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Abstract

Introduction: Today, the use of biochar to reduce the adverse effects of environmental stress such as heavy
metal stress and drought stress has increased rapidly. Biochar reduces the adsorption of these metals by
plants through the adsorption of soil pollutants on its surface due to the porous system and the presence of
important functional groups such as carboxyl, phenolic and hydroxyl. Research has shown that by changing
the surface characteristics of biochar, including specific surface area, pore volume and the content of
functional groups, especially oxygen-containing groups, it is possible to increase the ability of biochar to
adsorb heavy metals. Another important solution that has been started today to improve the quality of soil,
agricultural products and remove pollutants is the use of nanotechnology. Today, zinc oxide nanoparticles are
used in agriculture and related sectors. Zinc is a mineral element for plant growth and has beneficial effects
on various aspects of plant growth. Forage corn (Zea mays) is one of the most important grains in the world
and is very important in providing energy for animals. According to the studies conducted, one of the most
important factors that has reduced the yield of forage corn in the world is drought stress, in addition to this,
heavy metals may also be involved in this matter. There are various solutions to overcome the stress drought
and pollution caused by heavy metals in forage corn, however, the effect of biochar enriched with zinc
nanoparticles in these conditions has not been well investigated; Therefore, considering the importance of the
forage corn in the human and livestock food chain, the main objective of this research was the role of biochar
and biochar enriched with zinc nanoparticles in reducing the negative effects of deficit irrigation and arsenic
on some morphological and physiological characteristics of forage corn.

Materials and Methods: Experimental factors include 5 levels of biochar: control (no use of biochar), 0.5
and 1% by weight of plain biochar, 0.5 and 1% by weight of biochar enriched with zinc nanoparticles and
three irrigation levels: control (100), 75 and 55% of Field Capacity (FC)). In this study, green walnut skin
was used to prepare biochar. Zinc oxide nanoparticles were used for biochar enrichment. At first, 0.2 % of
the weight of biochar was weighed from nanoparticles, and then it was brought to a certain volume with
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distilled water. The produced suspension was shaken overnight at room temperature. After this step, the
sediment produced was washed several times and dried in an oven at 100 degrees for 12 hours. Then it was
weighed according to the Experimental factors were included 5 levels of biochar: control (no use of biochar),
0.5 and 1% by weight of plain biochar, 0.5 and 1% by weight of biochar enriched with zinc nanoparticles and
three irrigation levels: control (100), 75 and 55% of Field Capacity (FC)). In this study, green walnut skin
was used to prepare biochar. Zinc oxide nanoparticles were used for biochar enrichment. At first, 0.2 % of
the weight of biochar was weighed from nanoparticles, and then it was brought to a certain volume with
distilled water. The produced suspension was shaken overnight at room temperature. After this step, the
sediment produced was washed several times and dried in an oven at 100 degrees for 12 hours. Then it was
weighed according to the experimental treatments and mixed separately with the soil of the pot, which was
previously contaminated with arsenic from the source of Na2HAsO4.7H20 in the amount of 50 mg/kg of
soil. To determine the FC, the weight method was used, and based on the soil moisture level, the levels of 75
and 55% of the FC were calculated, and the test plants were irrigated by the weight method of the pots every
other day. After the completion of the vegetative growth and before entering the reproductive growth some
morphological and physiological traits of the plant were measured. After that the plants hervested and the
soils of pots collected for some analizes.

Results and Discussion The results showed that the application of biochar (unenriched) and enriched biochar
reduced the negative effect of arsenic and deficit irrigation. So that the highest fresh weight (43.95 gr per pot)
and dry weight (5.36 gr per pot) of leaves in the treatment of 0.5% weight enriched biochar, the highest,
(87.86 cm) highth, chlorophyll a (17.52 mg/g) and total chlorophyll (26 mg/g leaf weight) were in the
treatment of 1% enriched biochar. Chlorophyll b (8.73 mg/g leaf weight), cartenoid (5.65 mg/g leaf weight),
RWC (79.19%) was observed in the treatment of 1% biochar (unenriched) and control treatment (100% FC).
The results also showed that the highest zinc uptake in leaf (393.04 pg/ pot) in the treatment of 1% enriched
biochar and full irrigation (100% FC) and the lowest amount (105.55 04 pg/pot) in the control treatment (no
use of biochar) and severe irrigation deficiency (55% FC) was observed; While highest arsenic uptake in leaf
(18.58 w/pot) in the control treatment (no use of biochar) and severe deficit irrigation (55% FC) and the
lowest amount (2.34 ug/pot) in The treatment of 1% enriched biochar and complete irrigation was observed;
which can be related to the effective role of enriched biochar in reducing arsenic absorption in severe
irrigation conditions.

