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Q ok B ok AA7|EE 2R 9 JPAERN RE7A7) =& U (Koelreuteria paniculata Laxm.)ZS thA}
o 2 9)8) £7]FF(KK-SI500, KCNR-SI810, KCNR-SI1300)2} AH] A 2](0, 1.0, 2.0, 3.0 g - L™

St 8718 A
U2 AHEARPY, 297, WD B2 B4 AR EAEEA Bl nlxE 9ere BA5tnA sich 92
3, g 297 RS KONRSIN00 §7]9F AlulSz 30 g-L'odl /by $4shgon, Bagus g

R4 1270
KCNR-SI1300 €7]o4 7 & A5 Yepion, dutdoa 714 9 247 A% dutel fAfst Aoz eyt
HEOol A9 Yl 242l SQI(Seedling quality index) <JA] KCNR-SI1300 £7]0)4] 3.822 714 =2 7+S Holrh
kA §7] §40] S5 ASUET}F RolHA AE BATFo] Frtel= HIFE B, AR|eE STt mer A
2 53% yepgh AuAEe] w2 PR 3 2G The S e o, R 871 H AAlo] A Ay
Z 2= KCNR-SI1300(6-cell) 7] 7|12 2.0 g - L' 02 ghehech, B o Auls wzbpuito] a82 0l wi i
3 A1 w5 715k ufe] 7] = Qe V|RARE E8d R JqH.

Abstract: This study examined how container type (KK-SI500, KCNR-SI810, and KCNR-SI1300) and fertilization
level (0, 1.0, 2.0, and 3.0 g-L") influence the growth characteristics—height, root collar diameter, height-to-diameter
ratio, and Seedling Quality Index (SQI)-and physiological traits (chlorophyll content) of Koelreuteria paniculata
Laxm., a species of high conservation value designated both a natural monument and a rare plant. Seedlings grown
in the KCNR-SI1300 container with the 3.0 g-L! fertilization treatment showed the most significant height and root
collar diameter. Dry matter production was likewise highest in the KCNR-SI1300 container, mirroring patterns
observed in height and diameter growth. The SQI, a key indicator of seedling vigor, also reached its maximum value
(3.82) in the KCNR-SI1300 treatment. Overall, results indicate that larger container volumes, which reduce plant
density, promote more robust individual seedling growth, and that higher fertilization rates further enhance growth
performance. Considering both economic efficiency and environmental sustainability, a fertilization rate of 2.0 g-L’
in combination with the KCNR-SI1300 (6-cell) container is recommended for producing high-quality K. paniculata
seedlings. These findings provide essential baseline information for developing efficient propagation systems and
securing a stable supply of this conservation-important species.
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FERPLEE(Sapindales) F-EHAP(Sapindaceae) 27+
FUSE(Koelreuteria) X5 Koelreuteria paniculate
Laxm.)i= oMo} 1Y, 53] = T5HF, 42 &7 4 2=
off == EESh= FoMoF Fo A, ol 1920 2]
= 2w0F AL Alo|9] ARoflA] A3 R o] HarEglo
H(Lee et al.,, 1993), FUjolA= AE Y=o} S oHHE,
787 MR, e, ARl gl thh 23 5 2 Aol] 2t
R =8 Yoko g Bazslal QJrkSong et al., 2000). R
= WS2] sP EJAR) A, BiSt7t AR, SRR AFA]
A= 5 AlRHA 2ol 28k, sliol olsf SA7E AR
], 30 AFEEO0E 7)53KLee et al, 1997).
BT 6~79) 2 Ho| ubol HRly s
0F ZAAYE BAHo 7 FA e Z5F wWol Alz)
L glon, 22 =719} ofFThE: PR At A,
Y, =4 5 TR B3] 33t ARl Agdsitt
(Rehman and Park, 2000). ‘r}(Pb)Ei S A% EoF Eelo
AAQl tiete = arEE, 53] sfijtrte] SATA] 9 &
T Aol A= Fafol] et 2 TRA B B8 7HIE A
dtH(Choe, 1994; He et al., 2021; Liu et al., 2023).

