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Effect of Biochar Rate Derived from Rice Husk, Durian Peel and Oil Palm Petiole on Sandy
Soil Properties, Nutrient Uptake and Plant Growth
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Abstract

Sandy soil is a coarse-textured soil in which most of the particles are composed of quartz minerals,
exhibiting low specific surface area and negative charges. This leads to poor water and nutrient retention capacity
and low fertility. Accordingly, it is necessary to amend sandy soil to improve its properties before cultivating
crops. The use of biochar is another approach to improve soil properties due to biochar contains plant nutrients
component and high porosity. This study aimed to compare the effects of biochars derived from rice husk,
durian peel and oil palm petiole rates on sandy soil properties, plant growth and nutrient uptake. The
experiment was designed as a completely randomized design with 3 replications and 10 treatments, consisting
of a control (no biochar) and applications of rice husk, durian peel, and oil palm petiole biochars at rates of
1%, 2%, and 3% by weight. The experiment was conducted by growing maize in pots under greenhouse
conditions. Results showed that all three biochars increased soil pH, cation exchange capacity and nutrient
content. However, durian peel biochar raised soil pH excessively, negatively affecting maize growth. In contrast,
rice husk and oil palm petiole biochars at 3% application rate performed best, producing the highest maize dry
weight and nutrient uptake. Therefore, biochar is another approach to improve sandy soil properties for
cultivating crops, but the type and appropriate application rate must be considered.
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Table 1 Biochar properties

Biochar properties Rice husk Durian peel Oil palm petiole
pH (Biochar:Water 1:5 w/v) 9.44 9.95 10.28
EC (dS/m) (Biochar:Water 1:5 w/v) 0.74 0.02 0.01
OC (g/ke) 53.57 70.61 95.94
CEC (cmol/ke) 15.74 19.74 19.40
Total N (g/kg) 3.46 9.65 3.05
NH," (mg/kg) 6.28 12.36 7.44
NO; (mg/kg) 38.00 16.28 8.13
Avail. P (mg/kg) 346.80 558.15 599.35
Total P (g/kg) 2.33 7.70 3.10
Extr. K (mg/kg) 4518.86 6173291 14006.80
Total K (g/kg) 6.75 88.66 17.53
Extr. Ca (mg/kg) 524.72 2084.63 5180.92
Total Ca (g/kg) 6.02 15.74 25.17
Extr. Mg (mg/kg) 218.99 1826.34 754.26
Total Mg (g/kg) 0.99 14.00 7.59
Density (g/cm’) 0.31 0.22 0.26

Avail. = available, Extr. = Extractable
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wardanzaniduuselovdlufundansmaassiifinsaananudanm wudr Sareninduilifinsfuugeheaudanm
(Table 3)

wavassuTanwanunay Wisnyideu wasunumaduidiusieninesyiulavasiiv

nsldeudnmanunaukarknumesUndutsusasdesas 3 Tnsthmin dwalinsesadivln (hdhuks)
vastnlnafivgnlufiuniegsniinislddmdanmsnmdu 9 uazandennsounnsasegadaiau (Table 4 uay
Figure 1) \fosannisldauganimainunavuasunumedutuildauiianiesfiuzaunifldaugananain
Waenniseu (Table 2 uay 3) dwalisimeimstududulszlevisodiv (Brady and Weil, 2008) uenaINi e19fiNaaN
AwANnAYe IR INIaTe uaaiBen uasuandiFeslufu finudt dedruvessmiananegluseiuiiliguderfiudu
AlddndanmanivdenyiFouiidadulnunadousounadontaznunafousounndifougaunn (Table 2) Fu
srenuindndinfivnganvesnunadeudeunniifenlufudmiufils Ao wWesnin 5:1 (Havlin et al., 2005) Tuns
psafudnn wud WeldanuTanmainidenyiFeu vilvinisiasydulavesinnasninislddudinmanunavuas
ununadunsuegadaia (Figure 1 uaw Table 4) ilosnnnisldduinmanidenydswhlvinuneugnifiey
1 (Table 2) ﬁuﬁm’mLﬂ‘um'wﬂ’mﬂmdﬁwhdfé’mmﬂa'qmam'amsﬂamﬂa'aasumﬁwlmmﬁﬁ%aman (Brady and Weil,
2008) Fadsrastonsiatapivlnvestinlng uenanienadinaanaruliaugavessmewnsluiu finud Auflnaudu
Fanmarndennissufiusualnunadeuiiadnlage (Table 2 waz 3) 1iea91ndwdanmarniddenyFoud
Tnunaidesdiatnlige (61,732.91 fadn3u/Alansy) %ﬁqmiﬂmu%amwmﬂLmauLLaxLLﬂumq‘ma‘uﬁwﬁuﬁa 14 uay 4
Wi mud1du (Table 1) Msiilnunal@ouguiulvdmaliiianistavinenisgelduaai@ouuazuundi@ouvesiyld
(Havlin et al., 2005) Fsdswalitnalnaaieiulnlad
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Table 2 Effect of biochar derived from rice husk (Hu), durian peel (Du) and oil palm petiole (Pa) on sandy soil
properties before planting

