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Fig. 1  Distribution map of 20 m x20 m quadrats in a large dynamic monitoring sample plot of

Picea crassifolia forest in the Qilian Mountains of China



626 1

¥ o 24554

At () FHE R, AR R RGN 5 4)) B 4004 7 3
2, FHR A RO 52 401 5 AR R = AR P el iR A R L
. BHAMXHE 7 AR/ T 1.0 om A0
PRE/INT 1.0 m BRI 23 S 4l i, e e 1.0 ~5.0
em FIBEESTE 1.0 ~ 1.5 m BRI4 R4
1.4 HEARXKRFGZE
(1) HIB A8 80 5

T =1lg[(E/E +1) x (S/S+1)] (1)
[, T HIEAEE .S 73 ISR X A
FEFIMLEE s E .S 433 ISR X0 1 1) A2 R F- 24 33
o MBI HR BUR S RO = AR R Y S5
TP 5 N OB ArcGIS #4#4F, )\ DEM
Hh SIS BT P oo R AR P O R A5 A% 1) g
T2 E;QFI AT AreGIS 3 B 1155 Ty Be Az 13k 13 i 4%
KT 3k 45 5 4> M 48 19 3k B2 [ ArcToolbox — 3D
Analyst T H—HIHs 2 10— 35 (X7 ) —Hm A
(DEM) —Hy 4 ks (3 B2 ) 15 @3t 5 0 52 0
N2 = fE E FSF 34 38 BE S ArcToolbox— Spatial
Analyst T H— KI5 —5r XG0t ] @3 (1)
TR MR 1 T 57 38 BOF 15 2 3098 A7 45 % &
[ ArcToolbox—Spatial Analyst T. H.— i {5 — i}
IR AR ] o AT T ArcGIS FAEME% RS,
Foe B SR W7 50k B OB ST R B 9 R,
TRy 5 32 G 1 O A 2t TP S 8 B, [l 2
BN, MU A6 BOR B A BOE IR A S
AR s RN T A DS R (1 1 /% NI LB
PLHE T B &) 2l SR RRAE

(2) B At

1 « 1
flx) = E;K[;(x -x,) ]

_ iz K -x)] ()

() A AR s n IREAS KR b ol 9, BRIV
DR B2 0 R ) e KR M B S, AR SR A 0.1 km A7
Yi; (x—x) NAKAE &S« Bl REAR S« 19
Koo, h) JAZee 8™ o A% Al 2 S e 8 2% 45 28
T¥i] 3 A 5 P 7 5 308 e X T 9 X PR A T R
SE—ANF- 0 1 Y 2% 100, 12 S R A B R
AR SORE I WA S 2 SRR A, S S AR
(3 ST, R 4l I G 10 23 18] 43 B 2 R B, 4
N 4 1K /N R 40 S v S A i 2 2 ol

i ArcGIS BpFA% % BE 7 Bt D) RE T3 40y W 4 A o
JEARL, 2 MR 3 BE BN R/ NI o R BE v IR S5 4, 3
10 9 ARG, 2 A% L IR DL LR B A i 4
s s (B SR SRARFALE o A2 L (L ABOR 1Y DX IR s T 55 4%
7, S IRy T 4R 2 ] SR BRI S, 4y v 4l g = ]
AT BEB R 5 R, A A 2 18] 3 A1 AR

(3)K-means B2 .

dis(X;,C,) =

Zi(Xit _er)z (3)

K, dis (X, C) R — DX R B — RO
AR B B s X W B A 4055 n DX, B X
RA m ADYEERME, X = {X, X, X, ... X, |, ¥
ik k DEREHPOHN C=1C,,C,,Cy,. .. Gyl

K-means FARJ2R n X5 QAR HEAME SR 4 )
FEE I kAN, HERIRER 25 f )y, il i 2 0GR
PEAT S A B AN R 0 45 A BB ™ % K-means
A — b 2% AR i 1) S 00 B 530, A S i
SPSS BRI 7] (2 BHAE 12 B SRAE 2
B RAEL 3 ) 1T 57 48 B, B b = 6 IR AOREL
N =20 ¥, #£4T K-means F3&, 2y i S prak U 11 K
S TS, A bRk AR 13 s B TS, B
B 6 2 Hb TP A 55, B di 2 A6 BA 3 AR b 7 B
B | HIE A 2 B 3 AR I A 2 B 3 e b e A7
2 B AR M I A3 2 FH 3, A W] b A 555 3 5 g
IR N [v) ) AN W) 4H 5, 52 e K B 03 T S 40
MR

