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Table 1. Some physico-chemical properties of the studied soil.

Property

Sand
Silt
Clay
oC
CCE
CEC
EC

pH
Total N
Olsen P
NH;OAc-extractable K

DTPA-extractable Fe
DTPA-extractable Mn
DTPA-extractable Zn
DTPA-extractable Cu

Unit Value
% 40.6
% 38.0
% 214
% 0.41
% 41.3

cmol. kg 12.6
ds mt 2.45

- 7.7

g kg? 0.36
mg kg™ 135
mg kg 273.2
mg kg 1.25
mg kg 4.12
mg kg 0.51
mg kg 0.73

SoSI Eglan Sl g SeslS Jobs Cud b ¢ Jslas S @l S o JT S o5 54 EC 5 CEC (CCE .OC
OC, CCE, CEC and EC are organic carbon, carbonate calcium equilibrium, cation exchange capacity and electrical and respectively
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Table 2. Selected physico-chemical properties of biochars used in this study.

200°C Biochar

350°C Biochar 500°C Biochar

Property Unit (B200) (B350) (B500)
pH (1:10) - 6.24 8.59 9.72

EC (1:10) ds m? 0.860 0.953 1.056
CEC cmol, kgt 33.85 29.92 22.85
Yield % 77.11 4753 43.54
Ash % 12.40 29.47 54.73
Fixed carbon % 8.39 22.31 31.67
Volatile matter % 79.11 37.11 22.00
C % 45.15 56.11 39.08
H % 5.729 3.515 1.293
N % 0.375 0.805 0.693
o) % 36.87 9.67 3.78

H/C - 0.127 0.063 0.033
o/C - 0.805 0.180 0.107
P g kg 0.156 0.234 0.786
K g kg 0.816 2.47 6.55

Fe mg kg 129.2 251.1 460.8
Mn mg kg 25.3 58.7 146.2
Zn mg kg 23.5 40.7 62.5

Cu mg kg 5.1 11.3 19.6
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Table 3. Variance analysis (mean squares) of the treatments effects on soil pH, EC, CEC and OC

S.0.vV df pH EC CEC ocC
Biochar type 2 0.281™ 0.002™ 0.874™ 0.165™
Biochar rate 1 0.005" 0.003™ 0.674™ 0.122™
Type x Rate 3 0.013™ 0.001™ 0.269" 0.001™
Error 16 0.001 0.0001 0.048 0.0001
CV (%) 0.30 0.45 1.39 1.64

2030 g ooy ) Jloiml o 53 o e i 4 *

“and ™ are significant at the probability levels of 0.05 and 0.01, respectively
Sy 5 oeols Jols ead b o S xSl culaa eolls 5 54, OC 4 CEC EC
EC, CEC and OC are electrical conductivity, cation exchange capacity and organic carbon respectively
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Table 4. Mean comparison of soil chemical properties at different treatments of biochar application

Biochar type  Biochar rate pH EC (dSm™) CEC (cmol. kg?) OC (%)
Control - 7.60+ 0.02° 1.481 + 0.007¢ 12.63 + 0.24¢ 0.42 +0.02
B200 1 7.43+0.03¢° 1.572+0.016° 13.32 4+ 0.12%¢ 0.65+0.01°
2 7.35+0.03¢ 1.578 £ 0.011° 14.16 + 0.242 0.83+0.02¢
B350 1 7.64+0.02° 1.593 + 0.005° 13.33 4+ 0.23%¢ 1.01+ 0.02°
2 7.72+0.020 1.605 + 0.012° 13.60+ 0.11° 1.23+0.028
B500 1 7.77+0.020 1.602 + 0.011° 12.87 + 0.10¢ 0.76 £ 0.01°
2 7.86+ 0.032 1.640 £ 0.019? 13.26 + 0.12° 0.94+0.01°

