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Fertilization Effects on Growth, Foliar Nutrients and
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ABSTRACT

We measured seedling growth, foliar nutrient and extract concentrations of 3-year-old Ginkgo biloba
seedlings growing in a nursery following a single fertilization with nitrogen (N), phosphorus (P) and
nitrogen plus phosphorus (N+P) fertilizers. Fertilization did not change foliage, stem and root
biomass of the seedlings except for the high N+P treatment., Foliar N and P concentrations following
fertilization varied according to the amount of fertilizers. In general, foliar N and P concentrations
increased with fertilization, but fertilization with 400kg N/ha and 100kg P/ha decreased foliar N and
P concentrations, respectively. Seedling growth and foliar nutrient concentrations showed that N and
P were the growth-limiting nutrients in our study site, It was found that fertilization reduced the
concentrations of secondary metabolites (Ginkgo flavon glycosides and terpene lactones) in foliages. It
seemed there was a relationship between foliage biomass production and secondary chemicals in G.
biloba seedlings.

Key words : Ginkgo biloba seedlings, nitrogen, phosphorus, fertilization, Ginkgo flavon glycosides,
terpene lactones, biomass
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L5 (Ginkgo biloba L.)e A4 714
LAEQL A5t Y 5 F9 stz Aol
Qe FHolety Bedol, LW #ATR
A=z & B ohe Eale A4 sl
2 agly EAe 2F3VHAR VA7) sl A
o2 ez 9k Del Tredici, 1993; Major,
1967; Son¥ Kim, 1997). &3] 2345 42
Fofolx] LBt A2 AMEES] i,
2= 3249 flavonoidss} terpenes 59 271
2 EAol ¢ 9 715 g Tl i
7} glge] waA FHF HuleiE olFe] 9
oFEZ w wExA A AEdEe gl g
glt} (Rong %, 1996; Sticher, 1993). °ol&l o]
& wFol] SR o FEHE FF) i
#g AFE wort 2289 FFHF} Fxd
T vlAE A4, 344 acd wF YA
g 29 slzdTeE W$ v F3 AR
(Del Tredici 5, 1992; Ling, 1992).

Ao} ale AEA FALS AF 4
< vehiEd g4l fgdezs 5] A
g Agste etz d8A gled, ¥ £F
o] Aol Q19 AM] F o] FUIE BiF
ek, B3 PUYFAME Aie] Aule wft
Aaroin} o] B 2o R Fxej Wl vehd
A7t BuE 6 giv} (§5F, 1985 Brinkman
s} Boerner, 1994). 234 o] 75 AR
Az} A& A AujEde o, A4 2 ¥
o ¥, QU #& FEE W] ojuidt 4
g nxExe & 4HA A dvh. weEkA
B dAFeie vy 34 BES R
7] 98 Fxe AL, o, 23z Al 49
Byulas A4 Foll, BE9 A, Wl A
A9} Ql 287 & %% (Ginkeo flavon gly-
cosides®} terpene lactones) FE¢ #H3HE et
e AL THor st

e ¥ e

1. Ald] ¥

19969 49 = zmeidistm AdAddS T
2xe AAE 334 AAwel A AusA
o, Ase A3k (NHD:S0), 28 T4

&

(Ca(HoPOg)2 - HX0)S elE BAe) 3% %
Aazsged, AvAe A4 35E, o 2%
Z, a9 g3 258502 Addd, o
] W4e Aol had 71Fo2 A4 A
£ 100kg (N100), 200kg (N200), 400kg (N400),
qle] A% 50kg (P50), 100kg (P100), z&lx
Aol o] Egoz 200kg+100kg (N200+
P100)=+ 100kg+50kg (N100+P50)8] 7714 =
2T (control) ¥ F 87IA & sdcuh. el
D HEo B4l 50RCZ sged, My 7t
ol HAF Im olAte HAE Fol Ab| A
7} A E S WA HEE sw,

