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Effects of Fertilization on Growth and Physiological Responses
of Lonicera ruprechtiana
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HHA A& =< EL}—E}(Lonicera ruprechtiana Regel)~= UISHY - YJAAo] &5 48 =502 st 9 1
AF 2 ol ZEYDMZAYAE Yol A B2 U 500, 1,000, 2,000 mg « L] AJH]
FZo0F 12F7F Al 5,18145_1'1 Hi/] AR, 297, A5 A EX(EEA 9, dE24 9, I 59)
L' iia%oﬂxi FHREE), HA7IEEATEE (Vana), H A S (),
AeHi AswFol F-4sH —7}0}‘%} HH, 454 ab, o SRFEE/Fr), 715 %E
gisich. o2 Bal BAEIRE W55 AN A2l A Asie ek Ao Pl
Eo] FA %EW«L %@*@*&%‘Col S7FEE & 4 e sl Jmax/ Vemax & FA12 FASNE Aot Hapd 24
A= SREUR st 9 BAS Q4% 2 A AJu] 3 AAj 7]ojehy, FE o w2
A el that F4 Ak A

Abstract: Lonicera ruprechtiana Regel, a boreal species renowned for its tolerance to extreme cold and drought, is
an emerging candidate for afforestation and bioresource development. This study assessed the influence of fertilization
on seedling growth and physiological performance. A 12-week experiment conducted at the DMZ Botanic Garden applied
four treatments: a control (0 mg~L'1) and 500, 1,000, and 2,000 mg-L'l. Growth traits (shoot height, root collar diameter,
and dry weight) and physiological metrics (chlorophyll content, fluorescence, and photosynthetic capacity) were evaluated.
The 2,000 mg-L" treatment markedly enhanced the net photosynthetic rate (4), carboxylation rate (Vuu), electron
transport rate (J..), water use efficiency (WUE), and biomass. No significant shifts occurred in the chlorophyll a/b
ratio, quantum yield of PSII (Fv/Fm), stomatal conductance (g;), or transpiration rate (E). A stable Jyu/Vemax ratio
was observed, indicating a regulatory balance that mitigates photoinhibition. Elevated fertilization improved photosynthesis
and growth without inducing stress symptoms, supporting its application in seedling production and conservation.

Key words: maximum electron transport rate, maximum carboxylation rate, water use efficiency, manchurian honeysuckle,
photosynthesis, chlorophyll content
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Xloﬂoﬂ *XHOF— AT 7
off Fofelz oF% A& 7hsRt BAE Qs AAA]
AR Q) (ex situ) B H2Fo] "=Alo|ti(Kong, 1998; Kim
et al., 2011).

QiAo ofghf W Lrjun =
) AR A S} ela s

]_

2o A AeES HoltKDillaway

]o

i

A
=

u}

X
LS

[e)
—

U
J

ol >{.El
e

3

o

]

