushing(6 hrs)o.2 Z}z}
1599 2097 2289l lcycle B AE 25mmxZ0]
1,200mm =719] vkbar)ell 7F= 1,100mmxA= 750mm
A Adolads AEWEReR el F
1,200mmxZ°] 2,400mmx3z°] 800mme] H=olx 5
2 FESIATHFig. 2).
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Zo1 B A4S A 98 ol 3 $ 30¢
A, EvlEs 355 § 3594 Edlo] © 4548F 12
Fre FARE Addste] AT S8 B 24,
shls, A3, 9, 9Fs AR 13 BY A
748 wWyole]¥~(CD-20CPX, Mitutoyo Co. Ltd.,
Kawasaki, Japan)S ©]&3to] AAR AT IemZ,
SPAD 72 54 =%7](SPAD-502, Konica Minolta
Inc., Tokyo, Japan)E ©]-83to] ks ANE IS,
WHzle Wz =47)(LI1-3000, LI-COR Inc., Lincoln,
NE, USA)E ol&ste] SAsIqlth. =Pde] Al
AEFLS AAA(EW220-3NM, Kern&Sohn GmbH.,
Balingen, Germany)S ©|-83}] 43193, HESS A
85 70°C L 71ZE7](Venticell-222, MMM Medcenter
Einrichtungen GmbH., Planegg, Germany)ollX] 72A|%F
1% % =430, Brushing 2ol WE Ho| XEd|
2 G5 GRIsp] 918l A7 ofAlE TR A
wate] 307 S 454 FEEA71(PAM-2100,
Heinz Walz GmbH Co. Ltd., Effeltrich, Germany)S ©]
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83l AEALFF FEVFm)S G HA: FF
ZHFoye  0.6kHz9)
0.lpmolm™s' XU} e FPAFEFIIEEE
(PPFD, photosynthetic photon flux density)= 22}
LED#-S o83l ZARslal Zg3ixion, Ao 33
ZE(Fm)2 20kHzZ 7,000pmolm?s'e] ¥3} 323 0.8%
Bt 2ALsle] 248900 Fv/FmgtkS Fv/Fm=(Fm-Fo)/
Fm 3202 AZHATHGenty 5, 1989). T/RES A
L] AEF A EFS W] Akt
B FAEE 45| S8l AR el 24
0] compactnessS AlLFFI o, dlskE-(dwarf rate),
45 (CGR, crop growth rate), AHAIZE(RGR,
relative growth rate), AHZE(LAR, leaf area rate)y>
FTENEH FHWIE ATERAL BAVIERDA,
2012)& 71%2 3le] ofefe] Akl of3) 2=kt

HS}&(dwarf rate, %) = (@NZ=T 232+ Agle] 24

MAAZT 23 x 100

AAEE(CGR, g'm™d)=(w-w1)(t-t)
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A8t AdAae] SARAS SAS ZZIIH(SAS
9.4, SAS Institute Inc., Cary, NC, USAYS ©]&3}of &
AHEA(ANOVAYS AAsklaL, et 1 Blaks E7)9)
5717 (Tukey’s multiple range testye ©]-83F 5%
frelasela 24 ARt frolds Assinh. 1elze
SigmaPlot X213 (Sigma Plot 12.0, Systat Software
Inc., San Jose, Ca, USA)S o]-&3}d e}

nE

2 g

B 3 3088 Q0] Z#a B 35¢Ae] ErteE
Z% 71 B9 brushing Aol W A5 54 Table 1
% 2, Fig. 3% 4o YR} 20]¢t ErfE Fe1
Be| 24, shis, A, o, 9%, g9ude BT
brushing *2] 7HFo] #old4E 7Asiia, P24
A =2]Q] diniconazoledl Al ASo] 7FF A==
2 H9$}. Diniconazoled E|o}EAo] &3 okAQl
pyrimidine F=AZA AEA U AwAHY] S
AAst] MEREE TEHS Aot LGS A
ZItH(Wample®} Culver, 1983; Eum 5, 2011). ¥ <+
o] ¥2]¢} brushing *12] ¥l diniconazole #|2]ol|A]
Ago] dAE Ade AEA U AuEde] AFHIo]
&3] o]FolXA] k7] WEoZ FTEM, Qo]9}
EnlE2] diniconazole FA} XAl o3t A7ka1A+

