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A Study on Growth and Physiological Characteristic for
Families in Open-pollinated Progeny Test Forest of
Pinus koraiensis in Kapyung Site'*

Dong-Jun Chung’, Man Yong Shin’*, Yong-Seok Chang' and Sang-Keun Chon®
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ABSTRACT

This study was conducted to reveal the relationship between physiological characteristics and growth
by family for open-pollinated progeny stand of Korean white pine in Gapyung site. Average growth
performance of total 25 families for 18 vears old progeny stand in this study site showed 5.9m in mean
height, 8.9cm in mean DBH, 12.0m’ in basal area per hectare and 46.5m° in volume per hectare,
respectively. By the analysis result of growth performance for all 25 families, family No. 20 showed
the most excellent growth and middle in family No, 10. On the other hand, family No. 3 represented
the worst growth among the 25 families.

The change of seasonal photosynthesis rate by increasing luminous intensity was the same tendency

as the growth pattern of all 25 families and showed the same results in all four seasons. In the
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seasonal analysis, the photosynthesis rate was increased as the season has changed from winter to
summer, Chlorophyll contents was also increased from winter to summer. Especially, family No. 20
which is the best in growth performance has more chlorophyll contents than the others. In addition,
family No. 20 was also better than other families in the weight of assimilation tissue(g), length of
needle(cm), width of needle(cm), and number of Stoma. However, in water utilization rate, family No:
3 which is the worst in the growth performance showed the best result that is. reverse tendency
compared with the photosynthesis rate, The changes of water utilization rate represented to be
increased as the season has changed from winter to summer.

Key words - Pinus koraiensis, physiology characteristics, growth, water potential, photosynthetically
active vadiation, light-photosynthesis curve, pressure-volume cuirve

Mo

A5-(Pinus koratensis S, et Z)+= 524k
3 3 FAAAbolghe o] A E SA 1 gl
¥ ohzl g el Hsle AUFHE 7w v
23 W3 N Agage] 7pated, 1960
o] F 2xtell AR A =3 104 A g wel A
7] SAGFLE AR7L AF g - A ek FH
AR E JdFEHe] A%HT e F8 AAS
¢ shelvt, e} A g =A4R A
2 v e FE3 A be o=k Ate] £
ez A Aig 53 £dE 7|vskr)st e
AAolct, ozl AN AFTH Fd3y
E HdiM e A EARYats nEAe EAE
FAAA 4 sl A B dE 2R
A A Aze]l §217 A"E Ak FA
288 AA A5 A #AzA, F A4
AR A & A ATy B}
S78EY, £§ ol8d ERE 2] dHMe
st Aok A QA Qe v §
A - Aed 54, aely #4808 239 3]
A A FAg Fito S ¥4 shAl
F5E& 437 A% 2T A 470 Yas,

o) 23 glA] #4-& Juizie s Axy
WA e QA EZHE vl £E 2] I
FAN B2 A sk RulAl FyA AlAlE 3 )
2o}, Az AMHRE Hagae A 44
o] ¢u ¥ Ao deiA Uil §44,
1987). F=ivebd Ay A" shiye g A=)
2 EAd A3 dTFEE P-VE3LYPE A 451
AR oo E B4 Axie) AlAAY (@A
A AFA, 1992), A BEY FHEAe]d
g (A d-ed, 1986)9 AV 49

B EEe EREEY vl e &, L2, $8
o] el #g Byt oloh(@AHA, 1982). =3
9 N A 59 Aol A P-V F44-8 A
&3] FEEA AL 7T AAg2e] BAE
sargt A % g Rl gk E de £33 A v
2% QT+ Fo| fYHAA (T4 AF
A, 1984), AvhFol] digh atd) HAAYL g
27 Aed B FEFosA A A A
& g dFRIE v FE Ao},

wEb & e Ar1E e ALA(1983)
sled AR S AP YE Ao 1 T
E2E A8E vlgpo 2 AN AABEA D Qg
A BAE A HAst gl A Al
A4y Aed BA4g FHE $okAst g3 A
A 9le ARy 249 S FF 4L 9
g 712 AEE AFslanat o).