25505 (P<0.05) (5 ,lo cime B SSlo (slacals aiz (yg05] Lulol 1 g 12 10 S jiie By > 51l slanSilo
Means similar letter(s) are not significantly different in each column according to the Duncan’s -test (P<0.05)

I onsS 5 oissols Jobs cad b o S0 iSUl colas culils s 54 OC 4 CEC EC
EC, CEC and OC are electrical conductivity, cation exchange capacity and organic carbon respectively

lalos ;o ool 4y o l>gn ien @l 2017
“Js¥ge 4325 g GgelannST Jdoas Gl céL S
5 S Jsbre JT 58 Gl dag] Sz T sl
S sbbarul ads 5 29,500 cudlad 2133l 5T Jlssay
Liu &) ail g S pH als o ollg oo
oMb dgazme g baly S Pl (Zhang, 2012
SleSEpH rals LYs 5l wlgs oo 5 lag)] 5dg 00
b led j0 eul 4 slajlrgn b oo jleus si‘ﬂ
oHlen g pols (Liu & Zhang, 2012) ol
ok 0,8 o, )5 (Khadem et al., 2018)

(¥ Jgax) B500 s 3,05 51 5 S pH il
09l S ke g g YL PH Ldsa sl o
Ol FeS B idn 58 s 5 penly 2iile LB lo
sleole,S 5 oSy e Grzmes (V) Jouz) a0l
gl SBPH Gl o aiilgs oo Jlarge 5o 29250
S ;0 S pH als (Al- Wabel et al., 2017)

S Jlargm g9 ol as all s ol 4 wilgs 0 B200
o OS5 009 o0k (ol Jole (sloog S
S 50 gl Jole sloog 5 ol of5T o S 5o
Gul et) sgi o S pH ials s o] Jlisas 4



VAR ks o) oyleds A als

S 55,5 iiow

R gig w3 ¥ g ) ok )3 Lol 0oz s
woled o S S T 5,8 il il oy Y
S P Gl jeba sl lran 0 )8 sl les
SB IS 05 al8 (F Jaz) o a0l s
015 W oy Jser S &l oyl 51 50
OS5 3l ol by a5 Bl o ol g
Ippolito et al., 2016; Naeem ) el ouls (5,155 3.5
et al., 2017; Khadem & Raiesi, 2017a; Moradi et
mhos o S JT S ke oy ike <@l 2017
SS9 (0o, VYY) B350 jleyg jo doyo ¥V 0,8
o odalive (aoys /FY) vals s jo o] Slade
Vslless o S TS os it (F 9o
ol Il opyS ke o iy JJoay B350 s yo Y g
sl ;o SB T 0 )S (Y Jgu2) 092 )lorom g9
Aok Gl seba oy Vo058
s9bar (P J592) 05wy ) o)l mhw lojles
Oygods iz slojles o JI S w5
Ao, a5l b .og Control < B200 < B500 < B350
‘511 OyS Lol w09 BS0O 51 5 i B200 > yo 03,5
a5 ol 0 B200 51 5 5w BS00 slo les o S
Cand e 5 00D S () (092 S e o &
B200 L duulia ;5 B500 ,l>ss ,5 O/C  HIC oy
Sl cdl S YL sleles ;o (Y Jguz) oy
SWog)S (o Al 92,55 9 (B &l yum0 gl 25Ty
Slolle 5 oad gl lolrs b el

@b sl )l 45 g o JSAT 025 Sile)]
Domingues et al., 2017; Leng et al., ) w,ls S ;s

(2019

aé polc ol yd
&5 ol Sl ol las besls Luiljly aies bl
chile lapl Jlie s slren 005 alaw Gl
39 99 Sl gme S solaiwl LB (59, 9 paly ¢ jand
o 9 e Sl e g9 Lol Sl les oS I
Pl orizeed (0 J992) 99 Sl pixe S oolaal LB
20l ol gl g gg Bl il s g5 Lol
(0 Jguz) g0 Slo sixe S oolanl L8 Q,m] cdale
syl soles jo sy lis osls (1 Sle aslin
dgr wald Jlewd 1 g e S colatwl B el