2. M3 &3

1996 9% % AelPE 6-1084e %S
sgsgch. B5E R 297 &4 gE
2 22 s A4k AfER He
3 A sre s2E Bol Aol B2l F& A
Astget. Aast Az olhel A4Esh A
she) Aol g 0.lem FH7AA FHAT A4
2 oA Erls 9oz ¥sdd. AW
3, 271, ®e S& 5C ARIHA B8AT
o)Ak gekol & WX AEAA 0.0lg FHAA
A% e 245,

3. 2lnt B9 AR By

1996 9¥ 3 109 o, Az|74HE 2082 2
2ol gg AHAsgch, AT ARE WAL
2 Regent Instruments®¢] Folia 3.3 Ah43}
of AL 2R3, T5Ce HAzx7lA 48
A7k ol A} ko] B wi7A] AZAA gL &
A% t}e specific leaf area (SLA)E &3]
o}, gEAe AT Y ARE F4Astd HS0
o KsS0s, CuSOs ZviAlE AHr}stx Lachat
BD462 Kijeldahl #3319 Bran-Lubbe Traccs
800 AHERMNE AL 99 FEE A
sict.

109 % B5g 538 ofg A7 bem, Zel
30cmel Bk AN E ol &3] HeFEHE 9
ol9] 4 ellA] A XZHE 0cm7HA 2] B Al
B2 AFFT F ArE 13 4o A= 2 17
#eo] mokB e AzE wEYC, dAEAML
Pipette] ©.2 A Agtgl.ov] vl FFAgH =
g ®Ae FE3gch. B pHE £33 1:19
B4 = 4o] pH meter® A3l x, K, Ca,
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Na, Mg2 ¥7 A% 5g& IN Ammonium ace-
tate2 2" A7) ol ICP-AESE F:2& 23
slgich, AaAel A2 E9F A8 (0.3g& Lachat
BD462 Kjeldahl #3)3} 2 Bran-Lubbe Traccs
800 AE¥A72 FEE HAGT. B F9
frEH 4 (Lancasteryl)®t #7|gt4 (Tyurin
W)e 5%, 2812 CEC 5% 23439 (54

7ledr2, 1988).

4. 2R =Y

19964 99 7 A2l FolH A Frgle] U
& AAY e 2T ol AYT @ 2449 A

BE WHEA A, 248 HE 35 9 AA
l Abgsteh, 2y oz REle] 2EEL
HPLCE o]43}e Ginkgo flavon glycosides
(GFG)2} terpene lactones (TL)E %Aslge
o, #&, AA 3y 2 24 24 g3 7
t}. & 717 50 mesh o|&tE 4% U 50g
< 108 ¥98) 50% (v/v) HeE 8902 3
A7 33 F%3e AdE e F 7S 3
o el g AAXTI 2 FF9E 7Fste 500ml
2 Ag3] mAsle] Selstddct. Sticher (1993)
2] wE Wysle 4] HdF GFG #4448
8t 50 mlE A#s] Hsle] FAP2IF F,
F¥EE 1.5N HCl 20ml % =28 7lsl
L8 X715 50ml2 EAsHT, °]& 100C
BAfol 4] 2587 sl R3sted HPLCE o] 43
o] quercetin, kaempferol ¥ isorhamnetin2] <F
€ AFgozN Aztel H¢E glycosides ¥
& AAstget. o] HPLC #42 & : v
®g 0 24 (60:40: 3)8] EFEWE olFAtS
2 3} NovaPak Ciz (3.9x150mm) Column-®.
2 UV 365nmeA ZHEstdoh, g+ TLe £4
< van Beek ¥ (1991)¢] whH & wgsie 4]
3 FE2F o4 450mlE FF2 Ethyl acetate
33 Z%=zj3led Ethyl acetate & %o} 7t
E&A71 ¥ 5ml vigk-&e] o Sep-pak o A
Aelgt F, dF3d FoAwg B:2¢ £F
L8 o]5Ae 2 NovaPak Cis (3.9 x150mm)
Columng& ©]4-8ted Refractive Index (RI) HZ&
7] & bilobalide ¥ ginkgolides (A, B, C and
DE A=rslgc,

