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Table 1- Selected physico-chemical properties of the soil used in this study
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o % cmol kg™ ds m? -
Unit
e 40.6 38.0 21.4 0.41 41.3 12.6 2.45 7.7
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Table 2- Concentration of selected elements in the soil used in this study
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Property  Total N NaHCOs-extractable P NH,OAc-extractable K Total Zn DTPA-extractable Zn
KeS ) )
9 gkg* mg kg™
Unit
ke 0.36 135 273 56.5 0.51
Value
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Table 3- Selected physico-chemical properties of biochars used in this study
SR sy Yoo'C e JK5 Y0+°C (dunj J¥5 0¢+7C (o Jj
Property Unit 200°C Biochar (B200) 350°C Biochar (B350) 500°C Biochar (B500)
"l—ﬁt—)
> 6.78 + 0.09 8.59+0.15 9.72+0.13
pH (1:10)
S el
S8 i dS m? 0.860 + 0.007 0.953 +0.009 1.056 +£0.018
EC (1:10)
=3 CJEC “E mol, kgt 33.85 +0.90 29.92 +1.49 22.85 + 1.04
> 5ec % 67114374 4753+041 4354+£328
Yield
Sl
’;Sg N % 12.40 +0.72 29.47 £0.41 54.73 +£0.42
s
e % 78.88 +1.26 4955+ 1.03 35.33+0.87
Volatile matter (VM)
oMb S o % 8.39+0.73 22.31+0.48 31.67 +0.47
Fixed carbon (FC)
VM/FC i
i - 9.40 £ 0.27 2.22+0.11 1.12 +0.24
VM/FC Ratio
""C’s % 45.15+1.94 56.11 + 1.07 39.08 £ 0.93
05’;'*"’ % 2.604 + 0.048 1.598 + 0.096 0.588 + 0.013
U)’il’w % 0.575+0.021 0.805+0.012 0.693 + 0.009
di")‘“ﬁ % 38.98+0.34 1159 +0.31 448 +0.12
O & gy S - 0.692 +0.027 0.342 +0.021 0.181+0.011
H/C Ratio
§ S | s
o« “”“5_ i - 0.648 + 0.023 0.155 + 0.012 0.086 + 0.008
O/C Ratio
"‘F;“'“’ gkg? 0.156 + 0.01 0.234 +0.01 0.786 + 0.03
“"*K”L“ g kgt 0.816+ 2.6 247412 6.55 = 0.71
‘Z mg kg* 23.45+1.15 40.68 +0.47 62.5+0.70
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Table 4- Variance analysis (mean squares) of the treatments effects on pH, CEC, TOC and DOC.
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S.0.V df pH CEC Toc DOC
s JE5 £ 3 0.281" 0.874™ 0.165™ 436"
Biochar type
e JI o 1 0.005" 0.674" 0.122" 136.1"
Biochar rate
gl X £9 3 0.013™ 0.269" 0.001™ 57.5™
Ratex Type
s
16 0.001 0.048 0.0001 7.4
Error
St oo 0.30 1.39 1.64 6.71
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Figure 1- Soil pH at different biochar treatments
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Means similar letter(s) are not significantly different, according to the Duncan’s -test at 5% probability level.
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Figure 2- Soil CEC at different biochar treatments
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Means similar letter(s) are not significantly different, according to the Duncan’s -test at 5% probability level.
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Figure 3- Soil TOC and DOC at different biochar treatments
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Means similar letter(s) are not significantly different, according to the Duncan’s -test at 5% probability level.
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Table 5- Variance analysis (mean squares) of the treatments effects on Zn Chemical fractions in soil
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Table 6- Mean comparison of exchangeable (Exch), carbonate (Car) and organic (OM) fractions at different biochar

treatments
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Means similar letter(s) are not significantly different in each column according to the Duncan’s -test (P<0.05)
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Table 7- Mean comparison of main effects of biochar type on the Zn concentration in Fe and Mn oxides (Fe-MnOx) and
residual (Res) fractions
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Means similar letter(s) are not significantly different in each column according to the Duncan’s -test (P<0.05)