ME ¥ we

1. ZAKIED BAIKIE
1) 24 A%

7y AL At F FAAR AR WS &
w2 B4 BAE Jkal Aoz 48A 9led
B o7 2AF Ak ]l ZFE R g9 ®e]y 915
B B9 37°527, %7 127734 oln, lhao] A
Hell 2% AVE AdAY R B A
Ale 20~26° 2 vlmy  ghtalc), o] AjYe &)
HaEE 200me) FEAHLR g Afol
g 24-% A3 Q)

2) #2148
AN FHT A EE AR Q2AANY
(19794 =4 506 A)ellA] 1979+ 99 24 s}



126 iR A R RE RS RARB RS R fetkol T MR

go] gotdl X4 2588 AAH, FAE AHeo
A= FFF g3 oA AHdEw A6Y B
FAtellA 2R Hse, 2-28 2,5008(47Y
block, 257141, Blockw 7HA uh& 25)-8 1983
d 39 st ArE AT 44 A A
A AT FHHM1.8mx1.8mA) R Al
shojr},

2 A7 ALSE ABE 19983 24 189
ol o) E AT AR FHA 23H LE E
& Ao amet AAE HAs 7HAE ha
9 B4, 3d Fu47 € HF T2, haw F3
B, ha AHE Felsvh, olel zbe] 4]
A AuE 2d sHAE F3428 48] 9
3 ZHAE AAEA-E A, F, 88 3R 2
2 FEI 24 244 dEste 1149 sHHAE
A, dnder M £ RS B
ol 20 FHALSd 27 A= AL el 104
A, ez Fbg AEd AFE Jebd 3 7}
AE AelAd BAe 2437 A 2E8AR A
g,

2. EAl 3 B iy
1) A=A 2 A48

719 A e AAAYe 250 AHAE HAALR
AN a2 9 FuAFY 4L Ao IA”
104 ol AA&gon, #uae ¢ o4
sto mi9 R, AAL FaAAs AAH)ZE
Algsle 2Astgdct, JEEAZE eyl 4
3 haw £, Fawbdz], AHY AL &A
g 31 g A3aged T8t dEzA AARE
4 =zzelql SIDAS(Stand Inventory Data
Analysis System)& o}-4-&e] BA3stgci(Aln-§
%, 1997).

2) 493 54 ¥4
(1) AEY T By

7HA 2R ARE(AE; 19, ¥ 49, 948 7
4, 7k 119)E A %) Fa4z BA4E
deobry] glated 189 257 AE gt AR
Aefoll o8] ¥R hawd AL 71Foz KM
7bA : 87.0m’/ha), £(10¥ 74 : 58.8m’/ha),
ael3 3 s - 33.3m/ha) 2 TEE X A
g A WelA Az BEE5g AAsct. o)
o} o] HAE FFEL 25F F& W YE
742 E ¢ 60cm A& Aol2 AH, <AL 10

Alzy elAb ELMAINZ F, A o 3~5em
HEel ZAolR F FolM A Al HYPAH F
Aol gz Agsdrl, ARE s 7lA e
53 Zigg AYIEDsl, @A 12
Azb Eol ge@@R)siden, ojd Ak -9
A FEGEEE AR FrE kA
UEE 3] Adsled Yo, 23 FEAEH
e d&F ARE s, FuE B FHAH
(Li-Cor Inc, Li-6400)e =(Photosynthetically
Active Radiation)& 912 243 4 9l LED
(Light Emitting Diode)#} Light Source(Li Cor
Inc., Li-6400-02)8 ¥ ¥-sled A slgdct, o F
e FPAEE B opEl, FAEEE EA
d 2AY = e AAeld, FYAEE} F4
&xel &Y dejxl ABE o4t 7]F
Conductance & 424 + slv},

FgA 34 Aol Chamber 9] &X& 25T
2 AdAste] e71(0h0e 2xwste g 9%
o] Q2% slgcl, =¥ Portable Photosynthesis
Systeme] #d=E T2l COvErt FAsHA
Waelx @5 E 18/ 9 $F5%S Buffer2 A}
39t 2 A 244 COxxe W) +
2ppm o2 HHHE Fr7} FEHES 3
24 Aol Water Stress® <% 334 - 41
&5 37} YEF FiH FEF B FTFE
A3, F4& efste A7HE 24 §~1142
stod ZFF(ENE)] 2F o] glEE FoE V)
4 &3HE sYsido,

(2) B3t 7|¢el HEld 854

dHER), A4 FA 9 T3 W@
e Fek 2L o] A 10 whEes 92k
)3 J4de FAE A= (Callipens} #37
(i3 : Thickness dial gauge)E AH83te] &
Az, 23" 48 Sl F 3em Hold
ABE 2AE ol & AR 537 W(FE L
) 44 4, w3 713 5o 2L
CLSM(Confocal Laser Scanning Microscopy)$
o]-g-3}git},

