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Dynamics of vegetation structure and soil properties in the natural restoration
process of degraded woodland on the northern slope of Qilian Mountains,

northwestern China
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Wenbin®

1 College of Geography and Environment Science , Northwest Normal University , Lanzhou 730070, China
2 Institute of Forestry Science, Chinese Academy of Forestry, Beijing 100091, China

Abstract: The natural restoration of woodland is important to explain the ecological process in forest ecosystem. It is
significant implications to assess degraded woodland dynamics and ecological effects under artificial fostering approach in
theoretically and practical for forest biodiversity conservation and sustainable management in semiarid mountains.

Study site was located in the Han Quangou basin forest distribution zone in the Qilian Mountains of northwestern
China. In this area, the wood of Picea crassifolia has been depleted after logging or grazing disturbance. The wood
vegetation had been degraded and changed to shrub, grassland and scattered Betula-Populus secondary forests. In 2001
year, we have established 4 fixed observation plots (10m X 10m) along the elevation 50m interval range from 2468m to
2736m. In each plot, we have chose 3 grids (4m x4m) for shrubs, 6 grids (1m x 1m) for grasses, 2 grids (1m x 1m) for
soil. In August, we have investigated vegetation community characteristics including species number, community coverage,
plant density, community height, species frequency and wood diameter at breast height ( DBH > 1cm) in different years
woodland (from 2001 to 2008). The soil physical-chemical properties of investigated plot including soil bulk density, soil
water content, soil organic carbon and total nitrogen were determined in indoor laboratory. In the study, changes in the

species composition and relative important value (IV) of main species, community structure, species diversity and soil
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properties were analyzed by methods of variance analysis.

The results showed that after human disturbance was forbidden, the habitation of woodland became well gradually
within 8 years. From 2001 to 2008, the number of family, genus and species of plant community increased apparently. In
the process of community succession, former species was replaced by the subsequent species frequently. The Betula
platyphylla and Populus davidiana gradually become the constructive species. With shrubs and trees growing up, the
vertical height increased, and community structure divided different layer from ground to community’s top crest. From 2001
to 2008, biodiversity index of community increased. Patrick, Shannon-Wiener and Simpson indexes were different at
different layer of community, and the order of three index among different layers (from high to low) was herb layer (HL) ,
shrub layer (SL) , and tree layer (TL). However, the order of Pielou index was tree layer (TL), shrub layer (SL) and
herb layer (HL). Soil bulk density (SBD) decreased from (1.21 £0.06) g/cm’ to (0.73 £0.04) g/cm’. Soil water
content (SWC) , soil organic carbon (SOC) and total nitrogen (TN) increased with the woodland restoring.

Fencing and forest ban can restore the degraded woodland vegetation in northern slope of Qilian Mountains. Beside the
vegetative form, the key species ( B. platyphylla and P. davidiana) and the improving of soil moisture and nutrient, which
were the main factors of succession process of degraded woodland from herbage community to trees community. When the
community was at the stage of mixed vegetation, the species composition, community structure, and diversity were more
complex than those in other stages. At the same time the soil quality was improved by vegetation restoration ecological.
Therefore, adaptation ability of vegetation was high in the mixed vegetation stage of shrub and trees, which showed a good

restoring effect.

Key Words: Qilian Mountains; degraded woodland; vegetation recovery; community succession; species diversity; soil

