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12:5} 91 Aul7k el|ehak ok Heds A 9L AxolAe] e oo
AA Hsh g oAltafel mXE FE
o o #+-& o &
FPAYAFY HRIAY, TSt BT
Ao B ATE A7 FHAY W MR AHste AL L AN ol KAl ol 41dA 27
Ao Gl ZHAE WS R Aask L ARIAZE 7oAt B D B Ao Mo F
o e AEA wist 9 g Aol WAE G FEaE] st S EATE g a9l FE
= gddo] Frvav T EAH 194 R BF 5 AR Yeyth B T FE EF A9l
TEE 2AERG FAHolM ¥ =3%E A0 E yeou 48 Skl wE A aAdA e Aast 9 F
E9] zol= EhA] FUTh A AAolA ] FA9 Q1 FE AFHRI Aole F FE BF FAHLE
ool A=A F 75 AW FHee] e 95 A 27 7P =% b P
obxl W, AW FEEEE 7Y olF FAHOE FUtEE AFS et ol @ AMA A F
TE BT 7heE 94710 AHOERE AAE Fio] olFHo FHEE s Yelle 9 A
ool 71Q1eke AL ® Addh dey FEEE G o883 &S U F ole FE ARES £ o
T AFTNOE BHl A4S IHE Ao S AAFA HHE 2ol Aot glof Ao e ot
FEol ST &Y WAE D= et Ed AHIAE & G AX 9 HE AR & Wels 94
S ks UEhlA kol A WIS ES i A& #AVE HEetA] gtk
AR 1A, M), R ARl A, Larix kaempferi, Pinus rigida
o] A Gt TA B7] wipo] Gl o] SHAA o=
A E & FAolgt & 4 lth(Helmisaari 1992b). FEL2TF T S
A7t A s vlES Ao e wat A FH9EH
AHIA 7 Bkl 4oy FEEd AA vAE YT (Gower and Richards 1990, Son and Gower 1991), YW o 2
ol FFHUE th=7] wjEell(Binkley 1986) AlH] ol A9 A= A FEol ASA 7o Hs FEARM ] vFol 2 A
FEH Y, 53] 22 AT AR AS4% 994 O AHAL Uk HEd o] FEAEH &S Sz
TEOE Fato] o & HlWdte A9t £ YR ol% & A=o] AAAAY Fol giME Zdehd 4 UtHChapin and
ol gk A7 7E] AT ZHAE AEste oA Kedrowski 1983, Meier et al. 1985, Fahey and Birk 1991, Nambiar
Z2% A0 AztET: deu s Y] 2E54E F, dEA0 and Fife 1991, Son et al. 1997) BI1E T 3
FEA AT 7o 99 AAF dese o ol B ATl AEA FFol HH4 ‘l“é“’ﬂ H] gfof
Ao g AANE FEed #d A 18 BA 8L A% E] STt BAYG A&E7o] ot XM B
(Z 1995, 21 5 1996, Son and Lee 1997), §3] AJH] $9] F& A& 4 Qltks A4S ¥el v ot (Waring and Franklin
shh A AFe A o] FARA Stk 1979), o83 Zpol7} FEA] 52 HEAW FE9 FEE ¥
AEAE S8 $u NER 73S FAsker o] &5 Ak G ol EEo] Hrhed ZRldthe HellMe 7ol
W, 7 7)#e] w25 FW gE B2 o550t} g o] U 2 I THChabot and Hicks 1982). L& AEA 5] &
£ # th(Binkley 1986). o] 9} & %kv‘i—" i ¢ oiiE o & G o] EEES YEE Al tisidE 8] =T
oA dojupAgt Rt 7 FARAME 47 dojue A Bow old tigk A7t 23 AFejolt
o2 4#HAT UthCowling and Merlll 1966, Cole and Rapp 2 AT BA2 A5 A& do] FAE YA A FLe
1981, Meier et al. 1985, Fahey and Birk 1991). A7l AR E o] Aetal e F7ItkAVES GiE dE s
AEA WA A dojh= ol WiEEE EFH Fad & o E ARIAZ g F dE7 Gl FREES ARA
a9 Wit §718 2EFEH A7 29 74 S wstel 3 HE71E AFE T ARE A4 9 ATuE
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Fig. 2. Seasonal nitrogen concentrations(%) of current-year(A) and
1-year-old(B) foliages of P. rigida and current-year foliage(C)
of L. kaempferi plantations.
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Fig. 5. Seasonal phosphorus concentrations(%) of current-year(A) and
1-year-old(B) twigs of P. rigida and current-year twig(C) of L.
kaempferi plantations.
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Fig. 6. Seasonal specific leaf area(cmz/g) of current-year(A) and
1-year-old(B) foliages of P. rigida and current-year foliage(C)
of L. kaempferi plantations.
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7+ 2719 B2 SLAVE 4 Jéirxldl I E 7] WEd AR

