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Effects of thinning intensity on community stability of Quercus liaotungensis forest on Loess
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Abstract: A sampling plot investigation was conducted on the Quercus liaotungensis forests on Loess
Plateau, China under close-to-natural management thinning 13. 4% (light thinning) and 30. 0%
(heavy thinning). Taking the un-thinned forest as the control, the population regeneration, wood-
land productivity, soil fertility, and species diversity of the forests after 5 years of thinning were
studied, with the community stability evaluated by calculating the subordinate function values based
on fuzzy comprehensive evaluation. Comparing with the control, the regeneration potential of the
forests after light and heavy thinning promoted by 14.2% and 20.2% , arbor volume reduced by
9.0% and 23. 8% , shrub biomass increased by 7. 3% and 12. 2% , and herb biomass increased by
10. 5% and 31. 6% , respectively. In addition, the soil fertility and species diversity indices were
higher in thinning forests than in the control. The community stability showed the order of heavy
thinning forest > light thinning forest > un-thinned forest, suggesting that the close-to-natural man-
agement thinning 30. 0% was more suitable to the management of secondary (). liaotungensis forest
on Loess Plateau.

Key words: Quercus liaotungensis; close-to-natural forest management; population regeneration ;
soil fertility ; woodland productivity ; species diversity.
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FRIX (35°28'46"—36°02'01" N, 109°38'49"—110°
12'47" E) , 14K 962. 6 ~ 1783. 5 m. 1% b IX J& B i Hy
MR T B AR 0y I A AR R 8. 6
CAEYIK R 611. 8 mm. HbHFMEAE 1 BB TR A 7%
R bR, 32 2R R R AR I AR AR ( Quercus liao-
tungensis) M ¥A ( Pinus tabulaeformis) 25 25 B (Acer
ginnala) FAME ( Betula platyphylla) 55 , R IR AL
FHB5% .
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13. 4% F130. 0% , ARAAIEF 8] Hm B 23 51 & T 55 B
V) A I 8 ] £ 00 b 126 ARBENE] 4K 10. 0 hm?,
T A% AR b b B B BE h 13. 4% , [A] % 5 B 115.0
m®, B 82. 8 m® ;142 ARPEE] 4% 10. 0 hm? | [H] {44
TR AL 30. 0% , MR B R 147.0 m*, M 1 43.0
m’. [BRJ5E , RHLAR A PR R TE 0.6 LU L. 142 ARBE
S B AR5 16 AT N AR R BT, B 2005 4F K 2%, 7
M B RKITAR2.0~3.0 m A2 I, A TAME
2 A IMAA AT (B =15 em, 2548 =0.3 cm).
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Table 1 Stand characteristics of survey plots

FfREE  HEHS R e )3 Y fir =75 Jatz wmE AR A

Thinning Plot Altitude Aspect Slope Location Height DBH Density  Canopy Site

intensity (m) (°) (m) (em) (trees * density

hm™2)

Xt R 1-1 1180 B3 Shady 11 T Bottom 10. 55 14. 69 625 0.85 126 #kHF 126 Group

CK 1-2 1403 FHY% Sunny 33 RS Lower 12.38 17.17 625 0.85 142 #IE 142 Group
1-3 1434 A3 Sunny 27 FFEE Middle 12.13 16. 89 675 0.86 126 #BE 126 Group
1-4 1517 B3 Shady 5 o 38 Upper 11.50 18.19 675 0.88 142 #IF 142 Group

EE)E S 2-1 1130 Bk Shady 16 T#B Bottom 12.55 14.79 525 0.70 126 #IF 126 Group

Light 2-2 1470 FA%E Sunny 15 FREE Middle 11.24 15.74 525 0.75 126 Bt 126 Group
2-3 1480  BA¥E Shady 22 FER Middle 9.53 15.42 550 0.75 126 #FF 126 Group
2-4 1509  PH¥E Sunny 28 1 Upper 12.05 16. 13 600 0.78 126 #FHF 126 Group

