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Abstract
Low nutrient and organic matter (OM) contents in reclaimed agricultural soils can hinder crop 
growth, making it essential to improve the chemical characteristics of reclaimed agricultural 
soil to maintain crop productivity. Poultry manure (PM) can effectively supply nutrient con-
tent by its high nitrogen (N) and phosphorus (P) concentrations, while leads to environmental 
issues, including odor and greenhouse gas emissions, by improper pre-treatment. This study 
aimed to evaluate the effect of PM-based biochar containing the varying rate of rice husk on 
soil improvement in reclaimed agricultural land. Soil samples were collected from the Sae-
mangeum reclaimed land, and biochars were produced using PM as the primary ingreidient, 
with different proportions (i.e., 0, 10, 30, 50, 70, 90, and 100%) of rice husk. All biochar samples 
were pyrolyzed at 350℃ for 1 h. Chemical characteristics of biochar showed that increasing 
the proportion of rice husk decreased the pH electrical conductivity, and nutrient (N, K2O, 
CaO, and MgO) contents, while carbon and OM contents increased. Regarding soil improve-
ment, the nutrient and OM contents significantly increased when biochar was applied at a rate 
of 5.0 Mg·ha-1 or more. Lettuce yield increased as the biochar application rate increased and 
the rice husk ratio in the PM-based biochar decreased, with the highest yield (33.52 Mg·ha-1) 
observed in reclaimed soil treated with 10.0 Mg·ha-1 of PM-based biochar without rice husk. 
Therefore, to improve soil nutrient content, minimizing the rice husk proportion in the PM- 
based biochar was most effective, while OM improvement was enhanced with increasing rice 
husk ratios.

Keywords: lettuce, livestock manure, soil health, soil improver, sustainable agriculture

Introduction
�춞��짢, 찮줞쥏�쌘�휗흖튢쐚�쑮�튷얞�챁첺뻲��퉇뻲�

붆튷얞쯶, �쐚휗�펞켊칺�즫�붖팒푢쐚���짢��쑪(Oh et al., 2022). �
쥲휗�숴�휗켊축�뾶쳂쥏, 숴�쵾퉣쳂�튷, 쌘��펞축힂춢퉣왷�
��짢��퉣툶튷��춞쌓빃��10켊�1 펞��짢훒즪��쑪(Oh et al., 2020; 
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Kang et al., 2024b). 뻳숺흖튢쐚쌓흋�찯��짢�튷얢퉎쭒뾎붊�쌓�붆�흖팓쯶, 퉎쭒뾎붊�쌓�쐚2023

싊뾶�񲨺뻳붆뺆쬲붊�쌓�(�32,000 ha)�휃29.5%쬂��쑪. 퉎쭒뾎붊�쌓�쐚�붆쐚�뻲펞흖욶
쫾뻳숺빧쳂�뾏쫦�쌘�뾶�춳�쳂��춶않짣�뻲춡빦��숞, 숴�휗켊, �뾶쳂, 뽾쬲빦펞켊칺�즫
�짢�춳�쳂�퉣툶튷칺붆휺즪�푪��쑪(Wijeysingha et al., 2023). 욶줂튢, 뻳숺빧쳂�뾏쫦퉇��
튢쐚쒆뽢찮힇쌓�붆쐫퉎쭒뾎붊�쌓��숴�휗켊축�뾶쳂쥏뺂펞켊칺�즫�붢튦뾶�흶뻲붆
�쑪.

붆�툲�푢춢퉣쐚붆�켊썮쐚�팒(N), �툶(P2O5), 뽾쬲빦팒(C)붆켆븒��흲쌓흋켆첾흖튢쐚
�짢·훧쿊짢�얞빦�쑪(Lee et al., 2024b). , 빊켊�쑪쫾붆�켊썮칺쑪쌘�휗켊쥏�칺�빦�휺
휗켊빻뾏쐫즫��펞쑪빦훒즪��쑪(Lee et al., 2024a). �쭒, 쌓�쯺�붖팒ퟆ훋�축힮푪붆퐪�춢퉣왷
�짢��빃��뾶펦���붆�켊썮뺆쬲붆�쑪(Kang et al., 2022; Jeon et al., 2024). 춚�힪�
(biochar)쐚�뾶튷����빃��짢��펞�쐚뾶펦�숞짢, ·훧쿊ퟆ쑲쬲뻲��훎�튷�졶휺숞
휗숺흖튢팒쬂춞힇뻲��짢븯쬲푢펞�쑪(Chun et al., 2022a; Kang et al., 2023a, 2023b, 2023c; Lee et al., 

2024a). 휗흖�쬲얢춚�힪�쐚쌘�쯺�뺂쵾튾빻뽿���흲휗켊�빦�펞��쯶, 휗숺휗�힮
뻖�쥏(cation exchange capacity, CEC)뺂펞켊칺�즫�붢튦흲쌓흋퉣툶튷�퉇푢펞�쑪(Kang et al., 

2023d; Lee et al., 2023). 휗숺춚�힪��쬲흖욶쫾휗�붢튦뺂쐚쭔�튦흶뻲흖튢칺빦얢춚��숞, 

춚�힪�����쩒, 흺켊�뷺, 춯츛왷흖욶줂뺂붆찮엖쑪쫺븒�툲얞흎쑪(Chun et al., 2022b; Park et al., 

2022). 잖, 붆�켊춚�힪���뺂��뿚��짢툲�얞쐚푣쳂튷�쩒(힎, ퟛ븮, 춫, 칕�왷)���붆쐫
않짣쿊쩒빻�뽢븯�빦푢얮흖욶줂붆�켊춚�힪�숺흖푣쳂튷�쩒�쿊�흖욶쫾춚�힪��휗�
붢튦뺂쬂붆쐚븉��쑪.

욶줂튢, 칾흶뻲흖튢쐚빊켊�쿊���붆흖욶줂휗숺휗켊쿊힫않붆�붆흲�쳂퉣��퉇얦
븉�줂빦붆튪�튪�힆�쯶, �쬂�빊켊���흲춚�힪���푢, ퟛ븮�쿊��쑲쬲튪�힆
쑪. 잖, 푪�붆튪��뾶�ퟛ븮�쿊��쑪쫾빊켊춚�힪���튷칆쬂�힆�
쯶, �쬂뾶춞�짢퉎쭒뾎붊�쌓�휗흖�쬲흖욶줂휗�휗켊축�뾶쳂붢튦뺂쬂붆힆쑪.

Materials and Methods
뫰탗햧웇

ퟛ븮�쿊��쑲쬲흲��빊켊춚�힪��쬲붆붊��휗튷흖쵾�쐚힇��뾶�퉎
쭒뾎붊��숺쌓퉣찋��흖튢휗���흲푢튪퉇��춶푢흖툲�힆쑪(Fig. 1). 쑿푢��튷
(soil texture)�툲휗(sandy loam)짢켊쫞얞흎�숞, 찮줞(sand) 쥏�쌘훊휗켊칺�즫�숴�븉���쑪. 
휗���(5 - 20 cm)�쒆퉇�짢��힆�쯶, �뾶쳂뺂�쳂�(힎, �붢쁓쓶뾶, 줂퐪왷)�찮엖�뷶
흲퟾켆��흖�뻖줆��팒힆쑪. ��휗��숮쒆뻖쌓흋퉣찋뺂쒆켆팓�쬲힮푪숺흖튢3
�붊뷺�흲펞켊�찮엖�뷶힆�쯶, 2 mm �짢�뷶쬊흲푢튪퉇��춶푢흖��힆쑪.