753, Q1eiRE, 29 A7)0 ste] thek 257} 7
ol whe}, A|doFH (Contatiner nursery)= 1% HE0]
o]—x—]7<4 /\HA} 7]19_]— E/ﬂ 1 ?_Q_A(jo] Z_:,_P.]j_' _‘?_Z_']—Hi o)
o} olggt M WA HEHQl WX FH(field nursery)

ol vlal theksl ZHoA 92 7F-t) £7] H(container
seedlings)= =2 2ET} Q=5 BAES LEYH, o
= 2elol Fseln A% A7 B, wEE 47, A4S
Z|-go] 753}t Haase et al., 2006; Salifu and Jacobs,
2006; Wilson et al., 2007). £3] 24 Y] 333 A
Alofgho 24 oI FR I3t W2 ujsE HIL o o
W 4 glch

SR 22 TRo] AJeEo] W] Axjo] o, o]
we} i s Wil olda BakE EE pEnt
(Grossnickle and El-Kassaby, 2016). E3F A3 A&} HA|
SR 27) AP e ms), AT A Aol
Hagst Ao A EAr =4 $-A =K Cho et al., 2012;
Song et al., 2012; Yang et al., 2014).

Landis et al.(1995)2 €7]|H AJSof Fake nj2= Q09I
Bopaolil fy]aglo R FHAkCE HAL Rt 1o
B WS, FAL U, £E, S5, olieks 55 Fo
2 . E8 8710 WAL 9 27, AR T, A

oS o

H, o *VE“, Y 7= T 204, 717 8dlo] 87)H
Aparol] AAAQl 95k nZtKLandis et al, 1989). £3]

715 A B mEEA 417

=2

s

g719] 27]9} e Wele] BhE Aok, Sk 2
71 SOl dF= miAH, dnprlow 17 1 A
o] & Zol& ZHTItHKim et al, 2010; Dominguez-Lerena
et al., 2006; OrteGa et al., 2006).

ojg|gt @52 A A oo A Aujolle T FF
& ulEE, 4] A8 A mEe] B 174 W Al 54

o oigt APA 127} HFo]tRomero et al., 1986;
Marler and Willis, 1996). 3t 913} oFH O SIS Bl
S12 27, i} 3 5 ekl A9)H e Bl msel
22 YRS AR = A g9lo & 25 (Kozlowski
and Pallardy, 1997; Kim et al., 2015; Song et al., 2015;
Park and Lee, 2020).

ARSI o2 gt AtofA= & AtolA] AR
KK-SI500(15-cell) &7|Ht} 82 0] & KK-SI350 -87]0]|A]
AV 2 Aol RelshA A el glom, 4
Lo Hgdolle g2lo] a1 A dert B 870
A A HESo] L5tk Ayt B arE]itLee, 2019;
Kim et al., 2010; Jun, 2007). o]} Zo] &7 843} HE=
MRS, ol 2ol QA ATES Holx|ul, £7]H AL

oA aE= 871, 14, Al o 9 S T 7S
TEH AT =, 27 Heh—é" 54, =9 A& H2o nzt
gabg 2 9tk

U (Koelreuteria paniculata)= TA] %
HEY 07 & aFHlE Sk, V& ‘?ﬂ
= APRIEke] e, AeA St 0 - ke ek
= %o} Qlth(Lee et al., 1997; Park et al., 2022). HFH,
|715 kS 913 Al 712 obA] AlAIA w2 S E A
oFe: AAolck. uehy Bkl dislo] 7] 77 9
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AB] ol mHE A% Wh AFHOE gstol, A4
ool AN H87HsT BE A 71ES viia Ha
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2 mA 27, 1% A8 A, AR 40 Sk
wief e1oe Sl st 47152 A s} A4

2 2715 ik olo] wet S BE4Eo] A% S4e
Mt 87], Alu), A= 2ol dig AR At a7

Fok
H Ao M= U Koelreuteria paniculata)] %
Ad7t B 87] 54 5’% A5 WSS Akl 97, 1H,
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Figure 1. Temprature and relative humidity on a greenhouse for
the experiment.

Table 1. Types of container used for the experiment.

