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Table 1- Somephysical and chemical properties of the studiedsoil

Slade (solg) S 329
Properties
st o) cél,
Silty loam Texture
21 "
Silt
52 o
Sand
27 o)
Clay
0.64 (%)L;ﬂ oS
Organic carbon
235 (%) Jsleo S’ liyyS
Calcium carbonateequivalent
7.85 e
pH
0.66 (dS M) S sl cylan cylls
Electrical conductivity
195 (cmole kgt) Jssls Jobs cud s

Cation-exchange capacity

(AU e Gl 00 g5 6o ST 9 A=Y Jsse
Table 2- Some biochar properties produced from various plant wastes

S w‘.\h Colils _g,g_ts Jals cud,b 039 ;S Ol “
ool Electrical Cation exchange Js Js Js Ash
pH conductivity capacity TotalN _ Total C _ Total H
S €9 (ds m) (cmolc kg?) (%)
Biochar type
e o2 SblE 711 0.05 3253 022 6402 389 1020
(Apple pruning waste)
< i
o9 u*’r‘f bl 7.56 0.08 36.32 0.86 71.03 4.04 5.08
(Grape pruning waste)
PAT A 5 o8 8.13 0.55 108.42 0.41 59.42 4.04 17.14
(Wheat straw)

(F 9 ¥ Jgion) ol s osel s SleMbl il jlg 30
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Table 3- ANOVA for pH, EC, OC, NH4* -N, NOs™ -N, K-Ava.and P-Olsen

331 an 5 Ol po Ske Mean of squares
Calsld 16 & o
i 2l Degree ool Culad I onss ool el i : g;*" 2 ;-‘:‘ |
Source freedom H " ocC N-NH4* N-NOs! 2 el g
P s K- Available  P-Olsen
EC
(B.(’)l;:"; Ef 0 2 0.31"* 0.75"*  1.025"* 7.35" 2.45"* 3530862 124
| r typ
(Bi’ljc’;a’r“;te) 4 0.019m 0.143"*  1159™  137.2" 267 2550104 720"
.’l%"‘"‘ e xes 0.039™  0.143" 0.245* 10.41 94.33™* 909454 42.76™*
(Biochar typex rate)
(El;“;'r) 30 0.011 0.002 0.065 0.001 0.001 5773 4.35
r
s e ps (CV %) 1.33 11.03 14.04 1.54 7.54 8.02 9.92

ToolV Jloinl o (3 )l ime o 7Y o Jlein] gaws 53 5l5 (ime I3 xe pé a4 **%5 T ENS
*, **and ***: significant at P < 0.05, significant at P < 0.01 and, significant at P < 0. 1, respectively.

SB 3 G uao oS polic pdlle Guilyyly 4550 € Jous
Table 4- ANOVA for micronutrients in the soil

@313l 4y Slazyo (Sl
Degree freedom Mean of squares
i o2l &9 e Jroen
Source Fe Zn Cu Mn
(B_’l%;"* ﬁty' ) 2 6.28™" 0.032" 0.0012 91.92"
iochar type
(Bfl%’?: ’ lmt ) 4 172" 0.079™ 0.062™" 70.75™"
iochar rate
.)l%}"u‘ e e 8 0.92" 0.084 0.009 "™ 9.41m™
(Biochar typex rate)
ol
(Efror) 30 0.118 0.092 0.009 10.11
s o ps (CV %) 8.69 17.4 11.33 19.54

Tl ‘-Jl“blff]“”’)%b@“‘s)b@*‘)ﬁé%)qu*“g ns
nsand ***: not significant and significant at P <0. 1, respectively.

Wld jlag b dualie )3 5501 5 G o2 Cluls jlagn Lo A
)‘J..O.a ).) LA] ‘(P§~/~Q) .)9) )‘Ju.u.o d)l""]’ bbv.] )l (BO )1>9»J uﬁJ))
‘)A))_b A.’)l.tj‘._.\o‘ )l>9.3.3 M)J A )I.\.ELO )D ..39.:.; )'5@.&0 BA 9 BZ cBl
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SLEC 9pH 1 sla g e g 95 55 B
= bagm sl 5 g9 Jlite S (Slee dualie oS 0 Jo>
el o3y s 1y S oSl colun bl g pH e
ogm e 5 £95 il cou S PH polis den b oo Lolal

OBl L 9SSl g s pp Sluls gy sl 485 1,8
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5 Jogm e il pai8 IS 5 o8 g 3 oS
oo oy A e 5 PH LS il Lials S pH (e300
LLod 51 (Bo slrgnm (j9e) 28L5 Jlogi L duslie )5 paiS' 1IS 5 05
I mxe Ba g B2 B1 jlaie j3 Lol (P<+/+0) 3¢ 5 sime ()bl
e b duslie 50 pusS 58 g olS jlogw doyd A Hlade 13 .000,5
IS yebas il als as s YAY (S pH (b gn ) Jali
5 cuw wyd Olols jlagy doyd A Hlade o pH Hlade o i
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b ol
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e Lials cuw &S Jb jd S e dgae 1y Ll S s 0un
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Table 5- Effects of biochar types and rates on soil pH and EC

Jesw &9 oo pH (1:5)

Biochar type Bo B1 B2 Ba Bs

w oA ot g g gogw  gol®  go2® 815
(Apple pruning waste)

295 o Ll 7.84%¢  7.87°° 7.94> 8.03% 8132
(Grape pruning waste)