R EE 3-1 1336 FHYE Sunny 15 R Lower 11. 49 16. 34 450 0.65 142 MIF 142 Group

Heavy 3-2 1341 BH % Sunny 16 F1% Middle 11.79 14.58 475 0.68 142 MPF 142 Group
3-3 1381 BHY% Shady 13 H 3 Upper 12.03 14.34 425 0.66 142 FKHE 142 Group
3-4 1398 BA3 Shady 34 -3 Top 11. 63 13.91 500 0.70 142 FBF 142 Group
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4) PR ZRENE SR PR R T E R A
W Fh Z2 4 PE 48 554 ( Simpson 45 2 H1 Shannon #8%%) |
5T B 5K (Pielou FE KA Alatalo $5%0) 1.

5) Z 5L G PERI B AL 21 . B 255 0T
FIER A Z 5IPHA R BHR AR E FE 0 iy, A SCR
FRfEfL AL E
1.3 Hdniba

FIFAT B4 241 5% ] SPSS 11,5 B F #4788 3143
Mr. SRR R J5 2253 BT (one-way ANOVA) Fll /)N
93522 595 (LSD ) P A [w] [) Fe i B ] 1) 22 5. b
FMIKFRE RN a=0.05.
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Table 2 Regenerative potential of Quercus liaotungensis forest population under different thinning intensities

I H Ttem A {45 P Thinning intensity ( mean+SE) F1{H P

X} HE CK S Light PR Heavy F value
i Saplings (trees - hm™) 1587+76b 2343+107a 2648+36a 28. 500 <0. 001
S Mature trees (trees - hm™2) 650+14a 550+18a 463+16b 13. 125 0. 020
3T Total (trees + hm™) 2237+65b 2893+89a 3111+54a 18.988 0.001
LB 7] Regenerative potential of population (% ) 70. 84+1. 34c¢ 80. 89+1.26b 85.14+0. 28a 37.556 <0.001
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Table 3 Woodland productivity of Quercus liaotungensis forest under different thinning intensities

I H Ttem [B]fK 3% B Thinning intensity ( mean=SE) F i P
XFHR CK 590 Light PR Heavy F value

TR AREBUE The volume of arbor (m® + hm2) 125.00+3. 63a 113.75+3.57h 95.25+3. 04¢ 19.272 0.001

WEACEYI A Biomass of shrub (1 - hm™) 0.82+0.01h 0. 880, 02ab 0.92+0. 03a 4.861 0. 040

B Y Biomass of herb (t + hm™ 0.57+0.03b 0. 63+0. 05a 0.75+0.03a 7.332 0.013
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Table 4 Characteristics of soil fertility of Quercus liaotungensis forest under different thinning intensities

IiH Item [6]f%5% B Thinning intensity ( mean+SE) F 18 p
Xt R CK 9B Light WEBE Heavy F value

A ML Organic matter (g + kg™') 9. 656+0. 427h 9.797=+0. 403a 12. 140+0. 651a 7.557 0.012

4 & Total N (g - kg™') 0.439+0. 013a 0. 492+0. 029a 0.516+0.021a 3.351 0. 082

4= Total P (g - kg™') 0.102+0.011a 0. 104+0. 009a 0. 109+0. 012a 0.118 0. 890

KA Available N (mg « kg™') 17.673+0. 731a 18. 506+0. 446a 19.831+0.917a 2.257 0. 161

B Available P (mg - kg™') 3.603+0. 107a 3.605+0. 131a 3.615+0. 107a 0.093 0.912

2.4 [EAE BE XL AR AR R AR R Py ) ket b Bl R B, S EOL AR Y

M3 5 Al LI, BRI TS R R 2 | HLAE
AN A BRI 2R RE S 2 EAR R I
JEE HERCLE [F) e M i AT BRI, (B R PR RR RO 2
S BEREHORSAT I TN 5 FEA P 1) 25 0TS FOAE AN [ ik
IR TC 35 22 S DA R O, TR ) (ke b 2 S
T 5K (87 10 77 Ay o S B i 14 e Y R o

