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Abstract

Introduction: The application of biochar in soil as a method for disposal of organic wastes from
environment has been considered by environmental scientists in recent years, due to the unique
properties of these components. Biochar is a carbon-rich compound that is produced by burning
different types of organic wastes under anaerobic or limited supply of oxygen, which called
pyrolysis. Biochar due to its physicochemical properties such as porous structure, expanded
specific surface area, high organic carbon content, active functional groups, and also high cation-
exchange capacity could able to stabilize organic and mineral compounds. Many studies showed
that the biochars enhance soil fertility and improve plant growth but if we want to recommend or
apply a specific biochar as an amendment of soil, it's necessary to know about the effects of this
biochar on the soil properties and growth of plant. So, the aim of this study was to find out the
effect of two biochar (biochar of Date Palm's Leaves (DPL biochar) and biochar of Pistchio
Harvesting wastes (PW biochar)) on the growth and heavy metals concentrations of Maize (Zea
mays L.) under two different soil textures (Sandy and Sandy Loam).

Materials and Methods: This study was conducted in a greenhouse condition on the growth of
maize in two types of soil (Sandy and Sandy Loam) with application of 5 levels (0, 1, 2, 3 and 5%
wiw) of two different types of biocahr (DPL biochar and PW biochar). Maize were cultivated in
treatments for 38 days and at harvesting the shoot and root dry weight and shoot height were
measured. Also, the concentration of heavy metals (including Fe, Zn, Cu, Mn, Ni, Pb, and Cd) in
plant shoots were evaluated.

Results and Discussion: The result showed that the growth of maize severely decreased due to the
application of the biochar and the negative effect of PW biochar was more than DPL biochar.
Meanwhile, the negative effect of PW biochar on plant growth in sandy soil was more than other
one (i.e. Sandy Loam soil), which medium (2 and 3% w/w) and high (5% w/w) levels of this
biochar caused the plant to stop growing. Also application of 5% of DPL biochar in Sandy Loam
soil caused in a decrease of about 19, 69 and 72% in plant height, shoot dry weight and root dry
weight of maize in compared with control (without biochar application in this soil), respectively
and these ratios were about 15, 44 and 31% with application of 3% DPL biochar; while with
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application of 3% of PW biochar in sandy loam soil has decreased plant height, shoot dry weight
and root dry weight of maize about 17, 53 and 37%, in compared to control respectively. These
results approved the greater negative effect of PW biochar on plant growth. Assessment of soil
salinity as the application of different levels of biochars showed that these materials increased
salinity and thus had a negative effect on plant growth. In overall, the results of this study showed
that the use of different biochars have different effects on plant growth, since most of biochars have
high salinity, coarse-textured soils could more affected by salinity, because of the lower water
holding capacity of this soils. Since, biochar is a stable substance, the results of the concentration
of elements in the shoot of plants showed that the concentration of most elements not significantly
affected by the application of biochar, however the increase in Fe concentration in sandy soil due to
application of PW biochar, also Mn uptake in the effect of applying 1% of DPL biochar was
observed. On the other hand, the results of this part of the research showed that DPL biochar at
higher levels has even reduced the concentration of Mn in the plant. The results of this section also
showed that the application of biochar in sandy loam soil, although it was significant on the
concentration of heavy metals Pb and Cd in the plant and had slightly increased them, but their
concentration was less than critical levels (dangerous) for human health.

Conclusion: The effect of biochar on improving plant growth can be greatly influenced by the
combined effect of biochar properties and soil conditions. The results showed that despite the many
benefits of the soil application of biochar in the different scientific literatures, it is necessary to
study the effect of biochar on soil properties and plant growth before applying any type of biochar
in the soil.
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"DPL: Date Palm's Leaves and PW: Pistachio Wastes
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Table (3) Anova of maize (Zea mays L.) growth characteristic data in two studied soils as affected
by treatments of biochar

Hole e Sk -
151 3
Mean Square e ) Sl s Spy
oS gl aty, S8 035 @lor ol oS 05 Dlier%[aede;n? Source of variation Soil typee
Shoot lenght Root dry weight Shoot dry weight
Slas
12.567ns 0.060ns 0.564** )
Treatment
(I3
2.67 0.028 0.077
Error
. Zla
22.29 0.485 1.252 ot
Mean
S g
7.34 3453 22.23 O
CV%
Slas
11.57* 2148.7ns 0.865** 7 )
Treatment
(I3
3.58 2157.2 0.181 24
Error
. Zla
20.68 0.353 1.226 o Sandy Loam
Mean
S g
9.15 90.42 34.73 e
CV%

