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Effect of Biochar on the Chemical Properties of Soil under Cultivation of
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Abstract

Drought is an abiotic stress that significantly reduces crop yield. Organic modifiers like biochar can help
mitigate the negative effects of drought stress on plants. In order to cultivate low water demand and
industrial medicinal plants in arid regions, the guar plant was selected for a study on the effect of drought
stress and biochar on cultivated soil. The experiment was set up as split split plots in a randomized
complete block design with three replications in a saline soil at field condition. The main factor consisted
of three levels of drought stress 10, 14 and 17-day irrigation cycles and the first sub-factor included
three levels of biochar 0-, 7.5- and 15-ton hr! and the second sub-factor was two levels of soil sampling
at 0-20 and 20- 40 cm for local and commercial guar cultivar. Various soil chemical properties were
measured, such as calcium, magnesium, sodium, pH and electrical conductivity. The results showed that
drought stress significantly affected all traits except magnesium in the soil of the native variety. Biochar
had a significant impact on all measured traits in the soil of both cultivars. Soil depth only had a
significant effect on acidity and magnesium concentration in the native cultivar’s soil and calcium
concentration in the commercial cultivar’s soil. As irrigation cycle increased, salinity, acidity and
sodium concentration in the soil also increased, with grater changes in the commercial variety compared
to native variety. The pH and EC were increased by 5% and 19 % in the native variety and 9% and 25 %
in the commercial variety, respectively. Increasing biochar content in the soil led to acidity, salinity and
sodium concentration while calcium concentration decreased. Thus, the acidity, salinity, sodium and
calcium concentration in the soil of the native variety changed by 5, 19, 48 and 15%, respectively, and
in the commercial variety it increased by 9, 25, 18 and 9%, respectively. Soil sampling at greater depths
resulted in increased soil salinity and sodium concentration by 8% and 19% in native and 5% and 28%
in commercial cultivars, respectively. Overall, the potential negative effects of using biochar, such as
increased soil EC and pH, as well as producing costs on a large scale, should be taken into consideration.
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Table 1. Chemical analysis of irrigation water

Traits EC pH Cl K Na Ca Mg SO4 HCOs SAR
Unit dS m? - meq I -
Value 15 8.13 115 023 10.98 1.0 2.8 0.9 2.6 7.96

Hem g Gl gl Jore S pluoads o Shg -V 9o
Table 2. Chemical properties of the soil where the project is implemented and biochar

Soil depth (cm)

Traits Biochar
0-20 20-40

EC (dS m?) 5.76 6.17 1.35
pH 7.7 7.79 8.5
Organic Carbon (%) 0.64 0.38 53.2
Ca (meq I'Y) 25.6 18.1 41
Mg (meq 1Y) 375 19.6 4.6
Na (meq I'%) 78.2 60.2 25
K (meq I') 295 14.1 5.6
Cl (meq I'Y) 131.5 86.7 15.2
Total N (g kg™) 0.085 0.032 -
Ash content (%) - - 43.5
Biochar yield (%) - - 32.4
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EC and pH of biochar were determined in 1:10 (biochar: distilled water) extract
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Table 3. The results of ANOVA of the effects of treatments on the measured characteristics in two local and
commercial varieties of guar

S.0V

Local cultivar

Commercial cultivar

o
=y

pH EC Na Ca Mg pH EC Na Ca Mg
Rep 2 008 0.89 165 015 078 0007 183 134 0.73 16.1
Irrigation 2 192" 1069 6043 106~ 185 54  69.7° 117.97 34" 27.4"
Ea 4 047 096 1158 27 306 0.4 15 19.9 2.5 81.8
Biochar 1 097" 302" 974 123" 2022° 106" 156~ 814 33" 418"
Irrigation*Biochar 2 1.88 1.76° 568" 23" 2421™ 057" 2.8 1069 278" 1461
Eb 6 0.1 961 3269 75 2653 116 6.6 93.8 4.3 1175
Depth 2 0106 119" 1851™ 7.04” 056 0.4 15" 3129" 029 453"
Irrigation*depth 4 0.14 196°  147° 75" 191 009 505" 268" 1.4 14.8
Biochar*depth 2 038" 086 5.5 21° 119 008 906" 1.3 41" 543"

ochar“cep

f(;é%f’t‘ﬂo” biochar ;553 102% 158 033 2508~ 008 109~ 278 169 618~
Ec 24 1.04 4.64 24.6 36 1083 06 206 443 5.0 41.1
CV (%) - 8 17 15 22 19 10 15 20 21 18

*

" and *: Significant at the probability level of 0.05 and 0.01 respectively.
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Table 4. The results of the comparison of the mean main effects of the irrigation cycle on soil pH

Irrigation cycle

Unit
I P I3
Local cultivar - 8.2¢ 8.5p 8.62
Commercial cultivar - 7.9¢ 8.4P 8.62

23,05 (5 oline glis P 0.05 gl ey gy JLio b el e ,o oSl (y503] Gubo
Each mean values followed by the same letters are not significantly different for P < 0.05 according to the Duncan’s tes

