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Abstract

Introduction: Soil is the upper layer of earth in which plants grow and is consequently very
important for organisms and human nutrition. The protection of the soil against degrading
processes, such as soil salinization and alkalization, is one of the main challenges in sustainable
land management. Soil salinization and alkalization are two major environmental concerns
leading to soil degradation especially in arid and semi-arid regions across the world. The balance
of organic carbon in the soil is important for soil sustainability. Intensive cultivation enhance soil
organic carbon (SOC) depletion. In order to alleviate the detrimental effects of SOC depletion,
carbon-rich organic amendments such as biochar or compost are often applied to the soil.
Therefore application of organic amendments to soil is an effective strategy to improve soil
properties and to mitigate the negative impacts of inappropriate management strategies. Biochar
is a carbon-rich compound produced by the pyrolysis of biomass in oxygen-limited conditions.
Its use as an organic amendment to soil with specific inherent characteristics has been
recognized. In this regard recent studies have shown that application of biochar to soil as an
organic amendment can improve soil physical properties and help to keep the carbon balance in
the soil. Moreover, compost as an organic amendment is capable to improve soil properties and
increase the soil productivity.

Methods and Materials: The soil sampling was carried out near Kabutar Khan in Rafsanjan,
Iran (56°22'N, 30°18'E), on a saline-sodic soil with Silty Clay soil texture (42% silt, 50% clay
and 8% sand). The biochar was obtained from three different feedstocks consist of Conocarpus
erectus, bagasse of Sugarcane and hard shell of Pistacia Vera. The obtained feedstocks were
pyrolyzed at 400°C for 2 h with increasing rate of 7 "C/min in a sealed reactor to prevent O, input
(Muffle Furnace, SEF-101 Model). Afterwards the produced biochar was cooled slowly to the
room temperature, then the EC, pH, specific surface area and CHNS of biochars were measured
using the standard methods. The required amounts of soils and biochars were weighed by a total
5000 g dry weight of sample and mixed in the dry state. The soil samples were received three
doses of biochar (0, 2, 4 % biochar, w/w). The mixtures of soil and biochar were packed into pots
and controlled a bulk density of about 1.5 g cm™ by artificial compaction. Treatments were
replicated three times. The soil without any biochar was used as the control. The mixtures were
wetted at three soil moisture contents (25, 50 and 75% field capacity) during incubation time
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(120 days). The treatments were kept at a temperature-controlled glasshouse. After 120 days of
incubation, the untreated soils and biochar-amended soils were taken for physical and chemical
analyses.

Particle size distribution was measured by hydrometer method and soil organic carbon by
oxidation method with potassium dichromate. The consistency limits (liquid limit and plastic
limit) of soils were determined according to the ASTMD4318 procedure. The field capacity was
measured using the pressure plates with the standard rings in the lab. Mechanical strength is a
sensitive indicator of the soil physical condition and has been commonly used to evaluate soil
water erosion, structural stability, tillage performance, and root penetration. Higher strength
found in saline-sodic soil often impedes seedling emergence and root penetration. Remolded soil
cores were saturated by capillarity for 24 h, equilibrated on a pressure plate apparatus for 12 h,
and dried at 105 °C for 2 h. The dried soil cores were placed horizontally between two parallel
plates of a digital unconfined compression apparatus, and the pressure was gradually increased
through the plates by a motor at a constant speed of 2 mm min* approaching the soil core. The
maximum reading was recorded before the core was fractured by the load plate.

Results and discussion: Our results revealed that application of organic matter in the form of
biochars and compost was effective on soil aggregation. The formation and stability of the soil
aggregates play an important role in the crop production and soil degradation prevention.
Moreover, the biochar application showed two main effects including direct and indirect effects.
Our results confirm the addition of biochar to soil can cause a substantial and significant change
in the soil physical characteristics of the strongly acidic Ultisol, namely a significant increase in
LL and PI, higher water-holding capacity, and reduction in mechanical strength. These changes
are undoubtedly associated with the particular properties of biochar and in particular with its high
porosity and low bulk density. The beneficial effect of biochars on soil physical properties is
mainly due to the dilution effect of biochar with higher porosity and lower density. When the
biomass is heated, volatile matters may release out of the biomass to create micropores on the
surface, and meanwhile those trapped inside the biomass are evaporated to expand the
microstructure. Thus, the resulting biochar has much higher surface area and porosity. These
properties are particularly useful for soil application of biochar especially for enhancing soil
water-holding capacity, reducing mechanical strength, and increasing soil aggregation. The
dilution effect can be attributed to the increased volume of pores as well as the decreased particle
density in soil amended with biochar. The effectiveness of different biochars in improving the
soil physical properties can be explained by their porosity and bulk density.

