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Effects of the Physicochemical Properties of Lignocelulosic
Artificial Soil Containing Bacillus subtilis on the Growth of

Lespedeza cyrtobotrya'i®

J-Su Kin? + J young Jung® - S Young H& - Jee-Kyung Yang®?'

ABSTRACT

In this study, we prepared lignocellulosic artificial soil that contains Bacillus subtilis (pest moss/perlite/ steam-exploded
oak wood/microbia 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, CIN ratios between 15.0 and 26.5, organic matter content between 23.6% and 43.2%, and bacteria 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. Overdl, we identified postive correlations
between the plant growth of L. cyrtobotrya and soil bulk density, porosity, water-holding capacity, C/N ratio, organic
meatter, and bacterial densities.

Keywords: lignocellulosic, artificial soil, Bacillus subtilis, physicochemical properties, plant growth, Lespedeza
cyrtobotrya

artificial soil using organic wood materials such as
Miscanthus sinensis var. purpurascens, waste wood
chips, and pulp durry (Kwon et al., 2014); waste wood

1. INTRODUCTION

Afforestation on damaged soil by natura restoration

is a long process that can possibly produce conditions
unfavorable for plant growth (Pritchett and Fischer,
1987). Artificid 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 durry (Kim and Kim, 2010); pre-treated wood
chips and peat moss (Kim et al., 2016); incinerated
paper mill dudge (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-
ficid soil is usualy 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
retios. We then planted seeds of Legpedeza cyrtobotrya
in amdl outdoor pots. We evauated the use of atificid
sail 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

Commercialy available peat moss (pH 3.54.5,
Sunshine, Canada), perlite (S company, Seoul, Korea),
and carboxyl methyl cellulose (CMC, K company,
Dagjeon, Koread) were used in these experiments.
Unseasoned Quercus mongolica chips were processed
a 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 & 60 °C for 3 h (1:20 wiv) 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 bacterid test strain used in this
study, was acquired from H company (Jinju-s,
Gyeongsangnam-do, Kored). 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 ad incubeted in 100 g of Serilized
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 materia for the artificial soil.
Artificid soil was prepared by mixing peat moss, perlite,
pre-processed Quercus mongolica chips, and the
microbia formulation in a ratio of 3:1:3:3 (w/w/wi/w).

2.3. Plot design using small outdoor pots

Before the experimental plots were established, the
control soil (wetland soil from Cheongseongsan,
Yangsan-s, Gyeongsangnam-do), 25% mixed soil (75%
natural soil + 25% artificia soil, w/w), 50% mixed
soil (50% natural soil + 50% artificid soil, wiw), 75%
mixed soil (25% naturd soil + 75% artificia soil, wiw),
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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 cnr)
on a doped surface a 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 microbia dengties of the control, mixed,
and artificial soils were also assessed.

2.4, Analysis of physicochemical properties

The control, mixed, and artificial soils were dried
a 60 °C for 24 h before andyds of the physicochemica
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 verticaly cut from the container surface, and
the sample was weighed to determine the bulk density
(CEN, 1999g, 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 alowed 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 digtilled 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
(H1-8417, 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 cdculated

usng an dementa andyzer (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 cdipers (Digitd cdipers, Blue bird, Ching)
(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 serialy 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 microbia number
(CFU/mI) was cdculated by averaging the counts from
three Petri dishes (Oh et al., 2014).

2.7. Statistical analysis

All statistical analyses were performed using IBM
SPSS satistics 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
sails.

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 sail (0.51 g/em?). The observed gradua decrease
in bulk density was associated with an increase in the
percentage of artificia 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 artificia soil has the advantage
of improving water-holding capacity and ar permegbility
(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 beneficid 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 artificia soil. The water-holding
capacity of the soils in dl the experimentd 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 beneficia for long-term plant growth and
so0il 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 artificia 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 (%)
Sail 0.51+0.01&? 80.70+0.20e 59.90+1.30e
25% mixed soil 0.24+0.02b 90.80+0.10d 66.10+0.40d
50% mixed soil 0.16+0.02c 94.10+0.30c 76.50+0.50c
75% mixed soil 0.13+0.03c 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% artificia soil.
2 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 (Gabrids et al., 1986). Accordingly, a comparative
analysis of the soil components should be conducted
with reference to ratios of control to artificia 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 optima pH range for
plant growth, i.e, 5365 (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 easily 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 d¥/m.
ECs of <0.5 d9m are generally considered adequate
for plant growth (Abad et al., 2002). High ECs can
result in sat accumulation and poor conditions for root
growth (Aliasgharzadeh et al., 2001). As such, we
suggest that the low EC of the artificial soil prevents
sdlt-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 atificia
soil is > 50 (Lee and Sang, 1991). Sou et al. (2011)
have reported a C/N retio 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
meatter 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 materids, to the atificid
s0il. High levels of organic matter provide large amounts
of nutrients to the plant and improve the cation exchange
capecity necessary for small nutrient exchanges (Wood
et al., 2018).