(3) gig: g
AT (AF 0.4~3.02) 4& 7H 2 AR
Ha AAste] dubad Amond] #4wl 93}
o ZAsged, dFLe L g L
Amon(1949)] A& °]-8-3] ¥t



R B 90(DM. 20014 3A 127

22y A g = 20.2A65 + 8.02A63
F289 g = 12.TAxs + 2.69A6:3
2289 b= 22.9A — 4.68Ass

(4) 80|18 B8
Fohg E3A A AA(Li-6400E o148, #
A4 2 FASEE T4 FAES JE4 S5
(zmol - m? - sec™)ell P& 44 % (mmol - m™ -

sec)e] wl&al $EolE B &S MEA.

(5) e B4

AU o £EE5HE e et ¥
Ao utg AAETY A, AFd, 43AE
g3 AFes Adges 59 £E54E
Tyree and Hammel®] P-Va3d4 ol 2is) &3}
gk, Ay uhye Cheung ¥(1975)% A=
AlF4(1992)9) W o whel A Al ste ),

B Ae] BEAL rAME getalr] ¢ A4
9 Ase A A AHEE M ZEAE
£ Abgatgch, AHEE AEe dEdM H4H F
2427} o1Abe] 718 A}-8-35te] Pressure chamber
9] 7z o wAel wel doziE AEHE A
Z5%E 2437 98l F42E Vinyl Tube
(7 15mm, ZHe] Scm)del Wi o] A& A8
Al ARAA F5AL F, 1 FA F3¢
& A%l £rE 7R o 10¥ AR 54
5}9]c}. Pressure chamberje] ¢4#E Op 7}
E Agslg e, AEeke] 2L HA ZbarollA
A)arsle] 3bard Fbsld A 38barzkAl ke ¢
o GAEE &2ty olgt el o] AFE
2 g §0CeA 48X AFEAZ F AEH &
Aol A14-E At

a9 D@

1. 71l Saey

A A e A 2570 sHAle g A
e g 10210092, #A 49780748 7}
A)AA Fa 87/RQ23™ ZHADS WHE el
o}, ol AAFE A AE9] Aol J1% A
A9} F82q] F a2 Asted mApEAV FA)
Al AFE 34 ¥ Asetn AwkEd,

AAHog & o 7HAE AL & Aol E vt
Bz gled, e ZHAEE A 1.4melA
Hz 8.9me] W 2 el Fo] wj Flov,

AA YFE 5.911.4mE viebdch, AA A9
HF AAE 8.9+1.0cmged, HAEEE Ha
2emel A # ol 18cmE 7HATkel Juj ] Aol E B
oli givh. wgt Fuddxz AHE z7 JF
12.0+3.2m’s} 46.8+14.2m*& Melm 9lont,
ZtAM Wele 27 7.1~18.1m*$} 27.0~78.8m’
7z e vlad ¥ 2XE viehic, $U8 o
Hah o2z stell A Yebd eleld ZHAIe] A
FERE HAME 18 YelH B4 7 Axt
2 #3% % Q.

Aol 744 $4¢ rHAE 209 MR 37
Sa, A4, Fudda 8 AHe] 4zt 6.8m,
11.3cm, 18.5m%s} 78.8m°e2 A A B Fx o of
& 15.2%, 27.0%, 54.2% % 68.4%4 & A°
2 geotsgct, =8 dgeg $53% 44e B
a 7Hle 8 s e JHE A2 RS B
A 7HAE ardAE 39 5 7, AARNNE
I ANAR ZHA Haen 2 AAel 44 5.2m
¢} 7.5cmz AAl HEAsel wlwste 11,9% %
15.9%7F #Fsgich, @¥ FuwbdA 9 Ao ol
o] 714 A2 AL Bolx Yk 7Hivw 54
AAE B Fawdd 9 AAe] 2 7.1m’s}
27.0m*2, A spAle] WFuct 40.8% 2 42.3%
7t s & 4 A

