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Abstract. Acclimatization after grafting and graft-take that in order to produce plug seedlings of high-quality are
important plug seedling stage which not reduce the plug seedlings quality before shipment. Appropriate acclimati-
zation environment can not only increase seedling quality before secondary growth period, but also effective in
promoting the growth of plug seedlings. This study was conducted to determine the optimal the shading period and
shading level for acclimatization of tomato and pepper grafted plug seedlings after graft-take. The tomato and pepper
seedlings were used in this experiment, and after graft-take, a tunnel was installed on a bed in glasshouse of venlo type
to started shading treatment. The shading levels were 35, 55, 75 and 95%, and the shading periods were 1 and 2 weeks,
and non-treatment was set as the control. In the case of tomato grafted plug seedling, plant height, stem diameter, dry
weight of root, leaf area were significantly higher at the shading period of 1 week and the shading level was 55%. In
the case of pepper grafted plug seedling, plant height, stem diameter, and leaf area were the highest in the shading period
of 2 weeks and the shading level was 35%. However, dry weight of root, compactness, and T/R ratio, which seedling
quality indicators, were lower than in the shading period of 1 week and the shading level 55%. Therefore, considering
the quality of seedlings, it is suggested that shading period of 1 week with shading level of 55% treatment can be
suitable to produce high quality grafted plug seedlings of tomato and pepper.
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2?}Karpouzas, 2003; Rivero, 2003; Yetisir2}Sari, 2003). 3
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2 AES Q8] EnlEel 113 %<4 ‘Dotaerang Dia’

(Solanum lycopersicum L. ‘Dotaerang Dia’, Koregon Co.

Ltd., Korea)2}Shinghong’(Capsicum annuum L. ‘Shinhong”,
Danong Co. Ltd., Korea)2 425 8-H-8- AFE(Plantworld,
Nongwoobio Co. Ltd., Suwon, Korea) 7} %1% 1053 =
71 Edlofof wF5k3lal 48417 o]% tii ‘B-blocking’
(Solanum Ilycopersicum L. ‘B-blocking’, Takii Korea Co.
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Geumsan, Korea)S H|=(240x120x80cm)$]o]] 23} 1,
2} 2Ry o Aot A o] B ErpEef 15 HuuE
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(Fig. 1, Table 1), A1) 7)7H 59 2 Bl i) bt &
LoFott Bt 25, Bt AthGes 2727.9°C2416.3°C,

1400 -

1200 -

1000 -

800

600

400

Light intensity (umolmr2s1)

200

Time (h)

Fig. 1. Change of light intensity during 24 hours by different shading
levels. The light intensity measured at April 14, 2020.
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Table 1. Solar radiation, temperature and relative humidity during treatment periods.

Shading period ~ Shading level Solar radiation (MJ-m?) Temperature (°C) Relative humidity
(week) (%) Average Integrated Average Day Night (%)
Control 7.74 108.31 233 28.7 17.9 32.5
35 5.78 80.86 22,6 28.5 16.8 334
55 5.09 71.27 24 28.1 16.8 29.1
! 75 4.95 69.24 22.1 27.5 16.8 333
95 3.93 55.01 219 27.5 16.3 31.9
35 4.64 64.95 22.1 28.2 16.1 36.3
) 55 2.96 41.49 219 279 16.0 25.6
75 2.18 30.48 21.5 27.0 16.0 36.1
95 0.71 991 21.6 277 15.5 325

27.3%Sitt. EOpEQ} 115 1 O] o i Fhe|= 24T
2% oMH|[(CaNOs),4H,0 472.0, KNO; 202.0, KH,PO,
272.0, NH4NOs 80.0, MgSO4-7H,0, 46.0, Fe-EDTA 15.0,
H3BO3 1.4, MIISO4'4H20 2. l, ZIISO4'7H20 0.8, CuSO4'5H20
0.2, Na;MoO4-2H,0 0.1mg-L™", EC 1.0dS'm™' 2} pH 6.5] 2
ZA5to] 24 13] A H 33T