23N BEe] AR, Yoo g Y
F&F Fr, 283 B AA S A% =
£ 28E SASE 4838l Ael 2k 3ol -9

4 2% WSl EAHs2 felgo] o
4 g4 el AAE Duncan testd ol 43
drt, =T BES A%} §4 228 FET

o] A3 AAE M54} (SAS, 1988).
AN ¥ oF

1. EY 43 ¥ 22 M3

R¥A2] BeofF pHE Alu| Ao} e} 5,14-
7.132.8 vehda glon, B3] 98 A4 A
g T7F o8 AR & e B, B
v AA2e T 0.064-0.144%, F99 %
£ 0.021-0.026%, 28lx Hae 49 &=
1.75-6.47ppm o2 vielytono ®Eek W S
29 FE+ 0.6-1.8%, CEC: 2.2-4.2me/100g
o2 & g ¥, B A FAHE 9
e HE 22.2%, "4 22.2%, = 55.6% 5
L8 EAQL AR s}, H5o)
AlAE BEE H20 2AE B ¥4 algo)
vRlg 2gog guk mE W Alg Eoke] uH
F2 7o) vif Hohd Ao gl Aoy B
C*Elaiv}

AWl ¥ BEe Agg A% An A4y A
ol AlH] A=zt Aoy}l EAH oz A
v, A3kRe] Heoje} HE AAl Hely A
A7k 2tel7h glv ALz vehyrl (Rlr vlA
A, olet e A eghlE 1d4g EEL
ez Aake] A4 gE A3 o AT (%
FF, 1985 MM = FAFsHA hebud ul Qi A
d] HErl 55 Aalgd vxe 9% N2
+P100 Hel+E Adslre SAHs §og
a}o] 2 Holx gtrH(Table 1), &8 % &9
%, 71, BeE], "AAe Az N200+P100
Ml 7 32 g Holx, Aiet 9
g ARjelAEs Aulg Frish A wEl
Fag VA e Ao wach, Fr]2 AA
Fell= Ao ¢ NI00A N2z An]
F& F7HAAIH AAske] Frlshd, Q9 A4
AvlEF Szt 288 AAES FaAzle e
2 vehda gk, REe BA4e "asl A9
B3 B AwjE Zobrt AARE AaAdle
Ze g vehtx gk, Awj7t w59 A n
e AFE AP F A== Add o) ge
A depd = glovt, dA7RY 24 2
EQE Byl B dF dye 55 AN F)
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Table 1. Seedling biomass following fertilization treatments in 3-year-old Ginkgo biloba seedlings,
Values in the parenthesis represent one .standard error of the mean.

Treatment Folige (g) Stem (g) Root (g) Total weight (g) T/R ratio
Control 19.6Q2.9)b 37.065.2)b 57.8(7.8)ab 114.4(14.8)b 0.99(0.08)bc
N100 13.92.1)b 26.54.2)b 66.6(18.3)ab 107.0(23.7b 0.70(0.10)d
N200 22.6(6.4)ab 51.0(11.9)ab 93.0(16.1)ab 166.6(29.0)ab 0.83(0.17)cd
N400 22.74.Dab 42.9(6.5)ab 66.5(12.4)ab 132.1(22.6)ab 1.02(0.07abc
P50 16.3(1.8)b 47.3(4.6)ab 54.4(4.5)ab 118.0¢10. Db 1.17(0.04)ab
P100 16.8(3.5)b 29.2(5.9b 51.6(9.9)b 97.6(18.9)b 0.8%(0.04)bed
Ni00 + P50 24.4(8.7ab 49.7(10.2)ab 54.8(11.0)ab 128.9(29.7Mab 1.30(0.10)a
N200 + P100  38.209.7)a 69.3(16.6)a 96.0(18.9)a 203.5(44.4)a 1.12(0.09)abc

Valaes with the same letter in the same column did not differ at p=0.05.