Shoot DW — (g) ol fsn pluil Sl (438
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+*p < 0.05; ** p < 0.01; ns, not significant (or p > 0.05).
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Figure (1) The effect of biochars on growth characteristics of maize (Zea mays L.) in Sandy (right) and
Sandy Loam (left) soils (Means in each soil with the same letter are not significantly different from each
other (p < 0.05).) — DPL Biochar is Date Palm’s Biochar and PW Biochar is Pistacho Waste Biochar

38 e ,_5\5 G pimms dlaly ul s
AN L3S B8 olS sy 1y Calibs (gl lr g
gl osle g5 (Sl L g gl el e LOT (R (Y
ag Ll sy gled 5 (S5b s i ol s 45 5
2 s BB 53 S Jelse 5115 6lS g5 55 5 bl s
b 03 Sl ol s S 55b a mdls o8
Ok 35T 5 adsh ol ge Sl oy 30 s 4 5l ol 3
o on) 0 FB) 30 o WOT (6558 1) oo polis
lghg hdd Dlrsm 4 (B e Ay Sl
ey GUl 53> iy J e DLS 5 3y 15 4 Ve
b slacSTle o iy 5 6osd 4 0T Oap pslie 4 a5 b
L)) G ey bl 55 S (6)58) Vb (6555 4 s
2 RN e S N R L
S e sl 1) (6 2 65 5% (355
o) OLLE bwg o Kw Sl Sl b bLs,l s
Wosls il ls 4 2 ol casdlzs 5550 sla sl s olile
S35 et b ST s jobie oyl e & sl 0L
Ll 555 sls e (gunp 2550 S ple 53 S 5 0T
Solssme ol g g ST s bl s 3
S5 SR I e 5 A (g ol e 3
A3 s 355 slasles b Con ppeslS 5 e

O:;H\ni‘) QLA\:?KJSB Syse S (F J}u\>) @Jf

Ly AP O 5 4 ) padse o) ¥ JSE
aallls ;50 Slaslr g msh 5 )87 1 s ST (6558
Soh S el b ol BLSUL S 55 8 s
adlas opl 53 oS iy pal 3 e Jele o ST
2 o5t AU 00 Mg padse S il ey
Conw 155 L 5 (19) OT Sl 5 (el s S5
@b ol e Az p Ll Job (V) G
bl s VL ()5l adls iy Dlalllas 4 5L L
s OV dader) ay Sy Sl gm0k @
35 Sns ol SRl S s gysh ol i
23 s B sk SNl sl )8 S s ST
g o sm b s a8l gn BT iy 3L 55 ST
ST L anlie 53 LS oyl 55 zaS Bk oo
2> Sl bt JMae gly 53 b il
S SRl Pl o m Bolie 53 5 2 g0 DT Sl (5 a8 o2
GLeSTE) ol i O 2 o Glej 4 S i
FRCIT I e P P P W -
L p b el o s beSTE ol s el s Shee
Sy eSSl i Cabcds gbeST L;}QT
ALl b Ll h 5o A5 osh ol
o) € 258 gl Sl g pi Cep b s

ABL sl g 531y ST (58 A WIS e p s s



¥4

VFer Oliaw F a)u??&(éjjjusgdﬁ%)sc|)jww

Y s g ) 5K pate Ol e jlag ol i3 e
)'\JJYL'C‘,.E..»:JUKSA.»J@JEJQJ:&\}\M)J
UL bls 55 5ol A5 5 5 id 2 AT Ll s
2 Pl e ol plo b 8 B, 5 s
35l odi O3 olE s oT Chile el 5 ol
i 520308 5 o ¢SS i S0 i b LS|
baslag golod 3 038 Ay OBLE s jate aw ol Sk
i a bl g (8) ol Sl eslizal (gl STU st d> 5
Lyl g 5,28 50 Cowi et aw ol ke oS )y 6
S M 4 e 8 e lasled 3 0k 4

RO PRI EEEN

O iy g TS

@)

IS 5 8T Gl iy Sl Jlr g dos ) las o
ol e DslE g iy el Hled 4 e (6 Ry
Sorge S b GaSS T e byles Lo 3 aie g
.:}73)1:‘5'.”M&@ch:jobjf@lw:uﬁ-dfﬁ
S oSS 4 sy Olld sy deps ) 58
Lug S5 5 ool O oo yn WV 5 ¥ spue 2l
i Sy3 el
Dbrsw 53 8 5l dsyn ) Ol &S by Olis @Lﬁ
Sopd 3 5 Sn Coder (gl3 gme il Bl o ga alllan 3 40
93 23008 SV ol 53 e ol Ol Ll sl e
ORI el opl 53 iz pa ols LBl s, b

Aol b oawlie 53 bog Slrsn dos V58 ST s

o g S

9.5 . . . . . .
B g g i g S Y o gy el S
9 4 . §
L
8.5
'j. ']
a s
a . &
" ? . &
I 75 & . & *
== &
=
7 4
6.5
6
Control 1% 2% 3% 5%
18 -
16 4
« .
3
214 1
9
i 12 4
30 .
|
X \
3 : = .
L .
T %7 " - *
z ¥ .
S 4
2
e
0
Control 1% 2% 3% 5%

