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ABSTRACT

In this study, we prepared lignocellulosic artificial soil that contains Bacillus subtilis (peat moss/perlite/ steam-exploded
oak wood/microbial culture = 3:1:3:3, w/w/w/w) for use in the restoration of damaged soil areas. The prepared
lignocellulosic artificial soil was mixed with soil at ratios of 0%, 25%, 50%, 75%, and 100%. These mixed soils were
then applied to fields, and the resultant physicochemical properties and their effects on the plant growth of Lespedeza
cyrtobotrya were observed. The mixture of the prepared artificial soils (mixed at ratios of 25%-100%) with soil had
a bulk densities of <0.04 g/cm’, porosities of >85%, pH values between 4.3 and 4.7, electrical conductivities of <0.5
dS/m, C/N ratios between 15.0 and 26.5, organic matter content between 23.6% and 43.2%, and bacterial densities
between 157 x 10° and 624 x 10° CFU/g. In addition, the prepared artificial soils mixed with soil at ratios of 25%—50%
exhibited higher plant growth rates for L. cyrtobotrya compared with the control. Overall, we identified positive correlations
between the plant growth of L. cyrtobotrya and soil bulk density, porosity, water-holding capacity, C/N ratio, organic
matter, and bacterial densities.
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artificial soil using organic wood materials such as

1. INTRODUCTION
Miscanthus sinensis var. purpurascens, waste wood
Afforestation on damaged soil by natural restoration chips, and pulp slurry (Kwon et al., 2014); waste wood

is a long process that can possibly produce conditions chips and slurry (Kim and Kim, 2010); pre-treated wood

unfavorable for plant growth (Pritchett and Fischer,
1987). Attificial soil is commonly used to promote plant
growth by improving the physicochemical properties
of soil (Cao et al., 2014; Kerek, 2003). South Korean

researchers have been evaluating methods of preparing
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chips and peat moss (Kim et al., 2016); incinerated
paper mill sludge (Choi and Park, 2016); waste wood
chips (Koh et al., 2010); raw straw mats, peat moss,
and fermented wood chips (Jeong et al., 2010);

high-temperature- or high-pressure-treated wood chips
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(Moon et al., 2018; Kim et al., 2016); wood mill (Jo
et al., 2017); and pine sawdust (Jung et al., 2017).

Artificial soil that contains wood material not only
enhances soil structure, air permeability, and water-
holding and cation exchange capacities (Cogger, 2005)
but also promotes plant growth by supplying oxygen,
moisture, and nutrients to the plant root systems
(Bandaranayake et al., 2003). However, given that arti-
ficial soil is usually mixed with peat moss or perlite,
the plant root system lacks the microorganisms
necessary for effective promotion of plant growth. Ju
et al. (2013) have reported that the microbes present
in organic artificial soil protect plant roots and promote
their growth. Other studies have claimed that these
microbes are essential for nutrient absorption (Lange
et al., 1993) and that they promote plant growth
through direct and indirect interactions with plants
(Juanda, 2005; Ahmad et al., 2008; Sayyed et al.,
2009). Additionally, microbial activity can improve
soil fertility by promoting soil aggregate formation
(Oades, 1993; Tisdall, 1994; Six et al., 2007). These
observations confirm that microbes significantly
improve the physicochemical properties of artificial
soil, thereby promoting plant growth. Despite the
importance of developing new artificial soils that
contain both microbes and wood materials, very few
studies on the subject have been published in the
literature (Jeon and Woo, 2005; Ma et al., 2011).

In this study, we prepared a wood-based artificial
soil that was mixed with a control soil at varying
ratios. We then planted seeds of Lespedeza cyrtobotrya
in small outdoor pots. We evaluated the use of artificial
soil in afforestation and identified the properties of
the soil that affect the growth of L. cyrtobotrya by
analyzing the physicochemical properties of the
artificial soil and examining the stem and root growth

of the plant.

2. MATERIALS and METHODS

2.1. Testing materials

Commercially available peat moss (pH 3.5-4.5,
Sunshine, Canada), perlite (S company, Seoul, Korea),
and carboxyl methyl cellulose (CMC, K company,
Dacjeon, Korea) were used in these experiments.
Unseasoned Quercus mongolica chips were processed
at a pressure of 25 kgf/cm® in a high-temperature/
pressure processing machine (Y company, Daegu,
Korea) for 5 min. Ethanol (10%) was extracted from
the wood chips at 60 °C for 3 h (1:20 w/v) and subjected
to decompression filtration. The resulting solids were

used in the next steps of the experiment.

2.2. Preparation of microbial formulation
and artificial soll

Bacillus subtilis, the bacterial test strain used in this
study, was acquired from H company (Jinju-si,
Gyeongsangnam-do, Korea). The microbes were
cultured in liquid broth at 30 °C and 100 rpm for 4
days. Subsequently, 30 mL of the culture was added
to 30 mL of 2% CMC and incubated in 100 g of sterilized
perlite at 30 °C for 8 days. The microbes were dried
at 35 °C for 48 h and formulated with a freeze dryer
to be used as a raw material for the artificial soil.
Artificial soil was prepared by mixing peat moss, perlite,
pre-processed Quercus mongolica chips, and the

microbial formulation in a ratio of 3:1:3:3 (w/w/w/w).