3.3. Microbial density

Table 3 presents the microbia 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 157 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 artificia soil with soil

Media” pH EC (ds/m) CIN ratio
Sail 4.8+0.1587 0.061%0.001c 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+0.004c 17.740.2¢c
75% mixed soil 4.6+0.13a 0.076+0.003b 19.8+0.1b
Artificid 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% artificia soil, (w/w); 50% mixed soil: 50% soil and 50%
artificid soil, (wiw); 75% mixed soil: 25% soil and 75% artificia soil, (w/w); Artificial soil: 100% artificial soil
2 Different letters within same column indicate the significant difference a 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/q)

Media” Field application
Before After
Soil 3515.3¢” 30t7.1e
25% mixed soil 157+10.4d 253+29.1d
50% mixed soil 334+15.1¢c 437+10.2c
75% mixed soil 440+20.3b 532+32.1b
Artificial soil 624+41.2a 854+21.2a

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

After 3 months, the microbia density of the control
soil had decreased by 13.4%. Conversdly, the microbia
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
<

a
a
a
4 4 b
2
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 ¢em was 5.1 cm in the 25% mixed oil.
Stem lengths in the 50% and 75% mixed soils and
the atificia 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 105, 8, 7, and 5 cm in the
25% mixed, control, 75% mixed, and artificial soils,
respectively, athough artificial soil is thought to
improve plant growth by improving water and air
permeability (Warkentin, 1984; Kang et al., 2004);

be
|
0
50 75 100

0 25

3

Rootlength, cm

IS

Mixing ratio of artificial soil, %

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

characteristics of Lespedeza cyrtobotrya

Water

Bulk . ) Electrica . Organic Bacterid Stem Root
. Porosity holding  pH — . CIN ratio g . )
density . conductivity matter density height  length
capacity

Bulk density 1 -0.965" -0.933" 0.174 -0.149 -0.824"  -0764"  -07707  -0.239 0.336"
Porosity 1 0.887" -0.133 0.192 0.780" 0.700" 07247 0242 -0.318
Water holding 1 0204 0103 0830°  0762°  0807° 033"  -0281°
capacity
pH 1 -0575" -0328°  -0380" -0289° -012 -0.065
B ed”c‘.al i 1 0.294 0342° 0174 -0.135 -0.233
conductivity
CIN ratio 1 0948"  0952"  0389"  -0.357"
Organic matter 1 0922"  0361"  -0.383"
Bacteria density 1 0599"  -0138
Stem height 1 0.547"
Root length 1

Y Correlation coefficient (r) 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 a 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 physicochemica 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 microbia 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 postively 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/lcm®, 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
optimd plant growth. However, the pH of the atificid
soil prepared in this study was dlightly 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. Microbia density had
the grestest impact on stem growth, wheress the organic
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matter content was the main effector of root growth.
Based on these results, we demondtrate that the artificia
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} &% 2274 QAZTEF9 £ - 313+
2R AR nA= 9F

ol

B[

2E | 2 dAFoAMe Badllus subtilis7h g S84 JFEHIERLAHelo|Er R A FUnAEA3
=3:1:3:3, wiwwiw) & A=z 3o, o] 2 TEAT} 0%, 25%, 50%, 75% 2 100% H|-&=2 &§ste] dae] 4} a5
= i?fi OFQIEZE WA sl9ict. dA G| i YRTEY, THEFNRTEGFITEY) U JTEYS] E|-315H2]
& BAsG I ] £7) 9 B vlwstich SFEGlAE 004 glon? o]5te] AU, 85 % o]Ae] 3IE,
pH 4.3 - 47,05 dS¥m 0]3t9] A7|AEE, 15.0 - 2659 EFAH|, 23.6% - 43.2%9] 97| 3 9 157 x 10° CFU/g -
624 x 10° CFU/gQ] n| &Y =S Vet Ql3Eo] 25% U 50% 348 EtEdolds dnel £7] 2 majggol
RALEGET A UEbaL e ARl 3k X B e $4EE, 39, REAE, 28, S5
9 o AEFFO R e

o !