춚�힪�쐚빊켊���쩒짢툲�흲��힆�쯶, 빊켊���숮않켆흲푢팒��쿊��푢튪흖튢�쳂
짢펞뷶흲툲�힆쑪. 잖, 칾흶뻲흖튢쐚빊켊춚�힪�숺ퟛ븮�쿊�(0 - 100%)���짢��
뾶���숮않빊쩧푢팒���쵾팒흖튢펞뷶ퟛ븮쬂툲�힆쑪. 붇붇��쩒왪�쿊쑖�퐪흖튢2�붊
�켊펞켊��뷶, 춚�힪�����쩒짢��힆쑪. 춚�힪�쐚빊켊숺ퟛ븮붆얢쿊��쑲쬲흲 

stainless steel barrel (Ø 280 × 120 mm)뺂electrical furnace (Lindberg/Blue MTM 1,100℃ Lab Box Furnace, Thermo 

Fisher Scientific Inc., USA)짢��힆�쯶, 흺켊힮않ퟆ푢붊�붇붇350℃ퟆ1.0푢붊�짢찮엖앟�븒튪�
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힆쑪. 빊켊숺ퟛ븮�쿊�흖욶줂춚�힪�쬂켊쫞축찋찋븶뺂쐚Table 1흖숞숺흎쑪.

Fig. 1. Overview of the soil samping points in Seamangeum reclaimed soils of South Korea. Locations of the 
sampling points are shown as yellow dots.

Table 1. Summary of brief description and abbreviation of poultry manure-based biochar containing the var-
ying rate of rice husk.

Abbreviation
Mixing ratio of (w·w-1)

Full name
Chicken manure Rice husk

PM10RH0 100.0     0.0 Poultry manure (100%)-based biochar containing 0% of rice husk

PM9RH1   90.0   10.0 Poultry manure (90%)-based biochar containing 10% of rice husk

PM7RH3   70.0   30.0 Poultry manure (70%)-based biochar containing 30% of rice husk

PM5RH5   50.0   50.0 Poultry manure (50%)-based biochar containing 50% of rice husk

PM3RH7   30.0   70.0 Poultry manure (30%)-based biochar containing 70% of rice husk

PM1RH9   10.0   90.0 Poultry manure (10%)-based biochar containing 90% of rice husk

PM0RH10     0.0 100.0 Poultry manure (0%)-based biochar containing 100% of rice husk

PMXXRHYY, poultry manure (XX%)-based biochar containing YY% of rice husk.

탗켟캼�햧쨫탟

푢튪퉇�(Lactuca sativa L. ssp. Jeogchima) �춶푪��숮쒆뻖쌓흋퉣찋뺂쒆숺켆팓�쬲힮푪흖튢
2024싊08�03�켆09�07�뿒��35�붊푪푢힆�쯶, �쳂�1·5,000 a-1 뾶�Wagner pot (Kenis, Japan)

쬂��힆쑪. 칾흶뻲흖튢쐚ퟛ븮�쿊��쑲쬲빊켊춚�힪��힇�붣뺆��짢쿊뻖축븆뾶�튦
흶뻲왪흖튢�짢튦�얢푢튪퉇�쬂��힆쑪. ퟛ븮�쿊�흖욶쫾휗숺휗켊칺�즫축팒븯쬲뺂
��쬂붆뾶��쬲뻲쐚�9붢짢뻲튷힆�쯶, 춚�힪���쬲쥏(1.0 Mg·ha-1, 5.0 Mg·ha-1, 10.0 Mg·ha-1)

흖욶줂Table 2ퟆ붟�튾켊힆쑪. 첺뾶�쿊쩒쐚쌓���흖튢빦푢푢튪퉇��푢쿊�춯뾶�(N-P2O5- 

K2O = 200-59-128 kg·ha-1)흖�흲�쬲힆쑪(NAAS, 2022). 잖, 쿊쩒푢�흖욶쫾�쳂�퉣��훦쬂춯�
뾶�퉣�뾶붊��2흖뷾�켊푢힆�쯶, �쬲힮푪퟾켆�뽦뾶힮�빦즪흲뺆펞쐚�춶뾶붊��
2푪푢힆쑪.
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Table 2. Summary of experimental setup for evaluating the effect of poultry manure-based biochar on recla-
imed soil properties.

Biochar type
Biochar application rate

1.0 Mg·ha-1 5.0 Mg·ha-1 10.0 Mg·ha-1

PM10RH0 PM10RH0-1 PM10RH0-5 PM10RH0-10

PM9RH1 PM9RH1-1 PM9RH1-5 PM9RH1-10

PM7RH3 PM7RH3-1 PM7RH3-5 PM7RH3-10

PM5RH5 PM5RH5-1 PM5RH5-5 PM5RH5-10

PM3RH7 PM3RH7-1 PM3RH7-5 PM3RH7-10

PM1RH9 PM1RH9-1 PM1RH9-5 PM1RH9-10

PM0RH10 PM0RH10-1 PM0RH10-5 PM0RH10-10

PMXXRHYY, poultry manure (XX%)-based biochar containing YY% of rice husk.

뫰탗햧웇핓켬쭿켘

푢휗�튷�쿊�빊(hydrometer)츛���흲찮줞(sand), 쵾툲(silt), 뽾쬲빦�(clay) 쥏�붇붇빊
툶힆�쯶, 붇붇�쥏뺂튷켊쫞쬂뾶��짢soil texture쬂븶�힆쑪. 휗�pHퟆelectrical conductivity 

(EC)쐚펞켊��뷶휗뺂distilled water (DW)쬂1 : 5 (w·v-1)�쿊�짢, 퉇�훧�쒆퉇�짢Benchtop 

Meter with pH and EC (ORIONTM Versa Star ProTM, Thermo Fisher Scientific Inc., USA)짢켊튣힆쑪. 휗숺total 

carbon (T-C) 축total nitrogen (T-N) 쥏�elemental analyzer (CHN828, Leco Corporation, USA)���흲�쥏
힆�쯶, T-C 켊튣붘흖툶빊펞(1.724)쬂빷흲organic matter (OM) 쥏�빊툶힆쑪. 휗숺available nitro-

gen (avail. N) 쥏��팒�첺뾶�NH4

+뺂NO3

-�쥏�Indophenol blue츛뺂Brucine츛�짢붇붇켊튣 

, 흲빊툶힆�쯶, 켊튣흖쐚UV/Vis-spectrophotometer (GENESYS 50, Thermo Fisher Scientific Inc., USA)

쬂��힆쑪. 휗available phosphorus (avail. P) 쥏�Lancaster츛���흲휗�툶�훧�짢��, 

UV/Vis-spectrophotometer짢�쥏힆쑪. 휗숺�튷휗�힮(exchangeable cations, Ca2+, K+, Mg2+, Na+) 쥏�
1.0 N ammonium acetate (NH4OAC)짢��, ��흲inductively coupled plasma-optical emission spectrometer 

(ICP-OES, iCAP Pro, Thermo Fisher Scientific Inc., USA)짢켊튣힆쑪.