2.3. Plot design using small outdoor pots

Before the experimental plots were established, the
control soil (wetland soil from Cheongseongsan,
Yangsan-si, Gyeongsangnam-do), 25% mixed soil (75%
natural soil + 25% artificial soil, w/w), 50% mixed
soil (50% natural soil + 50% artificial soil, w/w), 75%
mixed soil (25% natural soil + 75% artificial soil, w/w),

-394 -



Effects of the Physicochemical Properties of Lignocellulosic Artificial Soil Containing Bacillus subtilis
on the Growth of Lespedeza cyrtobotrya

and 100% artificial soil were prepared (based on dry
weights). The plots were set up by randomly placing
the soils in cube-shaped pots (7.5 x 7.5 x 7.5 cmr’)
on a sloped surface at a latitude of 35.14N and longitude
of 128.09E. The pots were watered once every 3 days
to prevent the soils from drying. Subsequently, 50 seeds
of the woody plant L. cyrtobotrya were planted in the
plots to analyze plant growth. The physicochemical
properties and microbial densities of the control, mixed,

and artificial soils were also assessed.

2.4, Analysis of physicochemical properties

The control, mixed, and artificial soils were dried
at 60 °C for 24 h before analysis of the physicochemical
properties. To measure bulk density, a 100-cm® core
was filled with the sample, and pressure was applied
for 3 min using a 500-g weight. Next, the top of the
core was vertically cut from the container surface, and
the sample was weighed to determine the bulk density
(CEN, 1999a, 1999b; Byun et al., 2012). Porosity was
calculated by applying the specific gravity (2.65) to
the bulk density measurement (Inbar et al., 1993). To
measure the water-holding capacity, a 100-cm’® core
was filled with the sample and pressured as described
above. The sample was saturated with water, which
was allowed to drain under gravity over 24 h. The
final weight of the dry sample was then measured to
determine the water-holding capacity (Yi et al., 2012).
The sample was mixed with distilled water (1:5, w/w)
and then placed in a shaking incubator for 30 min,
after which the pH was measured using a pH meter
(HI-8417, HANNA Instrument, USA). The electrical
conductivity (EC) of the suspended filtrate was
measured using an EC meter (Orion 3-Star, Plus,
Thermo Fisher Scientific, USA). The content of organic
matter was measured by completely carbonizing the
sample in a muffle furnace (NIAST, 2000) at 550 °C.

The carbon-to-nitrogen (C/N) mass ratio was calculated

using an elemental analyzer (Flash 2000 Series, Thermo
Fisher Scientific Inc., USA).

2.5, Analysis of plant growth characteristics

The 50 L. cyrtobotrya seedlings were allowed to
germinate for 3 months; subsequently, 5 seedlings were
randomly selected for plant growth analysis. The stem
heights and root lengths of the seedlings were measured
with a pair of calipers (Digital calipers, Blue bird, China)
(Lee et al., 2013).

2.6. Analysis of microbial density

A total of 10-g (dry weight) samples of control,
mixed, and artificial soil was collected before
establishment of the plots, and equivalent 10 g of
samples were collected taken after 3 months. The soils
were mixed with 90 mL of sterilized 0.85% NaCl
solution and then placed in a shaking incubator (Vision
Co., Bucheon, Korea) at 200 rpm for 30 min. The
suspension was serially diluted, smeared, and cultured
on R2A agar (NA, Difco, Detroit, MI) badge containing
cycloheximide (0.05 g/L). The plates were incubated
at 28 °C for 2 days, and the number of colonies was
counted. For each sample, the microbial number
(CFU/ml) was calculated by averaging the counts from
three Petri dishes (Oh et al., 2014).

2.7. Statistical analysis

All statistical analyses were performed using IBM
SPSS statistics v25 (IBM Corp., Armonk, NY, USA).
The Duncan’s multiple range test (p < 0.05) was
conducted to determine significance levels between the
means of the experimental plots. Pearson’s correlation
coefficient analysis was used to investigate the
correlation between the physicochemical properties of

artificial soil and root/stem growth.
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3. RESULTS and DISCUSSION

3.1. Physical properties

Comparisons of the physical properties (e.g., bulk
density, porosity, and water-holding capacity) of
different soils are important because these parameters
affect plant growth significantly (Boodley, 1998). Table
1 summarizes the bulk densities, porosities, and water-
holding capacities of the control, mixed, and artificial
soils.