Treat- pH EC CEC oM Total Avail. Extr. Extr. Extr. Bulk
ment N P K Ca Mg density
(ds/m) (cmol/kg)  <......(g/kg.......> Sevvrvreneseannn (VL) S > (g/cm?)
Control  5.27h  0.03e 0.76c 6.34 0.53d 13.00d 10.36d 17.66f 0.88e 1.36a
Hu 1%  5.57¢  0.03e 0.76c 597 0.62bcd  17.52cd 55.70d 17.73f 7.40de 1.30b
Hu 2%  5.87f 0.04de 0.90bc 6.65 0.56cd  30.1dbcd  72.15d 22.47f 11.13de 1.26¢
Hu 3% 6.42e 0.06de 1.36ab 6.41 0.65bc 39.36b 136.49d 32.46ef 34.56¢ 1.22d
Dul1% 824b  0.24c 1.09bc 7.51 0.56cd 44.55b 539.26¢ 53.27e 43.57c 1.28bc
Du2% 9.22a 0.59% 1.5%9a 7.18 0.70ab 70.10a 1310.17b  103.93cd  90.94b 1.23d
Du3% 9.33a 0.77a 1.33ab 6.41 0.79a 75.25a 1604.94a  116.03c  134.06a 1.22e
Pa 1% 6.67e 0.06de 0.83c 5.84 0.52d  25.49bcd  44.84d 89.98d  13.08de  1.33b
Pa2% 7.08d 0.11de 0.89bc 8.30 0.55cd  30.6dbcd 114.85d  155.24b  26.18cd 1.26¢
Pa3% 7.42c 0.16cd 0.99bc 7.44  0.60bcd  34.19bc 180.86d  228.05a 34.53c  1.24de
F-test * * * ns * M * * * *
CV (%) 2.35 33.56 23.81 16.39 8.98 21.21 31.61 17.29 27.43 2.50

Within a column, mean values in denoted by different letters differ significantly * = significant at P<0.05; ns = not significant at P
>0.05, Control = without biochar, Avail. = Available, Extr. = Extractable

Table 3 Effect of biochar derived from rice husk (Hu), durian peel (Du) and oil palm petiole (Pa) on sandy soil
properties after crop harvest

Treatment ~ PH EC oM Total  Avail. Extr. Extr. Extr.  Avail. Avail.