[



e ] LR st

and Kruger, 2011; Pedlar et al., 2024; Goto et al., 2025).
oj2fgt Ae|A] Aok o)A 27| gzt Hufj= ojo|d 7he
o] om, 53] Rt chAoA9] A 2 el ohyAd st
He B4 9 Q=de) a5 274sks bl Fasith
Al B0 /Mg, 1Pdat 7 WS FXIste] 27)
2k 9 )£ AATLe] HA-(Poorter et al., 1995; Quoreshi
and Timmer, 2000; Cho et al., 2012)2 A ZIT) AH[S
£o FHEE i 3 Aak QU Thid, ARE,
RuBisCO Th§ 2l A4S, 2l 1t 83lje, ATP 2 NADPH
AARE 2710, ol <la) = Tk W o) AR
25 (Jna, Maximum electron transport rate)@} Xt 7} 25
A8} % (Vomax; Maximum carboxylation rate)7} 57}5}1¢]
el Askeka] Agto] hslEltiPoorter et al., 1995;
Evans, 1989). ot AJH|E Faf a5 o] AAAEA
Thl A H T 72540 g ol BRI Jun@F Vema
7ro] Extdgo] 2o HAPAEAY] uhl @ r <l
SAJAEAF(ROS; Reactive oxygen species)o] EHESICE
ROS®| ogt FASIE 2l55l7] 18] A& Joan®t Vemax &
HIES FAoHE B4 24 AES F6f 3 5737 ol
Y] s sk o2 Qlal A UATE(Fy/Fin;
Maximum quantum yield)-2 Z7}5}a1 v])3skeha] &fgAH
(NPQ; Non-Photochemical Quenching)-2 7+4~3FCH Walker
et al, 2014). A|B]E Bt AB3leH4] 1 o] 7S asst
o o7t BES SR olofR|aL, 53] AlsHH
2o oy 71 7)ol B B A viEstod
g 25 e Suislshs vheol UEhdth(Poorter and
Nagel, 2000). SPA|RF 21 &5}A] 53t 2] AWl FE o]
& 58S AsHAA EHe HDE 2 Jpwll Vonax 712
e 2T 5 leng g B = - 54
= este] A9 AH] S FEskaL AXske Aol 2
4=Z]o|tDumroese et al., 2013; Kwon et al., 2009).
Lonicera <2 AJH| 20| whe} At e vkgol et
A= Ao 7 HuEQch Hayes and Peterson(2020)-2 9ty
OJUIN(L. caerulea)?} L. villosa= AH]| & Z7}of u}=
A7 Hkgo] A ekgtou), E3HEUNHL. tatarica)= A
A 9 At Aol folsi S7keteka Bastsich
E3E L. caerulea®] 745- vermicompost 2|7} =54
Z71o} e Be) A A FohE itk Encseu ot
al, 2021). SPAIRE ExA] TEsRo] tigh A - Ftd <=
O] AJH] ¥k A= i ARt olw, 53] FYELS
AJH] HEG- E/do] A HaER] ofo} HA 9 2gS 3t
2 Ae] o] Ak LA7E BAgE Aok
W= (Lonicera Regel)= 257}
(Caprifoliaceae) 215<(Lonicera)°l] &3l= HYgA THES

ruprechtiana

A1147 A4Z (2025)

2, 55 SR} Ao FREPEE, S, ThibE B
(Berd, ok, PN, PR BRI U
offt= AAYBHA] QR S oF 2 mrkA] At 5-6%e
W s e BN g 7193, 78Ul 22 Yt
Fel9] e Aok SalH

W, kel U] Holut 35

oA B 2PFFORE e BEHT UKGu et al,
ol cleyet el - ool d g

A
i

d

AR BY G 97 A AN 22 Feshag
Shick. & Aol The F 7b ZHE AFsck 3
A, A 5% F7Me 954 Gt B SR S
FYAIA FEAB 54 Al W9lolA At B Solck
B, R M) S A WES AR S0 Hk
AA TRES 271412 Zolu] 54 Alu] wslolA] 4ol
2ot @ Aole. ol T ) BYmLY HES
o= Alu) o] THE APHEAS, 9] A
B U A NHGSE T A5 I WS,
B 54 Bk

i

Aol AMGE A=Al 20239 S HDMZAMYA = =
2} HAO R o]Alslo] ATl =] FHA|
71 ARANARZ, 2017 FZollA] E=Ysto] HDMZAMEA]
ol AARE E=U AiAOlA 20229 AfETt A
ARESEGITE Fdol a2 al 943k AHRE A7 143 mm,
=0] 160 mm AR Z2fAE! 87](Square Large Pot;
Hawbunplaza Co., Ltd., Hanam, Korea)o] |43}t Al
Aol ARg-gE A et 972 2.64+0.70 mm, 7HE
2 20.44+4.80 cmo|Y 0w Hg]7 ¥ G038t ol U
th EokS oAlE(Hanareum No.2; Shinsung mineral
Co., Ltd., Goesan, Korea)2} nfAH2:1, v/v)E &355t0] AL
galoich

= A THDMZAYAEHE Woll AA1E W2,000%
D14,000xH2,000 5.2 Z5of| 50% 253-82] 0|52 ud
ZFFeH(UV Large Shade Net; Hansol Co., Ltd., Boseong,
Korea)& 21-85}0] a§s}ie). 2 Aol 94 A3 (0%,
50%, 75%, 95%)°l w2 A Al 20E HESE] 9l
ofn] S T FaolA HAlsHlem, 50% g 2710]
EWEUFY] S 9 A vkgo] 7F 4514 Urelhdol]
o} 2 Aso] 25y =20 2 XA tHunpublished data).
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AHlE =84 H]E<Ql MultiFeed 20(N:P:K=20:20:20,
Haifa chemicals, Israel)S ©]-835}o] 20241 6 19U
99 67| F 125 &L, 5 13, 47H4] (412, 500
mg - L', 1000 mg - L, 2000 mg - L& 20 L - m™Z
AL gtolE a2 o= Qlsf AxT7) 4t Al7lole 5
2-33] 20 L - m?29] IS 71 AR AlF HAl=
2 el P 6w, % 247N WS,

