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TR XK 37 J5 B A LA ( Pinus koraiensis) -5 IR AR 3 BELH B B ) R 0 AR I SR BEAT 0T, B 7R T MR HROG HL AR
W SMEAERKEIE . FREW . (1) BB T EEMMAREAR (P <0.01) (HA KRNI 7ER 77 £ B Z 57
(P<0.01) KR i3855 ST BIHEA 5 (r = -0.79, P<0.01) , HEMRPT SEA AR INE SFFLE 26—29a, (2) HRBE B/
T EZEMPERR-HIE (P <0.01) , B FRISF H AR it AR PRI AR , R 7R IR B O AR A L X AR R AT 56 (3)
R4 KR GWE MR Z R REMERE(Riabk.r =0.65" ,r =0.58" ;FMbk.r =0.53" ,r =0.48" ) BN G —H
PR AR FRIE TR, PR ERTE 10 m UTRRARZRERAR(0.69) I BRAF THRTRARKAE K. H#ERE
EHANT DBH <40 em BEARIR A4 K&, H AP R7E 2040 em 2 B R ARG B HMRIE 4 K 2, BT LAR

KEEIR : FE M- LLHAR (Pinus koraiensis) s A2 AR s YR AR s B SEFR 0

Effects of selection cutting on diameter growth and vertical growth among major

tree species in the mixed broadleaved-Korean pine forest

JIANG Zihan, JIN Guangze "
Scholl of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract; The mixed broadleaved-Korean pine ( Pinus koraiensis) forest is one of the most complex and common vegetation
types in northeast China. It is well known for its high biodiversity, complex stand structure and unique species composition.
Because of unrestrained timber harvesting practices, the extent of the mixed forest has been greatly reduced and old-growth
forest stands can only be found in reserves and national forest parks.

The study objective was to determine whether the diameter and vertical growth response to selection cutting was
immediate for five species. Two 1 hm’(100 m x 100 m) plots were sampled, including half the plot in the selection cutting
area ( which was measured 37 years after commercial selection cutting) and half in the control area ( virgin forest). Forest
inventory and increment estimations on five major tree species were carried out in the two plots.

For the two stands, living stems with DBH ( diameter at breast height: 1.3 m above ground level) over 2.0 cm and
height over 30 cm were measured to determine which is the major tree species. We randomly selected 15 living trees with a
diameter above 10cm in the selection cutting area, from which two cores, each at 180, were took at breast height.
Depending on the species, 15 additional trees with a diameter above 10cm were cored in the control area. The following
three results were obtained.

(1) The selection cutting significantly increased the survivor’s mean annual diameter growth for the five major tree
species. The post-cut survivors’ growth of all major species responded similarly with an increase in the range of 39.70% .

There was a significant correlation between species-specific response and shade tolerance (r = —=0.79, P <0.01). The
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increasing rate of the strongest shade-tolerant species ( Pinus koraiensis ) increased the least, while the weakest shade-
tolerant species ( Acer mono) increased the most. Different tree species showed contrasting patterns of response: Acer
tegmentosum showed a rapid growth in the first 5-year period after harvest, while Abies nephrolepis’ growth was highest for
the third 5-year period. For all the major tree species, improved environmental conditions resulting from selection cutting
lasted for 26 —29 years following harvest.

(2) Selection cutting significantly reduced the tree height-diameter rate (P < 0.01), indicating that mean basal
diameters are the same but lower heights occur in the selection cutting area. In order to calculate timber volumes accurately,
we recommend that height should be measured.

(3) The growth rates in the control and selection cutting areas were positively correlated with tree height ( control area:
r=0.65"; selection cutting area: r =0.53" )and DBH ( control area: r =0.58 " ; selection cutting area:r =0.48 "), but
not with the trees’ age. The mean annual diameter growth of all trees in the selection cutting area was higher than that in
control area; however, the difference was more significant among trees under 10 m (0.69) , which indicated that selection
cutting was good for understory growth. In addition, selection cutting showed different effects in different DBH classes.
Selection cutting did not significantly affect trees with DBH more than 40 cm (40 em<DBH <50 cm; P =0.61; DBH=50
cm: P=0.54). However, the effect was significant between trees with DBH less than 40 cm in the selection cutting area
and in the virgin forest( P <0.01). The highest mean annual diameter growth was exhibited at 30 ecm<DBH <40 cm(3.92
mm/a) ,followed by 20 ecm<DBH <30 cm(3.64 mm/a) ,and the lowest at DBH <10 cm(2.44 mm/a). This indicated
that trees with DBH in the range of 20 —40cm should be particularly protected.

