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Production of animal manure biochar using two different local
traditional kilns as a guideline for carbon sequestration and increase

plant nutrients in the soil
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ABSTRACT: The objective of this research was to study the chemical and biological properties of
biochar from goat and cow manure produced by two different local traditional kilns to be a guide-
line C sequestration in the soil and increase plant nutrient elements (N, P, and K). The experiment
consisted of 6 treatments as follows: 1) fresh goat manure (GM) 2) GM biochar (pit kiln, PK) 3)
GM biochar (mound kiln, MK) 4) fresh cow manure 5) CM biochar (pit kiln, PK) and 6) CM biochar
(mound kiln, MK). The results showed that the animal manure biochar produced from both kilns
resulted in a higher pH value than the fresh manure (P <0.05). The pit kiln promotes increasing total
N, and total K, while the mound kiln can increase the total P in both animal manure types. GM bio-
char (PK) treatment results in increased N and K content (2.14 and 7.25%, respectively) compared
with fresh goat (P <0.05) while CM biochar (PK) treatment results in the highest N and K (2.55 and
6.23%, respectively compared with fresh cow manure (P <0.05). The treatment of GM biochar (MK)
results in the minimum reduction of easily oxidized organic C (64.159 g/ kg) but an increase in fixed
C by 1.03% (P <0.05). This study found that the germination index, the highest in GM biochar (PK)
was 146.94, while CM biochar (PK) was 19.05 (P <0.05). Meanwhile, the easily oxidized organic C
showed a positive relationship with seed germination index (0.5413, P <0.05) and seed germination
percentage (0.6672, P <0.05). This study shows that the mound kiln could reduce the amount of
oxidized carbon and the most volatile matters in both two types of animal manure which was suit-
able for the sequestration of C in the soil. The pit kiln helps to increase the total N and K; therefore,
it is considered appropriate for the production of biochar in terms of increasing the plant nutrient.
Keywords: local kiln, animal manure biochar, fixed C, plant nutrients, germination index
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Figure 1 Percent of nitrogen (N), phosphorus (P) and potassium (K) in cow manure (CM)
and CM biochar (gray bars) and goat manure (GM) and GM biochar (white
bars). Different letters of each nutrient indicate significant differences at P<0.05

(LSD). Bars represent standard error of the means of three measurements.
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uazmaasiulrueasisduAeatis (De Luca et
al., 2009)
srudnanIssenzesdaiuanenssapunuly
fnudanmuie  ansseimainuludrudanan
annnTndnasenisenuaznsasyALInTesi
(Deenik et al. 2008) Imﬂmmwuﬁmm@ﬂumu
T liun AITUAY wazuwiva@w (IPCS, 1998)
Lmvma‘mfawmmumwaﬂiuﬂ@uiwmhﬂm B
Tawndin lalmsAnfueu  (polycyclic aromatic
hydrocarbons,
(Rogovska et al., 2012) Inenfiunnuaznnseenaya
TuaefiAEn I lunswndan (IPCS, 1998) nsfinin
twudantiAinaad 1iun arsszme (VM) 18 (ash)
uaz C eandladlfidne santafiunniens P uay K

