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Abstract: Predicting forest productivity is essential to evaluate sustainable forest management or to enhance forest
ecosystem services. Ordinary least squares (OLS) and partial least squares (PLS) regression models were used to
develop predictive models for forest productivity (site index) from the site characteristics and soil profile, along with
soil physical and chemical properties, of 112 Quercus mongolica stands. The adjusted coefficients of determination
(adjusted R?) in the regression models were higher for the site characteristics and soil profile of B horizon (R*=0.32)
and of A horizon (R?=0.29) than for the soil physical and chemical properties of B horizon (R*=0.21) and A horizon
(R*=0.09). The PLS models (R*=0.20-0.32) were better predictors of site index than the OLS models (R*=0.09-0.31).
These results suggest that the regression models for Q. mongolica can be applied to predict the forest productivity,
but new variables may need to be developed to enhance the explanatory power of regression models.
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Table 1. General stand characteristics in Quercus mongolica stands.

Characteristic Mean Standard deviation Minimum Maximum
Stand age (yrs) 62 15.4 33 92
Mean DBH (cm) 223 4.9 11.6 36.6
Mean height (m) 13.6 1.9 9.5 17.5
Stand density (tree ha™) 742 244 225 1,425
Basal area (m? ha') 30.2 9.7 10.5 60.7
Stem volume (m® ha™) 213 79 65 431
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Table 2. Selected variables of site or soil profile property in Quercus mongolica stands.

Horizon Variable Mean Standard deviation Minimum Maximum
Site index 15.5 2.5 11.0 19.0
Altitude (m) 717 262 166 1,192
Aspect (°) 177 90 2 354
A horizon Solpe (°) 31 6 13 41
(n=91) Soil depth (cm) 16 7 3 40
Hue 8 1.2 5 10
Chroma 3.1 0.8 1 4
Value 2.7 0.7 2 4
Site index 15.0 2.1 10.7 19.5
Altitude (m) 696 273 166 1,268
Aspect (°) 185 93 2 354
B horizon Solpe (°) 30 7 13 41
(n=112) Soil depth (cm) 40 16 15 >100
Hue 8.1 1.3 5 10
Chroma 5.1 1.3
Value 4.1 0.6 2

Table 3. Selected variables of soil physical and chemical properties in Quercus mongolica stands.

Horizon Variable Mean Standard deviation Minimum Maximum

Sand (%) 51 16 24 87

Silt (%) 32 13 1 61

Clay (%) 16 8 1 34

pH 4.2 0.3 3.5 5.2

OM (mg ") 73 37 15 190

‘ TN (mg g") 2.9 12 0.6 6.9
A(Il:j;‘f)o“ CN 15.0 5.3 3.0 36.3
P,0s (mg kg') 61 54 4 226

Ca?" (cmolc kg) 0.56 0.48 0.11 2.13

Mg?* (cmolc kg™) 0.24 0.18 0.05 0.98
K* (cmole kg 0.11 0.05 0.04 0.26

Na® (cmolc kg') 0.05 0.03 0.02 0.25

CEC (cmolc kg 22.5 6.5 9.6 38.4

Sand (%) 55 15 25 88

Silt (%) 28 11 9 56

Clay (%) 16 8 1 35

pH 4.5 0.4 3.9 5.7

OM (mg g 34 23 6 119

5 o TN (mg g) 1.4 0.9 0.3 43
(n=01rizz(;n CN 15.5 10.2 5.7 67
P,0s (mg kg') 33 35 4 174

Ca?* (cmolc kg™ 0.27 0.28 0.03 2.13

Mg (cmolc kg 0.16 0.13 0.01 0.61
K" (cmolc kgt) 0.08 0.03 0.02 0.18
Na* (cmolc kg™) 0.04 0.02 0.02 0.13
CEC (cmolc kg') 15.8 42 5.5 30.4

Note: OM: organic matter content; TN: total nitrogen; CEC: cation exchange capacity
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Table 4. Pearson’s correlation of site index and site or soil profile properties of the soil horizons in Quercus mongolica stands.

Variables Site index Altitude  Aspect Slope  Soil depth Hue Chroma Value

Site index A horizon

Altitude 0.24
Aspect -0.09 0.02
Solpe 0.20 0.00 0.03
Soil depth 0.12 0.37 0.01
Hue -0.27 -0.16 -0.16 -0.12
Chroma -0.10 -0.36 -0.01 -0.08 -0.35 0.42

0.53

Value 014 | 049 017 012 -041 020

Variables Site index Altitude  Aspect Slope  Soil depth Hue Chroma Value

Site index B horizon

Altitude 0.34
Aspect -0.05 0.00
Solpe 0.18 0.08
Soil depth 0.01 -0.12
Hue -0.28 -0.16 0.12
Chroma -0.21 -0.30 0.00 0.02 0.18 0.34
Value 0.03 -0.08 0.03 0.03 -0.07 0.10

Note: Red or blue color indicates negative or positive values, respectively. Intensity of the color represents the magnitude of
the values. The bold values indicate a significance between two variables at P<0.05.

Table S. Pearson’s correlation of site index and soil physical and chemical properties of the soil horizons in Quercus mongolica
stands.