Key Words: Pinus koraiensis; diameter growth; vertical growth; selection cutting; dendrochronological analysis

WA ZLARAR ( Pinus koraiensis) J&3 B AR AL A 1Lt X 54 b7 1k AR AR, 4R 7 B R TR S AR ARy SR AR
FABR IR 26 BE s X A RN H , UHCEERERD RS R SRR B RS AR MW o mER ", HE2
BRI RARAEE A2 ELBRH A, JFARLIAAPK A T B E BTl T JL ™, 3B K 20 1H40 50 4RARTF fa % i it
LIMPRIATIRARS , BB S IRE R A MBRTR T RIERAR S BRI . MXTREMAERK
TEBLI T Xt ARG U R AT IR SR A S R T A BB R,

—Sh BN /N B B SR AR AT LABSCE AR P B ' SRR BE 2% 1 , SRR AR MR S5 0 R 204k, LA A TR Y
H K, OSSR EL A S FBIESE : Archambault 25 F PR W I v X AR S0 i St 5 e 380 A Y S Ak
T TH5T, SRR 0 B I R 19 4= K & ; Deal 1 Tappeiner 7 2002 4" ot BThL347 fn 75 M 86 b 5%
YAZHK(Tsuga heterophlla) HATHFST , S5 SRR BARI BT T ARG AN 4 K 3R Man 2 34 40T
ST AT IR Lla M, RIRES 2] T RMIMER . (BR WA — L2 H FrAH R AL - Staschel H1 Greger
PN B BE 3o 7 A AR T Bl £ BN A AR K B R S (360> ; Matyssek A g B AR B 1M P9 A TRLEE 2
SWBHEEST, BT LK REBD, Mk A REMAET RIEN TIRTEE B HERBERR
KA A B R AR AR 2 3 B A B9 A 4 7™ AR TH AR B2 i, ARG 2002 4R fn& R s 4 B AR R I
(MRN) B, RTEER A EZD RSB0 2 —HWRARZ B E XM E S RBWARE KB, Be'dard
Fil Brassard "' 4 H BRI AC AR K 00 2 DR 3t 45 2 T 5, 3 A R 0 0t [X 8 AR A 2 4K SR T 2 53 41
— St [X 27 AR AR KRR

RTBAA AR IR0, B AT 288 AT T7 5 2 R 9 X 3 A s i R EAT T2, T ek O P
TETHRATHE A H BB ER , JUHAE F U0 B4 3N T AT A8 b 5 L [R] f th A77E LA T (R (1) R B 2Rk
B ] BT B 5 (2) M ERE BEAN G , 3 S R S AR B A B Ul K" 3™ . BRTE AP &
B PRI 1 T RE A KB BT W B R HGE R, B RFR A R G
TR R AR, BB BB ARG LA, TR A IR R SRR, AN IR B 4R 4 D7 1) oA B A
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R BRIt R 2% R AR i) AR K BB A T b S B A PR A ROIROL o A SE 6 i B R A B 2 KR, A A AR bk
FELEAR E BRI ERRSE WAERKZER 86 WP R R - B2 L, B7E T % : (1) A RRRR
el A AT M B 5 (2) B MR iR S RUE R A K Z R R
1 REH=E
1.1 W5 XA dE

WEFE X St b S8 e VLA B T A I X B R YLK B K 9 B AR R 37 X.(N 47°10°50", E 128°5320") , %
PRAP AL T/ 24 22 0 B B3k B SR AR S, J8 KBtk B W 22 U488, S P 9 RUR - 0.3 C, | <R
7.5 C ,FEHELSIE -6.6 C, EEEA 2200—2600 C 28], E KR 676 mm, FIEH] 130—150 d,
TCREH 100—120 d, 3% X st MEAE AR DAZLAA J 32 IR AT AT IR TR STAR , 20 B 23 IR A A A AZLAA by
AP, FA A Fh B T M AR (Acer mono ) | %5 ¥ ( Tilia amurensis ) | 16 4% B ( Acer ukurunduense) | 75 & B ( Acer
tegmentosum ) 33 #i ( Ulmus laciniata ) | 8 #E ( Betula costata ) . 7K Bl M)l ( Fraxinus mandshurica ) . ¥ 3% B
( Phellodendron amurense) . BBk (Juglans mandshurica) F§# ( Tilia mandshurica) | 4 #E( Betula platyphyall ) |
BT 3 (Syringa reticulata ) %5 & M Fh F1¥8 £2 (Abies nephrolepis ) | 41 Jz 7 #% ( Picea koraiensis ) | £ = 12
( Picea jezoensis ) ZE5T M F . #EAR FE A B4 T ( Corylus mandshurica) \Z 6 1L LE ( Philadelphus schrenkii) |
Wl F i (Acanthopanax senticosus ) %, JREASFE ) 3= B Ry M R FREHRE ( Actinidia kolomikta)
1.2 MRAZE
1.2.1 ¥uEksE

