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Abstract

Biochar derived from agricultural residue can be used for soil improvement to enhance soil fertility and
soil chemical, physical and biological properties. The objective of this research was to study the effects of biochar
on soil fertility of sandy loam soil and clay soil in greenhouse condition. Treatments were laid out in 2x5 Factorial
in RCB with four replicates. The first factor was two soil types: 1) Clay soil (C) and 2) Sandy loam soil (SL). The
second factor was five biochar (BC) rates: 0 16 32 48 and 64 ¢/10 kg soil (equaling to 0.5, 1.0, 1.5 and 2.0 ton/rai). In
each treatment; nitrogen, phosphate and potash fertilizers were applied (based on soil analysis). The results
showed that the addition of biochar to clay soil increased available soil nutrient and total nutrient uptake in plant
higher than (p<0.01) sandy loam soil. Biochar application to clay soil significantly increased growth and dry matter
of maize (p<0.01). The addition of biochar also showed a tendency to increase soil organic matter and exchangeable
potassium in clay soil higher than in sandy loam soil (p<0.01). However, available phosphorus in clay soil was lower

than sandy loam soil. Moreover, it was found that the soil-biochar application in both soils types increased nitrate
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retention greater than the soil without biochar. The results of this study indicated that biochar can be used to
increase the fertility of the clay soil at the rate of 1.5 tons/rai.

Keywords: biochar, clay soil, sandy loam soil, cassava rhizome, agricultural residue
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fu 10 nn. (0.5, 1.0, 1.5 waz 2.0 Au/ls Ineuszuna) ihiuwmisigafuiasnawarfusiulunseyaduduiin 10 an. i
fiszdupmudn 0-15 1. Mnulannumsns Sm¥auassedn tdnszanswwe 12 §1 naududululensisouriunsunse
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(Onthong, 2008) Sufindioyaautfvedlulons augeiu tminuimeds Usinauasnsgaldsmemslufio lulasiau
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Tlewsildinninsiud e siufzendunsngeu (pH 6.61) A EC vodlulonigs 217 dsm™) Panas OM gaann
(86.21%) M58 C:N 77.90 Usuew Total N 0.64%, Total P 0.23% wag Total K 1.26% (Table 1)

Table 1 Characteristics of cassava rhizome biochar

pH EC (dSm™) oM C/N Total N Total P Total K
(soil:water,1:5) (soil:water,1:10) (%) ratio (%) (%) (%)
6.61 2.17 86.21 77.90 0.64 0.23 1.26
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Table 2 Soil properties before planting maize

Textures pH OM  NH,” NOj CEC BS Avail. Exch.
(soilwater, 1:1) (%) (cmolkg™ (%) P K Ca Mg
(mgkg™ (mgkg™) (mgkg™
@ 6.52 2.00 0.19 0.19 24 57 5.40 507 1,500 245
SL 7.51 1.52 0.07 0.01 10 155 21.80 154 2,000 132
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oudesns 720 nn s vildanansadnifu K wae Ca lusvlds (Widowati et al, 2018)
Ysunauaznisgaldsinamisvesiudialng

naiAsIzisdUsznavtsssmomsluneddlinuiiufduiussenihadefutusnsvedlulensuarlifienu
uansneszarinanssIslulen$iiane uituegfuidleududdey (Table @) wifudnuiunselinisavauves N Tusod
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FaienlndiApaiufiumier daunsazan P K Ca way Mg fiuSunaganidumietedisiitoddy uinsgelisineimsly
nodsdnlnafivgnlufunienginiuasunndsiviuiulunssegiaduta sl esndnlnafivgnlufundend
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Xu et al. (2016) na@17i1 msladelulasuswdululomsdetnalnnannisszazals NO; 19-28%, NH," 16-19% uay

Total N 19-20% §uiflesnanleseudnangadueguuiiuiivesiulons

Table 3 Height and dry matter of maize at harvesting stage (64 days after planting)

BC rates Height (cm) Dry weight (g/plant)
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(¢/10 kg soil) c SLY Difference? c SLY Difference?
0 191.51° 148.02 43.49%* 88.65° 46.40 42.25**
16 200.53% 139.01 61.52%* 102.20° 49.76 52.44%*
32 198.3¢° 137.53 60.81** 89.10° 43.62 45.48%*
48 218.33° 134.54 83.79** 124.51° 44.14 80.4%*
64 187.50° 135.31 52.19%* 90.53° 48.49 42.0%

