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ABSTRACT

This study was carried out to investigate spectral characterisistics and chlorophyll contents of Pinus
koraiensis needles in Gwangju-gun, Kyunggi-do. In spectrum analysis by each age, needle showed dif-
ference on 700~1,100 nm(NIR : near infrared ray). Light reflexibility keeps constant between 1st year
needle and 3rd year needle, current year needle's value was higher than others and that was higher
for 400~500 nm and 600~700 nm at 550 nm. Transmission to needle's age showed the highest result in
current year needle. It showed in order of current, 1st, 2nd and 3rd year needle at 550 nm and 750
nm. Especially, current year needles of Pinus koraiensis showed a tendency to change transmission
coefficient in NIR. The result of transmission coefficient measurement by each position of slope
showed in order of middle slope, upper slope and lower slope. But the gathered needle in middle slope
made marked change at NIR. Chlorophyll a content of the upper slope's needles was higher than
other 4 positions but a component ratio was lower. In needle of the oppressed tree, Chlorophyll a con-
tent was rather low than others. Chlorophyll a content by slope positions, the upper slope's needle
showed a highest value(4.48 mg/g) and lower slope was lowest value(1.35 mg/g). Chlorophyll b con-
tent also showed a similar tendency to chlorophyll a and chlorophyll(a+b) contents.
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r

�/2, Fx� g�� hi gG �L�o� �f�

�f '�2 ,�� �� �B � fj � � f

tuw� ¡¢ x£� ¤1/0 ¥4. ¦ f�§ ¨

©(leaf area index)]  !� +�) cª= E}«]

S1 ¨¬ u S /E��, f�§ ¨©� ®¯)

�� �°4. f�§ ¨©] g�� �± ²fo(g

G)� � ³´µw= ¶>/]· S1/4] *+

¶�¸ 34(McNaughton and Jarvis, 1983). '�2,

Western Oregon efg V¹� º�� � »x ¼

½6 f�§ ¨©� ¾6 ¿��$(R2=0.95À0.99),

3�Á(Grier and Running, 1977), f�§ ¨©] Wes-

tern Montana� ponderosa pine �l� 3Z� Â)

"\�̧  Ã¯ �°� 34] ¶�(McLeod and Run-

ning, 1988)̧  Ä b 34.

FG� � ÅÆ� ÇÈ] ÉÊËÌ, ÍÎ Ï �f

Ð� +ª� ' cª, '�2 Ñ� �NO cª�E

F�� gGHI� ÒÓ �= ÔÕO�� Ö×Ø] Ù

�a � b 34(Gholz, 1982). cd, FG�����

�ÇÈ Ú%] �UV ÛÜ Ï ' Ý� �°/0 �

]·(Goward, 1985),  !�� CÒ)�� 1+�]

\%Þ� ßÞàá F� ��8= `,� b 3] �

âã6 äd åæ4.

�� 56 F�� JKO çè= éd% B êD

h lë� �°/× ì *+��] íÂ i� Ea�

Ø1 I�gî� /E� ïð�Zñ �E�!� êD

h lë� � "�) cª òó W¿= ôõ/2ö

29÷"� �E�!= �¿�� lê cª(spectral

characteristics)= ø>/ù4.

II.  �� � ��

2.1. ��� ��

ì úû üý� B� ßþ¥ �ÿ�¿ �l6 ��

� ��� ��� �_� �E�(Pinus koraiensis)

I��� �¿�� .ß�	4. � ��6 1973÷ ha


 3,000ì= �� �I���� 3� ��= �

� F�� J��M, ib II�ð� �j��=

+ª/2 34. üý�� Fx �� Ï ��] Table

1� Figure 1� E}«	4.