ConclusionConsidering the favorable effect of biochar in improving the growth and physiological
characteristics of forage corn and reducing the absorption of arsenic at different levels of irrigation, it can be
said that in soils contaminated with arsenic, the addition of biochar plays an effective role in improving plant
growth in deficit irrigation.

Keywords: Biochar, Forage corn, Heavy metals, Zn Nanoparticles.
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Table (1)- Some characteristics of biochar and enriched biochar

5 s S deys Gl sk VR V[JUHAT PH 2o
Zinc (ota) Ash CEC Electrical conductivity
eSS oS e % eSS b ds Sl o et s -
(mg kg™ (Cmolc Kg™) (dsm™)
101 26.7 49 5.84 10.01 BO
988 20.71 73 4.21 10.2 Be
Y CIN O35k oS 03555
Sulfur - Hydrogen Carbon Nitrogen ot
(%) (%) (%) (%)
0.351 48.8 3.88 45.6 1.09 BO
0.342 58.73 3.67 42.9 0.86 Be
sl 0l S E VY o lae 5 Ll s EC 5 PH s i
*: pH and EC values of biochar are read in 1:20 extract
odi bl 50 :BE (4l 50 :BO
BO: Biochar, Be: Enriched biochar
Wland 90 S ol 99 30 ST 29 S 2 (M99
Table (2) Some physical and chemical characteristics of the studied soil
TS S Ol S TR G S S s PH slao Texturest
Organic Jsles CEC Electrical
carbon CaCOs conductivity
% % ¢SS 2k dse Sl e e i -
(cmol, kg* (dSm™)

0.71 21.5 19 1.25 8.09 clay loam
J8 ST oS, e 16 (55, e 8 ol e 16 s JS 0555
ArsSenic roa ol 6 Zinc (ava) Potassiumys) Phosphorus(av.) Nitrogen rota

ATSENIC (avg)
MQ.kg™) ¢ 5 S 1 5 be %
Nd Nd” 2.05 525 21 0.065

*Ndo&ews asis 4> ,;: ICP :Nd: below the detection limit of the ICP device
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Table (3) Variance analysis of the effect of biochar and enriched biochar on arsenic and Zn uptake
in leaf forage corn leaves under deficit irrigation

6 03 sy
Zn uptake in leaf

dfj{ BE ii:m»JT ub
As uptake in leaf

df Sl e

Source of variation

93010™ 40.63" 2 (A) Irrigation level LT xk.
23199 141.65" 4 (B) Biochar b .
2185.8™ 5.91" 8 BxA

237.6 0.524 30 Error ts

7.01 8.73 - (%) CV

N e s ol gme
Significance at the p<0.01 level™
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Figure (1) The interaction of biochar and deficit irrigation on the As uptake in maize leaf
Control: control, B(0.5%): treatment of 0.5% by weight of biochar, B(1%0): treatment of 1% by
weight of biochar, BZn(0.5%): treatment of 0.5% by weight of enriched biochar, BZn(1%0): Treatment
.of 1 percent by weight of enriched biochar
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Figure (2) The interaction of biochar and deficit irrigation on the content Zn in maize leaves
Control: control, B(0.5%): treatment of 0.5% by weight of biochar, B(1%0): treatment of 1% by
weight of biochar, BZn(0.5%0): treatment of 0.5% by weight of enriched biochar, BZn(1%0): Treatment
.of 1 percent by weight of enriched biochar
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Table (4) Variance analysis of the effect of biochar and enriched biochar on the morphological
characteristics of forage corn under deficit irrigation

