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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. 3. Seasonal nitrogen concentrations(%) of current-year(A) and
1-year-old(B) twigs of the P. rigida and current-year twig(C)
of L. kaempferi plantations.
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Fig. 4. Seasonal phosphorus 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(cm’/g) of current-year(A) and
1-year-0ld(B) foliages of P. rigida and current-year foliage(C)
of L. kaempferi plantations.
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AN Aol FAHLE fol@ Aol7t YUoH, Ah FE
T FrtkavF e dAE<00)# 1A 24(p<0.05), L2
T 994 HE<0.05)oM 22k A3l f97<l 2jo)E
ER it

g o FRE A7I0aUR 198 93 Y 24 1
22 SHE9 gAA Z7 Az fFH Ao|7t vEh:
THp<0.05). 19979 A%, 7ItkavtR e F98 &4 BEF
A7) Zol7t YA ggkoy, A4 L& grtayR
o 194 g3 FdA AR A M /A HQ Aol 7t Vet
5o H(p<0.01) Q1 FEAME 7 |thavtE ddAR 1A E
(P<0.01), B 2£A(p<0.01) T3 FEF B(P<0.001)ol 4
Aol §94 Aolg YT GRAANE F 55
BE Al Aole YEA gkoy AxHEEE Ix9
T84 Aol v ALE YERTHp<0.001).

AR A R 20 P2 R YL FE JEE
PrAnaURN 2 Ro2 UeT gt o) B 2AXE
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Table 1. Mean nitrogen and phosphorus concentrations(%) and SLA(cm’/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 0ol Treatment
1996 1997 1996 1997 1996 1997
1.709 1278 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)
NP 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 3727
(0.442) (0.198) (0.043) (0.042) (0.581) (2.182)
2017 1.834 0.192 0.111 8391 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)
NP 2.219 1.961 0.196 0.151 82.12 116.54
(0.461) (0.428) (0.071) (0.080) (3.807) (10.813)
0.9 0.810 065 0.045
Pinus rigida Twig Current-year ~ Control 36 0
(0.284) (0.240) (0.025) (0.016)
0.851 0.889 0.082 0.068
LNP
(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)
0.9 . ) .
LNP 08 0.805 0.096 0.064
(0.395) 0.216) (0.031) 0.011H)
0.9 . ) )
NP 09 0.777 0.094 0.062
(0.232) (0.294) (0.019) 0.013)
Lariv kaempferi Cument-vear  Control 1.021 0.844 0.125 0.067
ar mpferi - ntro
? Y 0.147) (0.140) (0.031) (0.041)
1. . . .
LNP 105 0.877 0.114 0.074
(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.
ydeZ B A2 FEHES A7 2 éﬁ: F718+5 WL E e Hls 2 A2E UETHoldF 2000). o) 2 2
A3}, dE$ A oM e Bl B4 Z2 F7IgAaUF & S £, & AR BHE 8 FrivadF
SEERPEEEER-DOE T a* EEasigans R Ha B Ahe Fol FEa sk A Alule)
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e AEG 29 G F7PF YA & ASE Helth
T3 2 AT A3 7 dauF A W 248 Q1
el g8 A1xdNA 5 199%6)9 FAEHY, YEs JE W
AU A8 FrE GE Larix £AM BIE QAT b3
AE =& Holm|(Kimmins et al. 1985), Al8] & Ao M %
B 559 SLAY Wals sl Al & o, & I3+ o
A G4 dBe A7 AR ARLAE 243 9
A 9ee 24T % glckBinkley ef al. 1995).
2 A ertaudRed Hd44 BF AT ER

b 5
(1996~1997) A Azrolx A% A9 F=e AEH &
oIt AR R R, oj# g Aol FAHLE &
B Thr-test, p<0.001). 0]} 22 A= UPHOE 29
A FPEE FEY X oIt 1o, GoellM el i
7 o2 B R E9vhE Sond} Gower(1992)8) Ao} U]