3. WZEA

EnjEe} 13 YER| A8 AR ARAe] A2 21
7ol Edo] G 9FH(F275) S FA9| R sl 24,
g, B, AE ARk BERO) H7L v olae
HA(CD-20CPX, Mitutoyo Co. Ltd., Kawasaki, Japan)&
ol-gafo] = 9]e) Atk lemE, SPAD Zhe Q154 57
7)(SPAD-502, Konica Minolta Inc., Tokyo, Japan)E- ©]-&
afo] ebs] AT 9be, AHHE I 2747](LI3000,
LI-COR Inc., Lincoln, NE, USA)Z o|&5}0o] 2454}
AAFR0] A F T HEZ-E HAFA(EW220-3NM, Kern&
Sohn GmbH., Balingen, Germany)-2- ©]-8-5}¢] =435}4 11,
ABZzo A|RE 70°C 8- AZ7|(Venticell-222, MMM
Medcenter Einrichtungen GmbH., Planegg, Germany)o{| 4|
T2 A% F 2AT T e} EkE PR AEd
2 255 S5 S8l A2 670415 A = A st
3087k S T AB4 FHEA7(PAM-2100, Heinz
Walz GmbH Co. Ltd., Effeltrich, Germany)& ©]-85}¢] ¢
s49% YEVEmS SA5T Ak B oS
0.6kHz 2] 2% - 3402 510§ 0.1mol-m™s™ K} e
B3I G- 8 3ok = (PPFD, photosynthetic photon flux
density) 2 LED}-S o} -5}0] 2Al} Z4ake o), Ay
57 ZHFm)2 20kHz & 7,000pmol-m™-s™ 9] Z3}32-2-0.8
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Z ot ARl 245kt Fv/FmZE-S Fv/Fm = (Fm-Fo)/
Fm 32] 0 2 1FE3H3 0 Genty 5, 1989). /&S &4
8] A7NE A e 25 E SR QloflA Foi-&- FHd 54
7)(CIRAS-3, PP Systems International Inc., MA, USA)&
o] g-sto] ZAsI3Th F S84 212 2%225°C, CO,
=T 500pmol mol”, PHZ 4.5mm’ 2 TA ATt ATl
ZFE(RGR, relative growth rate), GHZH|(LAR, leaf area
rate), <=532(NAR, net assimilation rate), H2] A=
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AHEAZIHRDA, 2012)& 7| 2= o2 o] AL o= Ak
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+E3R(NAR, g''m™d™)

= (w2-w1)(logeLa-logeL1)/(t2-t1)(L2-L1)

Z 25 (compactness) = A0 AE5/AEA o] 2%

wi, war AR ERAIR O] AlEAE A=

"t o AR S RAIH O] AT

" Lo, Lis AR FRAIR 9] Al2Ad A

L Al EAE I

W AES

4,
EAEALS SAS 2 JSAS 9.4, SAS Institute Inc.,
Cary, NC, USA)Z o]-§5}o] ARZA(ANOVA)= AAJsH
RL, Bt 7 Blale QA0 g4 o851 5% Frola
oAl ZF A2t o) d& SISl el Z+= SigmaPlot
32 73(SigmaPlot 12.0, Systat Software, Inc., San Jose,
Ca, USA)S 0| §3te] Lreh 2lc:
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7430 Ao Rk o] 2l ofF e A
o) ol oJal| sAlsh A E A 0= St Demming-
Adams®} Adams III, 1992; Srivastava®} Strasser, 1997;

Solanum lycopersicum L. “B-Blocking x Dotaerangdia®

Sown: Feb. 24,2020

Grafting: M
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Capsicum annuum L. *Shinhong % Tantan’

