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Appropriate and practical use of agricultural waste will reduce the pressure on the environment.
Recently, the use of biochar in agricultural land as a source of erganiC material for plant growth
and as a amendment to improve soil properties has been greatly promoted. Due to its unique
chemical and physical properties, biochar can be used.as a seil conditioner and has many benefits
for optimal agricultural and environmental"management«Studies have shown that biochar is a
useful amendment for improving the physicalvand_chemical properties of soil, effective in
maintaining organic matter and soil moisture.

Introduction

Materials and Methods

This research was conducted with the aimaf investigating the effects of biochar on the physical
and chemical properties, of soil underconditionsiof water stress and irrigation water salinity. The
experiment was carried out ima factorial'and 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 fromwnorthern 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 conduetivity4, 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 the end of the growing season
(harvesting in the first half of April 1401), 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.

Water productivity

Referring to the yield to irrigation water ratio, is obtained by the following relation (Payero et al., 2009):
WP=Y/IR (D)
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In this equation, WP represents water productivity (kg/m?®), Y denotes the yield (kg/ha), and IR shows the
amount of irrigation water (m*/ha).

Statistical analysis

The analysis of variance for the results obtained from different 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 probabilityslevel of one
and five percent. Adding 2 and 4 mass percent biochar to the soil increases.the‘amount of
phosphorus (35 and 60 percent, respectively), potassium (57 and 61 percent), nitrogen (83 and 91
percent), pH (13 and 13 percent) and electrical conductivity of the soil. (EC) (&3 and 57 percent).
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 thesoil, decreased by adding biochar to
the soil. Decreasing the depth of irrigation water and increasing water&alinity 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 actuakspecific.gravity, but 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, but considering
that the addition of this organic matter to the seil athighilevels increases the electrical conductivity
of the soil, therefore the use of high amounts of biochar in the soil should be careful. According to
the results obtained from thewresearch, the use of biochar is recommended as a suitable method for
improving the chemical quality‘and productivity of poor and light soils.
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Table 2- Results of analysis of variance (mean square and degree of freedom) of soil property and crop yield
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<hesi gle Degree sl actual Sopsi oEe Potassium ~ PRosphorus 28
Sources of of Bulk density  density v EC Nitrogen  (mg/kg) mg/Kg) Yield
changes  freedom  (gr/cm?) (gricm?) PH (dS/m) ) N kg/ha)
s
(B) Biochar 2 0.002 * 0.106 * 0.056**  39.69**  0.005*%* \6345.52** 8.42 ** 1151.43**
‘5)L_.,.j ;_;l )L.\.E.o
Amount of
water
(hy irrigation 2 0.000 ns 0.828ns  0.02*  11.98% 4 0002*  5716.69** 11.35*  291.82**
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L§)lf:€T \
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S 2 0.003* 1.187%* 0.002F 27479** 0.004** 3825.32** 10.26 * 625.84**
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Coefficient of
(CV) variation - 10.549 22.668 1.280 19.283 20.510 14.26 16.27
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*and **significance at the probability level of five percent and one percent, ns non-significance.
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Table v- The results of comparing the average of the measured characteristics of the soil
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Experimental s Al e pH Colaa Nitrogen potassium Phosphorus \k(ijzrl]d
treatments ; (kg/ha)
Bulk density Actu'al S Sl %) (mg/kg) (mg/kg)
density EC
(gricm?3) ds/
(gricm3) (dS/m)
S e 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 0.2%a 190.26a 23.95a 1386.45a
2 4 1.39¢ 2.15¢ 926a  21.13a  02¥a  20048a  24.84a  985.27b
Biochar (%)
bl o Sl 60 1.42a 2.33a 8.25a 19.52b 0.26a 175.34a 24.86a 959.76b
80 1.47a 2.33a 8.17a 14.47a 0.24a 168.55a 23.51a 1189.46ab
(4s3) 100 1.48a 2.36a 7.29ab 12.82a 0.16b 144.78b \20.97b 1350.12a
Amount of
water irrigation
ol Slsps 1 1.36bc 2.05bc 728ab  1033c%. 0i7b 12387  17ilc  1219.7%
) o 4 1.47b 2.23b 8.45a 13.38b 0.21a 163.36b 22.01b 1047.33ab
(o nmms ) g 1.65a 252 8s6a 1968 | 0234 201182 24842 75863
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In each culomn averages with the same letters do not have significantydifferences based on Duncan's test at the %dprobability

level.
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measured characteristics
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Table ¢- Comparison of the average intraction effects of hiochar and the amount of irrigation water (B*I) on the