23} o7 Aol o3t TjFiE Fol7] {1l 8 ~94]
= 17~ 184] Alolo] Tepol AHIE fHo R g Sy
stelom, A W 2715 sl Agut RS A HofA R
€] 20 om w9] F7hE ook A9 717 5 AT O 24
2010& 715817 flete] 5% Hloly =7(HOBO U23
Pro v2 U23-001; Onset; Boume, MA, USA)E A3 S
o, H7])-2L 22.53°C, Fal 7|22 34.20°C, HA#| 7|22
13.43°C, W B 7122 24.47°C, ¥ A 7]-2-8- 20.68°C,
Bt AiSES 89.45%3Ct.

2. 42| E4 =A

D o A= F 2AF

FEA TS A fIste] A2l Al ZiAlelA 2t
7 gk Aol 918 AR F A F 072 em’ 2] FHEE 5 mlQ]
DMSO (Dimethyl sulfoxide) 8-24o] 0]} Vialof Fo}
65°Co] o710l 6A1ZH B4k ALlelod Hag 2ot
(Hiscox and Israelstam, 1979). $2&31 Qo000 HEgalt |
(MRX A2000, KLAB Co., Ltd., Republic of Korea)S AR&
5101 663 nm, 645 nm] oA Bele] FHEE 2451
2, ol B9 US4 a, b ath B U abS AU

(Arnon, 1949).

Chlorophyll a 12.7 Agss — 2.69 Auss
Chlorophyll b = 22.9 Ags — 4.68 Acss

Total Chlorophyll (a+b) = 20.29 Ags + 8.02 Ages
Chlorophyll a/b = Chlorophyll a / Chlorophyll b

2) 84

K] H2] Szo0] T R Fa)T} HlE
FPAANPQ] Aol ARE YU 247
(PAM-2100, Heinz Walz GmbH, Germany)& ©]-83}o] &4
sholck Q=4 B whe-S 20241 9% T Ak AlzolA

B W 2t

fu

)

aL A Qe RE SRt F APt ekEl
2 A%S Agsliek ¥ =% Quenching analysis 7|

2 THglo] OF 2002 FOF Y AL WA ZABHHA
2

AElAel] ofgt A5e] Wk B4 Aol 2
2 AT AT FUT 9SO Z4stert 3
¥ Y5 PPFD (Photosynthetic Photon Flux Density)+
1,200 pmol - m? - s, CO,, HEX 400+2 pmol * mol™,
27§82 500 pmol * m? - 57, &EL 23+1°CE S-A|5}
o] T3} Ao A 9] 333544 (4, net photosynthetic

rate), 7| &7 %=(gs, stomatal conductance), 7] 3FArEE

a9
(o
(3

(E, stomatal transpiration rate)2 =733} 1l, ol &a
S(WUE)E o} A1 Ea) AH&319rHKim et al., 2002).

WUE = Pn/Tr = Photosynthetic rate/Transpiration rate
M

AlH|A o] ofjt AEe] B 54 Alol= CO» B
(0-1,400 pmol - mol™,)efl 2Jgt ALAIZY CO- 334 ut
& FA(4-Ci Curve) o= Wit M2l {9 3714
2 500 pmol - 57, &= 23+1°CE 3-X|3te] FsHdat
FH U CO, F=(CHE S5 o5 T3l 7=
EASEE (Vona) H ARG S E (V) T AFESHIT
(Sharkey et al., 2007).

2

3. W A
1) A
omLbe] Alu] A2 Sol T AP URE-S HAlSH
7) Slal Aele N g e 2Askgon,

A AU B AdES wEY 4 gl
H/D&& AKXl th(Bayala et al., 2009).