2.2. �� ��

2.2.1. xxxx������������ ��������

efg� Ñ6 fj,  !�� "� ra ' cª�

#% 4|4] 7�� ���� �L�L�o�� ü

ý$%�= &�, gG� �o� �o� �f� �f

'�2 ' üý� ,�� ���B((~, ))� +l/

2, ¦ F*o� Øò �f��� ��¿#� 3]

�¿+�� ## W,� -,= .ï, ø>Â�� ÿ

//ù4. ß�] .ï ®0 ## .ï \1(� ,2

( l�/× 3,,�� R4 Ã5 Ö�/× .X.�

6Ò/ù4.

.X.� 6Ò¥ ß�] standard cosine recepto

(LI-COR-1800-11)� external integrating sphere� 7

8 LI-COR-1800-22 portable spectroradiometer� �

//× 400À1,100nm� 9B�� 50nm� Þ:��

Fig. 1. Location map of the research site.

   .
Table 1. The general description of experimental forest

Location Species Age(yrs.)
Height

(m)
DBH(cm)

Basal Area
(m2/ha)

Density
(trees/ha)

Crown
depth(m)

Ratio of Crown
depth(%)

Gwangju-gun,
Kyunggi-do

Pinus koraiensis 28~29 10.96 17.34 37.77 1,600 6.69 61.04
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lê ê¸� ø>/ù4. Ñ� lê ê¸ ø>6 ;<

�ÿ� ÿ�(� .ï Ñ� b� 3, �B( Ï

,2(� ra F=�� F�� >ÿ #Wê�� ?

@A(transmittance)� ÇÈA (reflectance)= #% ø

>/ù4.

2.2.2. ffff���� ftftftftuuuu vwvwvwvw���� ��������

lêcª= ø>/] �> S �E� Ñ� ?@A�

ÇÈB= ø>/2 CDE� �E� Ñ� Fê¸� ø

>/× .ï¥ ß�� f� ftu vw= ø>/ù4.

ftu� GH6 # ß�
 37I Hiscox and Isra-

elstam(1979)� DMSO(dimethyl sulfoxide)� �/ �

â� �/× cap tube(Jh 15 mm, K� 12L5 mm)�

DMSO 10 ml� L6 0, .ï �E� Ñ� SM

�B�� -ï Ñ= 0.1 g L2, Nß 65O0.1oC�

Pñ b��� SQ�� R 6ßÞ àá ftu� S

T/ù4. '�2 ôU$(UV-spectrophotometer)� 663

nm� 645 nm�� ## ftu a� b� Fê¸� ø

>, ' V= Arnonâ= b> êWª *+â(Omata

and Murata, 1981)� � 4- XY� �/× ftu

a� b� ø>, $ /2 ftu� Zvw6 ftu a�

b� W/×  >/ù�Á ' $ Y6 CT� 54.

Chlorophyll a(mg/g dry weight)=12.70A663-2.59 A645

Chlorophyll b(mg/g dry weight)=22.90A645-4.67 A663

×%�, A663� A645] : ##� Fê¸� 663 nm Ï

645nm�� ø> V�4.

III.  �	 � 
�

3.1. �	 
��

b�� +�] [MO�� '�2 �8O�\E �

�, fj "� q]E ' cª� ra #% 4|0

E}^ b 3]·, �� 56 �_�� �UV <`¸

¿
 naO q� E}«0 ¥4. ra� CÒ)�

� Ñ� E}«] Dh) �b6 �+� "�¿ E}

E] "�)c d1Dh� �E� e= f, �Ò)c

"�Dh= �ò/�] g4. �� ra ¶d êW

ª� Dh= éd% B��] # 1c� �() 11

� hW, ' >?ª= %/×i 4] ¶�� j4.

�� 56 �_] êWª� kW) ¶��� lR�]

æm"  ¶�� ®�4] 7�� ì *+] n,b

, 72 3] ,2� �� rs �op� � ÿ�

>Ö� A?d /% B/× fj  �ÇÈB� ?@A

� � q© ��= /ù4.