The bulk densities of the 25% and 50% mixed soils
were 0.24 and 0.16g/cm’, respectively. These mea-
surements were significantly lower than that of the
control soil (0.51 g/em®). The observed gradual decrease
in bulk density was associated with an increase in the
percentage of artificial soil. The level of organic matter
in soil is thought to be negatively correlated to bulk
density (Ju et al., 2015). The decrease in bulk density
due to the presence of artificial soil has the advantage
of improving water-holding capacity and air permeability
(Nelson, 2003). Porosity has been shown to affect the
drainage and water-holding capacity of soils and the
growth of plant roots (Schoenholtz et al., 2000; Liebig
and Doran, 1999). Plants are reported to grow well
in soils with a porosity of >85% (De Boodt and
Verdonck, 1972; Gruda and Schnitzler, 2004). Although
the control soil had an inadequate porosity of 80.7%,
this porosity increased to 90.8%-95.5% by increasing

the mixing ratio of the artificial soil. Although an
increase in porosity can be beneficial for plant growth,
it may also lead to an increase in permeability because
moisture migrates through the pores, thereby subjecting
plants to significant dehydration-induced damage (Shin,
2002). Therefore, natural and artificial soils must be
mixed according to the soil conditions at the planting
site, rather than solely using artificial soil with a high
porosity. The water-holding capacity of a soil is the
amount of water that it can store and is known to affect
the distribution of water into the plant, a process that
is essential for growth (Yang et al., 2013). The
water-holding capacities of the control, 25% mixed,
50% mixed, 75% mixed, and artificial soils were found
to be 59.9%, 66.1%, 76.5%, 79.8%, and 83.3%,
respectively. These findings demonstrate the positive
correlation between water-holding capacity and the
mixing ratio of the artificial soil. The water-holding
capacity of the soils in all the experimental plots (except
the control) was > 60%, which is considered adequate
(Yeager et al., 1997). Basso et al. (2013) and Lawes
et al. (2009) have reported that high water-holding
capacity is beneficial for long-term plant growth and
soil loss prevention. These benefits can be achieved
by the on-site application of artificial soil as prepared
in this study. In addition, increases in the bulk density,
porosity and water-holding capacity of the soils were
achieved by increasing the ratio of the artificial soil,

relative to the control soil.

Table 1. Physical properties on mixing ratio of artificial soil with soil.

Media" Bulk density (g/cm®) Porosity (%) Water holding capacity (%)
Soil 0.51+0.01a” 80.700.20e 59.901.30e
25% mixed soil 0.24+0.02b 90.80+0.10d 66.10+0.40d
50% mixed soil 0.16+0.02¢ 94.10+0.30c 76.50+0.50¢
75% mixed soil 0.13+0.03¢ 95.00+0.50b 79.80+1.50b
Artificial soil 0.08+0,00d 97.00+0.70a 83.30+0.10a

Y Soil: 100% soil, control; 25% mixed soil: 75% soil and 25% artificial soil, (w/w); 50% mixed soil: 50% soil and 50%
artificial soil, (w/w); 75% mixed soil: 25% soil and 75% artificial soil, (w/w); Artificial soil: 100% artificial soil.
? Different letters within same column indicate the significant difference at p < 0.05 by Duncan’s multiple range test
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3.2. Chemical properties

The chemical properties of soils are important
determinants of plant growth and appropriate environ-
ment (Gabriels et al., 1986). Accordingly, a comparative
analysis of the soil components should be conducted
with reference to ratios of control to artificial soil. Table
2 summarized the pH, EC, C/N ratio, and organic matter
content of the control, mixed, and artificial soils.

The pH of the control, 25% mixed, 50% mixed, and
75% mixed soils were 4.8, 4.7, and 4.6, respectively.
These values are lower than the optimal pH range for
plant growth, ie., 5.3-6.5 (Abad et al, 1992).
Significant differences in pH were not observed between
the soils containing different percentages of artificial
soil. The artificial soil was found to have the lowest
pH at 4.3. Yamazaki (1982) have reported that plant
roots are casily damaged at a pH of <four. These
observations highlight the need to adjust the pH of
soils according to local conditions to optimize plant
growth. The EC of the control, mixed, and artificial
soils were measured between 0.061 and 0.101 ds/m.
ECs of <0.5 ds/m are generally considered adequate
for plant growth (Abad et al., 2002). High ECs can
result in salt accumulation and poor conditions for root
growth (Aliasgharzadeh et al., 2001). As such, we
suggest that the low EC of the artificial soil prevents
salt-induced growth inhibition. A high C/N ratio

promotes microbial absorption of nitrogen in the

root-zone around the plant, thereby hindering early
growth (Choi et al., 2011). For this reason, nitrogen
fertilizers should be added if the C/N ratio of the artificial
soil is > 50 (Lee and Sang, 1991). Sou et al. (2011)
have reported a C/N ratio of 17.4 in a habitat containing
L. cyrtobotrya. In the present study, the 25% mixed,
50% mixed, and 75% mixed soils showed C/N ratios
ranging from 15.0 to 19.8, thus suggesting that varying
amounts of artificial soil are unlikely to inhibit early
growth. The control soil showed the lowest organic
matter content (23.6%); however, as the mixing ratio
of the artificial soil increased, the organic matter
significantly increased from 27.6% to 43.2% possibly
because of the addition of pre-processed oak and peat
moss, which are rich in organic materials, to the artificial
soil. High levels of organic matter provide large amounts
of nutrients to the plant and improve the cation exchange
capacity necessary for small nutrient exchanges (Wood
et al., 2018).

3.3. Microbial density

Table 3 presents the microbial densities before and
after the on-site application of the control, mixed, and
artificial soils in small outdoor pots.