(4) ArcGIS FEIA -

MFTIF Arcmap; @5 A DEM U (43 5Ny
12.5 m) ;QFH ArcGIS Bl ) 55 2y B A= jli 38 1] i
#% K[ ArcToolbox—3D Analyst T. B—#& 2 i — 3%
o] (X ifi ) — % A MRS ( DEM) — % B A% (35 1wl
KD 1 s@FI ArcGIS B 4328 T HAS S /KK 9
/Y% m] [ Spatial Analyst T. B —>®E/r2R>FrE T
H T O F 53 S 35 1) A% 121 e 1 by 3 1) 2k 14
©FEICERAN 5 17 1) 35 K 55 2 ( demmax ) Fil /)N 5 72
(demmin ) ; (D 31 5 & 3 180 1 3¢ 07 15 3 3% A7 &
[ ArcToolbox—Spatial Analyst T. H.— b 50— #lt
it s g ], iR R IKX A Con (" dem” < (("
demmax" - " demmin")/3 + " demmin"), 3, Con( "
dem" > = (( " demmax" - " demmin")/3 + "

demmin") ) &("dem" < (("demmax" - "demmin")



Vol.42, No.5

AT LT ¥ 25 A2 b 80y 25 I XA )y e 40 0 SERT AR A e JEL X M T R g i ) 627

2/3 + "demmin")), 2, Con( "dem" > = (( " demmax"
- "demmin") * 2/3 + "demmin"), 1))) , i & 2%
AR B3 2 R 3 AR T AL ©
AL 2 v A Y S R L

2 RS0

2.1 BELFTEZEHEINERRLEEEE.
WAL Y ERTHFAE

(1) Gy WA AE A TR 3 1) 1) B TR AR

H128 1,322 AT UL, A AE BRI 193k 2 BRI
S AR 43 528 0. 903 ¢m 0. 758 ¢m .0.926 cm,
SEYRRE 4351 0. 441 m 0. 369 m .0.478 m, V-3 iE
43314 0.363 m 0. 305 m 0. 383 m, 3455 B 43 51| Ky
9785 #k/hm> 11166 #£k/hm> 3250 kk/hm’; %1% H#b
1 K SR A ) E R B IMERUON 2 BRI T
e BB, FLP PR B S B 25 5 2 4
SR AR ) 1 R EIMKUCH 2 B B
PRI, HF B3 | 93 2 T2 B3

YRR ARIUHE VG P Al - b
125334 0. 903 e¢m 0. 892 e¢m 0. 687 c¢m 0. 926 cm, F
PIRRE 43 1 0. 441 m 0.429 m 0.336 m.0.478 m, -
H5efiiE 4350 4 0. 363 m 0. 368 m.0.272 m.0.383 m,
S35 25 B 4 B Ok 9785 Ff/hm? | 13350 #f/hm?
10278 f/hm® 3250 #k/hm* ; 4y i A% Wk i85 5l i 76
AL NP N YT e v e | o N
FLPEYE ASE ARIU S a0 22 5 83 s 4 bR AE
PadE by ARAbd 2= ROR W, A pk s AR P B b
e SR 22 5 WA AR IR AR VS B b3 AR
25 TR ST B B AR 1 P KB AMER
ALY PEAEsE AUHE PE Y, BRI v e bk
TP

OYARTERAE 2P BAYE e BRI 0 2 1 25 A2 43
WA 2.456 cm 2.338 e¢m.2.612 cm, -8k & 4 5
1.520 m 1. 488 m 1. 574 m, -2 5l 43 511 40. 989 m .
0.940 m . 0.965 m, -2 55 B 43 5| S 3988 #f/hm” .
3271 #j/hm’ (1529 Fk/hm® s S A% Bk ebie e 3
[a]_E R R EI/IMRCAE BRYE B3 1 B3, 4l Az
1 B3 T2 B, 4k i 7E = A3 2 ) 22
N TE R LI R UER A T E N e 2 VR A S A
BH3E 25 S5 AN Wk 25 5 RS2 28 B A ) b el R B/
UCON B CEBA S 2B, LB 2 P38 3 & T