�� ra ø>¥ �E� Ñ� *2(� rs lê

¸ lë� ø> ¶�� Ö� 
÷"� �E� _,�

1À3÷"� Ñ6 700À1,100 nm 9B� )U�l(NIR

: Near infrared ray)� 550 nm� rU�l(green)��

' ��7� E}E] Ù= �s� b 3	4(Fig.2.).

� ¶��� 1À3÷"� �E� Ñ�� E}t êÒÿ

u $b] vw lê lë� P\�� C>/0 E}

x2, ' ø>V6 #% ôy/0 z��	4. ��

56 ¶�] ef� ÇÈB� )Uê� rUê�� F

b� Òÿ� _ÿª� 34] 4s úû{|(Alexe-

yev, 1975; Williams, 1991)� _ÿ h}= E}«

	4. ¦ n,� # *2( lêlë ¶�� ôõ�

Ö�, 
÷"(current year) Ñ� 0.063À0.490���

' J *2� Ñ Ö4 �2~� Öù�Á, lêlë�

P\� rU�lc 550 nm�� 0.175� E}E, 400

À500 nm� 600À700 nm� 9B� ô� Òÿ$b

, ¾0 E}x4. ¦ 750 nm�¿� 9B��]

0.487À0.490�� \� C> b�� Òÿ$b� Ö

ù]·, �� 56 òó h}6 3÷" Ñ� lë¶�

��¸ _ÿR= � b 3	4. ' ¶�] 
÷" Ñ,

Fig. 2. Reflectance coefficient of needles by each age.
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2÷", 3÷" '�2 1÷" Ñ� ��� E}x4.

' �j  ef� � �?@A ��{|] Figure

3� E}«	4. �?@A6 ÇÈB� ��,�� ��

J Ñ� �?@A� ,\ ¾0 E}E] ¶�� Öù

]·, �� 
÷" Ñ� ���] �� 0.003�� �

� 0.139� E}x4. P\ 550 nm��] 
÷" Ñ

� 0.030, 1÷"� 0.010, 2÷"6 0.005, 3÷"6

0.002� ��� E}x2, 750 nm� ��u $b�

ø>��] 
÷"(0.130), 1÷"(0.110), 2÷"(0.080)

'�2 3÷"(0.048)� ��� ø>�	4. �E��


÷" Ñ� hi��] NIR ���� �?@A q©

, Ú0 òó/] S(� Öù4.

�ËÌ� fj=� ��� �L�L�o Ï gG�

�L�o � !f ��� ra E}t ÇÈB q©]

Figure 4� E}t �� 5� rUP\(550 nm) 9

B�� hÿ� /�� hi 0.140�	2, hÿ�� S

���] 0.900, ¿�� hi] 0.700�� RÞ� �

� W¿= Öù4. ÿ� /��� .ï Ñ6 �±)

�� lê lë�� Òÿu $b, ¾0 E}E] ¶

�� Öù4(Fig. 4). N rUP\ 9B��] ÿ�/

�� Ñ�� ,\ ¾6 Òÿu $b� E}��Á, '

4-��] ��+� �+ ¿�� B~ Ñ� ÿ�

S�, ÿ� ¿�� ��� E}x4. 

Ñ� B~ Ï ÿ� B~� rs ê��u� ø>¶

�(Fig. 5)� Ö�, fj �] ��J Ñ� hi

NIR���� �?@A q©, ¾0 òó/] S(�

Öù�Á, ÿ� hÿ� 3Z�] x��� z{, v

� NIR� green� �l�� E}x4. ¦ Ñ� �

3 B~� rs b+ �B( ø>¶�] F� �o�

� .ï �f� 0.060À0.470� xy� Öù�Á,

��+(0.040À0.430), ÿ� /�(0.040À0.420) '�

2 ÿ� S�(0.040À0.400)� ��� E}x4.