T Aotk g Ao A ZAIL FE £A0A4 9
A9 ¢l % WeE zhzt 0.7~1.0%2 0.05~0.10%% 2.1,
Yagds oBth 47 o 2 Fh 09~11%, & 007~
0.13%% Jehiigith olst 22 Ade Hridhur s 39
S WA E AAurS Bejsle FRFEE ST oF9 2
A7} Q71 W Eol AHHE vl war)E AHAT Pinus & F
o AAY FE =T A2 FAFA T Woodwell ef al.
1975). 28y 7HX2RE 2AE £EFHA] G2 AedA 71A
o FEE 243 g AFAHH § 199%6)°l Hlsie v
2 235 Jeded, ol8d Ao dRA A7 F
Aol ojo] e FEIF B2 BAYS HolX & Zoih
(Liu 1995).

AN dauUFY A9, I9F 2AE 2 9% gt AR
G 1@ TR 747t & T2 E F4T 23, 74
o 9% wet 1 & 27t FAHLE £ 447 AN
th gutE o el dFo g i 99 Tk Ao
E Aoy &AM e PN A4 TRV IEY ALd F
Fol vjgted 2 AFE BT F 19969 % thEToAM &R
o AN AA EEE 0936%Z 13489 0.747%9] H] 3t
Ekon, 1997d tix7u} HNP A 27 g4 229 i 2
29 T} @A) Histe] QT o] T Aol FAHLE
8 ATHp<0.05). Tyt 219 A& £33 1'd4 HFol
U &AM e HlE £ FEE BHTh & 19964 iz
F9 2A, LNP X7 <, 183 HNP A1 I
AAGA, 19799 A$E BZTFY AN QY FE7} 7
Aol vla 1dAolM o Edth JGeaM JFe %

8 29 T HSE 97 AA ¢35 wet e o
Ao whe} dFH T FAFA} e T UAHBockheim et
al. 1986), 132 & A% 3lol(Son and Gower 1992) YA
g2 fe ALE AL ek 23U AAAA Y AEY
2w dste] oid 71E9 AFIF YJOEE YO8 ok
AEAQ AT 2ANMY A% FE wsl) tig A7)
2% Rog Hath

[*}

off o o fr o

i ot o2 od

oldd - 28

AR A 27 W A4S

A¥ A7} SLA) BlAE e 19969 9) A% 2 7Ithan
B opda AR AE 279 255 enl/go] AHIHY F LNP
A T2 269 cm’/g, HNP X2 7¢] 265 cmY/g 0.2 Z7}3hd) v
o, 1AM APME 23 279 215 at/gell A AlH] &
LNP #2129 19.0 em¥gs HNP A2 79 19.0 em¥/go 2 74
81 (p<0.05) HEH 7kl o]z} QlFol AU Lt 1997
dole /AU gdd AgdE dET 22 al
LNP A3 41.7 cm’g, HNP A2 43.1 em’/g, I2]7 1A
Ao A tZTF 386 em’fg, LNP H2F 37.1 emlg, 182
HNP 427 373 em’/ge 2 7+ GHEE Ao zol7} vt
WA 2otk 3 9]4E5e) A4 19963 fET4 SLAE 839
cmgol A AJH] 3 LNP 2]l A 81.1 cm/g 12 7 HNP g
Fol A 82.1 cm¥g o2 ZAEEon, 19730 = )2 T¢) SLA
7} 105.0 cm/gel A A¥] & 247k 113.1 em/g# 116.5 emg 2 =
7+5)0)(p<0.05) AZ7k THE S UERR A THp<0.001).

olg} 7Fo] 19961 Aol = Alv} A2 79| SLA7E thZ 7o) ul§
2= A7t An] o] 53 ¢] 199736l & AH] X2 F9] SLAVL
=T HlE T2 o)fE 199699 F AL AT 4
HAYD FEE o] &3t o]FolA AlHAe o g AFHF U
Eh}A] Fkon} 1997 39) Afols AT AulE I )
F AR AUZ F58 F AH] ol 5ol &7t veht g9
Ag 72 o ZIQlEe ALE #ddd