BRI R W LD RABR T 1971 SRR AR, RARXT R RARRALLAL , RARIREE Ly 30 % o, WA BNF
SH (R A0 b 0 R R LD AAR , £ 2257 1 hm” (100 m x 100 m) £, Xt AE#LpY DBH=2 em 6 SEAHA T
#ICRHR R AR, H B, TER PR B RE 15 RAEKIRE REF.DBH=10 cm [FLLHL  TLA .
A2 KB R A R TR SRR AR AR (AR 2 088, PIARE S ZEAR S B 7 I B BB) o X RE IS AT
FTBE)E , R F EPSON #3317 804k , #F ] WinDENDRO 47450 1 58 B & , 4R 481G M AR LS,
FI A BRI ATIIE , A B PRAE 40 B2 ) COFECHA M) 38 X5 4F IR B 45 i AR P it AT 2 XUE AR R I, o db AT 38
SEFRREAHALTT
1.2.2 BdESHT

A ERGAR T K PRI ] BEfE e 22 52, I A SCRI AR B R 55 (EPS) ' IR B RHT 5 42
4 (1966—2008 £E) A= K P91 Z [6] B AH S , T 5 B AR AR 5 IR AR Al % 2 SR A R A X B A 15 B SR 1
TR
___ N
(N-1D)r+1

KA, N HERKFIIANE,r HFFIEERE R, EPS MEBIRRRESRZE,

F i Pearson HH% R BT T EEMFI T B EETE R T1 V™ 542 10 A KM 0 bL 2R 2 6] (56 B AR IR 4R 56
SHTEE R E X DBH > 10 em FMAR 5% B AR (LRETAE K WA , R Gtk [ 3 404 T B AR R R aa Ak A
(IR b 7 B R R 5 5 B A2 22 B ) 50 R 5 R O 22 A BT R 6 T 3 A ke A [ A b A 15 - B A2 B ) 52 el 5 1D
Pearson #R R BT TR AR E SHE R R Z B FHX R R BRI AFBREMARE A RKER
WA AT HEHH. U EEEE A T SPSS13.0,

2 #R
2.1 WAL RRTAR R AR B

¥R ZA (Ulmus pumila) FA#E( Betula plasyphylla) 56 , B85 RIS FP A BT 2 —30 (R 1) , BLEEE
o R AT W B i 2 % MR /1N o Deal &Tappeiner'”’ | Buffum %' | Moktan ' | Man '™ 7E 4 B BF5Y
S TR . BRE—ERE EEH BT SRR A LB, ZE IRt bR, D AR ZE AR X

EPS =
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BE SFIMAE SPIIR R B dA AR RS, TR AR rp A S B T R (21. 07 % ) (HIX F B # N
LIARECN ARSI R AL o K BTN VL B2 A2 A RS BE WA R I, 2053 2b T 0.77 % F10. 63 % 5 TR,
HE VBB TLAMR IR 2 BRI SR BT BT, 20 3. 67 % 3.15 % 2.16 % \2.23 % \1.97 % o £LHA.
FUFBR YR AZ WA K A0 SRR R A T R RE IR AT AR AR R B R T 2 %, R L HAAR

T AR
F1 BFEEAMNFERFRTER
Table 1 Composition of major tree species in selection cutting area and control area
JEi& Ak Control area PEARAMK Selective cutting area
ERpH MASE % g s /om  Paghttsm  TUREE L gt om P /m
ajor tree species Relative . Relative .
L. AV DBH AV height L. AV DBH AV height
superiority superiorty
ZIHA Pinus koraiensis 67.07 43.90 23.19 45.10 30. 10 16. 20
F Bk Acer mono 5.88 12.08 9.07 8.04 7.05 7.94
¥4 Abies nephrolepis 5.87 16. 20 13.10 8.10 21.30 16. 20
WAHE Betula costata 5.09 11.59 10.29 8.76 8.39 11.97
KA Fraxinus mandshurica 3.65 11.39 11.15 2.88 11.70 13.20
BM Tilia amurensis 3.6 10. 10 7. 84 6.79 8.40 9.40
ZAM-Hy Ulmus laciniata 2.70 7.76 7.02 3.58 10. 10 10. 10
212 7 A2 Picea koraiensis 2.20 22.73 16. 02 1.57 35.00 19.90
FHHEBR Acer tegmentosum 2.17 5.84 8.10 2.77 7.10 7.01
TEREB, Acer ukurunduense 0.61 4.16 5.98 2.58 5.10 6. 60
BT Syringa reticulate var. mandshurica 0.30 5.05 5.61 2.06 4.70 6. 00
KFEW Populus ussuriensis 0.29 4.56 8.08 0.55 17.70 18. 80
#Hr Ulmus macrocarpa 0.28 4.43 5.31 0.12 12. 00 11. 00
HHi Ulmus japonica 0.08 6. 45 6. 60 0.83 9.70 8.70
FMy Ulmus pumila 0.02 3.44 5.36 — — —
Bk Quercus mongolicus 0.019 9.20 10. 16 0.46 14. 30 10. 60
it Tilia mandshurica 0. 008 4. 30 4.33 0.05 3.50 4.20
% Phellodendron amurense 0. 004 15.50 11. 60 1.09 12. 00 12. 00
FI#E Betula platyphylla — - - 0.67 12.40 15.79