sles ;5 353 sload and Hlarse (Si oo ) 5 010
S PH s pme GialS s Gogandis azyo Yo
gk il 08 S I 0wl (Sol s, SL-
arps S g Foo bales j3 oud agd gyl
i S PH s e ial33l o yogmmdes
oo solas 0 )18 ols lias baosls (1 Sle s lin
VeIV B FY) S EC s cine Gl o s
Ly yo S EC ke o5t (F Jgaz) o (o)
(Y Jguz) 051 a0 ¥ 0,5 e ;0 B500 jlens 4
Jedoas Wil o b )lagms 5,5 51y S EC zyl3dl
2k i le o 05z ge LS Slagy sl (s o]
(Cimoetal. 2014) o, IKan 5 5ouS il S Jslns
oolil Sl 0 )5 1 0 WS 158
g Sl b Gl Lgm oS QL Glagesls
adlas bl ams ol 1) S EC Wlgs co w5)lo
ol lid 55 (Usman et al., 2016) ), Sen 4 oleie
e il s (992595 SLLE g 0018
ad ol S S EC

oil8l S CEC g slo )los solad 03,18 31 50
CEC (Bl )lade o 5nS g (n p ot (F Jguz) <L
35S el 53 B200 (sl Lo & gy o o ity S
doyo ) 08 maw ;o B500 g (ao o VV/2) as 0 ¥
Aoy ¥ w0 lalgn 0 )5 30 0g (s, V/A)
e )3 maw lajles 1 5yt S CEC iol58l o
slajlos ;0 CEC iy (IS jsbar (Y Jga2) o
B500 < B350 < B200 155 osi 5 (520 2 g cilizes
o5 51 e S CEC oliél LJs Control <
5 o Jise Jb3lo g sl YL ohs chaw Ol
Gale sloog S ezg g (rhaw b @515 eieen
Tl S5y 2 deSsnS (JeinS alex Sl o5
ol b alis jgbay (Laird etal., 2010) wil oo Hl> g
ool (Nagem et al., 2017) ), Ko g o5 iRg
o0l dngd gy ol g paiS oS sla g (19938 WS
(gemdes a0 000 g Foe Vo) Galizes slalos o
S CEC s sire (ilidl o Sl SB S 4
i sl lrges a5 ol liS Cppizmen o] @l s
CEC (ll )3 65 m3U Fomb slales ;0 000
3 (Laird et al., 2010) ), San 9 5 Y ausb S

Syl5 51 5e S5 CEC win,S i)li5 gy alool L



Vo) zobhw o p 545 5 9k .(V JK2) clils S
o pay |, S oolazwl LB 2.8 B500 jl>gu suo o
—a |, S oolatuwl BB ks g ouoy0 VIV VT

O JSE) ols ol as 0 VAN g VV/F s

FB ol g 50 jlade (2S5 0p S e (Y JSD)
sl 5 B500 sla Lo 4 bgs ya o i S ooliil
B200 4 B350 (sl > e L dcsliia ;5 B500 )l g .09

oolital B ounliy 5 jicd (I3 53 (6t 20

S o Iié polic eoliwl B cdile 5 bjlod il (Glaypo (uileo) (wilsylg 4 525 -0 Jgua
Table 5. Variance analysis (mean squares) of the treatments effects on available concentration of nutrient

