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Abstract: The aim of this study was to examine the changes in the initial tree growth characteristics of Q. variabilis planted
in forest fire-damaged areas treated with soil moisturizers such as biochar and to identify the factors that affect tree growth. To
evaluate the effectiveness of soil moisture treatment in the area planted with OV, an experimental plot was created according
to the treatment method (spread and mix) and treatment ratio (0, 4, and 40 t/ha). The survival rate of OV was 20% higher in
the treatment plot than in the control plot. The height and root collar diameter (RCD)growths of QF were high on the northern
slope with spread treatment and on the southern slope with mix treatment. The relative growth rate (RGR) according to the soil
moisturizer treatment method was higher in the mix treatment, showing a significant difference in RCD. The northern slope had
a higher RGR and significant growth rate. This suggests that the growth improvement effect may depend on the soil moisturizer
treatment method. The aspect or treatment method affectsthe drying conditions of the soil, which in turn affects its moisture
content or nutrient dynamics. The present research results can be used to establish soil moisturizer treatment standards that are
suitable for growth purposes. In addition, this study demonstrates that biochar treatment can be considered as an effective
alternative to boost biomass and facilitate early restoration of forest fire-damaged areas.
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Table 1. The soil properties of experimental site in forest fire damage

Grain size analysis OM
Dir pH

Exchangeable cation

TN AP CEC EC

K+ Na+ Ca2+ Mg2+

Sand Silt Clay o
@) (%) (%) ol %

mg cmol,

cmol, kg'l dS m’

North 54.5 323 13.2 100 6 2.26
South 58.3 30.6 11.1 100 6.4 1.94

0.103 122 7.41 022 008 393 058 0.19
0.098 129 6.23 023 007 397 056 0.2
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Figure 2. View of experimental site right after and after 3 years the forest fire.
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Table 2. The survival rate of Quercus variabilis according to
direction(North, South) and treatment methods(spread, mix) in
experimental site.

Survival rate(%)

Treatment

North South
Spread Ist 100.00 100.00
2nd 97.50 90.48

3rd 95.00 78.57
Mix Ist 100.00 100.00
2nd 97.37 100.00

3rd 89.49 97.22
Control Ist 100.00 100.00
2nd 94.44 100.00

3rd 77.78 76.47
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Figure 3. Change of tree growth (height, RCD: Root collar diameter) of Quercus variabilis for soil moisturizer as
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Figure 4. Mann-Whitney U-test results comparing significance of difference in the RGRs
by treatment method of Quercus variabilis within the plots.
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Figure 5. Mann-Whitney U-test results comparing significance of difference in the RGRs
by biochar amount according to treatment of Quercus variabilis within the plots.
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Table 3. Change of seasonal soil moisture content by biochar treatment to direction of Quercus variabilis within the plots.

North (%) South (%)
Season
Control 4t Control 4t

Spring 20.0+£3.0 25.0+4.0 6.0+2.0 14.0+£3.0
Summer 19.0+4.0 25.0+£6.0 6.0+3.0 13.0+£5.0

Fall 26.0+3.0 32.0+£5.0 7.0£3.0 17.0£5.0
Winter 18.0+£5.0 26.0+2.0 4.0+0.0 12.0+4.0
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Figure 8. Comparing significance of difference in the Soil moisture by biochar treatment to direction of
Quercus variabilis within the plots (A: North slope, B: South slope).
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Table 4. Analysis of interactions between factors(treatment, dir, amount) for tree growth of Quercus variabilis.

Source df Mean Square F-value p
treatment 1 .072 414.491 .024"
amount 1 .005 5.234 .545
treatmentxamount 1 .006 368 .995
dir 1 .187 14.642 .000"*
Height amount 1 .001 .078 781
dirxamount 1 .013 1.027 313
dir 1 216 17.828 .000™
treatment 1 .085 6.988 .009™
dirxtreatment 1 .012 962 329
treatment 1 .029 2.043 155
amount 1 .000 .014 .906
treatmentxamount 1 .010 7137 392
dir 1 159 .008 .929
RCD amount 1 .000 12.088 .001™
dirxamount 1 .006 464 497
dir 1 .168 13.604 .000"*
treatment 1 .042 3.436 .066
dirxtreatment 1 .073 5.953 .016™
"p<.05, "p<.01, ™*p<.001
Table 5. Correlation coefficients between tree growth and other factors.
Dead Treatment Amount
Height -0.100 -.324" .196" .054
RCD 0.001 -282" 128 .013

* Correlation is significant at the 0.05 level(2-tailed)
* Correlation is significant at the 0.01 level(2-tailed)
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Table 6. Relation characteristics of between survival and treatment criteria.

