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Effects of topography on seedling regeneration in a mixed broadleaved-Korean pine forest in
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Abstract; To explore the responses of forest seedlings to topographic heterogeneity, nine hundreds
of 4 m* (2 mx2 m) quadrats with perennial seedlings (H=30 c¢m, DBH<I c¢m) were installed in

a9 hm® plot in a typical mixed broadleaved-Korean pine forest in Xiaoxing’ an Mountains. Based
on the investigation data in 2006, 2008, and 2010, the effects of topography on the seedling estab-
lishment were studied. There were a total of 26 tree species in these quadrats. In 2006, 2008, and

2010, the total number of the tree seedlings was 4514, 6464, and 5611 individuals » hm™ | respec-
tively, among which, the seedlings of the top 10 species occupied >90% of the total. Topography

had significant effects on the seedling distribution of the 8 major tree species. For Syringa reticulate

var. mandshurica, Abies nephrolepis, Acer mono, Ulmus japonica, A. ukurunduense, Tilia amuren-

sis, and A. tegmentosum, the spatial distribution of the seedlings was consistent with that of grown

trees; but for Pinus koraiensis, the spatial distribution of seedlings was inconsistent with that of the

grown trees. The mortality of S. reticulate var. mandshurica, A. nephrolepis, U. laciniata, A. teg-

mentosum , and T. amurensis seedlings was significantly correlated with the topography. The recruit-

ment of S. reticulate var. mandshurica, U. japonica, P. koraiensis, A.

nephrolepis, Fraxinus

mandshurica, A. mono, and T. amurensis seedlings was also significantly correlated with the topog-

raphy.

Key words: mixed broadleaved-Korean pine forest; seedling composition; topography; mortality ;

recruitment.
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mentosum) . 7K Hi W) ( Fraxinus mandshurica) 8 AR B
(A. mono) =ML (Tilia amurensis) F1ZLHHi ( Ulmus
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Table 1 Species composition, number of mortality and recruitment, mortality rate and recruitment rate of seedlings of tree
species in a mixed broadleaved-Korean pine forest in different years

W FUNT Rl FETAMAEL A A FEToH RS
Species No. of seedlings No. of mortality No. of recruitment Mortality Recruitment
(ind « hm™2) (ind « hm™2) (ind - hm™2?) rate rate
2006 2008 2010 A B A B A B A B

FI#E Betula platyphylla 28 39 28 6 11 17 0 0.112  0.168 0.280 0.000
I TH Syringa reticulate var. 333 617 633 42 81 325 97 0.067 0.070 0.374  0.083
mandshurica
A2 Prunus padus 78 164 114 19 56 106 6 0.144  0.207 0.517  0.025
FAi Ulmus japonica 125 131 100 28 33 33 3 0.126  0.147 0.147 0.014

HW Populus ussuriensis 0 36 0 0 36 36 0 0 0 0 0
WAKE Betula costata 36 53 25 3 28 19 0 0.040 0.374 0.230  0.000
215 k2 Picea koraiensis 14 28 22 8 14 3 0.000 0.178 0.347  0.067
ZIH Pinus koraiensis 197 186 178 42 22 31 14 0.119  0.064 0.090 0.041
ik Juglans mandshurica 3 0 0 3 0 0 0 0 0 0 0
AEMEBR Acer ukurunduense 325 433 392 53 97 161 56 0.089 0.127 0.232  0.076
AEMk Sorbus pohuashanensis 28 33 14 11 19 17 0 0.255 0.438 0.347  0.000
B Tilia mandshurica 89 94 78 39 33 44 17 0.288  0.218 0.318  0.121
¥ ¥2 Abies nephrolepis 222 272 275 8 31 58 33 0.019  0.060 0.121  0.065
ZAMART Ulmus laciniata 289 394 236 39 161 144 3 0.072  0.263 0.228  0.006
TF AR Aralia elata 75 150 89 22 67 97 6 0.176  0.29%4 0.522  0.032
EI:H Alnus sibirica 0 64 78 0 6 64 19 0 0.045 0 0.144
SR Quercus mongolica 8 8 11 3 0 3 3 0.203 0.000 0.203 0. 144
HIER Acer tegmentosum 883 1414 1222 158 358 689 167 0.099  0.146 0.334  0.073
IIHE Maackia amurensis 50 50 44 17 8 17 3 0.203  0.091 0.203  0.032
IBkFRZE Prunus maackii 11 6 6 6 3 0 3 0.347 0.347 0.000 0.347
114 Populus davidiana 8 28 11 22 25 6 0.549  0.805 1.151  0.347
F4* Rhamnus davarica 0 0 3 0 0 0 3 0 0 0 0
KM Fraxinus mandshurica 606 833 756 133 200 361 122 0.124  0.137 0.284  0.088
AN Acer mono 753 1047 969 97 178 392 100 0.069  0.093 0.234 0.054
i 72 Picea jezoensis 6 6 11 0 0 0 6 0.000  0.000 0.000 0.347
4B Tilia amurensis 347 378 317 81 103 111 42 0.132  0.159 0.174  0.071
Bt Total 4514 6464 5611 814 1561 2764 708 0.099 0.138 0.279  0.067

