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(1-0) According to Fertilization Levels of Water-soluble Fertilizers
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Abstract: This study aimed to determine the optimal fertilization level for the production of Hovenia dulcis Thunb.
seedlings. The height, root collar diameter, biomass, seedling quality index, and chlorophyll content of Hovenia dulcis
container seedlings (1-0) according to six fertilization treatments (control, 0.5, 1.0, 1.5, 2.0, 2.5 g~L'l) were
investigated. The height, root collar diameter, and biomass of Hovenia dulcis container seedlings increased with
increasing fertilization, but there were no significant differences among the >1.5 g-L™' treatments, and the 2.5 g-L"
fertilization treatment was associated with significantly lower height growth. The seedling-quality index showed a high
but non-significant difference in the >1.5 g-L"' treatment range, and the chlorophyll content was highest in the 1.5
gL treatment group. Considering the environmental and cost aspects of fertilization, the appropriate level of
fertilization required for superior container seedling production of Hovenia dulcis was 1.5 gL', and a minimum
fertilization treatment of >0.5 g-L™' should be applied to meet the minimum seedling specifications. These results are
expected to be used as basic data for establishing an efficient seedling-production system and stable supply of Hovenia
dulcis, which is used as a medicinal and honey plant.
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WASE oA LRETE Hot WAsFo R0 BE
7} % 2tHHan and Kim, 2008).

38 A7 e SR A4 S
£ Ho) st abA A 9 ES &
210 m(Chung et al., 2004), SI7fUHE i3k AJARS
QAR FA A4 W ok, A% W R 4], 7] w4
So] o]FojFtHLee, 2001; Eom et al., 2002; Lee, 2003;
Song et al., 2014). 3, SRR R 7|& A=, Z
28 YEES BE310] $718 A AT 87 FF
L& o g AF7F A2 (Yoon and Hong, 2004), 5=
Q) gl dat A RE ol

A QG E AR vlel BlawA] g FH7|7Ft
AF A 7Fs, =sE A 59 AR ol UtkCho et al,
2015). ANAFEE S8 YAtE e 871He A HET

o W A AU TP A A i SEd 2o

and El-Kassaby, 2016). 7| HE A517| $JojA= 5=,
T, &, olitaleta 5o B 2d gH 8719
s AT A, Bt AH] 7]& 5] T3t a4
Z-g-=thLandis et al., 1989; 1990; 1992). 1% AJH]= &
JRe] A4 BE FAL 2T 5 s A1 Fas
Q4 = sho|tiLandis et al.,, 1989).

8715 o Au] 7%l dig A7k ek S0
oA o] FolA|aL r}. H|= O] Aol whe} FFe] THE-
3} W2 ES 248 5 LO(Fu et al, 2017), 4,
EH], F7]& HR 5 HRS] ¥ 250 A IF
< PXIt(in et al, 2022). H50] YA Lreof sfElof] of
H A7IER t=A Al
s vjzo R HE&S 2HE 4 Qti(Hwang et al.,
2005). gHH, AlHEe] =4 H] 7]&9) Sa3 a4
% b, HAg o] Al 30| wel a7l
e ATgoRN B Bdo) RES ALY 4
(Landis et al., 1989). &3}, I} =3t A|H
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1. AR E SA+E

AAA = SRR AAbol] §A3E Fetieta fe2d
(N 35° 49", E 128° 45)0|n], FA| $F2 SN
(Hovenia dulcis)Z, 202018 1040 9] 1534 37t
oA GuiE AF sk AT GujE A>olA 2
3 RS AAGEOn, A Al SO bk
A BE3ich. ol AR BB e AL Bol Tieler
& A s o), M FAE AU °C AL
Aol MUSIATE. T 2% H O5% SR 453 5
o Helgk Fo B Eo) 24417F B2t ARk
A7} ke FAeh Ae wolg ERtarel vldol wop
$°C A LA A 2021 38 9215 E] 38 23744 2
T A25A AE sHoith(Lee, 2003).

2. ¢E 4 2 AHIX2]
[

e FA9 AeuAt Helg vhal 39 230 A
Ao, 5HE 2% F FRE ASAE(Hardwood;

Taeheung F&G, Korea)S A& 87| €% 500 ml9] 15
27](KK-SI 500, Shinill Science, Korea)o]] ©]4]15}3 ). 3f
F &7l UNUH1-0) BARE 8712 AN ES e
(Kim et al., 2006), & e Pibo] B-g=ar ot
(Korea Forest Service, 2020). o]4] & 3]|H 4] A=
o} elo|mF o]-g3f miY 20 L/m* 7| o2 43}qict.