properties
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ik 733—2000°C., 4F- 34 7K 5t 488. 6mm , 28 K it 766 mm , J& KBl M FE IR A 2 M 2 T R AR X
PP A= RONAEAE LB, AR N T AR AR 32, S AF 50 B 3 DA e G 2 s R i — A BRAESZ B, 2R
fige T HRCRN 1] 1) 22 B 52 ) IS XA 8 o A A I ) T B0 S A . 2B R SRR Y ey LU DA - (L
B A LB SEAS - AR RIRBRAT N AR B, 2T AR B 75 1 2 42 (Picea crassifolia Kom. ) | 1L
#1 ( Populus davidiana Dode. ) F1 FA#E ( Betula platyphylla Suk. ) , EARW B4 4 5% 1 ( Dasipnora fruticosa (L. )
Rydb. ) 4R&&HF ( Pltentilla glabra Lodd. ) . /N3 2% ( Rosa willmottiae Hemsl. ) | 15 111 55 28 %4 ( Spiraea alpina
Turcz. ) 24 ( Lonicera kansuensis ( Batal. ex Rehd. ) Pojark. ) ./NEE ( Berberis brachypoda Maxim. ) | = L1 #J
(Salix cupularis Rehd. ) LY, ¥ A M Y) £ 2 A R/ BEZE ( Polygonum macrophyllum D. Don. ) | & ¥ ( Carex
spp. ) IR % 2L ( Polygonum viviparum L. ) | 5 ( Aneurolepidium dasystanchys ( Trin. ) Nevski. ) . FAR 2 #5 5
( Geranium dahuricum Dc. ) %35 (Stipa capillata Linn. ) | H il & 58 ( Pedicularis kansuenis Maxim. ) | % §f
( Elymus dahuricus Turcz. )%
2 MRAE
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REAE, FERAE I 138 5 K i | LA A L R A SR TR
2.2 ZHAERINE

(1) P Fh#E 2 {E (important value , V)
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3 HBRESHW
3.1 BEEY R A B e A

TR VRAT AR Ak &30 85 PR S5AE Y, /v & T 35 Fh 68 Ja , Hih 458 358k | Bkt RAR B REHIZEFR 6
BRIt 48 B, 7 e EBA A 80% . TEREBIK R (WA 1 4F , LABIRESE AR S 1) 4 A AR 5 2 5 dE 2L
T/ 40% . B TP A A % O RAR 2 8 45 1 2 4F p 52 A REASAE W) 76 BE V% v (0 J 2 (BB T 1 B, 2K 28
B B RLG ZARA B AR Y () TGN OO AR B LA EE M | E LSS N
TS AR R )V RIS 356 2 AR IR R K 1 B, ZE AV b i T S (ELZ W B i , Y 5 B2 6 AR
i, FE AR Fofr %) B AR 7 BN 1 60% LU L RIS IR R [, TEAR BRI S 2] 8a B TR ARBETR Y B, 3 AR
R AR LA B A RN BEIE ) 50% DAL AN BETE A BEI R (I8 1)

R 1V
0 05 1.0 0 05 1.0 0 05 1.0 05 1.0
HME o ' D ' b ' '
b-& — — il 0
cERHE | - 0 ] -
d-TEs R ||
e-HE T [ u [ [
CRER D D i |
g1 ) 1 I |
h-4:FHg ) 1 ]
-HIEAE | — D - I
EERA | m| -

k- 2 | 1 [ ]
l-7B4% I | ]
m-EiE | I I — —
n-Hip I 1 1 L 1,

I 2 4 6 8

4% & W} [H] Restoration time/a

B1 EEKRESEIIENHEZETH
Fig.1 The changes in important value (/V) of main species during restoration
E g a—n 3 BUREARFI R a. [BIFEZE Polygonum macrophyllum ,b: & % Carex spp. ,c: ERZFZL Polygonum viviparum ,d . & Hi 24
K Poa pratensis ,e; MR EEE Geranium dahuricum ,f; WEHG Saussurea epilobioides ,g: T Artemisia scoparia ,h; 4:#&M Dasipnora fruticosa ,i:
AREENF Plientilla glabra ,j: 151155245 Spiraea alpina k. /N3 7% Rosa willmottiae ,1; 2.4 Lonicera kansuensis,m: K Betula platyphylla ,n ;
114 Populus davidiana

