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Growth Characteristics and Physiological Adaptation of
Pinus densiflora Seedlings in the Canopy Gap'*
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gon ofgt FoUAE TEH o o] 43 HT).

ABSTRACT

This study was to investigate the growth characteristics, physiological adaptation of Pinus densiflora
(Japanese Red Pine) seedlings at the artificial canopy gap in the Quercus acutissima plantation and to
analyze its natural regeneration mechanism. Photosynthetic and transpiration rates were analyzed by
different levels of photosynthetically active radiation and by seedling growth. Comparing to seedlings at
the open area, those at the canopy gap showed more growth in height than in diameter with different
levels of light quality and low light intensity, and the increase rate of dry weight was higher in the
aboveground than in the underground, maintaining relatively high T/R rate. The C/F(the ratio of non-
photosynthetic organs to photosynthetic organs in dry weight) of the aboveground at the canopy gap was
higher than that at the open area by 0.1~0.2, while light saturation and light compensation points at the
canopy gap were lower than that at the open area by 300 #mol m?s™ and 40%, respectively. The seedlings
appeared to have shade tolerance to a certain extent at the young growth stage despite Pinus densiflora
is typically classified shade-intolerant species. With light intensity lower than 400~450 #mol m%?,
photosynthetic rate and water use efficiency relatively increased by effective use of light energy.
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B HEL] 7o) o8 gl dEQ AA
< Gap patch®] HE|Z o]Fo|x| 2 53] ko] A
¥, BAHA A= Gaps L E K Whitmore,
1989). €43 Gape| lA#A A Bole Fa
g Aol A2 2A gL vlE Gapd 71
T e Fro Zrtel BAle] Aololt),
&%l vla) Gapd FHHLS AFT o] E Kol
I BEE For FgI3Heydie g3
= RN 7R ffol g4 FEHE FAF
FH-go] T0%A=8tel grecHGeiger, 1965). <ol
A g dEGRDIY FEIF £ Gapd A
5, FrYEE 3 ek AAtogx AP
ulgo] ¥ 71 5o oz ulge] vlmHy
th(Andersons} Miller, 1974; Endler, 1993). =
v} FE7E 2F2 Gapolls A AbgolellE Fut
I Abstge] #lElxm Fuk(sunfleck)ol <l A
Aoz v 1A A3(700~800nm)7HA] Fell1]
A vlgo] vy FdstA ¥ glon 2a}
ol e HYFo] x|l ulgo] ErHiElk
AR, 1979). thERe] W Ao i Fuko] o
AT d&FEr FPAA o AgHe
2 o] 4-FAr}(Kriedemann 5, 1970). Canham %
(190)= el ddide) €53 Gapl FHAF
dEol W AR A Fure B SR
Eabeke] 36~68%5 AlFstn glon RE ALY
oA guke] Al A &A7HLe- vf$ B#T(U4~6
FHE) A&A7LY] SgETE FHE 239 &
F 9 7hA #HZo agAbgtel o} Wik 3)
Ak,

el Gapel A=W FzAe] Wl o}
Gap'l &%, B 5 vl 37 aqlo] WslA =
}(Dai, 1996). 3ol ol&l YA Gapollale &
F%2] seed bank FA AR fd=HE Fxbot
Wolsled A £ gly AR 91 Eo] MWy rE=

F{

i

E7]1248 ke oyt A Gap F7HE AA)
3t71= ¥cH(Zhang, 1995). £viF HAHA A=
20m ol A 235m 74A] chFgt 2719 Gapel 243}
3L 25m'e]4de] Gapel A 80%°]4-& x4x] 8=
Fed 2T A E ol Gapel

TAoleHe1 A, 1995). AF7AA A +F9
Gap 73Alel oigk d-7F @ol o] FH A% Gap
7l HE nEe] Az, HehH A5 5 3
SR A7) A Y AT nEL Ao
o}, b B Aol A eg 247 Gap
A gellA s B A o Fegys 3
F&559] H3, Fxo Wil u FPHEE,
FTAEE, FEol&E S W3l 5 A=A FA
3 £ Fa v Gap #740 HE A S
AL dotrz AAZ|AE FHstaal stgic)

