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1- Pyrolysis
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Table 1- Some chemical compounds and properties of biochars and their feedstock
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Mun|c|pa| Waste Compost 74 936 103 137 044 056
(MWC)
oGSl 8.8 95 11 1.09 0.58 0.72
Biochar of MWC (BMWC)
A 75 3.37 12.9 1.87 058 0.11
Sewage Sludge (SS)
N 7.8 3.68 152 152 0.59 0.11
Biochar of SS(BSS)
i 8.3 228 258 1.94 0.91 2.46
Cow Manure(CM)
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Table 2- Phosphorous and potassium content of treatments
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Compost MWC Sludge SS Manure BIO(éI:’IaI’ of
MWC BMWC SS BSS CM M
( ) ( ) (SS) (BSS) (CM) (BCM)
Gane lade
Application rate 214 20 17 145 8.5 7.6
(9 kg soil)
slesi p2 )3 JS jhud e
P content 90 120 100 80 80 80
(mg kg soil)
sl g2 55 0 IS mliy jlude
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(mg kgt soil)
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Figure 1- The effect of treatments on Soil electrical conductivity (Duncan «=0.05)
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Table 3- The trend of EC of 1:2.5 extract of soil: distilled water during the incubation period
(Duncan ¢=0.05)

i y. Y STTR S TR A R
Ié’ da 30days 60days 120 days l’;é davs
Y EC 1:2.5 (dS m™) Y
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Ctrl
Municipal Waste Compost 0.48" b osg® s 0.69 %
(MWC)
w?ﬁ"; )l?9" ab 072 0.72 a a
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Sewage Sludge (SS)
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'3
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Cow Manure(CM)
5 >
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Biochar of C M (BCM)
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on the basis Duncan test. Means with the same letter are not significantly different at P< 0.05 level
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Figure 2- The effect of treatments on Soil pH (Duncan a=0.05)

Lyl (5] ol 8 bl 4y jlrge 4l 1 hae 3,15 292 (gouxte
b SB (2950 Caner bpusilS )y S 1) sl cuslie (Jare
59 (19050 Canax ol 00 e T slasgel amo oo il
5 4o il SLEPH (S rals ) Jds Jelgs 5l Sl
NPK sladss g lagm slidlen Sl il (yp 3 (VF) oS
b Jlrgn Bpas il (86 PH als (ol SB S 5 Lgw )
]y pd ol il )38l Jele
OUE (8Ll b (gmeligSil e Jobo 53 PH &y (o)

S 6)»ol> §,~O.’>U 5 JLl W)X 3)940 S oS el ‘_Jl> Jel u:‘

ol 48 518G (laylage 5 UWE PH 5 S 8L L g (Sl
b 5ol Loy slajlagn Abbee ol b byl g Sudod
295 48 (VW 9 8) M (o BB g Sfgpm 28 s polie
wrilp 9 SB P CO Jlis 9 SB 09)Sie b Lol o
sbajlrsn > Blgie (Solite Jole (slaog)S gl o3lo g5 4
SliyliS sl iS50 SLs pH (gqy 45 bl 3539 4 dlols



0SB plewd Slaogas (S p p bl adgl slge g ilisio syl gm b

dayloss 51 SO o Braan 3l > 0l dbul (sl pitisw ;> S pH ole; cdiS L dajlog 1 Km0 a9 aald > dn &S amd o
OaawbisSSl ae Job 3 ol ol g Slodw; Jols 4 )50 L O o) (B Jsde) canl oauis bl S1BpH (o cwguore yuss
ol ols )3 5 0diiS” S Jolse ¢ yamolioSSl olaol 5oy Vo flas 40 &S Canlize

(0= +/+0 5S> (y9051) ihiseo (sl ,lows wil Cowi (yanililgd e Jgb 13 S PH @l puds wigy —€ Joua
Table 4- The trend of pH of 1:2.5 suspension of soil: distilled water during the incubation period
(Duncan =0.05)