. n (%)
Variables
4t 40t Total (p-value)
Treatment
Mix
Survival 33 40 3
(45.2%) (54.8) (100.0%)
Dead 5 0 5 5.624
(100.0%) (0.0%) (100.0%) (p=0.024")
Total 38 40 78
(48.7%) (51.3%) (100.0%)
Direction
South
Survival 35 38 73
urviva (47.9%) (52.1%) (100.0%)
Dead 11 2 13 5.964
(84.6%) (15.4%) (100.0%) (p=0.017")
Total 46 40 86
(53.5%) (46.5%) (100.0%)
*p<.05, **p<.01, ***p<.001
E3h ARE T 3R] 9] Hio] @2} A W AWAdS It ol Akl whet Ealgo] Aol H Gtk FAFH
ofsl7] lef Higo] Ao el A, AbHE, A28 A BxA 7 F AL, A A8 A E g B
7tel ¢ He& AAISHItHTable 6). E:‘iiial oi= & O] gzlgo] T EUTE o= AMAFF wE Y 2ol
AR o2 Fog Aarp UehutR] ghgkon, Alg A o o BlZ9] EH o FFS 20471 fEo e Hojx=
Al HERO gEo| Rl AelgF 7he] §-o/4do] YEgTt oll, ApHZFolLr vfo] @ 2} 4faE of whet FkAk
(X*=5.624, p=0.024). A8 A 2= B} A gH o0& &3t ol gk BludtE Z*EWEF‘L SAAAZF
o] EAUES Aoyt =5 SV 22 59 9F g asich
I pH F7F 2 Ae gol F7HeF 22 =3eH4] Hpo] @ 2}0] A 22 o Y=
FFE 7] "ol ol AT wHo] Sl AR o, Ae&Fo] s Holok A
kg th(Blanco-Canqui, 2017; Cheng et al., 2006; Ding B o] AEFo] ¢ lﬁngm ol F-2olm]
et al., 2016). EAFHO| A= AAE (-2t AaE HolX] o2 Jephgo) APEgE} % A=Al 7

ko, HAbHO|A Hio] EolHel Aef 1He| 4
ol = UehaL, Aol wars LARE0] 2o
Atk Qo] TAHL Auat pelo] glise] 94 1
3 vho} o] Uzt ApEo] WA, Fubk Eok
FEUF 5E WA, FERE AR 5o YA
o7 Je = 4~ QiEgli et al., 2006; Carletti et al.,
2009; Badano et al., 2005).
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EofrAQl vho 2k W QIolA A A
221 mapido] £ = th(Bonanomi, 2017; Dai et al.,
2020; Jirka and Tomlinson, 2015; Shetty, 2020). £ ¢ 7Lo]
A | shE AHE R o] Blo]eals F3t AT 5
Z mI7 ERIE QAT EoFe] 7o whet gabdo] A}
ol K 4= qlo] &9 =S wds]| ot Ao
”H ? %ﬁs}u} H}Olﬁli}ﬂ 28 Eok”l"“‘j—o»l S

| "3‘6% 12—71 'IHTOH EOH Eeakehs 4ol 1
HEA] 42 A2 & At9] Aol & 4= ITHCastaldi
et al., 2011; Khodadad et al., 2011; Warnock et al., 2010).
dhol oxke] WAA Gof T AT ThFe Bz
P 7] gzl & AFANE o] 85t o7 FF9
s sjA] o] A-&317]oll= AloFo] WE 4= 7] wiEo]
C}(Nair et al.,, 2017; Nair et al., 2023).
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