HH A Fix

1996 49 Aedign A 23 (EA
1277 17, 591 37 17) s BxeA 2y £
AHAHA] B, SHE HFQ)E st 194
EEE Aibstgdol, 19979 3] s Ay
F AR (EF 2 8m, FF F12234 10cm)dl
A d9H o2 8mx9m =7]9] GapAET& wE
I 39 1208 194 BEEE 15cm % 15cm3HE
o2 ol dt, FAlel I HEE hrF
(Open)E Axsle] Fd Wz 1A BE
£ olAsgh. olAA 1¥A AuF BB 24
A% Ba g AETH ERHEA 20cm¥¢)
Table 13} zch, oAl % Ae|F9 AT F
A A 7)ol FUTL W oR A2E WolFo] &
Ur 253 xele] AL AAsgarn oy
Zz7] 552 A& 98 1Y A= BAE &
o}, =3 64 9Y Aol A Ao N7 F
HE Aeehie] df gl 4AlE AAge
24 Gape) A7 Wl +HFNE FAAHL,

Table 1. Characteristics of 1 year-old seedlings and soil at the experimental site

1 year-old seedlings

Soil(20cm depth)

Root collar diameter Height H Organic matter Total N
(mm) (cm) P (%) (%)
Open 9 - 4.3 4.22 0.117
Gap 2.5%0.3 T£1.5 4.1 475 0.123

* indicates mean *standard deviation
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194 A2vF B85 oA T F Ulde] A 5
YRel 114974, olAelF 1de] A 1-1d
A BEO s 4958 12977 2de A F
Z1qer BES U743 BnE EFHINA.
g GapA et diE2FelA 19 3t 1-14
A AUT BES dAeR 49 4, 649 34, 8
Y 14, 109 20dd A4 FAHE THAA
sampleZ A ste] MAE2 A4, 7 +27],
welo] NFF Y AFHE FHsgc, AFH
A AT o3 AVHE B8 A5 ¥4y
v 29§, T/REFIAF-/A8Y) 4 AZF C/F
WS (X A5 v F3r)3s) 533 A5 v
)& zAbslgc

25 5259 Ay BAL o)A F 1de] A
H3 Ao} 2FoA 44 A& =r) vl
s AR AAAHE FA3T s 2T
BE ]0E-& dlieo 2 Portable Photosynthesis
System(&297 : L1-6400, LI-COR Inc., USA)
& o] 83 Fsio KA ] o E 6¥ £, 8¢
%, 109 %o Fx9 Wsld & hd Ay A
BFAEEE, IFY, FASE & SAHEA.
w3 A7 A A9 FEsEe 33
HEmel FAEEE ZAs9ol.  F=(photo-
synthetically active radiation)& 9z =&
4 9l& LED(light emitting diode) light source
(LI-COR, Inc., Li-6400-02)& ]34 F=&
0, 25, 50, 75, 125, 250, 250, 500, 700, 750,
1000, 1250, 1500, 2000 #molm™s 2 zA3}in
10 : 00414 13 : 00Arelell A& stk #g
A & 4] leaf chamberl¥] &%=& 25T=E AA
s 9)7]9) LEWEE A do] Y=F 3
t}, =% portable photosynthesis systemol] 4

£ 3719 COrsmrl FHsta $=F 2049
FH4EE buffer2 ALSFo24 COsxrl +
2ppm W WA kA E AeE {FAFEE 3]
Ak, F¥ AEHAE QY FPAHSEL} 4

-

Root collar
diameter(mm)
oOnN &2 @O

£z o] g Helr) Yt FA 147 Hell 3
3 FE 3gdh

ARZFAG o] ot GapAHel 7o dHEFA 19
AT 2V B89 Fro] Wl g PdA
Ao FRAE =S HARA & £l Fx3
Ao FrAAHE v 2dg o I LEFSEE
vlastgch, 28z Avy BEE dA A4
+=RFAEEY FAESE 2AHANE o] 48l ]
< A o FrHE FFolLEE(water use
efficiency, WUE)& AAbslsdcH(Field %, 1983;
Polley 5, 1996; Fay® Knapp, 1996; Knapp$}
Smith, 1987).