춚�힪��pHퟆEC쐚푢쩒ퟆDW쬂1 : 10 (w·v-1)�쿊�짢켊튣힆�쯶, 춚�힪�숺힂쌓않(salt concent-

ration, Salt Con.)쐚Na+뺂Cl- 쥏�붇붇ICP-OESퟆ�툶�츛�짢켊튣흲붆�숴�붘�툲�힆쑪. 춚�힪
��OM 쥏�츛���흲electrical furnace짢켊튣힆�쯶, 붇�팒(C, H, N, O)�쥏�elemental 

analyzer짢�쥏힆쑪. 뽾�, T-C, total hydrogen (T-H), 뽾쬲빦total oxygen (T-O) 쥏�켊튣븶뺂쐚H : C ratio, 

O : C ratio, 뽾쬲빦(O+N) : C ratio쬂븶�뾶�툲�얞흎쑪. 춚�힪�숺첺뾶�튷(K2O, CaO, MgO, Na2O)뺂
�뾎팓8�(As, Cd, Hg, Pb, Cr, Cu, Ni, Zn)�쥏��툶, 뺂힂팒툶, 뽾쬲빦힂툶���흲푢쩒쬂켊훧�
쒆퉇�짢ICP-OESퟆ펞�켊튣뾶(DMA-80, Milestone, Italy)짢�쥏힆쑪.

�몿쭿켘

칾흶뻲쐚3춞칻펞븶뺂쬂�푢힆�쯶, 붇�쬲뻲붊빊��񇦮쐚SPSS 빊팒�휺(IBM SPSS 

Statistics version 26, IBM, USA)쬂��흲켊튣힆쑪. ��튷븆��켊툶켊튣(one-way ANOVA)���흲
95% 푦쨶펞�흖튢푪푢힆�쯶, Duncan�multiple range test쬂��흲툲븆��푪푢힆쑪.
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Results and Discussion
몿쭿뺯푐몣핓찿픣쪿쨏핯퐟�핓켬맻

빊켊숺ퟛ븮�쿊��쑲쬲흲��춚�힪���튷�켊튣븶뺂쐚Table 3흖숞숺흎쑪. 춚
�힪��pH쐚ퟛ븮�쿊���붆흖욶줂񵦮붖팒쐚빃�숞숺흎�쯶, ퟛ븮쬂쑮앋�짢��춚
�힪�(PM0RH10)�pH붆pH 8.39짢붆�숴훞쑪. 잖, PM10RH0쐚pH 10.28짢붆�쌘�pH쬂칺�빦�흎�숞, 

PM9RH1 (pH 10.23)뺂빊��񇦮쐚칺��훐훞쑪. 춚�힪��EC쐚pHퟆ�툲빃�숞숺휺PM0RH10

흖튢2.82 dS·m-1짢붆�숴훞�쯶, �쐚EC붆붆�쌘�PM10RH0 (81.67 dS·m-1)칺쑪휃29춶숴�펞��흎쑪. 춚
�힪�숺Salt Con.�빃�, ퟛ븮�쿊�흖욶쫾����쬂숞숺�훐훞�숞, 빊켊숺ퟛ븮붆70% �퉇
얞흎�웒흖쐚븆��쵾쭒(not detected, N.D.)�짢�툲얞흎쑪. 춚�힪��OM 쥏�PM0RH10흖튢83.20%

짢붆�쌘븒켊튣얞흎�쯶, ퟛ븮�쿊��붖팒흖욶줂񵦮�붆쐚빃�숞숺흎쑪. 춚�힪�숺T-C 

축T-H 쥏�OM 쥏뺂�툲븒PM0RH10흖튢붇붇53.62%ퟆ3.36%짢붆�쌘븒�툲얞흎�쯶, 춚�힪�숺
ퟛ븮붆얢쿊��10% �붆흖욶줂T-CퟆT-H�쥏�휃2.05%ퟆ0.16%붆�붆힆쑪. �ퟆ춞쒆짢, T-N

뺂T-O 쥏�ퟛ븮�쿊�뺂�(-)�퉇뺆뺆빊쬂숞숺휺PM0RH10흖튢붇붇3.58%ퟆ21.95%짢붆�쌘븒
�툲얞흎쑪. 첺뾶�튷쥏(K2O, CaO, MgO, Na2O)�빃�, 춚�힪�숺ퟛ븮�쿊���붆흖욶줂񵦮붖
팒쐚빃�숞숺흎�쯶, PM10RH0뺂PM0RH10 숺K2O, CaO, MgO, Na2O���쐚붇붇6.59춶, 16.25춶, 

20.73춶, 뽾쬲빦33.50춶�흎쑪.

Table 3. Chemical characteristics of poultry manure-based biochar containing the varying rate of rice husk.

Biochar
pH

(1 : 10, CaCl2)

EC

(dS·m-1)

Salt con. OM T-C T-N T-H T-O K2O CaO MgO Na2O

(wt%)

PM10RH0 10.23 ± 0.12a 81.67 ± 1.88a 0.01 ± 0.00a 50.22 ± 0.83f 32.37 ± 0.54e 3.58 ± 0.23a 1.81 ± 0.07f 21.95 ± 0.42a 4.68 ± 0.14a 5.85 ± 0.03a 3.11 ± 0.03a 0.67 ± 0.03a

PM9RH1 10.28 ± 0.00a 76.93 ± 1.93b 0.01 ± 0.00a 52.60 ± 0.87f 33.90 ± 0.56e 3.27 ± 0.14b 1.92 ± 0.07f 20.45 ± 1.35a 3.86 ± 0.44b 5.67 ± 0.10b 2.72 ± 0.34b 0.55 ± 0.06ab

PM7RH3 10.07 ± 0.01b 63.86 ± 2.12c 0.01 ± 0.00a 56.97 ± 1.01e 36.72 ± 0.65d 2.97 ± 0.10c 2.11 ± 0.04e 16.35 ± 0.52b 3.64 ± 0.39bc 5.39 ± 0.22bc 2.26 ± 0.37c 0.50 ± 0.05b

PM5RH5   9.78 ± 0.07c 47.45 ± 1.43d 0.01 ± 0.00a 65.34 ± 0.19d 42.11 ± 0.12c 2.59 ± 0.04d 2.53 ± 0.02d 14.19 ± 0.76c 3.22 ± 0.17c 5.28 ± 0.07c 2.15 ± 0.10cd 0.45 ± 0.04c

PM3RH7   9.65 ± 0.03d 35.94 ± 2.11e N.D. 75.47 ± 0.85c 48.64 ± 0.54b 1.82 ± 0.08e 2.96 ± 0.03c 12.60 ± 0.41d 1.83 ± 0.18d 3.63 ± 0.32d 0.96 ± 0.08e 0.24 ± 0.04d

PM1RH9   9.27 ± 0.02e 14.23 ± 0.54f N.D. 80.34 ± 0.70b 51.78 ± 0.45a 1.15 ± 0.01f 3.16 ± 0.04b 12.48 ± 0.15d 1.01 ± 0.12e 2.48 ± 0.71e 0.39 ± 0.11f 0.03 ± 0.03e

PM0RH10   8.39 ± 0.03f   2.82 ± 0.04g N.D. 83.20 ± 0.28a 53.62 ± 0.18a 0.76 ± 0.00g 3.36 ± 0.01a 10.69 ± 0.18e 0.71 ± 0.03f 0.36 ± 0.04f 0.15 ± 0.02f 0.02 ± 0.02e

p-value ** ** *** ** ** * * ** ** *** * ***

PMXXRHYY, poultry manure (XX%)-based biochar containing YY% of rice husk.

EC, electrical conductivity; Salt con., salt concentration; OM, organic matter; T-C, total carbon; T-N, total nitrogen; T-H, total hydrogen; T-O, total oxygen, N.D., not detected.

a - g: Within each column values followed by the same small letters are not significantly different at p < 0.05, using Duncan’s multiple range test (n = 3).

*, ** and *** were denote the statistically significant differences at significant level p < 0.05, p < 0.01, and p < 0.001, respectively, based on Duncan’s multiple range test.