H/D ratio = Height (cm) / Root collar diameter (mm)
T2 S| FoE AR el
=

a1 670 AARR ()

kel
=
=7t ARl TS Sk AleAle A=
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7](Dry-oven)oll A 48A17F g2t 80°CE AXRAHOH o]&
E3] T/RE(top/root ratio), UAZH|(LWR; Leaf weight
ratio), £7]7%H](SWR; Shoot weight ratio), H2|7A5H]
(RWR; Root weight ratio)E AF=313ich

4. A =

2 APLE 4X7] etEo g fsielom A A2
Z24A71= SPSS version 21.0 (IBM Inc., USA)S o]8-3}o]
Duncan’s multiple range test® -3-2l4L BEA5l¢ o

Dunnett’s T3 test (p = 0.05)2 A=AA5H )
d 1

1. AlBl £Z0 T2 HEA H Y Y WSl

A4 b FHEES 2,000 mg - L AJH] Hzlolx] Solal)

%2 gtk AB4 a8k a+b FFS M| S| okl

A1147 A43 (2025)

we} F7kske el AAAINE A2t 7F FodE lieh
8 abrliz W Al] o] feobdel net hashs
BFo] AUSNAE A2t 7F FroldS HolA] 2itKTable 1).
F/Fut NPQ= AJH] ZEjollx] o #SIAINE A4 f-o1/d2
AT Table 2).

2. AH| =0 ME e E4 xio]

A& BT 7IAY olsE UEtdl= g AlM] 2ol =of
ol wet F71 B Hashs Aake HAARE A2+t 1k
Frofugt 2ol 7k vrehA] etth(Figure 1). 4+ 2,000 mg

- LT AJH] ZHajatellA] 10£3.32 pmol CO, * m? - 72 8-9]
1A =9ra Fix]] Lol Al 4.93+1.20 pumol CO, + m? - 512
7V Wokth. WUE EgE 2,000 mg « L AJH] 2] ko] A
9.26+2.60 mmol CO; * mol H,O'2 7} =9km Fxja)it
oA 4.22+1.41 mmol CO; * mol H,O'& 7}& ke

B w82 ARtk 84 Vena®t Jnax 257 2,000

Table 1. Effects of fertilization levels on the chlorophyll contents of Lonicera ruprechtiana.

Chlorophyll contents (g/cm?)

Treatments Chlorophyll a/b
a b atb
0.78 ns” 0.26 b 1.04 ns* 2.93 ns*
Control
(£0.16) (£0.04) (+0.20) (+0.24)
0.95 0.31 ab 1.27 3.07
500 mg/L
(*+0.19) (*0.05) (£0.24) (#0.26)
0.79 0.26 b 1.05 3.04
1,000 mg/L
(*0.19) (*0.07) (0.25) (+0.24)
1.04 038 a 1.42 2.67
2,000 mg/L
(0.21) (£0.05) (£0.25) (£0.27)

Differences between groups were tested with Duncan’s multiple range tests or, when variances were unequal, with Dunnnett’s
T3 test. Statistical significance was set at p < 0.05 and analyses were performed using SPSS (version 21). Values are means

+ SD (n=6). “ns: non-significance at p < 0.05 among different level of fertilization within the same pigment.

Table 2. Effects of fertilization levels on the chlorophyll fluorecence parameters of Lonicera ruprechtiana.

Treatments F, Fin Fy/Fin NPQ
0.66 a 2.75 a 0.76 ns” 1.1 ns*
Control
(£0.09) (£0.44) (£0.02) (£0.39)
0.56 b 2.57 ab 0.78 0.66
500 mg/L
(#0.04) (#0.17) (£0.01) (£0.24)
0.56 b 2.57 ab 0.78 0.65
1,000 mg/L
(£0.04) (£0.24) (£0.01) (£0.32)
048 ¢ 2.18 b 0.78 0.67
2,000 mg/L
(£0.01) (£0.22) (£0.03) (£0.32)

Differences between groups were tested with Duncan’s multiple range tests or, when variances were unequal, with Dunnnett’s
T3 test. Statistical significance was set at p < 0.05 and analyses were performed using SPSS (version 21). Values are means
+ SD (n=6). “ns: non-significance at p < 0.05 among different level of fertilization within the same pigment.



AiREle] T empe] Al W Ale) HhS 499

mg - L AlE] Azl folslA e ghe wgich
Au] 5

Jmax/ chax L

3. AlH|
Ala]

Zol mE 2 Y 2

=<
o wE SY=V T AR

o] Z714E 7kt AFS B
Ak folge %i‘ziﬁ}(Flgure 2).