P Y J58) 8 S 9y (pleend G SIS (s @i
slaJle; uwp ¥V maw 5,8 150 ¢ g &5 zolaw dulds
9 Fole 9y lewd GUSS (o 20> Ol )3 (s
s 2oy lalidl e ) JLE S g9 aw o (T S)
oialS g (T olgo L osds dgm dacly S b osd Xgo cla S5
slaJle; w5l was SUe s o9y oniladl IS s 2oy
O 29 Oslite S50 g9y (LS S (oo doyd g (e
S o 2oy a3 s B200 i JE5 slos & s
103 il oo B50O 5 B350 (sl ey o SB 3 (5, ol
¥ e la s 15U m0s S5 3 ) IOl JS5 s
o (g IS aaws daopd Sl ) sl ) do
-t i b St g 0] (cloiguST L ok Wiy JS5 o S
SladSed @)y (S Hoban 2 o ) aw slajles | 5
< odsledl @ ygods Lajles dan 30 SLS 5 65y (olesd
2l bl ol (F JS) 0 Jols < JI< 5l S <(oas]
A A) d9 aslie SSal claSB ) aas pll cla imgh 5k
o)l L)J)_’L)w’) b..\:LouBl) J&m )‘ = Lb)LwJ dod D (\‘V 9 VO
> 091 5350 g ol (sloansT L osd Wigw JS5 4 bgrpe s
Gl 55K g pal lbawST b odd Ngo g9y Moy 39 YU
23 (9= YU (A) 2l e basnuS ol gl 1 es9y (v
55k 5 oyl clbtnST L o1 Bge g olilo Bl (sl IS 1 (g5
Aib e S 30 g9y SS90 ol YL gyl onan ol
D5t (A g Il Gl JSS 4 basye 595 803> (2505 et
OtnS orzper 9 (Il g ST (P 55y 20> it

5 ety JU85 g ool 51159, 09silo Bl JSWo
SB 53 59y 08le Bl S ) JU5 aw 9 £ (liSen
d9m oiine oy s JLE5 95 ol ST el g o sime
035lo By Kb et o (gt JUEj 20) 42 51.(0 Jgaz)
oielS G B200 (giwsj JLij & (5y5ber s SB 5 (55,
T Gl s B500 4 B350 i JE5 5 0mibo 3l S
alio (Y Jgd) 395 51 e (gylol Jhai 5l ol pss ol Lol s
JSb edale ol (s (g JEj 0008 claless (Lol 3l
9 B350 i sladle; Ly oad jlas SB35 (g5, 0l Ly
{V Js2) 392 B200 jlos S5 5l 54 (5 ixe ysbosr BSOO
B500 4 B350 (sl ki ;3 g9y oibo 3Ly JSLi 092 st
() JS=) 392 baylass ) 3 S PH 390 5 oty Ylaos|
o B200 b 045 Jlagy S5 55 ole 3l (59, cale 5395 S
S9y sy JE5 ol 029381 Sl g & a3 o LS SalS e 4
Oried Casl 0dd a5 Fole (eenlp b S 4 axile L
o)lag> @iy ) i B B200 (gt Jj a3 00 (U5 @l
Ol b alie jsboas sl 039y g0 SE 0 g9y (abend (b JSS
2 sy o3l Sl S ali8l 5 (A) S 5 ol g
B oS (e JBj s o b ond Jlag (Sl S S
Js )] 55,8 5155 1y ogmadas 43 )3 OB+ (glod )3 b angs
S g SLE pH il 8l g9y 0alo S S yil;8l
252)S 15 95 sl sl eSS
wls 1B )3 G9) (homd SIS (o 599
Sl Sl co ) S JIE] (939380 0l (Lt g (ol



YOO (ol S < 55 (595 otloandd SIS 22595 3 ol W (gams § JUE5 50

9SS ladSs L g b ime Cute (Stued 3051 )
L o digm 59y L (AT ol L 0and g 69y o (pioen
1y 399 (61 re Cite (Sued 350 4 oﬂ slass]
o (Simmod 03ilo b 69y b by S L odd K9 (59 o

by 2939 o xe

EE Exch Car

JLE5 203V 9 gslaw slajless 4 bgiye oxilo Bl (55 40y
A G B200 gy Jles 50 aS ol 2939 b 39y B200 s 5
2598 L LY Jgiz) 592 5 g9y clale (g sl Jléj plo
9y clalé ialS ) SLS 5 gg) 2l sl S o)
s s sanly3 b el JS5 (525 b sl ST ol 3
am3 il ]y T g st ol el IS5 sl g9,
el 1B 3 (gg; (abowsd LSS (Kinon
A glds ST 3 g9y olerd GlaSd b (Stsen o b

Fe-MnOx [1 OM KExww Res

B500,2 % §
B500, 1 %
B350,2 %
B350, 1 %
B200, 2 %
B200, 1 %

Control

V4
P/

10 15

0 3

20

T T T 77 et T
25 30 35 40 60 80 100

Proportion of Zn chemical fractions (%)