" Mean in the same soil texture column followed by a common letter are significantly different at 5% level by
DMRT
™ not significant, * and ** different by compare with LSD 0.05 and LSD 0.01

Table 4 Nutrient concentration and nutrient uptake of macro and micronutrient in plant

Treatments Nutrient concentration (%) Nutrient uptake (g/plant)
Textures (T) N P K Ca Mg N P K Ca Mg

Clay 0.43 0.10 1.24 0.26 0.10 0.42 0.10 123 026 0.09

Sandy loam 0.40 0.15 1.54 0.37 0.11 0.19 0.0r 0.70 0.17 0.05

Biochar (BC) rates (g/10kgsoil)

0 0.44 0.11 1.32 0.30 0.11 0.31 0.07r 0.86 0.19 0.07
16 0.41 0.11 1.35 0.32 0.10 0.32 0.08 099 022 0.08
32 0.42 0.12 1.42 0.33 0.10 0.29 0.08 092 021 0.06
48 0.41 0.14 1.37 0.31 0.10 0.34 0.10 1.08 0.23 0.08
64 0.39 0.14 1.48 0.33 0.10 0.27 0.09 098 0.21 0.07
F-test Textures (T) ns ** ** ** * ** * ** ** **
Biochar (BC) rates ns ns ns ns ns ns ns ns ns ns
TxBC ns ns ns ns ns ns ns ns ns ns
CV. (%) 16.4 23.1 10.8 144 14.9 28.0 186 18,6 205 19.1

Y Mean in the same soil texture column followed by a common letter are significantly different at 5% level
by DMRT
/"% not significant, * and ** different by compare with LSD 0.05 and LSD 0.01

USuawauladeu (NH.Y) wazlumsn (NO,)

nstalulemnslufumiefinunldulrisunaues NH, Wudumusasiveslulens esnaumiendl N OM CEC

¥ '
aa o o a a

IEEATMVIPEHIAGGN Lﬁ@iﬁﬁmﬁuiuiam%sﬁaLﬁufa@gﬁﬁgwguqauazﬁumwﬁﬂszqav Jagadu NH," I3ldegramiletuiuuag
ann1ssuiinaes NH, Tufu (Fidel et al., 2018; Xu et al., 2016; Zhao et al., 2022) uan1slalulevnslufuniiensnsi 16
n./fu 10 nn. il NH,* ludufiu3anasgn esnqdunideeld N ivanddesesnunldieiiievlUldlunsaiaead
Feduasunsianszuiumsduludlawduluiundelulen$ildlufuiidasmsiiuluiaianissuievesiulasiau (Fieure 1)

druusiudunsrenldlulevsnunmsazauves NH, Tuausi iiesainaudusunas N OM CEC wagtdununiiuRdudas

Angnnlunisgadu NH," Jsunnsinsiufumies
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Autudunmeiildlulonsiuuliuasan NO, guardivBinaufsdumusnsveslulens oswnfugadu NH,"
Tleo Fsuvsanmluidulunamgs uinisldlulenslufusnings (64 n/fu 10 nn.) vl NO, Tufuanas (Figure 2)
oeslafinny mnlddnsldlulensluduas ofufaesaziivunumes NO; Tufuian wansitlefinmsgymenes
NO, Tugdvasfnglunsasenlust (N,0) (Sun et al,, 2014) Taevily Audififitrannndn 7.0 ssgapde N Tugd NH; lahe 3
donAdasiun1sAnuves Mewong (2014) waz Dempster et al. (2012) st lulewisdaesnfiu N wazifiudszanznim

n3te N (Laird et al., 2010)
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o011 4
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T T T
(8] 16 32 a3 64
Bicchar rate {(g/10 kgsoil)

Figure 1 NH," in soil with different biochar rates

. C LY =l sandy Lloam

o] 16 32 as &l
Biochar rate (/10 kegscil)