Variables Site index Sand (%) Silt (%) Clay (%) pH oM N C/N P,0s Ca® Mg“ K* Na* CEC
Site index
Sand (%) 0.07 A horizon
Silt (%) 017
Clay (%) 0.12 -0.58 0.05
pH -0.17 -0.26 0.46 -0.21
oM -0.01 0.09 -0.11 0.00
TN 0.05 -0.02 -0.08 0.16
C/N -0.03 0.14 -0.01 -0.25
P05 0.08 -0.03 -0.20 0.36
Ca® 0.02 -0.06 017 -0.13
Mg** -001 -0.1 0.21 0.1
K* 0.02 -0.06 0.26 -0.28
Na* -0.02 -0.17 0.11 0.14 0.05 0.03 0.06 0.01 0.08 0.01 0.05 0.08
CEC 009 012 o015 001 -o15 [NCHONNNOE o6 039 013 013 026
Variables Site index Sand (%) Silt (%) Clay (%) pH oM TN C/N P,0s Ca** Mgz‘ K* Na* CEC
Site index
Sand (%) -0.01 B horizon
Silt (%) -0.09
Clay (%) 0.13 0.15
pH -0.25 0.31 -0.47
oM 0.11 -0.31 0.16 0.33 -0.27
TN 0.17 -0.43 0.20 0.49 -0.48
C/N -0.01 0.18 -0.03 -0.27 0.35
P05 0.10 -0.34 0.09 0.47 -0.43 -0.14
Ca?* 0.09 -0.22 0.15 0.19 0.01 0.29 0.37 -0.05 0.51
MgZ+ -0.05 -0.20 0.21 0.07 0.22 0.10 0.16 -004 027
K* -0.24 -0.14 0.19 -0.01 0.20 0.04 0.03 0.07 0.05 0.25 0.39
Na* -0.05 -0.16 0.18 0.05 0.08 0.03 0.03 0.04 -0.01 0.05 0.14 0.27

CEC 010 [-043 037 o028  -014 [JOSZNOSIIN oo 0570 036 028 013 Yl 0 |

Note: Red or blue color indicates negative or positive values, respectively. Intensity of the color represents the magnitude of
the values. The bold values indicate a significance between two variables at P<0.05.
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Figure 1. Variable Importance in the Projection (VIP) values for the candidate soil variables in the Partial Least Squares (PLS)
regression models for predicting site index of Quercus mongolica stands.
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Table 6. Ordinary Least Squares (OLS) and Partial Least Squares (PLS) regressions to predict site index using the attributes of
site and soil profile, and the attributes of soil physical and chemical properties in Quercus mongolica stands.

Attributes Horizon OLS regression Adj. R? P-value
Site and soil A SI=15.7191+0.0025%(Altitude)+0.0473%(Slope)-0.4274x (Hue) 0.29 P<0.001
profile (S) B SI=17.2327+0.0034x(Altitude)-0.5460x(Hue) 0.31 P<0.001
Soil A SI=15.8084-0.0566%(C/N)+0.0081%(P,0s) 0.09 P=0.02
properties (P) B SI=21.9871-1.2212%(pH)+18.0402x(K>*) 0.21 P<0.001
- A SI:(1)78451(1)§i4(-C0a(;fi3X0(§5(21X glcegg)-o.7056x(\/alue)+0.0107X(P205)+ 027 P<0.001

B S1=20.0856-0.5391%(Hue)-2.2662x(Mg?*)-14.2228%(K*") 0.28 P<0.001
PLS regression
= -+ X i -+ X -+ X i -
s A T S 2 paon
B SI=17.7307+0.0032x(Altitude)-0.5023%(Hue)-0.1430%(Chroma) 0.32 P<0.001
A SI=15.4087-0.0303x(Silt)+0.04576x(Clay)+0.0547(pH)+0.0837(TN)-0. ¢ Po0.14
Soil 0409%(C/N)+0.0043x(P,05)+1.2001 x(Mg?*)-2.8150%(Na")
properties (P) B SI=18.7604-0.5537x(pH)+0.1602X(TN)-0.0108%(C/N)+0.0059x(P,05)-1.9 -/ P<0.001
033%(Mg?*)-8.0578%(K*)-12.5026%(Na")
SI=12.9364-0.0021x%(Altitude)+0.0331%(Slope)+0.0153%(Soil depth)-
A 0.5629%(Hue)-0.0414x(Chroma)-0.353 1 x(Value)-0.0083%(Sil)-0.0024  0.32 P<0.001
S+P (Clay)+1.3659%(pH)
B SI=19.4395+0.0009%(Altitude)-0.0248(Slope)+0.5197x (Hue)-0.0024x 04 P<0.001
(Chroma)-0.0175%(Clay)-0.1249x(pH)+0.1825%(TN)-12.4536x(K")
Note: SI: site index; TN: total nitrogen
o E and Fox, 2016). @, A7 9 EQfdHI} E¢F &2
slehal 549 HA4HS BEE 0|83 OLSS} PLS 3]
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AAsE7] f18ll VIF gho] =& HA4A¥MsE A9t 34 & 2 A7 YA H B 549 SARSE o83t 3
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