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Photosynthetic ecophysiological study on the growth of korean pine

(Pinus koraiensis) afforested by the edge-effect belt method
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Abstract; A 14-year-old Korean pine (Pinus koraiensis) forest (as of 1998). allorested alter clear-cutting

of 4 m-, 6§ m- and 8 m-width edge-effect belts in an oak (Quercus mongolica) secondary forest in 1986
(with a 10 m-width undisturbed belt close to each edge-effect belts, namely reserved belts), was studied.
In each edge-effect belts and reserved belts, growth status parameters (basal diameter, canopy projection
area) and diurnal course of net photosynthesis, daily carbon accumulation, and other ecophysioclogical
parameters, such as photosynthetic active radiation. stomatal conductance. xylem water potential of
current year branch, leaf temperature. vapor pressure deficit of leaf, were measured to discover the
photosynthetic ecophysiological reason responsible for the growth differences in different treatment plots.

The results indicate that the lower photosynthetic active radiation and subsequent lower carbon daily
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accumulation induced the lower potential of growth in the 4 m edge-effect belt, while the lower stomatal
conductance and subsequent photosynthesis noon depression and lower daily carbon accumulation induced
the lower potential of growth in the 8 m edge-effect belt. In comparison to the 4 m and 8 m edge-etiect
belts the 6 m edge-effect belt showed the best photosynthetic capacity . which was responsible for the best
growth status of Korean pine in this treatment plot. Leaf water potential. leaf temperature. vapor
pressure deficit of leaf were positive correlated with the stomatal conductance. Thus, the high light in the
8 m edge-effect belt induced the higher leaf temperature, vapor pressure deficit of leaf and lower water
potential may be responsible for the sharp decrease in 8 m edge-efiect belt. Therefore. based on our
present study, too wide (8 m) and too narrow (4 m) width can result in the photasyathetic
ecophysiological maladjustment (as discussed above). The optimal candidate width of edge-efiect belts in
afforestration of Korean pine in the secondary oak forest may be 6 m.

Key words :edge-effect belt; korean pine (Pinus koraiensis); photosynthesis; ecophysiology
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Fig. ! Schematic representation of the design of research site
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1 BARMAESHEEE
1.1 BRoH = 8

BT S FRBITEBIRE K2 B (45°52'N~46°03'N, 129°28'E~ 129°45'E) e 8wk 35 . F B 4R
300~400 m. P EF 15~20°, T MEBEHEEHER, SBAPEFREERNCR - FHER.XEZRBI. 8
HASBKEAS EHRIC.AFETFIOCERBRLETHMBEEAHAMNBEEHKRA RENH 1. FX
U FERTHNE Am6m A SmBEHAHEBWFERN4Am bm A Sm BuH. ATERHEF 4 m.6 m.8 m 3K
R FE AR89 10m R HF M FEEXWEE . G HFXEREHF I 4m . 6m M 8m FET. BRMAIAILER
RHEHRH10m,

1.2 LEHMH

1986 SE 2 SER MR T LA R A BHMFER R 33004 - hm™°. 4 m.6 m M 8 m B H &
PR 234 T HPATan58uFRIEAKER 1m, REFTHATIRMNTFHRELESR 1 m
LARIERFTREE R 2 m FER B AR, YEH W AR & K EESS2 RS BB LH R
AR  AHERMARYE. FMARURNHBENEEFEN BWEEONSEIORGIMAREIR.E
1998 SE 8 AMM U FARK MW MEBRBHEFANILIMRERRAE XSHER EEHFREN /DIEAKREIEK
¥ oHERAIESESS AR BESHEGHITTITHNE.

1.3 AET®

AERANTGRP AITREATFHEROMRERNEBERTENEZREMER . L 4 m.6 m,8 m B
HHEHAEMEN 234 TaRHTHREREVAEEP 23 TANRHATRHE. BIFL LR,
ESANENENREREFNRR 60 MU LR LR M E DWW LR B K ESE.FUL IR
ERALEANN IS FHRAELHER, HIEEAEERPHERES T RUER B FHBK
AR EL 5 MR LAY KA LiCor~3000 M AAMENMET TR . Z& S FHHITH
R P B R EH.

RS ERE HARAESESH HHBE. SILFESHEAEE LiCor-6400 X &R E RHKHT
ME, E3INTHBYHPEKS, 3 4m. 6m M 8m MW FA B ETN 3~5 LM RH N EREHES
BR FBASILFEMATHTNE., DEAFERKEEAZMKEP ZLZ-5 K 524K 505 2 403
B HMEEI~5 B KEMEZHMETASILGE. MEEETENLENFIH PREHE 1.0~
1.5 m, k/hREK 20~25 cm HE 0. 5~0. 8 cm,

PUHARRKEERREMN RS ERAHRATRIWGE .