E A% Axst A9 BY F ¥Y A 2R
NEE AN 5 e AL velm s,

2. 28 U o ws

993} 109 MY Aol SLAE Au1H
2 F2toll EAH LR Foldt Aol & Rolw gl
(Table 2). BEdxe] d9] ] Az} a4
& gz A Ea, A9 Qg A A
vl Aol s Yol 2R B EA
Awlzh e gy 493 o AAF S0 A9
7442 Ao B 4 glt} (Table 2). zelx A
A9} qle] Egalg Alwl (N200 -+ P100, N100
+ P50)ellAl SLAY el 7By w2 7 A¥
o] ezl EofellA Ais} ¢l BFEIL A AT
842 487 wied BEH o5 F Y29
oz o] 7y Aow B 5 9k, o
ZFNA At A9 FEI} A 3 AR o
#E A surgda & 4 gloh, RTol
A A 993 1099 SLA 3ol zrzh 119,
148 cm®/g S22 o8 AT 744 ZHH
170 em?/gel w18 (Sonst Kim, 1997) wi-$- &
A Vet gich, g8 99¢] SLAE RE A
2] Foll Al 10929) SLAe] wlgte] A vehtz
ole=d), olv AFue] i 7A¥ RAoE &
P }r QYL 8-9U7K| HFgo] Fvlste] Hw
g Belthrb 2 F A aste] g AA
HAxE& Bett:= Flesch 5 (1992)1+t Shim
3+ Ahn (1982)¢] A7 Aste} dAHr,

hETo A do A} < Fhe 9Y AR
A% 247k 0.95%9F 0.07%, 109 A= A%
0.329} 0.04% 2 hehta glch, o9} e 43

= d5 A% 717 (BEF 6-8Y) BF &3
T AES AR B4R A4 FE 2.2-2.4%
o} ol Fx 0.2-0.5%c ®l& wil$ e Aoy
(#+2%, 1985 Brinkman¥} Boerner, 1994; Shim
and Ahn, 1982, Son3t Kim, 1997). °17-& ¢l
oA dutgo dejuts Y H SFEY £
A U b FHR o)Fel 2 HnE B
¢l.e.w (Brinkman® Boerner, 1994), o] =
7] vl2 Aql 109 Zoll AHF dolA i)
49 F=571 o8 #Fag dddqME HelHln
sict,

EE £F9 Ay Herl 9 A 3EY F
Vg A stEed, Av H8549 9u AA 5 x
o] Wzl Ak 993 109l AAF dH 2
Aoy ¢l A2Z Jehvdw o g Ax
EFEE AL ARE N2007HA = F718h N4
Al 238 iz, g 12 FEE P50
e F7kshd P100IdE #A4sta i, 2
#v Byuige] A4 g Ak F=+ NI
o] X34 u), zElw <19 FE& Pl00e] =¥
g o s} 2L 3L Holx ¢}, ¥¥ #EE
(1985)= 235 BEA A9 Ang Zr]
7t g "4 5 F71E Jephd A 2ad
v} )},

943} 1098 3 = Aol E 7IFoR Y
FE AeAEd 7 A dEFd Abe
67%, AL 43%7t the H92 o]%FHe g
Alu] HE FolA B & AsEgg Helw
ek, ol Eok U FE 2ol dU4dSE o
028 7bsd §F B RS o E 2R e
EAA oo ol& EEE wAve rIEY 4
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Table 2. Foliage specific leaf area (SLA) and N and P concentrations in foliage following fertilization
treatments in 3-year-old Ginkgo biloba seedlings.

September October

Treatment
SLA (cm?/g) Total N (%) Total P (%) SLA (cm%/g) Total N (%) Total P (%)
Control 119.13.8)2  0.95(0.04)¢  0.07(<0.0)e  148.4(7.8)a  0.32(0.03)e  0.04(0.01)d
N100 115.03.2)ab  1.2200.06)d  0.06(0.0De  131.5(4.9ab  0.49(0.08)de 0.03(0.01)d
N200 106.1(3.3)bed  2.26(0.15)a  0.16(0.03)de  121.7(4.4)bcd  1.68(0.15)a  0.54(0.13)be
N400 103.4(3.2)dc  1.17(0.06)d  0.35(0.05)c  114.7(5.8)dc  0.64(0.06)d  0.50(0.07)bec
P50 117.5(3.3)a  2.09(0.09ab 0.70(0.05)a  135.8(4.3)a  1.64(0.08)ab 0.79(0.04)a
P100 108.9(0.8)abc  2.00(0.10)b  0.42(0.06)bc  134.8(3.9)abc  1.88(0.13)a  0.49(0.08)bc
N100+P50  84.0(5.7)e  2.20(0.08)ab 0.22(0.02)d  108.0(3.5%¢  1.36(0.08)b  0.38(0.05)c
N200+P100  98.5(2.2]d  1.48(00.05c 0.50(0.03)b  118.7(4.3)d  0.94(0.08)c  0.68(0.05)ab

Values with the same letter in the same column did not differ at p=0.05.