A1147 A43 (2025)

Aste] 7Fteke: FARRS A8t Lee, 2003). AEEH
TAE SAOlA TU7E xR 3 LEsto] Fs) 20°C FA
Apgate] Hasigie). oj2feh Al A Aele FAF W et
0] A S 4] A F wolel Aske At
317] 93t o g deAth(Baskin and Baskin, 2014;
Rehman and Park, 2000). & ItofjA= o]} e "oz
i AR A Aol ASIIch. T 25 95%
SRS 608 B9k Nele T F2L ol 24412 52k A
Sholck JA7F e SAF A wE Eddsto] vik
ol 5°C A= AFatol|A] 20241 2 1958 44 29714
AE&EA A 8E s tHLee, 2003).

2. ¥R 87| 7 I AH|H2|

a5 FAj] ALt 2)E il 49 220] AsIick
oA 82k dHE ZeiE Edo] -§7|(Shinill Science
Inc., Korea)5 ARE3I9 o, €7 wdle KK-SI500(15-cell),
KCNR-SI810(12-cell), KCNR-SI1300(6-cell)o|t}. 2+ 27
o AFY o -8 oS AME(Shinsung mineral. co., ltd.,
Korea)5 F7slo] TAE o|45i0it) 87 729 4= =
4 B]-8-2 Table 1, Figure 2 2 Table 2] Uelfgich vl
= 6-cell®] A% 7HHE 12-cell 9 15-cell®] 7% zFz)F 34t
woz wjAlshglon,  492%0) 87108 Ao A
Al siith BE A T I =24 (20
L - m?) slolld] a3k AxelZeo} 215 Elo|rE o]8s}
of B We YA $4) sislck

Au] Helis 63 139058 125 9t % 184 Saysloic
AR Ao AFAR FHAR AAL oA A= 20
L m? 9 7|22 Agaiglon, olo] ue} 7 §7] 5
90 mLe| S|4 S FFBA Aol AFEE HlRs

i

(e

Container Container size Cavity Cawty Cav1ty' per Seedl'l ne
type (cm) volume diameter container density
yP (mL) (cm) (No.) (cavity/m?)

KIK-S1500 W41xD25xH16 500 7.5 15 146

(15-cell)

KCNR-SI810 W42xD31xH16 810 9.5 12 81

(12-cell)

KCNR-SI1300 W45xD30xH16.8 1300 12 6 45
(6-cell)
Table 2. Soil raio bed soil used for the experiment.
. coco . _— . - .
Ingredient peat peat moss perlite vermiculite zeolite fertilizer wetting agent
ratio (%) 64.3 15 10 2.5 8 0.09 0.1
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KK-SI500(15-cell)

KCNR-SI810(12-cell)

KCNR-SI1300(6-cell)

Figure 2. Container used for the experiment.

84 B3| E 9] Multifeed 20(N : P,Os : KO = 20 :
20 : 20, Halifa Chemicals, Israel) 0.2, <=0} ¥3)a}to]
2oieh. A FHAIAA R TEd ¢4 871
Hol B3 AJH]7|EE 1020 g - 20 L - m2& AA|=o] Q)
thKorea Forest Service, 2020). & & Lo|A: dfd 7159
2o 300% FE7HAE EFBEO] ti2(0g - L), 2Fe(lg
‘L), =g - L), Z=@g - LHE & U] 53208 Ay
A S sk
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1) A=A

|71 27100 W AR|AE] AFELS =ABE] $18l 64
2ol AH] Ae) Az 2] 5 89 W] 149 o Az
THE ZF87] W A 8 1P SAsinh 1
=72 Z2]7](Stabila Serie 600, Stabila Co., Germany)S
ol-g3to] LA Aolrx| o] Aols Sty <97
g wg ZAz]a~(CD- 15CPX, Mitutoyo Corp. Japan)
19el 28 A7e St 298 29 9 1
77t 27 1) ol W % R R el Al
S AAYSF e Hughes and Freeman, 1967). E3F R0
AxZE Hr1sl7] €s H/De2 AAESFtHHasse, 2007).
2004 090 H Al FR T, AT 05 1688 B8
o] 65°CoflA] 4847t Ft AAxsto] ¢, £7], Bz -Est
5 7)7ko] AZERS  HRIA2(E02140, OHAUS Co.,
Switzerland)& A8 3le] B Z45ieick 248 A5
Higo = Hig Ropd S, & 2284, B v
9l Z|AFREL/EE] B]8(S/R ratio)S AFESFSICHHaase, 2008).
TS ok Wi 2 H7R= Seedling Quality Index(SQDE