lm
O_L

L.ME
I B2 A HdEgto R =3y 7k4] Sl AlZko] AQEa A BRG] Baleh 2748 YeR A Eh(Pritchett

and Fischer, 1987). 9€3 2245 flato] B4 E2-315H4 EAS A1 Aol Fa3H, ol& flste] 2 JTE
%S o] 8 ¢THCap et al., 2014; Kerek, 2003). srHol| A= JAFEGNL-S Sl ANIA, A=A Fxz&e2|(Kwon
et al., 2014), HEAHY £ (Kim and Kim, 2010), Ax2¥ SA4H3} S ET2(Kim e al.,, 2016), #1%]&2#|(Choi
and Park, 2016), 15371 & 333 (Koh et al., 2010), H& 714, B ER 29} A3 (Jeong e al., 2010), 112319 $571 42

 EA1% (Moon ¢ al., 2018; Kim ¢ al., 2016), $-=3(Jo e al., 2017), 24 55 dung e al., 2017)5 §714 EA98E
88 OLJEEOW] A7t Hgwa girt.

Ex] 7]. 161—5] ol T EFe Eot:rLz Eﬂ/ﬂ H -1 ooko]gx]g_}%aok %_g. l\icoqz L3 o}L]alr(Coggg, 2005) %,]
<Al *J* & EGFE, QU 55 oadte] 48 *3%1] =95 FrHBandaranayake et al., 2003). a3k 2487}
I JITESS 7= JEEé T o] ES} Ejtale o] &atnR A& S FXIAT7] S8 Fan|dEoe] F5st
Tk e al. (2013)2 713 TEY X E o] T nAEe] B ZHE Basta e A 5E Fria Ruglck
Ak ofg} AlEo] YUES %— ataL A7 918 Bestil(Lange e al., 1993) A& 7] theksh e Ag-5 B3l AEAN
2. 7P2 el dha o2 dkga7Itka B uE Qi thJuanda, 2005; Ahmad et al., 2008; Sayyed et al., 2009). &3}, 1A=
o] anE E¢ Uy é% FANA HISEE A 5 AvkaLl dEA Yo B (Oades. 1993; Tisdal, 1994; Six
et al., 2007) QFE ol ﬂ% | E8]-8l8H A3 A gl S Zlos ekt bk nAED 5ALETL FA
iféhﬂ ATEZY 7ol ool le &5kl féi HW] olell thgk A= w]H]3kth(Jeon and Woo, 2005; Ma et al., 2011).

2 AME mEe] e 5247 JTESS AXsla B vlES vz £33 ok R ks gEotol

OMJE A BSick. A Bl w}% JNTEYS] E]-sehy 543 iele] 7] 9 e 4dS EA oA
‘ﬁﬂ& A A 87 s ] Aol dEE MAE JTESY B33y B4 dAE ARSI

i

mlo

157

2, Mz 3

2.1, FAR

2 ATl AHS-E S ERA(pH 35 - 45, Sunshing, Canada) 2 A &}o] E(SA}, Seoul, Koreg), CMC (carboxyl methyl
cdlulose, KA}, Dagieon, Koreg)t= Aol Bullslis AlE-S - ske] ARSIt F-(Quercus mongolica) 32 A3 A
el 2 2123198 214X (YAl Daegu, Kored) S ©18-5F4] 25 kgffon? $h2l 2710 2 587t A 2]51laL 60°ColA] 34]
ZF 10% ol¥hE FF(1:20, wiv)d The e o9 & g ES AREEISIth
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2.2, HBE AF L ATEY 2A)

FA T30 Badillus subtiliss A 2522712] HAMIA Alaute} o]-g-a19lt}, u 8-S NBHiXo|A 427} 30T, 100
rpm ZA 0% °“Zﬂﬂﬂ°f a9 Wit Feho]E 100 goll A ujke v S 30 mL} 2% CMC (Carboxy Methyl Cellulose)
0 mLg gol £ H‘4~ 30 C wig7]olA] 8U7F A GAIF PIAE *M 3BT ﬁéﬂow 48N A xBI L FAE
71E o83} ﬂl*g S AP} o Uy ATEY 952 AL AFESS AUTHS 70 do] DERX, Hilo
E, Axgd AU 9 uAE AES 3133 (wiwwiw) BlE= g a}oq Z7) O}Oﬂq

