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Establishment of a Site Index Table for Quercus variabilis Natural

Secondary Stand in Qinling Mountains

Zhang Yu Jia Liming Zheng Conghui Zhang Xi

(Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University —Beijing 100083)

Abstract:  This paper aims to build a site index table through mathematical models established with the relationships of
age and height of the dominant individuals, so as to evaluate the site quality of the whole Qinling region. Totally 104
sample plots in a Quercus variabilis natural secondary stand on southern and northern slope in Qinling Mountains were
selected, and 498 pairs of height-age relations data of 75 analytic and average dominant individuals were collected.
Statistical software of ForStat 2.0 and SPSS 18.0 were used. The height-age curve model, 1gH = - 0.014 6 + 0.743
8lgA, was selected out of 12 mathematical models, with the reference age of 35 years and exponential distance of 2 meters.
Six site index curves (10 —20 m) of the Q. wvariabilis natural secondary stand were developed through the method of
standard deviation adjustment. Eventually, the site index table for the . wariabilis natural secondary stand was
established. The table has high accuracy validated by the following four methods: correlation coefficient, X* test, test of
falling point and test of height growth increment. Thus, this method could be used on Q. wvariabilis natural secondary stand
site evaluation in Qinling region.
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Tab.1 Feature description of the stands

& R H 2 1 Mg 47 SR B PR BT

Age Number of Mean Mean tree Forest Volume/
class/a sample DBH/cm height/m age/a (m*<hm~2)

Z¥s Pk ( <20) Young growth ( <20) 16 7.2 ~15.7 7.6 ~13.1 10 ~20 30. 187 5
S #K (21 ~40) Half-mature forest (21 ~40) 51 6.4 ~22.6 5.1~24.3 21 ~40 93.842 6
I MK (41 ~50) Nearly mature forest (41 ~50) 3 11.3 ~21.5 11.9 ~20. 1 41 ~50 141.554 9
M (51 ~60) Mature forest (51 ~60) 3 15.3 ~21.2 11.9 ~12.6 51 ~60 173.280 1
it # 4k (=61) Overmature forest (=61) 2 30.7 ~37. 4 19.2 ~20.3 61 ~65 301.813 2
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Tab. 2 The statistics for age and site distribution of dominate trees
| MR SR Y /PR 7y 32 HE S Y N
Category Age of forest /site types of forest Analytic wood samples
M Young growth 8
18 MK Half-mature forest 58
iFie T Z AR Nearly mature forest 4
Age distribution .

J%E AR Mature forest 1
i Bk Overmature forest 4
% th < B 3% < # 1= Shady-slope, shallow soil, in the low mountains 5
At < BH 3% < # 1= Sunny-slope, shallow soil, in the low mountains 6
& 1~ B4 3%« J5& + Shady-slope, thick soil,in the low mountains 1
% th ~ BH 3% « J5£ +- Sunny-slope, thick soil,in the low mountains 2
S 2 o A& H 1l BH 3 )5 1 Sunny-slope, thick soil, in the low semi 15
Site distribution A% 1l B 3 < )2 1 Shady-slope, thick soil,in the low semi 3
% A il < B 3% < 1= Shady-slope, shallow soil, in the low semi 14
I A il < BH 3% < # 1 Sunny-slope, shallow soil, in the low semi 24
A Al BH 3 R S - Sunny-slope, medium or thick soil, in the low semi 4
A% 1l B 3 P+ Sunny-slope, medium or thick soil,in the low semi 1
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Tab.3 The statistics for feature description table of the dominate trees

