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HABENATE. JAT, 78 sttt
MR A ARBE BT IRAES, A RBIERY, Adtik
UEINILEAIRAIEZ & S8 RN s S5 RIS Wit
ARTCT AR S AR AL VR A N AR,
15 BEA R AR/ NIARER (BEE 5 AR A
SRR, BEMBSEH 3 A EE ), WAL
PR AN T v S AR AR, RIS SR FH ks SRy o0
Prl= g Hos g Rt A7 2 RE i, DL T A
[FIRRBR R/ N XA iR BB RS2, IFERTEANIR]
R/NPRBET BT B i ZS Rl A i ol , B A Ak
B ekt du s AN B PR I —E A RL A

1 HRRXGHR T *

1.1 WMREHR

WF5E XA T 1L PG PE SR I R H AR IR X, b
HAE bR Ry 37°45'~37°59' N, 111°22'~111°33'E,
Hiah B R L kb B i) G LU T, 32 X g T LR
W KRBl T A, ARSI 4.3 °C, AHXHR
B 70%, 4FH BEAFE 1 900~2 100 h, 7 A1
N 17.5 C, 1 AFHE-10.2 €, K
it 820 mm Ay, FEKAMCAARS), 24T
fE6—8 H, 7%k 1 100~1 500 mm, JoFEH
292k 180 d™, XK 2 Ry i BE NS Ay L) b b 35
PepE 15°~31°, Z R A F/E R sEm e, L
s MR RRA 8 £, £HEF L+
e R XN R EE, R
fedtig ety , fEAEMFA =42 ( Picea asperata
Mast. ) . JH#5 . FIHE ( Betula platyphylla Suk)
&, MR FEA Z 4 (Lonicera japonica
Thunb.) . 45 %tk ( Acer ginnala Maxim.) . %
2244 ( Spiraea salicifolia L. ) %%, MKTFEEAMEY) 3
i £ ( Ranunculus japonicus Thunb.) . 4f
& EL ( Carex rigescens (Franch.) S. Y. Liang &
Y. C. Tang) . % /7 % & ( Fragaria orientalis
Losinsk. ) . Zfij ( Plantago asiatica L.) 54 Fh
2]
1.2 PAEFE

2021 4EH (6—7 H ), TEMFRIX N E L
&IPS N TR, AR 15 ARERE, R
PEARBR KN, B 5 DMEEHRINIMRERE, B—PRER
FRRE 3ANEE . X EDRBRND S AR FE
Mg (DBH) . @R (H) . Adr (X, V). #

AR OB AE (CR) AT . R4
MBI SR A RORDL, B B AR, 4R
W o ARIEEHTE L (RH) MRS ER 0 4
B (0.1 m<sRH<1m). #i# (RH=1m, DBH<
5cm), AHAhRZ MO SRR R . A
e, PRERACGR AR Y ARER (ST IR ARE ),
R A s R B 2108, K2 e RO
ARBE O EESLABAR AR o D XA ARBEAS [] X Js 2 1] 53
S, AR o S B (A X,
ALLS5: ] T e 2 AR B A e ELE R ) MR LR IX I
(B X, MREmARBE O AR ), Ak 1 R,

W MBEP L (%) Center point of the gap; A: Jid 25 [ X
( Vertical projection of the canopy opening); B: #kiE % 5 X 1§
( Crown projection of border trees ).

E1 HESRTEE

Fig-1 Schematic diagram of gap partition

1.3 HEERNEHE
MRBIEAPRTE AR, R I

KERGARME =ML, HHE =M, FHRHM
RAGFAMRBRI AR, HARR -
A=\/s—a)(s—b)(s—c) (1
K. AR=AILER,; s HFEK; a. b, ¢
bl p/SE<S AR IR
VPR B T AR -
A=A +A +A; +---+ A, (2)

1.4 MERREREFE

AT DX A5 B0 AR 24 DA AR AN L ) AR
B, ARBRA/NE 20~300 m?, SR L BRAESME K
15 AN PR BRAR 4 0 BUR /Nl 7324 1 (20~50 m?) |
Il (50~100 m?), IIl (100~150 m*), IV (150~
200m?). V (=200 m?) 51454, MK 1 HIL:
A LT AR A AR TR 1 998~2 107 m Y 1L
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b A B AP AL T s SR R

MERIF A 37°~67° 28], WiEAEFH L LEI .