Prior to the on-site application, the control soil had
the lowest microbial density of 3.5 x 10’ CFU/g. This
microbial density increased from 1.57 x 10% to 6.24
x 10* CFU/g as the ratio of the artificial soil increased.

Table 2. Chemical properties on mixing ratio of artificial soil with soil

Media" pH EC (ds/m) C/N ratio
Soil 4.8+0.152% 0.06120.001¢ 11.0£0.1e

25% mixed soil 4.7+0.20a 0.065+0.002¢ 15.0+0.2d
50% mixed soil 4.7+0.12a 0.066=0.004¢ 17.7£0.2¢
75% mixed soil 4.6+0.13a 0.076+0.003b 19.840.1b
Attificial soil 4.3£0.10b 0.101:£0.003a 26.5+0.3a

Y Soil: 100% soil, control; 25% mixed soil: 75% soil and 25% artificial soil, (w/w); 50% mixed soil: 50% soil and 50%
artificial soil, (w/w); 75% mixed soil: 25% soil and 75% artificial soil, (w/w); Artificial soil: 100% artificial soil
? Different letters within same column indicate the significant difference at p < 0.05 by Duncan’s multiple range test
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Table 3. Change of bacteria density in mixing ratio of artificial soil with soil on field application

Bacteria (x 10°, CFU/g)

Media" Field application
Before After
Soil 3545.3¢” 30+7.1e
25% mixed soil 157£10.4d 253+29.1d
50% mixed soil 334+15.1c 437+10.2¢
75% mixed soil 4404+20.3b 532+32.1b
Artificial soil 624+41.2a 854+21.2a

D Soil: 100% soil, control; 25% mixed soil: 75% soil and 25% artificial soil, (w/w); 50% mixed soil: 50% soil and
50% artificial soil, (w/w); 75% mixed soil: 25% soil and 75% artificial soil, (w/w); Aurtificial soil: 100% artificial soil
? Different letters within same column indicate the significant difference at p < 0.05 by Duncan’s multiple range test

After 3 months, the microbial density of the control
soil had decreased by 13.4%. Conversely, the microbial
numbers of the 25%, 50%, and 75% mixed soils and
the artificial soil had increased by 61.1%, 30.8, 21,
and 36.9%, respectively. These increases can be
explained by the ability of microbes to use organic
carbon and nitrogen sources as macronutrients for plant
growth. Moreover, the artificial soil prepared in this
study contained peat moss and wood materials
comprising organic matter that is beneficial for
microbial growth (Barber and Lynch, 1997; Lynch,
1982; Krieg and Holt, 1984). An increase in microbial
density is known to positively affect plant growth
(Nautiyal et al., 2013).

Stem height, cm
S

0 25 50 75 100

Mixing ratio of artificial soil, %

3.4. Plant growth characteristics

Fig. 1 illustrates stem heights and root lengths of
L. cyrtobotrya planted in small outdoor pots containing
the control, mixed, and artificial soils.

The longest stem was 5.1 cm in the 25% mixed soil.
Stem lengths in the 50% and 75% mixed soils and
the artificial soil were 4.8, 4.4, and 3.5 cm, respectively.
Stem growth decreased in the 50% (or above) mixed
soil. The longest root length was 11.9 cm in the 50%
mixed soil, followed by 10.5, 8, 7, and 5 cm in the
25% mixed, control, 75% mixed, and artificial soils,
respectively, although artificial soil is thought to
improve plant growth by improving water and air
permeability (Warkentin, 1984; Kang et al., 2004);

Rootlength, cm

0 25 50 75 100

Mixing ratio of artificial soil, %

Fig. 1. Effect of mixing ratio of artificial soil with soil on growth of Lespedeza cyrtobotrya.
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Table 4. The values of correlation coefficient ()" between physicochemical properties of artificial soil and growth

characteristics of Lespedeza cyrtobotrya

Water . . .
Bulk . X Electrical . Organic Bacterial Stem Root
. Porosity holding  pH . .. C/N ratio 8 . .
density . conductivity matter density  height  length
capacity
Bulk density 1 -0.965" 20933”0174 -0.149 -0.824" 0764 -0770"  -0.239 0.336™
Porosity 1 0.887" -0.133 0.192 0.780"  0.700"  0.724™ 0242 -0.318"
Water holdi o e " e .
ater lolding 1 0204 0103 0830 07627 0807° 03387  -0.281
capacity
pH 1 -0.575™ -0328" 03807  -0289"  -0.122 -0.065
Electrical 1 0204 0342”0174  0.I35  -0233
conductivity
C/N ratio 1 0948 09527 03897 0357
Organic matter 1 0.922" 0361  -0.383"
Bacterial density 1 0.599™ -0.138
Stem height 1 0.547"

Root length

1

Y Correlation coefficient () was determined by Pearson correlation analysis to evaluate the relationship between parameters. Results were evaluated
with 95% and 99% confidence intervals: *, significant at p < 0.05 and **, significant at p < 0.01 level

however, this association was not observed between
stem and root lengths and the ratio of artificial soil
in the potting mix. This suggests that the appropriate
mixing ratio of artificial soil must be determined for

the target plant.