i 2% B A% - 4 4 i Rk i 22 3 bR AEZE [ LR 3 fi bR HEZE KT B
A lass/ Number of Mean Mean tree Standard 3 times the standard 3 times the standard
ge classia samples age/a height/m deviation deviation limit to the upper deviation limit to the lower
5 75 5.00 2.692 0.922 4 -0.074 8 5.459 5
10 75 10. 00 5.319 1.541 4 0.695 3 9.943 6
15 81 15. 14 8. 094 2.083 2 1.844 5 14.343 5
20 71 20.01 9.899 2.465 8 2.5017 17.296 6
25 74 25.07 12.423 2.565 2 4.727 6 20.119 1
30 51 30. 18 13. 630 2.609 3 5.801 8 21.457 17
35 28 34.93 13. 847 2.614 1 6.005 1 21.689 8
40 14 40. 07 14.984 2.780 8 6.641 9 23.326 5
45 7 44. 86 15.132 2.8459 6.594 2 23.669 7
50 7 50. 14 16. 248 2.8309 7.754 9 24.740 3
55 5 55.00 18.579 3.046 9 9.438 5 27.720 1
60 5 60. 20 20. 006 3.223 8 10.334 3 29.677 4
65 4 64.75 20. 660 3.719 6 9.501 6 31.8190
70 1 68. 00 20. 800 0.000 0 20. 800 0 20. 800 0
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Fig. 1 The diameter frequency distribution

histogram of Quercus variabilis stand
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Fig. 2 The normality test P — P diagram of diameter distribution
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Fig.3  The residual distribution diagram of predicted

value and the actual value of the diameter distribution
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Tab.4 The statistics for expression and calculation results of the curve equation

i F& % FK Equation 2215 3 Expression a b ¢ d R? S Q
3%
X34 Hﬂﬁﬁ IgH = a + blgA -0.0146 0.743 8 0.9751  0.9076 0.0205
Logarithmic curve
¥ .
ﬁﬁ“ﬂ‘ﬁ“‘ﬂ lgH=a +b/A 1.3109 -4.8512 0.9367 0.9076 0.9367
Logarithmic inverse
7 7% 78 5, Richards H=all —bExp(=cA) 1"""? 14953317 1.0000 -0.8263 0.9867 20.2865 5.4824
#1.4% F X Mitscherlich H=all —Exp(-b4) ] 25.6118 0.0233 0.9809 20.5439 7.8597
=5 #i /K 1 Weibull H=a{l - [Exp( -b4) ]} 25.6119 0.3665  0.063 7 0.9809 20.2841 7.8597
P % Parabola H=a+bA +cA? 1.4747 0.4417 -0.002 4 0.978 0 21.0012 0.978 0
PR 2% X Gompertz H=aExp [-bExp( —cA) ] 22.7238 2.1238  0.0429 0.970 8 20.431 1 12.029 7
O 2
Xﬁﬁ@'k.ﬁ (2) H=a+blgA -10.702 6 16.521 0 0.9629 20.0051 15.261 1
Logarithmic curve (2)
FEH £k )5 20 Exponentin (cuve) H =a/ [1 +bExp ( —cAd) ] 18.1487 8.5861 0.1162 0.9395  6.7187 42.3057

OALH R? A 0.9 L J5FE - This table only lists equation which the R? value in 0. 9 above. H: 1 3K % #2 By 7 B 5 Mean tree height
in each age class; A: f 3 K % # Bt F 33 4E % Mean age in each age class; a, b, c, d: A X 5 % Parameter; R*: ¥ 5% % % The coefficient of
determination; S: [H]J45x7E 25 Return standard deviation; Q: %% 2 J5 fil Residual sum of squares.
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Fig.4 The curves of the tree height growth increment
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Fig. 5 The curves of the standard deviation and coefficient change
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Tab. 5 The table for adjusted height value of each age class

W2 Age class/a

a5 Indices

5 10 15 20 25 30 35 40 45 50 55 60 65 70
H, 3.20 5.35 7.23 8.95 10.57 12.10 13.57 14.99 16.36 17.69 18.99 20.26 21.50 22.71
Sai 1.10 1.51 1.82 2.07 2.29 2.49 2.67 2.84 3.00 3.14 3.28 3.41 3.54  3.66
K; xS, 0.83 1.13 1.36 1.55 1.72 1.87 2.00 2.13 2.24 2.35 2.46 2.56 2.65 2.74
H 3.37 5.59 7.52 9.29 10.94  12.50 14.00 15.44 16.84 18.20 19.52 20.81 22.07 23.30
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Tab. 6 The site index table of Q. variabilis natural secondary forest in Qinling Mountains