Biochar Application Rate — U5yl g & 3,15 7 slaw

Azl 3580 Sl 5o (b) &' 6)5.545 (@) pH Ilde g adillae 380 ‘slb)lg%.g é)g)lr )ﬁfi? ) Js<
Figure (2) The effect of different treatments of biochars application on soil pH (a) and salinity (b)
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Table(4) Concentration of heavy elements in shoot of maize grown in different treatments

(&:;ur;,g);rfdp)@lﬁr\,ulﬁw

Congentration in Shoot (mg kg-1 DW) §lasles
p3en3lS Ny IS R o rs T Treatments
Cd Pb Ni Mn Cu Zn Fe
Sandy Soil - sz ¢S
0.4+0.02a 6.15+0.35a 49.46+1.06b 67.96+1.95a 15.83+0.41a 25.42+2.47a 50.38+3.29b Cs
0.4+0.02a 6.12+0.45a 57.83+3.25a 70.21+4.76a 16.63+2.68a 27.08+2.17a 68.38+4.03a PS1
- - - - - - - PSs2
- - - - - - - PS3
-- -- - - - - - PS5
0.4+0.01a 5.93+0.19a 51.17+1.40b 73.21+5.62a 14.88+0.81a 26.25+0.72a 44.79+0.48c DS1
0.41+0.01a 5.83+0.23a 50.63+3.16b 70.42+4.80a 13.88+0.56a 25.00+2.04a 44.88+2.65¢C DS2
0.39+0.03a 6.07+1.00a 51.38+2.78b 68.50+3.90a 14.21+0.40a 22.92+1.38a  46.29£0.90bc DS3
0.4+0.00a 6.07+0.47a 53.00+3.67b 62.75+3.31a 13.54+0.99a 22.92+2.47a  46.46+1.93bc DS5
ISR
0.0001ns 0.06ns 35.29* 49.14ns 5.75ns 11.78ns 333.79**
Mean Square
6.16 9.99 6.04 7.09 9.78 9.15 5.86 cv
Sandy Loam Soil - sz e &S
0.387+0.02C 5.67+0.35B 50.75+1.63CD 110.50+10.88BC  16.63+0.72A  45.83+3.44A  47.08+0.93A CL
0.391+0.02BC ~ 5.53+0.28B  51.54+154BCD  124.67+2.38AB 15.95+1.38A  37.79+1.80A  45.38+1.20A PL1
0.444+0.00A 5.86+0.24B 55.97+0.09B 118.88+0.54ABC  16.33+t0.20A  43.75t1.38A  45.79+0.25A PL2
0.447%0.02A 5.78+0.36B 54.88+1.53BC 105.7949.02C 16.58+1.12A  45.83+6.29A  45.04+2.54A PL3
-- -- - - - - - PL5
0.392+0.04BC  5.87+0.36B 53.79+2.96BC  123.17+10.54ABC  16.88+0.63A  44.58+2.47A 47.38+2.2A DL1
0.393+0.04BC  5.53+0.28B 47.58+5.09D 135.79+6.84A 15.96+1.27A  38.75+8.45A  47.1345.39A DL2
0.437+0.01A 6.431£0.09A 63.3315.31A 118.17+3.31ABC 17.79+1.48A 41.67+1.18A 48.46+0.61A DL3
0.428+0.01AB  5.72+0.19B 54.33+0.31BC 105.50+17.36C 16.33+1.83A  37.08+3.41A  46.23+3.26A DL5
Sl r Kk
0.003** 0.33* 85.53** 428.41* 1.41ns 52.35ns 5.49ns
Mean Square
6.50 5.60 6.34 10.88 8.28 11.81 4.76 cVv

sy Dlals e gediasiles Pt o ) STl gotanolts b b STl (60an 0l 1S (Gl s 3, 05) Mald godima 0l C lajles o 55 §

.»ul{ksﬂ)l?ﬁ}ﬁ)\f-l.\éjlajrs" Al C}hﬁdaméow%]}'&éjrév Al :l»\)bﬁéfﬁ)\?xsam:ow:D4M

§ In treatments- C: represents control (without biochar application), S: represents Sandy soil, L: represents Sandy Loam
soil, P: represents Pistachio waste biochar, D: shows Date palm leaves biochar and numbers 1, 2, 3, 5 represent biochar
application levels as 1%, 2%, 3% and 5% respectively.

Al o (P> 0.05) 5o pme 3105k 5) cla_ﬂ): Sl sre okasilis s 5 4 NS s e t
+* p <0.05; ** p < 0.01; ns, not significant (or p > 0.05).
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