7 A (Stachurskist Zimka, 1975)9F Q= s
Age wolw ok, e # AT E Y%
A Fo1e 23R ARE ANsd Yol
¥ olF WAL T Aolmz, Lyl
A Aush o Aettgdl vaE 49 2o
s 7ok AsiAE de R e ws
£ 9% A4Hon 2YaE A7) Base,

3. Ul =@R

Al Al Fo W FEE FE Hse
Table 32} 4o vieht ek, f2FollA] A=
GFG 16.7mg/g"} TL 6.2mg/g4] ]+ Hasler
9} Meier (1993)e] ®.a¥ GFG 0.95-1.35%%t
TL 0.44-0.51¢l ®l & wi-$- EA vebuo. 28
v o]2i’k lolrt B4 who] Aol el met A

7] ZAQ1A] (Sticher, 1993) =+ #3F, 45 3

Ao #elolA AT RUA+E (Flesch %,
1992) #9&tx] ¥, = dvtgo g FEEY
FEE 499 AH Asld gep E HAE Heln
# (Flesch &, 1992; Haslers} Meier, 1993;
Lobstein 5, 1991, van Beek®l Lelyveld,
1992), B AFellA AHgE o] FEESY FE
7t oA 243 Ao FHelddeA AXe
AF AEA] AR YHYG 48 F3lo d@d
o] 7He¥ 7oz Halt, GFG »:y U&7
oA 7 2 xE Holiu Q)F, quercetin
glycoside?} kaempferol glycoside® z+zt 8.16
3} 7.32mg/ge® ot & Al HulgRo 2 5
2 & Belx gt} (Table 3)., A9 FF% F
7t W& GFG ¥5 #H3l= T3 e 4
el gtot, 919 AfdE GFGS Al7HA|
AR BT Zvlele A¥E Holx vk, @

Table 3. Ginkgo flavon glycosides (GFG) concentrations from foliage of 3-year-old Ginkgo biloba

seedlings following fertilization treatments.

Quercetin

Kaempferol

Isorhamnetin

Treatment Glycosides (mg/g) Glycosides (mg/g)  Glycosides (mg/g) GFG (me/g)
Control 8.16(0.18)a 7.32(0.51)a 1.32(0.08)ab 16.79(0.76)a
N100 7.95(0.96)ab 6.43(0.39)ab 1.22(0.12)ab 15.60(1.47)ab
N200 6.45(0.91)abc 6.21(0.44)ab 1.54(0.13)a 14.20(1.48)ab
N400 6.73(0.42)abc 7.47(0.19)a 1.25(0.12)ab 15.45(0.73)ab
P50 6.67(0.38)abc 6.23(0.27)ab 1.16(0.06)ab 14.08(0.70)ab
P100 7.96(0.46)ab 6.67(0.27)ab 1.44(0.14)a 16.06(0.86)ab
N100 + P50 4.90(0.26)bc 5.18(0.28)b 0.85(0.03)b 10.93(0.57b
N200 + P100 4.76(0.28)c 5.24(0.28)b 0.81(0.05)b 10.80(0.60)b

Values with the same letter in the same column did not differ at p=0.05.
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Table 4. Terpene lactones (TL) concentrations (mg/g) from foliage of 3-year-old Ginkgo biloba seed-

lings following fertilization treatments.