A :2006—2008 4F- From 2006 to 2008 ; B:2008—2010 4 From 2008 to 2010.

TSP K TN (oA SRR, JLANAREI A 5 R
SMIFARLE MBI 90% |, 17 2008 F12010 4EA 11
Flr, b 2006 AFEYHHE T 1 A AP ——FRZE ( Prunus
padus ) , HARECZ R |5 R AR FE b ST AR 4h i A
TRE1 93% . 2006 2008 1 2010 4F 77 A& i ML
R Z BRI T RS, o7 R AR A 1 S T AR 4 i
TRE Y 20% . 22% Fi 22% . 2006—2008 F1 2008—
2010 4EFRALN B BT AR BORUB G A A SR £ 1
PRt SR T AR B, 20 1) o T A A b B TR R G BB T
AMEELIR) 19. 5% F1 23. 0% % [ AFRE b 3 T5 AR 4
B AN K B 24, 9% 23, 5%. 2006—2008 .
2008—2010 4FFE T 3 FHT 1G58 i imy 19 W A o L
( Populus davidiana) ,2008—2010 4 4 % f5 = 19
WEFEA B (P, maackii) T 8E A2, WIBE
Wk ( Juglans mandshurica) \KE 4% ( P. ussuriensis ) Fll
FRZ= ( Rhamnus davarica) 53 WA 7E 2006 . 2008 FI

2010 AF B, 1 & 254 (Alnus sibirica ) 7F 2006 4%
A
2.2 X B o 24 R S B TR AR Bl 4y i 4
oAl

Pk 2006 40 FEAE, FH K5 8 T HL B X
10 AN EZTR AL 1 43 A0 52, 25 R a0 3 2 i,
2L K A, oAl 8 ol 75 AR A Y 0 A 1 5
HIE B EHISE (P<0.05) . Wi X 4 b 3 AR A Fif
WA A W R, BT A 7R RN (R 3
) LU TE T BN, IR AR T 3, SRR
ARHHORLLA (9 53 A b 25 0 T A7, b 58 B4
B B S R b T T RG I LU R A e 6
TRARRSFILESE 0] 1) 53 A5 25 57 b 3, 22 5 T B 461 B
R S R I IR SR AN /A o o VB s
FEAEBASE -0 BH3E , 5 A8 Bcre 1 [T 38 21 B 3
FTBH I, €0 A B AR - 1l A0 BH 35 73 A 0 55 34 1 3
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Table 2 Distribution of dominant tree seedlings and y*-test on different topography in a mixed broadleaved-Korean pine for-
est (mean=SD)