Btk &3 7o FEaA gdA el 1dA el
H]3l SLAZF =A Ve, olg g H 197 dME F
datAl JdEPL Atk ole 1d T A7) Wt whet
SLAZH Wahe R Hgabl 24 o) AR 271 719
s Ao, BE ATFAAE olsh fA1H A HolT Ak
(Gower et al. 1989).

AQY 279 FEFE 9 SLAS dAxH W3}
AF7HA] AFE vk J= HAAF 249 FEFE 2 SLAY
AIAE ALHEZ " 73] H4 1996 69 ~10¥, 123 1997

9 64 ~10971A 9] 58 A AAAA ] F4 % 919
F5(%) 9 SLA(cm/g)el 1= W8S Yehd A 3= Table |
% 2

A7} g o] G 2o nxE gL 19969 AL g
ZIT el A A A9} Q19 R T WM 194 A3} &4
dlM AF ] FAHCRE frolst Apolrt flGou A FE
= 71t A p<0.0n)F 1'dA 24 (p<0.05), 1]
I FAE H(E<0.05)lA 2zt At oA afel & v

THp<0.05). 1997 73, Elﬂt}*LH«I 1‘%4 2A BT
AR 7kl 2fo] 7t L}EMXI gotou A4 Fhe Frgauy
194 g3 I Ao A A2kl Fo4 <l 2o 7k Yl
SO (p<0.01) Q1 FEAA = F7itkavE S 1dA
(p<0.01), FEAA 2A(p<0.01) L2 G4 A(p<0.001)l A
Aol FoAQl AolE et ABANAME F 7%
BE A7k x}OIL UeEhA] oy deEE k9
FAQ1 Atol7t e ALE YERETHp<0.001).
ARIAEZE AE B A HE TR 9FE Fe AR

P7lhari ol 2 A0 YEba gtk ol B 2A
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Table 1. Mean nitrogen and phosphorus concentrations(%) and SLA(cmz/g) for P. rigida and L. kaempferi during the growing season of 1996 and
1997. One standard error of the mean is in the parentheses

N(%) P(%) SLA(cm’/g)
Species Part old Treatment
1996 1997 1996 1997 1996 1997
. . 1.709 1.278 0.112 0.071 25.52 42.18
Pinus rigida Needle Current-year ~ Control
0.672) (0.198) 0.074) (0.020) (2.527) (3.462)
LNP 1.674 1.405 0.131 0.092 26.87 41.70
(0.561) (0.161) (0.076) (0.033) (3.005) (1.188)
HNP 1.642 1.353 0.110 0.091 26.51 43.05
(0.719) (0.192) (0.056) (0.021) (3.094) (2.211)
1.764 1.228 0.134 0.062 21.54 38.59
1-year Control
(0.573) (0.063) (0.063) (0.033) (0.259) (0.556)
LNP 1.688 1377 0.169 0.089 18.98 37.10
(0.411) (0.245) (0.069) (0.053) (0.352) (2.347)
HNP 1.788 1.343 0.159 0.077 19.02 37.27
(0.442) (0.198) (0.043) (0.042) (0.581) (2.182)
) o 2.017 1.834 0.192 0.111 83.91 104.97
Larix kaempferi Current-year ~ Control
(0.456) (0.351) (0.038) (0.046) (3.117) (6.188)
LNP 2.248 1.961 0.179 0.150 81.05 113.11
(0.547) (0.499) (0.084) 0.077) (3.005) (14.425)
p 2219 1.961 0.196 0.151 82.12 116.54
(0.461) (0.428) 0.071) (0.080) (3.807) (10.813)
i 0.936 0.810 0.065 0.045
Pinus rigida Twig Current-year Control
(0.284) (0.240) (0.025) (0.016)
LNP 0.851 0.889 0.082 0.068
(0.290) (0.389) (0.055) (0.023)
1.013 0.954 0.073 0.064
HNP
(0.253) (0.338) (0.027) (0.027)
0.747 0.693 0.084 0.057
1-year Control
(0.241) (0.131) (0.034) (0.006)
0.908 0.805 0.096 0.064
LNP
(0.395) (0.216) (0.031) 0.011)
0.909 0.777 0.094 0.062
HNP
(0.232) (0.294) (0.019) (0.013)
) - 1.021 0.844 0.125 0.067
Larix kaempferi Current-year ~ Control
(0.147) (0.140) (0.031) (0.041)
1.105 0.877 0.114 0.074
LNP
(0.181) (0.136) (0.026) (0.043)
0.970 0.896 0.115 0.079
HNP
0.172) (0.187) (0.049) (0.055)
LNP: Low Nitrogen + Phosphorus, ~HNP: High Nitrogen + Phosphorus.
o E B¢ A4 Fau#Es A7 A4 #713E vud Aol wsl 12 Ao= Jestthel g 2000). oJ9 22 2
A%k G9E QANA Bl AATASFE DAckakE  AE FHAO] & w, B 2R Ui JRe Aany
dwF FAG o, EQY F8H A4 sEE VAU Aol el EG ] Aae] o] FEske] Fagt Q1] AR
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FETF &AM ET wokon, olgg AolE F 1%2
SF A th(t-test, p<0.001). o]k 7+ A= Unkd o=
T BEE HEY FE Aol7E 9lomH, ?3011*1«1 %
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e Aotk rIvtAVTo g ZAIZE FeF A A9
A9} Qo] = WeE 747 0.7~1.0%<F 0.05~ 010%ojo ,
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47} 7] wiol AH A0 Z v W= o FAT Pinus & F
9 A SR FEoE= AR fraketg thWoodwell ef al.
1975). 22 7P 2HE 2AE Bk &2 el 71A
o FEE 543 tE AFAHR T 1996) vlsiA = m$-
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52 24 dehifEd, ol
Qo olo] el FEs 2L
(Liu 1995).
A7 ha R e A, AT AAE T Aol me) g4
3 rayoR TRl Zate) P FEE 24T A3 9]
)