=210

A A}l fAkE RS EAtkSun F, 2010).
Diniconazole *]2]¢} B3} brushing *2]ollA= 24]
A Aol Aol 7P JAEE s BIoH,
brushing *|2] 7F4o] AoASFE AEAA] G247} vlr]
iRt olyst A= 2EAol 7|AIF A= st
= brushing A7} EvfE, 7H4], Q0] Bg=d] 59
Z7] dolE FAaAle 7|1 d7AYe} X5k AP
S HAKBadend}t Latimer, 1992). 2.0]9} ErlE =g
I He| 773€ diniconazole *2]olA FroFHo =z gke
Azs Yepdal, Q0o brushing *2]91 2417z
A A2} XA 2ol A diniconazole A2 tiH]
54.8%, 48.4% 737°] FANARG. BAel FANA=
A= 2% rubbing A2E B3l 3 WA rlt)e] &
71 7ol FAYAE &4 (Graham¥  Wheeler,
2017), 3E12E<1 Au]olA brushing A2 S 3 27
o] FAYA= AHe}t FARIATHMorel &, 2012).
Porter 52009y I}ulo} FHA] rubbing *2lE T3l
=7 oyl shlse] A7ES 36% /MR BAl
ZAE 46%, HES 42% AT Baseltt. o]
gt Z7IAIA A=l gt AEA|] WHelEe HETHE
A Hkg-o] B39l A3} = 3t whSolglal By
3 AtHGoodman?} Ennos, 2001). 2o]9} ErlEe] ¢

E4 55 UEE SPAD @M= brushing ZH2]
W PEAE gider FAEet Mg A B

Table 1. Growth characteristics of cucumber plug seedlings as affected by brushing intervals for 30 days after sowing.

Plant Hypocotyl Internode

Stem

Treatment height length length Lea(fc ﬁl’)lgth Lea}inv;/;dth diameter SPAD zgnazg alarrelg
(cm) (cm) (cm) (mm) P
Non-treatment 36.2 a* 126 a 9.0a 112 a 13.6a 42b 33.0c 2253 a
Diniconazole 20.2d 5.8d 13¢ 85¢ 103 ¢ 3.1c¢ 477 a 1182 ¢
2 hrs 279 ¢ 9.1c 62b 9.8b 12.1b 48a 354 be 178.6 b
Brushing 1 o 297 ¢ 10.0 be 64b 10.1b 120b 46a 36.8b 17741
intervals
6 hrs 32.6 b 11.2 ab 83a 102 b 119b 4.4 ab 34.6 bc 190.5b
“Mean separation within columns by Tukey’s multiple range test at p < 0.05.
Table 2. Growth characteristics of tomato plug seedlings as affected by brushing intervals for 35 days after sowing.
Plant Hypocotyl Internode . Stem
Treatment height length length Lea(fCLelr)lgth Lez?;x;dth diameter SPAD zgnazg alarrelg
(cm) (cm) (cm) (mm) P
Non-treatment 49.7 a* 6.0a 123 a 6.8 a 4.6a 45a 32.7d 167.4 a
Diniconazole 31.6d 4.6¢ 6.1c¢ 54c¢ 3.6¢ 41b 412a 106.2 ¢
2 hrs 33.44d 5.4 ab 7.1c¢c 6.5 ab 42b 4.6a 37.7b 139.6 b
Brushing 1 o 36.6¢ 53b 7.8 be 63b 4.1b 46a 352¢ 1436 b
intervals
6 hrs 40.2 b 6.0a 92b 6.5 ab 4.4 ab 48a 324d 1493 b

“Mean separation within columns by Tukey’s multiple range test at p < 0.05.
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Cucumis sativus L. ‘Joeunbaekdadagi’
Sown: Oct. 09,2017

Treatment: Oct. 23,2017

Photo: Nov. 07,2017

4
}

N ] \

Non-treatment Diniconazole 2 hrs 4 hrs 6 hrs

j——————— Brushing intervals —|

Treatment

Fig. 3. Photo of cucumber plug seedlings as affected by brushing intervals for 30 days after sowing.

Solanum lycopersicum L. “Mini chal®
Sown: Oct. 09, 2017

Treatment: Oct. 23, 2017

Photo: Nov. 12,2017

Non-treatment Diniconazole 6 hrs
}7 Brushing intervals —{

Treatment

Fig. 4. Photo of tomato plug seedlings as affected by brushing intervals for 35 days after sowing.
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Table 3. Fresh and dry weights of shoot and root, T/R ratio, compactness, and dwarf rate of cucumber plug seedlings as affected by

brushing intervals for 30 days after sowing.

Fresh weight (g/plant) Dry weight (g/plant) . Compactness® Dwarf rate
Treatment T/R ratio q o
Shoot Root Shoot Root (mgrem™) (%)
Non-treatment 10.26 a¥ 143 a 0.69 a 0.057 a 122 a 189a 0.0d
Diniconazole 598 ¢ 1.10b 042 ¢ 0.036 b 11.6 a 20.8 a 439a
2 hrs 8.00b 1.20 ab 0.55b 0.046 ab 124 a 20.1a 23.0b
Brushing 8.12b 1.25 ab 0.56 b 0.049 a 1152 18.8a 179b
intervals
6 hrs 9.24 ab 1.24 ab 0.61 ab 0.052 a 12.0a 189a 9.5¢

“Compactness is the values of the dry weight divided by the plant height.
YMean separation within columns by Tukey’s multiple range test at p < 0.05.