3.2 BERSSTHFRE

IR S S R b BEVRAS A T LRZ IR, RO 2RIV AR 2 5 BE AR AN K, AR AR 2 1Y 1 BE Fh (43.5
+1.96) cm HEIME](310.3 £15.2) em (8 2) , FEAJZ %5 B Je I KI5 800N HEA 2 i 728 A 2 WU AU FR K2 %5
FEM(0.04 £0.001) BR/m* B K F](1.38 £0.05) F/m* (K 3) ,
3.3 HrZHMas

Bt 25 VK 2 s ] A AR AR AR AR AR IR 95 R SRR R R P I R A A (6 1) . MR A ad ok
B IARZ R EEXT B — YRR S 2R TR A Z, Patrick FE 5 5 %X, Shannon-Wiener
ZAEMEFREORT Simpson PE3E TR BULEZS [R5 4 L AR 3RI Ny . AR > HEARJZE > e AKRJZE M Pielou 5]
FEEUE AR
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B3 #EHERESEFHEEETL
E2 EHmERRTHEEEEL Fig.3 The changes in community density during restoration

Fig.2 The changes in community height during restoration

®1 HEEHRERTREREESHETH

Table 1 The changes in diversity of community during restoration

Wk 2 st ] = Patrick Shannon-Wiener Simpson Pielou
Restoration time/a Layer FHEEHBBER ZREER R s C B EiRE
1 FARJZE HL 22 +3.3a 2.46 £0.12a 0.89 £0.03a 0.79 +0.02a
HEARJZ SL — — — —
FeARJZ TL - - - -
JInASUAE D 5.72 £0.51A 0.64 £0.04A 0.97 £0.03A 0.21 +0.01A
2 FARJZE HL 32 +4.64a 2.38 £0.1la 0.85 +0.04a 0.68 +0.03a
HEARJZ SL 9 £0.72b 1.96 +0.07h 0.82 £0.06a 0.89 +0.05b
TR TL 1+0.03¢ - - -
Jnk{E D 10.98 £1.65B 1.09 0. 16B 0.92 +0.14B 0.39 +0.06B
4 BAZ HL 43 £6.88a 2.52 +0.40a 0.91 0. 15a 0.68 +0. 11a
THEAZ SL 7 +£0.46b 1.63 +0.11b 0.78 +0.05b 0.91 £0.06b
FRAR)E TL 1£0.02¢ - — -
Jnk{E D 13.36 £1.74B 1.05 +0.05B 0.92 +0.05B 0.40 +0.02B
6 FARJZE HL 47 +4.70a 2.50 £0.12a 0.91 +0.05a 0.68 +0.02a
THEAZ SL 7 +£0.58b 1.47 £0.07b 0.73 +0.04b 0.82 +0.04b
FeARJE TL 2 +0.04c 0.34 £0.02¢ 0.19 £0.0lc 0.49 +0.02¢
JInASUAE D 14.90 +2.24C 1.17 £0.06C 0.51 £0.03C 0.62 +0.03C
8 FARJZE HL 45 +4.50a 2.63 +0.13a 0.91 +0.05a 0.73 +0.04a
HEARJZ SL 6 +0.42b 1.54 +0.08b 0.74 £0.04b 0.86 £0.04b
FeARJE TL 3+0.15¢ 0.69 +0.03c 0.50 £0.02¢ 0.99 +£0.05¢
JNEUE D 14.64 +2.56C 1.40 £0.07C 0.66 £0.03C 0.89 +0.04C

NG FRFORA R AL B F 25 (P <0.05) , ARIKE FREH A RIKIZ B Belal 22 57 .3 (P <0.05)

3.4 HHERMEAR{E

TER R B F AT AE 0. 64—1.29g/cm’ Z [A] 54k, -7 0. 86g/cm’ (ANOVA: F, , = 14.973;
P<0.05), HIES/KEMPIIIN(16.1£1.59) % ME]5E AR (38.91 £5.91) % , A HLIR A2 E 5
FAT 4.66—70.65g/kg 3. 13—5.85¢/kg, TIEAN M ERA T HERKZERT TE, HHERA LN T 1.49—
12.09( ANOVA:F, ,, =12.48;P =0.001), 35K A AL 4 ZAE TR ARTEARE B B i b 31 5 K AE
(ANOVA:F, , =16.731;P <0.05 F, , =13.612;P <0.05 il F, , =16.643;P <0.05)(#£2),
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F2 EWHRETERLEFEETN

