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Table 1. Analysis of variance of the effect of salinity and biochar levels and their interaction on potassium,
sodium and calcium concentration and soil saturated electrical conductivity.

;511.;‘)‘” Cylhs oS (’f“‘ls P Vf”'l"i 63.)1 a5 Ol pars CL.» e
ECe Ca Na K Degree of Degree of Depth
s m'! Meq I freedom freedom om
40.1** 4372.8%** 16740.0** 333.0%* 3 Sox
Salinity
.
36.8%* 1472.9%% 2205.5%* 5880.3%* 3 o
Biochar
0-10
e
2.0%* 188.2%* 336.8%* 33.5%%* 9 Je
Interaction
Lo
0.2 1.1 1.9 0.6 32
Error
1.3%* 333.2%* 919.1%* 201.8%** 3 o
Salinity
.
40.8%* 374 5% 814.7%* 8527 8%+ 3 o
Biochar
10-20
e
1.8%* 11.7%* 46.9%+ 114.2%+ 9 Jie
Interaction
Lo
0.2 0.6 1.0 0.5 32
Error

** In each depth, significant at 1% level.
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Figure 1. Effect of Biochar and salinity levels on potassium concentration in the saturation paste extract of
0-10 cm (a) and 10-20 cm (b) soil depth. By, B,s, Bsy and B;s represent biochar levels of 0, 25, 50 and 75 Mg ha™.
Similar capital letters indicate no significant difference at the 5% probability level between different salinity

levels. Vertical lines show S.E.M.
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Table 2. Effect of Biochar (B) and salinity (S) levels on sodium concentration (meq I')) in the saturation paste extract.

Sre e V1 U s Gas
0-10 cm soil depth

s ol

o Biochar levels (Mg ha™)
Salinity levels (dS m™)
0 25 50 75 Mean
0.5 1.3£0.0" 7.0£0.5* 8.4+0.3 " 8.7+0.0 * 63"
5 28.3+1.3 1 74.8+0.4 ¢ 68.8+0.8 452409' 543°¢
7 65.241.3 ¢ 85.2+1.0°° 81.7+1.0¢ 59.7+0.6 " 73.0°
9 80.5+1.3 ¢ 122.040.8 * 97.340.0 ° 75.4+0.6 ¢ 93.8 4
Mean 438° 7224 64.1° 472°¢
SAaEl T B Gos
10-20 cm soil depth
0.5 1.7£0.0" 12.54£0.6 14.2+0.8 " 8.4+0.3 " 927"
5 8.30.5" 27.8+0.4 ¢ 20.0£0.4 ° 14.5+£0.6" 17.6 €
7 10.4+0.57 38.0£0.5° 26.4+0.8 © 17.4+1.0 ¢ 2298
9 24.940.6 ° 40.9+0.5° 33.640.6 20404 3004
Mean 11.3° 29.6* 23.5° 152°¢

sl s bl blize 1 o Ao 340 Olabsl 35 s gma G plte edtasOlis (ol e oSy 5 Som S aliie Gy Y ja s "
b o aadd ¢ — 34 : i >
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* In each depth, similar small and capital letters show no significant difference at 5 % probability level between treatment’s

interaction and salinity and biochar treatment.
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Table 3. Effect of Biochar (B) and salinity (S) levels on calcium concentration (meq I') in the saturation paste extract.

Sra eV B io Gos
0-10 cm soil depth

s ol

<o Biochar levels (Mg ha™)
Salinity levels (dS m™)
0 25 50 75 Mean
0.5 2.0£0.0™ 58403 ™ 7.8+0.1" 8.540.3" 6.0°
5 14.0+0.6 * 32.7£0.7" 47.740.9 ¢ 35.0+0.6 323€
7 21.7£0.9 44.0+0.6 45.0+0.6 40.740.7 37.8°
9 25.040.6' 69.340.3 ° 58.7+0.9° 53.3+0.7 ° 51.6%
Mean 15.7° 38.0° 3984 34.4¢
SAaEl T B Gos
10-20 cm soil depth
0.5 2.0+£0.01 7.4+0.1" 9.3+£0.9 ¢ 9.1£0.3 ¢ 7.0°
5 27£031 14.3+0.1 16.8+0.6 ¢ 13.7+0.3 11.9°¢
7 3.4£021 17.5+0.5 19.7+0.3 ° 15.340.3° 14.0°
9 10.0+0.6 18.4+0.6 ™ 24.0£0.6 ° 17.7+0.7 17.54
Mean 45¢ 14.4° 17.4% 13.9°

A s bl Blize 3 o 455 90 Dluebl gl 53 s sme M pde sdiasili i ar Sy s Sp S alie Gy Y s 3
AL e b 5 o sb slasles

* In each depth, similar small and capital letters show no significant difference at 5 % probability level between treatment’s
interaction and salinity and biochar treatment.
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Table 4. Effect of Biochar (B) and salinity (S) levels on sodium adsorption ratio.