3.5. Correlation between the
physicochemical properties of
artificial soil and the growth of L.
cyrtobotrya

Table 4 shows a correlation analysis of the effects
of the physicochemical properties of soils on the stem
and root growth of L. cyrtobotrya.

A positive correlation between the physicochemical
properties of the soils and stem/root growth was
observed in terms of microbial density, C/N ratio,
organic matter content, and water-holding capacity (p
< 0.01). Microbial density and stem growth showed
the most significant positive correlation with a
correlation coefficient of 0.599. Our finding that
porosity correlates with stem growth is in agreement

with the report of Jo et al. (2017). The root growth

of L. cyrtobotrya was found to positively correlate with
bulk density (p < 0.01) but negatively correlate with
porosity, water-holding capacity, C/N ratio, and organic

matter content.

4. CONCLUSION

The bulk density of the mixture of artificial and
control soils was < 0.4 g/em’, porosity was > 85%,
and water-holding capacity was > 60%. Regarding its
chemical properties, the soil showed an EC of <0.5
ds/m, a C/N ratio of <50, and a high concentration
of organic matter. Based on the data for bulk density,
porosity, and water-holding capacity, the soil showed
appropriate physicochemical properties required for
optimal plant growth. However, the pH of the artificial
soil prepared in this study was slightly acidic, thus
making it necessary to adjust its pH according to the
site conditions. The root and stem growth rates of L.
cyrtobotrya were higher in the 25% and 50% mixed
soils than in the control soil. Microbial density had

the greatest impact on stem growth, whereas the organic
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matter content was the main effector of root growth.
Based on these results, we demonstrate that the artificial
soil prepared in this study effectively promotes the stem
and root growth of L. cyrtobotrya and can, therefore,

be used in the revegetation of habitats.
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APPENDIX

(Korean Version)

Bacillus subtilis7} &% 237 Q3 ESF &£ - 3+

B A%l mAL 3%

22 : B ATME Bacilluls subtilis?} T4 27 QTEKIENAHo| B AR BT 0IEAY
3:1:3:3, ww/wiw)Z A= 3t e, o] ZTLEST 0%, 25%, 50%, 75% X 100% H|&= E3sto] xnte] FA} a5
At ofolEE HHAE stk BAHE] BE frTEe) EHENETEITED U QFraye] Bl 5y
SS9 BASIT BKE) 27] D Belge v malsieh. EFEOIALE 0.04 gom® o]ske] ST, 85 % oliye] FIE,
pH 4.3 - 4.7, 0.5 dS/m o|3}9] 7| AL, 15.0 - 26.59] &&H]|, 23.6% - 43.2%%] 47]& &= 9 157 x 10° CFU/g -
624 x 10° CFU/ge] n]EH S Lhehych, Q1= oko] 25% 1 50% 308 SghEcfol i el 27] 2 Wegafol
gz B UEntT Bukelo] o] RS vjAli B} QA SR, FIE, sumge, e 47125
9 opEsero 2 et

ol

B[

M ok

LME

FeE B 2k BYEubo 2 55w 7| 71x] @l Aj7te] AQF 3 B EE)e 278 UER Al Ftk(Pritchett
and Fischer, 1987). 488t A EA4E 918t EFS w8184 EAS 71 Aol Ta3H, ol& flate] 2
%S o] &8TH(Cao ef al., 2014; Kerek, 2003). oM AFEGNES Q8] ANIA, w5432 BZ L8 2)(Kwon
et al., 2014), FEAH7} £2E(Kim and Kim, 2010), A A7} JERA(Kim et al., 2016), AAEA](Choi
and Park, 2016), 453718 343 (Koh ef al., 2010), HA AZ, T ER 9} B (Jeong ef al., 2010), &30 T571]2]
H ZA3 (Moon ef al., 2018; Kim et al., 2016), $-=2(Jo et al., 2017), 25 F5(Jung ef al, 2017)5 F7140 BALEE
243 AFESAZ A7 Aaysa ok

BAUE7) 23 B EGE EYT R, 5714, B4, Yol AL 58 woIF B ofHEH(Cogger, 2005), A&
Al Ak, fra BEGSE, 9 55 Fuctd AEAGl =88 TUHBandaranayake et al., 2003). HA|RF HA A FE 7}
X3 JATESS TR JER e Hulo|EoL £315l0] o] §3lB & AEo| A4S FHA7)7] A8 fravdEe] F53t
o} Ju et al. (2013)2 718 QIBEG EFE & AEe] AE9 2HE Hosla fe] A Lis Frial Ry

2249 Wb o7 Atk B ¥ 1 tK(Juanda, 2005; Ahmad ef al., 2008; Sayyed et al., 2009). H3F, v YE-
o] 572 B JHEA S HAAA S EE PP F drkal A QO E2(Oades. 1993; Tisdall, 1994; Six
al., 2007) AFEF] A&A] BE]-318H4] 5497 A5G 34U AR 3dErt wehx vAES S4AR7} T
25 JIFEYY o] Hadlel e E7-8kal A7 o]e] gk A7t HH] 8tk (Jeon and Woo, 2005; Ma et al., 2011).