# F� , �� ��  l�¥ Ñ� ?@A q©�

ø> ¶�] Figure 5� 5�4. # Ñ� ø>~]

�� �o(0.002À0.013), �� �o(0.002À0.100),

F� �o(0.001À0.084) '�2 �� �o(0.002À

0.100)� ��� E}x4. 'EE NIR 9B��] ò

ó, E}x�Á, ' S �åE� Ù6 ÿ� S���

.ï¥ Ñ�	4. �� 56 lê lë� ¶�� kW

/�, 
÷" Ñ� hi� 3Z�] NIR���� ê

��u $b, �� òó/] S(� Öù�Á, �E

�!� ÿ� hÿ¸� rs �ÿ� 3Z�¸ �ÿ�

�+� Ñ� �x�� z{] v� NIR, green� �

l�� E}x4. ¦ �?@A q©] �E� Ñ�

Fig. 3. Transmission coefficient of needles by each age.

Fig. 4. Reflectance coefficient of needles by each position.
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# *2� ra ' ò� �� �/0 òó/ù4. ê

� rU P\ 9B� )U P\� 9B�� E}t

S1 ��76 I��� hÿ� /�� B~ F�

� Ñ�� lêcª� 4|0 E}t 7�4. ��+

6 )U�l� rU�l ÿ��� �!� hÿ�� ¿

�� S�� B~ �¿+Ö4 �ÇÈB q©, )6

�#� E}x4.

'�2, �ÿ �� «� ÿ� /� $���� .ï

 �E� Ñ6 �±)�� lêê¸ lë� 3Z�

êÒÿu $b, ,\ ¾6 ¶�� Öù4(Fig. 4).

'EE NIR 9B��] �i í< òó� E}�]

·, �� ,\ ê��u òó� E}� Ù6 �!��

ÿ� S��� .ï¥ �E� Ñ�� �� 56 í¿

� Öù4.

3.2. �� ��	 
�

g�� �� ��/2 3] ftu vw6 ���

' �8O ��� Ú0 � ¥4] 7��, g�� �

��� ���] �UV <`� 11�] ��8� Ë

Ì ¡� ' op ;<� �7�� ¢£/0 ¥4.

¶d �� 56 76 ��� ¤Â/2 3] ftu

vw� wO Ï 	O u, �	 J¥ {|� j�

/% ��� ' ¦§ ^_6 �	 J¥� ¨©� é

d] · �i S1ß¥4. 

�� ª úû��] �E�!� �8O q "= ¨

©� ftu� 	wO z{� �CÖ2ö «¬� �

ftu vw x£= ß¸/ù4. �� ra ' Jp�

  Ï fj � � ftu a� b� vw Ï Zf

tuw� ' HV¡(a/b)� �CÖ% B� ' x 

� .ï¥ �E� Ñ� ftu �� ®¯ {|� Ö

� Table 2� 54. �� �/� 
÷"� �E� Ñ

� ftu a(1.23 mg/g)� b(0.35 mg/g)� V� ,

\ °0 E}E2 3�E, ftu� HV¡(3.51 : 1)

� 3Z�] ,\ ¾0 E}x4.

�¿� ¶��� ftu� vw� °4] Ù6 �U

V <`� R/4] ¢£= /0 ¥4. 'EE 7�)

�� "\� �±²� ra Æ� opA6 ³,´ Ù

��[ 
÷"� µf� hi] ' %�&¶� °4]

· C~/2 34. fj  Zftu vw� òó] 


÷" Ñ� 1÷", 2÷"� Ù� ôõ�� \� vw

«¬�� ,\ )0 E}~= � b 3	2, 1÷"

Ñ� vw� ���� E}«	�Á *2� ³,�b

· ftu vw6 ¸1/] h}= Ä b 3	4. �

E�� fj  ftu vw x£= .ß 0, �ÿ

�¿�� hÿ�� B~� Ñ� �3 �B(� l�/

× ftu a� b, Zftuw(a¹b)� ftu HV¡(a/

b)� vw= Table 3� E}«	4. ÿ� ¿��� .