fE 8°~38 N ififE L. . TEHSM, FIMESE
F 1 SRR E ARG
Table 1 The basic characteristics of forest gap
ey WIS FRMBEEA/M?  ARBAERa HEREC) ES 4TI (A HEHR/m FHE% BTN A FHARG
T Gap Expanded Gap Slope Slope  Slope Elevation Canopy Manner_s of Gap D|stu_rk_>ed
number gap area age aspect aspect openess  formation makers  condition
Gap-1 22.305 14 22 (B[4 G 2030 49.18 BB+S LYS x
I Gap-2 30.621 1 26 B[4 2018 38.47 BB LYS. BH 7
Gap-3 48.76 14 15 [E]4 i 2039 37.21 BB + U LYS. YS x
Gap-4 71.011 0.3 17 B[4 I 2073 47.98 BB+U  LYS. BH %
I Gap-5 71.725 5.3 22 [E]s el 2 041 52.06 BB LYS x
Gap-6 72.335 8 32 [iB]4 F 2073 44.16 BB LYE. BH x
Gap-7 115.765 8 16 (B[4 F 2068 44.55 BB LYS. BH x
I Gap-8 126.246 6.7 8 B[4 F 2 060 53.62 BB+S LYS 7x
Gap-9 140.68 30 19 [iE]4 i 2 041 51.33 Thinning  LYS. BH H
Gap-10 150.243 21.3 14 [EE]4 & 2055 42.10 Thinning LYS f
\Y, Gap-11 183.637 24.3 24 [E]s el 1998 54.49 BB LYS x
Gap-12 198.605 9 18 i 2054 57.15 BB LYS 7
Gap-13 209.473 1.6 17 (B[4 F 2073 53.08 BB+U  LYS. BH x
\Y Gap-14 216.742 45 17 R HR 1996 60.99 BB LYS. BH 7
Gap-15 299.496 20.7 38 B[4 & 2107 66.36 BB + U LYS. YS x
- ES Thi;/ning: lif%, BB: It Breakage at base, U: ##2 X {8 Uprooting, S: #4i7A Standing death. LYS: #]bi%m#s, BH: A
5, YS: =i,

1.5 HiRALE

1.51

MRIR K38 37 69 £ S A g

Excel 2010

25 (8] AR R MR AL i K244(r) pREIHT
K2 R BB TE BT A 2 6], £ & BEPLIT i 5

RS AT R B, IBM SPSS Statistics 25.0 k{4
WATHR R 225081, I Duncan 3£ T2 H 1L
B (a=0.05), GEitAFEK/DRERT 20 . 2hi
FL AR TE B B A AE KR AR (R AR
W) 2SS, BIRPEIRE LB E iR 22
TR,
152 MR ALH G ZHE A4  Excel 2010 X4
P 5, Origin #x 45 iias 1437 o
153 =ZRAEEHGAE XL XHEILE M FALL
MOPRBR T B3 v 23 [0 A% S 0 4, (i K2 Rkt
ik, HREE rfEnfisets, b THa%EERHN
et HFATZIE . K2 pRERERS A A5 sk o R fE 4
REREMRZE, KA.
K2(r) = dg(r)/dr

g(r) = (2mr) " dK(r)/dr

)
(4)

e USRI, WRRES T A17E D%
T, WA A . FdiE s B fdi H Programita
AR, it 199 ISR RIGIMA, 3 BCH
5 A B E RIS B A EARME, 53] 99% 1 E (5 X
[B) o Hcdab 2E K 2 B R F Excel 2010 L4 & Origin
e,

2 HRHHH

21 MBERNIT L E AR B R & KIEARRI S0
211 HBXADASSHEHMEEG e AT

T T PR AN () PR T R S 4 o A TE 2 2
St (£2). SMMBIIASFER A, fedbvgmfagh
AR AT T v P A A A L3
47 0.09~0.52 #-m™, 0.10~0.82 fk-m™2, 0.22~
0.96 #k-m™2. A% B ARBRAEG IR &K, N
0.52 #-m™, S 1 K25 IR SR B0
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JESEN TRIRCR, 4351 0.82 #f-m™ F110.96 #-m™2,
RNz (P<0.05). &, AR LR ST i

TS 2% BE Ay RS20 IV . L FEEZ IV, 25
47 0.09 BE-m™2, 0.10 B-m™2, 0.22 #-m=2,

x2 AEMBEXNTEFEZE

Table 2 Seedling density under different forest gap sizes

B K/ Gap size/m?

