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Introduction

Appropriate and practical use of agricultural waste reduce the pressure on the environment. Recently, there has
been significant promotion of biochar utilization in agricultural lands. It serves as a valuable source of organic
material for enhancing plant growth and as an effective soil amendment to improve soil properties. Due to its
unique chemical and physical properties, biochar can be used as a soil conditioner and has many benefits for
optimal agricultural and environmental management. Studies have shown that biochar is a useful amendment for
improving the physical and chemical properties of soil and effective in maintaining organic matter and soil
moisture.

Materials and Methods

This research was conducted with the aim of investigating the effects of biochar on the physical and chemical
properties of soil under conditions of water stress and irrigation using saline water. The experiment was carried
out in a factorial based on a completely randomized design with three replications in greenhouse conditions. The
treatments include three irrigation water treatments (60, 80, and 100 percent water requirement of the plant,
respectively, 11, 12, and 13), three treatments of biochar prepared from northern forest trees at a temperature of 300
degrees Celsius (0, 2, and 4 percent by weight of potting soil, respectively, B1, B2, and B3) and three water quality
treatments (with electrical conductivity 1, 4 and 7 dS/m, respectively, S1, S2 and S3). The pots were weighed
every other day and at each level of biochar and salinity, the water deficit up to the agricultural moisture level was
calculated based on the changes in the pot's weight. After harvesting (in the first half of April 2022), in order to
investigate the effect of biochar on the amount of soil nutrients and some physical and chemical parameters of the
soil under the conditions of water stress and irrigation water salinity, sampling was done from the soil of each pot.
The samples were taken to the laboratory and parameters of apparent and actual specific gravity, acidity and
salinity of the soil, percentage of nitrogen, phosphorus and potassium absorbable of the soil were measured in the
laboratory. Referring to the yield to irrigation water ratio, water productivity is obtained by the following relation
(Payero et al., 2009): WP=Y/IR, where, WP represents water productivity (kg/m?), Y denotes the yield (kg/ha),
and IR shows the amount of irrigation water (m%/ha). Analysis of variance for the results obtained from different
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treatments was conducted using SAS software (SAS 9.1, SAS Institute, Cary, NC, USA). The mean values of the
main factors and interactive effects were compared using the Duncan method at the 1% and 5% levels of
significance.

Results and Discussion

The results showed that the amount of biochar, irrigation water and water salinity and their mutual effects had
a significant effect on the measured parameters at the probability level of one and five percent. Adding 2 and 4
mass percent biochar to the soil increased the amount of phosphorus (35 and 60%, respectively), potassium (57%
and 61%), nitrogen (83% and 91%), pH (13% and 13%) and electrical conductivity (EC) (13% and 57%) of the
soil. By adding 2% and 4% of biochar to the soil, the actual specific gravity of the soil decreased by 13% and 21%,
respectively, and the apparent specific gravity decreased by 11% and 22%, respectively. The actual and apparent
specific gravity of the soil decreased by adding biochar to the soil. Decreasing the depth of irrigation water and
increasing water salinity increased the amount of phosphorus, potassium, nitrogen, pH and EC of the soil. The
amount of irrigation water had no significant effect on the apparent and actual specific gravity, however, the
salinity of the irrigation water caused a significant increase in the apparent and actual specific gravity of the soil.
Although the addition of biochar to the soil increased the nutrients required by plants in the soil, high amounts of
biochar in the soil should be used careful, because the addition of this organic matter to the soil at high levels
increased soil EC significantly. Based on the findings derived from the research, the utilization of biochar is
recommended as a viable approach for enhancing both the chemical quality and productivity of nutrient-poor and
sandy soils.
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Table 1- Some physical and chemical characteristics of soil, water and biochar

ol

o (6 010 (S S S50l Ry, FLI™ Water sk
Measured characteristics Measured method Biochar 3 2 ST Soil
pH Ao PH 5 bl J5 (5,5 olae 73 712 742 781 830
S colan el Saturated paste extraction and, pH 6.1 7 4 1 0.6
EC (dS/m) and EC meter
Organic carbon (%) Walkly Black (1934) method
At (VA3 a9 5 o) ol P9, 4 39865 039 034 026 1045
Phosphorus (mg/kg) Olsen method (Olsen and Sommer, 1990)
o (VA2:) iy P9, 5 Eledl IS (55 e 237548 074 065 041 110.63
Potassium (mg/kg) Saturated paste extraction and Westman method (1990)
J}b“ m‘“ﬁ A (e c
Lol o,lac 175 1464 825 2.05 0.42
Dissolved calcium (meg/L) e Js drf ’
ol e ogid puld olKiwd
, e (VAY i) 1160 1016 574 295 075
Dissolved magnesium (meg/L) ‘=
Jsloxe ppes Saturated paste extraction and flame photometer spectroscopy