춚�힪��H : C ratio쐚춚�힪��훎�튷(aromaticity)�숞숺쯶, O : C ratio 축(O+N) : C ratio쐚춚�힪�
�뽿튷(polarity)�숞숺쐚�짢툲�얢쑪(Kang et al., 2024a). 뻳숺쿊쩒빻�뽢븯퉇흖튢쐚H : C ratioퟆO : C 

ratio쬂붇붇0.70뺂0.40 쵾쭒�짢튪�않짣빦푢얞휺�쑪(KLIC, 2024). 칾흶뻲흖튢��춚�힪�쐚ퟛ븮�
쿊���붆흖욶줂H : C 쿊���붆힆�쯶, ퟛ븮�쿊��50% �퉇�웒, H : C ratio붆0.70 �퉇
�짢�툲얞흎쑪(Table 4). 쿊쩒빻�뽢븯퉇춚�힪��H : C ratio쐚0.70 쵾쭒�짢뽢�빦�휺빊켊춚�힪�
숺ퟛ븮쐚50% 쵾쭒�짢힆�웒, 툲��붆쐫븉�짢쑮얢쑪. 춚�힪��O : C ratio �툲븶뺂, O : C 

ratio쐚H : C ratioퟆ퉇춞얢빃�숞숺흎�쯶, ퟛ븮쬂30% �퉇힆�웒, 뾶򱯞(0.40 쵾쭒)흖켆힆
쑪. 춚�힪�숺ퟛ븮쿊�흖욶쫾�뾎팓쥏칆쬂�툲븶뺂쐚Table 5흖숞숾춚ퟆ붟쑪. 칾흶뻲흖튢
�뾎팓8��Cd, Hg, Cr, 뽾쬲빦Ni 쥏�찮엖븆�빊쵾쭒�짢�툲얞흎�쯶, AsퟆPb 쥏��쩒�쿊
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�흖욶쫾����쬂숞숺�훐훞쑪. 춚�힪�숺CuퟆZn 쥏�ퟛ븮�쿊�흖욶줂񵦮붖팒쐚빃
�숞숺흎�쯶, ퟛ븮붆100% 얢PM0RH10흖튢붇붇0.02 mg·kg-1뺂0.62 mg·kg-1�짢�툲얞흎쑪.

Table 4. Aromaticity and polarity indices of poultry manure-based biochar containing the varying rate of rice 
husk.

Biochar H : C ratio O : C ratio (O+N) : C ratio

PM10RH0 0.67 ± 0.02b 0.51 ± 0.02a 0.60 ± 0.01a

PM9RH1 0.68 ± 0.01b 0.45 ± 0.04a 0.54 ± 0.04b

PM7RH3 0.68 ± 0.00b 0.33 ± 0.01b 0.40 ± 0.01c

PM5RH5 0.72 ± 0.01a 0.25 ± 0.01c 0.31 ± 0.01d

PM3RH7 0.73 ± 0.00a 0.19 ± 0.00d 0.23 ± 0.00e

PM1RH9 0.73 ± 0.00a 0.18 ± 0.00d 0.20 ± 0.00e

PM0RH10 0.75 ± 0.00a 0.15 ± 0.00d 0.16 ± 0.00e

p-value *** ** **

PMXXRHYY, poultry manure (XX%)-based biochar containing YY% of rice husk.

H : C ratio, amotic ratio of hydrogen and carbon; O : C ratio, atomic ratio of oxygen and carbon; (O+N) : C ratio, atomic ratio of 

nitrogen, oxygen, and carbon.

a - e: Within each column values followed by the same small letters are not significantly different at p < 0.05, using Duncan’s 

multiple range test (n = 3).

** and *** were denote the statistically significant differences at significant level p < 0.01 and p < 0.001, respectively, based on 

Duncan’s multiple range test.

Table 5. Heavy metal concentrations of poultry manure-based biochar containing the varying rate of rice 
husk.

Biochar
As Cd Hg Pb Cr Cu Ni Zn

(mg·kg-1)

PM10RH0 0.02 ± 0.01a N.D. N.D. 0.02 ± 0.00a N.D. 1.09 ± 0.05a N.D. 9.67 ± 0.39a

PM9RH1 0.02 ± 0.00a N.D. N.D. 0.02 ± 0.01a N.D. 0.90 ± 0.16ab N.D. 8.11 ± 1.21ab

PM7RH3 0.01 ± 0.00a N.D. N.D. 0.02 ± 0.00a N.D. 0.82 ± 0.03b N.D. 7.25 ± 0.53b

PM5RH5 0.01 ± 0.00a N.D. N.D. 0.01 ± 0.00a N.D. 0.68 ± 0.06c N.D. 6.15 ± 0.37c

PM3RH7 0.02 ± 0.01a N.D. N.D. 0.01 ± 0.00a N.D. 0.29 ± 0.02d N.D. 2.98 ± 0.32d

PM1RH9 0.01 ± 0.00a N.D. N.D. 0.01 ± 0.00a N.D. 0.08 ± 0.03e N.D. 1.23 ± 0.28e

PM0RH10 0.01 ± 0.01a N.D. N.D. 0.01 ± 0.00a N.D. 0.02 ± 0.01e N.D. 0.62 ± 0.05f

p-value *** - - *** - ** - **

PMXXRHYY, poultry manure (XX%)-based biochar containing YY% of rice husk.

N.D., not detected.

a - f: Within each column values followed by the same small letters are not significantly different at p < 0.05, using Duncan’s 

multiple range test (n = 3).

** and *** were denote the statistically significant differences at significant level p < 0.01 and p < 0.001, respectively, based on 

Duncan’s multiple range test.

�뾂뻳숺흖튢쐚쿊쩒빻�뽢븯�붢�쯺튢붆�켊썮춚�힪��츛�뾶��빦푢힆�쯶, �튷켊�팒
��팒�쥏, �튷켊(�뾎팓)��쒆�쥏, 펞켊쥏, 힂켊쌓않, 뽾쬲빦훎�않(H : C ratio, O : C ratio) 

왷�튪�힆쑪(Table 6). 칾흶뻲흖튢��춚�힪�쐚팒��팒�쥏뺂�튷켊��쒆�쥏뾶��
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찮엖쭒�힆�숞, PM7RH3 (H : C ratio, 0.68; O : C ratio, 0.33)쬂�퟾쑪쫾춚�힪�쐚훎�않뾶���
��챁쐚븉�짢�툲얞흎쑪. �쥲븶뺂쐚빊켊�쑮앋�짢��흲붆�켊썮춚�힪���힆�웒, 츛
�뾶�����챁푣쳂튷�쩒ퟆ���푢툲쑪. 잖, 칾흶뻲븶뺂흖튢쐚푣쳂튷�쩒�ퟛ븮
쬂툲�힆�웒흖쐚30%쬂쐚븉�붆�켊썮춚�힪��츛�뾶����푢펞��븉�짢숞숲쑪. 

Lee 왷(2024a)�ퟛ븮ퟆ빊켊���흲춚�힪�쬂붇붇��힆�쯶, 빊켊춚�힪�쐚츛�빦푢뾶��T-C 

쥏�30% 쵾쭒�짢�툲얞휺푪�쌓붆흖튢툲��휺즪�춞쯺, ퟛ븮춚�힪�쐚쌘�H : C ratio짢�츛�
뾶�흖켎��힆쑪. �쥲튦흶뻲븶뺂쐚칾흶뻲흖튢�푢빊켊뺂ퟛ븮쬂7 : 3 (w·w-1)�쿊�짢흲
��쐚춯푣��튷�숞숺흎쑪.

Table 6. Fertilizer process specification standard for livestock manure biochar.