Figure 2 NO5 in soil with different biochar rates

mawdsuulasvaspundsnmsiiuiedtiiine
Tulenslaivinlh pH vesiuasuntas Wewindnsnisladisn winisldlulewsinasienisifiu OM avail. P

waz exch. K iy Fafidnfintunusnsvesiulonsuazuansstuiuiilildlulovdedafideddy (Table 5) ilosan
asfUszneuiinfueuiiiaios C/N ratio way OM 49 Jenamusionstiosaane n1stdlulevislufviafanisavau OM Wi
(Sohi et al,, 2009) luvauzit nseendladuesilenildilsidulensenda amsuedn fuedniitiugndnsige s el
P ua K avaulufiu (Fidel et. al, 2018; Liang et. al., 2006) wazlulew158adl K \JussAussnaugs 1.26% dlewssuieu
sswinaffoiu wudn Auwilenil OM exch. K uay CEC FINIAUTIWIUNTIY UA %BS Uag avail. P i lesannisese p
vwauMAvedRumilsasdudaiu Ca agnslsinny mﬂ,a'luimnﬂuﬁuﬁﬁqwélﬂumﬂué’mswLﬁ'm%u 9280 binding energy
wavlanUaes P lﬁqﬂsﬁu (Xu et al., 2014) ?N‘WUﬁﬂﬁé’uﬁuﬁ‘iwdwﬁuiauﬂumwaﬁ'uluiam%ﬁﬁﬂm Laird et al. (2010)

na1i MsususaRusumeledunsgsuiululewsannsagyme P lads 6
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Table 5 Soil properties after planting maize
pH OM (%) Avail. P (mgkg™) Exch. K (mgkg™) Exch. Ca (mgkg™)
Cl SL  Mean Cl SL  Mean cl SL Mean Cl SL Mean cl SL  Mean
BC rates 0 590 760 675 193 131 1.62° 590 21.11 1351 288 91 1909 1,525 2,483 2,004
(¢/10kgsoil) 16 592 7.70 681 206 137 1.71° 884 3152 2018 295 103 199 1535 2468 2,001
32 591 771 681 210 142 1.76° 811 3515 21.63*® 349 111 230° 1519 2450 1,985
48 6.04 7.80 692 221 147 1.84° 9.51 3631 2291% 321 124 222° 1543 2,494 2,018
64 6.06 7.45 6.8 221 156 188 1046 39.11 24.79%° 392 138 265 1532 2,354 1943
Mean 597 7.65 210 1.43 8.56 32.64 329 113 1,531 2,449
F-test Textures (T) ** ** ** ** o
Biochar (BC) rates ns ** *x ** ns
TxBC ns ns * ns ns
QV. (%) 1.4 4.0 18.5 11.6 3.8

Y Mean in the same soil texture column followed by a common letter are significantly different at 5% level by DMRT

2™ not significant, * and ** different by compare with LSD 0.05 and LSD 0.01

Table 5 Soil properties after planting maize (continue)

Exch. Mg (mgkg™ CEC (cmol kg™ BS (%) Exch. Base (cmolkg
D) D
Cl  SL Mean cl SL  Mean Cl SL Mean Cl SL  Mean
BC rates 0 287 165 226 2251% 1131 1691 5850 131.81* 95.16 11.03 14.21 1262
(g/10kgsoil) 16 269 176 222 13.82° 14.04 1393 80.75 100.26° 90.51 11.00 13.77 1239
32 286 172 229 18.02° 1384 1593 6151 111.00™ 86.26 11.07 1450 12.79
48 295 178 237 19.80® 1230 16.05 5882 120.47™ 89.65 11.43 1452 1297
64 282 185 234 17.02° 1151 1427 6801 12282 9542 1155 14.07 12.81
Mean 284 175 18.23 12.6 6552  117.27 11.22 1421
F-test Textures (T) ** o o o
Biochar (BC) rates ns ns ns
ns
TxBC ns x* xx ns
CV. (%) 14.3 13.9 5.0
5.3