Agy = le. 2 X 107°Ade, (1)
1

Heb gy ML A EISBRENES RS L 2XI0 RAMERCO, FIRBEHAUERRI:A
(pmol s m ™% «s7') BES - EESLAMEAXSGEER. Any,(gCm™ 2 dOHREHRAEmAN A ER

.
¥ B (PAR)Y X F 500pmol « m™% » s 6, KFL G E 5 G R H M X FF Wi KR RS-

- Plg:i
i o= @

R P AN NSRBI AGEME PP, BRAREE, Mg BMTRHRN, P, [TULAM. 2

DA BUE Y Po=Pi B Py A% XL BA S BRSO 0 BAOEA RS P, = 5P B AR
VTN Po=g. B P WABER LN L AA LRI AR IARHYRAKAS ER— SIS
B . FRA # %8 4114 i B Microcal Origin 5. 0 SR . i & RS i1 F 73 B B Microcal Origin 5.0 1 SPSS
11. 0 B A .
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Table 1 Growth characteristics of Korean pines in different treatment plotsNumber in parenthesis is the standard

deviation
W # Tree height 3% {2 Basal diameter . §8 Canopy size
RH Dem H(m) BD(cm) N-S¢m) W-E(m)

4 m {§ B #F Reserved belts 1.00(0. 4)a n=43 2.1%{1.3)a n=42 0.72(0. 257a n=143 0.71¢0. 26%a n=43

4 m ¥ Edge-effect belts  1.31(0. 6)b n=43 2,66(1.6)a n=42 0. 85(0. 2)a n=40 0. 85(0, 2%a n=40

6 m {85 # Reserved belts 1. 40(0. 5)bc n=116 2.54(1.0a n=116 1. 04{(0.35)bn=116 0, 96{0.41)bn=116
6 m P ¥ % Edge-ellect belts 1, 85(0.6)d n=88 3.69(1. 4)b »=068 1.17(0. 43¢ n="57 1.18(0. 4% n=07

8 m {E B4 Reserved belts 1. 62{0. 4)ed n=462 3.75(1.1)b n=62 1. 02(0. 3)bc n=162 0. 99{(0. 3)be n=§2

8 m % fy Edge-effect belts 1. 25€0. 4)ab n=61 2.65(1.1%a n=61 0. 85(0. 3)abn=>56 0. 84(0. 3)abn=56

EEROFEES 2 REAR ARZERZEXER (p<0.05). MBAFFREXERATE X The n is the number of sampling;

Different alphabet indicates statistical difference (p<0.05) and same alphabet indicate no statistical difference
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Fig. 2 Difference in net photosynthesis.photosynthetic active radiation (A)~ (C) and daily carbon accumulation

per unit leafarea (D)}

(AYam BN ARG S ; (B)om B H AN (CO8m 48 B MM (A~ (O BRI M R B
B, OMXNFNE;:; ¢ EEH HE (A)4m edge-effect and reserved belt; (B)6m edge-effect and reserved belt;
(C)8m edge-effect and reserved belt, Labels of (A}~ (C}):[Iphotosynthetic active radiation in the edge-effect belt;
B photosynthetic active radiation in the reserved belt; <net photosynthesis in the edge-etfect belt: & net

photosynthesis rate in the reserved belt
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ST PASRR TE 4m ., 6m 1 8m SN R BT A RO (R B A P9 AR ORI S K A0 2 R (Table 1D MR K/ K
F.omBIFNIRFENERAEH 43> Sm BHHFENR/IN L2 . S4m A em RETHEAL.
M EEE mENTFRE . MAnFHERNK. EESHENTAMERE. AEHEBRERE.6 m BT
RNABAHERAHTER, MSmEMEFERMN. S4m A em EHF/LFHEA., AJUEL. 6 m MHFEND
MK A AN ERBENNESES R Sm N FRNOAREKR S m REWE. AR
RN R SRR A B BRI B RS K E 6 m WA R MA ST,
2.2 ARBNENRETRNOLRAESEESARAFRERKXAHARENER