5] S| 0 (Deans et al., 1989), At thaT} 2t).
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Total dry weight (g)
Height (cm) Top dry weight (g)
Root collar diameter (mm) Root dry weight (g)

SQI =

2) Q&L

|7] 2719k MMl TE HEo] JEa 3 s
A1) Qfall, AlF 27920244 84 279) o|F 45 Ho
A=A TS SAIITE 77 AejAtaie; S A7t Hat
A8l B 425 AAsto] 7} 7|19 ks 7]eo= 2~31
A A AFEHACE AFRE 92 50 mgH e} Alofgof @
I DMSO(dimethyl sulfoxide) -84 5 mlE #7|5}o] 65°C
327)(WBC-1520, Jejo Tech Co., Ltd., Korea)ol|A] 6417k
=0t PJEAE =319 tH(Hiscox and Israelstam, 1979). =
&3t 808 UV-Visible spectrophotometer(U-2900, Hitachi
Co., Japan)E ©|-83}0] 653 nm2} 645 nme] wAtof| A ZHz}h
S E =45}, RS AAFA(Mackinney, 1941: Arnon,
1949y o]-85to] =4t a, b I T AFA(ath) T A
A1

Chlorophyll a (mg - g' fresh weight) = 12.7xAgs3 —
2.69xAgss
Chlorophyll b (mg - g' fresh weight) = 22.9xAgs —
4.68xAges
Chlorophyll at+b (mg - g fresh weight) = 20.2xAgs +
8.02xAgs3

4, SH=2M

87] Z7loll WE mAFUR 134 87150) A 54
z}o| & AE3E7] 98l SPSS (Version 27, IBM, USA) 54
=2 IE Mg A 4ol W 7K, 297, HD
H]-8(Height/Diameter ratio), ZAEAYAREF, 74|, S/RE|&
(Stem/Root ratio), HEEZZ]4x(Seedling Quality Index,
SQI), FE= A 7 AlelE ASs] el ol uix] 24T
H4)(Two-Way ANOVAYZ AAIslgick. o) Batgh Aol
S %317 919l 5% fokzol Hre] o Wl AR

(Duncan's multiple rate test)S AAJS}FT]
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Om(Table 3), 2052 oll= 871" AH] Ao w2 Ay
Apo)7F FElskAl yebgttt

2 Ao AREE £7](KK-S1500(15-cell), KCNR-
SI1810(12-cell), KCNR-SI1300(6-cell))ol| 4] &5t 8710
W 7S BARE A, At gkl fojgt AolE
HA(Table 4, p<0.001). AJR]p<Eo] Fobdaes §7E A
A= 7V AR Bk 871 Al 7ol wet
P 7o) 7P =4 vehd 871 KCNR-S11300 &
719.0m, 7S 1w (3.0 g - L) &g FollA] 22.60+9.15 cm
2 7P =2 2 vERleH, v 29 S50 g -
L) &2]qtolla] 5.25+1.20 mm& 71 =7 veRgch oke
o @ AAIEFo] O 87]= KCNR-SI810(12-cell)o]H, 714
& (3.0 g L) HEtolA] 15344741 cm, 2QHL
OF=(1.0 g - L) #|2)Tol A 3.6740.872 A LpERtom,
|71 AMIA R S 7P W S 29l KK-SI500
(15-cell) 710llA= oF=(1.0 g - L) AHz|qtolm, 1hg-2
10.0743.05 cm, T2¥7-2 3.33£0.66 mm= Vel
o7 HEO| Au|AEgFo] F7Ijte| whet 45
I 2L ] STteh, AR ekt
S Rold], ol ghAEshage] agh SEt
Segol weh 2o Aol thxTtol His HS: &bt
3= Ao 2 TokElckWallenda et al., 1996; Malik and
Timmer, 1998). A2RHE 8§71 Atois & AT 5
%} 87191 KK-SIS00(15-cell) -§7]Ht} T+ &2o] t] &
KK-SI350 -&7]o|A] 7P 9 47 AdEo] = ekt
o, AR Y-S IO R T AfoA e 8=
717} A3 ASUETE 2 8704 Aol o =4 Ut
ok 213}tk Lee, 2019; Kim et al., 2010; Jun,
2007). o]&gt At 2 A U 87|17 AT
Axkel A5l KK-SI500(15-cell) £7]Hr} g2jo] =
KCNR-SI1300(6-cell), KCNR-SI810(12-cell) &7]o|4] A}
AEo] w2 A fARE A UEiSIt) o= Blay
S2o] A3 YFUETL 2 Ul B R 4
o] A1 R[Sl W AR AWFEX E|Q7] wiZol 7P A
o] Y Zor udHch 29 Y 34 A
KCNR-SI1300(6-cell) €70l A= F=(2.0 g - L) A2+
oA =& U7 S 2o, KCNR-SI810(12-cell),
KK-SI500(15-cell) £7]0lA] SF=(1.0 g - LHoJA] =2 3%
S YRl Apaluitel 49 297 Aol 1.0 g - LY
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A1147 A43 (2025)