1 Mean in the same soil texture column followed by a common letter are significantly different at 5% level by DMRT

2™ not significant, * and ** different by compare with LSD 0.05 and LSD 0.01
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(p<0.01) nslalulewslufusiuunseesrsiduddynieada winoanesadiduusslovilufusniifusiutunse
pgnalsfnn nslalulesslufunieasnst 48 n/fu 10 nn. (1.497 dussls) Juurldulidnlnadinisasyivie
wandniininuineds uazUinavedlulasiouilifuussleniluguvesuonludon (NH, -N) gean uonani nsldly
TerfluAumisaziusiuvunmoiinmsazavveslumsmiinganiAuilaldlulows uandiiuin Aumdeadildl

lowisanunsaannisagdesinemsiuduldfnitfusiudunse dmsuiunideadianudululdlunislidlulersmnmi

o

fiudUgndsludnsn 1.5 dusiels dmsunisugndilnadesdnd egrlsinudemageuluanimlsusely

LONE1591999

Agricultural Production Sciences Research and Development Office. (2008). Organic Fertilizer Analysis Manual. Agricultural
Production Sciences Research and Development Office. (in Thai).

Angmanee, R., Chuangcham, K., & Homchan, U. (2017). Properties of Corn Waste Biochar and Potential for Soil Improvement. VRU
Research and Development Journal Science and Technology, 12(1), 53-63. (in Thai).

Arabi, Z., Eghtedaey, H., Gharehchmaghloo, B., & Faraji, A. (2018). Effects of biochar and bio-fertilizer on yield and qualitative
properties of soybean and some chemical properties of soil. Arabian Journal of Geosciences, 11, 1-9.

Bol, R., Amelun, W., Friedrich, C., & Ostle, N. (2000). Tracing dung-derived carbon in temperate grassland using *C natural abundance
measurements. Soil Biology & Biochemistry, 32, 1337-1343.

Borchard, N., Schirrmann, M., Cayuela, M. L., Kammann, C., Wrage-Monnig, N., Estavillo, J. M., Fuertes-Mendizabal, T., Sigua, G.,
Spokas, K., Ippolito, J. A., & Novak, J. (2019). Biochar, soil and land-use interactions that reduce nitrate leaching and N,O
emissions: A meta-analysis. Science of the Total Environment, 651, 2354-2364.

Bray, R. H., & Kurtz, L. T. (1945). Determination of total, organic and available forms of phosphorus in soil. Soil Science, 59, 39-45.

Bremner, J. M. (1960). Determination of nitrogen in soil by the Kjeldahl method. Journal of Agricultural Science, 55, 11-33.

Davis, L. E. (1943). Measurements of pH with the glass electrode as affected by soil moisture. Soil Science, 56(6), 405-422.

Dempster, D. N., Jones, D. L., & Murphy, D. M. (2012). Clay and biochar amendments decreased inorganic but not dissolved organic
nitrogen leaching in soil. Soil Resource, 50, 216-221.

Department of Agriculture. (2001). Soil and Plant Analysis Manual. Department of Agriculture. (in Thai).

Fidel, R. B., Laird, D. A., & Spokas, K. A. (2018). Sorption of ammonium and nitrate to biochars is electrostatic and pH-dependent.
Scientific Reports, 1-10.

Laird, D., Fleming, P., Wang, B., Horton, R., & Karlen, D. (2010). Biochar impact on nutrient leaching from a Midwestern agricultural
soil. Geoderma, 158, 436-442.

Liang, B., Lehmann, J., Solomon, D., Kinyang, J., Grossman, J., O'Neill, B., Skjemstad, J. O., Thies, J., Luizéo, F. J., Petersen, J., & Neves,
E. G. (2006). Black carbon increases cation exchange capacity in soils. Soil Science Society of American Journal, 70(5),
1719-1730.

Major, J., Rondon, M., Molina, D., Riha, S. J., & Lehmann, J. (2010). Maize yield and nutrition during 4 years after biochar application to
a Colombian savanna oxisol. Plant Soil, 333, 117-128.

Mewong, S. (2014). Effects of Bamboo and Rice Husk Biochars on Yield and Nitrogen Use Efficiency of Chainat 1 Rice.
Retrieved from: https://li01.tci-thaijo.org/index.php/sci_ubu/article/view/87198/68959. (in Thai).

Office of Agricultural Economics. (2022). Production factor.

Retrieved from: http://www. https://www.oae.go.th/view/1/TH-TH. (in Thai).