Treatment Bilobalide (mg/g) Ginkgolides (mg/g) TL (mg/g)
Control 2.70(0.2Da 3.48(0.32)abc 6.18(0.53)ab
N100 2.30(0.12)abc 3.17(0.24)abc 5.47(0.36)abc
N200 2.50(0.15)ab 2.97(0.32)abc 5.46(0.46)abc
N400 2.55(0.08)a 3.8%0.19a 6.44(0.2Na
P50 1.83(0.03)bc 2.62(0.02)bc 4.44(0.00)bc
P100 1.75(0.1Dhbc 2.37(0.25)c 4.13(0.36)c
N100 + P50 2.80(0.14)a 3.14(0.11)abc 5.94(0.25)abc
N200 + P100 2.61(0.06)a 3.62(0.06)ab 6.23(0.12)ab

Values with the same letter in the same column did not differ at p=0.05.

Axel gl B3 A¥] AeFd GFG 5=
= Aavt e gd Aulel Bld] dA3] GA
etz gleh, TL 58 dxFdA 6.2mg/g
2.2 N200+P1003 N4001A1¢ #7 6.2, 6.4
mg/g SHohE 47k Yo} A3 & FAE
Holx g}, H3F] <lel @t Au|= bilobalide
9} ginkgolides®] ZAaE 71x e} olg9 3l
TLY 3¥x7b P50st P100<lA zHzh 4,449
4.13mg/g2 2 & A7 2T vl8 3
o} ale FFo] TL =& H2A7&E ZHo=
vetvz gl (Table 4).

Eof ofRo] RFF o] A&3lw gl AE
Ae AW oA Al 49 <& FVHAZIYE
7bde]l glew (Tuomi, 1992), ®lS-X7} o]}
WALEA Y F wWdld] mlxe odge oz o
A Balolu} AAle] EFo uie} zpo|rt B A
o2 geAla slck, Azd Aul F AEA o
4 flavonoids+ # 4%} (Lavola®t Julkunen-
Tiitto, 1994), terpene W31 glem (Muzika,
1993), phenclics¢} tannins¥= 7HA3AY (Muzika,
1993; Ruohomaki %, 1996) =+ #H3s/l &
(Dudt®} Shure, 1994) 5 <+ ZFAe o=tk A
ol7} Qlek. v P F-E date 2 ¥ AT
iy HE W terpened] ko] AWie] Fx7
o whel walgo] wraAl ool (Flesch %,
1992), o} A 2d 2§ o)z WA EA
Fegell Wik g o] A7d wprl g}, el
B AT A 2ok Ao g9 FERES U
22E Fxd 9%e F3 e AL YA
A oglers gog oo ¥ E X§sld
JE A G¢E F+= By ohofit 23 =

A FellAe] 25F Fx wWisE dotsie d7
7t H8% Aew Algdc,

£ AT A dbdez A F s ®
5o QAL Frhsht delAe §4 FEE
FEe HAadte Aol Aol AAFH FEES
T Zrel ™ol dlw AL & 4 U #&
F2E% % GFGe B8 FAAZ Alodle o
4#BA (r=-0.676, p=0.066)"+ Ax2v, =
5 A R ERshd GFGH 99 AAE
(r=-0.739, p=0.036), z=lx &7i9 AAF
(r=-0.815, p=0.014) Atololl= 2} LAY 4
T #AE de Aoz vea Aot (Fig, 1.
53] Aol AAFH FEE o o] A #
AZE olgel Al AL b o] gdelA
F5E AL AF2 ¥ A N9 F2E T
FE A HA 9 AF FEE TR &

24 1
p=0.036 r=-0.739

20

G
o
E .
S 16t . .
& .
% 12+
* L 3
5 .
S
sl
|
4
5 15 25 35 45

Foliage biomass (g)

Fig. 1. Relationship between foliar Ginkgo flavon
glycosides (GFG) concentration and foliage
biomass in 3-year-old Ginkgo biloba seed-
lings.
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ol ayd 9nidte Felvd, ¥ Lavolast
Julkunen-Tiitto (1994)%. Betula penduia HE%
oAlA sk phenolicsE ¥]E3 o)zl il &
3 FE Aleld] 9] A A7 Y&& Hug
vl glch, olEl ¥ AAEL A EA e} k¥
o F¥el wa} o] Al B9 oko] AA R}
€ 7Hdel B¢l Aoz B 4 o (Tuomi,
1992).
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