Minimum amount of 

main ingredients

Maximum amount of 

hazardous substances
Other specification

1. Carbon content > 30.0% 1. Arsenic (As) 45.0 mg·kg-1

2. Cadmium (Cd) 5.0 mg·kg-1

3. Mercury (Hg) 2.0 mg·kg-1

4. Lead (Pb) 130.0 mg·kg-1

5. Chromium (Cr) 200.0 mg·kg-1

6. Copper (Cu) 360.0 mg·kg-1

7. Nickel (Ni) 45.0 mg·kg-1

8. Zinc (Zn) 900.0 mg·kg-1

1. Moisture content  ͗30.0%

2. Salinity  ͗2.0%

3. Hydrochloric acid insoluble matter  ͗25.0%

4. Carbonization stability (select one)

    - H/C molar ratio less than 0.7

    - O/C molar ratio less than 0.4

몿쭿뺯푐몣핓찿픣쪿쨏핯퐟��잧폋쌫읳�펌켬쪻

푢튪퉇��춶휗��튷칆쬂켊튣븶뺂쐚Table 7흖숞숺흎쑪. 푢휗�pH쐚control 

�쬲뻲, only-urea �쬲뻲, 뽾쬲빦PM0RH10��쬲�쬲뻲(PM0RH10-1, PM0RH10-5, PM0RH10-10)흖튢찮엖붖팒
힆�쯶, 첺뾶�쿊쩒쭒�쬲only-urea �쬲뻲흖튢pH 5.98짢붆�숴븒붖팒힆쑪. 휗�춚�힪��쬲쥏흖
욶줂붇뾶쑪쫾빃�숞숺흎�쯶, 춚�힪�쬂1.0 Mg·ha-1 �쬲휗�pH쐚ퟛ븮붆50% �짢얢춚�
힪�쬂�쬲흖욶줂�붆힆쑪. 춚�힪���쬲쥏�5.0 Mg·ha-1ퟆ10.0 Mg·ha-1�빃�흖쐚빊켊�90% �퉇
얢춚�힪�쬂�쬲힆�웒, 푢�휗(pH 6.51)칺쑪��븒쌘훞쑪. 푢튪퉇��춶, 찮왦�쬲뻲흖
튢휗EC쐚쌘븒�붆힆�숞, �쐚춚�힪���쬲쥏�붆흖뾶�쐚븉�짢숞숲쑪. 빊켊숺ퟛ븮�
쿊�흖욶쫾휗EC 칆쬂�힆�웒, 춚�힪�쬂1.0 Mg·ha-1��쬲휗흖튢쐚�쬲뻲붊����
쬂숞숺�훐훞�숞, 5.0 Mg·ha-1ퟆ10.0 Mg·ha-1��쬲휗흖튢쐚빊켊숺ퟛ븮�쿊���붆흖욶줂
휗EC쐚񵦮붖팒쐚빃�숞숺흎쑪. 휗숺T-C 쥏칆�툲푢, control �쬲뻲, only-urea �쬲뻲, 뽾
쬲빦춚�힪�쬂1.0 Mg·ha-1 �쬲�쬲뻲흖튢쐚푢�휗(0.28%)뺂����쬂숞숺�훐훞�숞, 춚�
힪�쬂5.0 Mg·ha-1 �퉇�쬲휗흖튢쐚ퟛ븮�쿊���붆흖욶줂휗T-C 쥏않�붆힆쑪. 붆�
쌘�T-C 쥏�칺��쬲뻲쐚PM0RH10-10짢1.06%�흎�쯶, �쐚푢�휗뺂control �쬲뻲칺쑪붇붇3.79

춶ퟆ3.93춶쌘븒�툲얞흎쑪. 푢튪퉇��춶휗숺T-N뺂OM 쥏�T-C 쥏뺂�툲빃�숞숺흎�
숞, 휗�T-N 쥏�빊켊숺ퟛ븮�쿊�흖욶쫾����쬂숞숺�훐훞쑪. 휗숺Avail. N 쥏�빃
�, 푢�휗(54.48 mg·kg-1)뺂control �쬲뻲, only-urea �쬲뻲, 춚�힪�쬂1.0 Mg·ha-1 �쬲�쬲뻲흖튢
빊��񇦮쬂숞숺�훐훞�숞, 춚�힪�쬂5.0 Mg·ha-1ퟆ10.0 Mg·ha-1��쬲휗흖튢쐚��븒�붆
힆쑪. 휗숺Avail. P 쥏�푢튪퉇��춶찮왦�쬲뻲흖튢�붆힆�쯶, 춚�힪��쬲쥏뺂휗(+)�퉇뺆뺆
빊쬂숞숺흎쑪. 잖, 휗Avail. P 쥏�빊켊숺ퟛ븮�쿊���붆흖욶줂붖팒쐚빃�숞숺휺
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PM10RH0-10 �쬲뻲흖튢360.24 mg·kg-1짢붆�쌘븒켊튣얞흎쑪. �튷Ca2+뺂K+�쥏�휗흖�쬲춚�
힪��쬲쥏�쌘빦, 빊켊숺ퟛ븮�쿊��숴�펞짣쌘훞�쯶, PM0RH10-10 �쬲뻲흖튢붇붇3.94 cmolc·kg-1

뺂1.13 cmolc·kg-1�짢붆�쌘븒�툲얞흎쑪. 뽾쥲숞, �튷Mg2+뺂Na+ 쥏�푢�휗�흲찮왦�
쬲뻲흖튢빊�����쬂칺��훐훞쑪.

춚�힪��쬲흖욶쫾휗pH 축T-C, OM 쥏붢튦뺂쐚쭔�튦흶뻲흖튢칺빦얞흎�쯶, �쥲붢튦
뺂쐚춚�힪��쌘�pH 축T-C 쥏흖뾶�쐚븉�짢훒즪��쑪(Chun et al., 2022a; Kang et al., 2023a, 2024a; 

Lee et al., 2023, 2024a). 푪�짢, 칾흶뻲흖튢않휗튷�춚�힪��튷흖욶줂��얞흎�쯶, ퟛ븮�
쿊��쌘훊퉇쒆��짢숴�pH쬂칺�PM0RH10 (pH 8.39)쬂�쬲휗�푪�휗칺쑪붖팒쐚빃�
숞숺흎쑪. 잖, 쑪쫾튦흶뻲흖튢쐚춚�힪���쬲쥏흖욶줂휗붢튦뺂붆쑲줂�쑪빦칺빦힆�쯶, 칾
흶뻲흖튢않�쬲쥏�5.0 Mg·ha-1 ���뷺흖튢휗T-C, T-N, 뽾쬲빦OM 쥏�춚�힪��쬲�첺흖욶쫾
����쬂칺��훐훞쑪(Chun et al., 2022b; Park et al., 2022, 2024; Kang et al., 2023b). 칾흶뻲흖튢쐚춚�힪
��쬲흖욶줂휗숺휗켊(N, P2O5, Ca2+, K+) 쥏�붢튦얞흎�쯶, �쥲칆쐚춚�힪���힮�튷뺂
pH 붢튦뺂흖뾶�쑪(Kang et al., 2023a, 2023c; Lee et al., 2023). Kang 왷(2023a)�쌓빃�휗흖�쬲얢춚�
힪�쐚쯺��(-) �쬂붇�휗�힮�빦�펞��쯶, 휗숺K+ 축Ca2+ 쥏���푢펞�쑪빦칺
빦힆쑪. Jeon 왷(2024)흖튢쐚휗숺휗켊빻뾏�찯��짢�뾶붢쥏�쬂�쬲쐚빃�, 휗숺휗켊칺�즫

Table 7. Chemical properties of experimental soils affected by chicken manure-based biochar containing the 
varying rate of rice husk.