B2 BR3P ARBHEXMTEHENEMMNESH
B A B AT R B B AR G B AR Y L B LA B
BN ER 700 B T4 18:00 H1k. 8 m B H
KBEEHBF FRFIHERH 1100 pmol » m™7 «s71,
RSmERFEN 2.1/, 6 m N FRZ . FEFHE
H 530umol *m™ s L E6mBERTEN 2.5/F, 4m
MM EERE,FiEFEN N 330 pmol + m™* -
sl BR A mFNEMem INFAFRIKECHEAE
BA.HRAXSEFEILEMFEG-9 pmol e m™2+s57 "),
AL SR X S R BB F A, 8 m WHF R
RBRAFELR RS RFENY 6 m Zuayw B UIEMAGERODH
1/3. Rﬂ'ﬁﬁﬁ}ﬂ]%.ﬁﬁﬁﬁ}?%ﬁﬁﬂ%ﬁﬂﬁ*ﬁ Fig. 3 Stomatal conducatance influences on net
ERE2), ZESR.6mBMNFNEIBREERR
(1.6 gCm 2es" D, B 4Am BTN 1.11 5./ 6 m . ' R s
B mAO A SRR R 128 g 117 o TS R A
fif. 8 m BN & AR B G0 TRAR B 19 88046 ) S fl, ¥ {H Simulation equation is Pn=P; X »r/(Py+
m SR HF B 846 o PTEAREI 8 m BB BR B S AT 7); Py =12.47; P, =0.07 R2=0. 876;Solid line is the
RESXERTFUHRAXW 4 m MO T ek RAKFTHE S simulated line; Dashed lines are the predicated lines
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.9 E Stomatal conductance(mol-m-2-s1)
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BHeFBPh=P Xz/(P;+x); PL=12.47: P, =0.07

BEANILBHE X, with 95% confidence; The bilogical significance of P; is
2.3 ;F [ﬁ]ﬁ@%ﬁﬁ g % I*J ﬂﬁ}é{.}l 'T?P E B{l E‘I ﬁ ‘”5 the stomatal conductance value when the net
Rﬁ?LﬁJﬁXﬂ‘i’ﬁ%f’FmE‘J&ﬁ photosynthesis reaches half of its predictied peak value

SISEEYXRERESERNEERTY. X P,
KBESLSENASERNER . EPFEXREBKTF 500 pmol *m 2 v s ' HAFBSSILGFERELH
THELHRAMNMSERHITTHE., SEUGREAERBE RS EEA R (P1{H)12.47 pmol » m ™% »
sTHLARLEMEIBDPRAEXRIX B AHE. JRAELERAXNASER - NN FHEHBA N CP2 /)
0.07mol +m2es™ !, AL GFHEXTF0.07mol *m ?s "B .KAFEMNESIEHAOBHE /D BEE
ERBES ISP EERAESHEEN— KU L MYKAFE/DT 0-07 mol » m™% « s 718}, ALK NG H
KB EERSR LA ERYBETHERAAGCERN —FREMRE 3. FRBEH MR EFHIL
SHEATELBAOBR .Sm BEWHNIRFRSIIFERASKTFREBLE. BT 0.07mol * m™" » s
HESMTE, TR SIIHXARSEASERAAEMARBRLRNSEESTFANEERE, B
HEIL XA TRERE T RSEREMH CO, "™, I TFEASEREMERNASZORRARNRE
AT REE 8 m RUHA KRR E (table DWHEERR X SR HEY Macaranga conifera SILE
Wi S RMORBRE O NERKBREH AL — B,

2.4 FREMMHREFNPEREHFKEEER RN S E W
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EEH AR R ARRABEESAGEE—EMHXXA(E S . XTREBEH.8m B EHSLE
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Fig. 4 Difference in diurnal course of stomatal conductance in different edge-effect and reserved belts

W AR B AESASEERMER AL S EE P SASEEELR 0. 07mol *m™ 2+ s77), 4mb.4mx,
6mb, 6mx,8mb,8mx 4 3L E 4m RE AW . om R EHF PN H, 8m KB A WM H Dashed line in the

figure is the line of gs=0.07 mol » m~2 » s~ !,indication the half peak value of net photosynthesis; 4mhb, 4mx,

6mb. 6mx.8mb, 8mx indicate the 4m reserved belt and edge-effect belt,6m reserved belt and edge-effect belt,8m

reserved belt and edge-effect belr,respectively
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Fig. 5 Relationship between stomatal conductance and
xylem water potential of small branches during their
diurnal courses in different edge-effect and reserved
belts
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Fig. 6 Difference in vapor pressure deficit of leaf in different edge-effect and reserved belts (Left) and their effect

on stomatal conductance (Right)
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Fig. 7 Relationship between leaf temperature and stomatal conducatance (Left),leaf temperature and vapor

pressure deficit of leaf (Right)
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