2 AT e mAEe] e BAA JITESS AlXelolil EYH HES b2 £33 v AN EA4E 3Esto]

B & e o

[
P

[*3
©
=
.

LE ARG Hork BYAGo) 0 QRS BelSH 543 Aol 2] 0 R A 2oz
55hg AAA S FE7FAAT e Aol G TR ATEYS] Bl 54 B AEsth

2, Mz 3 U

2.1, FAR

2 AT ARg-E JER 2~ (pH 3.5 - 4.5, Sunshine, Canada) % 2 2}0] E(SA}, Seoul, Korea), CMC (carboxyl methyl
cellulose, KA}, Dagjeon, Korea)= AlZoll Aulish= AlFS 8kl AFESFITE i (Quercus mongolica)3-2 A3 A
ZE R 312 319X 2] R (YAL, Daegu, Korea)Z 08314 25 kgflem® G202 583+ X2]5131aL 60°CollA] 34
F10% NS FE(1:20, wv) T 7 o3 F nFES ARSIt
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2.2, AE AY L AFES A

ST Bacillus subtilisc 73 W22 HARIA Algwol o]8ak3it). v AE-S NBulA|oA 493k 30T, 100
pm 202 AA e &F3la Batel Heto|E 100 goll HA| vike wAE 30 mL} 2% CMC (Carboxy Methyl Cellulose)
30 mLE go E98k the 30 C wldrlolA 8U7E AGAIAE mIAE A F 35 C 7170 A 48417 sl BAAx
715 ol g3te] nAES AP 3 U ATEY YEZ ARSI JATESS AUFTHS 7522 do] I ER. Hujo)
E, A4z88 FUE 2 08 AFS 3:1:3:3 (wwwiw) HEE Egato] 24 a9tk

2.3, &1 OFQIEE AYT A

AR ORXE AT 2AS 93] dRTEYEY P AN FAEY, 100% ED), 25% EFEHT% EF
+25% AFEY, wiw) 50% SFTHEWHS0% EG + 50% ATEY, wiw), 75% ZAEL25% EF + 75% S1FEL, wiw)
9 ATEH100% ATES) = A7 125%F 722 AX oM, 7.5x7.5x7.5 cm BAMAFE Y] WA LE Yo
A ZFA19] 1% 35.14N, A5 128.09E HIEH Aoluix S A&t A[FTFE 2Adelom, AET 24 F 3Y4
SHAN Fi3] Aol Ede] A3 ¥EF SISith 2 H Ald Tl HEF BN (Lespedeza cyrtobotrya) EAE
5094 353t AEA A o] 83y RTEY, AxE SREY H AFEYS 583134 AT nAEdE
Ae o] &-5k3ltt.

2.4, 2735 24
HETEY, Az EFEY

! ATEGE 60°CollA 24417 1% 5 Ea-313H4 fA el o] &5t 84U % (Bulk
density)i= 100 cm® ZO] ol A|EE .

AE oh 500 g FE o83t 383 ¢S 71l S
207 Al A 52 FAS FA38le] 2819 I(CEN, 19992, 1999b; Byun et al., 2012), 5= (Porosity)-< &t}
=4 5 AH53h2.65)% o&3to] AlAtErS th(Inbar ef al,, 1993). 51 -2 (Water holding capacity)< 100 cm® F0] 0]
AEE A3, 500 ¢ FE o]dsto] 381t 4E S R U v B2 X3 F 2441 59 FE9VF AAE Al
FAE A3, thA 105 °C F2A27]00A 24417 AR § AZxE A& FAE 574381 AHE3I0THYi et al., 2012).
pHE A8 SHFE £38}0(1:5, w/w) shaking incubatoroll Al 3087 X8 & HEAS pH meter (HI-8418, HANNA
Instrument, USA)E AH&3to] S35, HEFY o HL& EC meter (Orion 3-Star Plus, Thermo Fisher Scientific, USA)E
AREBle] A7 A ES(EC, Electrical conductivity)S Z4 3+t #7158 ¢ (Organic matter) 550°C] 3]3}Z oA $+43]
EF3lAl7] 243331 (NIAST, 2000) BHEH|(C/N ratio)= 9434 7](Flash 2000 Series, Thermo Fisher Scientific Inc., USA)
2 ehr 9 A 9S54 T e gk da 3] v ARGtk

PTG

o2l

2.5, A4S B4 £4
AERS 54 2AE 8 e A A F 3R golst fHE FAIR 57 o4 sFlar e # 2~(Digital
calipers, Blue bird, China)E ©]-&3}% &7](Stem height) 2 *2](Root length) A7 ZolE F453tHLee et al., 2013).

