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EFFECT OF BIOCHAR AS AMENDMENT OF POTTING SOIL ON GROWTH AND
YIELD OF THREE LEAF VEGETABLES GROWN IN RAISED GARDEN BEDS
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Abstract

Biochar, a material derived from pyrolysis process under limited- oxygen condition, is light weight and can be a
source of plant nutrition which mostly made from agricultural waste. The objectives of this study were to characterize
biochars that made form tree branches, bamboo, durian shell and biochar mixed (MB) from these biochars at rates
of 50, 30 and 20% by weight, respectively. Furthermore, to study effect of biochar combined with commercial
potting soil (CP) and cow manure (CM) at different rates on growth and yield of three green vegetables such as
Bok Choy, Pak Chai and Chinese kale planted in raised beds. Each of experimental design was randomized
complete block (RCB) with 5 treatments and 48 plants or replications such as 1) 100%CP, 2) 80%CP + 20%MB,
3) 50%CP + 50%MB, 4) 40%CP + 30%MB + 30%CM and 5) 50%CP + 50%CM. Growth and yield of vegetables
were collected 45 days after transplant as well as potting soil properties were analyzed after harvest. Results
showed that all biochars were alkaline have pH at range of 8.06 — 9.87. Cation exchange capacity (CEC)of biochars
varied with pH. Durian biochar contains highest concentrations of available P and exchangeable K which were
2,374 and 32,627 mg kg'1, respectively. Results of potting soil mixed from MB, CP, and CM showed that MB and
CM promote growth vegetables compared to 100%CP, especially potting soil mixed from 40%CP + 30% MB +
30% CM significantly enhanced growth and yield all vegetables. For example, Bok Choy, Pak Chai gained
approximately twice of fresh weight and promoted photosynthesis of Chinese kale noticeable from leaf greenness.
Adding of MB lead pH and CEC of potting soil mix after harvest but has not effect on EC values also increase
nitrogen use efficiency. In conclusion, this study supports the feasibility of adding mixed biochar up to a maximum
of 50% in the potting soil that has no effect on growth and yield of the green vegetables.
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TN Yaianan ‘ﬁ"ﬁnmNauﬁ"uﬁuﬂgnmamsﬁwﬁqwﬁﬂu@hu fien pH a9ud 8.06-9.87 Tandiu
Fanwifennitouildl pH gdﬁ'@g@ﬁa 9.87 e'nuﬁuﬂgnmamsﬁwﬁqwﬁﬂu@haLﬁﬂﬁaﬂﬁﬂ"] pH 7.57 (@319 1)
fnIuAn CEC vastudinmwgeniyaiuazdunlanniinisiadtalan Taggudanwilen CEC aaus 20.24-
62.75 cmolc kg-1 SwIuIIUI90IMT ga’i”;ﬁ"l,uiml,ﬁmﬂgmu@gdﬂdﬂ”ﬁ@yﬁﬁ@ﬁu fa 11.54 % gruwaanata
Mduwdsslomivaz lnunsdouniuaniaowla wumﬂﬁq@lu dudinwifanyiTou Aa 2,374 uaz 32,627 mg
kg-1 @ud19y SmIvdwiinwean dgasutanaaiiuazdinnmmgaimisresasanandwiininidaen
m’%‘mu (@nmﬁ‘ 1) wannniduianwisliuasiawldld Seaainlasuansnanndruwnsaiiiduinuiinn
wWianniFou seeadasnuiamIaMzRaulansaduaznmonwiiwdfennSuuvas seda angly, aym
AN WAZYINIIIT a;uLLrTa (2555) [10] wu'j'lri'lw,ﬂﬁan"qL’%ﬁuﬁaaﬁﬂs:ﬂaumaJmMaawa%’a TuamBon uas
ﬁmwwguguﬂ'jwmu%amwmﬂfmﬁu 5 WAMIANEAIL FIRiAuI mu%amwﬁ'vlﬁmn’i’a@lmaﬂ’mmzmil,l,@ia:
TRAAANVUANGAIINY %ﬁ@ﬁiﬁmnﬁﬂﬁﬁaLﬂwvl,ﬁﬁmlmy'ﬁﬂ%mmmm’m’rﬁa ﬂﬂdﬂ“ﬁﬁ@ﬁvl,éfmﬂLﬂwi'a@}mﬁaﬁa
MamInEa It duunassy (Sink) ﬁﬁmsamwm@;mmsﬁﬂ’i’luﬂ%mmﬁgmh fFunalatalanandSum
Twunaifauuazen CEC 1o wWianniFeuw neathan unay udu i nadifidesnsldduiinwduunas