N P K Ca Mg Zn Fe

(dS/m) <...(g/kg)...> DS (MG/K).oooee >

Control  5.63f  0.10a 7.10a 0.24 34.27b  25.75cde  79.11c 0.34g  0.46a 8.55ab
Hul1%  580e 0.05bc  6.47abc  0.26 49.17b  1477e  98.16bc  3.86fg  0.29b 10.24a
Hu2%  6.03de 0.05bcd 6.6labc  0.29 51.17b  23.75de  126.52bc  7.75ef  0.30b 8.01ab
Hu3%  6.28d 006b  7.37a 0.29 82.84a  30.44cd  150.60b  7.64ef  0.43a  9.30a
Dul%  699c 003cd 6.79ab 0.26 76.05a  88.76a  107.43bc  25.73c  0.25bc 8.42ab
Du2%  7.42ab 0.03cd  5.50c 0.27 91.16a  5526b  107.17bc  42.47b 0.26bc 6.24bc
Du3%  7.73a 0.03d  5.82bc 0.27 7858a  9193a  113.62bc  58.20a 0.28bc 4.61c
Pa1%  7.02c  0.0dbcd 6.66abc  0.24 7870a  13.93e  144.10b  3.63fg  0.21c 10.36a
Pa2%  7.05c 0.03cd  7.35a 0.33 87.59a  2693cde  225.85a  9.97de 0.2dbc 10.07a
Pa3%  7.25bc 0.03cd  7.22a 0.29 76.06a  37.94c  252.88a  12.60d 0.29b 9.19a

Ftest « « « ns « « « « « «
Qv (%) 2.83 20 9.57 1481  16.87 16.95 20.90 1359 1333 14.94

Within a column, mean values in denoted by different letters differ significantly * = significant at P<0.05; ns = not significant at P

>0.05, Control = without biochar, Avail. = Available, Extr. = Extractable
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Figure 1 Effect of biochar derived from oil palm petiole (PA), durian peel (Du) and rice husk (HU) on maize

growth (age 56 day). Control = without biochar

Table 4 Effect of biochar derived from rice husk (Hu), durian peel (Du) and oil palm petiole (Pa) on leaf
number, plant height, stem diameter and dry weight of whole plant (age 56 day)

Treatment Leaf number Plant height Stem diameter Dry weight (g)
(cm) (mm)

Control 11.33 151.57ab 22.15a 152.48ab
Hu 1% 10.33 139.57b 20.97a 107.19c
Hu 2% 11.33 149.03ab 21.26a 131.37bc
Hu 3% 11.67 183.90a 20.62a 170.79a
Du 1% 9.66 93.00c 12.96b 40.55d
Du 2% 10.33 69.60c 14.42b 28.50d
Du 3% 7.00 66.03C 11.00b 21.75d
Pa 1% 11.00 146.27ab 22.40a 128.94bc
Pa 2% 9.67 145.17ab 22.51a 112.21c
Pa 3% 11.33 166.07ab 22.97a 173.89a
F-test ns * * *

CV (%) 20.64 17.36 16.00 17.57

Within a column, mean values in denoted by different letters differ significantly * = significant at P<0.05; ns = not significantat P
>0.05, Control = without biochar

Kavasudanmanunay WienyFeu waswnumehdimiiudaarnduduvassigemis
wazn1sgaldsinormisluiy

Taszaududuresemslutlnadumilefukarsin wud nsldaudinmaniudenySeuinali
ANUNTureslulnsiay eanesa Inunaden waalfou L.LazLLmﬁL%&mﬁmqqLﬁaL‘U%'EJ‘ULﬁ&mﬁ’umﬂﬂﬁmu%amw
waglnglawizlnuna@on wuan ﬁmmLSﬁwﬁuqqLﬁaﬁmﬂdﬁwu%amwmﬂLﬂﬁamqL?sluu,agqmiwmﬂa'mu%amwmﬂ
wnaukazunumeduinuegedaeu (Table 5 wax 6) Fudunamandlnwnaeuiiadaldlugudanmainuden
‘1/1Li&luaunﬂmwmummwmmmamm wnumsUdusisy (Table 1) amaliﬂm’mL;Jawmszmmmmi%ammwwwsu
(Figure 2 uay Figure 3) mmmmmﬂmmmeuﬁmmmmauumuﬂLmq WU mﬂwmmﬂaﬂlumuﬂamumm‘wmn
wnumadduiiusasfesas 3 Tngthuin ums@m%smaﬂmigmqm Tnganglulnsiau veanesa warlnunadoy
Tu%mzﬁ%’wﬂwmﬁﬂqﬂiuﬁumdmu%amwmﬂLﬂﬁamqL%auﬁmiaﬂwﬁmmmwﬁﬁqm (Figure 2 waz 3) udaziini1u
udugs Usingnsaiiwuiiinain dilution effect Faintudlofivfintguiulnliffimsarausinemsluarandudugs
(Jarrell and Beverly, 1981) Lﬁmmﬂﬁmmmsﬁ@jmﬁm Qﬂﬂizmﬁaaﬂuma%amwﬁﬁa& Iumajﬁ%niwmﬁﬂqﬂiuﬁuﬁ
TarudinmanidenyiFeusinisiaiauiuladi (Table 4) Safinranduduvessinermags usnisgaldsimermssanei
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Table 5 Effect of biochar derived from rice husk (Hu), durian peel (Du) and oil palm petiole (Pa) on nutrient