Onthong, J. (2004). Soil and Plant Analysis Manual. Faculty of Natural Resources, Prince of Songkhla University. (in Thai).


https://www.oae.go.th/view/1/TH-TH

60 MIATNYATNIZIBUNG 2567 : 42 (1) : 52 - 60

Pornamnuaylap, D., & Suaysom, W. (n.d). Effect of Biochar on the Growth and Yield of Maize on Sloping Land In Soil Series
Group No.55, Nan Province. Retrieved from: http://www.ldd.go.th/LDDCon65/data/02/2-2.pdf. (in Thai).

Prendergast-Millera, M. T., Duvalla, M., & Sohi, S. P. (2014). Biochar-root interactions are mediated by biochar nutrient
content and impacts on soil nutrient availability. European Journal of Soil Science, 65, 173-185.

Puttanakul, P., Soydoa, V., & Sivawan, P. (2019). Effect of plant residues and biochars on organic matter and nitrogen
retention in soil. Science and Technology Silpakorn University, 6(6), 40-55. (in Thai).

Rubin, R. L., Anderson, T. R., & Ballantine, K. A. (2020). Biochar Simultaneously Reduces Nutrient Leaching and Greenhouse
Gas Emissions in Restored Wetland Soils. Retrieved from:
https://www.researchgate.net/publication/344476897_Biochar_Simultaneously Reduces Nutrient_Leaching_and_Greenhou
se_Gas_Emissions_in_Restored Wetland_Soils.

Saelim, S. (2016). Organic Fertilizer and Utilization in Thailand. Division of Soil Biotechnology. (in Thai).

Sohi, S., Lopez-Capel, E., Krull, E. & Bol, R. (2009). Biochar, Climate Change and Soil: A Review to Guide Future Research.
Retrieved from:https://www.researchgate.net/publication/228656328 Biochar_Climate_Change _and_Soil A_Review
_to_Guide_Future_Research/

Sun, L., Li, L., Chen, Z., Wang, J., & Xiong, Z. (2014). Combined effects of nitrogen deposition and biochar application on emission of
N,O, CO, and NH; from agricultural and forest soils. Soil Science and Plant Nutrition, 60, 254-265.

Wachiratanusorn, S. (2018). Effect of Chicken Manure and Biochar on Soil Properties, Growth and Yield Of Green Oak Lettuce
Growing in Acid Soil. Master’s thesis. Thammasat University. (in Thai).

Walkey, A., & Black, I. A. (1934). An examination of Degtjareff method for determining soil organic matter and a proposed
modification of the chronic acid titration method. Soil Science, 37, 29-38.

Widowati & Asnah. (2014). Biochar effect on potassium fertilizer and leaching potassium dosage for two corn planting
seasons. Journal of Agricultural Science, 36(1), 65-71.

Widowati, Asnah, & Utomo, W. H. (2018). The use of biochar to reduce nitrogen and potassium leaching from soil
cultivated with maize. Journal of Degraded and Mining Lands Management, 2(1), 211-218.

Xu, G., Sun, J. N, Shao, H. B., & Chang, S. X. (2014). Biochar had effects on phosphorus sorption and desorption in three soils
with differing acidity. Ecological Engineering, 62, 54-60.

Xu, N., Tan, G., Wang, H., & Gai, X. (2016). Effect of biochar additions to soil on nitrogen leaching, microbial biomass and
bacterial community structure. European Journal of Soil Biology, 74, 1-8.

Yu, O. Y., Raichle, B., & Sink, S. (2013). Impact of biochar on the water holding capacity of loamy sand soil. International
Journal of Energy and Environmental Engineering, 4, 1-9.

Zhao, P., Wang, S., Liu, D., Li, H., Han, S., & Li, M. (2022). Study on influence mechanism of biochar on soil nitrogen

conversion. Environmental Pollutants and Bioavailability, 34(1), 419-432.


http://www.ldd.go.th/LDDCon65/data/02/2-2.pdf
https://www.researchgate.net/publication/344476897_Biochar_Simultaneously_Reduces_Nutrient_Leaching_and_Greenhouse_Gas_Emissions_in_Restored_Wetland_Soils
https://www.researchgate.net/publication/344476897_Biochar_Simultaneously_Reduces_Nutrient_Leaching_and_Greenhouse_Gas_Emissions_in_Restored_Wetland_Soils