in soil
) DTPA-extractable
S.0.vV DF Olsen-P Available K Fe Mn 7n cu
Biochar type 2 80.97™ 698.2™ 0.103™ 0.102™ 0.059™ 0.019™
Biochar rate 1 22.92™ 922.4™ 0.001 0.018™ 0.002™ 0.002
Type x Rate 2 11.07™ 29.22" 0.010" 0.008™ 0.002™ 0.001™
Error 12 0.763 7.464 0.003 0.009 0.0001 0.001
CV (%) 4.63 2.97 6.72 4.86 5.62 8.03
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" and ™ are significant at the probability levels of 0.05 and 0.01, respectively
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Figure 1. Mean comparison of soil available concentration of P and K at different biochar treatments
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Figure 2. Mean comparison of soil available concentration of Fe and Zn at different biochar treatments
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Means similar letter(s) are not significantly different according to the Duncan’s -test (P<0.05)
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Figure 3. Mean comparison of main effect of biochar treatments on soil available concentration of Mn and
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Table 6. Variance analysis (mean squares) of the treatments effects on biological properties.

S.0.V df BR SIR MBC Dehydrogenase activity Catalase activity
Biochar type 2 5760  190.4™  52431™ 14.15™ 0.545™
Biocharrate 1 1007 12.48™ 1580" 0.971" 0.044"
Type x Rate 2  355.9°  3.19" 668.9" 0.544" 0.035"
Error 12 741 0.803 148.3 0.126 0.08

CV (%) 4.12 3.31 7.73 8.26 3.64
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*and ™" are significant at the probability levels of 0.05 and 0.01, respectively
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BR, SIR and MBC are basal respiration, substrate-induced respiration and microbial biomass carbon respectively



250 - 30 1
N T 25 g
S 200 - —
o 2 20 -
[@)] o~
X 150 A (@]
o U 15 4
O 1
Q 100 1 2 10
O =) 1
o £
E 50 - x 5
@ 7]
G 04 ‘
1% 2% | 1% 2% | 1% 2% 1% 2% | 1% 2% | 1% 2%
C B200 B350 B500 C B200 B350 B500
Treatment Treatment
450 -
400 -
o 350 -
2 300 -
(=] _
é 250
O 200 -
g 150
100 A
50 A
0 J
1% 2% | 1% 2% | 1% 2%
C B200 B350 B500
Treatment

S (MBC) (029,500 09g5 s j (255 9 (SIR) | s b aieil o s (BR) asly (29 5500 (el (5255 koo dns lio - F S50
sz g Gliee o jlow 50

Figure 2. Mean comparison of soil basal respiration (BR), substrate induced respiration and microbial
biomass carbon (MBC) at different biochar treatment
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Figure 5. Mean comparison of activity of dehydrogenase and catalase at different biochar treatments
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Abstract

Biochar application can affect nutrient availability and biological properties of soil. The
objective of this study was to evaluate the effect of biochar derived sugarcane bagasse at
different pyrolysis temperature on nutrient availability and biological properties of a
calcareous soil. Therefore, biochars were produced at 200, 350 and 500°C and mixed at 1
and 2% (w/w) with the soil. The soil samples were incubated in ambient temperature (25 +
2°C), for 90 days. At the end of experiment, nutrient availability and some of chemical and
biological properties of soil were measured. The experiment was carried out as a factorial
experiment based on a randomized complete design with two factors including biochar type
and application rate in three replications. The results indicated application of biochars
increased soil cation exchangeable capacity (1.9-12.9%), organic carbon (54-192%),
available P (2.0-76.0%), K (5.2-18.1%) and Mn (12.6-17.5%). Application of B500
decreased the concentration of available Fe, Zn and Cu but application of B200 significantly
increased of these nutrients. In addition, application of biochars significantly increased
microbial respiration (20.0-108%), substrate-induced respiration (16.5-142%), microbial
biomass carbon (8.2-124%) and activities of dehydrogenase (19.3-129%) and catalase (34.4-
178%). The greatest increases in available concentration of micronutrients and microbial
properties were observed in B200 treatment at 2% application rate. In general, the results
indicated that sugarcane bagasse derived biochar produced at low temperature (200 and
350°C) especially 200 °C can be suitable organic amendment for improving soil organic
matter, nutrient availability and biological properties of calcareous soils in arid and semi-
arid regions.
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