Table 4. Fresh and dry weights of shoot and root, T/R ratio, compactness, and dwarf rate of tomato plug seedlings as affected by brush-

ing intervals for 35 days after sowing.

Fresh weight (g/plant) Dry weight (g/plant) . Compactness’ Dwarf rate
Treatment T/R ratio q o
Shoot Root Shoot Root (mg-em™) (%)
Non-treatment 8.4 a¥ 1.09 a 0.60 a 0.076 ab 8.1a 12.0b 0.0d
Diniconazole 5.6d 0.81b 042 ¢ 0.054 ¢ 8.1a 134b 36.2a
2 hrs 6.5¢ 1.05a 0.52 ab 0.077 a 6.8a 156 a 32.5ab
Brushing - ¢ 6.7 be 0.80 b 0.48 be 0.064 be 762 13.1b 262b
intervals
6 hrs 72b 0.79b 0.50b 0.061 ¢ 84a 126D 19.0 ¢
“Compactness is the values of the dry weight divided by the plant height.
YMean separation within columns by Tukey’s multiple range test at p < 0.05.
AHE BT, diniconazole #|2] Htpbe @2 3h& B A ZE9 AP AEFS AAdYa ®Haslda

Atk ol#3 Ayhk=, Ahmad 5(2015)2] AFelN E
OZAIQ] paclobutrazol®] FE7} EolEFE HaPAE
HFole} Fajofe] JFYG AR el Fajo] R
Ao vt Bud Avel fARE FES B
o} 2 Agte] A} w3k diniconazole A E 218 SPAD
ol =R AL G, FF, A Fol oE A=
Hlgl frold oz Algo] Ax3le] o] Fojxl Ao
e}, Qolel EntE HO| ¢HA Afo] oAlEs

o

ro

£ 7Heglem, 53] diniconazole AEolX frojFo=
okt ol AR 2SR EvfES} WUl ERjolE

o] 4:3}= diniconazole?} paclobutrazoleS *]2|513S u,
7 tiH] gHFe] sk 71 AqEHet dxst
733FS- B ATKStrang?}t Weis, 1984; Yun 5, 2007).
2olo} ErlEe] As Asirel AT % BES
& A8o] A Z3I9E diniconazole *E]ollA F-o]Ho =
o A= JERATHTable 33 4). Q0] 22171 HollA
+ brushing®] 7FAo] AoHGE PR} Aapro] A
Az 9@ EF] TR BEs RAA, ErlEY]
At AT E dEFTAA v ARE VeRiH
WA AHollA feldoz =2 AYE RYY o
WAl oz AEA brushing A EnLES} ) 7}

Be)

rr

290

(Latimer®} Oetting, 1994), shaking *|2]Z <13l W] &
biomass’} FAEe At Hi1E AT Wang 5, 2011).
SHAIRE B Aol ErlE Zgo] By, & Aglie] A
ATy AEF0] brushing A=oZ Q&) I7HESIA,
21EAol] 71AIA AlFo] FEREEe] el dEs 713
o AdEn. BT 01 B 425 Uehde A
et et AEF vIESl TREY A A=E50
AP 2 Ve e SAEEE B35k, TRE
o] YSrE TPjal FAHATI) 57 H F4o| =
sltkal B3 9tk (Zhang 5, 2003; Lee %5, 2016).
Qol9} BEnfEe] TRES EE AETFolA 942l 2t
o|F HolX| UARRY, ErfES FAEE 2ARKEE A
ZlollA 15.6mg-em’ 02 F*12]9} diniconazole *]2]ol H]
3 30.0%, 16.4% FF=ACE T3, 20]9} EnfES] of
388 ASo] 7P AZ319 diniconazole Aol 7}
ZF =kor, BErlee] 2A7EA *2]ollA diniconazole
I AR 32.5%9] Aol dAlE= AS B, 7]
AZ AF=21 brushinge Lo|RTR= ErlES] §H 2
= O a3 Zeo= e

AEAS] 2E#A ARZ ARREe HELYE #)
(Fv/Fm)y 0.8-0.849] X5 VEpd o, 21EA7} A%
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Table 5. Chlorophyll fluorescence and analysis of growth parameters of cucumber plug seedlings as affected by brushing intervals for 30
days after sowing.