ï �E� Ñ� ftu a(4.48 mg/g)� b(1.64 mg

Fig. 5. Transmission coefficient of needles by each position.

Table 2. Chlorophyll contents of Pinus koraiensis needles at different age

Chlorophyll a (mg/g) Chlorophyll b (mg/g) Chlorophyll(a+b)(mg/g) Chlorophyll(a/b)

Current year 1.23 0.35 1.58 3.51

First year 1.59 0.54 2.13 2.94

Second year 1.52 0.52 2.04 2.92
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sts

d
ta-

e-

re
er

he
-

/g), 4s 4� \1� ÑÖ4 ���E, +ªô] ,

\ °0 E}x4. fj � l�/× ø> ¶�,

ftu a� b� vw� ,\ �6 1÷"� Ñ� +ª

ô] ,\ °0 E}t Ù� 50 E}x4. '�2

��+� Ñ6 ftu� vw� 4s Ñ Ö4 ôõ)

°6 V= Öù4. ftu a� vw6 Zftu(a¹b)

� vw� ôy vw xy� Öù]·, ÿ� B~(

�] ÿ� ¿�� Ñ� 4.48 mg/g�� �É��, ÿ

� /�� Ñ� 1.35 mg/g�� �1� V= Öù4.

ftu b� vw¸ hftu vw Ï ftu a� v

w� 56 h}= E}«	4. 

IV.  � �

��� ��� ��� º»» �_� 29�J� �E

� ��= �¿�� �E� Ñ� x���� ' f

j , ��  Ñ� ftu vw x£= .ß {|]

4-� 54.

1. �E� Ñ� *2(� rs lê¸ lë� ø>

¶�� Ö� ,
÷"� �E� _,� 1À3÷"� Ñ6

700À1,100 nm 9B� )U�l(NIR : Near infrared

ray)� 550 nm� rU�l(green)�� ' ��7�

E}E] Ù= �s� b 3	4.

2. 1À3÷"� �E� Ñ�� E}t êÒÿu $b

] vw lê lë� P\�� C>/0 E}x2, 


÷"(current year) Ñ� 0.063À0.490��� 4s *

2� Ñ Ö4 ¾0 E}x2, 550 nm(rU�l)��

0.175�, 400À500 nm� 600À700 nm� 9B� ô

� Òÿ$b, ¾0 E}x4. 

3. ' �j  ef� � �?@A ��{|] Ç

ÈB� ��,�� ��J Ñ� �?@A� ,\ ¾0

E}E] ¶�� Öù�Á, 
÷" Ñ� ���] �

� 0.003�� �� 0.139� E}x4. P\ 550 nm

��] 
÷" Ñ� 0.030, 1÷"� 0.010, 2÷"6

0.005, 3÷"6 0.002� ��� E}x2, 750 nm�

��u $b� ø>��] 
÷"(0.130), 1÷"(0.110),

2÷"(0.080) '�2 3÷"(0.048)� ��� ø>�	4.

�E�� 
÷" Ñ� hi��] NIR ���� �?

@A q©, Ú0 òó/] S(� Öù4.

4. # F� , �� ��  l�¥ Ñ� ?@A q

©� ø> ¶�] �� �o(0.002À0.013), �o

(0.002À0.100) '�2 �� �o(0.002À0.100)� �

�� E}x4. 'EE NIR 9B��] ÿ� S��

� .ï¥ Ñ� òó, í</0 E}x4.

5. hÿ�� B~� Ñ� �3 �B(� l�/×

ftu a� b, Zftuw(a¹b)� ftu HV¡(a/b)�

vw6 ¿��� .ï �E� Ñ� ftu a(4.48

mg/g)� b(1.64 mg/g), 4s 4� \1� ÑÖ4 ��

�E, +ªô] ,\ °0 E}x4. 
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