BHYE

SYARTEAUHE ALY PEALYE P A 34 b
F2Ay I 2. 456 cm 2. 345 em 2. 335 cm 2. 612 em,
PoMRE 40 1.520 m . 1.437 m . 1.511 m.1.574 m,F
Hsebiie 4350 4 0. 989 m.0.900 m.0.958 m.0.965 m,
S ¥y BE 4y Bk 3988 #k/hm’, 3663 Ff/hm’
3118 #k/hm® 1529 #k/hm? ; Sl A2 AEy 1) k3
AN RV Tiih B A | N 4 Wi A TE N
TGRS, ARk = 738 1 b ey 3 /MK YR R PR 3
e PEIeE ARy, B 22 R R E, PR
FEEMEAESE 1) e R B IMRUCH ALY PU 3PS IEsE  AR
e, ALY 5 R F AR, D720 1 A 35 1)
R RBVIMRUCH ALY AR A3 Y de v, HAb
e FRAbE G e T

(2) By IR AEAS [ 33 E 1) SE R

1R 2 /0L, /A fE IR B 5° ~10°,10° ~
15° 15° ~20°,20° ~ 25° () &) 1§ °F- 34 Hb 42 49 1) R
0.901 c¢m.0. 811 em 0. 752 c¢m 0. 954 cm, SF-8k &7
4 0. 464 m 0.409 m.0.345 m 0. 464 m, -4 5E %
435054 0.353 m . 0.330 m.0.301 m.0.387 m, %
FE4R5 5945 £/hm? 9739 #f/hm? .11 809 £/hm’ .
10 850 #f/hm® ; Gy piHiAE ki JEEMEZESERE 1 K
JMEIR A 20° ~25° .5° ~10° .10° ~ 15° 15° ~20°, H.
20° ~25° 5° ~ 10°,10° ~ 15° 5 15° ~20° 2% 5 g 2% |
20° ~25°5 10° ~ 15°2 A 3% 5° ~10°5 10° ~ 15°
ZEANTE YR B R b e R B/ IMEKICH
15° ~20° 20° ~25° .10° ~ 15° 5° ~ 10°, H.£/ i i [
ZERAREE,

INAGTEYE BE 5° ~10°,10° ~15° . 15° ~20° 20° ~
25° ) 4l A S 25 Hb AR 3 5 SR 2.657 em (2,342 cem
2.410 cm.2.054 cm, ¥R E 5 3 1.544 m,
1.494 m 1.519 m.1.402 m, F ¥ 5 15 4 5 K
0.946 m.0.953 m.0.985 m 0. 891 m, -5 fiF 4
Bk 2838 #k/hm” . 3121 #E/hm” . 3638 #f/hm’ .
3520 #k/hm’ ; G4 1L A2 AL % E B R B/MEK IR N
5° ~10°.15° ~20°,10° ~ 15° 20° ~25°, H 5° ~10°
B RTF 15° ~20°,10° ~ 15°.,20° ~25°, SR ik
FEYERE b KB MR IR R 5° ~ 10°,15° ~ 20°,
10° ~15° 20° ~25°, HA& A3 22 55 AN i 3%, 4h i)
FEEMRAESE BE 1 i KRB/ IMKIR S 15° ~20° 10° ~15°
5°~10°.20° ~25°, HAMEE 22 e AN 3, S 1
B8 EETE SR b i KRB/ IMK IR Ry 15° ~20°,20° ~



628

1

1

‘\_?xé:

i 24554

25°.10° ~15° 5° ~10°, HAA MY ) 25 A 2
(3) YT SR AEAS [RI3E A ) B B Ak
S0 WA N 7 <l ok 2 VAN £ 2 VAN S A 12
M4l B F ) M 4% 43 51k 0.901 em, 0.792 cm,
0.778 cm, X ¥k = 43 # 4 0.450 m, 0.377 m,

0.397 m, F 4 5% 0% 4% %] A 0.377 m,0.319 m,
0.304 m, F # % & 4 4 K 6400 Ff/hm®,
11 617 #f/hm? 9685 Fk/hm”; &l i b A% Wk 5 L 7 i
FESE AL b R EIME U R B3 PR RS,
S ARSI R A8 s i A VA I A F A

F1 HEHWERRHEE IHE AN ETFE(ZE)
Tab 1 Density of seedlings/saplings regenerations at different slope aspect, slope gradient and slope position
I i
HIE P %

/A~ SRE bR R/ (B/hm? ) i/ A RBRE bR R/ (BR/hm?)