o b2k UrERton], HUe] 49 29 gl 1.0

g+ L9 271 S7I19tom, ol AlM] Szolit

AReE AFS YEFJ It Choi et al., 2019).

RO H/D-8-& KK-SI1500(15-cell), KCNR-SI810
(12-cell), KCNR-SI1300(6-cell) §7] BL% tfzTrel AJH]
2T Ttoll o7} o, AJujazo] S7Igte] wet H/DE]
Z7l= 2aks B9t $lUETetradium danielliiy= 87|
B 12 54 Aol vlsf| 221 7oA H/DH[EO] Hadh=
AeFe Hol, 2 At el AolE otk =AU
745 AlR|Ae]atE ti2TtolA H/DEo] WA veh 2
Aol FARE s K] ol= 7 Aol vlsl 1H
Yol Ao m Ax37] fizow weE

ZIMAIZE 9l g2 ZxIx|4

2 AdolAs 871 AlRA ol whet HE A eatoflA
STl SISl & 9 Repd EAAAERS
KK-SI500(15-cell), KCNR-SI810(12-cell), KCNR-SI1300
(6-cell) 87| HFollA] AeAldE {25k AfolE Bt ¢,
=7, e 9 F SRS 87 27|19t A|go] S
7ietel wek §A S7Fekelet oleet Avbs e H 1h
7 Ao] Stk Aejatol A SR AR FR o8 B
o] =7 vepdthal ¥ 113k Cho et al.(2015)2] ATk} G-A
3k g Uetich 871ER & SE8AES =G0 g

- LA o)A 71 =7 Lelo, KCNR-SI1300
(6-cell) §71olA= 17.63+5.84g= 7P =2 gha UERSL
t}. KCNR-SI810(12-cell) £7]0jA4] 9.27+2.81g0.2 & WA
2 on why KK-SI500(15-cell)2 4.30+1.64g0 & 713
w2 T SRS Holth A A5, £ AsE
2] 52 8718 AlH|g=zol wt 5718615 9, KCNR-
SI1300(6-cell) 8710 A= ZFz} 5.18+1.79g(Q)), 3.37+1.27g
(E71), 9.08+3.23g(FF e & 7Y =2 SAAEFS Bl
(Table 5). KCNR-SI810(12-cell) €719] 7=(3.0 g+ L") A
gtoll A o ASEE 3.45¢1.32g0 % 7MY w3kon, &7
AZeFn) ma) AZeRe 747} 2.24+0.87g, 4.99+1.88g0]%).0
o, W] AFFE FEQ.0 g - LA oA 7435k
KK-SI500(15-cell) €719] 7%((3.0 g - L) Hg|qto)A] o
AT 1.32+046g 02 7P A Uepyton, £7] A5
3} ma) AZzeEo 7k7t 0.81+0.31g, 2.17+0.95g0 & T =1
(0 g- L"), 2F=(1.0 g - L), $=(2.0 g - Lo B3] &4
EpiTh B3 871 AR 2|tollA] ZpAlE]R Qg AR Zha
7F U] hgkom, AJu]ggEo] ol HAl KK-SIS00
(15-cel)-87] Aejtof EdgA A = e ¢ 3t
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Table 3. Seedling emergence, mortality rates of Koelreuteria paniculata.
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Fertilization