WUE(# mol CO 2 mmol™” H:0) = Pn/E
Pn : net photosynthesis, #mol COz g” fws”
E : transpiration, mmol HoO gl fws ™!

1

MR AU Eg

1. B8 2N g MEF

ATl o]A F 19 At 2UF BB A7
W 29743 23 A% FAHL Fig., 15 2o,
GapAlg]tellA 194 BEL 449497 247
Aol wi-9- Agky FE 5YFE 9YE Aol 2
A7 AAe] o]FF o 9¥ FEolFdE &
A4 A AAgked olH ¢ ARYAL o
Z¢} v e, 22l 294 AR 2mm
A2 w2y 2Agka 2Tl vle 30% A =5t
of rF AR B AAHFLE 10cm HER o
z279 vt AR AT FAMsEE k. Gap
A2 Pl 2d AT 2uF 559 2974 A
Ak 3mm AEE dE2F9 Tmmel vl 60%
A% AA ey BEu AAFES 28cm AER
Al 279 50cmel B3 54% A= 2HA vebyt
}Fig. 2).
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Fig. 1. Root collar diameter and height growth of the 1 year-old Pinus densiflora seedlings
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Fig. 2. Root collar diameter and height growth of the 2 year-old Pinus densifiora seedlings

AAL F2 497 59 Ale)d| o] FAF T A2 TP
b v =¥ AFSAE Jdeih. B AR
< 297 AR B8 Aoz A4 el
v ole H&slolA FPAAIEC) AAEE
i A o] A dENHAT F,
191). #=71 A& A%, ¥g,-ES Ad5Y
off Wl 47 A o] Fo] Pooi(fFH,
1984) dutd o2 oA Gapelle d7lFez
FE F=EE AR 9T GaplE flEHE
Futoll= 4339 u]go] o ol& x5 A
Aol EgHo|HiEtEAR, 1979). 1elx 2 PA
< de AYSE ARl vl ¥AdE SRR
(preformed shoot) & wd Bd AAA7)7] dF
()&, 1995 GapHa oM HRafele bz
T F9% Ba AAeS el GapA
gl 1d AAsAE A, 2 F 8559 F
ol W&o wis] I FEaldx FA =]
d Eeol o} Fa e Ha S A epd 7o)
gt @i},

2. 1-184 =R XAl C/FHE % T/RH|
8o @

GapAM el ¢} 2T 19 Ad F 2T
BES i AFHS 77 4.5g/8, 14.7g/#°]
A 2d A F AP 55 d¥YF ASF
o AAATFL 6.6g/L 22 2T 51, 7g /&l
vl vl A Jebgdek(Fig. 3). ¢l& Waxs
Ert 3 Froy AFege Fri&nsl i
sl v Kimmins(1997)¢] 2a9ls dA s+
dl o] GapAE|FiAE AAE7)AE BEY
ZAFeFe] Agren FH AES £ F At
ol ol vls] FErl FeiAm FA FAE
wEE 7] wFoletn AR}, A