Sra eV B io Gos
0-10 cm soil depth

Sos sk

Szt s

Biochar levels (Mg ha™)

Salinity levels (dS m™)

0 25 50 75 Mean
0.5 1.3£0.0%" 41202 4320.1° 42+0.1° 35°
5 10702 " 18.5+0.3 ¢ 141203 10.8+0.3 " 13.5€
7 19.8+0.5 ¢ 18.2+0.3 ¢ 17.2+0.3 ¢ 13.240.2 ¢ 17.18
9 22.8+0.5* 20.7+0.1° 18.0+0.1 * 14.6+0.1 " 19.0*
Mean 13.6® 1544 1348 10.7°€
Sro Sl Y B Ges
10-20 cm soil depth
0.5 1.7£0.0* 6.5£0.3 & 6.6£0.1 %" 3.9+0.1 47"
5 7.1£03 ¢ 10.4+0.1 ¢ 6.9£02 " 56403 75¢
7 8.0+0.1 " 12.740.3 ° 8.4+02 " 6.3£0.4" 8.8°
9 112403 ¢ 13.5+0.1° 9.7£0.3 ° 6.9+0.3 & 1034
Mean 7.0¢ 10.8* 79" 57°
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* In each depth, similar small and capital letters show no significant difference at 5 % probability level between treatment’s

interaction and salinity and biochar treatment.
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Figure 2. Effect of Biochar and salinity levels on saturated electrical conductivity of soil extract in 0-10 cm (a)
and 10-20 cm (b) soil depth. By, B,s, B5y and B;s represent biochar levels of 0, 25, 50 and 75 Mg hal. Similar
capital letters indicate no significant difference at the 5% probability level between different salinity levels.

Vertical lines show S.E.M.
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Abstract

Background and Objectives: Salinity is one of the major environmental stresses which
negatively influence the agricultural production. The saline soils usually have poor soil structure
due to lack of organic matter. Therefore, application of organic matter improves soil aggregate
stability, increases soil porosity and enhances soil water holding capacity. Biochar is a carbon
rich product, which is produced by burning crop residues and animal manure, under high
temperature and limited oxygen conditions. Biochar, when used as a soil amendment, increases
soil fertility and improve soil quality. Therefore, the aim of this study was to investigate the
effect of different levels of irrigation water salinity and wheat straw biochar on some of soil
chemical properties after wheat harvest.

Materials and Methods: A greenhouse experiment was conducted based on completely
randomized design with four saline irrigation levels (0.5, 5, 7 and 9 dS m™) and four levels of
biochar (0, 25, 50 and 75 Mg ha") with three replications. The soil texture used in experiment
was sandy loam with a bulk density of 1.53 g cm™, the saturated paste extract electrical
conductivity of 0.66 dS m™ and the volumetric soil water content of 21 and 8% at field capacity
and permanent wilting point, respectively. The biochar was produced from wheat straw at
500 °C and under non-oxygen conditions. After harvesting of wheat, soil chemical properties
(such as sodium, calcium and potassium concentration, soil electrical conductivity in the
saturation paste extract and sodium absorption ratio) were measured in two layers of 0-10 and
10-20 cm. Statistical analysis was performed using SAS software. The comparison between the
effects of treatments on studied characteristics was performed with Duncan's test at 95%
probability level.

Results: In general, the results showed that the concentration of sodium, potassium and
calcium, electrical conductivity and sodium absorption ratio in the 0-10 c¢cm layer with the
application of the highest level of biochar (75 Mg ha™) increased by 1.1 and 143.8, 2.2, 2.1 and
0.8 times in comparison with no biochar application. In the same soil depth (0-10 cm), the latter
parameters with the application of the maximum level of water salinity (9 dS m™) were
enhanced by 14.8 and 1.6, 8.6, 2.1 and 5.4 times in comparison with 0.5 dS m™ salinity. The
concentration of measured ions, soil electrical conductivity and sodium absorption ratio were
higher at 0-10 cm compared with those in 10-20 cm due to evaporation from soil surface and
higher water holding capacity in top layer of soil due to biochar application. On the other hand,
the increase in soil electrical conductivity in both layers by application of biochar was due to
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high saturated paste extract electrical conductivity of the used biochar (7.5 dS m™) in
comparison with the electrical conductivity of the soil (0.7 dS m™) and also accumulation of
ions in the soil (as water was not drained out of the pots).

Conclusion: Although, biochar increased soil salinity and other soil chemical properties due to
its salinity, the increase in biochar application to the levels higher than 25 Mg ha™ to some
extent reduced the negative effects caused by eclevation of salinity. On the other hand,
considering the increase of potassium along with presence of biochar, it can be used as modifier
in soils with potassium deficiency. Therefore, according to biochar ability as soil amendment,
biochar (with low salinity) can be proposed at levels of less than 25 Mg ha™, so that its use is
economical.

Keywords: Calcium, Electrical conductivity, Potassium, Sodium, Sodium adsorption ratio
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