Table 2 The changes in soil characteristics during restoration

I I oA W S B T\ "o
time/a Soil depth/em /(g/cm’) SWe/% /(&/kg) /(&/kg) ratio
1 0—10 1.12 +0.09a 18.38 +2.76a 14.44 £2.02a 3.64 £0.29a 3.97 £0.384
10—30 1.23 +0.09b 16.59 +2.32b 9.07 +1.27b 3.46 £0.25ab 2.62+0.21a
30—s50 1.29 +0. 08¢ 13.34 £1.20c 4.66 +0.37c¢ 3.13 £0.21a 1.49 £0.13b
FHy 1.21 £0.06A 16.10 +1.59A 7.61 £0.72A 3.41+0.28A 2.23£0.37A
2 0—10 0.73+0.07a 23.40 +4.21a 19.50 +2.87a 4.14£0.39a 4.71£0.71a
10—30 0.81 +0.06b 20.27 +2.84b 10.11 +1.11b 3.83 £0.28b 2.64 £0.23)
30—s50 0.97 +0.04¢ 20.21 +2.63b 9.93 +0.85b 3.82+0.28b 2.60 +0.22b
Ty 0.84 +0.04B 21.29+2.98AB  13.18 +1.58AB  3.93 £0.31AB 3.35+0.33AB
4 0—10 0.71 +0.04a 33.61 +5.71a 50.13 +9.95a 5.16 +0.49a 9.71 +1.41a
10—30 0.83 +0. 12b 27.64 +4.15b 32.22+5.28b 4.56 +0.38a 7.06 +0.67b
30—s50 0.93 +0.09¢ 25.98 +3.12b 27.24 +3.40c 4.40 £0.29a 6.19 £0.52b
Ty 0.82 +0.04B 29.08 +2.85B 36.53 +6.58B 4.71 +4.06B 7.76 +0.85B
6 0—10 0.64 +0.03a 34.23 +6.16a 51.99 +10.09a 5.22+0.51a 9.95+1.22a
10—30 0.72 £0.04b 23.83 +3.34b 20.79 +2.95b 4.18 +0.33b 4.97 +0.38b
30—50 0.77 +0.04b 23.14 +2.55b 18.72 +2.66b 4.11 £0.29b 4.55 +0.34b
Ty 0.71 +0.04B 27.06 +2.41B 30.49 +5.09B 4.51+0.38B 6.77 +0.95B
8 0—10 0.69 £0.03a 40.45 £7.52a 70.65 + 14.06a 5.85£0.70a 12.09 +1.81a
10—30 0.71 £0.04ab 38.34 +5.56h 64.32 £10.03b 5.63£0.53a 11.42 £1.40ab
30—50 0.79 £0.05a 37.94 +5.16b 63.12 £9.97b 5.59 £0.49a 11.28 +1.24b
Ty 0.73 +0.04B 38.91 £5.91C 66.03 +11.56C 5.69 £0.62C 11.60 +1.37C

ING RS LR AR E 225 (P <0.05) , RIRIRE 135 AR E B BE ) 24 5 3% (P <0.05)

4 Fig5itig

R 5 kv i A S VI I DGR AR AZ (9 5 SO R R O e AL R IR A A O v 8 1)
AL B RS L R TRT BB A2 2% TR B 4% B BE R S R AR TR AL RS A AR B SRR,
AR S R MO T e A A3 A, T 5 RO SR AP A DAL 0 (CAAE TR AR AR A AR | L 3 h 12 8 A=
FERRAE ) o F REA U AE TR HA T B RO AR 20 i L A 3T 3 R B R R A% o 35 15 i A T A
B AR LR bR A B LK RBREE DR RO B4 2 R R 2 2Rl TE R R
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