Chlorophyll fluorescence Growth parameters”

Treatment
(Fv/Fm) CGR (g''m>d™") RGR (g'g"-d") LAR (cm*g")
Non-treatment 0.774 ab” 0.0311 a 0.0485 a 2582 a
Diniconazole 0.794 a 0.0226 b 0.0479 a 2403 a
2 hrs 0.745b 0.0288 ab 0.0483 a 2454 a
Brushing =} o 0.743 b 0.0260 ab 0.0481a 286.0a
intervals
6 hrs 0.752 b 0.0270 ab 0.0482 a 264.8 a

“CGR, crop growth rate; RGR, relative growth rate; and LAR, leaf area rate.
YMean separation within columns by Tukey’s multiple range test at p < 0.05.

Table 6. Chlorophyll fluorescence and analysis of growth parameters of tomato plug seedlings as affected by brushing intervals for 35
days after sowing.

Chlorophyll fluorescence Growth parameters”

Treatment

(Fv/Fm) CGR (g"'m™d™) RGR (g'-g"d™) LAR (cm>g™)
Non-treatment 0.783 ab” 0.0479 a 0.0648 a 299.1 a
Diniconazole 0.801 a 0.0296 b 0.0638 b 258.1a
2 hrs 0.757 b 0.0382 ab 0.0647 ab 304.4 a
Brushing o 0.766 ab 0.0382 ab 0.0644 ab 300.8 a
intervals
6 hrs 0.767 ab 0.0438 a 0.0647 ab 282.5a

“CGR, crop growth rate; RGR, relative growth rate; and LAR, leaf area rate.
YMean separation within columns by Tukey’s multiple range test at p < 0.05.

2 3o =EHtkal Erh(Baker®} Rosenqvist,
2004). ¥ A7) Q0] HolA EE brushing *2]ol|A]
0.743-0.7528] ZEo= AEA7} 7|1AH A=l oJaf X
EYXE We AoF fduEn, EvfE Hollxe 2A11F
4 Aol 07579 roHes e ghs JERS]

o} Aepie] AT W dEFTY] TAE Qe g
FEo| A oz dAdE JUHES 2Ed g
glo] B AETollA] o2l Zjolg Holx] UARE,
diniconazole *|2]ollX] FHA div] HEAYLHE] =91,
brushing 2] 7140 W& doiAl= YehA] odtt.

CHTable 59 6). 2=A7F 71A14 AA=<] 2~E# 2 87
o =FHoEN Q0|9 EvlEe] AJEAR 24, st
HiS, A7, WE 59 ddgel FAEe) Blast
of 7hAad o AEHTK(Table 13 2). 20]9 EvfE
Bol Aso] dAIHA S5E TEEE 2 B
Hyow, E3]| diniconazole X|E]TFlA 20o]9} ErRfE
7} 0.0226, 0.0296g" ' m>-d'Z F2A A with A
AR e PESVHES JUeille AdiAEY] &
A7} Qole BE AT F2Q1 AlelE HolXA|
SUANE, EnfEAAN LTl fARGE ARE HolH
diniconazole 2]olX 0.0638g"-g"-d'Z FolA A 7}
Stk AEAY B 2 AT A, g
g} FEETT7E &3] o] FolRA] & W HdUNEE
o] TAE XIS (Nkansah®} Ito, 1994; Song &,
2010). AAZEA|Q) diniconazoledl] oJ3] ErlE T A
o] A=A AR A B GG Ak, A

Ao -AE25, M2rd M4 20184

o] AH=ES FTehd, A=A diniconazole
AglTollA Qolet ErfE ZF#j1 BY 4S5 ¥ =F
AAelle 7P &F oIt stARE 20199 19 195
B BE e ) A8Eo] AldEe wekseEd
A= (PLS, positive list system)oll t-8317] <+ 7}
AF SEA BF JAE g 218784 W] @734
£S5 gk A8st A7t AlEeith B AT sk 24
brushing *]2]:= diniconazole®] A5 A<}
Frs BoFRlon, 53] ErlE Ho F4AE
=ole 27E Btk webx 1Ede] g Q0]
Erfe £ B Aike 917 brushing A2 8%
SHAAM O A A& JFsAo] FESHaL AR
o, 71AIF 2Ed| 2 (brushing A2])E 913 7] AT
ZPF #doltk. 3% brushing® A%, A8, He}
24 g dE8] Al Tl 3 At 29 A
o2 AZE.

2o Jo
)
TR L
y 1o
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s Q] Bl o83k 714
= Qol9} EnleE Z#1 "ol A
= oA ZHE sl Ssl FREHSAT Q0]
(Cucumis ~ sativus L. ‘Joeunbaekdadagi’ )2} ErlE
(Solanum Iycopersicum L. ‘Mini Chal’)E 2017 10€
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