S el Calda 0537 b S > Shes

pH LS Nitrogen potassium Phosphorus Yield

Treatment EC (dS/m) o gk malka) kg/ha)

N\

Bli1 8.12b B 12.53d 0.16¢ 140.82d 18.34d 621.57d
B2I1 9.18a 16.96b 0.22a 208.56a 23.95a 697.41dc
B3Il 9.36a 21.25a 0.24a 218.13a 24.45a 540.12e
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
B3I2 8.85a 15.63b 0.21a 200.08ab 23.51ab 784.53c
B113 7.68¢ 8.56ef 0.15cd 128.91e 17.55de 986.27¢
B2I3 7.86bc 10.58e 0.19b 159.57¢c 20.97c 1371.29a
B3I3 8.41ab 14.78¢ 0.19b 164.32¢c 21.71c 1002.47b
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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.
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In each culomn averages with the same letters do not have significant differences based on Duncan’s test at the %oprobability
level.
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Table o- Comparison of the average intraction effects of biochar and irrigation water salinity (B*S) on the measured
characteristics

s ¢ ¢ 4 o CHET 055 ey e 3 Sdas
ooyt o gt pH S S Nitrogen  potassium Phesphorus — Yield
Treatment . . EC (dS/ & (kg/ha)
GAb i (dS/m) o) mgrkg)  \mg/ko)
Bulk actual
density  density \
(gricm®)  (gr/cm?) y
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 121.12¢ 17.75e 1302.53a
B3S1 1.13d v.02d 9.11a 11.72cd 0.14d 123.65e 18.11e 804.49c
B1S2 1.42b 2.45h 8.26b 10.63d 0.16¢ 167.16d 20.08d 817.36¢
B2S2 1.19¢c 2.22¢ 9.25a 12.25¢ 0.19b 184.28b 22.61b 754.29d
B3S2 1.15¢ 2.12¢c 9.69%a 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¢c 9.61a 'A.23a 0.23a 211.26a 24.54a 604.28e
B3S3 1.16¢ 2.15¢c 9.94a y..65a 0.24a 216.54a 24.99a 547.81f
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In Table S1, S2, and S8, the ir&ation 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.
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In each culomn averages with|the same letters do not have significant differences based on Duncan's test at the %@®probability
level.

SB ol (£S5 (5 S5 12 (17S) (55l (g9 9 55kl S lade Jilitie O 51 (4Slo duunylio — T J >
Table 1- Comparison of the average intraction effects of irrigation water amount and irrigation water salinity (1*S) on
measured soil properties



Ses g g e s Os s el A > Shes
P pats o gt pH S Sl Nitrogen  potassium  Phosphorus Yield
Treatment . o (kg/ha)
sl s EC (dS/m) %) (mg/kg) (mg/kg)
Bulk actual
density  density

(gricm®)  (gr/cmd)

11S1 1.44cd  1.19cd 6.23b 10.75¢c 0.18c 152.82d 20.23c 1085.25b
1251 1.38d 1.16d 6.14b 10.63c 0.17cd 143.63d 18.44d 1326.85a
1351 1.32d 1.13d 6.06b 9.56¢d 0.16¢ 138.18d 17.92d 1334.57a
11S2 1.62b 2.38b 7.31ab 15.74b 0.23ab 176.57b 23.21ab 1014.52bc
1252 1.56bc  2.33bc 7.22ab 14.36b 0.22b 169.42bc 22.01b 1027.39b
1352 1.51c 2.28c 6.45b 11.58c 0.19c 158.52¢ 20.52¢ 1258.69ab
11S3 1.75a 2.48a 8.98a 20.14a 0.27a 202.21a 24.69a 724.56¢
12S3 1.71a 2.41a 8.26a 18.24a 0.25a 186.46a 23.65a 876.47c
13S3 1.48¢c 2.24c 7.12ab 14.28b 0.19c 164.78¢c 20.97bc 915.68c
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In Table S1, S2, and S3, the irrigation water salinity treatments, are equ}to 1,45 7dS/m,. 11, 12, and 13, the amount of irrigation
water treatments are equal to 60, 80, and 100% of water requirement.
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In each culomn averages withsthe same letters do not have\significant differences based on Duncan's test at the %@®probability
level.
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