Dissolved sodium (meg/L)

(Page, 1982)

3.70 18.95 9.87 420 0.63

DI (VA o) JMS g, & 1950
Kjeldahl method (Bremner, 1996)

Nitrogen (%)

- - - 0.02
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Table 2- Results of analysis of variance (mean square and degree of freedom) of soil property and crop yield

Il W
Sl e D oo T B f“:w oo ey P aYieId
MS @3l3! 52l s pH S S Nitrogen  Potassium  Phosphorus
DF Bulk Actual EC
density density
[
2o 0.002* 0.106* 0.056** 39.69** 0.005**  6345.52** 8.42%* 1151.43**
(B) Biochar
Solel ST e
Amount of water 2 0.000 ns 0.828 ns 0.02* 11.98* 0.002* 5716.69** 11.35* 291.82**
(1) irrigation
Gl O yps
Salinity of
irrigation 2 0.003* 1.187* 0.002* 27.179** 0.004**  3825.32** 10.26* 625.84**
Water
)
I*B 4 0.014ns 3.226ns 0.03* 4.466* 0.003* 3196.27* 9.78* 48.14*
1*S 4 0.002* 0.589* 0.013* 1.751* 0.006**  2873.49* 5.62* 16.42*
B*S 4 0.004* 1.153* 0.018* 11.078* 0.003**  2597.55* 8.54* 85.29**
1*B*S 8 0.002 ns 2.194 ns 0.023* 23.543** 0.002* 2358.41* 6.39* 124.69**
- 12 0.003 0.965 0.008 5.136 0.001 19.41 1.32 12.18
Error
Coefficient of - 10.549 22.668 1.280 19.283 20.510 14.26 16.27
variation (CV)
*

Sl ixe pae NS o> S g duoyd gty Jlain] o j5 (gl ixe™ g

*and ** significance at the probability level of five percent and one percent, ns non-significance.
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Table 3- The results of comparing the average of the measured characteristics of the soil

; cubld ioa
; pepate @y 2
. . pepase @y . R . P
bl (s losd © o> & o] Cylus Q97 Wb Phosphorus ""_ﬂw
Experimental 3 ) Actual ;)|:| S S Nitrogen  Potassium (mg/kg) Yield
treatments Bulk den35|ty density EC (%) (mg/kg) (kg/ha)
(gr/icmd) 3
(gricmd) (dS/m)
Sloon 0 1.78a 2.75a 8.13b 8.96¢ 0.12b 112.63b 15.47b 967.86b
) 2 1.58b 2.38b 9.21a 10.16b a¥0.2 190.26a 23.95a 1386.45a
Biochar(%) 4 1.39c 2.15¢c 9.26a 21.13a a¥0.2 200.48a 24.84a 985.27b
bl O e 60 1.42a 2.33a 8.25a 19.52b 0.26a 175.34a 24.86a 959.76b
(1) 80 147a 2.33a 8.17a 14.47a 0.24a 168.55a 23.51a 1189.46ab
Pl
AmC_)UDt 0_f water 100 1.48a 2.36a 7.29ab 12.82a 0.16b 144.78b 20.97b 1350.12a
irrigation
bl o 6y90 1 1.36bc 2.05bc 7.28ab 10.33c 0.17b 123.37c 17.11c 1219.75a
R L 4 1.47b 2.23b 8.45a 13.38b 0.21a 163.36b 22.01b 1047.33ab
(520 2 ionj o3)
Salinity of water 7 1.65a 2.52a 8.86a 19.68a 0.23a 201.18a 24.84a 758.63¢
irrigation

5 s ine NS 70 Jlais] o 13 (S5l g0l bl g GlaS By (sl (slacnSile (gt a5
In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.

0 (6 503151 S S 32 ) 5l O jlale g Lo alite 151 (ke dmmili £ Joao
Table 4- Comparison of the average intraction effects of biochar and the amount of irrigation water (B*I) on the measured
characteristics

o e S Nitrogen Potassium  Phosphorus Yield
Treatment pH EC (dS/m) (mg/kg) (mg/kg) (kg/ha)
Bli1 8.12b 12.53d 0.16¢ 140.82d 18.34d 621.57d
B211 9.18a 16.96b 0.22a 208.56a 23.95a 697.41dc
B3I1 9.36a 21.25a 0.24a 218.13a 24.45a 540.12¢
B1I2 8.23b 9.87e 0.17c 136.25d 18.29d 721.82c
B212 8.75a 13.14d 0.2ab 193.46b 22.91b 1186.61a
B312 8.85a 15.63b 0.21a 200.08ab 23.51ab 784.53c
B1I3 7.68c 8.56ef 0.15cd 128.91e 17.55de 986.27c
B213 7.86bc 10.58e 0.19b 159.57¢ 20.97c 1371.29a
B313 8.41ab 14.78c 0.19b 164.32c 21.71c 1002.47b