T RSORI 5 J3E 42 1y T 0 R
2.5 ILARKRMRARSE PR
IO RSB K= 1) SR i R RO o L34l e
RN MHLA SRS S R R 2R 4 264
Bi 14 AT WS RIS BE T AR 2258 1] RO 1L 7R
BRARHE V& R PR, thk 6 T LIE )5 5

R AP G014 ( Populus davidiana) | FAKE
2L ( Pyrus betulaefolia ) #1111 3] F ( Malus baccata )
B TERZ 25 B8 i T R — S — AR A P R AT

AR ILZRBRBO AR AR E PR B ﬁf“lEﬂﬁzﬁ%T“IEﬂ
o> xi IR, BT [ 9K 2858 ) A A1) T e v AR E
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Table 5 Species diversity indexes of Quercus liaotungensis forest under different thinning intensities

)= EETd [A14X5% 2 Thinning intensity ( mean+SE) F i P
Layer Index XTHE CK 55 Light ¥ Heavy F value
AR S 3.8+0.5b 9.8+0. 5a 10. 020. 7a 39. 196 <0.001
Arbor D 0. 534£0. 103D 1. 332£0. 076ab 1. 465£0. 043a 4. 480 0.045
H 0.262+0.051b 0.564=0. 041b 0. 640+0. 027a 6.893 0.015
Jy 0. 404=0. 047b 0.573+0.031a 0. 626=0. 026a 41.591 <0. 001
E, 0. 523+0. 034a 0. 497+0. 042a 0. 573+0. 026a 1.613 0.252
HEAR S 15.3+0.9a 14.3+1.5a 10.3+1.3a 3.447 0.077
Shrub D 2.032+0. 050a 2.208+0. 086a 1.945+0. 154b 24. 104 <0.001
H 0.764£0. 035a 0. 833+0. 029a 0. 790+0. 040a 0. 968 0.416
J, 0.732£0. 038a 0. 826+0. 040a 0. 826+0. 033a 1. 549 0. 264
E, 0. 547+0. 057b 0.725+0. 053a 0. 734+0. 030a 10. 265 0. 005
LN S 6.3%1.3a 8.0x1. 6a 15.8+2. 6a 2. 140 0. 174
Herb D 0.7940. 153a 0.768+0. 150a 1. 21620. 096a 0.524 0. 609
H 0. 383+0. 081a 0. 352+0. 082a 0.519+0. 043a 1.223 0.339
J, 0.432£0.077a 0.3610. 052a 0. 436+0. 040a 4.807 0.038
E, 0. 548+0. 066a 0. 482+0. 048a 0. 469+0. 035a 0. 677 0.532

S. FH BEFEEL Species abundance index; D Simpson $5%{ Simpson index; H;Shannon F§%{ Shannon index; J, : Pielou 3§44 Pielou index; E, . Alata-
lo ¥8%X Alatalo index. T [i] The same below.
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Table 6 Evaluation on Quercus liaotungensis forest com-
munity stability
WH [B] 3% BE Thinning
Ttem intensity ( mean=SE)
Xt R 555 SR
CK Light Heavy

R BB 0.832 0.950 1.000
Regenerative potential of population

FARERE 1.000  0.910 0.762
The volume of arbor

HEALE Y 0.891 0.957 1.000
Biomass of shrub

R Y 0.760  0.840  1.000
Biomass of herb

EERiING 0.796  0.807  1.000
Organic matter

2 A 0.851  0.953  1.000
Total N

2 0.936  0.954  1.000
Total P

HRLA 0.891  0.933  1.000
Available N

Y 0.983  0.984  1.000
Available P

S 0.701  0.889  1.000
D 0.726  0.931  1.000
H 0.722  0.897 1.000
J, 0.830 0.932  1.000
E, 0.911 0.960 1.000
S5 I R EE 0.845 0.921 0.983

Subordination function value

33 i
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