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Abstract
The application of biochar to soil for sustainable agriculture has been considered to have a 
positive impact on soil fertility and crop productivity. In this study, biochar derived from rice 
husk and chicken manure was applied to the soil at rates of 1% and 3% by weight, respec-
tively, for lettuce cultivation experiments. The results indicated that both rice husk biochar 
and chicken manure biochar were effective in improving soil fertility through soil pH correc-
tion and increased nutrient content. The nitrogen content and pH of the biochar increased the 
available nitrogen and phosphate in the soil, creating a soil environment conducive to the 
growth enhancement of lettuce. In particular, after the application of 3% chicken manure 
biochar, the soil exhibited the highest levels of available nitrogen and phosphate at 87.42 
mg·kg-1 and 69.07 mg·kg-1, respectively. Plant fresh weight increased with rising biochar 
amount, with the 3% chicken manure biochar treatment (228.25 g·plant-1 fresh weight [FW]) 
exhibiting superior fresh weight compared to 3% rice husk biochar treatment (120.88 g· 
plant-1 FW). The nutrient content in lettuce, except for K2O, was higher in the chicken manure 
biochar treatment compared to the same dosage of rice husk biochar. Therefore, for enhan-
cing lettuce productivity and soil fertility, chicken manure biochar appears to be more effec-
tive than rice husk biochar, and increasing the application rate up to 3% showed improvement 
effects without adverse impacts. However, excessive application of chicken manure biochar 
may lead to an increase in soil pH and electrical conductivity (EC) beyond the optimal range, 
requiring further assessment of application rates.

Keywords: application rate, chicken manure biochar, crop productivity, rice husk biochar, 
soil fertility
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Introduction
20 , (Chirinda 

et al., 2010; Wijeysingha et al., 2023). 

, (Rahman and Zhang, 2018; 

Biswas and Kim, 2023). , 

, (Guo et al., 2010; Dai et al., 2020; 

Park et al., 2023). , 

. , , 

, 

(Chirinda et al., 2010; Kang et al., 2022).

(biochar)

(Oh et al., 2017; Kang et al., 2023a). 

(Lee et al., 2019; 

Kang et al., 2023c). CO2 

N2O, CH4 (greenhouse gases, GHGs) , 

(Semida et al., 2019). 

, , 

, (Kang et al., 2021). 

, 

(Uchimiya et al. 2010). , , 

(Dai et al., 2020), 

(RDA, 2024), 

, , .

, 

, , 

.

Materials and Methods
Experimental region and official materials

(36°22′11″N, 127°21′15″E) . 

( ) (Cham Grow Inc., Korea)

, (mesh < 2 mm) . 

Table 1 .
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Table 1. Chemical properties of soil used in this experiment.

Sample
pH

(1 : 5, H2O)

EC

(dS·m-1)

TC TN Avail. N Avail. P Exchangeable cations (cmolc·kg-1)

(%) (mg·kg-1) Ca2+ K+ Mg2+ Na+

Initial soil 5.72 ± 0.05 0.75 ± 0.02 0.15 ± 0.01 0.02 ± 0.00 44.87 ± 3.56 42.89 ± 1.62 8.42 ± 0.09 0.21 ± 0.00 3.82 ± 0.06 0.24 ± 0.00

EC, electrical conductivity; TC, total carbon; TN, total nitrogen; Avail. N, available nitrogen; Avail. P, available phosphate.

, 400℃ 30 (1,100℃ Box Furnace, Thermo Scientific Inc., USA) . 

, . 

Table 2 , 

(mesh < 0.5 mm) powder (depth: 0 - 10 cm) .

Table 2. Physico-chemical properties of amendments used in this experiment.

Amendments

Carbonization

temperature

(℃)

Carbonization

time

(min)

Yield

(%)

pH

(1 : 10, H2O)

EC

(dS·m-1)

TC TN TH

(%)

Chicken manure biochar 400.00 30.00 40.60 ± 1.43 11.55 ± 0.02 3.88 ± 0.03 29.97 ± 0.15 2.12 ± 0.10 0.70 ± 0.00

Rice husk biochar 400.00 30.00 34.79 ± 0.10 10.13 ± 0.03 3.63 ± 0.03 50.27 ± 0.25 1.41 ± 0.05 2.09 ± 0.01

EC, electrical conductivity; TC, total carbon; TN, total nitrogen; TH, total hydrogen.