Al (B39 2o T o ¥ e ply s e slale B3 9 B2 BLwlS o jli oo Ver A &+ ly o)ll O e clajlog 13 51241 a0
In Table 11, 12, and 13, the amount of irrigation water treatments are equal to 60, 80, and 100% of water requirment, B1, B2, and B3,
the amount of biochar treatments are equal to 0, 2, and 4% by weight.
505 o ina S5 70 ot a3 (5315 (gl el 2 iy By (S (slaeSibie gty
In each culomn, averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 5- Comparison of the average intraction effects of biochar and irrigation water salinity (B*S) on the measured
characteristics

. QoPao @ 5> ups*au-”f o ) Colan olar ool o r"Tf 5,Slas
. & o] . ; osphorus _
I sl > - S S Nitrogen  Potassium (mg/kg) Yield
Treatment Bulk den:‘lty actual der315|ty pH EC (dS/m) (%) (mg/kg) (kg/ha)
(gr/icm?®) (gr/icm?®)

B1S1 1.14dc 2.06d 8.11b 8.46e 0.11e 119.63e 16.66f 1057.24b
B2S1 1.13d 2.04d 8.13b 10.52d 0.14d 121.12e 17.75e 1302.53a
B3S1 1.13d .02dy 9.11a 11.72cd 0.14d 123.65e 18.11e 804.49c
B1S2 1.42b 2.45b 8.26b 10.63d 0.16¢ 167.16d 20.08d 817.36¢C
B2S2 1.19¢ 2.22¢ 9.25a 12.25¢ 0.19 184.28b 22.61b 754.29d
B3S2 1.15¢c 2.12c 9.6% 14.85b 0.19b 187.37b 23.21b 624.05e
B1S3 1.66a 2.75a 8.57ab 12.56¢ 0.17c 176.13c 21.12c 696.85de
B2S3 1.22¢ 2.25¢ 9.61a 18.23a 0.23a 211.26a 24.54a 604.28e
B3S3 1.16¢ 2.15¢ 9.94a 20.65a 0.24a 216.54a 24.99a 547 81f

A3lige (35 2oy ¥ g Yl s e slojles B3 5 B2 BL ey iterjed Vs ¥ )l )] o 655 slale S8 582 81 Jgae >
In Table S1, S2, and S3, the irrigation water salinity treatments are equal to 1, 4, 7 dS/m, B1, B2, and B3, the amount of biochar
treatments are equal to 0, 2, and 4% by weight.
3505l gine NI 7 0 Jlezs] s )3 (55313 pgail obl 1 s By sl (sl pSiie gt
In each culomn, averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 6- Comparison of the average intraction effects of irrigation water amount and irrigation water salinity (I*S) on
measured soil properties

o

Slowi SAB pogatw oy (i ogate @ & o] Calws I Wu Phosphorus a’%’”‘
Treatment Bulk density actual density H Sy Nitrogen  Potassium (00 Yield
(gr/cm?) (gr/cm’) P EC@s/m) ~ *%)  (mykg) (kg/ha)
1151 L44cd 1.19cd 6.23b 10.75¢ 0.18c 152.82d 20.23¢ 1085.25b
1251 1.38d 1.16d 6.14b 10.63¢ 017cd  143.63d 18.44d 1326.85a
1351 1.32d 1.13d 6.06b 9.56¢d 0.16¢ 138.18d 17.92d 1334.57a
1152 1.62b 2.38b 7.31ab 15.74b 023ab  176.57b 2321ab  1014.52bc
1252 1.56bc 2.330c 7.22ab 14.36b 022b  169.42bc 22.01b 1027.39b
1352 151c 2.28¢ 6.45b 11.58¢ 0.19¢ 158.52¢ 2052c  1258.6%b
1153 1.75a 2.48a 8.98a 20.14a 0.27a 202.21a 24.69a 724.56¢
1283 1.71a 2.41a 8.26a 18.24a 0.25a 186.46a 23.65a 876.47c
1353 1.48¢ 2.24c 7.12ab 14.28b 0.19¢ 164.78¢ 20.97bc 915.68¢

Al iy 2o Vo g A Fe il ol Ol e slojleg 13 912 1 (2o 5 uitarjewd Vo ¥ Ol )l O 558 slo)le S3 982 ST Jgue 5
In Table S1, S2, and S3, the irrigation water salinity treatments are equal to 1, 4, 7 dS/m, 11, 12, and 13, the amount of irrigation water
treatments are equal to 60, 80, and 100% of water requirement.

515 I ine BT 7 0 Jlais] pas y3 5503 el olil 1 GlaSy gy (el (ol 5Silon gy
In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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