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Abstract

Introduction: Although the use of fertilizer in poor soils is necessary to increase soil fertility and
optimal plant growth, in recent years, the use of chemical fertilizers has caused a lot of environmental
damage. Currently, one of the well-known ways to minimize the use of chemical fertilizers is the use
of resources and soil modifier compounds, including biochar. Biochar is a carbon-rich material that
has recently shown promising results for the sustainable management of agro-ecosystems, increased
plant growth, and soil health .Biochar enhances the capacity for water retention and nutrient
absorption, ensuring timely delivery to the plant.

Material and Methods: This study was conducted at Ilam University's research greenhouse from
2022 to 2023. The experiment followed a factorial design and utilized a completely randomized
approach with three replications. The treatments consisted of three different barley cultivars
(HOR8887, HOR7496, and HOR9793) and three levels of biochar (control or zero, 2 g/kg, and 4 g/kg).
To create the biochar, natural asphalt was used, which is a readily available and cost-effective material
commonly found in underground mines. It is characterized by its hard, black composition and high
melting temperature. The process of synthesizing the chemical biochar involved sulfonating Iranian
natural asphalt with concentrated sulfuric acid, resulting in the formation of potassium natural asphalt
sulfonate (K-NAS). Initially, one gram of Iranian natural asphalt was mixed with 5 ml of concentrated
sulfuric acid and stirred at room temperature for 15 minutes. The reaction mixture was then heated for
two hours at 220 degrees Celsius and gradually added to water and ice. The resulting product, natural
asphalt sulfonic acid (NASA), was washed twice with distilled water and dried at 100°C.
Subsequently, one gram of NASA was mixed with 20 ml of 10% potassium hydroxide solution and
stirred for one hour at room temperature. The solvent was evaporated, and the mixture was dried at
100 degrees Celsius to obtain potassium natural asphalt sulfonate (K-NAS), also known as chemical
biochar.

Results and Discussion: The results of this experiment showed that there was a significant difference
between the barley cultivars for the number of fertile tillers, flag leaf length, spike length, plant height,
peduncle length, and hundred seed weight at the probability level of 1%. Biochar had a positive and
significant effect on flag leaf length, spike length, awn length, number of seeds per spike, and hundred
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seed weight at the probability level of 5%; But it showed a non-significant effect on other functional
traits. But it showed a non-significant effect on other functional traits. The results showed that the
highest number of claws per plant was related to the HOR9793 variety with a level of 4 gr of biochar
and an average of 14.8. In cultivar HOR7496, the highest number of seeds per spike 23.4, was obtained
with the consumption of 4 gr/kg of biochar. The highest weight of 100 seeds, corresponding to the
variety HOR8887, was obtained at the rate of 4.34 grams when consuming 4 gr/kg of biochar.
Conclusion: Our experiment's overall findings indicate that utilizing 4 g/kg of this biochar can
significantly impact both the yield and its components in greenhouse conditions. Consequently,
considering the plentiful availability and cost-effectiveness of this particular biochar, we strongly
recommend conducting further field studies.
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Table 1- Soil physical and chemical characteristics
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Table 2- Results of analysis of variance (mean square) of morphological and functional traits
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Table 3- standard deviation and average comparison of investigated traits

o5 555 Z b 290k 4y ~>‘~\~:‘ o2 S dsb aliuw Js-'c-' Sy Jsb A 85??)‘
cultivar Fertilizer levels Number of fertile Flag leaf length  Spike Awn length Plant height
claws length(cm) (cm) (cm) (cm)
HOR7496 Non-Fer 4.9" +0.083 6.72+0.21 7.1°£0.2 11.59+ 0.546 47.1%% + 1,62
HOR7496 Fer-2gr 4.3°+0.382 5.86°¢ + 0.2 7.2%+0.3 11.9%+0.577 50 9+ 4.39
HOR7496 Fer-4gr 5.1 + 0.553 4.48° +0.43 7.8%+0.6 13.3® £ 0.514 519 + 5.83
HOR9793 Non-Fer 49*+03 4.82%+0.21 7.1+ 06 13.6°+1.318 56.72¢ + 4.1
HOR9793 Fer-2gr 45°+0.25 5.47°% +0.46 7.9%+0.2 14.2% +0.363 6178+ 1.91
HOR9793 Fer-4gr 5.6 +0.3 5.2% +0.45 8.1%+0.3 14.4 +0.19 59.1% +0.12
HOR8887 Non-Fer 858+ 0.577 5.697°¢+0.07 7.30+0.1 14.06% +0.11 43.6% +2.94
HOR8887 Fer-2gr 7.6+ 0.866 8.05°+0.94 8.2°+04 15.58% £ 0.221 46% +1.1
HOR8887 Fer-4gr 6.1°+0.583 6.873%+ 0.08 7.7%£0.2 15.58% + 0.521 40.8°+3.93