Lettuce growth test under biochar treatments

2022 10 14 12 2 49 (Lactuca sativa L.) , 

(1·5,000 a-1) . 3 , 

(control) 1% (rice husk biochar 1%, 

RB1), 3% (rice husk biochar 3%, RB3), 1% (chicken 

manure biochar 1%, CB1), 3% (chicken manure biochar 3%, CB3)

. (N - P2O5 - K2O) 200 - 59 - 128 kg·ha-1

, 3 (RDA, 2022).

Properties analysis of biochar and soil

. pH (elec-

trical conductivity, EC) 1 : 10 (w·v-1) 30 Benchtop 

Meter with pH and EC (ORIONTM Versa Star ProTM, Thermo Scientific Inc., USA) .  

total carbon (TC), total nitrogen (TN), total hydrogen (TH) dry oven , elemental 

analyzer (TruSpec Micro, LECO Corp., USA) .

pH EC 1 : 5 (w·v-1) 30

Benchtop Meter with pH and EC . TC TN 105℃ dry oven 24

, elemental analyzer . available nitrogen (avail. N) 2 M KCl

, Brucine Indophenol blue UV/Vis-spectrophotometer (GENE-
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SYS 50 UV-Visible Spectrometer, Thermo Scientific Inc., USA) NO3

- NH4

+ . 

available phosphate (avail. P) Lancaster , UV/Vis-spectrophotometer . 

Exchangeable cations Ca2+, K+, Mg2+, Na+ pH 7.0 1 M ammonium acetate (NH4OAC)

, inductively coupled plasma-optical emission spectrometer (ICP-OES, ICAP 7000 Series ICP Spectro-

meter, Thermo Scientific Inc., USA) .

Plant growth characteristic and element analysis

, , , , , , 

TC, TN, total phosphate (TP), K2O . , 

, dry oven . 

3 , 1 cm . 

MINOLTA Chlorophyll meter (SPAD-502, Konica Minolta, Japan) 3 . 

elemental analyzer TC TN , TP K2O 

(perchloric acid) (nitric acid) ICP-OES .

Statistical analysis

, 3

. SPSS (IBM SPSS Statistics version 26, USA) (one way analysis of 

variance, ANOVA) , 95% . 

Duncan multiple range test .

Results and Discussion
Soil chemical characteristics

Table 3 . pH pH 5.72

control (pH 5.63) pH , 3% (CB3) pH 

7.28 . pH , 

. Hailegnaw 

(2019) pH , pH

pH (Wang et al., 2014; Wisnubroto et al., 2017; Kang 

et al., 2021; Lee et al., 2023). pH pH 10.13, pH 11.55

, pH pH 

(Table 2). EC control (0.25 dS·m-1) 1% (RB1), 

3% (RB3), 1% (CB1), CB3 0.41, 0.75, 0.68, 0.89 dS·m-1

EC (0.34 dS·m-1) , CB3 . 

EC (Da Silva 

Mendes et al., 2021; Kang et al., 2021, 2023b). EC 

. , 
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, (3.63 dS·m-1) EC (3.88 dS·m-1)

EC (Table 2).

Table 3. Chemical properties of soil after experiment.

Treat-

ments

pH

(1 : 5, H2O)

EC

(dS·m-1)

TC TN Avail. N Avail. P Exchangeable cations (cmolc·kg-1)

(%) (mg·kg-1) Ca2+ K+ Mg2+ Na+

Control 5.63 ± 0.09e 0.25 ± 0.00d 0.17 ± 0.01e 0.06 ± 0.00b 33.41 ± 1.55e 47.88 ± 0.26c   7.41 ± 0.04d 0.16 ± 0.02d 3.43 ± 0.12ab 0.18 ± 0.04ab

CB1 6.93 ± 0.04b 0.68 ± 0.02b 0.42 ± 0.02d 0.08 ± 0.00a 54.24 ± 1.91c 60.65 ± 1.40b   9.36 ± 0.65b 0.39 ± 0.04b 3.34 ± 0.03ab 0.20 ± 0.01ab