%

mg - L AJH] Aejtella] 7H 9k sltolld 71 wok

AR A felde o

ZL= 7EFe] AR

150

z

Vemax (tmol-m™ s™)

2

L A Aol A fofshAl wokek AR el w2
EYELHT] H/DEL 2,000 mg - L AJH] AejtofA] 71
3L B, 500 mg - LY, 1,000 mg - L AJu] A2)5ofl A
vt ghe EAARE A2 ol Holx| ikt

4, ANH| =0 o2 SRR ifOI
AR} 2|EHE ET 2,000 mg - L' AJ8] Zg]Ftoll A &
oM =& BAAES Ko Al‘ﬂl o] F7Rlel

e} ERAERE 2715l A3RS Bt Table 3). LWR
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Figure 1. Effects of fertilization levels on maximum carboxylation rate (Vemax), maximum electron transport rate (Jmax), Jmax/Vemax
of L. ruprechtiana.
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Figure 2. Effects of fertilization levels on net photosynthesis rate (A), stomatal transpiration rate (E), stomatal conductance (gs),
water use efficiency (WUE) of L. ruprechtiana
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Figure 3. The relative growth rate of root collar diameter (A) and height (B) and H/D ratio (C) of Lonicera ruprechtiana according

Relative growth rate

SRR AR ER

A1147 A43 (2025)

A Root collar diameter (mm)

2,000 ppm
A\ 1,000 ppm
B 500 ppm
() Control

(B)

Height (cm)

# 2,000 ppm
A 1,000 ppm
B 0ppm
QO Control

©) H/D (cm/mm)

4 2,000 ppm
A 1,000 ppm
B 500ppm
O Control

Time (week)

to fertilizing treatment levels.

Time (week)

1 13

Time (week)

Table 3. Effects of fertilization levels on the dry mass production, T/R, LWR, SWR, RWR with Lonicera ruprechtiana.

Dry mass production (g) T/R LWR SWR RWR
Treatments C . L .
Leaves Shoot Root Total (g'g) (g'g) (g'g) (g'g)
Control 094 b 249 b 720 b 1031 b 0.44 b 0.06 b 0.24 ab 0.70 a
ontro

(+0.28) (£0.35) (+0.78) (*0.77) (#0.11) (#0.02) (#0.03) (#0.04)
2.17 ab 2.83 b 7.99 ab 1299 b 0.63 a 0.17 a 022 b 0.62 b

500 mg/L
(#0.78) (+0.86) (#£2.64) (+4.18) (#0.08) (#0.03) (#0.01) (#0.03)
2.26 ab 382 b 745 b 1354 b 0.79 a 0.17 a 027 a 0.56 b

1,000 mg/L
(*1.01) (+1.48) (£2.04) (*4.37) (#0.12) (#0.02) (#0.03) (#0.03)
3.09 a 572 a 11.60 a 2040 a 0.78 a 0.15 a 0.29 a 0.56 b

2,000 mg/L
(*1.19) (£1.60) (£3.62) (£6.02) (#0.12) (#0.04) (#0.04) (#0.04)

Differences between groups were tested with Duncan’s multiple range tests or, when variances were unequal, with Dunnnett’s
T3 test. Statistical significance was set at p < 0.05 and analyses were performed using SPSS (version 21). Values are means
+ SD (n=6). “ns: non-significance at p < 0.05 among different level of fertilization within the same pigment.

= Aol vl AM] AEt7E oF 2.5 ~2.88 F-2J5H|
EUTE SWR 500 mg - L-1 AJH] Z2]Ttof|A] tfzto] B
3 SkAuE, 1,000 mg - L', 2,000 mg - L'ofA zkz}
0.27£0.03, 0.29£0.04 g - g' © & B.0J5}A =9t} RWRS
2771 0.70£0.04 g - g ©F AJu] A2)to] Hlgl fols)
Al =& A= 2tk TRES ti2toA] FosHA Wake
] AH] A2te] oF 0.55~0.708) o]k

oo
1. AlHl 2jol T2 Zerdol Watsrs migh st
£ QA AlM] M BYEUFE] A, WUE, Vo,

Jnas TSSHA SR A 9 Q1 AR] A2l o W
249} 919 S Z7MA1ZItiYuan and Chen, 2015).
o A 9 <) TRE) F7He AT hil 9 sl s