Sown: Mar. 26, 2020

Grafting: May
Photo.: June 03

Shading duration

Shading level

Fig. 3. Pepper grafted plug seedlings as affected by shading period and shading level at 21 days after treatment.
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Lichtenthaler®} Burkart, 1999). 7742 22|71 H o] 32 5 55% AP oA 7 #9l(Fig. 4C), 13 = EntEe}
Aol A3 5 ol A70) FEREABI IR fASH AW 17 AE s5% Aeln 2ol

7H R a1 i AdgEo] kA= o] it Hernandez
5> 2016). EntE O] 79770 5. 16mm = X7 |7H 55 2F

3.64mm = 71 5 AT Fig. 4D), AFFE 95%E A 2Rt ot

Fig. 4. Plant height (A) and stem diameter (C) of tomato grafted plug seedlings, and plant height (B) and stem diameter (D) of pepper grafted plug
seedlings as affected by shading period and shading level at 21 days after treatment. Vertical bars indicate mean + SD (n = 9). Different letters

Fig. 5. Dry weight of shoot (A) and root (C) of tomato grafted plug seedlings, and dry weight of shoot (B) and root (D) of pepper grafted plug seedlings
as affected by shading period and shading level at 21 days after treatment. Vertical bars indicate mean + SD (»=9). Different letters above the bars
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above the bars indicate significant differences by Duncan’s multiple range test (p < 0.05).
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indicate significant differences by Duncan’s multiple range test (p < 0.05).
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Fig. 6. Leaf area of tomato grafted plug seedlings (A) and pepper grafted plug seedlings (B) as affected by shading period and shading level at 21 days
after treatment. Vertical bars indicate mean + SD (n = 9). Different letters above the bars indicate significant differences by Duncan’s multiple

range test (p < 0.05).

Table 2. Compactness, T/R ratio, chlorophyll fluorescence, and growth parameters of tomato grafted plug seedlings as affected by shading period and

shading level (n=9).

Shading ~ Shading Chlorophyll Growth parameters”
period level Compactr_lless T/R ratio fluorescence NAR LAR RGR
(el (4) ) @) "ET) FFm) (ghmdY) (emtg) @'
Control 34.00 + 2.66 a’ 823 £ 047¢c 071 £001 a 7.17 =085 ab 179.04 + 15.60 ab  0.118 £ 0.013 a
35 4090 £ 2.17 a 942 £ 069 ¢ 076 +001a 926=+066a 14371 £ 642 b 0.134 £+ 0.008 a
: 55 38.15+3.13 a 1020 = 1.06 bc 0.74 = 0.01 a 8.76 + 0.86 ab 167.27 £ 15.05 ab  0.135 £ 0.010 a
75 40.33 + 3.16 a 959 £ 0.76 bc 0.73 £ 001 a 841 + 0.80 ab 154.60 + 9.85 ab 0.128 £ 0.011 a
95 3505 £218 a 11.82 £ 0.66 bc 0.73 £ 0.02 a 7.88 = 0.78 ab 14998 + 4.82 b 0.117 £ 0.010 a
35 4043 £ 295 a 10.36 = 0.75 bc 0.74 £ 0.02 a 8.75 + 1.01 ab 160.85 + 8.61 ab 0.136 £ 0.014 a
5 55 3641 £ 4.14 a 11.56 = 1.06 bc 0.72 £ 0.03 a 7.70 = 1.01 ab 20945 + 4428 a 0.124 £ 0.014 a
75 31.52 £ 3.76 a 1347 £1.07b 072+002a 645+081b 189.72 + 9.18 ab 0.110 £ 0.011 a
95 1878 £ 131 b 2408 £ 281 a 073 +003a 342+061c 195.94 + 4.19 ab 0.061 £ 0.011 b
F_test B sksksk skeksk NS * NS skksk
AxB * Hkk NS NS NS NS

“NAR, net assimilation rate; LAR, leaf area rate; and RGR, relative growth rate.
yMean separation within columns by Duncan’s multiple range test at p < 0.05.