Container concentration Number Number of seedling , Mortality rate(%)
type (@ L) of seeds sown emerged seedlings emergence rate(%)

0 45 43 95.56 4.44
KK-SI500 1 45 40 88.89 11.11
(15-cell) 2 45 39 86.67 13.33
3 45 37 82.22 17.78
0 36 36 100.00 0.00
KCNR-SI810 1 36 35 97.22 2.78
(12-cell) 2 36 35 97.22 2.78
3 36 36 100.00 0.00
0 42 42 100.00 0.00
KCNR-SI1300 1 42 42 100.00 0.00
(6-cell) 2 42 42 100.00 0.00
42 42 100.00 0.00

Table 4. Effect of fertilization concentration on height, root collar diameter and H/D and ratio of Koelreuteria paniculata container

seedlings.
Height Root collar diameter

. Fertilization .
Container . . . H/D ratio
concentration Relatlve Relatlve K
type (gL G(r:nv:)th growth rate G(rgn\:f)th growth rate (cm - mm™)

(cm -+ day™) (cm - day™)

0 6.26+1.398 0.043+0.013¢ 2.81+0.41" 0.02120.006° 2.26+0.57°
e ~1d " de ef d

KK-SI500 1 10.07+3.05 0.064£0.031 3.33+0.66 0.023+0.010 3.02+0.65
(15-cell) 2 10.63+4.14d° 0.066+0.038" 3.13£0.75% 0.022£0.010°" 3.38+0.90%
3 11.48+4.96% 0.067+0.045¢ 3.05+0.58°" 0.020+0.010" 3.68+1.02%
0 7.11+2.48" 0.051+0.018% 3.15+0.60°" 0.025+0.005% 2.2240.44°
cd C c cd ~ cd

KCNR-SIS10 1 13.25+4.97 0.092+0.038 3.87+0.92 0.030+0.009 3.37+0.73
(12-cell) 2 14.48+6.38*  0.101+0.048" 3.72+1.06% 0.029+0.010% 3.8240.92°
3 15.34+7.41% 0.110+0.053% 3.67+0.87° 0.0310.009% 3.85+0.95°
0 9.2443.16°" 0.067+0.024¢ 3.55+0.64 0.028+0.005 2.57+0.59°
b be ~b b bc

KCNR-SI1300 1 16.08+6.74 0.1160.049 4.4140.93 0.035+0.007 3.58+1.09
(6-cell) 2 21.35+8.65° 0.161+0.066° 5.25+1.20° 0.041+0.008° 3.99+1.09°
3 22.60+9.15° 0.149+0.066 5.17+1.04° 0.041£0.011° 4.30+1.18%

Container type 2517.317°" 0.128"™ 96.257"" 0.006™" 11.754™"
Fertilization concentration 1687.563""" 0.86™ 16.867" 0.001™ 53.814™

H *
Container type 187.599™" 0.10™ 6.19" 0.12" 0.935™

Fertilization concentration

Note: “MeantSD "~ p<0.001, “'p<0.01, "p<0.05. F-values are statistical significance in two-way ANOVA. Different letters on

the each columns indicate statistical differences at the 5% levels by Duncan’s multiple range test.
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Table 5. Effect of fertilization concentration on dry mass production and T/R ratio of Koelreuteria paniculata container seedlings.

Tiati Dry mass production
Container Feﬂ1l1zat19n il P © S/R ratio
concentration Total -1

type - LY Leaves Stem Root dry weight() (g-g)

0 0.19:0.09¢ 0.16+0.07° 0.66+0.27" 1.02+0.50¢ 0.48+0.14¢
KK-SI500 1 1.010.4' 0.51+0.14 1.96+0.86¢F 3.48+1.52¢ 0.77+0.28"*
(15-cell) 2 1.09+0.59% 0.71£0.25°" 1.82+0.92¢ 3.62+1.36¢ 0.99+0.38%%
3 1.32+0.46°" 0.81+0.31°" 2.17+0.95°" 4.30+1.64 0.98+0.19%