W i A7 48 % Site index
Age class/a 10 12 14 16 18 20
5 1.3~2.5 2.6~3.5 3.6 ~4.5 4.6 ~5.5 5.6 ~6.4 6.5~7.4
10 3.0 ~4.1 4.2~5.3 5.4~6.6 6.7~7.8 7.9~9.0 9.1~10.3
15 4.0~5.8 5.9~7.0 7.1~8.4 8.5~9.8 9.9~11.3 11.4 ~12.7
20 5.5~6.8 6.9 ~8.4 8.5 ~10.0 10.1~11.7 11.8 ~13.3 13.4 ~14.9
25 6.9 ~8.1 8.2~9.9 10.0 ~11.7 11.8 ~13.4 13.5~15.2 15.3 ~17.1
30 8.0~9.4 9.5~11.3 11.4 ~13.2 13.3 ~15.1 15.2 ~17.1 17.2 ~19.0
35 9.0~10.9 11 ~12.9 13.0 ~14.9 15.5 ~16.9 17.0 ~18.9 19.0 ~20.9
40 9.0~11.7 11.8 ~13.9 14.0 ~16. 1 16.2 ~18. 1 18.2 ~20.5 20.6 ~22.5
45 12.0 ~12.9 13.0 ~15.2 15.3~17.5 17.6 ~19.5 19.6 ~22.1 22.3 ~24.0
50 13.0 ~14.0 14.1~16.4 16.5~18.8 18.9 ~20.7 20.8 ~23.0 23.1~25.5
55 14.1~15.1 15.2 ~17.5 17.6 ~19.5 19.6 ~22.0 22.1~24.4 24.6 ~26.1
60 15.2 ~16. 1 16.2 ~18.8 18.9 ~21.0 21.1~23.2 23.3~26.0 26.1~29.0
65 16.3 ~17.2 17.3~19.5 19.6~22.5 22.6~24.8 24.9 ~27.6 27.7 ~30.5
70 17.5~17.9 18.0 ~21.0 21.1~23.8 23.9~26.8 26.9~29.3 29.4 ~32.1
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Fig. 6  Site index cluster
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Tab.7 Test of tree height growth increment

A7 HLFE %L Site index

WY Age class/a 12 14 18
H, H, H, H, H, H,
5 2.5 2.6 ~3.5 3.7 3.6 ~4.5 4.6 5.6~6.4
10 4.7 4.2~5.3 5.7 5.4~6.6 8.0 7.9~9.0
15 6.5 5.9~7.0 7.1 7.1~8.4 10. 8 9.9 ~11.3
20 7.4 6.9 ~8.4 8.6 8.5~10.0 13.2 11.8 ~13.3
25 8.7 8.2~9.9 10.5 10.0~11.7 15.0 13.5~15.2
30 10.6 9.5~11.3 12.0 11.4 ~13.2 16. 4 15.2 ~17.1
35 11.3 11.0 ~12.9 13.3 13.0 ~14.9 17.2 17.0 ~18.9
40 11.9 11.8 ~13.9 14.7 14.0 ~16.1 18.2 18.2 ~20.5
45 13.2 13.0 ~15.2 15. 4 15.3 ~17.5 18.6 19.6 ~22.1
50 13.9 14.1 ~16.0 16. 8 16.5 ~18.8 20.2 20.8 ~23.0

@ H,, : %8 # 7 4 K 52 PRl Measured tree height of each age class; H,: & il it 3t A7 5 30 2% b % % W 7 {H Index table tree height of each

age class.
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