Treatments
pH 

(1 : 5, H2O)

EC

(dS·m-1)

T-C T-N OM Avail. N Avail. P
Exchangeable cations

Ca2+ K+ Mg2+ Na+

(%) (mg·kg-1) (cmolc·kg-1)

Initial soil 6.51 ± 0.03g 0.28 ± 0.02g 0.28 ± 0.02h 0.09 ± 0.00b 0.48 ± 0.03h 54.48 ± 3.83f   28.33 ± 1.49j 1.86 ± 0.09i 0.91 ± 0.04b 3.71 ± 0.18a 0.18 ± 0.00a

Control 6.11 ± 0.02h 0.26 ± 0.01g 0.27 ± 0.02h 0.09 ± 0.00b 0.47 ± 0.03h 51.73 ± 2.37f   33.21 ± 0.44j 1.87 ± 0.06i 0.74 ± 0.01cd 3.10 ± 0.10b 0.18 ± 0.00a

Only-urea 5.98 ± 0.00i 0.31 ± 0.01f 0.27 ± 0.01h 0.09 ± 0.00b 0.46 ± 0.01h 50.69 ± 1.66f   47.26 ± 2.01j 2.03 ± 0.01h 0.75 ± 0.02cd 3.07 ± 0.16b 0.18 ± 0.00a

PM10RH0-1 6.92 ± 0.03f 0.33 ± 0.01f 0.28 ± 0.02h 0.09 ± 0.00b 0.49 ± 0.03h 51.65 ± 2.22f   95.82 ± 0.33h 2.03 ± 0.01h 0.73 ± 0.01cd 3.00 ± 0.07b 0.18 ± 0.00a

PM9RH1-1 6.82 ± 0.04f 0.35 ± 0.02f 0.31 ± 0.02h 0.09 ± 0.01b 0.53 ± 0.03h 52.77 ± 3.64f   87.90 ± 1.81h 2.06 ± 0.00h 0.73 ± 0.00cd 2.98 ± 0.03b 0.18 ± 0.00a

PM7RH3-1 6.82 ± 0.03f 0.32 ± 0.02f 0.31 ± 0.01h 0.09 ± 0.00b 0.53 ± 0.01h 51.49 ± 1.51f   79.25 ± 2.15h 2.09 ± 0.01h 0.70 ± 0.01d 2.90 ± 0.04b 0.18 ± 0.00a

PM5RH5-1 6.71 ± 0.03f 0.33 ± 0.01f 0.28 ± 0.01h 0.08 ± 0.00b 0.48 ± 0.02h 50.18 ± 1.81f   62.27 ± 5.11i 2.03 ± 0.01h 0.73 ± 0.01cd 3.20 ± 0.06b 0.18 ± 0.00a

PM3RH7-1 6.42 ± 0.02g 0.34 ± 0.03f 0.30 ± 0.03h 0.08 ± 0.00b 0.51 ± 0.05h 53.10 ± 4.26f   54.72 ± 6.44j 2.03 ± 0.01h 0.73 ± 0.01dc 3.12 ± 0.03b 0.18 ± 0.00a

PM1RH9-1 6.23 ± 0.03h 0.35 ± 0.02f 0.30 ± 0.00h 0.09 ± 0.00b 0.52 ± 0.01h 53.69 ± 3.70f   47.56 ± 2.55j 2.04 ± 0.02h 0.70 ± 0.01d 3.01 ± 0.09b 0.18 ± 0.00a

PM0RH10-1 6.11 ± 0.04h 0.33 ± 0.06f 0.30 ± 0.01h 0.09 ± 0.00b 0.51 ± 0.01h 51.24 ± 2.76f   34.92 ± 0.91j 2.04 ± 0.09h 0.73 ± 0.03cd 3.06 ± 0.17b 0.18 ± 0.00a

PM10RH0-5 7.88 ± 0.02b 0.64 ± 0.04c 0.40 ± 0.04g 0.09 ± 0.00b 0.70 ± 0.06g 80.60 ± 1.95b 163.92 ± 3.87b 3.03 ± 0.05cd 0.90 ± 0.02b 2.93 ± 0.04b 0.18 ± 0.00a

PM9RH1-5 7.73 ± 0.02c 0.54 ± 0.01d 0.48 ± 0.03f 0.11 ± 0.01b 0.83 ± 0.06f 75.58 ± 5.40c 127.75 ± 8.12d 2.98 ± 0.04cd 0.83 ± 0.02c 2.96 ± 0.03b 0.18 ± 0.00a

PM7RH3-5 7.55 ± 0.00d 0.53 ± 0.01d 0.53 ± 0.04f 0.11 ± 0.00b 0.92 ± 0.06f 73.76 ± 4.37c 110.61 ± 11.66ef 2.59 ± 0.18e 0.80 ± 0.02c 2.95 ± 0.10b 0.18 ± 0.00a

PM5RH5-5 7.30 ± 0.02e 0.44 ± 0.01e 0.53 ± 0.04f 0.10 ± 0.01b 0.91 ± 0.06f 71.49 ± 5.31c   98.56 ± 3.79f 2.48 ± 0.01f 0.79 ± 0.02c 3.00 ± 0.02b 0.18 ± 0.00a

PM3RH7-5 6.68 ± 0.02g 0.42 ± 0.01e 0.61 ± 0.07e 0.10 ± 0.00b 1.04 ± 0.12e 68.63 ± 3.98cd   86.36 ± 2.65g 2.33 ± 0.05g 0.78 ± 0.01c 2.95 ± 0.07b 0.18 ± 0.00a

PM1RH9-5 6.61 ± 0.04g 0.36 ± 0.01f 0.73 ± 0.04d 0.10 ± 0.01b 1.26 ± 0.06d 66.24 ± 3.59d   72.04 ± 0.99h 2.22 ± 0.06g 0.75 ± 0.01cd 2.98 ± 0.06b 0.18 ± 0.00a

PM0RH10-5 6.56 ± 0.01g 0.33 ± 0.02f 0.73 ± 0.01d 0.09 ± 0.00b 1.26 ± 0.02d 60.23 ± 3.93e   62.01 ± 2.71i 2.21 ± 0.04g 0.70 ± 0.00d 2.89 ± 0.13b 0.18 ± 0.00a

PM10RH0-10 8.01 ± 0.01a 0.78 ± 0.02a 0.73 ± 0.02d 0.12 ± 0.01a 1.26 ± 0.03d 89.65 ± 0.61a 260.24 ± 10.07a 3.94 ± 0.15a 1.13 ± 0.02a 2.94 ± 0.07b 0.18 ± 0.00a

PM9RH1-10 7.82 ± 0.01b 0.76 ± 0.01a 0.74 ± 0.05d 0.12 ± 0.00a 1.28 ± 0.09d 85.87 ± 2.20a 176.90 ± 9.10b 3.55 ± 0.04b 1.05 ± 0.00a 2.95 ± 0.01b 0.18 ± 0.00a

PM7RH3-10 7.61 ± 0.01d 0.70 ± 0.03b 0.82 ± 0.02c 0.11 ± 0.00a 1.41 ± 0.03c 76.04 ± 3.45c 157.67 ± 1.44b 3.20 ± 0.13c 1.00 ± 0.01b 3.00 ± 0.06b 0.18 ± 0.00a

PM5RH5-10 7.42 ± 0.00e 0.69 ± 0.01b 0.84 ± 0.03c 0.11 ± 0.01a 1.45 ± 0.05c 75.97 ± 0.95c 101.92 ± 1.81c 2.89 ± 0.09d 0.95 ± 0.04b 2.97 ± 0.15b 0.18 ± 0.00a