0 0.56£0.22" 0.29+0.05" 1.59+0.44° 2.64+0.71¢ 0.56+0.09¢
KCNR-SIS10 1 2.15+0.89% 1.30£0.67% 4.452.70% 7.13£3.33" 0.78+0.31%*
(12-cell) 2 2.83+0.98 1.55+0.68% 4.17+1.52¢ 7.02+3.55 1.0540.24%
3 3.45+1.32% 2.24+0.87° 4.99+1.88° 9.27+2.81° 1.14+0.37%%
0 0.65+0.29" 0.53+0.15¢ 2.68+0.87% 4.01+1.28% 0.44+0.11%
- 1 2.50+0.92¢ 2.05+0.41% 6.9442.70° 9.19+4.40° 0.6620.18"¢

KCNR-SI1300

(6-cell) 2 4.14+1.79° 3.23+1.27° 7.86+2.85% 15.2345.69* 0.94+0.27*
3 5.18+1.31° 3.37+1.28° 9.08+3.23 17.6345.84° 0.94+0.30™

Container type 34.815™ 18.827"" 136.146™ 477.182™ 0.013™"

Fertilization concentration 24374 8.802"" 37.374™ 190.381"" 1.234™

i * *okok ok Q * Q

Container type 2.907 1.721 4.638" 24.877 0.028"™

Fertilization concentration

Note: “MeantSD ~p<0.001, “p<0.01, “p<0.05. F-values are statistical significance in two-way ANOVA. Different letters on

the each columns indicate statistical differences at the 5% levels by Duncan’s multiple range test.

Hlusto] & Zol5 LR 23dth ol AA|A o= A
Hlp29] F71et 8719 ASEert dashia 87] He
%, £7], By SELTe] STk e, U 8711

- ASUETE 2 KK-SI350 -§7]0lA S8 4kFo] 7}
=0 H(Choi, 2019), HIWIEChamaecyparis obtusa)
7150] - 15+ 9 20519 8717} 24§71l Hlsf &,
Z7], He AFo] ¢ ok H sk tiJae et al,
2015). E3F 7] S5l T BT 87150 el
2 1P, 297, SR 5] A IR A
Zh=tt Hlo] o] SRR i RO
SHEe] AV ARG of e} B A 2 7|
RMAEF 2712 oo ZIthFox et al., 1990). o]Z3t 73l
2 AgoAE gRlEglon, 58] AsUErt Wil A
dlctho] 714 94=3e] KCNR-SI1300(6-cell) £7]0lA 22
Foll A yElT) ol B2 Koelreuteria paniculata)
O] 27| AAolA AT G2 S F1te] ot =u, ol
T 548 8] 27190 ASUES} o] L wlAE =
2 g9log wehEch

S/R-E(Stem/Root ratio)> AJH AWAFS Aok WAlF
02 e HIER, B0 W w15S Brlshke AEE AL
ElthHaase, 2007). UHFH O & S/REO] s e Wy
o] Fo3t ot THA= H7RERNE AV STl v

ox, K

op o

;

e et
o
).

3

o o

o

e 1w

N

AR
&

flo ma

iy

2 A9, SRE0] Hrjele ASo] E5RE HuY Tk
| Stk webA SRE A Al Bi50] A Y oS
A Lefsh= Zlo] Lasith(Sung, 2011). 871 AH|4<Eo
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(3.0 g - L A tollA 1.14£0.3g - g' 2 7P =981, &
7] AT Zof| AL UET} 71 S KCNR-SI1300(6-cell)
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Aranda et al.(2002)& R B2 AL S/REO| =&
RO A9 2H A 5 AEHA AY FEHS FAAA
B 2UAYE Y 5 S-S Baeigick a8y 2
tellAl= B71W 7140l wet e f(plug)o] /=
AL 7P A R FEE Hol, 29 Al & 9T
n|2)2] ¢S Ao R HET
FH H 2R 45 Uslle HEEEX]4x(Seedling
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(Table 6, p<0.001). HEZZZ]S KK-SI500(15-cell),
KCNR-SI810(12-cell), KCNR-SI1300(6-cell) 2+ 87]2] tj
ZTLollA] 0.33+0.09, 0.88+0.21, 1.43+0.43 0.2 7} Yok
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Table 6. Effect of fertilization concentration on dry weight ratio and SQI of Koelreuteria paniculata container seedlings.