EYa AX[oIMe] 2= K

AR 2 W SR 35 ADH 83 FE AR A
(Fig. 2,3, 4,5, A AF N Ec 49N I A U &
T 5t Mg ES i E HolE Al AR AR Y
FE7F M B8 w g A AU & I A G0l
Zaste v 20X e F7stA e, ol ¥l FFLR
BE AAE o] FEY Yo HAFE Aotk EE/HEE
HA)71E AFstd AQAXT FEFErt FAsATE A5
of 93 AHA Y £ 2H=E £ F Ao, 2X XY
FE F7b7F A oyl QSRR ol HE3 ¢ A
EHE 93 Y o]FHACE Hotop & RAolt). o)y Z
Fz oju] e FFAAME gAlStE uheh 2ol &A1& AHL
ZHH o5 UEY FEEYS Yele RoltHCoté ef al.
1988, Helmisaari 1992a, Proe and Millard 1995).

Y, 72 E REYERH F9E YRS AP U &
29 8757t #49 AFH 2L FER7 EAHA ¥ 9
Foll 2RV &X9 e 713 448 4 3l thHelimisaari
1992b). =& 7MEHoE 999 FULE AT EFAXY 2
& B3 AUA LR Fol Y RER K3 BoAER
(Son and Lee 1997), 238 ARl 9] R 2Z o] 7l53ltiL &
F ok G7AURe Y4 AGd 2429 A9 FEA
2] &S vebd A= Table 29 7tk

AUAY F ARINY B2 ARAE VHE 53, A5 2
e F5) W 27) T2A et 9B A%l gk A
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Table 2. Nitrogen and phosphorus retranslocation rates(%) of foliage
and twig for P. rigida and L. kaempferi plantations

N(%) P(%)
1996 1997 1996 1997

Species  Tissue Age Treatment

P. rigida  Needle Current-year Control 44.8 338 873 56.6
LNP 492 233 774 553

HNP 60.6 305 750 39.0

1-year Control  28.6 619  57.0 76.7

LNP 19.5 740 198 80.7

HNP 243 587 350 753

L. kaempferi Current-year Control  40.0 394  16.7 579

LNP 502 438 396 508
HNP 441 569 509 597

P. rigida  Twig Curent-year Control 53.3 43.6 344 194
LNP 509 628 788 477

HNP 48.1 60.1 509 580

l-year Control 478 324  50.1 19.1

LNP 644 476 637 336

HNP 29.1 530 440 435

L. kaempferi Current-year Control  29.5 347 402 76.7
LNP 13.0 348 355 79.0
HNP 279 388 616 832

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

o2 Bt grltauy FEA AddA AaE 199699
¢ HEFE 45%C1 3 AlEIAE] & 49%3) 61%2 A EHl &
o] Z7tstA o, 238 19976l T2 T 34%e) A AlE] X
2l ¥ 3% 31%E Z2stdnk @71 gAUE 134 A9 4
e ATl FAe Ak AR ES BA L 1996134]
L AHYT FF A0 24.1%H Tt 19730 = 64.9%E
Ho Arzh) zolrt e RO 2 vehdth =8 9d$ G
o} Zoll= 1996333} 19973 A Euf &o] M2+ B 44.8%
9 46.7%2 el Axe] fAHE ARE Yehiglen,
1996130 = A7t YA ko] YA 19973 = A
H$Eo] ZIHEFE AA ARl SUkele A B
AT o2 F4g JeE AT
g7tV A 1dd AGdMY Q A&
Fo] AL 199633 1997d BE AJHAE F FieE E4
HAow 44 AGoME o9 ARugo] 1996d =
ZF9 17%011A1 LNPS} HNPY] zHz}h 40%S} 51%2 AlH]A )
S/ e AgE 2d v, 1997430 = 2] A 58%
9 AEu &S Hold o] NP9} HNPHETAME 2zt
Sz vt

o

1o o & mlo [2)