AR 2= 59 31U RE 135 Bt =84 SH| =Sl
Multifeed 20(N : P,Os : K;O = 20 : 20 : 20, Haifa
Chemicals., Israel)S 3= 13] B9} H3Yslo] AA|5}FCH
AR FHEHAMGAA 2P0 Ea 8715 AlR7|ES
10-20 g-20 L'-m™? o]m(Korea Forest Service, 2020), & <1
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P 2900 A4S 2slalch 24 298N 1L
Z2k0) w9 717ke] U W F R A4 o] A
AZE-S AAFS1S THHughes and Freeman, 1967). E3F 9F
HE BE AMEE IG5 ¢l= HDES A4ekad

TH(Haase, 2007).

202191 89 @AY F5 T B2 7 A 1624
=33}, AZ7](LFO-1150, LabTech, Korea)ol| A 65°CZ
48N7E Az F 9, B7] L Wwalw Rl HAAL
(E02140, OHAUS Co., Switzerland)2 =75}t A
S ATl o8| Hig Z}zto] el A, & 5E
AT TIR&2 AFSHA T (Haase, 2008). 5T FHE H
Zo] FAL WSy el FAA5E e Secdiing
Quality Index (SQDE A4 S H(Dickson et al., 1960),
Al4tA e o3k 2k

Total dry weight ( g )
Height (cm)

Top dry weight ( g

SQI =

Root collar diameter (mm) Root dry weight (g

2) A5 T

Ale]of mE B9 JE4 EF ZpolE AN
ote] Ado] TEEE 2021 84 30U FE4
= S5k 72 Al ok Fit A9 A o] B
25 A7gsto] ZF iAo Aol A 231 oS A F )
Ak AAFEE 2 50 mgH #epjo] AJefe] Wil
DMSO(Dimethyl sulfoxide) §-4-& 5 mlE g 65°C &-27|
(WBC-1520A, Jeio Tech Co., Ltd. Korea)ol| Al 647t 5-oF
HELE 231 th(Hiscox and Israelstam, 1979). &
3l g-o0-S UV-Visible spectrophotometer(U-2900, Hitachi
Co., Japan)E ©]-§5}0] 663 nm®} 645 nm o] Tpo| A &

[oZ

~

A12E A2E (2023)

AlAHAl(Mackinney, 1941; Arnon,

©°
=1 =
Sda b 1o 3 94 G

Chlorophyll a (mg- g™ fresh weight) =
12.7 x A663 - 2.69 x A645
Chlorophyll b (mg- g™ fresh weight) =
229 x A645 - 4.68 x A663
Total chlorophyll (mg:- g™ fresh weight) =
8.02 x A663 + 20.20 x A645

4, SHEA
Al A Eof whE 7H, 2

QR A S i, BAS] 915 AU B

Xl(one-way ANOVA)S A5t o, 2| 7+ Ho+ x}o]

o ot A4S BASIIA} 5% F-2J4=of| A Duncan®]

054 % H(Duncan’s multiple range test)S A A5} T}

EA 842 SPSS Version 25 (IBM, USA)E o|&3}5ch

kY
o

< =

o atE ARl WalolA RS 4= Qlti(Castro-
8 I, mpxaf AlH]

A ol% ZAet SN 87| o] 1M Y] A%

< AP {93k AfolE YR . (Table 1, P<0.001),

AlB]pEo] Eobglo) et AT E oAl S B

k. SRR 15 gLt o] AFe] AlujHe| Zhofl= {213

i

Table 1. The growth of root collar diameter and height and H/D ratio of container seedlings of Hovenia dulcis grown at six different

fertilization treatments.

Fertilization Height

Root collar diameter

H/D ratio
treatrr}?nt Growth Relative growth rate Growth Relative growth rate (emmm™)

(g'L?) (cm) (cm-day™) (mm) (mm-day™)

Control 9.66+1.76° 0.051+0.013¢ 2.69+0.34¢ 0.017+0.004¢ 3.63+0.70°
0.5 81.50+5.76° 0.783%0.056° 5.11+0.38° 0.042+0.004° 16.05+1.95%
1.0 102.25+4.44° 0.989+0.049" 5.94+0.57° 0.051+0.006" 17.37+1.90°
1.5 109.94+7.43" 1.066:0.082" 6.48+0.62° 0.0560.007" 17.16+2.47°
2.0 108.38+7.68" 1.050:0.083" 6.69+0.43° 0.057+0.005" 16.27+1.58%
2.5 99.25+10.23° 0.962+0.094° 6.29+0.80™ 0.054+0.008 15.88+1.41°