2.2 PO B B A K BRI
JRIEAR AR ER) EPS SR THAAM, J R AT R R AR A AR (A A 9 AR R AR 2 18] AP AE S 52, B
PR B ARE BOR M AR AR R BT, TR MR B B R AR A K22 . 3R 2 AT, ZK 0 4y AR EPS 4

B0 AR T oAt T B b (T RER Pl THURR B S U AR LAFTEIR2E) , MAERS AR AL 5 3 T8 (A Fh A= &

MR , JoisHER Rk SR A R E, L ERBIRIIA T o

=2

24 X Fxof B X 2 RS0 8 BE P B e ARIE AT L

Table 2 Chronology characteristics for major tree species in selection cutting area and control area

JE AR Control area

PR Selective cutting area

Sz E

fRIER IR

Mean annual

RIERRER R

Mean annual

TS o TS =]

Major tree species Numl‘)z;?)tf core diameter growth ﬁ]ﬁfi {5 Nu ml;z;&ff core diameter growth ﬁ’ﬁfifﬁ‘?
(Mean = SD) (Mean +SD)
/(mm/a) /(mm/a)

21} Pinus koraiensis 30 1.98 +0.23 0. 81 30 2.74 +0.35 0. 80
TLFWE Acer mono 30 1.22 +0.33 0.85 28 2.08 £0.43 0.80
Y& 4% Abies nephrolepis 30 2.72 £0.45 0. 87 27 4.04 +0.12 0.81
WHE Betula costata 12 1.21 +0.11 0.36 14 4,71 £0.53 0.36
JK B0 Fraxinus mandshurica 21 1.77 £0.23 0.82 23 1.45 £0.33 0.45
4Bt Tilia amurensis 30 2.10 £0.42 0. 80 30 3.10 £0.27 0. 80
-y Ulmus laciniata 22 1.65 +0.12 0.77 25 1.72 £0.39 0.51
FHHEBR Acer tegmentosum 30 1.74 +0.24 0.91 26 2.72 +0.19 0.75
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FINGHTIEA S AWFR 321 R (R 2) , SR R BB M I B i ARG A2 1 AR R B R T IRA Ak, 2
BRI AR SR B R B A B B TAAEEER (r=-0.79, P <0.01),, i 5 {55 55 B T WA 1) AR K B
BN AR IR AR(TO % ) , U5 (56 %0 ) AR AZ(49 %o ) , SN EC3R B /N A i BT P A BER RO £ (38 9% ) (1A
1) o Wk 8] A 1 A KO B A e BB (R 3) .

#3 FERMNEEERERENFTEITER
Table 3 Results of ANOVA ,showing degrees of freedom and F values for the effects of selection cutting for major tree species

A5 F S source of variation A df SEJ5 0SS FE §? F
i [B] Between groups 4 48805.14 12201.29 7.608 **
AP Py Within groups 195 3122735.20 1603.77

JE A8 53 Total 199 361540. 40

FAT R FE B RS ) 1 26 2a P SLTLH, A K firs
B ERMEAER A AR (E 2) FREERE | i
8514 5a IR B 200 A e s 2 L O
A Sa AT A KRR B W E RG34 5a
B 1 0 ML, % AR A0 0 R B R A
(PRI 3) A 1 T A B 0, 7 PR O 93 4 PR 2 1
He KR (2. 48 mm/a) , B2 (2. 22 mm/
a) LTHARITEE R IR /N (0. 78 mm/a) o T A= K F

218

T. amurensis o

"