Container Fertilizatign Dry mass production (g)
type Co?g’fl ifﬁt)‘ o LWR SWR RWR S
0 0.19+£0.03¢ 0.16+0.02¢ 0.65+0.10° 0.33+0.09°
KK-SI500 1 0.29+0.07° 0.15+0.02% 0.56+0.16°* 0.80+0.37*
(15-cell) 2 0.30+0.07° 0.20:£0.04° 0.50+0.13% 0.68+0.23°
3 0.310.06° 0.19+0.04° 0.50+0.13% 0.87+0.33%
0 0.23+0.05¢ 0.12£0.01% 0.65+0.16" 0.88+0.21°*
KCNR-SI810 1 0.27£0.07" 0.16+0.05" 0.56+0.26™° 1.90+0.79°
(12-cell) 2 0.33+0.14* 0.18+0.09° 0.49+0.15>¢ 1.75+0.61%
3 0.32+0.09™ 0.21£0.10* 0.47+0.25> 2.13+0.46
0 0.17+0.08¢ 0.14+0.04° 0.69+0.18% 1.43+0.43%4
KCNR-SI11300 1 0.22+0.07° 0.18+0.07 0.600.49° 3.12+0.80°
(6-cell) 2 0.27£0.07* 0.2120.10° 0.52+0.27%¢ 3.53+0.67°
3 0.29+0.06 0.19+0.05° 0.51+0.20° 3.8240.64°
Container type 0.135™ 0.070™" 0.700™" 12.457""
Fertilization concentration 0.074™ 0.022™ 0.041™ 2.078"
Container type * 0.003™ 0.001™ 0.016™ 0.317™

Fertilization concentration

Note: “MeantSD “"p<0.001, “p<0.01, “p<0.05. F-values are statistical significance in two-way ANOVA. Different letters on
the each columns indicate statistical differences at the 5% levels by Duncan’s multiple range test.
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Table 7. Effect of fertilization concentration on Chlorophyll contents and Chlorophyll a/b ratio of Koelreuteria paniculata container
seedlings.

Container cl:;r;cielri;?;i?éln Chlorophyll contents (mg - g fresh weight) chlorophyll
type (@ L") chlorophyll a chlorophyll b Total chlorophyll a/b ratio
0 11.52+1.80e 2.82+0.37h 14.34+2.16f 4.08+0.19a
KK-SI500 1 15.93+2.27d 4.22+0.67fg 20.15+2.94¢ 3.79+0.12bcd
(15-cell) 2 16.05+1.05d 4.18+0.36fg 20.23+1.38e 3.85+0.15bc
3 17.24%3.72¢cd 4.60+1.14def 21.84+4.85cde 3.77+0.12bcde
0 13.37+3.86¢ 3.52+1.06gh 16.89+4.91f 3.79+0.18bcd
KCNR-SI810 1 17.2342.11cd 4.83+0.76¢cdef 22.05+2.86¢cde 3.58+0.16fg
(12-cell) 2 19.17+2.73bc 5.15+0.85bcde 24.3243.57bcd 3.73£0.12cdef
3 20.95+3.28ab 5.97+1.04ab 26.92+4.31ab 3.5240.11g
0 16.91+1.83cd 4.34+0.59fg 21.24+2.41ab 3.91+0.13b
KCNR-SI1300 1 19.7943.87ab 5.35+1.58abcd 25.13+5.41abc 3.77+0.31bcde
(6-cell) 2 20.20+2.02ab 5.52:0.67abc 25.7142.68ab 3.67£0.11defg
3 21.89+3.76a 6.17+1.66a 28.06+5.40a 3.62:0.30efg
Container type 244.911™ 23.927" 420.639" 0.555™"
Fertilization concentration 240.905™" 25.759™" 423.661™ 0.542""
Container type * 6.570™ 0.444™ 10.150™ 0.046™

Fertilization concentration

Note: “MeantSD ~“p<0.001, “p<0.01, "p<0.05. F-values are statistical significance in two-way ANOVA. Different letters on
the each columns indicate statistical differences at the 5% levels by Duncan’s multiple range test.
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