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» Schliemanna & Bockheim, For Ecol Manag, 2011, 261: 1143-115
» Garbarino et al., Anna For Sci, 2012, 69: 617-625

» Millington et al., Ecol Model, 2013, 253: 17— 27
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¥ Secondary forest (80%0)
#* Mosaic patterns

¥ Larch plantation

#* Korea pine plantation

mRainfall: 810.9 mm
sMean T: 4.7C
mMax. T: 36.5C
aMin. T:; -37.6C
mFrost-free P: 130 days
mAltitude: 520-1160 m

Secondary
forest

Secondary Forest

Larch
plantation

Korea pine
plantation

bl Larch plantation

Korea pine plantation
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2PN T AR R TH
RyEE BEHE

Rt L HE (P, UR)
) (m?)
Acsvi—Aeow m 1434321  0.0002
Acsw—Aeow m  55.35 +13.33  0.0005
Acomm—Aeomm 4101102  0.0007
Aeow 1-Acow»  17.66 £ 55  0.0044
Assces = Apsy 14.74 + 3.44  0.0004
Agees 1= Aoy, 2212 813  0.0132
Poces 2~ Acom » 4242 +10.26  0.0005 A= _‘-0 0.5r*-dé
Ajsces — A 1.87 + 505 0.7154
AiZEz - AZEEi 45+ 468 0.3474 $|J RErSN8Iafz A 1SR 5275016
Agee 1 —Ages ,  -2.63 4922 0.7782 A fBRIUR —BF 90 TIER

%, EEF EEIME KRR

2 IF (Watt, 1948)/\iafLEsE IR . RISEFHRER

Zhu et al., 2009. Frontiers of Forestry
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D,=d-tan(4,,)- tan(‘9|,a)/(tan(‘9h,a) —tan(4, ,))

H, =d-tan(g,,)/(tan(4, ) —tan(6, ,)) +h

Hu et al.,
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The verucal
5 projected area of
+ the canopy gap

2009. Trees-Structure and Function
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A o.5i D1 - Dy -Sin(ar(i +1) — (i)
> M

i=1

\7t<

P= Z\/(Da(Hl) a(l)'COS(O[(i-l-l)—Ol(i)))z+(Da(i)'Sin(a(i-l—l)—a(i)))z
> MR TR %

P/IA & SI=P/2Vm
> BRI A R

H; , = Hy +D, cos(a-p)-tan(y)
S, oa, B, vyl AT AL A ﬁﬁ\ﬁﬁ
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. = vE I/ ¢ 14 N ﬁﬁ
> KBTI . R A E TR it
T J7 VAR FRFREL  Wilcoxonfit
Wi BH . X7 Z R
A B 25 A (Z1E)
Pees: Aesw) jjw@%?: Ao VS Apres  0.990° 20.078
FANAIE e %, 161432 .
i aiiidiialie Ao VS. Agres  0.985 -0.706
‘{)\H% El/g j;)li l-;il ﬁﬂe/\ ;\ W AC30 VS. A16EES 0994** 1177
Acior Acpr Acgg XL A.oVs. Acgy  0.9917 2.746°
BRI 521595 134 A L [H] Ao VS. Azgy  0.986" 1.412
S Ab 3 Ao Vs. Ay, 0.995" -1.490
Apaz Agpss Agge I Agees VS. 1.000™ -3.059"
A A "‘ ISV H /N B3 A
IR FARIENI3 N R 2 A v . 0.983" 0785
AEEE. Ay VS. Agees  0.9347 -0.282
*p<0.01,** p<0.001. AgaVs. Agees  0.867" 1.036

REER: 16 RERERE X/ EEZER (KO. 05)
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)0 5 seilE B Ee i
i AA - T
Hooo Heoo Hezoo JTEECNT fHR REL AOxT thor
HdO.B’ Hdo.5’ Hdo_g’ ﬁj\ 4 P

%Mﬁ%%ﬂiﬁﬂﬁﬁ%%% HclO VS. Ha 0.615* 0.874 0.401
3 R kb BE, 3 | He2ovs.Ha 0.635* 0.794 0.444
AN 3 L Heso vs. Ha  0.556 0.978 0.349
H.,, Hyspg AN T Hdo3 vs. Hn 0.637* 1.763 0.101
=3 h) =3 / N Q
M?}*@%M@m@’% Hdos vs. Hn 0.832** -0.656 0.523
YN =T
*p <005 *p<00l | Hesvs. Hr 0.856™ 0.758 0.462