Fig. 4914 & o144 3 24 A3} & F 85
2 A7 AR C/Ful&9 W3E Jehigle
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Fig. 3. The increase in dry weight of Pinus densiflora
seedlings
** Significantly different from canopy gap
at 1% level
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Fig. 4. C/F ratio of above ground biomass with
seasons in the 2 year-old Pinus densiflora
seedlings(C/F : the ratio of non-photosyn -
thetic organs to photosynthetic ones in dry
weight)

d GapAe| Tl &uF BEe 4R FJF
C/Ful&E A7l¥e 2% dz7d vls) 20%4
= ¥4 vebgrt, ole £uUF B8] tE AE
#e 7] AANA AAHE ALAI 2 AEE
A% A-gAFo 2 A(BH:, 1981) Gapl e -4
2T 252 C/Ful€9 F7tel wel A o

< AdHoE2 HoAz AIVYIIYE Ao
A& Aelth(Kupper, 1989). # 5(1998)& C/F
vl &2 S F8 Gapl EEe] FHAVIRE
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YRR WX EN BR Frt G
225 #EE3le $YHE FHAZGn
shodch. w3 GapAE| el A7 55L& v 3
713e] wlFo] =] gl $3& AH SR A
g3te ¥ % A ndci(King, 1991).

GapAE| 7oA 19 A3t F AvF BEY
T/R&L 7 4.201932 d&To nlsiE 20
Ax FA Jebdoh(Fig. 5). 2529 YAl v}
He]Foll A T/RES 89714 Azl F718ke Fo)
£ Jehig e 899 T/RES 44xd Hl3 o
T 0.5MAE Frhslgly FUEE 279 2.2
ol vl e o 2A Jebtel, 7 e -$-(1968)
o)std o3l HSA A QA AT BEY
E7] FAgd vl& o 3 4L sz
T/R&E Z71skct. tRAa AK(1986)) <84

7
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Fig. 5. T/R ratio with seasons in the 3 year-old
Pinus densiflova seedlings
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o] F7lstal o} BB A4, 43 F2A
o A-g-3l7] $lsted wajol uls) E719 A4 A
Aol AjH o2 7+A38}e] 7] wf-Fo]cH(Kimmins,
1997).

3. Y Aol B-UHN =

GapA 2] Tl 2d A3} 295 B89
A Ade] AN F FPAHL AP V2 =
A7 Bl WElel wE g FPAS
£ Fig. 65 2}, 59 o] ¥ 10¥8471x 234
A Qe BR7IZ F F=7} 400~450 2 mol m™
s'uch e o GapHeltu A9 FPHE=E
= HE2Fe vls 25 JA Jebgx|ak ojwr}
G2 FrddMe dEzTd uls FgaLEs)
2% E=A4 el =3 GapHElTd wd A
Asde ZRr)zkel] FE3HH o] 700 pmol m? s 2
A gz ¥# 300 #mol m?sTHE A e}
woh, #@uls A e e Y £F9 A4y, &4
Fdnrl Fo Fredi & FFAEEL
el slel(dARl 5, 1987). =¥ Fabricius
(1929 = 5o 259 F3 PR BT o
FAA e F FEIFAHME FFPAL 5}
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Fig. 6. Changes in total photosynthetic rate
of the current-year “needles with
photosynthetically active radiation
(PAR) in 2 year-old Pinus densiflora
seedlings
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2AE # 42 £ ez AdzAd o
4 APk shsich. webA olsh 2 Ane
2uF B2l Y FEsfel FelUxE o4
e Hge] ¥ ASZA 2RI Gaolx
o4 HANAE S5 4AE dehitke A
W) 2o, -

4. 2AM 3o BEMFE, sgaT

Gapa2]fellA 297t A A2YF 5259 ohd
A A BFrAHL 69E 10.82 2 molm?s™
o]gl 3 8Y el tha F718ted 12.29 umolm?s
E vl es] oF 109712 FeAdde] W
£ "% =2gtei(Table 2). =3 A7 I A
Aedol FrAHE £ QA7 F AT B3]
2% 9umolmis'AH % BA Jebdel. Boardman
197T7)2 #A AT MAs 2% 2444
AAE A vl G Froll FRAAHIY
Bxslygel Al sldt. F=rt A &3
AN AR AEL 7 RS EEHeR
ol &3l ofsFatellA A Al EL FHAF|
cHiEH, 1984). °|2%-¥ Gapolld A% AuiF
BEEE WSS ez o3 Bg Agxo=
ol 43l AL & F Ut

Table 2. Light compensation point in the current-
year needles of 2 year-old Pinus densiflora
seedlings (Unit : zmol m?s™)

June August October

Open 19.62*1.15* 21.72+1.54 20.72*+1.84
Gap 10.82+0.79 12.29%+0.81 11.79%0.93

* indicates mean *standard deviation.