55873 41 1003 9785 +11089a 34 339 3988 +5258a

B 7] L R B 83 2317 11166 +17738a 68 556 3271 +3848a
P 16 130 3250 +4195b 17 65 1529 +2041b

B[4 41 1003 9785 +11089ab 34 339 3988 +5258a

B 17 %At 24 801 13350 + 14403a 19 174 3663 +4007ab
Pt 59 1516 10278 + 18969ab 49 382 3118 +3816ab

[ii] 16 130 3250 +4195b 17 65 1529 +2041b

5° ~10° 22 327 5945 +5261a 21 149 2838 +4002a

i g 10° ~15° 66 1607 9739 +12018a 61 476 3121 £4080a
15° ~20° 44 1299 11809 +20100a 32 291 3638 +4015a

20° ~25° 8 217 10850 + 12840a 5 44 3520 +3315a

e 35 560 6400 +9395b 31 250 3226 +4000a

Wiz LT 72 2091 11617 +18098a 60 512 3413 +3960a

AL 33 799 9685 + 11320a 28 198 2829 +4970a

TE NG P RN AR R SEIRTE R — OB R & 3N s N 2 MR 22 R R TE(P <0.05)

K2 HEHHEREEE K E RO E IR %S ER)

Tab 2 Ground diameter, height and crown width of seedlings/saplings regenerations at different slope aspect, slope gradient and slope position
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s 2 A 0.901 £0.586a  0.450 +0.259a  0.377 +0.265a  2.343 +0.894a  1.530 +0.485a 1.007 £0.388a

Weir LREsZiA 0.792 +0.513b  0.377 £0.238b  0.319£0.224b  2.390 +0.964a  1.517 £0.516a 0.942 +0.342b
B ZA 0.778 +0.463b  0.397 +0.221b  0.304 +0.197b  2.490 +1.028a  1.443 +0.368a 0.943 +0.319ab

T /NG FRER S AR R SR TE R — 8 R 745 S BB 22 1A A 28 S 3 (P

<0.05),
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Fig.2  Characteristics map of seedlings/saplings regenerations at different altitudes
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Fig.3  Characteristics map of seedlings/saplings regenerations at different habitats
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Abstract: Forest natural regeneration is a pivotal course for ecological restoration and reconstruction, playing a
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crucial role in maintaining dynamic stability and sustainable development of forests. The seedling/sapling stage is a
critical period that determines the quality and quantity of forest natural regeneration. Topography, as one of the
main environmental driving factors for forest natural regeneration, significantly influences the growth of saplings and
seedlings. Previous studies, relying on sampling methods at elevation gradient plots or transects, had relatively low
sampling intensities, making it difficult to comprehensively reveal the regeneration patterns and distribution
characteristics of regenerating seedlings.

In this study, seedlings/saplings of Picea crassifolia ( Qinghai spruce) in a large dynamic monitoring sample
plot (340 m x300 m) in the Dayekou watershed in the middle part of the Qilian Mountains were measured for
evaluation of topography effects on natural regeneration. It collected data on the density, ground diameter, height,
crown width of seedlings/saplings, and DEM ( with a resolution of 12.5 m). A database was constructed using
ArcGIS to analyze the impact of slope aspect, slope gradient, slope position, and elevation on the characteristics of
seedling/sapling regenerations. The regeneration characteristics under different topographic position indices were
also explored. Additionally, K-means clustering analysis was used to divide six topographic habitats with
regeneration characteristics.

(1) The density of seedlings/saplings was higher on north-facing slopes than on west-facing slopes, while their
ground diameter, height, and crown width were greater on west-facing slopes than on north-facing slopes. In areas
with higher slopes, the density of seedlings/saplings was higher, but their ground diameter, height, and crown
width were lower; the density of seedlings/saplings peaked at mid-slope positions, and their ground diameter,
height, and crown width peaked at upper slope positions; the lower the elevation, the greater the density of
seedlings/saplings were, and the smaller their ground diameter, height, and crown width were.

(2) The density of seedlings/saplings was greater on shaded slopes and semi-shaded slopes of high
topographic position, and semi-shaded slopes of low topographic position; the ground diameter, plant height, and
crown spread of seedlings/saplings were greater on semi-positive slopes of high topographic position.

(3) The density of seedlings/saplings is the highest in the southeast corner of the plot, with higher density of
seedlings than that of saplings.

(4) The ground diameter, plant height and crown width were extremely significantly positively correlated with
each other and they were significantly negatively correlated with density, while they were significantly or extremely
significantly correlated with some topographic factors.

This study can provide a theoretical basis for evaluation of natural regeneration of Picea crassifolia forest in the
Qilian Mountains, as well as a reference for the scientific management of seedlings/saplings of Picea crassifolia

forest, or related studies in similar areas.

Key words: Picea crassifolia; seedling/sapling; topographic factor; the Dayekou basin;the Qilian Mountains
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