F-value 514.01" 514.29™ 121.20™" 118117 146.52""

Note. “Mean£SD(n=16). *"P < 0.001. F-values are statistical significance in one-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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w25 gLt Al A o] 7k
o) ety o) AlH| A2 e
Zol o 1] ] A 9H(Park and Lee, 2020;
., 2020; Eo et al., 2021), T3t AJH]&= ¢=F0
e} AN E H3dg eks A& UERHTH(Choi et al,
2019). S 25 gL A el o)A mE o] opi
QT R e Sze) AR Qs B4 wlajr) waE
Aow wekElth AR 87110 AL 15 gL A
vz 2] Lol A o] oF 118[¢] 109.94+7.43 em 2 714
B 2AFE o, UL 2.0 gL A oA 2T
9] oF 2.51)19] 6.69+0.43 mm= 7} =A AU A
=9| graFoAgo] agt ol SEs] saEel w
2} HE5o] AJFo] Edhs] o] Fojx]|=t|(Wallenda et al,
1996; Malik and Timmer, 1998), AJH]|*]2]& 3}%] &2
ZTo A= 7HAo] 9.66+1.76 cm, ¥ 73 0] 2.69+0.34 mm
2 AE[A g o] Blsto] mie- vhE AAEES Hlch
S-S H/D&2 A 2]t7ke] 93t Zpo]7} whow
(P<0.001), A8 &]5t7}F th 2t} oF 4.3~4.7912] H/D
£1(15.88~17.37 ecm'mm™")& UEFHTHTable 1). H/DE&S
REo| ZAES Uehn, 2AE7} £ BB kg
7he ol of2k &4l ©] Floksto] Al A X7t Ba
aheh(Haase, 2008). 3FX|4F S0 wheh 21T} 1Haol
Adleo] th27] wiwo Futtt 285k H/DEo]
oh2d), RS 79 =R 7] F 17 emmm” &=

o7} glgiom,
93|

SEO
O]:E

140

139

olm, Fds 87]5(1-0)] HDE Bl 13.544.3(5-22)
cm'mm™ o] H]3)] &2 Ho| &3lcKKorea Forest Service,
2020). wkzbx] AlRA 2] ofsf yEhd SZuES] HD&
o HA-g Fo R FrhEch

SN 87129 A AES t2olA] K73t
o] AgrH A& o st A o AlH|
Ao A AF7ITe] g Ay EE] St
o7t fdaskes AS HdckFigure 1). AlR|A =
6/22~7/61} 7/20~8/3° R YFEC] =2 AE & = U
o, SINUFE 23 A elS Hole Zo® wekE
THCho et al., 2011). ?HH, AlR|A2E Tt B A 2Rl A
6/22~7/6°] 7179] A LSl 7MY A ugked, &
= 717t A 2L o AWYEES ARAYE T 2e
AN 14 e AR Bl ol T6-
712000 Z¥AFe] AN AAES 5] Wol T 2o
Aol 323 F71e)
Eucalyptus globuluss
et al.(2021)9] SA7rof A
Holal o]% &= 2

A4 A A g Fo A Bl A o A AHAES

t

< W9l Aol FASIEKTable 1).
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Figure 1. The growth pattems of height and root collar diameter of container seedling of Hovenia dulcis under six different fertilization
treatment. Note. a: Height growth, b: Height relative growth rate, c: Root collar diameter growth, d: Root collar diameter relative
growth rate. Vertical bars represent SD of the mean (n=16). Different letters on the each columns indicate statistical differences

at the 5% levels by Duncan’s multiple range test.
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2 STMMY U BREIXL
SN §71H0] B BAMAIT 29l BUAAIY

= AR whet {27t ZpolE HERHTKTable 2,

P<0.001). BAMAYE 71431 2L 0] AT} 7o) A
Hl4zo] fobdol whet Z71sls Age melon,

EANES AR 9, 7, & SRS sl
25 gLt AlmjA| 2]l A WA ‘%‘%‘fiﬂr. ol ot 2
AR 7 A Bl AR oA =2 EEAAAE
2y} ofFHolgd 80| Lehdtial B3 Cho et al.(2015)
o] AFATe} AR A= HIth AlH|A2E 5HA] ¢
< H2olA = & SEAAEl 151 go 2 7P 2
AAFFS Bolom, 2.0 gL' AlRIH oA & EAA
g0l 21.06 go 2 o] Hal v w2 SRS
HAtKTable 2). ol= E®™ £/4<1 Acacia mangium
|715(1-0)2F et =8 Y 2 --FQ =EU
7 AT AAlSUE, SuEe] §71H(1-0) T =
2 ERAAAEFS UENH(Cho et al, 2011; Cho et al,
2015), SNUF= S8 Seof Alulof tigh FEol
& Fgo] & Ao wriEr),