MEER: 5L e RIW AR E T EEZER (/KXO0. 05)

Hu and Zhu, 2009. Agricultural and Forest Meteorology
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OSPEHARI 7 fh #L
Light Pz
In(FO) =—VZ
¢ N 2 Beer-
T 9 Lambert’s
law

Fisheye lens

P — P, exp| — v,d, M v,d, L v,d,
om0 cos(?)  cos(2) cos(2)

— In[I:)zn (Z)] — In[Pzn—l(Zn—l)] _ In[Pzn—l(Zn—l)] - Ir][F)zn (Z)]
yA JA

Pzn(z)= OSPﬁ#ﬁ! V,: iﬁ%%&, Z: r%_&

HAERB Y, K ERREWN

Zhu et al., 2003. Forest Ecology and Management
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GLI (gap light index): Canham (1988) #fEEcology%& %, BBl

ER & ZNEMNRE R E T E.

B)fE: GLIFZEZEMELER(gap coordinate), HEE—RLER
B E iR T —IKE K E SR IR

Bt : KIS t&ilziui;&ﬂvl'ﬁi%ﬁ%h
GLI = (T, )x100 -

| dlffuse +Tb

iffuse gam beam

Tifuse = ZCOS(Ai )/Z cos(A)

Toean = Zb:cos(zt)/i cos(Z,)
} HE L ER
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D=f(), H=g@),  (0<6<360)

SHERPEAR LA R

D - d(6,)-(cosé, —tan(z/2—-a)-sinb,)
°E cosd—tan(z /2 —a)-sind ’

R EXPEK

PE=\/(d(6?F,)-sin6?P — f(6)-sin6:)* +(d(6,)-cosf, — f(6) cosb:)® N

PRiifa 7R3 5E AR A The canapy_

g(eE)_h(gP)) (PE#O)

(a #0)

@ = arctan(
PE

PRIBa AR A o| A .
L=rnl2-w s x

PRI & (PSD)
PSD =5 Z I,

=0
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Hu and Zhu, 2008. Canadian Journal of Forest Research
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Two large gaps of the size >500 m?, three medium gaps of the
size 500-150 m?, and five small gaps of the size <150 m?.
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HREEmF: 150m2<A<500m?
Yan QL and Zhu, 2010. Plant and Soil
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Yan QL et al.,, 2012. PLoS ONE
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Thinning in larch plantations: 1994, 2004

NT: Non-treated, retaining both litter cover and understory vegetation cover;

VER: Competing vegetation removed, removing understory vegetation cover only;

LR: Litter removed, removing litter cover to expose the soil,

BS: Bare soil, removing both litter cover and understory vegetation cover to expose the
soil;

BSE: Bare soil plus animal enclosure, the same as BS, but with predator exclusion
screens (20 cm tall = 100 cm wide » 100 cm long, 0.5 cm x 0.5 cm wire mesh,
covered on top, and set 5 cm into the ground) to prevent birds and rodents from entering.
Two months after sowing, the screens were removed.
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T4y SEHER T R X E R
O EHAEH— #FF

120
= O Thinned stand & Clearcut b
s 100 t b T
S gl T a [
§ .:.:.:. T .:.:.:.
s O a
g 40 | a a_ T
m -
S 2 ;

0 o 1

0-10cm 10-30cm >30cm Total

\Vegetation layer

Percentage of understory vegetation
cover divided into 0-10 cm, 10-30 cm,

30 cm and total by heights in June 2004

MM FIAL ., 4hEs

K

-

50

Cumulative emergence percentage (%)

1. MFEAR R4

Cumulative emergence
percentage (CEP) of Larix
olgensis seedlings in relation
to site preparation treatments.

PR SEF
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=== T a

.|U
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NT VR LR BS

Ground preparation treatments

BSE
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% 80
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Site preparation treatments

O protected
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Survival rate (%)
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100 t
80
60
40
20 |

PR SEF
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s
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BSE

Site preparation treatments

O protected

[ unprotected

Differences in seedling survival between frost-protected and frost-unprotected
treatments in plots in the thinned stand and clearcut
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¢ BEHMEH—4#EE. £KZH

Height (cm)

T1 (Open stand plot)

Height (cm)

o N W b~ O o N
T T T T T T 1

Month. Date. Year

-+ Pl —0—P2 —-A P38 —0 P4 ---x-- P5

10

o N I (e} (0]
T T T T

T2 (Clearcut plot)