concentration (g/kg) in maize above ground

Treatment Total N Total P Total K Total Ca Total Mg Total Zn Total Fe
Control 14.29b 0.54 9.20c 6.84a 1.49cde 0.06a 0.09acd
Hu 1% 12.79¢ 0.63 10.00c 2.54c 1.36e 0.05bc 0.07de
Hu 2% 14.08b 0.84 13.58bc 3.47bc 1.65cd 0.05b 0.07de
Hu 3% 10.52d 0.57 6.88c 2.83c 1.56cde 0.04bcd 0.0de
Du 1% 18.58a 1.48 18.47ab 3.97bc 2.10a 0.04de 0.11ac
Du 2% 14.92b 2.00 20.64a 2.44c 2.03a 0.03ef 0.09acd
Du 3% 11.10d 1.75 17.94ab 3.40bc 1.96ab 0.02f 0.12a
Pa 1% 11.54d 0.62 9.47c 4.64b 1.3% 0.04cd 0.08cde
Pa 2% 14.26b 0.88 9.54c 3.00bc 1.73bc 0.05bc 0.18a
Pa 3% 12.84c 0.99 10.26¢ 2.68c 1.43de 0.03de 0.09cd

F-test * ns * * * * *
CV (%) 4.82 64.08 30.08 24.30 8.38 12.20 19.35

Within a column, mean values in denoted by different letters differ significantly * = significant at P<0.05; ns = not significantat P

>0.05, Control = without biochar

Table 6 Effect of biochar derived from rice husk (Hu), durian peel (Du) and oil palm petiole (Pa) on nutrient

concentration (g/kg) in maize root

Treatment Total N Total P Total K Total Ca Total Mg Total Zn Total Fe
Control 7.18f 0.82f 5.82¢ 4.38c 0.68g 0.02d 0.99bc
Hu 1% 9.58bc 1.05e 10.39¢ 2.40d 0.88f 0.04ab 0.78c
Hu 2% 8.23d 1.15d 12.06e 3.95¢ 0.85f 0.04ab 0.83c
Hu 3% 7.55ef 1.35¢ 17.02d 2.88d 1.09e 0.03bc 0.70c
Du 1% 11.23a 1.48b 32.03b 5.14b 1.38d 0.04a 2.57a
Du 2% 9.80b 1.38¢ 40.47a 5.14b 1.82b 0.02d 1.07bc
Du 3% 9.15¢ 1.55a 33.30b 6.22a 2.21a 0.03bc 0.72c
Pa 1% 7.32ef 1.17d 8.11f 5.63ab 1.47cd 0.03c 2.70a
Pa 2% 8.14d 1.54a 12.32e 5.10b 2.15a 0.03c 1.51b
Pa 3% 7.76de 1.03e 21.82c 3.78c 1.54¢ 0.02d 0.62c

F-test * * * * * * *
CV (%) 3.61 1.60 5.95 8.97 3.57 16.67 24.80

Within a column, mean values in denoted by different letters differ significantly * = significant at P<0.05. Control = without

biochar
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Figure 2 Effect of biochar derived from rice husk (Hu), durian peel (Du) and oil palm petiole (Pa) on nitrogen (a),
phosphorus (b), and potassium (c) uptake of maize shoot and root. Control = without biochar
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Figure 3 Effect of biochar derived from rice husk, durian peel and oil palm petiole on calcium (d), magnesium
(e), zinc (f), and iron (g) uptake of maize shoot and root. Control = without biochar
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