& sl Pl &8sl gl S 05 &y oz O Sl e
oSLas Number of Height g Leaf fresh Source of variation
Number of r;gg\lltggl leaf dry weight
dry leaves weight
2347 21.067  2386.05  12.99" 359.087 2 (A) Irrigation level LT xbe
4.02” 3.85" 166.7" 1.43" 128.05" 4 (B) Biochar i .
0.45" 0.87" 54,79 0.32" 16.42” 8 BxA
0.22 0.48 5.89 0.04 3.04 30 Error W=
9.17 6.27 3.35 5.63 5.33 - (%) CV

‘/‘\)'/'ac}a.u)é‘ﬁ)b@xﬁg._ﬁ;jAi**)*&d)‘}@aﬁrM:Ns

ns: no significant, * and ** statistical significance at the levels of p<0.05 and p<0.01 respectively
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Figure (3) The interaction of biochar and deficit irrigation on the weight of leaves (A) and dry
weight (B) of maize
Control: control, B(0.5%): treatment of 0.5% by weight of biochar, B(1%0): treatment of 1% by
weight of biochar, BZn(0.5%): treatment of 0.5% by weight of enriched biochar,
BZn(1%): Treatment of 1 percent by weight of enriched biochar.
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Figure(4) Interaction of biochar and deficit irrigation on height of maize
Control: control, B(0.5%): treatment of 0.5% by weight of biochar, B(1%6): treatment of 1% by
weight of biochar, BZn(0.5%): treatment of 0.5% by weight of enriched biochar, BZn(1%): Treatment
.of 1% by weight of enriched biochar
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Figure (5) The main effects of biochar and deficit irrigation on the number of healthy leaves in maize plants
Control: control, B(0.5%): treatment of 0.5% by weight of biochar, B(1%0): treatment of 1% by
weight of biochar, BZn(0.5%): treatment of 0.5% by weight of enriched biochar, BZn(1%b): Treatment
.of 1 percent by weight of enriched biochar
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Figure (6) The interaction of biochar and deficit irrigation on the number of dry leaves in maize plants
Control: control, B(0.5%): treatment of 0.5% by weight of biochar, B(1%6): treatment of 1% by
weight of biochar, BZn(0.5%): treatment of 0.5% by weight of enriched biochar, BZn(1%b): Treatment
.of 1 percent by weight of enriched biochar
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Table (5) The results of analysis of variance of the effect of biochar and irrigation levels on the
physiological characteristics of maize in soil contaminated with arsenic

45 55,8 JS Jes s b s a Jis 8 TR i syme O Sl e
Carotenoids Total chlorophyll  chlorophyll a EL &t Source of variation
chlorophyll b RWC

7.397 136.5" 41.87" 28.217 437427 25809 2 (A) Irrigation level 5L - -
6.83" 43.257 7.007 2258 98.41" 93.777 4 (B) Biochar b ,.
1.09” 31.69” 5.78" 21.68" 62.22" 33.747 8 BxA

0.25 3.01 0.61 0.99 16.45 8.73 30 Error (=

10.8 11.27 10.18 10.51 8.94 4.82 - (%) CV

Lo & o 53 l3 gae

“statistical significanc at the level of p<0.0.1
RWC: Relative water content, LE: Electrolyte leakage
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Figure (7) Interaction effect of biochar and deficit irrigation on maize Relative water content
Control: control, B(0.5%): treatment of 0.5% by weight of biochar, B(1%0): treatment of 1% by
weight of biochar, BZn(0.5%): treatment of 0.5% by weight of enriched biochar, BZn(1%b): Treatment
.of 1% by weight of enriched biochar
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Figure (8) Interaction effect of biochar and deficit irrigation on the electrolyte leakage (EL) of

maize leaves
Control: control, B(0.5%): treatment of 0.5% by weight of biochar, B(1%0): treatment of 1% by
weight of biochar, BZn(0.5%0): treatment of 0.5% by weight of enriched biochar, BZn(1%0): Treatment
.of 1 percent by weight of enriched biochar
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Figure (9) The interaction effect of biochar and deficit irrigation on the content of chlorophyll a
(A), chlorophyll b (B), total chlorophyll (C) and carotenoids (D) in maize leaves
Control: control, B(0.5%): treatment of 0.5% by weight of biochar, B(1%0): treatment of 1% by
weight of biochar, BZn(0.5%0): treatment of 0.5% by weight of enriched biochar, BZn(1%): Treatment

of 1 percent by weight of enriched biochar
Treatments with the same letters do not have a significant difference
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