Density/ (¥k-m™) I I - - v
Se 0.31+0.16 a 0.14+0.01 a 0.5210.40 ab 0.09+0.06 b 0.14£0.13 ab
Sa 0.45+0.28 a 0.82+0.59 b 0.10+0.07 ab 0.13+0.01 ab 0.27+0.16 b
All 0.76+0.38 a 0.96+0.59 b 0.63+0.34 a 0.22+0.04 ab 0.41+0.28 a

T AFE TR A FE MR SR M R EEZER (P<0.05).

Different letters indicate significant differences between different gap area grades. Se: %iifiSeedling; Sa: 4i#Sapling; All: KT H .

"N The same below.

REARBRAE ARSI, AEdbTE MHAALIE . R
B B R O R R AR AR A, (B4R
FE L 1L IV RV ARG ARER o B S K T AR R AR B
LR L, D2 ETERBR A N rp i 3
KT AHFIRBRAF A G35 R . BB 4l XA [ 25
RARBRT AR BROGHR A SO RIZE, 3222 DA AR B
BRI, EZIFRE . IR . Ko fE ., MY
EHE. TR ERSASHF2ZEREKR, 3
TARBREERT A CR AN [R]
212 HBXDAG M AEKIIFG AR B
B HrR i, NFARBRAFO AR T A BT
(Y. 4. SRR ) e A K B A B

A A KRl (0.60 m) AL TARERS:S: V
FE R 054 miIkRZ, TEFEH N FLH 0.17 m;
AR I AA T B 1 ST Y S AR K s K B T4
Fldr, 9k 3.45m. 2.36 m, X THARAE 54
MBI AR g R ¥ s (P<0.05), Hix
RIEE A | v, HAh . Sh R e iAsE
BT AR 0 B R I(E 90 0.85 cm, 2.90 cm,
1.90 cm, 5 &JpA LR A TR i 1 v AR K R A (E
FRAEMRBR—E0, BEAh, WHAFRS Y & 5k A i
SIHT . LA LR AR T T P 1 de R ELARBR AT A bR
BRAE | b, 2R DA, REIARRISRBR I/ ML
T PASEETAT e, ARACIE R . 4R

I (P<0.05), JFEAMFIMAE KSR, I SRS SR | A RORBUERLT

MRBRRE GG R IR B S R N . 4

®3 TEMRERLE LR ERIEHR

Table 3 Seedling and sapling growth indexes among stand gap sizes

A K fabn T B K/ Gap size/m?
Growth index Iltem I I 1 W v

Se 0.54+0.08 a 0.40+0.15 ab 0.1740.03 b 0.35+0.25 ab 0.60+0.00 ¢

# Height/m Sa 3.45+1.37 a 1.90+0.10 ab 1.85+0.65 b 1.52+0.63 b 1.73+0.12 ab
All 2.36+1.82 a 0.35+0.25 ab 0.17+0.03 b 0.47+0.21 ab 0.83%0.50 ab
Se 0.85+0.75 a 0.37+0.22 ab 0.17+0.03 ab 0.60+0.23 a 0.55+0.45 a

#£4% Ground diameter/cm Sa 2.90+0.86 a 1.00£0.00 ab 2.10£1.10 ab 1.50+0.55 ab 1.67+0.33 ab
All 1.90+1.14 a 0.37£0.22 b 0.1840.03 b 0.60+£0.23 b 1.03+0.55 ab
Se 3.50+0.50 a 2.33+0.88 bc 1.67+0.33 b 2.33+1.16 ab 2.50+1.50 a

% Agela Sa 9.67+2.91 a 6.50+0.50 ab 5.50+0.50 ab 7.00+£0.58 ¢ 6.67+0.88 b
All 7.33+3.84 a 2.33+0.88 ab 1.67+0.33 ab 2.00+1.00 a 2.67+0.88 ab

B A EEM RS B (A X)) 5 K MOE
BEIX (BIX), RELEM, B CREEA D

22 METYHEHR=ZESH
AR (K 2), % | hAedtyg iag)



88 i35 %

10

e HEIOEIR (o) AEIEHMLN; SEaIORIR (o) HEILFEHTIALH . Note: Blue solid ring (o) refers to Larch Sadlings of Larix
principis-rupprechtii; The green solid ring (¢) is Seedlings.
2 MENEFEZES S