a2

o 4wz 21 5 Aol7} BAHOE feld A4 23
o Qurgoz Agelde del mE At Qo) & Fol
E 9oy 2R E g Ahe BEAF 194 A9 B

o Hlate] B AS B F 199635 thERTFl A 4
FAA A4 FEE 0936%E 1941 9] 0.747%0] 1] s
=kom, 1997 EHZ?—»} HNP A2 A 27 e FdA 4
29 FE7F 19 wste] =9kl o et Aol FALLR
2B ATHp<0.05). v} 2le] Afols Q318 194 Aol
U Ao A e ve) =2 T8 Btk F 19964 tx
T AA, LNP A7+9] A4, I3 HNP A2+ 493
ZA A, 199739 A= rﬂ T AAAA Q19 LTt T
Al vl 1 dAelA o Eokth Aol e dFel
e Y] T Was A AelA FE we Ee )
Aol we} ARz AAAA L A= A= UA HBockheim et
al. 1986), 122 ¢-& 9% 21oY(Son and Gower 1992) LA &

lo

i

A Qe Ao AT Yk L AR oA A
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AHIA ) 7E SLAC] A= G2 199639] 745 27 thau
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ko], 194 APolME 233 279 215 af/goll A Al¥] &
LNP A2 7] 19.0 em™/g HNP A2 F9] 19.0 em’/gl 2 74
31ed(p<0.05) 7ol Zol7t Slgrol el Tk Tt 1997
dolle ritauy 9d4 Agdde 2T 422 om'lg,
LNP A2 F 41.7 cm’/g, HNP A2 43.1 em’/g, 123 134
QM E 2T 38.6 cm’/g, LNP AT 37.1 em’/g, 12|
HNP A2 T 373 em’/gO 2 7t GBEE A2 kol 20| 7} v}
WA gkokth dd S5 A5 1996 t 29 SLAE 839
em’/gol A AJH] & LNP A 2]l A 81.1 em’/g ZL2] 3L HNP A 2]
Foll A 82.1 em’/g o2 ZHAastg o, 199730 T SLA
7} 105.0 em’/goll A ATH] 3 22} 113.1 em’/g 3} 116.5 em’/g 2 5
7he] o] (p<0.05) AE7rl TE Fde UERA A Thp<0.001).

o]o} Zro] 19960l = AlH] A2 F-9] SLA7F el H]s)
Z2F Q7 AlH) o] B89 1997l = AlH] A2 9] SLA7}
27l Hjs) = Olvf 1996139 o A Adze] &4
HQE S o] g3te] o]Foix] AW wE Z3t b
EhtA] okgront 1997»44 SolE Adze] AujE A w)
AT AYRE F58 & Alﬂl olEdfoll 37t et AW
A 7 U 718 AR Aok