CB3 7.28 ± 0.04a 0.89 ± 0.02a 1.03 ± 0.01b 0.08 ± 0.01a 87.42 ± 1.83a 69.07 ± 3.70a 10.67 ± 0.27a 0.62 ± 0.07a 3.19 ± 0.26b 0.23 ± 0.04a

RB1 6.25 ± 0.05d 0.41 ± 0.02c 0.69 ± 0.01c 0.08 ± 0.00a 45.42 ± 3.48d 50.13 ± 3.70c   8.44 ± 0.20c 0.26 ± 0.01c 3.48 ± 0.09a 0.16 ± 0.01b

RB3 6.53 ± 0.07c 0.75 ± 0.02b 1.56 ± 0.05a 0.09 ± 0.00a 67.59 ± 1.94b 60.18 ± 5.28b   9.26 ± 0.34b 0.44 ± 0.05b 3.43 ± 0.06ab 0.19 ± 0.03ab

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

EC, electrical conductivity; TC, total carbon; TN, total nitrogen; Avail. N, available nitrogen; Avail. P, available phosphate; CB1, chicken manure biochar 1%; CB3, 

chicken manure biochar 3%; RB1, rice husk biochar 1%; RB3, rice husk biochar 3%.

a - e: Each value with different letters within a column are significantly different from each other as determined by Duncan’s multiple range test (p < 0.05).

*, **, and *** are used to indicate statistically significant differences at the p < 0.05, p < 0.01, and p < 0.001, respectively.

TC 0.15% , 

(CB1, CB3) (RB1, RB3) . Biederman

Harpole (2012) , 

. 

powder TC . , TC 

50.27% (29.97%) TC 

(Table 2). TN 0.02% , 

control (0.06%) , control . 

TN , control 

TN 

(Table 2).

avail. N 44.87 mg·kg-1 control (33.41 mg·kg-1)

, CB3 (87.42 mg·kg-1), RB3 (67.59 mg·kg-1), CB1 (54.24 mg·kg-1), RB1 

(45.42 mg·kg-1) . Phillips (2022)

NH4

+ NO3

- . , 

NH4

+ NO3

- (Nguyen et al., 2017b; Gao et 

al., 2019). avail. N , 

(2.12%) (1.41%) avail. N 

(Table 2). avail. P 42.89 mg·kg-1 , CB3 

69.07 mg·kg-1 . Avail. P 

, . Hannet (2021)

, avail. P , pH 7.5 

pH (Ch’ng et al., 2019; Glaser and 

Lehr, 2019). pH 7.5 , pH

avail. P (Table 3). Laird (2010)
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N, P , . 

avail. N avail. P 

(Table 3).

exchangeable Ca2+, K+ 8.42, 0.21 cmolc·kg-1 control 

, CB3 10.67, 0.62 cmolc·kg-1 . 

Exchangeable Mg2+, Na+ 3.82, 0.24 cmolc·kg-1

. Ca2+, 

K+ , Mg2+ , Na+ , pH EC

(Adhikari et al., 2024). , 

, pH Ca2+, K+ 

(Table 2).

Plant growth characteristicss

Table 4 . , control 

61.55 g·plant-1 FW (fresh weight) , CB1 (146.04 g·plant-1 FW) CB3 

(228.25 g·plant-1 FW) RB1 (116.87 g·plant-1 FW) RB3 (120.88 g·plant-1 FW)

. , RB1 RB3

. 

, (Schulz et al., 2013; Dai et al., 2020; Kumar et al., 2021). 

, Torres (2020) , 

. , 

, 

(1%, 3%) 1.26, 1.90 . CB3 

94.15% , RB3 (94.13%) . 

3% , 

(Chen et al., 2018). , CB3 

Table 4. Growth characteristics of lettuce in different treatments.