2.6, NAYELUE 24

MAEEE A4S 98 dFAE A dRTEY, Az THEY 4 JATESY dFHE Y T O2TEY, THEY,
ATEY 717 715 10 g& 22 AF S the 90 mLe] B H 0.85% NaCl €0l o] ehalet7] (Vision Co., Bucheon,
Korea)ol| 4] 200 rpm &= 303+ eIt AEH2 drlo] 4 AE& = &, cycloheximide (0.05 g/L)E H71ek R2A
agar (NA, Difco, Detroit MI)BJ#]ol Z=2sle] lksloic) mdsl ke 28 °CollA] 2U7t v U3t & &3 colonyE Al5-515A
o}k 7 AlRY HAE - 3719 petridishol UYER colonyE 217t A58 §- 3311 44S A9 (colony forming unit: CFU/g)=
A& THON et al., 2014).

2.7. BAES

tlo]e] EA%-A1S IBM SPSS statistics v25 (IBM Corp., Armonk, NY, USA) Z&713S 0|83t} A e Huzt
frol4d A4S 913l Duncan’s multiple rage test (p < 0.05)5 AAISIAL QJIFEYS] &8-318H4 A1} M9 £7]
2 gig] Aol Aaa A ol A A4(Pearson’s correlation coefficients)-A-S A3 T
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EAQ fAU T 3IE, FREFEHTS A8 ) 2 kS ne 947 2-83817] mlEol(Boodley,
2 594 |37} Z231t}. Table 19 2 TFESGT} E3HESF 9 QFE k|

=
2 247t 024 glem’ R 0.16 glem’®] SHHEE YRS 051 gom'd] §4U RS
Lehd gz e} frolshAl S AE HElaL Qe Ede] E3hi &l S weh S EEE X*x} sk A%s
)

%
HERT EYU §7188F SAEE = ()9 IAE YeERAT €A A=H(u et al, 2015) JFEY E3H]E0)
S7HEE f71E FEE A S7kete] Uehd A3E Al EthTable 2). J1ITEFOE Qe wolxl %Z—,“‘E‘_ By
T 5714 ol el 248 Aoz e tiNelson, 2003). 3552 B0 wi4E 2 Bl oh g} A ES
Aztol| o akg: —Zr% J A}o]H(Schoenholtz ef al., 2000, Liebig and Doran, 1999), 85%°]/¢2] F=EollA A &A7o] Yas}A|

o]FojAta & 2ATHDe Boodt and Verdonck, 1972; Gruda and Schnitzler, 2004). tHETEYSS A& Aol A 353k
THEHT e 80 7%4 THES UEMISARE QAT ESS] E3H]&o] Z715d wel 3582 90.8% - 95.5%714] frelat
Al F7H A JATEFS o= Qg %T%i‘r«l 7k B Felei A4 e wakEn) ok, EelA e
Ol ES %——?é E3to] ol R e £ TFER Y3 FrAo] mokAAl HH AElAl HxaE YE 27} ArkShin,
2002). Wb 97.0%9] E2 FFES YER ATEYS] T o] SHrE dF B o] QIFEY] At HH‘E‘LOl
agjEojof & Aoz wakEty FREGHE AFEYY FEATTHE Y A8 Al Z Of‘ﬁ S5 Tl 93
H] A Az A lti(Yang er al., 2013). rﬂi?iok 25% E3E 50% THEY, 75% EHESF 2 011&2}4
B1 58 217} 59.9%, 66.1%, 76.5%, 79.8% 2 83.3%E UEEon FE} Z3HH|&o] S713te] whel SR R-Go]
TrA Al T7FeRl L dETESS A ZE AT TolA A% FREFE 60% o1 FAE YRt Yeager ef al.
1997). Basso et al. (2013)¥} Lawes et al. (20092 =2 FERFHE A77F A&l f2d ¥t oma} Eowg
Aol a3E VRt B gt mabA AlzE QIS EGS g7 AEA% 4
Aol Y 208 Aludrt w3 T ED toto] JATEFY S0l ALTS 4%, 355 7—2 %1%3301

s Ao et

3.2. 33HE EA

E] glet7] 548 A5l AFA R FolsiAL AEAS] Aet 84S A8k 83 2910 2 (Gabriels
et al., 1986) WETEST QAEEFS] 3| &l wpe 3}3H4] 54 &4 vlart dasit) gx7EY EFEY 3 ATED
&t pH, A7) =%(EC, electrical conductivity), EFH](C/N ratio) 2 +71% &#(Organic matter)—‘ Table 20 YE

QETEY, 25% ZHEY, 50% SFEY 2 75% SFELS pHE= 242} pH 4.8, pH 4. 7 1 pH 4.624 4 ‘”ﬁﬂoﬂ
288k pH 5.3 - 6.5 20} S $215 YEPI(Abad ef al., 1992) Q1T Ed2] E3tn]& o8& UERIA Sk
B3 JAFESINME 71 W pH 4.3 YERIEY Yamazaki (1982) pH 4 )3l A= *4%9] a7} 2419 1wy Aria
Hasigint weba A8 A4z wel JFESS] pH 240] Hasiriil J&% dr} x2TEYS, iﬂi‘* 2 RITEYSS]
ANAEEE FAHOZ 0061 - 0.101 dymE YERITE &S0l At A7 AEEs bR 0.5 dym olsk7F A7 gt
Ao AdHA JI(Abad et al., 2001) F A7|AELE FFHAOR QIste] 2E<] || £ 3ltl(Aliasgharzadeh
et al., 2001). WeEtA] AFEFS 32 A7|AEER Qlate] dfel tg =A% F3E HehiA] obs A o= aAetdrt
Ak o7 Bhdu]7} FolAA E A ZARel] EAeks AAE Al ]%0}71 2 mAEo] WA FehAl Elo] 27]4%0]
Beksh BTHChoi ef al, 2011). o]& 213 Q1FEFS] B-2H]7} 50 o]k Aol Aan|EE H7)eke] E&@H% 2430}