Fig. 794+¥ GapAelFolA ZAMAIZ/1E 2y
F 2EY 3FEEE e, ATl &
UE wEo shdA A & IEFFS JQ A
AR F 2% A Jepgoer Eeolr) xjelA 2
QA Aol AN Agzrd A9 2EFFS
0.022molCO 2 gt fws =2 N Eux Iy
o] Aol wheh 10991 0.013 #molCO 2 g™ fws™
A2 0%HE s}, ol o =AY
FE Az Ay Ago] ol T FFo] A7] W
olth(d7AHl &, 1987). 6¥FE 104742 A2+
W Aavs 559 i) AdY sEFHE 27
W ZE=e] 60~70% & et cl2REE

BErb & Gap AABA A A2 AdHe
2 ZF % FPAE A o] 4FE FolHA
Gap #7 ol H-&3h= A& RoAFUt,

o005
g z004
>7_ 008
g o
a oot
& T o0
3 Jun., Aug. Oct.
[] Open PGap

Fig. 7. Seasonal changes of respiratory rate in the
current-year needles of 2 year-old Pinus
densiflora seedlings

5. M 3o STl +ROIBER(WUE)

A Ay A F, AY AFE716Y9)4
FxsdelelA GapA 7l A A F4t
£5E 33 pmol WO g fw s 24 dl&79} w4
3o ch(Table 3). 3dol Aol A7 8Yell A
27 d A A F4%E 43mol HO g™
fws'2 690l ¥ls 30%PE EA etz 109
d 64 vld 10%AE A4 vebgoh, a8l
645 109712 FdA A 4717 HA
GapA | AL iz vls 300~400 4
mol m?so]3}e] F& FEstelx] Fxe| Wl
wg} F4bEx e Wil 34 el ck(Fig. 8).
g9 FAEE A A BEY FEFTH &
3la =¥ &34 chamberol 333 3719 &
=9 X7t Fdsdr] Al Bxe] Wl o
& FAE e His 713y Nk sr &
= Ak Guo &, 1998; o1z, 1998). whebA] &
A7 AFEHE GapAHelFolA AR 2y B
2o 3 g Fx Wl g 73] 69
S &t wEadn & 5 3l Fxrt da @
o] t}& Gap #A W AH-HE b
2 & 4 9ltH(Peng & Rabe, 1998).

Table 3. Seasonal changes of transpiration rate in
the current-year needles of 2 year-old Pinus
densiflora seedlings at light saturation

(Unit : gmol HO g™ fws™)

June August October
Open 33.1 38.9 38.9
Gap 34.3 43.3 38.1
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GapAHg|FellA AFY FAE=E 300~400 «
mol m?sTelste] Y& FrsldEs 2F B9
F7tel mtel F43) Frlske 4 3E el
qh 1 ool e FrsldA A FAEEE e
2] Z7tell ule} vl @ahg W slekAre vehy
AAchFig. 8). =3 dlaTollA Ak B89 A,
234 A9 F=7t 300~400 £ mol m s H
o]3ted o) GapAe|Tol wls] I Ao =4
&= Fxo Frle) we) F71Eo) 2HA ey
& ¥ oldEl A ASFA ) g 74 2AHA
ZI¥ex 2AEsE 25 2A el

