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Early Growth Characteristics of Quercus rubra Associated with
Soil Physicochemical Properties and Meteorological Factors
in Six Regions of South Korea
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Forest Bioresources Department, National Institute of Forest Science, Suwon 16631, Korea
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Abstract: We investigated the early growth characteristics of Quercus rubra planted in six regions (Hwaseong,
Yangpyeong, Pyeongchang, Samcheok, Chungju, and Gimje) in South Korea in relation to soil physicochemical
properties and meteorological factors. Q. rubra (1-0) were planted at a density of 3,000 trees ha’. The average height,
root collar diameter (RCD), and volume of 8-year-old Q. rubra planted in 2014 were 3.52 m, 3.84 cm, and 0.0023 n’,
respectively. The growth parameters of Q. rubra were the highest and lowest in Hwaseong and Pyeongchang,
respectively. Correlation analysis among the soil physicochemical properties, meteorological factors, and plantation
growth characteristics found that pH was the only soil factor negatively correlated with RCD, and the other soil
factors were not significantly correlated with the growth characteristics. However, growth characteristics were
positively correlated to average temperature from March to October and daily maximum temperature; and they were
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negatively correlated to altitude, topology, and the number of rainy days from March to October. In particular, the
trees planted in Hwaseong area showed the best early growth characteristics because this area had the highest daily
maximum temperature, the x average temperature from March to October, the low altitude, and it is located close
to the foot of a mountain. In Pyeongchang, the early growth characteristics were negatively affected by winter cold
damage because of the high altitude, low daily minimum temperature, and damage by wild animals. In Hwaseong,
meteorological factors such as temperature and altitude were more highly correlated to growth characteristics of Q.
rubra than the physicochemical soil properties. These results will provide useful information for determining suitable
sites for Q. rubra plantations and for predicting early growth characteristics in response to environmental factors.

Key words: northern red oak, soil properties, correlation analysis, PCA
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Figure 1. Location of the study sites. Abbreviation of
regions are referred in Table 1.
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Table 1. List and description of study sites of Quercus rubra plantations.

Region Gimje Chungju Samcheok Yangpyeong Hwaseong Pyeongchang
Abbreviation GJ CJ SC YP HS PC
N 35° 40° N 36° 57 N 37° 09 N 37° 357 N 37° 20° N 37° 27
Location 5549" E 50.92" E 41.36" E 23.72" E 18.82" E 01.97" E
127° 01° 128° 01° 129° 16 127° 38" 126° 937 128° 30°
37.14" 10.98” 07.96" 05.43" 69.12" 25.05"
Plantation area (ha) 4.0 4.0 1.0 4.0 0.78 2.0
Altitude (m) 200-265 207-301 200-227 440-487 115-129 1130-1170
Azimuth angle (°) 250-360 344-18 205-230 15-75 221-78 70-95
Slope (°) 30-37 18-30 26-30 28-45 20-35 25-30
Topography 4.88+3.12 4.5043.42 4334351 5.5042.52 3.00+1.00 7.00+1.00
Annual temperature (°C) 13.1+0.2 11.6+0.2 12.3+0.1 10.2+0.1 12.740.0 7.0+0.1
A]‘\’E';‘f}f :smgjtrj;‘ge (fgm 18.3£0.2 17.5:0.2 16.7£0.1 16.20.1 18.3£0.0 12.6£0.1
N’*()Vveeﬁ%‘;rti‘:plf;xfryﬁg,“é) 2.8402 0.0+0.2 3.740.1 11.5+0.1 1.4+0.0 4.1%0.1
Daily maximum temperature (°C) 35.2+0.2 35.8+0.2 34.6+0.1 34.4+0.1 36.1+0.0 31.7+0.1
Daily minimum temperature (°C)  -11.8+0.2 -16.3+0.2 -11.1+0.1 -18.3+0.1 -13.8+0.0 -21.3+0.1
N g dston s m e
e I T I N
3URE 109, 11978 297049 B 7122 BF A oA glom, 1 ulgo] e 37%, ulit 45%, HE
Aol Z}ZF 12.6°Ce} -4.1°CE 71 A yebgth =9 18%9%]th(Jeong et al., 2002). ZAIHAF A 2] EF pHE=
0]%.0] H17]22 36.1°CE I} 2 do|glen, HA]7] AAH O R 4.15~4.809] HQR RIS YERHOH,
22 213CE BHAGe|Ah FASE 3URY 10 AGARE SHo] 4152 S SET A o] 480
e 69-8000] WIS UrErgom 1195 E 299 A9 O 7Py wgrh ol He] Selue AYEY B