maamqmmﬁamsﬁmimﬂ"ﬁﬁmaﬁa@ﬁﬁnmLmLﬂudm‘Ti'smw

A13199 1 awﬂ'ﬁmdLﬂﬁLLazﬂ%mmmqmmsﬁm aaﬁm%’;mmmni’a@mﬁaﬁdmdmimwm

CEC Total N Avail. P Exch. K
Materials pH

(cmol_ kg™ (%) (mg kg (mg kg")

Tree branches 8.06 20.24 0.56 74217 682.40
Bamboo 9.52 38.85 0.76 627.92 14,537.00
Durian shells 9.87 62.75 1.34 2,374.00 32,627.00
Mixed biochars (MB) 9.38 48.54 1.09 1,281.08 21,690.00
Cow manure (CM) 8.43 6.36 11.54 670.62 1,680.50

Commercial potting soil (CP) 7.57 0.65 0.014 21.36 35.71
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msasyriulavasdnazindednunandisnuadraivedraunieaia lagnssuisn 4 viald
matasdvlasmuiduuazdranudaunniinginisan (@1mei 2) aglsiany wud ielinmsloaiuiinan

o A & A o add I o @ o a o '
nNaNlugaaIwnNINUuL D% 50% Iﬂﬁ"l,wmuwawawma (M738357 3) nuivihlwassifdninaauinnin
aad ' Ae o w vy o o ' ' add A
nyItanadeivedany uadimuinuislduandrsannisuidsn 4 (@19en 2)

ﬁ’mﬁfﬂamadN“'ﬂm@m'mjaLLa:ﬁ'ﬂm@éauL@TﬁﬂgﬂI@mw”avlﬂaglflwﬁ';u 60 - 80 NTN/A% FIUAZUN 40 - 70
ATN/AU (A9 1) waaIlARAWINNTINADN 4 émm‘%uiﬁﬁ@mmﬁzyLﬁiﬂ(ﬂLLa:Lﬁuﬁmﬁfﬂa@maacﬁ'ﬂﬂ'mn'nwjma:
o ' v A X ' 4 P o A o ' aad o o Aa o o )
NNNNATBILGNNTNAS 2 1¥in Walfisunududannmansd mumsmﬁﬁummlmawammmﬁauﬂum‘sﬂgﬂwﬂ
lapmld duezdwudmnnmanithimldniseigdvlausznaniasauandrsannslgnazinlasialy Tae
Un@dnanudsivasluidudnulsiuassnulsunmaaa lsfasuas lulasian @hmmLimmnnﬂmmﬁﬁﬁmﬂﬂd’]
40 SPAD-unit ugavinnneziaiyLdulaldaiulnd aannsdinsvas Sendi, H., M.T.M. Mohamed, M.P. Anwar
and H.M. Saud (2013) [11] AinaaasdaninazirlasldAnuaauazizquniafisdouidaianliudiunas
lugansuds 9 ursaaslugalan uaznaseunisladuiadinie 15-15-15 601 1.8 nindafilaniy wudi Jaq

ada A X o @ a2 o & = o v A a a = a A
Uannnnymwadilan pH IANdIuauaaNvaFgnteNiiawolia pnaztinmaeiaduladsdnfusziidiaan
= 1 Qdd‘ U+ =1 4 1 dl n' g Qs Qq’ £ ¢ 3
Werlunnnin 40 SPAD-unit LilW’];tﬂiiN’JﬁVll“]ﬁJ‘ﬂLﬂu Li89371n6 pH mwmumﬂmﬂma@;mﬁamﬂam%ama
limgamsegluguliidudselemifililmadiduundsmgamsnazildsslomild Sendi, H., M.T.M.
dl U ~ o v &/ 1 0/ ' T