=] A o 2 =2 v o o
AnAMNANTURRIANEANNANAUS

PAHs) iantRduissens
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wuluoiu dewasaidesfidusniseanaadiudn
dalne Taanudn W Raonudiits uianeuan
Auulefidusinnasenaaamdn (0.6296, P<0.05) e
By ash duiuslumeauiuidesidusinnsen
(-0.6293, P<0.05) (Table 2) HateasszwesanTdl
maAneniag Deenik et al. (2008) inuddnwas
[Glycine max (L) Merr.] Mlgnluawldnnganmn
VM g4 (35%) m’wa’lﬁmmﬁmLﬁuimmmaﬂ'wﬁﬁﬂ
&AM NalA (P<0.05) WedieufunsssdoAdLeN
(AuRaL) wASUAN VM A1 (11%) lidanasianng
winywiuln aensleinnaniinn VM gesdudanm
TunaRnEil (52.9 - 81.7%) (Table 1) HalAngand
9718N114284 Deenik et al. (2008) windUlainugen
ranlafifusinnssanida (Table 2) uandlvidiuin
aﬂmmﬁmmumﬁ@wmm@ﬂmemwuaﬂﬂu
1iAvRY VM mwuLﬂu@qmﬂivﬂ@ﬂummqmw g
mﬂmuwumqmuwuﬁsvmw C Teantladliie
i fixed C Ml lufiAmeay (-0.8036, P<0.001)
(data not shown) 14T C Neinsaaelfiieian
AAINARIENIIIANGITINIEY C  dauiiANADES
q7n Table 2 wudnedidusinisensdnuas Gl |
ANNANALES lunsuaniLA OC Lm'mi“u”lsiwumqm
fiuglar) iy fixed C Awlpnuiiulléian ¢ Al
pnnaesudalideuasianisensda Weianson
Tudres ¢ dauddeldiatazenaduldlfian
astlszneulungy PAHs mmmﬁnu@’mﬂmmhm
Tdanysnd TmLawwn@mumuun‘ﬁumﬂ@m
217w uaziLEY Pnudngmadudanis
q'aﬂLmé‘mLL@xﬂﬁiL@?mLﬁuTmmﬂqﬁm (Henner et

,1999; Paradelo et al., 2012) an3szwenimiin
‘EuLfom@mmmuwu”lmlumummwwmummm
Tmmﬁ”l.wiﬂmsmLLuusﬁwumﬂmmMnum
(<600 °C) (Zhang et al., 2017) ALTULANLNNEINY
LULAGLAN (Butnan et al., 2015)
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Table 1 Some properties of animal manure and its biochar produced under two different local

traditional kiln

Proximate analysis values (%)

) Oxidizable
Moisture ) L
Treatments organic C Germination
(%) Volatile _ .
(g/kg) Ash Fixed C index
matter
Goat manure (GM) 10.89b 791d 359.72 a 81.65a 17.78d 0.58c 77.01Db
GM biochar (PK) 594 c 7.57 e 315.17b 76.48 b 22.79¢c 0.73¢c 146.94 a
GM biochar (MK) 1.98¢e 9.16 b 64.159 f 64.98 ¢ 33.99b 1.03b 83.74 b
Cow manure (CM) 11.96 a 8.14 ¢ 265.24 ¢ 77.44 ab 21.16 140 a 84.84 b
cd
CM  biochar (PK) 297d 9.19Db 222.38 d 54.85d 43.60 a 150 a 19.05¢c
CM Dbiochar (MK) 2.97d 9.55a 148.37 e 52.89 d 45.66 a 144 a 95.44 ab
| P| *kk *k*k *kk *kk *k%k *kk *%
SED 0.02 0.04 5.29 2.02 2.04 0.1 25.68

PK: pit kiln; MK: mound kiln. SED: Standard error of the three differences. | P |: probability. **,

*kk

significantly different at 0.01 and 0.001 probability levels, respectively. Means with different

lowercase letters within a column indicates significance according to LSD

Table 2 Pearson’s correlation coefficients (r) between biochar properties (pH, organic C, and

proximate analysis) and plant nutrients and biological parameters

Proximate analysis value (%)

pH Oxidizable
Parameters Material: H O organic C Volatile .

=110 (g/kg) matter Ash Fixed C
Seed germination (%) -0.6462 ** 0.6672** 0.6296 ** -0.6293 ** -0.4268
Root length (%) -0.1547 0.4258 0.2179 -0.2140 -0.2593
Germination index (Gl) -0.4396 0.5413 * 0.4249 -0.4225 -0.3517
Total N (%) -0.1288 -0.3218 -0.1488 0.1530 -0.0245
Total P (%) 0.6883**  -0.6921** -0.7950 *** 0.7985 *** 0.4249
Total K (%) 0.2908 -0.4524 -0.5031~ 0.5071 " 0.2181

¥, O, *** significantly different at 0.05, 0.01

and

0.001 probability levels, respectively
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