23, 473 OfSIEE T 2
T OMIEE YT 2YS 3 RETERIT P DN GAES, 100% ED), 25% EFEHTS £

+ 25% Q1 FES, w/w) 500% E3EHB0% EF + 50% AFEY, wiw), 75% EFEH25% EF + 75% AFEL, wiw)
% IBEY06 AITEN: 24 125 7|0 AL, 757575 om A 2] KAl FE] ol

A AFA19] 915 BN, FE 128008 We] QAN H3t0] AETE 2YSGO, AT 24 F 3900
A F25) pstel Bl Axsh RS Stk 2HE AGTNE SRR 24 (Lespeceza oyrtobotrya) FA4E
50%} SHEste] ARAG B4 ol §a9ln tiATESY, ALY THEY 2 AFEGE Bel55E 543} v guas
249 o] 3lgict

2.4, B2 BRIAEY BA
HEFESY, Az EREe

2 AFEFS
density)= 100 cm® o] £l A BE

F2 60°ColA 24AF Az & E]-315H4 B4 Ol%ﬂiiv}. SAU = (Bulk
& Ty 500 g 5 o]&ste 31t ¢8-S 78l ol & 30i9] ks &7)dd
T o2 Al Az FAE F45te] 2HE31% 31(CEN, 1999, 19990; Byun e al., 2012), & E(Porosty)c’ |AUE
54 1N5gH2.65)5 o83t AlLtetlthInbar et al., 1993). ?—‘%E%%‘(Waer holding capa:ty)—— 100 cm® 0] £
*lﬁr A9-1L, 500 g FE 0]%6}04 3 gEs e vl vk EE E3PAT § 24417 B SEET AAE Al
TAZ AL, 1A 105 °C 271271001 2447 AZAIZ & ﬁiﬂ Al FAE 543t0] AFERITHYi e al., 2012).
pHE AR S/HTE ULo}°4(15 w/w) shaking incubatorol 4 303t 218 & A& pH meter (HI-8418, HANNA
Ingrument, USA)E AHg-8lo] A5 1, et o 2 EC meter (Orion 3-Star Plus, Thermo Fisher Scientific, USA)S
AMg-3to] A7) A E%(EC, Electrical oonductlwty)g =4319itk 715 deH(Organic matter)> 550°C2] 3] 31204 243
EFSIA] A 24819131 (NIAST, 2000) B H|(C/N ratio)s= 942341 7](Flash 2000 Series, Thermo Fisher Scientific Inc., USA)
B R g A0 S 54§ aage] digk A4 e vlER At

A
o

pul

[

2.5, AEXRS B4 B4
AERSE 54 24E 8 e A A § LA woldt FEE FANIE 5/ 9941 sklar AE] % 2~(Digital
caipers, Blue bird, Ching)E o]-8-3to] Z7](Stem height) 2 E](Root length) R Zel& Z438ISIth(Lee ¢ al., 2013).

2.6, TAELE 24

MAEEE BAS Y8 dAE A RTEY, Axd SHEY 9 JATESY A48 Y F gxTEY, EFEY,
OlFEY 717 715 10 g 44 AT e 90 mLe] BiH 0.85% NaCl &2l oy 2Ej%~] (Vison Co., Bucheon,
Koreg)oll 4 200 rom©.& 3027+ @ESIGITh @8 Ad#9] 51474 9S WHE F, cycloheximide (0.05 glL)& 73 R2A
agar (NA, Difoo, Detroit MI)ElA] o] =dsle] vljYFsliTt mde ik 28 °CollA] 297 wjdt & 43 colony S 715519
th 7 AlRY HAE - 3719 peridishol UERE colonyE 217 A58 $- 331 4kS Aei9(colony forming unit: CRU/G)=
A& EHON ¢ al., 2014).

2.7, BAEA
dlo|8 EA1E4L IBM SPSS satistics v25 (IBM Corp., Armonk NY USA) 22738 o] &3tk A+ B3t
o4 174 918l Duncan's multiple rage test (p < 0.05)E 2A81% L Q1FEYe] Eal-38H4 5409l dHele] £7)