aBlgo o )lows oy o e IS pus suims (ylid alin b S jiie (g > [Fertilizer aase. Fer

Common or similar letters indicate no significant difference between treatments

YJgus 5 alol
Table 3 Continued.
i JSilay Jsb  aldow yo ails slaws 4ilo e (339 aldoylas SO Sglgm 0,Sdles
) 395 zabuw . ) e
) - Peduncle Length Number of seeds Seeds \+sWeight  geed yield Biological yield
cultivar Fertilizer levels i
(cm) per spike (gr) (gr/kg) (gr/kg)
HOR7496 Non-Fer 125" +1.08 17.5°+2.37 3.86%° +0.12 16.4*+0.35 41.4%+ 3.58
HOR7496 Fer-2gr 14.3% +0.87 17.5°+0.75 4.26%+ 0.06 13.82+2.19 34.8%+2.25
HOR7496 Fer-4gr 13.5%¢+1.29 23.4°+0.64 4.12%+0.09 15.3*+0.69 37.4°+1.33
HOR9793 Non-Fer 14.5%+0.8 20.2°%° + 1,67 3.304° £ 0.09 17.82+2.71 42,77+ 3
HOR9793 Fer-2gr 16.1* £1.02 22.9*+1.62 3.78%¢ + 0.2 18.22+1.73 41.3*+3.12
HOR9793 Fer-4gr 15.5*+0.81 21.4 %+ 0.64 3.6 +0.17 17.1+0.87 42.58+2.31
HOR8887 Non-Fer 12.06™ + 0.54 18.5% + 0.58 3.84%¢ +0.17 14.9%+1.21 37.9°+£3.81
HOR8887 Fer-2gr 12 +0.74 18> +0.76 4.23*+0.35 172+ 1.67 43.8°+6.18
HOR8887 Fer-4gr 11.5°+1.08 20.05%c+1.18 4.34*+£0.33 17.9°+1.33 41.82+4.79
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Common or similar letters indicate no significant difference between treatments
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Table 4 - Results of simple correlation coefficients between studied traits in barley cultivars

12 13 14 15 16 17 18 19 20 21

oo 2 3 4 5 6 7 8 9

Traits

1 1

2 1

3 581" 1

4 0.382%0.39570.788" 1

5 0573"0551"0.5010.551" 1

6 0.605™0.62570.56970.522"0.846" 1

7 0.49170.242" 0.29™ 0.4827°0.72670.652™ 1

8 0.481™0.217° 0.308"0.438"0.685™°0.626™0.844™ 1

9 0.576™0.775™0.58870.44570.6217°0.656™0.3700.340" 1

10 0.48570.37270.389"0.462"0.71270.734 0.793" 0.742%0.474*

11 0.526™0.39770.316™0.32370.488™0.521""0.418 0.431*°0.375*0.415"

12 0.649™0.520"0.535™0.549"0.671"0.737" 0641 0.568%°0.519*°0.573%°0.644* 1

13 0.668™0.568™0.567"0.585™0.681™0.743"0.622"" 0.559*%0.585*0.541*°0.645"°0.969** 1

14 0.42870.46770.612™0.7000.760™0.741" 0,614 0.578*%0.587°*0.699*0.368°°0.507°" 0.52** 1

15 0.650"0.526™0.500™0.506™0.703™0.783™0.692" 0.617°°0.509"°0.637°0.612°°0.975"°0.933*°0.525** |

16 0.56070.667°0.6880.695™0.792"0.857"0.610" 0.579**0.716**0.669*0.502**0.725*0.773°°0.875"*0.730** 1

17 0.537"0.703"0.706™0.655™0.753™0.846™ 0.51™" 0.497°°0.732"°0.610°°0.481°°0.684"°0.735" '

18 0.270™0.669"0.582™0.308"0.407"0.545™ 0.028™ 0.106™ 0.586°* 0.214° 0.261°°0.2980.394%0.472*0.303°0.672°0.751" 1
19 0.559"0.667"0.6910.696™0.789™0.857"0.606° 0.577"* 0.714°*0.664°0.502%°0.726°* 0,774 0.873*°0.730°*0.999°°0.990°° 0.674" 1
20 0.556™0.694™0.696™0.659"™0.777"0.864 0.566°0.543™ 0.727°°0.641°°0.499°°0.711°0.762"* 0.844°°0.718°°0.994°°0.996**0.728°°0.995" 1

21 0.565"0.51970.580"0.728™0.817"°0.807"0.801**0.731"0.610**0.755**0.509**0.761**(0.796™"0.865**0.764**0.934**0.873*0.416*0.932**0.900** 1
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Table 5- The results of decomposition into principal components for the investigated traits

Traits wlas First component Jqf a&lgo Second component s 4dgo

PESTRIRvY
) 0.034 0.01
Number of claws

29)k amiy olaws

. 0.019 0.018
Number of fertile claws
S
o S sl 0.017 0.023
Flag leaf length
Sl
FEA 0.001 0.001
flag leaf width
aloew
B ik 0.021 0.021
Spike Length
25 Jsb 0.041 0.041
Awn Length
e elas
»E5 0.129 0.122
Plant Height
HRW
SR b 0.036 0.029
Peduncle Length
s slass
. 0.016 0.020
Number of Spikes
Al o als olass
) 0.054 0.055
Number of seeds per spike
A o wlo olaws
7?0 0.767 -0.634
Number of seeds per Shrub
: 3 0.072 0.029
Spike dry weight
oS iz oy
i 3 0.134 0.067
Plant dry weight
als s oy
_ 3 0.009 0.015
Weight 100 seeds
laasls 5
_ & ol 0.054 0.027
Total weight of seeds
55 alg> G g
RN 0.035 0.044
Day to germination
oo 0.042 0.054
Day until green
3y ams U g
TR 0.074 0.097
Day until clawing
S aBlw b g
< 2 0.142 0.235
Day to stemming
oz S 2 550 b o)
Day until the appearance of the 0.263 0.335
flag leaf
s aliw b
@ T 0.297 0377
Day to spike
5 Soew, b
‘JA_ S 0.404 0.481
Day until complete handling
oing polie 1066.1
R 34932
Eigenvalues
5 il ylg dus o
ST 69.8 213
Relative variance percentage
5 sl ylg Qo o
T TR 69.8 911

Cumulative variance percentage
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Figure 1- Biplot display of investigated traits based on the first and second principal components
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Figure 2- The scree plot diagram resulting from the analysis of the main components of the studied traits
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