A. tegmentosum

W
W
T

B
° A. nephrolepis

wn
(=)
T

N2 /%
Percent of diameter growth
o~
W
T

o
(e}
T

EAL

*%&%Eﬂ‘l‘mﬁmﬁ I‘Eﬂ‘&ﬁ Eﬁi E‘J%jal‘ : @Bﬁﬁﬂgﬁjlﬁj 35 | | | | P. IkoraiensLIv
K (29a) , LR B L0 (28a) FIEH8 (27a) , T HE AR AN 70 75 80 85 90 95 100
. N _ TR B P38 EL Tolerance index
FFABRIR S I B[] B 4 (26a) o
PR EERF R - LR A T B Bl WSS KM R %R

(P <0.01) : TR AW ARKIH =-BR L4 5 iR  Fig. 1 Relationship between percent of diameter growth and
MOANCE 4) B TE B AR AR S I G B0 T, Btk A fy  tolerance index
WRBE, Hrh AR TSR, B2 LR
BN
2.3 WE R WS REAERZER KSR

WiE SR A REZEIRRRRED], NISTER GO BB, A2 1) 42 4K SR8 R Bk BEAR = 2% i 5
T (R4) o FEMRNEWRBERRRE LRSS T REMAK, KPR ERE 10 m DU AZREKR
(0.69) (Kl 5) . TEIREEARA , WETRAE 10 m LUTFRIARER M A K 2 R BHERAR, AR T 2BAR KT F kb =
FAE 10 m LUTFRIAR B 0] A R F20M 5 TR AAOK S, R ) A K F /N 10—15 m AR o

#4 FHREKESERNSEZER Pearson X R E

Table 4 Correlation coefficients of structural and growth parameters in selection cutting area and control area

12 M4 K& Diameter growth W Year W& Height
12 M4 K& Diameter growth — — —
WS Year ~0.19( —0.14) - -
W Height 0.65* (0.53*) 0.29(0.21) —
42 DBH 0.58*(0.48*) 0.59* (0.51%) 0.79* (0.75%)

T 55 A AR
WS- A KRR AR RPUR, BA B3 MR 5 m A KR WAEREEMR(R) , TREWMFTE
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%5 Sa & )55—10a BB fkJ)515—20a [D 4%)525—30a
C I &)E1—>5a KJ510—152 BE= #&)520—25a EER {%/530—35

Mean annual diameter growth
compared to control

FAR AR 1) A R /(mm/a )

OSSN

f22 18] AR 3/ (mm/a )

Mean annual diameter growth

Tifatk £ 4

WP Tree species

B2 BEXRNEERMOZEERE
Fig. 2 Mean annual diameter growth of major tree species in selection cutting area

PEACHT AR i AR K SR P MR B3 T i, &R R Z B 2 R EK (0. 78) , AR/ T 20em MARAEK RS
FEHBF 77K 22 F 45 K (DBH <10 em:1.39;10cm <DBH <20 cm:0.7) o AR A FRE AR, BiEk
F 40 cm HIW AR ZEAR R ZZMAEE (40 em<DBH <50: P=0.61; DBH=50; P =0.54) , i #1/NT 40 cm
IR AR5 JE AR A LR RAAAE B T2 (P <0.01)  fRIG R A K EHRKIEH N 30 em <DBH <40
em(3.92 mm/a) ,HK K 20 em<DBH <30 ¢cm(3.64 mm/a) , H/N¥A DBH <10 cm(2.44 mm/a) ,{HiX —%
TR INE R K (1.05 mm/a) ,10 em<DBH <20 cm B&/M(1.00 mm/a) ,
3 #Fit5itie
3.1 FERFER KR

ST A RR IR E LN 30% 7oA B B T R - LDMAAR R AR ) AR R A . AH i T R g A
Xof A AR [ URR B AN ], B I B AE AN R Z R AE — 5 W 22 57, 33K TR D o't R ) 5 9K 48 2 R %o T B F A
i G KA (Photo-Inhibition ) , P T B ML S5 MR ZE G I N A/ F TR RER U BESR I A K
W AT S 2 IR e A AR R AR

Ptk T AR P AR RERIEL ARk, 5 i B0 T WA S A PR P e A 1A B B A 1 A IR
W TR K R SR, BE5 't BRI B2 o A sl T AR RR A 2 1 VR R RN L 338K o3 B2 5%, O T 3@ LT I 2R
SN AR TR A A B ) S m it i AR 3 B A 1 SRS AE BRI UK 2 B BB 7 20, DR M R 0 434 b 2
HRIEH 1—2a WIFRA LI B AR IME(E 3) , FEMEER B TARKEB/ DAL, A WEE
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