T, SN 87180 Be) BUANTE A
oI5l AR} 7hA §lo] AlH]g=o] ol wet 2715+

O

il

i, tjz=tek AR 2]t 2kl 2 2ol 7F YrEREAIRE 1.0
gL olake] Al|A el 7ol 2 Ajol7h LiehiiAl ok
t}. o] Cho et al.(2011)9] Acacia mangium 575 (1-0)
o} gARe Z3kE Uehpglon], AluI2 els) B Aol
o|Zo]H AT £7] Ao 2 Q13| LI By YAl
Agtol YAE Ao e,

TRES Aels A%eol gt AR AFe] g
Aol Ashie] 2EE 2ok sEroR mE B
B 7} Q A o]ti(Haase, 2008). YutA o g2 O T/R
X wmo] A HBow B, A4Ro) 2]

S éﬁo

é
S 7

]_

A12E A2E (2023)

o] Bt Axg Aol TREO| HWolw s}
2] oFo HEOQl 4= glomy yEO| AT Y-S s}
o] B7}slo]of k(Sung, 2011). AlH] A g]of W} &7}

47159 TREL tj 204 0.4440.10 g-g' 2 714
whobe 2.0 gL A @] tol A 3.41037 gg' & 7H &9k
k. 15 gL' ool 2|t Zholli= fojuldt ZolE5 Hol
| SFoktl, o] AlRlgEo] ol WA RAFRe] A
o] =7 Vb=t whal, x|sho] AR AlghE 87
Howm Qlalf A2 7holl= & o]k UEhbA] 9887]
f o2 gehEch TRED Ao EdgAFo] 2
HES 2 Ao &8 AEFA AT L8HS HolEY

N

01‘0

1 o 1=
EoF5) o]4] A= B 4= 9t (Aranda et al., 2002; Cho
et al., 2011). 2L} B ARo|AL G7] o] ma] 2

(plug)o] FA=|o] TAE & st FeE Bolom, 4
A A FFE PAA G Ao e

FHE HES FHAAFE Uede EEFIAAS
(Seedling Quality Index; SQI)= *]2] 7F {-9Jt Ajol &
UER th(Figure 2, P<0.001). HE5 8 A4 2Rl A
0.38+£0.16 0.2 71 Yokl AJu]|=Zo] ol o wfe} 5
7hetglon, =& AFH v 3 HDE % TRE
S 12l 2.0 gL' A tol|A] 1.08£0.23 % 71 =4 Vet
ek T1Eu 15 gLt olabe] Al hells -2t o]
7F YehA] Rkth(Figure 2). f-EuE 52 HE 13
o] HEFAANFE HoAN S/ 87| HE AR
o Aol mf- =A Uehd =2 HDEI T/REo| 23]
HEZAAP7E AR A o2 FA vepylth o] Cho et al.
(2011)9] ALt AR e Uet =t Eucalyptus
pellita®] 7ol = AJH|g=2o] what | gL' o] 2] o)Al
7MY =2 S B ou, HDEY TREC] &7 UrE}
U REZZZ ) 9F 0.62 502 WA et 4
of wet A% §A40] Dt HEZAASY Sk f+~7ﬂ

Table 2. The effect of fertilization on the biomass and T/R ratio of Hovenia dulcis container seedlings.

Fertilization Biomass (g, Dry weight)
treatment T/R ratio (g-g")
gL Leaves Shoot Root Total
Control 70.23+0.07° 0.2120.07° 1.06£0.38° 1.51+0.47° 0.44+0.10¢
0.5 2.91+0.48° 3.28+0.51¢ 3.86+0.82° 10.04+1.41° 1.66+0.35°
1.0 4.49+0.93° 6.15+1.06° 4.37+1.30® 15.00+3.07° 2.55+0.47°
1.5 5.98+1.59" 8.44+1.85" 4.60+1.67" 19.02+4.94° 3.32+0.59°
2.0 7.07+£1.38" 9.1621.50° 4.8240.99° 21.06+3.50° 3.41£0.37°
2.5 6.66+1.63® 7.71£1.97° 4.84+1.74° 19.2145.13 3.1440.65°
F-value 80.22™ 104.82" 21.60" 70.60™ 103.97"

Note. “Mean+SD(n=16). ™

P < 0.001. F-values are statistical significance in one-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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F-value 19.517"
14 4 4 14

RN

0.8 q 0.8

0.6 q
04
02 4
0.0 :

c
r 0.6
T T T T T
Control 0.5 1.0 15 2.0 %5

Seedling quality index

F 0.4

0.2

0.0

Fertilization treatment (g L'!)