iy JU 5 iliBeo (Sl jlosd )3 (59 (otleownd (SLOJSLS (oo o p3 —E JSU
Figure 4- Proportion of Zn chemical fractions at different biochar treatments
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Table 8- Person correlation coefficient (r) between Zn chemical forms in soil (n=21)
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* are significant at the probability levels of 0.05, 0.01 and 0.001, respectively.
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Introduction: Zinc is a key micronutrient which takes part in plant physiological functions. One of the
extensively wide range abiotic stresses arises from Zn shortage in agricultural calcareous soils. Zn is one of the
most prevalent disorders among various crops. Zinc deficiency is very common in most calcareous soils.
Different mechanisms are involved in the deficiency of Zn In calcareous soils. The presence of calcium
carbonate, lack of organic matter and high pH lead to Zn deficiency. Knowledge on the total Zn contents of in
soil gives little information for their bioavailability. In order for better understanding availability of Zn to plant,
knowledge about their mobility, and distribution in soil fractions is necessary. Biochar is a carbon-rich material
produced by pyrolysis of biomass under oxygen-limited conditions and relatively low temperature. Biochar as a
valuable soil amendment has received much attention due to its beneficial effects on carbon sequestration, soil
physiochemical properties, soil microbial activity as well as soil fertility. Pyrolysis temperature has a significant
influence on biochar physicochemical properties. Furthermore, biochar may alter the distribution of Zn fractions
in calcareous soils. The impact of produced biochars at different pyrolysis temperature on distribution of Zn
fractions in calcareous soils has been less studied. Therefore, the objective of this research was to evaluate the
changes in distribution of Zn fractions in a calcareous soils treated with sugarcane bagasse derived biochars at
different pyrolysis temperature.

Materials and Methods: An incubation experiment was carried out in laboratory condition as a factorial
experiment based on a randomized complete design with two factors: (1) biochar type in four levels including
control (without biochar) and biochar produced at 200 (B200), 350 (B350) and 500 °C (B500), (2) biochar
application rate in two levels including 1 and 2% (w/w), and in three replications. Biochars were produced at
200, 350 and 500°C pyrolysis temperatures under slow pyrolysis conditions with a heating rate of 5 °C min™*.
Heating at this temperature lasted for 2 h. Then biochars were sieved to pass through 2 mm sieve and some
properties were measured using the standard methods. The soil used in this study was sampled from the surface
layer (0 to 20 cm depth), then, air-dried and sieved through 2 mm. Biochars produced at 200, 350 and 500°C
were mixed at 1 and 2% (w/w) with the 300 g of soil sample and incubated in ambient temperature at laboratory
conditions (25 * 2°C), for 90 days. Soil moisture content was maintained at 80% of field capacity. The samples
were weighted every day and the required amounts of distilled water were added. At the end of incubation
period, soil samples were air-dried and soil chemical parameters such as pH, cation exchange capacity (CEC),
total organic carbon (TOC) and dissolved organic carbon (DOC) were measured. Chemical fractions of Zn in the
incubated soil were determined according to the Tessier fractionation method. The Tessier sequential extraction
method categorized Zn into 5 different fractions including: the exchangeable (Exch), bound to carbonate fraction
(Car), bound to organic matter (OM), bound to Fe and Mn-oxides (FeMnOx) and residual fraction (Res).

Results and Discussion: Result indicated that application of different biochars significantly increased soil
CEC and TOC. Maximum CEC and TOC were measured in B200 and B350 treatments, respectively, while their
minimum values were observed in control treatment. In B200 treatments (B200, 1% and B200, 2%), pH
significantly decreased compared to control, while this value significantly increased in B350, 1% , B500, 1% and
B500, 2% treatments. B350 1% treatment did not have a significant effect on the soil pH. Application of 1 and
2% B200 significantly enhanced DOC (23.9 and 38%, respectively), compared to the control, but increase of
DOC in B350 and B500 treatments was not significant compared to the control. Results showed that
concentration of exchangeable Zn fraction decreased by 9.3, 19.5 and 9.5 % in B350, 2%, B500, 1% and B500,
2% treatments, respectively, compared to the control. However, B200 treatments (B200, 1% and B200, 2%)
caused a significant increase in concentration of exchangeable Zn fractions (12.5 and 21.6%) compared to the
control. The concentration of OM and Car Zn fractions increased in all biochar treatments compared to control.
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Faculty of Agriculture, Shahid Chamran University of Ahvaz, Ahvaz, Iran, respectively.
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The highest concentration of OM and Car Zn fractions was observed after application of 2% B200 and 2% B500,
respectively. Results showed that application of B350 and B500 had no significant effect on concentration of
FeMnOx Zn fraction, while, this concentration significantly increased after B200 was applied. There were no
significant (P <0.05) differences in concentration of residual Zn fraction among all the biochar treatments. The
mean comparison results showed that the concentration of residual Zn in B200 treatments was significantly (P
<0.05) lower than B350 and B500 treatments. There were no significant differences in this concentration among
B500, B350 and the control treatments. Results revealed that in all treatments, different Zn fractions in the soil
were distributed in the following order: Res > FeMnOx > Car > OM > Exch. The largest effect of biochars on
the change in distribution of Zn fractions of soil was observed at 2% application rate.

Conclusion: It can be concluded that biochar B200 application could be an effective amendment for
improving chemical properties and conversion of Zn from less available fractions to fractions with more
bioavailability in the calcareous soil. Moreover, the biochar produced at 350 and 500°C is better suited for
enhancing soil organic carbon and Zn stabilization in calcareous soil.
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