gl e Agate] ARls Flol: AebAlS(Pearson's correlation coefflqents)—‘%"ﬂ. & AANE.
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A ARl 4R, FHE, FREAESE A8 A 2 93 vHE 842 283 Wiiol(Boodley,
% 2 593 B4 nlar) Fo3lt. Tale 10 IR TEYS EFEYS L AFEY
gk $4UE, 358 2 FREfYS etk
2 717} 024 glem® B! 0.16 glom®e] §4 U =5 vEblE] 051 glem®e] &4
Uehd dZTESY folsiAl W A5 el QT Ede] 3| go| Tl e} 49U mE Hal 1Al
F71ESF SAUEIE 39 WAE Uehdtta 44 st @ al., 2015) 1T EY S|
7S f7lE FEE A Skete] Yehd Aate Al Eti(Table 2). ITEFOE Q3 vtolxl §4d s
EE= E7)4 3 fElehA 23 Ao BrhETthNeson, 2003). B35S Bk wjae @ BarEitnt ol
A J3FS FE 91A}o]H(Schoenholtz et al., 2000, Liebig and Doran, 1999), 85%0]4te] Brgollx] A EA7o] A8}
o]FojAtta &4 AtiDe Boodt and Verdonck, 1972; Gruda and Schnitzler, 2004). ZTESS A& 4gst
THEED B 80.7%] THES UERAINE QT ESS] £3]Eo] S whet 3552 90.8% - 95.5%71] -2t
Al F7H A JITEFS o2 A3 FFEY T/ A5 frEshA 288 Ao R Aot tial, Ego)x9
oS TS B3 o] FoA T H& FFER QI8 FAe] FolAAl HH A& AxsElE 4 -7 dckShin,
2002). Wb 97.0%9] H2 THES UER I EYY] W o] durhE I EdEd Wio] JFTEY] A wite]
aEjoiel & o2 btk FREEAEE AFEYY] FEAGTEHS YRl A8 A st S Il 9
HAE Ak A lth(Yang e al., 2013). DIZTESY, 25% EREY, 50% SHEY, 5% FES 2 Q
FEBFES 7+ 59.9%, 66.1%, 76.5%, 79.8% % 83.3%% YEPton Q¥ e Eahn]go] Fet) wel
FoetAl S7eIl A dETESS A ZE ATl AF FREAE 60% o] A5 HERITHYeager ¢ al.
1997). Basso et al. (2013)7} Lawes et al. (2009)2 %2 FHEEFHS G717 A {2 Bk ohye} Eokfal
Ao a¥E vepdtia Bagc) mEbA AzE QITEGS 77 A5 2 dgH8A] SR 89102 Q1% B
Aol At Ao Algd) T8 RFEY sl ATEY EH|Eo] ALGE SAUE, F5E 2 FREFE0)]
sptElE Aoz Uehit

=

12}

tlo

o [

F1ER]

H

1>
ﬂH
r

ro, off

3.2, 3t E4

Ecko] 5154 B2 AEAe] AHA 0 R fA AL AEAF] A3t S AAstE F83 8210 = (Garids
¢ al., 1986) YETEYT JFEYFS] E3|&d w2 s}3hy B4 &4 vart desit) Q2TEY, SFES 9 AIFEY
)3k pH, A7) 4 = %(EC, eectrica conductivity), EF2H|(C/N ratio) & 7] 32K Organic matter)S Table 201 LEF

WETEY, 25% EFES 500 ZIEYG D 75% EFESS pHE 22 pH 4.8, pH 4.7 2 pH 4624 254430
285 pH 5.3 - 65 BT} & £XE UEsli(Abad et al., 1992) S1FESS] EaHn|gof e G045 JeRlA] &),
w3 AFESME 7P W pH 43S VERIET] Yamazaki (1982)5 pH 4 olaloll e 2189 Be)r} &aks i) 4tk
Rt webd A8 @zl ugt JATEYY] pH o] Jasirta FdEeh gE2TEY, EHEY 3 ATEYY]

1)

A7NAEEE A2 0061 - 0101 dfmE UERITE 288 At ArdEms dPHE o= 05 dem oJsF A4
Ao AdA I (Abad et al., 2001) F A7 EEE FFFHOR Q1ste] A& | £ srh(Aliasgharzadeh
e al., 2001). WA QIFEFS W A/ARER Qlate] Aol tig A=A FlE epA] ¢S Aoz wegd
Aubd o &7 Bhgu]7} Holx]A] B A SR EAjeks AAE ABo] o|gap] A AEe] WA EaH Hol 2714850
B3l Fti(Chai et al., 2011). ©|2 3] Q1FELe] eHn]7E 50 oldd 9ol AAHEE d7sle] Bng s ok
gkl A drkLee and Sang, 1991). Sou et al. (2011)-> 3] AR ojgh @A 7} 1745 Ve THL BalstE]
250 EIHEF 50% EIEY 2 750 TIESIAE 150 - 19.8 WY eEHE Yehjo] A3 EWS] E£gtog 93t
Z7|R5 HAE BASA B& AR FErh HETESY H7]E TS 236%E 7MY W2 FAE e ATEY
Eulgo] SIHFE 27.6% - 432%= F71%E FFo] o4 A SIS ol JFEY AxE S8 A f71E
A5 AAEE FUF 2 HER | Fgto g 93 ko7 FEy, /1SS TR AEAAS 9% U Ui
AF D ouEk i WS A3 Yol H3bsd] fTd Ao wEriWood et al., 2018).

