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Table 1- ANOVA of physicochemical characteristics of cattle manure biochar in different Pyrolysis temperatures
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Pyrolysis
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s 8 0.075 151 6.53 25.84 6.00 0.037
Error
Ol yak oy 1.7 55 8 11 4.8 37
CV (%)
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** Significant at 1% of probability level, *: Significant at 5% of probability level, ns: non-significant
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Table 2- The effect of different pyrolysis temperatures on the physicochemical properties of cattle manure biochar

L EVERW) oS Colan PICT VRPN INT FuSB sl JBs
Temperature pH EC(dS/m) Biochar performance (%) Ash (%0) Apparent density
(°C) (1:9) (1:5) (g.cm?)

300 8.53¢ 10.91° 78.44° 48.001 0.79*
400 9.28° 15.01° 69.33% 60.33° 0.65%
500 9.49° 16.97%® 61.00° 66.67° 0.49%®
600 9.92° 17.48° 23.17° 74.33° 0.41°
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Means in each column following the same letters do not differ significantly at P < 0.05 by Duncan’s multiple range test.
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Figure 1- Carbon stability of cattle manure biochar under different pyrolysis temperatures
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Table 3- ANOVA for morpho-physiological traits of marigold under salt stress conditions and biochar resulting from
different pyrolysis temperatures

©lazyo il
Mean of squares
35 ol a - —
S gylie T e ] o Sl gl IS4
Source of @8dl;! . Sy dlani _ . NS .o
iati il S ety T Bl $ownsST oS 1 1 o9y
variation df Number of » Pl sl Bl
Stem leaves Leaf Potassium  Proline Catalase Ascorbate Guaiacol Protein
height area peroxidase peroxidase
?T: 3 32.88™ 2.328" 1507.51" 43.09™ 171.79™ 4.8E-10™ 0.0004™ 7.488E-10™ 2172.13™
al
Hom sles
Pyrolysis 4 0.739"™ 1.767™ 1177 1998.93™  476.48™ 1.6E-8™ 0.0002" 1.501E-9" 5370.68™
temperature
Mo slexsyed
Salt x Pyrolysis 12 0.623™ 0.356"™ 9.94m 271" 51.02" 1.22E-9™ 0.0001™ 4.798E-10" 978.72™
temperature
Elb 40 4.724 0.817 67.52 0.031 0.173 9.38E-10 3.22E-10 4.334E-9" 0.10
rror

M gine p t ™ o3 0 Jloinl pdaw )3 ls gme 1T oyd Y Jlis] pdaw p3 ls gae
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Table 4- The effect of salinity stress on stem height, leaf number and leaf area of marigold
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8 8.67b¢ 5.07% 29.52°
12 7.73° 4.47° 26.17°
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Means in each column following the same letters do not differ significantly at P < 0.05 by Duncan’s multiple range test.
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Figure 2- The effect of biochar resulting from different pyrolysis temperatures on the leaf potassium concentration of
marigold leaf under salt stress conditions (DMRT, p < 0.05).
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Figure 3- The effect of biochar resulting from different pyrolysis temperatures on the proline content of marigold leaf under
salt stress conditions
(DMRT,p< 0.05).
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Figure 4- The effect of biochar resulting from different pyrolysis temperatures on the protein content of marigold leaf under
salt stress conditions
(DMRT, p<0.05).
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Figure 5- The effect of biochar resulting from different pyrolysis temperatures on the catalase activity of marigold leaf under
salt stress conditions
(DMRT, p <0.05)
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Figure 6- The effect of biochar resulting from different pyrolysis temperatures on the ascorbate peroxidase activity of
marigold leaf under salt stress conditions (DMRT, p < 0.05)
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Figure 7- The effect of biochar resulting from different pyrolysis temperatures on the guaiacol peroxidase activity of
marigold leaf under salt stress conditions (DMRT, p < 0.05).
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Introduction: Biochar is a carbonaceous substance obtained from heating plant residues and wastes in an
oxygen-containing medium with or without oxygen. Thermal decomposition of biomass in an oxygen-free
medium is called thermophilicity (pyrolysis). Temperature is one of the factors influencing the characteristics of
biochar. One of the objectives of this experiment is to investigate the effect of different temperatures on the
biochar characteristics of cattle manure. The use of biochar as a soil conditioner and source of organic carbon in
agricultural soils with minimal environmental damage is considered. Marigold is an annual plant that is used in
industry and pharmacy in addition to food. Another aim of this experiment is to investigate the effect of biochar
use from different temperatures on marigold under salinity stress.

Materials and Methods: For biochar preparation, after collecting cattle manure from Bardsir farms, air
drying and sieving were used for pyrolysis process for four hours at different temperatures (300, 400, 500, 600
°C). Then pH, EC, carbon stability, ash and biochar performance were measured. In order to evaluate the effects
of biochar resulting from different heat-treated temperatures on salinity tolerance of marigold, a factorial
experiment was conducted in a completely randomized design in the greenhouse. The two factors studied
included salinity levels (0, 4, 8 and 12 dS.m™) and biochar resulting from different thermocouple temperatures
(0, 300, 400, 500 and 600 °C). The biochar rate was considered to be 20%. One month after salinity treatment,
seedlings were evaluated for osmotic metabolites activity and growth characteristics of marigold seedlings.

Results and Discussion: The results of ANOVA showed that all biochar properties were significantly
affected by temperature factor. With increasing the pyrolysis temperature from 300 to 600 °C, pH and EC
increased by 16.29% and 60.37%, respectively, and the ash content increased by 1.5 folds, but biochar
performance and bulk density decreased by 52.28% and 48.1%, respectively. The highest carbon stability was
observed at 500 °C, which increased by 20% compared to 300 °C. The results showed a significant negative
effect of salinity stress on stem height, number and area of marigold leaves, so that with increasing salinity to 12
dS.m, 31.09, 17.28 and 45.7% decrease were observed in these traits, respectively. The physiological
characteristics of marigold were significantly affected by the simple and interaction effects of salinity and
biochar stress. In salinity treatments (0, 4, 8 and 12 dS.m™) with increasing pyrolysis temperature from 300 to
600 °C 2.2, 2.04, 1.97 and 1.92 folds increase in leaf potassium concentration and 1.54, 2.26, 3.00 and 2.45 folds
less than the control treatment in the amount of leaf proline was observed, respectively. The activities of
catalase, ascorbate peroxidase and guaiacol peroxidase enzymes were also significantly affected by the
interaction of salinity stress and heat temperature. The highest enzyme activity in biochar was from 600 °C,
which increased up to 8 dS.m for catalase and up to 4 dS.m* for ascorbate peroxidase and guaiacol peroxidase.

Conclusion: In general, biochar salinity is its most important undesirable properties, which increases with
increasing pyrolysis temperature, so the recommendation of biochar application in saline soils requires further
studies. In the present study, the use of biochar under salinity stress did not have a significant positive effect on
the development of marigold resistance and salinity stress tolerance.
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