RS |

et alQ014) vet R4S B VoSt A 1) B T
Aole] 735 Ay, TEla A o 9 B FR Bl 9

o
tlo
o
&
0%
e
)
£
iy
i)
ox
T
i)
rir
ﬁ
£
i)
ol
1o

na]stal NPQ= AlH] Agftofla] Faje]to] sl Hat
Zho] WARE AT HARF A Fo18S HolA] 2t
& HolA gtk Fu/Fn®l 735, 0.790014] 0.847} o
o] Al=0 A4 grolw o|Ht) WS u= AEHA ARS
OJu|gtti(Maxwell and Johnson, 2000; Kitajima and Butler,
1975). E3F AH] A2 QI3 Fosha] A ¢ 72 E
A3} S Vemaxs Jnax) @] B HARAGHA] Yol FA| ==
Q) olUAE FAlA NPQE AaAld 4= QUti(Walker
et al,, 2014). webA] Y=L -, AlH] A2zt A
O] 2ol ARA] FFE TR FUANE AAAEA
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o) AR QIek AL A7) Ao AZFCh

2. AH| xz2lof mE & S+at 0|8 2| #d =H

2 Aol EAYEUTE AH] Tt oS St
Vemax”F o7 PRI ! Vemax = AH27HHZ F2]2Q1 20|
£ Holx] itk BaEIEE Jnan@t Vo = BOS=
B 7179 Assha gkl AljkE W=t Quebbeman
and Ramirez, 2016). o] uf I 48 9 APy} 2=
JmaZt 7FEEAISE A4 THHER] RuBisCo2t THAE Vemax
K} st oA 7H=545] Ajto] 7w o2 <l
aff AAPAEA ol ROS} 1<) of7] |7} A7]A Frk
Wb, BAEUEE AT 22 Al Vo ] 5 274
& Bl A e 197 ke Mglold B S
sofelo] % St ol e 7o) FHE 2HF Aow B
21t Quebbeman and Ramirez, 2016; Walker et al., 2014).

£ AT Ak, 54 b gl 2,000 mg - L AlR] X
oA elsp otk AL @EA Hajeh Posh chuy
geo] Za T4 BAR An] SFo| /KR Az thalel
=702 Qs YRao] Aol 2718 % 9UrkLi et al.
2025). WA ABE %0 slEe B AR ol
ek s F4l0] o) TRl QI a AlkuTh
Aok PRl A4 b Aol o WE e Ssiel U
o] 8 a-8E =2ItHPearcy and Sims, 1994). & Ao &
WL A] HelE Bo) G F47t ST W) 9
24 b glgo] frofsil F7be 2 50% A 2o] et
Mo qET Aow 2D US4 ab
fol= QAT dste AM] 22| A] Fatgho]
At AN FEA ath FF AJH] A
AoR Hol ZEii= AH] A
FEa AR AR T
off $4 Fxpste] F TS 3F
T} o] &5 1H] RS 2%

[o

o 12 ol

48 7)o

r
ol
E’JS

N H
T E
o
ol ok
Wi

j>
MN
o g
Jo
10

o
I

oX
o
R

r
[
B>

ty e

AHA

g M ®d
NI
i

U o
d

jitad
o
i

- oz
)’O_u

oy
o
o
R
otd
rjq

3. Ald| Mzlol 112 SV M g
PR AJH] S5o0] 7] wet AThAE 2
BAo] AR F7SHe AR B o)

H 3 2710 W2 B 7170 Bk AR gkt
S B 5L ol, AR Aok A% U 1
=

712 oolRttaL siAE o= Qlrk HHEY BN 2H
H/DE&S 3o wet Aolgt Aox e QITKKEFS,
2025). TSR] AL =01 1120 cmoj|A+= H/DE©] 5.5~
10 cm * mm, 23-31 cmoj|A4]:= 8-10 cm - mm H¢7} FA
ko g RuEch ESF SR 25-37 cm HE-S 8-12

cm * mm, <A BE] 30-52 cm 222 8.5-13 cm * mm 4§
T2 A W= AR JITHKES, 2025). & AtoflA
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