NS, *

N0n51gmﬁcant or significant at p < 0.05 or 0.001 respectively.
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2016). ENEE 204, 253 SAET} 71 =9t
ARE7ITE 1 AREE 55% 0|4 ol o2 o T/RES Y
ERfiIT 2hzo] fis AEH A A2 AMEHE A5a
% GHFV/Fm)-20.8-0.84 2] & HojZ uj, 2Hz0] A4
Q1 3k o) A &S 9okl kst Baker 2} Rosenqvist,
2004). & Ag oA EvtEL}; 113 w25y |73} xgE o]
W2 AEH A o] §-o]2 2 xfo|=aeleh 4= gl o]
ERE At HEo R Qg AEH AR 0.71-0.762] ZF
& VAL, 2k Al2) F 157 Bt S B2 ol

AR - o3l -

A FY - 3o

0l

A Al 97] whEo] Fy/Fm ghe £01412] Zol7t glele
A0 PP £EEEL EutEe} nk F g nE 3}
WEo| £ 245 gho] PAsshs ZukE Lehilc). ofeiat
AIHe A B ol l4s ABo] §48 4+ gl Hol 4
510] 4 50] A5l A0 PerEck duHuls Qo) =
7S BR1T 5 Gl AERA glo] 345 0] A} got
A 24 ofufsiet. glo] §al SO 713 he] 7kl
FolsHA| o] AlBe] gl FAAR AIE AT, YR
RO o) Sl T FARE G0 Q18] 28]e] mavilo] 7}
gk Tsukaya, 2004). E0HES] GAZ U= H2lzte] 57
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Table 3. Compactness, T/R ratio, chlorophyll fluorescence, and growth parameters of pepper grafted plug seedlings as affected by shading period and

shading level (n=9).

Shading  Shading Chlorophyll Growth parameters”
period level Compactr_lle 5 T/R ratio fluorescence NAR LAR RGR
(el (4) ) @) ) FFm) (@) (emt-g) (@'
Control 3059 £ 1.13 ab” 753 £031ab 0.71 £ 001 a 644 031 a 134.50 £ 541 d 0.097 £ 0.002 a
35 30.15 £ 1.47 ab 632 £031 bc 0.76 £ 0.0l a 657 £048 a 133.99 + 5.63 d 0.099 £ 0.006 a
: 55 33.65 £ 0.63 a 534 £021c 074+022a 654+035a 134.05 +£ 458 d 0.099 £ 0.004 a
75 2827 £ 1.66 bed 726 £0.18 ab 0.73 £ 0.0l a 531 £ 033 bc 15090 £ 2.80 cd  0.087 = 0.005 ab
95 2507 £ 135 cde 678 £ 028 ab 0.73 £0.02a 432+023 cd 14291 £3.04 d 0.069 = 0.003 ¢
35 28.87 + 1.40 be 7.64 £044 ab 0.74 £0.02a 6.00 £ 041 ab 159.01 = 7.28 ¢ 0.10 £ 0.004 a
5 55 2445 + 1.14 de 803+040a 072+0.03a 502+034bc 166.56 =+ 3.69 c 0.087 + 0.006 ab
75 226+ 187 ¢ 7.68 £ 081 ab 0.72+£0.02a 3.81 +£043d 19232 £ 872 b 0.072 + 0.008 bc
95 1579 +£ 0.86 f 727 £058 ab 0.73 £0.03a 085=+030¢ 216.35 + 4.80 a 0.017 £ 0.005 d
F_test B skoksk NS NS sksksk skeksk skeksk
AXB % * NS sk skeksk skeksk

“NAR, net assimilation rate; LAR, leaf area rate; and RGR, relative growth rate.

*Mean separation within columns by Duncan’s multiple range test at p < 0.05.

NS * ok sk

16

Nonsignificant or significant at p < 0.05, 0.01 or 0.001 respectively.
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