SN s Y jas Ve 59037 390 YA+
10 days 30 days 60 days 120 days 180 day
pH (1:2.5)
- 8.5° 8.4 8.5 8.4 8.4
Ctrl
Municipal Waste 8.1b gb 8.1b gb gb
Compost
(MWC)
CusgpaS o
Biochar of MWC 8" 8.2° 8P 8t gb
(BMWC)
2L 8" 8" 8.1" 8.1 8"
Sewage Sludge (SS)
A o lose 8.2 8.1b 8.1 8.1b 8.1b
Biochar of SS(BSS)
s 258 8.1b 8.1b gb gb gb
Cow Manure(CM)
LT PIEIW
Biochar of C M 8.1° 8.1° 8P 8t b
(BCM)
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on the basis Duncan test.Means with the same letter are not significantly different at P< 0.05 level
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Figure 3- The effect of treatments on soil available phosphorous (Duncan ¢=0.05)
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Table 6- The trend of soil available phosphorous during the incubation period (Duncan ¢=0.05)
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Introduction: Global warming is strongly linked to the increase in greenhouse gas emissions to the
atmosphere. One of the most efficient ways to reduce the amount of atmospheric CO; is to produce a lot of
biomass and convert the biomass into a biochar. Biochar is an organic carbon-rich solid that can be obtained
from pyrolysis of various organic materials. In other words, biochar can be produced via thermal degradation of
many organic materials such as vegetation biomass, animal waste, sewage sludge, etc. in absence or lack of
oxygen. Biochar is more resistant to microbial degradation than its feedstock and has a mean resistance time of
several decades. In connection with the use of biochar, the most researches have been done in non-fertile and
highly weathered soils. The most significant effects of biochar application, have been also observed in strongly
acidic soils. In many arid and semi-arid regions of the world, including Iran, the soil organic matter content is
low. The lack of organic resources and their instability in the soil are considered as some of the most important
challenges in improving soil fertility and plant growth and yield. To improve soil fertility by using insufficient
existing organic resources, stabilizing organic matter by converting it into the biochar can be a fundamental
strategy. If this strategy is applied in our country with calcareous soils, it is necessary to study the effects of
different biochars on calcareous soils from different aspects .In this regard, in the present study, the effect of
three types of biochar in a calcareous soil has been investigated in comparison with their feedstock.

Materials and Methods: The effects of three types of biochar and their feedstock in a calcareous soil were
investigated in a 6-months period of incubation. A completely randomized design in the form of split plot
experiment, was carried out. The main plots were consisted of Control, Municipal Waste Compost (MWC) and
its biochar (BMWC), Sewage Sludge (SS) and its biochar (BSS) and Cow Manure (CM) and its biochar (BCW).
The sub plots consisted of five sampling times as 10, 30, 60, 120 and 180 days after the beginning of incubation.
Application rate of each treatment per kilogram of soil was calculated based on having the same weight of
organic carbon content. So that all treatments contained 2.2 grams of organic carbon. After mixing the treatment
with soil and adjusting the humidity to the moisture content of the field capacity (FC), they were transferred to
the cans (with 3 holes embedded on their doors) and kept at 25°C in the incubator. During the 6-month
incubation period, soil moisture was set at FC levels at intervals of two to three days. Sub samples were taken at
five times. After air drying the sub samples, the chemical parameters such as EC of 1:2.5 extract, pH of 1:2.5
suspension, available phosphorus (extracted with sodium bicarbonate 0.5N) and available potassium (extracted
with ammonium acetate 1N) were measured. After data collection, statistical analysis was performed using SAS
software.

Results and Discussion: The soil texture was sandy loam with 21% of clay, 7% of silt and 72% of sand. Soil
CaCOs; content and soil organic carbon content was 16% and 0.23% respectively. Available forms of potassium
and phosphorous in soil were 76 and 6.3 mg kg, respectively. According to the results, under the influence of
each treatment, the variation of soil available P, showed a significant increasing trend with the time. Changes in
available potassium and soil pH were not significant over the time. Variation of soil salinity with time although
showed an increasing trend but was not significant. Comparison of the effects of treatments showed that both
biochars and their feedstock could significantly increase the available phosphorus and potassium in soil. In this
regard, the effect of biochars was more pronounced than their feedstock. Among the feedstock, ranking for
enhancing effect on available P, was SS > CM > MWC and among the biochars, it was BCM > BSS > BMWC.
Ranking for enhancing effect on available K, was CM > MWC > SS and BCM > BMWC > BSS among the
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feedstock and biochars respectively. The increase in available phosphorus and potassium due to the use of
biochars were much higher than that of total phosphorus and total potassium added by biochars. The soil pH
decreased as a result of the application of each treatment compared to control. In this regard, the significant
difference between biochars and their feedstock were not seen. Probable presence of some amounts of pyrogenic
carbon with biochars can be one of the reasons for soil pH reduction. Electrical conductivity of 1:2.5 extract of
soil was increased by all treatments compared to the control. Except for BSS, two other biochars significantly
increased soil salinity more than their feedstock. This increasing effect on soil salinity can be partially due to the
existence of some amount of ash accompanied with biochars.

Conclusions: Application of biochars derived from cow manure, sewage sludge or municipal waste compost
in this experimental conditions, led to a significant increase in the amount of available phosphorus and potassium
in soil compared to control and their feedstock. Therefore, the use of these biochars can have a high potential for
reducing the consumption of some chemical fertilizers. From this point of view, the order of the superiority of
the coal was as follows: biochar of cow manure > biochar of municipal waste compost> biochar of sewage
sludge. The conversion of any of these feedstock to biochar did not have an effect on their potential for soil pH
changes. Except for biochar of sewage sludge, in two other biochar, the potential for increasing soil salinity was
higher than the feedstock. Considering that the durability of biochar in soil is much higher than that of its
feedstock, it is possible to use suitable biochars such as those examined in this study as a great potential for the
sustainable improvement of soil fertility and for reducing the use of chemical fertilizers in our country's
agriculture. This requires extensive field researches for other soil properties in different soil and water
conditions, with different kinds of biochars and crops.
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