PM3RH7-10 7.39 ± 0.03e 0.69 ± 0.02b 0.97 ± 0.03b 0.12 ± 0.00a 1.68 ± 0.06b 72.49 ± 2.60c   98.32 ± 2.76d 2.83 ± 0.03d 0.88 ± 0.01b 2.96 ± 0.05b 0.18 ± 0.00a

PM1RH9-10 6.87 ± 0.05f 0.67 ± 0.01bc 1.04 ± 0.02a 0.11 ± 0.00a 1.79 ± 0.04a 68.08 ± 2.55d   84.52 ± 1.27h 2.58 ± 0.06e 0.83 ± 0.02c 2.95 ± 0.09b 0.18 ± 0.00a

PM0RH10-10 6.68 ± 0.04g 0.66 ± 0.02bc 1.06 ± 0.04a 0.11 ± 0.00a 1.82 ± 0.08a 65.62 ± 3.57d   49.91 ± 3.48j 2.29 ± 0.03g 0.82 ± 0.01c 2.96 ± 0.04b 0.18 ± 0.00a

p-value * ** ** *** ** * * *** ** ** ***

PMXXRHYY, poultry manure (XX%)-based biochar containing YY% of rice husk. 

EC, electrical conductivity; T-C, total carbon; T-N, total nitrogen; OM, organic matter; Avail. N, available nitrogen; Avail. P, available phosphorus.

a - j: Within each column values followed by the same small letters are not significantly different at p < 0.05, using Duncan’s multiple range test (n = 3).

*, ** and *** were denote the statistically significant differences at significant level p < 0.05, p < 0.01, and p < 0.001, respectively, based on Duncan’s multiple range test.
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�����쬲얢�뾶붢쥏�숺�휗켊쥏흖쿊짆쑪빦칺빦춚�쑪. 잖, Lee 왷(2023)�춚�힪�흖�
붢튦얢휗pH쐚�툶�붆�튷흖힇�쵾�쯶, 휗pH붆�튷츚�짢붢쥏얮흖욶줂�툶�붆�튷�2.66

춶�붆쑪빦칺빦힆쑪. 빻��짢, 튦흶뻲왪�찮엖춚�힪��쬲쐚휗�휗켊칺�즫�붢튦푢펞�
��숞숺쯶, 칾흶뻲흖튢않춚�힪���힮�즫뺂휗붢튦뺂짢�휗켊칺�즫��붆힆쑪빦쑮
힆쑪.

몿쭿뺯푐몣핓찿픣쪿쨏핯퐟��잧폋쌫읳탗켟캼�핓컘픜켬쪻

빊켊숺ퟛ븮�쿊��쑲쬲흲��춚�힪��쬲흖욶쫾푢튪퉇��퉣�튷칆쐚Table 8흖숞

Table 8. Growth characteristics of lettuce affected by poultry manure-based biochar containing the varying 
rate of rice husk.

Treatments
Yield

(Mg·ha-1)

Leaf
Chlorophyll content

(SPAD value)
Length Width Counts

(cm) (ea·plant-1)

Control   1.95 ± 0.10j   6.21 ± 0.12e   5.56 ± 0.37g   7.00 ± 0.82g 19.58 ± 1.95a

Only-urea 10.61 ± 1.71i 10.89 ± 1.35d   9.86 ± 1.62g 10.33 ± 2.49f 20.02 ± 2.27a

PM10RH0-1 25.58 ± 1.23e 15.21 ± 0.70ab 13.48 ± 0.94d 16.33 ± 1.70c 20.00 ± 0.55a

PM9RH1-1 25.03 ± 2.40e 14.98 ± 0.23c 14.02 ± 0.10d 15.50 ± 0.41d 19.17 ± 0.71a

PM7RH3-1 22.00 ± 2.07f 14.97 ± 0.48c 13.64 ± 0.43d 15.33 ± 0.47d 19.28 ± 0.99a

PM5RH5-1 18.12 ± 1.11g 14.97 ± 0.77c 12.96 ± 0.38e 15.00 ± 0.82d 18.34 ± 0.33a

PM3RH7-1 17.15 ± 4.32g 14.96 ± 1.03c 12.32 ± 0.71f 14.67 ± 1.70d 19.71 ± 1.48a

PM1RH9-1 15.88 ± 3.89h 15.01 ± 1.04c 12.22 ± 0.96f 13.67 ± 1.25e 19.13 ± 1.37a

PM0RH10-1 11.11 ± 4.27i 14.67 ± 2.63c 11.76 ± 1.16f 11.00 ± 0.82f 19.18 ± 0.86a

PM10RH0-5 30.93 ± 1.50ab 15.43 ± 0.14b 14.37 ± 0.22c 18.67 ± 1.25a 21.19 ± 2.13a

PM9RH1-5 28.08 ± 2.87c 15.49 ± 1.30b 13.76 ± 0.97d 18.33 ± 1.25a 19.96 ± 0.79a

PM7RH3-5 27.38 ± 5.44d 15.06 ± 0.87c 13.78 ± 0.58d 17.33 ± 1.70b 19.13 ± 1.85a

PM5RH5-5 25.51 ± 5.61e 14.81 ± 0.99c 13.11 ± 1.24e 17.00 ± 1.63b 19.99 ± 1.86a

PM3RH7-5 23.98 ± 0.00f 14.73 ± 0.11c 13.28 ± 1.18e 16.00 ± 1.63c 19.68 ± 0.61a

PM1RH9-5 23.11 ± 0.49f 14.73 ± 0.57c 12.84 ± 0.32e 15.00 ± 0.82d 19.09 ± 0.93a

PM0RH10-5 21.72 ± 3.26f 14.93 ± 0.80c 12.39 ± 0.66f 14.00 ± 1.63de 21.73 ± 4.19a

PM10RH0-10 33.52 ± 2.79a 16.56 ± 0.94a 16.26 ± 0.78a 19.00 ± 1.41a 22.03 ± 0.80a

PM9RH1-10 30.24 ± 2.13ab 16.72 ± 0.71a 15.84 ± 1.07ab 17.33 ± 1.25b 21.99 ± 6.30a

PM7RH3-10 30.11 ± 2.88ab 16.53 ± 0.93a 15.27 ± 0.26b 17.67 ± 0.47b 20.32 ± 2.23a

PM5RH5-10 29.44 ± 3.19b 16.08 ± 0.10ab 15.14 ± 0.19b 17.67 ± 1.25b 20.76 ± 0.70a

PM3RH7-10 28.35 ± 3.88c 16.03 ± 0.54ab 14.61 ± 0.36c 16.00 ± 1.41c 20.36 ± 2.37a

PM1RH9-10 27.55 ± 4.27d 15.80 ± 1.02ab 14.09 ± 0.74d 14.67 ± 2.05d 20.40 ± 1.34a

PM0RH10-10 25.81 ± 3.22e 15.71 ± 0.53ab 13.97 ± 0.71d 14.67 ± 0.47d 20.14 ± 1.53a

p-value ** *** * ** **

PMXXRHYY, poultry manure (XX%)-based biochar containing YY% of rice husk.

a - j: Within each column values followed by the same small letters are not significantly different at p < 0.05, using Duncan’s 

multiple range test (n = 3).