>‘“§J+ 2R l W sE9 ARE Hst FFe AR A3
(Fig. 2,3, 4,5), 95 A% 37 L= 99717 o I W &
T FE7 7P B i Bole Al AR AR HE e
TE7F 7Y =2 Wok A YA S Al M Fol
Fashe W aAo M= Sk, ole FRol FHeR
TH 2AE olFel e BoFe Aotk E8 7keE o
HA71E ATt AN T FReert Aasint ¢
of o3k Il el 2 Aoz & 5 9o, Ao A 9] g
T S7PE EA dojutyl 1o EE o] B3t HEhe A
B A% FEO ol FHFOE Hotop & Zojtk o] 2
I o] o Aol M dAlehE whet o] A= FHO
ENH ol5d i FETYSs Uehle AolthCoteé et al.
1988, Helmisaari 1992a, Proe and Millard 1995).

SHA, 7t e B EREH 358 B A7) e &
2ol 2 7Es B3R A3 2 £830} EAA @] o)
ol aAU &A9 A7 S 7]l £42 & YthHelimisaari
1992b). T3 7H&Aol= Yo fYoz At E"JOHAM 2
& R85 Jh Ao R Fob Y R H3
(Son and Lee 1997), 2.31& 4A|ol9] FiEF2 0] 715
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Table 2. Nitrogen and phosphorus retranslocation rates(%) of foliage
and twig for P. rigida and L. kaempferi plantations

ARIZE g7tk ok i E e

N(%) P(%)

Species  Tissue Age Treatment

996 1997 1996 1997

P. rigida  Needle Current-year Control 44.8 33.8  87.3 56.6
LNP 492 233 774 553

HNP 60.6 30.5 750 39.0

1-year Control 28.6 61.9  57.0 76.7

LNP 19.5 740 19.8 80.7

HNP 243 587 350 753

L. kaempferi Current-year Control  40.0 394  16.7 57.9
LNP 502 438 39.6 508

HNP 441 569 509 59.7

P. rigida  Twig Current-year Control 53.3 43.6 344 194
LNP 509 62.8 788 477

HNP 48.1 60.1 509 58.0

1-year Control 47.8 324  50.1 19.1

LNP 64.4 476  63.7 336

HNP 290.1 53.0 440 435

L. kaempferi Current-year Control  29.5 34.7  40.2 76.7

LNP 13.0 348 355 79.0
HNP 279 388 6l.6 832

LNP: Low Nitrogen + Phosphorus, HNP: High Nitrogen + Phosphorus.

o' Btk FrivkAauyr FdA Ao dae 19963 9]
735 EFE 45%01 A ARIA T F 49% 9} 61% = Aol &
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A HHANMFH olFH = dol &4
ol FA4E F Aok 7t el #EE
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Effects of Nitrogen and Phosphorus Fertilization on
Seasonal Changes and Retranslocation of Nutrition in Foliage and
Twig of Pinus rigida and Larix kaempferi

Lee, Im Kyun and Yowhan Son'
Dept. of Forest Environment, Korea Forest Research Institute, Seoul 130-712, Korea
'Div. of Environmental Science and Ecological Engineering, Korea University, Seoul 136-701, Korea

ABSTRACT : Effects of nitrogen and phosphorus fertilization on seasonal changes of nutrient content in tree
components, and retranslocation N and P in foliage and twig were determined in adjacent 41-year-old planta-
tions of Pinus rigida Miller and Larix kaempferi Gordon on a similar soil in Yangpyeong, Gyeonggi Province.
In general, foliage N and P concentrations of L. kaempferi were significantly higher than current and 1-year-old
foliages of P. rigida. N and P concentrations were higher in foliage than in twigs for both tree species. However,
there were no significant differences in foliage and twig N and P concentrations with ages. Significant seasonal
differences in foliage and twig N and P concentrations were observed for both tree species because of nutrient
retranslocation. Foliage nutrient concentrations were highest in the mid-growing season and lowest in autumn,
whereas twig nutrient concentrations have gradually increased since July. These seasonal trends indicated
nutrient retranslocation from foliage into twigs before foliage senescence. However, there were no significant
changes in foliage and twig nutrient retranslocation, and no consistent patterns in foliage and twig nutrient
retranslocation following N and P fertilizer additions. No significant changes in nutrient retranslocation between
different foliage and twig ages were observed following fertilization.

Key words : Fertilization, Larix kaempferi, Nutrient retanslocation, Pinus rigida, Twig