=1
shtfar 44 9lti(Lee and Sang, 1991). Sou et al. (2011)2 2] A el tfgl e-dn|7} 1742 UrE} ST B sk
25% EIEE 50% ZFESF D 75% SHESIAE 150 - 19.8 HY An S Uehfo] elFESY E3to g o3t
27185 A AEIA] ¢ Ao AetEh R TEYS] 718 T2 23.6%2 7P W 1 UER AL T EY
EEo| TIFETF 27.6% - 43.2%= 715 Tl oA A TSI ol B EY zﬂ £ 3 AHE 718
A8 AAEE FUF 2 HER | Fgto g 93t Jeko 7 Py, /18] TR AEAAS 9% U dudn

A D v e wES A3 Gol A3eHd - AoR IhETH(Wood et al., 2018).
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3.3 AELE
JETEY, EHES 3 AFEF &7fR ofXE A4 4 -5 nAE YEWSE Table 39| VERITL
448 A T EFS MAYEEEE 35 x 10° CFUgL.R 71 v FAE5 VeI QI3RS 3| &o] 371845
[ AEUEE 157 x 10° CFU/golA 624 x 10° CFU/go.2 Z7181%th AR of9| L E 3
W AEAEE 134% AT 25% EFE 50% SIFES 75% EFES 9 QAFTE
30.8%, 21.0% %2 36.9% Z7}3t $X& Wi‘r Itk o]gfgt o] fi= MAES AYUoR 71 B AAYs AR
ol &3] AgstA Het AZE JTEFS f71AR o] Folx SER. g B g7t 23 E0]glo], HAEo] Agsh=s
u %33 7o) A F o] el éi}f—_ 55 3 (Barber and Lynch, 1997; Lynch, 1982; Krieg and Holt, 1984) %7}l
U AEAEE 25T FAXQ JeS vE Aoz AR HE(Nautiyal e al., 2013).

FAE 370E ¥ dETEY
o] A& ke 77k 61.1%,

o

=1}l Eo

o C’n-' rﬁ(_,

(

3.4 WSEA

HETEY, SHEY 3 ATEFY AP oFXE A4
g B2 (root length)S Fig. 19 YERITH

elel 271484 el 25% FHEWIA 5.1 emZ 7HF > FAE YERIIL 50% SFEY, 75% ARG L UTE
Okoﬂ*i” ZY7} 48 cm, 44 cm % 3.5 cm®E UER 50% o JITESFS TGS W 27187 0] Hhadigith el

AL 50% EFEFIA 119 cm«] Vg Ee FAE eI 25% EHEY, rﬁﬁliot 75% EHEY 2 ATEY

& OE 77} 10.5 cm, 8 cm, 7 cm % 5 cm® YERGTE QT ESS B0 B U BUAS SANF 0B A EAAAS
Mgt geA O‘htﬂ(Warkentm 1984; Kang et al 2004) QFE}] E3teko] H]dsle] 27|84 2 By Lol
71 gokeh weEbA Aol we AEd ITEY £3] 2do] Jad Zlow JuE

ofo
>,
o
-4
=2,
#

2% Ao ek 271487 (stem height)

Ol

3.5, AFTEFS Eu-515ta EAat x| ARl digh A

Aele] 7] 9 A daS vAT ESY Bu-88H 54U =& 9% duaAl #4143 Table
40l LR

M}a 71849 A EF] Ee-518H4 54 At

FEEAHO| foet HHe FARAE JERITHp < 0.01). 53], PIAELE

°*(+)«1 FAAAE YEHLCH, Jo et al. (2017) TFEY B 271482 S+
19} A& Ants el el e] el AT} folet el
g, ehd) 2 {71 8devhs {9 B9 dRdAE JeRth

9] FAHAE HeERdThaL Baskg]
WAE Yehlp<0.01) 35, —’F*Hriv

VFEFE ETED) EFIAS 1 04 gont 1rh e SATE 85%0] oo T, 60% o] FRRAYS
Hebtar S5 S0l 035 dumelofs] A, S0el3l ON o L S8 1% g ehiel 4247
199 TS 54 sl gt A0R AU o, AR ATES] pHE SIS Leh] 3398
M pH 0] BT AR AR Paelel F7) R el A3 QoIS vlath Ak 25% EGEY % 50% EFELNA
HETEGE & B4 A9S btk el 27 0 e %] YL VA AR BeB5Y 54
R BT 2 ATl B 9 1 2 9 ehlonl Rl 18 50l 719 @
Atk ek o sl b Q7o e A3Ege Pl Sl 184 L R Fabe
Aoz eht 55 EgoRA B8 /F58 A0z ARdd.
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