Mohamed, M.P. Anwar and H.M. Saud (2013) [11] ¥4I M e uTrInwnanyinlian pH FITWT U el LI
m‘:‘nmiamﬂmﬂuﬂiﬂwﬁmaam@;mmi Qmawﬂ'ﬁmuLﬂﬁ"uadmu%umwwaumﬂumiﬁﬂmﬁ 1asuanswanan

' A A a AaA & @ Aa A P’ A A ) '
wanduwinwiianniius Nld1 CEC uaziduiagnlzniug ssuTnagwniuinanaosia I@yLﬂuLLSﬁm
fiazanutinla@ 1w archerite (KH,PO,), Chiorocalcite (KCaCly), Kalicinite (KHCO,) Uag Sylvite (KCI) Prakongkep,
N., R.J. Gilkes and W. Wiriyakitnateekul (2014) [12] d3anamgamisdzludiudinwainidfannisouiagania
1 a § té 1 a v § § v { a Al v L v v
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@13197 2 NIRTYELlauazNIRINARAATEIRNMANIIGI ANNMadadd wazinazi

Root Leaf Fresh Dry
Height Numbers Greenness
Experiment Treatment length width weight weight
(cm) of leaves (SPAD unit)
(cm) (cm) (g/plant) (g/plant)
1. CP 100% 33.10c  3.72c 9.23d 11.59¢c 37.7b 67.756d  29.82b
2. CP 80% + MB 20% 36.00b  4.20ab 9.79c  12.48bc 39.4b 77.05c  31.27b
Bok Ghoy 3. CP 50% + MB 50% 36.60b 4.04ab 11.35b 13.39ab 39.7ab 87.85b 32.49ab
4. CP 40% + MB 30% 41.60a 4.51a 13.68a 14.06a 42.8a 156.45a 46.29a
+ CM 30%
5. CP 50% + CM 50% 3510b 4.27a 10.31bc 12.41bc 40.4ab 85.35b  27.92b
F-test * * * * * * *
1. CP 100% 23.55c  3.64c 6.59c  14.64bc 40.6 62.01c  16.71
2. CP 80% + MB 20% 28.95ab  3.94c 12.11b  14.26bc 42.8 77.74b 21.78
~ 3.CP50% +MB50%  25.40bc 4.28b 11.10b  15.05ab 41.4 63.49c  18.17
Pak Chal 4. CP 40% + MB 30% 31.30a 5.59a 15.44a 15.73a 458 102.76a 27.81
+ CM 30%
5.CP 50% + CM 50%  28.40ab 4.48b 10.80b  13.69c 40.9 7449  16.51
F-test * * * * ns * ns
1. CP 100% 28.75b  3.71b 7.62c 9.19¢ 45.0d 29.38d  2.44c
2.CP 80% + MB 20%  31.65ab 3.92ab 9.05b  10.61b 49.9b 41.35b  3.63bc
Chinese 3.CP 50% + MB 50%  31.90ab 4.17ab 10.03ab 10.33b 49.5b 46.18a  5.42a
kale 4. CP 40% + MB 30% 34.55a 4.43a 10.58a 11.96a 51.5a 34.86c 4.31ab
+ CM 30%
5. CP 50% + CM 50% 2855b 4.35ab 8.72bc  10.42b 47 4c 33.06c 2.85bc

F-test

Means within the same column followed by different letters showed significantly different between treatments by