*, ** and *** were denote the statistically significant differences at significant level p < 0.05, p < 0.01, and p < 0.001, respectively, 

based on Duncan’s multiple range test.
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숾춚ퟆ붟쑪. 쿊쩒쬂�쬲�훐�control �쬲뻲�휗�푢튪퉇�펞쥏�1.95 Mg·ha-1�흎�쯶, 첺뾶�쿊쩒�
쬲(only-urea �쬲뻲, 10.61 Mg·ha-1)흖욶줂푢튪퉇��펞쥏�5.44춶�붆힆쑪. 춚�힪��쬲쥏�1.0 Mg·ha-1

흖튢5.0 Mg·ha-1�짢�붆흖욶줂푢튪퉇��펞쥏않�붆쐚빃�숞숺흎�숞, 5.0 Mg·ha-1 �퉇��쬲쥏
흖튢쐚빊��񇦮쬂숞숺�훐훞쑪. 빊켊숺ퟛ븮�쿊�흖욶쫾푢튪퉇��펞쥏�쿊뻖힆�웒, 빊
켊숺ퟛ븮�쿊���붆흖욶줂푢튪퉇��펞쥏�񵦮붖팒쐚빃�숞숺흎쑪. 붆�쌘�푢튪퉇�
�펞쥏�PM10RH0-5 �쬲뻲흖튢33.93 Mg·ha-1�흎�쯶, �쐚control 축only-urea �쬲뻲칺쑪붇붇17.40춶ퟆ
3.20춶쌘�펞��흎쑪. 푢튪퉇��힃�뺂힃�control뺂only-urea �쬲뻲쬂�퟾찮왦�쬲뻲흖튢��
��쬂칺��훐훞�쯶, control �쬲뻲흖튢6.21 cmퟆ5.56 cm짢붆�숴븒�툲얞흎쑪. 힃펞�빃�, PM10RH0�
�쬲휗흖튢��븒쌘훞�쯶, 춚�힪�숺ퟛ븮�쿊���붆흖욶줂񵦮붖팒쐚빃�숞숺
흎쑪. 잖, 춚�힪��쌘��쬲쥏�푢튪퉇��힃펞쬂��푢�쯶, PM10RH0-10 �쬲뻲흖튢19.00 ea·plants-1

짢붆�쌘훞쑪. 푢튪퉇��힃짣팒쥏�찮왦�쬲뻲흖튢빊�����쬂숞숺�훐훞쑪.

춚�힪��쬲흖욶쫾�쳂펞쥏���춚�힪�흖�휗붢쥏뺂�짢켆뾶�쯶, 춚�힪�흖�
휗숺휗켊축�뾶쳂����쳂�퉣툶���붆푢펞�쑪(Lee et al., 2024a; Park et al., 2024). 잖, 춚�힪
�흖�휗쵾퉣쳂튷�붆축�쳂�휗켊���퉇않춚�힪��쬲흖��쳂펞쥏���푢쐚
�����짢훒즪��쑪(Kang et al., 2023d, 2024a). 칾흶뻲흖튢않푢튪퉇��펞쥏�춚�힪��쬲쥏축빊켊
���쐚쿊�뺂휗(+)�퉇뺆뺆빊쬂숞숺흎�쯶, 푢튪퉇�쐚빊켊쥏�쌘�춚�힪�쬂10.0 Mg·ha-1 �쬲
힆�웒, 33.52 Mg·ha-1짢�쒆펞쥏�숞숺흎쑪. �쥲븶뺂왪��춞쌓빃�휗칺쑪숴�휗켊뺂�뾶쳂
쥏�칺�빦�쐚붊�쌓�휗흖튢�쳂�펞쥏���푢뾶�튢쐚춚�힪���� 펞���푢
툲쑪. �쭒, �켆흶뻲흖튢춚�힪��뺂쥏�쬲쐚�쳂퉣���쐚�����펞�쑪쐚븶뺂쬂칺
빦흖욶줂붊�쌓�흖튢춚�힪�쬂뺂��짢�뾶�튢쐚��푢�쥏�븶�쐚븉��쯶, 칾
흶뻲�븶뺂흖튢쐚10.0 Mg·ha-1��쬲힆�웒, �쳂퉣��붆��펞븉�짢쑮얢쑪(Khan et al., 2024).

Conclusion
칾흶뻲쐚휗켊축�뾶쳂쥏�숴�퉎쭒뾎붊�쌓�휗흖튢�쳂�춶푢, 춚�힪���쫞축�쬲쥏�푢

튪퉇��퉣�뺂휗튷흖쵾�쐚힇�붆힆쑪. 춚�힪�쐚빊켊���쩒짢��힆�쯶, 춚�힪��
�쫞쐚빊켊춚�힪�숺ퟛ븮�쿊��쑲쬲흲뻲켊힆쑪. �쫞칊춚�힪��튷�켊튣븶뺂, 춚�
힪���튷�ퟛ븮�쿊�흖욶줂칆힆�쯶, ퟛ븮�쿊���붆흖욶줂춚�힪��pH, 

EC, 첺뾶�튷(K2O, CaO, MgO, Na2O) 쥏�붖팒쐚빃�숞숺흎쑪. 춞쯺, 춚�힪������팒축
�뾶쳂쥏�ퟛ븮�쿊�흖욶줂�붆쐚빃�숞숺흎�쯶, ퟛ븮쬂쑮앋�짢��춚�힪�흖튢
53.62%ퟆ83.20%짢붆�쌘븒켊튣얞흎쑪. �쭒, 쿊쩒빻�뽢븯흖튢빦푢춚�힪��훎�않(H : C ratio

ퟆO : C ratio)쬂쿊뻖힆�웒, ퟛ븮쬂30% 춚�힪�쭒�츛�뾶��쭒�흲푪�쌓흋�흖튢툲�붆
쐫븉�짢쑮얢쑪. ퟛ븮�쿊��쑲쬲춚�힪��휗붢쥏뺂쬂�힆�웒, 빊켊숺ퟛ븮�
쿊���붆흖욶줂휗pH 축휗켊붢쥏��붖팒힆�숞, 팒축�뾶쳂쥏���븒쌘븒�붆
힆쑪. 휗켊쥏�쌘�빊켊�쥏�쌘�춚�힪�쬂휗흖�쬲쐚븉�휗숺��팒, ��툶, 뽾쬲빦
�튷휗�힮쥏�뺂��짢��푢펞�흎�쯶, �흖욶줂휗EC않�붆힆쑪. 빊켊숺ퟛ븮�쿊
�뺂쁞춚�힪���쬲쥏않춚�힪��휗붢쥏뺂흖힇�쵾��쯶, 춚�힪�쐚�팒5.0 Mg·ha-1쬂�
쬲힆�웒, 휗숺휗켊뺂�뾶쳂쥏�붢튦펞�흎쑪. 춚�힪�숺빊켊�쿊�뺂춚�힪���쬲쥏��
붆흖욶줂푢튪퉇��펞쥏���븒퉇얞흎�쯶, 빊켊�쑮앋�짢��춚�힪�쬂10.0 Mg·ha-1 �쬲



Effect of poultry manure biochar on soil nutrition and carbon improvement in Saemangeum reclaimed soils

653Korean Journal of Agricultural Science 51(4) December 2024

힆�웒, 33.52 Mg·ha-1짢붆�쌘훞쑪. 칾흶뻲흖튢�푢븶뺂쬂뾶�짢퉎쭒뾎붊��휗숺휗켊축�뾶쳂
쥏�������빊켊춚�힪��쬲�뷺�춚�힪��츛�뾶�뺂휗축�쳂퉣�흖쵾�쐚힇�찮
엖빦즪힆�웒ퟛ븮붆30% 얢빊켊춚�힪�쬂10.0 Mg·ha-1 �쬲쐚븉�짢쑮얢쑪.
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