bilhiA #UTHE  F KN AEHEBR k27 Ao HRRR kb EA Eii
Topography S. reticulate U. P. A. A. U. A. F. A. T.
var. Japonica koraiensis  ukurunduense nephrolepis  laciniata  tegmentosum mandshurica mono amurensis
mandshurica
Bt At 0.07£0.41* 0.06:0.30 0.03:0.204 0.13:0.49 0.1320.83 0.11£0.48 0.18:0.634 0.230.79  0.30:0.74 0.070.34*
Topographic ~ Valley
position T 0.15£0.55  0.05£0.43 0.11£0.55  0.13+0.55 0.09£0.38 0.12+0.44 0.43:£1.34  0.26+0.81  0.30+0.83 0.1520.61
Lower slope
I3 0.16+0.52  0.05£0.40 0.0310.21  0.16+0.47 0.06+0.30 0.13:0.40 0.29+1.04  0.2120.62  0.31+0.90 0.17+0.56
Upper slope
Wi 0.07+0.26  0.00£0.00 0.20£0.41  0.00+0.00 0.07+0.26  0.07:0.26 0.33:0.82  0.20x0.56  0.3310.62 0.33+0.62
Ridge
Yirm) ikl 0.00+0.00%  0.00£0.00* 0.07+0.264 0.00:0.00 0.13+0.524 0.07:0.26 0.00£0.004 0.13:0.35  0.00+0.004 0.070.26
Aspect Shady (NE,N)
et 0.14+0.60  0.01+0.08 0.05£0.36  0.09+0.30 0.02+0.19 0.09£0.36 0.37£1.05  0.23x0.79  0.26£0.64 0.20+0.70
Semi-shady
(E,NW)
il 0.05£0.30  0.06£0.31 0.03£0.20  0.1320.50 0.14+0.86 0.11:0.50 0.19:0.64  0.2420.81  0.32+0.76 0.08+0.35
Flat
B 0.12+0.45  0.08+0.61 0.14£0.67  0.13+0.51 0.13+0.46 0.11+0.35 0.38+£1.23  0.24+0.85  0.2320.66 0.1420.51
Semi-sunny
(SE, W)
PR 0.19+0.61  0.05£0.31 0.07£0.29  0.1620.64 0.06+0.32 0.14:0.53 0.44:1.43  0.2620.66  0.40+1.08 0.14+0.60
Sunny (S,SW)
el <6 0.06+0.332  0.05£0.27 0.06£0.40* 0.17+0.65* 0.1320.78* 0.12£0.53 0.25:0.824 0.20:0.73  0.30£0.76 0.080.332
Gradient 6~15 0.16+0.53  0.05£0.44 0.11:0.54  0.14+0.51 0.09+0.39 0.13:0.46 0.45£1.40  0.23+0.68  0.32+0.95 0.14+0.62
(°) 16 ~25 0.15£0.61  0.04£0.27 0.0410.22  0.10+0.41 0.05+0.31 0.06£0.24 0.27:0.98  0.33+1.02  0.25+0.57 0.22+0.61
>25 0.15+0.55  0.1310.73 0.06£0.32  0.00+0.00 0.02+0.14 0.13+0.39 0.23:0.78  0.1920.57  0.35:0.67 0.15+0.41

* P<0.05; A P<0.01; A P<0.001. FIA] The same below.

FHABIE 1] ; B BEXT 6 BN A B R
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PIXTZR T T 42 ISR R e T A B
ERm B TGRS AE NI, A, 5
MRAE B3R LA B FE T4 3 T A,
HRAZ LT (R BE T 500k B A A T i T 0 20 5 B 1)
SR A AN T E e A e o o a1 | o
s P BEXT 4 FhIR AR BILN PR T RE MR S 2 VR A2 A
HARFE <15°, T RS BRAE 6° ~ 15° , RIBAE = 16° 401
FETHh 2 T A o R A2 A i AE T
I Bt o 30 e R s

7 RIS B 5 B W R O, A X
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AR RESE O, RS 2. S m Xt 5 A IR RS
PRGBS AT 2, 2% B T A MU AR A 2 BH S A BH
e ZTANTE I3~ B3 R0 BA 33, £ A P b R B
B, SERBRAE BB ABH 3 1) 53 A1 28 e T A3 1
JEXE 5 IR B AT A W, R D T R
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MY [ - LE AR S i 20 S B o A

FEIRTLTK 9 hm® SR fig] 2T WA AR 5 25 W A
HurP AT 30 FIFR AR AP T 2006—2010 4F
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( Phellodendron amurense) KR EM ( Salix raddeana) .
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Table 3 Mortality and recruitment of dominant tree seedlings and y*-test on different topography in a mixed broadleaved-