p s
-,
)
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3.3 HAELUE
HETEY, SFEY 2 AFEYY AfE ofXE A48 W& vAE YewstE Table 39 YERh
A4E A T EY vdedEs 35 x 10° CFUIgo.& 713 W& 53] 2 ATEY Eoh| o] T4
nBEUEE 157 x 10° CFU/gel A 624 x 10° CFU/gS 2 Z713lSith Afi of9| X E 424 37Y F tx1E%]
4 e

Ly
W
T
SO
0L g
1—4

e = 134% 725193 25% E3ESE, 50% SFES, 75% EFEY 9 Q1FEYS nAE T2k 717} 61.1%,
30.8%, 21.0% % 36.9% 5713 5215 e oY o] f= HVJ&%% o 714 ey AAYSs AR
o83l A HEu AxE ATEFS F7IHR o]Foj7 S ERA Y B4 57} A ogle], njAEe] ASshe

t 453 $50] 24 E o] Yehd AxtE whE] 11 (Barber and Lynch, 1997; Lynch, 1982; Krieg and Holt, 1984) 74
MAEEEE AEAT AL ¢S A Ao AR HK(Nautiyal e al., 2013).

3.4 WSEA

HETEY, SHES 2 JAFEFS] At o XE dAE Aol dgg el gk 714 (stem height)
2 He] A7 oot length)S Fig. 19] LERAT)

Wiele] 271488 Aol 2% EFESA 51 em 7HE 2o FAS ekl 50% EHEY, s ERug g Qg
Ookoﬂ ME Z47F 48 cm, 44 cm 2 35 cmE UrEM 50% o ATEGFS LIS W E71487g 0] 7haslth e

W gL 50% EFESIA 119 cme) 71 5 FH2 LI 25% EREY, HRTEY, 75% EHEYS 2 TEY

CQ_E 747} 105 cm, 8 cm, 7 cm 2 5 cmE YEE AT EWGS B B4 2 BUAS SR o= AEHES
Az A li=d|(Warkentin, 1984; Kang et al 2004) Q1T EFe] Eqe] wlElste] 7147 9 e Aol
7V ekokeh wEbA] A5 whE AAg TR E9u] 2] Yad zlow wdwrh

3.5. QT EFo Ba)-sleta EAT A Aol gt A

Inele) £7]) 9 el dFE v B Bl 3lehy SAUAE BES] 93 AvdA 24 49E Tale
40l YR

ﬂ%ﬂ 718483 ATESY] 8-318HE B4 QAR FAHAE

FEBFE] o3 W+l FATAE Uelitkp < 0.01). £3], Ul*ﬁ%%l&g} 3

°*(+)«1 ARAAE UeEPI o, Jo e a.(2017)& FFET} 289 278G FH)e

ol9} A& AvE YERILE o) W ge AR fo3t ) AAdAE ‘JrE‘r‘iil(p<O.Ol) *a%%, #Hi%
o, e @ 1B elR H0)) A0S e

s
O
O
ol
8
o
ol
=)
o
d
2
k1
aul
i)
=
o
N
o
ol

428
VFEFE ETE TS 1) 04 glor? BT S S} g5%e] ool FHE, 60% o[4Sl FREFAL
vebian 814 S0l 05 ddmelahel 71, 50013ke] ON ratio % & 718 HS ehiol 4247
AR e B8 54 9] T 202 5T vk, ARE JFEPS] pHE RIS e 945
2 pH 280] A8F A0% W) WAelel F7] % el AY 2o)F vlwdk A 2506 EHEY % 50% EFELIN

EFEeie e Pl A4S debic e 2] o ol el A% v Al 59994 54
Vgl 4R 1 2 93 deblon W 8395 718 el /19 2
A e o 1510, W £ ol e SR il el 2148 L hel el B
| g 715 Aow AlEH.
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