Figure 2. Effect of fertilization treatment on the seedling quality
index (SQI) of container seedling of Hovenia dulcis. Note.
Vertical bars represent SD of the mean (n=16). ***P < 0.001.
F-values are statistical significance in one-way ANOVA.
Different letters indicate statistical differences at the 5% levels
by Duncan’s multiple range test.

UERLAIRE 2R pEo s AHAEE oS W 2
FZZAX]4E B ItK(Pinho et al., 2019; Choi et al., 2019;
Madrid-Aispuro et al., 2020). HE2Z A 2|5t HRo| I
A, A3, A s o= UEhlle ARR, & B5F
AA+E Bl 1.5 gL' o|Ae] AluAEj7t 71 st
HES A Ao g 718k 4= 9lck(Bayala et al., 2009;
Schwartz et al., 2020).

_{

4 g

S BATE At Table 33t 2t g2 Fefe
b, & A5 T BT AHeE 9 L34
A5 abs=E A2 1t Ao 7}
LFERTHP<0.001). 54 FFe] 749, Alvls<Eo

>
3
T
N i
pei)
)
o
o
o
N
]
o
1A
Ju

N A
o

¥ 8 oo

ol wle 424 PFE FSYOL, 15 gL ol
ATt ol 212 Ql Aol 7k yehbA] kS A=A
o] g5 oS Hlm W Ao ek st WA}
21061 (Bojovi¢ and Markovi¢, 2009), Skudra and Ruza
(2017)= F54 o Heks o 44719 2= 3
7¥ek 4= ikl BarskQich Eo et al(2021) Zmfuhat
o AEURE iAo R AEHEE o AFtelA] 20 gL
O] 2 Alr[A g Fo A 4 S Ao ® e
Y= SPADS] 4:2)7} 7 Lhebgeh 2 ool A S
Ro) GEA Y= AuSFo] Fole] we Gu4 G
Fol T7hhs e Eion, 52 A5 2
1.5 gL olAke] Ae|tof o] mi Aol A vehd,
Skudra and Ruza(2017)9] Ao} 2-& A3FS trehyolck,
ol AlHIA o) sl o] AEsHA FA|E o 8l
ARe] g Faol Z75aL, AREo] B of
2ol A& ACE WHALASL abRe oA
2.09+£0.82 =, A|H| X 2|2 3.79-4.270] H|3}o] o H]E
= Hoj, ARl o whet 54 abgoll [-om]gk 2k
o7} Wtk SHAINE AR A g oA Fe Ao whE Aol
= YeRtA] ¢kkth Kwon et al.(2009)32} Cho et al.(2011)
o] AFtol A AJEIA o] whE 87| HO| HEa ab&ol Al
Ul A el o BA e TR B ebd A AR
Ane vtk YAHoR 4B 484 abgo] 34
T QAL 13 H(Hirashima et al. 2006), A|H] T2
Ao B2 HEA abE2 R FHOR QIR d5a A

sk AR Q3] Uehd Aoz mohEd)

Table 3. Effects of fertilization concentrations on chlorophyll contents and Chlorophyll a/b ratio of Hovenia dulcis container seedlings.

Fertilization Chlorophyll contents (mg-g" fresh weight)

Chlorophyll

treatment Total ;
(gL Chlorophyll a Chlorophyll b chlorophyll a/b ratio
Control 23.73+0.44 2.01+0.79¢ 5.73+1.13¢ 2.09+0.82°
0.5 18.17+1.30° 4.28+0.54° 22.44+1.82° 4.27+0.28°
1.0 21.13+1.50° 5.36+0.46 26.48+1.92° 3.95+0.15°%
1.5 25.84+3.20° 6.90+1.37 32.73+£4.53° 3.79+0.36
2.0 24.45+1.76° 6.09+0.59% 30.53+£2.26° 4.03+0.24°
25 24.89+2.22° 5.86+0.72% 30.75+£2.91° 4.26+0.24°

F-value 74.30™" 18.61™" 57.04™ 16.12"™

Note. “MeantSD(n=4). ~"P < 0.001. F-values are statistical significance in one-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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