SBPH 5 5lgn ol O3 (ko A lio gulis -0 oo
Table 5. The results of the comparison of the mean main effects of the biochar on soil pH

. Biochar
Unit B, B, Bs
Local cultivar - 8.2¢ 8.5p 8.62
Commercial cultivar - 7.9¢ 8.4P 8.62

23,5 5 laline glis P 0.05 gl Sy g, JLio b eSiles e 12 oSOl ge5] ek
Each mean values followed by the same letters are not significantly different for P < 0.05 according to the Duncan’s test
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Table 6. Mean comparisons of interaction effects of of irrigation cycle and biochar on the significant measured

traits
Local cultivar Commercial cultivar
EC Ca Mg Na EC Ca Mg Na

B:1 4.5°¢ 7.18 12.8¢d 16.3¢% 5.374 7.0% 17.7% 16.8¢
I1 B2 5.9be 5.3 18.9%  19.8pcde 5 71cd 5.67¢d 18.32 17.3¢%

B3 5.gbe 7.28 15.6b¢ 15.1¢ 5.69¢d 7.928 10.7¢ 17.8ede

Bi1 6.0° 7.7% 11.24 18.5¢de 6.3bc 7.0 11.0¢ 19,2¢cde
I2 B2 6.3 5.8P 17.030c 22.7b 5.96°¢ 6.2bc 18.5% 19,3bcd

B3 6.3 5.2b 18.72 20.7¢ 6.64° 6.2bc 19.22 19.8bcd

Bi1 6.6% 5.4P 16.730¢ 23.5% 6.65P 6.58b¢ 17.92 20.3b¢
I3 B2 6.72 5.7° 13.5¢ 25.72 6.69° 5.08¢ 14.7b¢ 22.0%

B3 6.72 5.4b 20.52 26.7° 6.942 4.83¢ 17.6% 23.78

3,5 5 laline glis P << 0.05 gl LSy g, JLio b eSiles e 12 oSOl ge3] ek
Each mean values followed by the same letters are not significantly different for P < 0.05 according to the Duncan’s test
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Table 7. Mean comparisons of interaction effects of irrigation cycle and depth on the significant measured traits

Local cultivar

Commercial cultivar

EC Na Ca EC Na
| D; 5.64 15.8° 5.9b 5.7¢ 15.4°
! D, 5.74 18.3° 7.28 5.8¢ 17.3¢
| D; 6.14° 18.8° 5.7 6.3" 19.1¢¢
2 D,  6.42° 22.4b 6.8 6.3 20.5%
| D, 6.5° 22.7° 5.7 6.5° 21.4P
s D, 6.72 27.8° 5.4b 6.92 24,52

20,5 s lobine @glis P << 0.05 (gl )lass gy JLio b ouSiles jlade ;o (S5l (905 b
Each mean values followed by the same letters are not significantly different for P < 0.05 according to the Duncan’s test
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Table 8. Mean comparisons of interaction effects of of depth and biochar on the significant measured traits

Local cultivar

Commercial cultivar

pH Ca EC Ca Mg
B, D1 8.6 6.1> 55 742 14.0°
D2 8.3P 74 58 63> 17.1%®
B, D1 85% 54° 6.2° 58% 165
D2 8.7¢ 58 65 55¢ 17.92
Bs D1 8.1¢ 57 65® 62 1767
D2 8.4° 6.2° 6.9° 6.5° 14.1°

23,5 5 laline glis P 0.05 gl Sy g, JLio b eSiles e 12 oSOl ge5] ek
Each mean values followed by the same letters are not significantly different for P < 0.05 according to the Duncan’s test
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Table 9. Mean comparisons of interaction effects of irrigation cycle, depth and biochar on the significant
measured traits

Local cultivar

Commercial cultivar

EC Mg EC Ca Mg

DI 55% 88  41° 520 163%

Bl D2 54 168w a5 5gel g5

" g, DI 55% 1739 50 pgkd 1g7ee
D2 589 205% 489 55T 160

DI 58%% 190% 55 gk 1g7ebc

BS Dy 5o 122¢ 59w gor g

5, DL 659 13@@ 55 72% 153"

D2 2% 85  63° 55 135¢

" 5, DI 609 180" 56 526 07
D2 63% 160%¢ 6O% G 21023

g3 Dl 64% 1629 5gc 479 1ggw

D2 61" 213% 65D g 172

" o, DL 627 1687 61% 67 188
D2 609 16709 g5b 77® 192
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D1 6.5%
B2 D2 6.8%
D1  6.2%¢
B3 D2 6.4

14.2bcde g g2 5 gdef 17 gabe
13.0%  6.65% 4.80 16.3%c

21.8% 6.82 5.3 18.73c
19.2%¢  6.85% 459  16.0%°

23,5 6 loline lis P 0,05 gl ol By Jlis b uSils oo o o S0Is (yee)] el
Each mean values followed by the same letters are not significantly different for P < 0.05 according to the Duncan’s test
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