PS5 S 5 o0 7.84%¢  7.79¢ 7.73% 7.70% 7.619

(Wheat straw)

S S cglan cybls EC(DS m'h)

Bo B: B2 B4 Bs
e 0 st 0.25¢  0.23¢ 0.22° 0.24® 0.28°
(Apple pruning waste)
5 oon S 025°  020° 021° 024° 028
(Grape pruning waste)
PS5 GHS o5 025 0399 054 0740 1220

(Wheat straw)
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Figure 1- Effects of biochar types and rates on soil organic carbon (%), the same letters show no significant differences
among treatments (P< 0.05).
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Table 6- Effects of biochar types and rates on N- NH4** and N- NOs™! onstudied soil
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Figure 3- Effects of type and rate biochar on soil available potassium(mg kg), the same letters show no significant
differences among treatments (P< 0.05)
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Figure 4- Effects of biochar types and rates on soil available iron (mg kg), the same letters show no significant differences
among treatments (P< 0.05)
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Figure 5- Effects of biochar types (A) and rates(B) on soil available manganese(mg kg1), the same letters show no significant
differences among treatments (P< 0.05)
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Figure 6- Effects of biochar rates on soil available copper (mg kg), the same letters show no significant differences among
treatments (P< 0.05)
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Introduction: Biochar is a material produced from organic matters under high temperature and low oxygen
conditions. In recent years, scientific attention has been focused on its effects on soil amendment and ecological
restoration.Due to its properties related to surface area and porosity, bulk density, nutrient content, stability,
cation exchange capacity (CEC), pH value, and carbon content, biochar has the potential to improve physical and
chemical soil properties and thus improve crop productivity and contribute to carbon sequestration. Biochars can
have very different properties depending on the feedstock they are produced from and the pyrolysis conditions
used to generate them.Biochar retains nutrients for plant uptake and soil fertility. The infiltration of harmful
quantities of nutrients and pesticides into ground water and the runoff that erodes the soil and enters into the
surface waters can be limited with the use ofbiochar. The actual effects of biochar on soil properties depend on
the soil type and the plant species grown on the area of application, as well as biochar type and application
rate.The aim of this study was to evaluate the effect of the biochar types and rates on some soil properties and
nutrient availability in a calcareous soil.

Materials and Methods: An incubation experiment was conducted in a completely randomized design with
three replications. The treatments were three type of biochar (apple pruning wastes, grape pruning wastes and
wheat straw), and five biochar rates (0, 1, 2, 4 and 8% wi/w). Biochars used in the experiment wereproduced at
the final temperature of approximately 350°C for almost 3 hours. The biochars were ground and sieved over 1
mm sieve for the incubation experiment.100 g of soil sample was weighed into polyethylene pots and then
thoroughly mixed with 1, 2, 4 and 8 g of the biochar samples. Soil controls were run without any amendment.
Distilled water was added to the soil-biochar mixtures (soil samples) in order to keeptheir moisture content to
60% of their water-holding capacity. The incubation was carried out in a controlled incubation chamber at 25°C
for incubation in aerobically controlled non-leached conditions during 8 weeks.After 60 days, the samples were
dried andsoil pH and electrical conductivity (EC) were determined in 1:5 soil to water extracts. Also, to
determine mineral N, the soil samples with biochar were extracted with 2 M KCI. Organic matter was
determined by dichromate oxidation. Soil extractable P and K were extracted with 0.5 M NaHCO3 (ratio 1:10)
(Olsen-P) and 1 N NH4Ac (1:20) (NH4Ac-EK), respectively. DTPA-extractable Fe, Mn, Cu, and Zn were
analyzed by atomic absorption spectrometry method (Shimadzu AA-6300).

Results and Discussion: The results indicated that adding biochar changed some soil properties such as soil
organic carbon, pH, electrical conductivity and the availability of some macro and micro nutrients. These
changes were also more evident with increasingin the rate of biochar. Soil organic carbon (SOC) contentsin the
amount of 8% apple pruning wastes, grape pruning wastes and wheat straw biochar were 3.78, 3.80 and 5.24
times more than control, respectively. Available potassium and phosphorus increased further in derived biochar
from wheat straw in the amount of 8% compared with apple pruning and grape pruning wastes. Soil available
potassium in wheat straw biochar was 2.19 and 1.88 times higher than apple pruning and grape pruning
wastesbiochars, respectively. Wheat straw biochar greatly increased soil EC compared to control, and a higher
biochar addition finally resulted in a higher value of soil EC. Also, the mineral — N, comprising of ammonium
nitrogen (NH4-N) and nitrate nitrogen (NOs-N), concentrationshowed significant reduction when different rates
of biochar were added to the soil. Increase in the rate of applicationmarkedly reduced the concentration of both
NHz-N and NOs-N. Wheat straw biochar significantly reduced available iron. Also, soil available copper
significantly decreased by increasing the rate of biochar. But, soil available manganesesignificantly increased by
increasing the rate of biochar. The type and rate of studied biochars had no significant effect on available Zn.
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Conclusion: Generally, the soil organic carbon (SOC) markedly increased with an increase in rate of
application ofbiochar during the 60 days of incubation. This suggests that the biochar has great potential for
carbon sequestration in soil.In conclusion, it became clear that in order to allow for accurate prediction of the
effects ofbiochar on soil characteristics and nutrient availability, a deeper understanding of interactions between
soil type, biochar production method, biochar feedstock, application rate and field crops is essential. Further
research is needed to determine long term impacts of biochar on these soils.
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