LSD test

* = Significantly different at P < 0.05, ns = non-significant difference
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"L@TLﬁuLﬁmﬁ’umﬂﬁagaﬂ%mmvluimmmﬁ%mLﬁuﬁmé‘ammﬂﬁ&r’?ﬁﬁ 4 wutsunaslulasanannninnssuisd 5
lunnmnansas ﬁ'fam@:i']Lﬁ@mﬂmiﬁgaﬁ%ﬁﬂﬂa@ﬂéaﬁ"LuImSLaqugﬂﬁLfluﬂizimwﬁ laun vanlufioylosan
uazlwasnloaau udvnsswihazgngadulilasdwiinwdsildlulanaudsaunieaglududlan Twwaefinns
ldgai"mﬁ'ﬂs'auﬁuﬁuﬂQnmamiﬁﬂué’@mdmﬁLﬁmﬁuné‘uwﬂﬂmmm‘imimﬂ'wﬁﬁfﬂé’nﬂ"‘mumdaﬁa B4
ROAARBINUAT CEC Léuﬁumaaﬁuﬂgﬂmumsﬁw (@135797 1) Lazd1 CEC AenaImMsLAuLiel (@139 3) Wa
miﬁﬂmf:aﬁfuagu'hmu%amwmUdaLa%uﬂi:%ﬂ%mwmig@l‘*ﬁm@;mmsﬁmm:a@mifgtyLﬁﬂﬁﬁ@q\"l,uimwu
ULAEINUANIANENVEY Lehmann, J., J. P. da Silva Jr., C. Steiner, T. Nehls, W. Zech and B. Glaser (2003) [13],
Van Zwieten, L., S. Kimber, A. Downie, S. Morris, S. Petty, J. Rust and K.Y. Chan (2010) [14] ua¢ L& AUT
AN (2557) [15]

l!l . = = a a I3 dl a
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EC CEC TotalN  Avai.P Exch. K
Treatment
(dS ecm™) (cmol kg™") (%) (mgkg') (cmol_kg™)
Experiment 1 : Bok Choy
1. CP 100% 6.39¢c 0.15¢ 1.15b 0.014c  228.89c 341.34d
2. CP 80% + MB 20% 6.88a 0.17bc 1.20b 0.042b  236.46b 393.70c
3. CP 50% + MB 50% 6.85a 0.17bc 1.35ab 0.041b  233.14b 638.21b
4. CP 40% + MB 30% + CM 30% 6.68ab  0.22a 1.50a 0.056a  243.97a 701.55a
5. CP 50% + CM 50% 6.47b 0.19b 1.30ab 0.028c  238.94ab 625.24b
F-test . . . . « .
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M13191 3 (6i9)

EC CEC Total N Avai. P Exch. K
Treatment
(dS ecm™)  (cmol kg™) (%) (mgkg”) (cmol_kg”)
Experiment 2 : Pak Chai
1. CP 100% 6.25d 0.18 1.05¢c 0.014c 226.47c 527.14d
2. CP 80% + MB 20% 6.70b 0.16 1.25bc 0.042ab  249.42b 573.53c
3. CP 50% + MB 50% 6.97a 0.19 1.40abc 0.038ab  242.78b 558.59c
4. CP 40% + MB 30% + CM 30% 6.58¢c 0.19 1.55a 0.042a 251.97a 928.47a
5. CP 50% + CM 50% 6.51c 0.14 1.30ab 0.028b 246.74b 633.05b
F-test * ns * * * *
Experiment 3 : Chinese kale

1. CP 100% 6.39d 0.20b 1.10b 0.014d 244.87d 567.49c
2. CP 80% + MB 20% 6.65b 0.20b 1.25ab 0.028c 289.46b 675.37b
3. CP 50% + MB 50% 7.07a 0.20b 1.40a 0.042b 271.92¢ 584.23c
4. CP 40% + MB 30% + CM 30% 6.61bc 0.25a 1.50a 0.056a 297.73a 884.83a
5. CP 50% + CM 50% 6.54c 0.22b 1.35ab 0.028c 262.51c 677.17b
F-test * * * * * N

Means within the same column followed by different letters showed significantly different between treatments by
LSD test

* = Significantly different at P < 0.05, ns = non-significant difference
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