Fig. 2 Spatial distribution of regeneration seedlings in forest gap plots
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ARBREFG | ARRUY 2 0] o A B (G P A AR I A5y
ARBRHC ) o
23 WETHEHHHNZEIEE

R FHHUAR B K244(r) BB T, Mg — T AL
SRR A5 ok OB AP Y 1 A AL AR R, St
54 XF 5 A~ BLAUMRBRARALTE A BB 12 (B A%
JR AT AT (& 3). P ARBR A KNSR,
BN [ AR BBIF 52 1) RUBE AT T AN T o

AR Gap-1 76 0~2.1 m R &M
RN, 2.1~2.6 m REETLH S BBEHL G,
2.6~3.0 m REJEH 3451574 ; Gap-4 #£ 0~

2.7, 3.5~57 m RJEZJul L 2MRES M, 2.7~
3.5, 5.7~6.0 m RJEu[ - BxpEdLs1i; Gap-
77 0~6.0 m REEH I W RESM, 6.0~
8.0 m RUEJEH I B kbl ; Gap-11 *h7E 0~
2.8, 3.6~5.4 m NEJuM L RESM, 2.8~3.6.
5.4~8.0 m RUE [l L REHL 1 5 Gap-13 H7E
0~10.0 m RUEETEF ERE MG, ALl A B8
H TESLTRUARBR Gap-1 Hfbifi KRB (9 34 0% i 22 LR
L0 . BENL AR R 5] 534 7E Gap-4. Gap-
11 e B RUBE ()34 R F SR 43 AT ) 34 5] 43 A 28R
s Gap-7 H ¥ B R ()3 K i 3R 45 43 A 4
AN 5 Gap-13 FEriFFT A R 34 R4
I3 o

1ll: Gap-7

3 4 5 6 0 2 4 6 8
JUE Scale/m

0 2 4 6 8 10
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AR AR e AR %L
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Fig. 3 Pattern of regeneration seedling sites in typical plots
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VN SR R T A DAy 8 ke A1
FATE 120~ 140 m? (R RR IR P4 B8 35 28 B o5 K 5%
SERAR—E, AT B RS R, UL S
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RIXERT NG R RAR IR I AR B . &5
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KLU RIER, TEAOGRBAFRL, UAEY
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] — PR B S [ A7 B ) ) I R B A7 A — 2 25 57
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Effects of Gap Size on Regeneration Dynamics of Larix
principis-rupprechtii Forest

ZHANG Yu, WEI Xi, LIANG Wen-jun, LIU Zi-qi, LI Fu-ming, ZHAOQ Yi, FENG Yong-han
(College of Forestry, Shanxi Agricultural University, Taigu 030801, Shanxi, China)

Abstract: [Objective] To explore the natural regeneration in Larix principis-rupprechtii plantation in Guandi
Mountain, and explore the effect of gap size on regeneration. [Methods] In this study, the density, growth
status and spatial distribution of seedlings of Larix principis-rupprechtii under different gap sizes were in-
vestigated. The K2 function point pattern analysis was performed for exploring spatial pattern of seedlings
under different gap sizes. [Results] (1) The regeneration density and growth indices of Larix principis-rup-
prechtii were positively correlated with the increase of gap area (P < 0.05). Gap size had the most signific-
ant effect on sapling growth indexes (base diameter, height and age). The maximum mean values of
growth indexes mostly appeared in gap grade | (20~50 m?), and the maximum mean values of seedlings
and saplings density appeared in gap grade Il (50~ 100 m?) and Il (100~ 150 m?), respectively. (2) Sap-
lings mostly distributed in the canopy projection area and canopy gap edge, and gradually distributed in the
center of the gap. (3) In the gap of Larix principis-rupprechtii, most of the saplings were aggregated and
distributed in small scale, and few saplings were evenly distributed. [Conclusion] Gap size has a signific-
ant effect on regeneration of Larix principis-rupprechtii. Gap grade | (20~50 m?) is conducive to seedling
establishment and germination. In addition, the gap area could be enlarged to grade Il (50~100 m?) by hu-
man disturbance to promote seedling survival and sapling growth.

Keywords: regeneration of Larix principis-rupprechtii; forest gap; point pattern analysis; space structure
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