Korean pine forest ( mean+SD)

UiE| Y RUTEH  Fif amo R W Rt R kil GKIR £
ltem Topography S. reticulate U. P. A A U. A F. A T.
var. Jjaponica  koraiensis  ukurunduense nephrolepis  laciniata  tegmentosum mandshurica  mono amurensis
mandshurica

JerHi fir A1 Valley 0.0260.15* 0.03:0.22  0.01£0.15  0.05:0.24 0.0420.22* 0.07:0.35 0.1420.62* 0.19:0.74 0.120.41 ~ (.0320.17%
Mortality Topographic T3 Lower slope 0.07£0.36  0.03+0.26  0.030.27 0.06:0.26 0.01x0.13  0.09:0.40 0.24+0.89  0.11+0.43 0.11x0.37  0.07:0.34
position -3 Upper slope 0.02£0.19  0.01+0.08 0.02<0.19 0.09+0.38 0.00:0.00  0.08+0.29 0.20:0.71 ~ 0.1420.57 0.13+0.56 0.130.46
11 Ridge 0.00£0.00  0.00£0.00 0.07+0.26  0.00+0.00 0.00+0.00 ~ 0.00+0.00 0.00+0.00 ~ 0.070.26 0.00+0.00 ~0.13x0.35
Yt B3 Shady (NE,N)  0.00£0.00  0.00:0.00 0.07£0.26  0.00:0.00 0.00£0.00% 0.00:0.00 0.070.26  0.07:0.26 0.000.00 0.07£0.26
Aspect R 0.06£0.36  0.00£0.00 0.01£0.11  0.04+0.19 0.00:0.00  0.08+0.37 0.22+0.64  0.090.35 0.11+0.36  0.10:0.46

Semi-shady (E,NW)
i Flat 0.0310.17  0.02+0.22 0.010.16 0.05:0.25 0.04+0.23  0.07¢0.36 0.13:0.62  0.19:0.75 0.13+0.43  0.030.17
R 0.05:0.33  0.04:0.30 0.0420.34 0.07+0.32 0.02+0.17 ~ 0.06+0.27 0.21:0.76  0.11+0.44 0.08+0.28 ~0.07+0.32

Semi-sunny (SE,W)
[F3 Sunny (S,SW)  0.05£0.30  0.03:0.22 0.030.19 0.08:0.31 0.00:0.06  0.11¢0.45 0.25:1.01  0.15:0.55 0.14:0.54 0.080.36
15 <6 0.02¢0.15  0.02¢0.19  0.010.15  0.0820.31 0.03£0.20* 0.09£0.48 *0.16+0.66 0.160.68 0.13:0.42  0.03:0.18%
Gradient 6~15 0.06£0.31  0.02+0.25 0.0420.29 0.06+0.30 0.02+0.14  0.10:0.38 0.25:0.93  0.11+0.43 0.11x0.47  0.07:0.35
(°) 16~25 0.05:0.38  0.03+0.20 0.02<0.18 0.04+0.23 0.00+0.00  0.03+0.18 0.18+0.68 ~ 0.160.60 0.07+0.25 0.13+0.39
>25 0.04£0.29  0.04:0.20  0.00£0.00 0.00+0.00 0.00£0.00  0.04£0.20 0.08+0.45  0.1520.36 0.17+0.43  0.100.47
T B £ Valley 0.08:0.364 0.00:0.00 0.00:0.00 0.05:0.26 0.06:0.23  0.08:0.29 0.30:1.25  0.23:1.03 0.19:0.64 0.01+0.084
Recruitment Topographic T Lower slope 0.21+0.75  0.02¢0.19  0.0240.16  0.09+0.42 0.04+0.21  0.06+0.29 0.36+1.09  0.19+0.70  0.20£0.67 0.05+0.27
position I3 Upper slope 0.130.54  0.02+0.13  0.02<0.15  0.12+0.47 0.02+0.19 ~ 0.05¢0.21 0.33+1.00  0.160.51 0.18+0.55  0.10+0.40
I Ridge 0.40£1.55  0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00  0.00£0.00 0.40+0.74  0.27+0.80 0.27+0.59 0.60+1.06
0| B1 Shady (NE,N)  0.07+0.264 0.00:0.00* 0.130.352 0.00:0.00 0.000.00  0.00:0.00 0.13x0.52  0.00:0.00 0.07+0.264 0.20+0.414
Aspect R 0.13:0.60  0.00:0.00 0.010.11 0.12+0.48 0.01+0.11 ~ 0.05+0.35 0.37+1.03  0.1420.54 0.15:0.47 0.05:0.27