2. HEMH oE JIHRl Groupit

olAtz} g 71AE A WH A A
Aol wlAlE Arld BAE 79I i &E
AAE AR}, 15 ¢8 94X 7AE had
Ao ZAS] 349 groupoE WHE F, Z
groupelAl W E ZHAE AAsgded 1 7182
AA A9 H# A wzste] 7 AL A
Aol ol ulsled 20% ol A3 e
AF(group D22, FF A7 wlmsled &
VA9 o] 20% wiwk AbE s A} mE= -20%
2] W9ldl g = 7Hle Fd(group 1), 29
I B A wisld] 0% ol AL A= 8
F(Group NIDS] 39A & ),

a2 A A F3e sHAe & 6 MR
2041, 84, 23¥, 24, T, zelm 9 7HAR
7)ol &shd A W AR vlwsle 21.8%~
68.4%2 WHR AHe] WL HLE viehwgrl,
o] Fdia 20 7HAE A AH AAe] S
Zle g stetsladcl, g9 A QA sl F
FIDel 48l 7HlE 25%(014.7%), 21(14.7%),



128 AR AhF REERRERS] BRI ERT B0 Wikl 98 HR

Table 1. Analysis results of data by volume classes(I, II, III).

Stand Statistics

Volume Class of Families

I I I
Numberof Trees 460 861 411
Basal Area/ha (m’) 16.4%1.5 12.1+1.1 8.1+0.8
Quadratic mean DBH (cm) 10.4 9.3 8.4
Quadratic mean Height (m) 6.5 6.0 5.7
Volume/ha (ma)‘1 66.5t7.9 46.31t4.8 30.6+3.2
Volume/ha (m®)? 58.7 39.9 25.6
Mean DBH (cm) 10.2+0.9 8.9%+0.5 7.9%0.3
Maximum DBH (cm) 16 18 16
Minimum DBH (cm) 2 2 2
Mean Height (m) 6.470.4 5.8+0.3 5.5%0.2
Maximum Height (m) 8.9 8.2 7.7
Minimum Height (m) 2.8 1.4 1.5
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Figure 1. Light-photosynthesis curves of Pinus koraiensis on season and family.
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Table 2. Summary of weight of assimilation tissue(g), length of needle(cm), width of needle(cm) and
number of Stoma by mean and standard deviation on family.

Needle Characteristics Family No. 3 Family No, 10 Family No. 20
Weight of Assimilation tissue(g) 0.07:0.01 0.07+0.01 0.08=0.0.01
Length of needle(cm) 10.12%1.50 10.49+0.69 10.50%0.59
Width of needle(cm) 1.02£0.14 1.03+0.17 1.05+0.17
Number of Stoma 13+1 155 17x7

Family No. 3

" Family No. 10

Family No. 20

Figure 2. Photographs of Pinus kovaiensis stoma on family by CLSM(Confocal Laser Scanning Microscopy).
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Table 3. Summary of family and seasonal water utilization rate by mean an standard deviation on

Pinus koraiensis.

Season Family No. 3 Family No. ‘10 Family No. 20
Winter 5.84+0.76 4.15%0.25 4.11%0.16
Spring 8.11%+3.20 6.36+3.12 5.40+1.82
Summer 10.37+5.03 8.57%2.30 6.70%1.25
Autumn 6.231.20 5.02%2.25 4.85+2.05

Table 4. Summary of family and seasonal changes of chioropbyll contents(mg/g dry wt.) by mean and

standard deviation,

Season Family Chlorophyll a Chiorophyll & Total chlorophyll contents
3 6.61+1.55 4,00£0.52 10.57+1.39
Winter 10 8.48+2.10 3.08+0.95 11.68+2.76
20 11.31+2.11 4.59%2.14 15.85+3.81
3 9.613.08 3.90+2.20 15.,41+5,78
Spring 10 9.05£2.70 5.28+1.52 18.72+5.61
20 9.81+1.36 5.95%0,73 20.22+2.89
3 8.66+3.21 5.101.92 17.89£6.62
Summer 10 12.14+2.37 5.12%+2.75 20.06%6.96
20 13.42+3.38 6.60%4.57 22.58+9.93
3 9.54+0,57 5.66+0.30 19.701.19
Autumn 10 9.40£5.75 5.75%0.97 19.34+3.41
20 9.70+0.09 5.85%0.11 20.01=2.91
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Figure 3; Pressure-Volume curves on Pinus korainsis
S, et Z. needles of Kapyung.
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Table 5. Summary of family characteristics of water relations parameter of Pinus koraiensis,

Site Family mo -Mpa 1np -Mpa Vp/Vo % Vo/Vt % Va/Vt % RWCtlp % FWCtlp %
3 -1.50 -2.14 68.26 37.67 20.47 83.10 68.26
Kapyung 10 -1.44 -1.93 75.64 39.79 16.12 82.10 75.64
20 -1.33 -1.74 73.25 58.65 15.83 84.82 73.25
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