PR SEF

Month. Date. Year

—a—P3  --O---

P4 —a—P5

Mean growth parameters of L. olgensis seedlings by site preparation

> EHRYHEKTZME. 2%

> BERD: SXE. ATEREREFESRES

H&E: NNE

-IRINE

Zhu JJ et al., 2008. New Forest
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A: 2004 [A4%

Stem density

Basal area (m2-ha

Regimes
BT* AT* BT AT BT AT
Regime Al 1513 925 17.23 38.79 12.1 23.2
Regime A2 1546 663 19.59 35.03 12.7 26.0
B: 1994 [AJ{%
Thinning S(tte;reneg.ehn;i;y Basal area (m?-hal) Mean DBH (cm)
Regimes
BT* AT* BT AT BT AT
Regime Bl 1620 1029 34.00 28.14 15.4 18.1
1920 961 41.83 25.94 15.8 17.7

Regime B2
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€ 100 :
s 80 L T 6500
E : sapling
g O Sapling @ Seedling f: < ha-l
I, : A
ER : Lo A o
; T 2700
o ~ - < ‘
: 5 2= 3 e g sapling
g o ol o 059 é) ) ha_l
o 3 3

Regeneration in Regime A (Regeneration index )

Regeneration index of saplings ranged from 0.25 to 0.73 saplings m,
from 1.39 to 7.56 seedlings m~ for seedlings. Significant differences
were found between Regime Al and A2 for both sapling and seedling
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2

Tree species

Regime Al Mean

Regime A2 Mean

Nsa | Mlsal | Nse Nsa | Mlsa2 | Nse
Acer mono 861 0.29 1007 2702 | 0.35 2405
Fraxinus rhynchophylla 587 0.23 |69633 |1120 |[0.16 |11174
Fraxinus mandshurica 70 0.03 | 976 601 0.09 | 443
Ulmus laciniata 168 0.02 |285 481 0.09 | 263
Acer pseudo-sieboldianum | 171 0.06 |73 447 0.09 |343
Quercus mongolica 253 0.11 | 666 338 0.05 |170
Ulmus macrocarpa 197 0.03
Acer ukurunduense 66 0.01
Cornus controversa 395 0.15 1148 66 0.02
Sophora japonica 140 0.05 |87 66 0.02 |88
Alnus sibirica 78 0.03 156
Juglans mandshurica 44
Pinus koraiensis 44
Sorbus pohuashanensis 86 0.03 | 177
Sum 2724 | 1.00 |74020 |6465 |1.00 | 15083

PR SEFT

E The most abundant
sapling species: Acer
mono, 861 and 2702
saplings ha! for
Regime Al & A2
respectively.

E Significant
difference between
Regime Al & A2.

E Regime A2, the
rank is Acer mono,
Fraxinus
rhynchophylla, A.
pseudo-
sieboldianum, F.
mandshurica, Ulmus
laciniata and
Quercus mongolica

Regeneration in Regime A (saplings or seedlings ha')
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0 .=| ® The number of regeneration

20 f 0 2004 ©3 2005
15 H |t o
10 |
5 -
0

tree species in each plot was
around 15 in both 2004 and
2005; and there were no
significant differences.

Number of tree species

Plot B1
Plot B2
Plot B3 el
Plot B4
Plot B5

Regime B2 [

20.0
160
120

I Regeneration index ranged
from 2.3 to 12.3 seedlings per
m?2. Significant differences
were found between plots
and between 2004 and 2005

02004 32005

¢
o

o
o

Regeneration index (seedlings n'12)
oo
(@]

Regeneration In Reglme B
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Tree species

Regime B1 Mean

Regime B2 Mean

NS1 NS2 NS1 NS2
Fraxinus rhynchophylla 256 453 2158 2232
Acer mono 224 204 413 573
Phellodendron amurense 142 570 227 1334
Quercus mongolica 84 101 95 173
Acer pseudo-sieboldianum | 80 55 34 51
Ulmus pumila 79 203 5 46
Cornus controversa 66 304 19 191
Fraxinus mandshurica 39 37 30 49

Sophora japonica 36 39 36 36
Juglans mandshurica 33 57 43 86
Alnus sibirica 23 23 21 21
Tilia amurensis 17 19 8 16
Sum 1134 2327 3028 4241

Although the
significant
differences were
found between
Regime B1 and
B2, and between
2004 and 2005,
the regeneration
was quite well.
The average
regeneration
index was more
than 7 seedlings
m-2 in the first
two year after
thinning.

Regeneration in Regime B (seedling individuals in each plot, 400 m2)
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