25~34Y 0|3t

2. BHEHLIS U0 XY EUSH

ZAF Aol mopo] Held 9 shehd EAS Table
20 EASFGT 20219 2R o] EoF
L 21.4~64.1%, U|Al= 24.9~61.1%, HE
sl gleh S-ejuteto] AlglEoke] W EALS R

Table 2. Soil chemical properties for six studied regions.

pHOl 4303} H]<3te] ALY EoFo] A4S =2 el

= AL Ho]FriLee and Koo, 2020). A2 A9} &

E, 793 el e 2AA o] ujet
Q1 2ol & UERlow, FAfo A 7 w=Qka 1
¥ Aol KA U4 Eet TE, 7

01y 5 Mg or 992Ql Zpol7t YER}R]

Mo & o r

i
){;

Sand Silt Clay

Region  “or) o) %)

Texture pH

Organic T-N P,0Os
matter (%) (%)

CEC

+ 2+ 2+
K Ca Mg™ cmolike)

(mg/kg)

Gimje 64.05£10.59a 263048.08c 9.65+2.84b Sandy loam 4.30+0.05ab 3.04+1.68b 0.10+£0.07b 2.98+2.12a 0.15+0.06a 0.45+0.30a 0.12+0.11a 16.41+5.54b

Chungju

2328+54% 55.58£6.99ab 21.15+391a Silty loam 4.17+0.08b 2.19+0.69b 0.09+0.02b 2.28+0.63a 0.13+0.03a 0.25+0.04a 0.04+£0.02a 15.24+3.20b

Samcheok  63.07+1.69a 24.90+3.52c 12.03+1.98ab Sandy loam 4.80+0.41a 2.73+1.34b 0.09+0.04b 2.32+0.3la 0.2240.05a 1.13+1.35a 0.45+0.27a 17.54+527b

Yangpyeong 48.50+11.78a 38.18+9.5%c 13.33+4.99ab  Loam

4.25+0.11b 5.21£3.65ab 0.22+0.16ab 1.42+046a 0.21£0.09a 0.59+0.30a 0.11+0.04a 23.71+7.94ab

Hwaseong  57.43+1.3%9a 31.20&1.76c 11.37+0.8lab Sandy loam 4.15+0.09b 1.63+0.55b 0.05+0.01b 1.74£0.21a 0.18+0.05a 0.46+0.11a 0.11+0.07a 13.79+2.53b

Pyeongchang 21.37+645b 61.10:22.01a 17.53+5.62ab Silty loam 4.42+0.19ab 9.93+3.38a 0.42+0.14a 1.74+0.71a 0.36+0.21a 1.74+1.53a 0.46£0.47a 38.49+9.52a

T-N: total nitrogen; CEC: cation exchange capacity. Different letters indicate significant differences among regions at P < 0.05.
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Figure 2. Box plots of the growth factors from Quercus rubra in six regions of South Korea.
(A) Height; (B) Root collar diameter; (C) Volume. Different letters above the bars indicate significantly different values

(p < 0.05), calculated using one-way ANOVA followed by Tukey’s HSD test.
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Figure 3. Correlation analysis of growth and environmental factors in planted Quercus rubra site.
The colored cells represent statistically significant correlation between the variables (p < 0.05).
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Figure 4. Principal component analysis (PCA) of growth
and environmental factors in planted Quercus rubra sites.
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