Semi-shady (E,NW)
i Flat 0.08:0.37  0.00£0.00 0.00£0.00 0.05+0.27 0.06+0.24  0.08+0.30 0.31+1.30  0.22+1.04 0.21+0.67 0.010.08
R 0.1710.61  0.03£0.24  0.02£0.17  0.10:0.45 0.04:0.25  0.05:0.22 0.36+1.08  0.1920.67 0.13+0.59 0.06+0.30

Semi-sunny (SE,W)
FHY% Sunny (S,SW)  0.25:0.90  0.02:0.16  0.02£0.15  0.08:0.36 0.0420.21  0.06£0.25 0.34+1.06  0.230.75 0.29:0.75 0.100.42
B <6 0.080.382 0.00£0.00* 0.00£0.00 0.08:0.30 0.050.21* 0.07:0.28 0.381.33  0.18+0.934 0.190.63 0.02:0.22*
Gradient 6~15 0.210.79  0.01+0.13  0.030.18 0.10:0.42 0.05:0.25  0.06+0.30 0.36+1.09  0.15:0.62 0.23:0.72 0.06+0.29
(°) 16~25 0.170.60  0.04+0.28 0.02<0.13  0.08+0.46 0.01x0.07 ~ 0.03x0.18 0.28+0.88 ~ 0.25:0.77 0.15+0.46  0.09:0.40
>25 0.19£0.76  0.00£0.00  0.00£0.00 0.04+0.29 0.00:0.00  0.06+0.25 0.29+0.92  0.42+0.82 0.13+0.39  0.10:0.47
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Table 4 y’-test for multiple life stages of dominant tree species and mortality and recruitment of seedlings in a mixed broad-

leaved-Korean pine forest on different topography

i KEWE i Topographic position Pl Aspect Y Gradient (°)
Species Life w TR bW WE BB CRBISC T R B <6 615 16-25 >25
stage Valley =~ Lower  Upper  Ridge Shady  Semi- Flat Semi-  Sunny
slope  slope (NE,N)  shady sumy  (S,SW)
(E,NW) (SE,W)
RO TH SD LR S S % # % * ¥ ¥ # * Yo
S. reticulate I * * * * *
var. I
mandshurica Il
i sD # * Yo $ ¥
U. japonica I * * * ® *
1 *
I * *
A SD % ¥ * Yo f *
P. koraiensis I * # * #
I * * * * * * * *
m ® * * ® * * # # ®
TEREBR SD * *
A. ukurunduense I * * * *
I * * # * * *
Il
(27 SD * * sk ok w okt ok
A. nephrolepis I * * * * *
I * * * * * * *
Il
o sD oo
U. laciniata 1 * #* # * * * *
I * * * *
Il
TR SD * X # # % %
A. tegmentosum I # # * * *
I
Il
K i SD ¥ *
F. mandshurica I * ® ® *
I * * *
Il * * *
[EPN i1 SD * Y * Yo
A. mono I * * ® * * * ® *
I * * * * * * *
|
Zif sD D SR 2 * ¥ EOEE R SR
T. amurensis I * * * * # # # s
Il * * * * * * * * #

SD: 4T Seedlings; I :1 em<DBH<10 c¢cm; I .10 em<DBH<30 cm; Il :DBH=30 cm. * .43 Distribution; % :3ET- Mortality; ¥ :H73 Re-
cruitment. A[FAE A 45 5] B CHR[ 23] Results of DBH were cited from the literature [23].
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