Treatments

Fresh

weight

(g)

Moisture

contents

(%)

Leaf Chlorophyll

content

(SPAD)

Length Width Counts

(ea·plant-1)(cm)

Control   61.55 ± 32.77d 92.31 ± 0.51ab 14.49 ± 2.77d 9.80 ± 1.96d 22.67 ± 3.51c 23.62 ± 3.07bc

CB1 146.04 ± 3.20b 92.05 ± 0.16b 18.58 ± 1.25c 12.79 ± 0.64bc 32.33 ± 2.52ab 28.98 ± 3.28a

CB3 228.25 ± 4.07a 94.15 ± 0.58a 23.11 ± 1.78a 14.81 ± 1.32a 33.67 ± 3.21a 30.66 ± 4.92a

RB1 116.87 ± 3.67c 92.28 ± 1.88ab 20.81 ± 1.04b 13.40 ± 0.61b 32.33 ± 2.89ab 24.38 ± 3.55b

RB3 120.88 ± 1.04bc 94.13 ± 0.75a 18.27 ± 0.88c 12.07 ± 0.66c 27.00 ± 2.00bc 20.37 ± 1.88c

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

CB1, chicken manure biochar 1%; CB3, chicken manure biochar 3%; RB1, rice husk biochar 1%; RB3, rice husk biochar 3%.
a - e: Each value with different letters within a column are significantly different from each other as determined by Duncan’s 
multiple range test (p < 0.05).
*, **, and *** are used to indicate statistically significant differences at the p < 0.05, p < 0.01, and p < 0.001, respectively.
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23.11, 14.81 cm . , CB3 33.67 

ea·plant-1 , control (22.67 ea·plant-1) 1.49 . 

, CB1, CB3 28.98, 30.66 SPAD RB1 (24.38 SPAD), RB3 (20.37 SPAD)

.

pH 6.5 - 7.0 EC 2.0 dS·m-1 , 

(RDA, 2018). , Carter (2013)

, 259 - 658% , 

(pH ) . 

control pH , 

avail. P

(Tables 3 and 4).

Plant element contents

(TC, TN, TP, K2O) Table 5 . TC 

CB3, RB3 39.53, 39.50% . 3% 

, , CB3 5.28 g RB3 

2.80 g 1.89 . , 

, (Sánchez-Sastre et al., 2018). 

, .

Table 5. Elements contents of lettuce.

Treatments
TC TN TP K2O

(%)

Control 37.83 ± 0.55b 2.75 ± 0.07c 1.04 ± 0.00e 3.27 ± 0.04e

CB1 38.43 ± 0.15b 3.35 ± 0.21b 1.89 ± 0.01c 4.15 ± 0.06d

CB3 39.53 ± 0.35a 4.09 ± 0.12a 4.34 ± 0.06a 5.64 ± 0.12b

RB1 38.20 ± 0.20b 2.64 ± 0.08c 1.23 ± 0.08d 5.45 ± 0.05c

RB3 39.50 ± 0.20a 3.66 ± 0.38b 2.80 ± 0.04b 5.81 ± 0.04a

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

TC, total carbon; TN, total nitrogen; TP, total phosphate; CB1, chicken manure biochar 1%; CB3, chicken manure biochar 3%; 

RB1, rice husk biochar 1%; RB3, rice husk biochar 3%.

a - e: Each value with different letters within a column are significantly different from each other as determined by Duncan’s 

multiple range test (p < 0.05).

*, **, and *** are used to indicate statistically significant differences at the p < 0.05, p < 0.01, and p < 0.001, respectively.

TN 

, CB3 4.09% TN . 

RB1 TN 2.64% control 2.75% , 

. Nguyen (2017a) avail. N , 

(nitrogen use efficiency, NUE) TN , TN 
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. avail. N 

, TN avail. N (Table 3). 

TP CB3 (4.34%), RB3 (2.80%), CB1 (1.89%), RB1 (1.23%), control 

(0.21%) , CB3 RB3 

1.55 . pH 6.0 - 7.0 

(Tesfaye et al., 2021). TP 

pH avail. P (Table 2). K2O 

, RB3 (5.81%) CB3 

(5.64%) K2O control (3.27%) 1.78, 1.72 . 

K2O , 

K2O (Farrar et al., 2022; Phares et al., 2022). 

K2O , 

K2O .

(Laird et al., 2010), 

N, P, K 1.56, 5.63, 2.22

(Sigua et al., 2016; Kocsis et al., 2020). (N, P, 

K) (Tables 3 and 5).

Conclusion

. pH, EC, C (N, P, K) 

, . , 

pH, EC, avail. N, avail. P, Ca2+, K+ . 

, TN pH

(avail. N, avail. P) . control 

, 3% , , 

, . K2O

3% . 

, 

. TC , K2O 

. control 

.

. 

pH 

EC , C , K .
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