=5 FAE T Wl Fde o) FLEY B
L2t ARG (I AE,
B A E 715 CO2
S U8R s Bp3tEg HEojur] wEol
AEo] A AP & EEAHoR o] L3}
oJokut FgA EEE AnE S . AP
A A BN §Y2FEHE ¥
ol 4 A gol AR Z7|ol vl IBAE EA e}
Bl 71 olFele ol A S WEe vuA
ztorew gk E g f-x15ttH(Table 4). o1&
gzt hdAg Ao 69, 8¥x, 10929
FEo| &R g v BF AV|E=E 1.2~2.1x
molCO ; mmol ' HoOH =4 ¥& 71224 GapH
A= Aol Y o FEE o] 43l F
FA-& E3 Aslsle Bt ofo] o] gl
A& FaEck(Polley 5, 1996, Fays} Knapp,
1996).

June
-~ 40
@
= S e e
g3 30 ,i:;t:/; E ‘E i
il 4
E g 20
af 107
& ©
‘: g 0 O — | L e = -l
= 0 250 500 750 1000 1250
PAR(umol m 2s7")
October
QT g
.‘(i (o}
= O
g &
@ O | — i S S L v e et
g 0
= 0 250 500 750 1000 1250

PAR(pmol m ?s™")

Table 4. Seasonal changes of water use efficiency
(WUE) rate in the current-year needles
of 3 vear-old Pinus densiflora seedlings
at light saturated state

(Unit : ¢ mol CO 2 mmol ™ H:0)

June August October
Open 7.5 10.5 9.5
Gap 6.3 8.4 8.3

Fig. 99l = Gap Hel7v 2$dA g9 =
ARAI 71 Ge] wWisle] wE £RolLEL W
3} s el 69 ~10Y Atole] ZAb|7E
o Azl dA A9E F57} 120 pmol ms™
Hxojale] g FEldie BEY Frld o}
2 2% vlmx FA43 Frt FolE dehim
FE7F 100~120xmolm%s T EY o Bo)g
E8S 4~64mol CO2mmol H:O ol %leh. 7
Y #57} 120 mol mis A w o) de F x
e Fxo =4 w7z fRo|LELELS
AAF F7bsla 3 E3deie) 39 oA
© TEolEA L W3l v2d A e,
ol HETFAAM g hd g HQe FRo|LE
£ Fxo Frlel wel F EsAbele] FEo)
=28 wdrA] MAE Friste Ftde Sl
ato] & By FAct,

A7 M2 GapHe]ly @dAd gL Fevt
400~500 #mol m2s'el3te] Y& Frstoa =

August

27,

5 g v T
52 -
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Fig. 8. Transpiration rate by photosyntheti -
cally active radiation(PAR) in the
current-year needles of 2 year-old
Pinus densiflora seedlings
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29 3 Frloy FE)EEEE 1.5~1.7
#mol COz mmol ' HO H=2] o] & eyl
I BEY AR Ao FAF 8Ydl FHol4E
€9 Aol 2.1x#mol CO2mmol HoO 24 A
AN F 7 £ AolE: B R, GapA
T avF BEe 4 Frslda Jedie §
< FEO)ERAEE Gap AFFA AT HeA
go 2 Gap A dE o8 HggA L 7
4 8(1999)9) A4 =4 T FekAes
(Quantum yield)oll 3 24 A= FA}s}
A viepstel,

L ]

Gapell A Ag7gxe] o]FAle 2vF&= A4l
Z7|A GapA T4 BEAAEC] A A
Arche Eol At wWol wjEse] BFe BR
AAape] TR vls Al o ¥
stch, #esl g BAle] ot E Gapelld AuF-
HEL Open A7 v]d) 0.1~0.29 = =&
A48 C/Frl& 2 AdAHeg ¥& T/Rul&S
A A Gapl AAFAC LA, v
i A 2719Ad AestAlel GapA 2 F-oll 4]
400~450 pmol m?s e} Fe BrsjolA] wlmA
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Fig. 9. Changes in water use efficiency
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