51%9 60%2 YT Agko] A A

AL g0 e il g Ae

B wA= 4% 207

T8 FHrlgAuF QA dFo i dhe <19 Xﬂ-’?'-

Hﬂ% Wale QA% AL BolA ¢y gtk = 1996 A

FER G FAY Q1Y ARHEE 1R v]3to i,&o
u} 1997l = oj b= w2 232 134 A &2 3
£ HHAT o)A 9] Helmisaari(1992a)1} Son# Gower(1991) 52}
AME HFY A wale] gE $E AEEe SEE
AEE BANAE XA e, £ d7dA et 95 2
o7k 1996534 19979] 9% % IR Ao WY RE
Aolell A ]R8t E 7HEA L WAE 4 glok Ty ol S
Zpol7t W astAl 7359k 22 71 2219 Apolof g AIA
T HT 377 Aed dTE Fote weld & g AR
AsEH, £ d7ZIAToREE 1 Aoy AEE dEs|
olgl ¥ ALE AZHo.

3, 1AV 134 A9 A4S, 199636l = Fag
19} AT &o] Ehot 1997“‘"“*‘6 BE AgA d49
Ao AR go] 2|ThAUF- HgS5e FAA Fo )
RO ested, ol THZREH Y GE Ao F&o]

< G+ 2FHRA AZHE FEY dol o Bas
o] tKSingh et al. 1990) w3 AgE 53’“@ o o

oz 47,
AEECEPCEREE
Aol A 279 ¢

1996l & X2+ Hd 24%E aaow 1997
23 /\x]o]]qu] AA =27t 4AE AFE HY /\;(]oﬂ)\-]g]
AR LS 36%E FE B E g7 rRdA § &
< A_i LrEb .

A UE I 2AGMY QAR EE 19963 %
19974 B5F Au|FEe] Z71E4S ARNE BF %—7}3‘
AL BYOU 194 249 4%, 19960 = A A%
A whE, 199730 = Al vl FHEFE FUHEE
€ Bk 994y Ffole 199633 19979 BF g2
]38 ATH]A ) ol A °1«1 A &o] Thom, A 1*%0
& F7tEE A Jeid =8 g7gaur9

A F 134 *zl TF AHgdo] AJH] thgs]el uls)
ou AEgo] & A0 Yepgoy dg$E oj¢ il
o P B FELY B Ag%E e

gASdM e rIttAUT e g 7heE AAIMY ¢
B 527 A ghsle 490t 3RHA=ER 3, Fig. 5),

—LJOE o°‘
[, o O{N 2 o2 O 1]

1% 2 e $309 42 FEHE FA9 ol % F
B9 AEE F FHHE 2A Aol YL U= F5AE
Bole Aojth 3 2AZ 39 A3 5 Pk

Follde 247 7Hed B9 393 @A GoiAe A7t
e HPou HEFAMT AER WA 2AE ¥BF EY
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A AGAAMRY olgHE &
el 39 5 vk 7HsAl o] AFEHTE wheF 7k 3
‘5°i-r51 o5 gt ol 7kA mE 7HA7F ofd 9, BE &
L By So] Z2ZHH(Coté er ol 1989, Vogel and Dawson
1993), ARG ) FEEEI ZAT FE YO kA B
g, 27, 293 G T2 FR9 AF A0l dE 39
olMe) 4% F FUE ol T AFARE) ) BE
o old 71 Farle ofdSnE oF sla) Bk 4A
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T8 B AgolAe] Ah RS 19963 19970
o 40% FEEN dutH o g TR Larix £9] FFEAM #F
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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 refanslocation, Pinus rigida, Twig