Conclusion: Our results depicted that application of biochars and compost as an organic
amendments improved mechanical quality of the saline and sodic studied soil. Indeed all organic
treatments decreased bulk density and enhanced soil aggregate stability while the biochar of
Conocarpus illustrated the greatest effectiveness on soil physical and mechanical properties.
Therefore it is a possibility to apply this biochar to the soil in the field scale but regarding the
accessibility of biochar of Pistachio skin in the study area therefor we have another alternative to
utilize in the soil. This research was conducted in the small scale and in a short time. Therefore, it
is suggested that supplementary studies are carry out on farm scale for a longer periods.

Keywords: Saline-Sodic soil, soil amendment, sustainable management, aggregate stability,
soil moisture, biochar
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Table (3)The analysis of variance of physical and mechanical parameters of the studied soil

Sla o S
. . S5 Ceslas .. e . E St b
| Sl L J& .
e Chetng (kpa) 33 52k SAL I st 55 Sources of changes
@gh @gh (MM) 61aS's s @.cm®)
. L Penetration . )
Plastic limit Liquid limit . MWD Bulk density
resistance
44.12** 55.29** 1.05** 0.96** 0.05** 11 ST oles
Organic treatments
TN
0.38nS 1.78ns 0.72** 0.56** 0.02** 2 MOlsture |eve|s
Jlae 31
3.72%* 5.13** 0.12** 0.08** 0.006** 22 i
Interaction
il 3T glas
1.67 0.818 0.0013 0.0012 0.00017 85 e
Error
Ol S o
5.66 2.56 4.77 4.46 1 - SR
Ccv
S Kk

)\:kswﬁbjwjldi{‘dkb\ch.w):)h@a%;@n ¢

** ™ Sjgnificant at level of 1% and non-significant, respectively.
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Figure (2) The SEM images of Conocarpus biochar (a) Sugarcane Bagasse biochar (b) and Pistachio
shell biochar (c) with the same scale
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Table (4) The mean comparison of amendment and moisture levels on physical and mechanic

properties of soil

S99 Caslae

g!})b

S Sl 5l pe oS Pl e sk ke Al 6“5’- T (Kpa) 71 s,:v’_l»
Amendments (%) (%) (g.cm?) (mm) : (997) (9g)
Levels of Levels of Bulk Density Penetration Liquid Limit Plastic
amendment moisture MWD Resistance Limit
25 1.50BC 0.56 KJL 1.034 A 29.90M 22GHJI
0 50 141A 0.51ML 0.94 BC 3241L 21.88GHI
70 1.35C 0.44M 1.64 A 33KL 18.75 KFG
St AL g5 25 1.399A 0.57KLJ 0.54 HEGDF 34.451KHJ 23.43FGEHD
Sugarcane bagasse 2 50 1.393A 0.601HJ 0.83C 34.611KHJ 23.92FGECD
biochar 70 1.319C 0.52KL 1.040B 33.46 KL 25.61FGECD
25 1.318C 0.63H 0.52HEGDFI 35.41 IGFH 23.50FGEH
4 50 1.234FHG 0.65H 0.53HEGDFI 36.68GFDE 25.01BECD
70 1.218FEG 0.63H 0.64D 34.621KHJ 26BC
25 1.50BC 0.56KJL 1.034A 29.90M 22GHJI
0 50 1410 A 0.51ML 0.94BC 32.47L 21.88GHI
70 1.35C 0.44 M 1.64A 33KL 18.75 KFG
25 1.293B 1.146D 0.51HEGDFI 34.471KHJ 22.64FGEHJI
oSS il 2 50 1.256 E 1.406B 0.61ED 35.90GFHE 24.48FGEHJI
Conocarpus biochar
70 1.071K 0.91F 0.94BC 34.38 IKHJ 24 56FBECD
25 1.201FEG 1.125D 0.22L 39.99B 23.34FBECD
4 50 1.190 FE 1.576A 0.50 HEGDF 42.82A 26.03 BC
70 1.0775L 1.163D 0.58EDF 39.77B 29 A
25 1.50 BC 0.56KLJ 1.034A 29.90 M 22GHJI
0 50 141 A 0.51ML 0.94BC 3247L 21.88GHI
70 1.35C 0.44M 1.64 A 33KL 18.75 KFG
25 1.39A 0.63IH 0.43HEGDFI 35.18I1GKHJ 20.49KJ
Pis‘:*c;;“’s'- i:r‘]“‘b’ld;; . 2 50 1.36AB 0.76G 0.45 HGJFI 30.4B 20.73KJI
70 1.346B 1.163D 0.53HEGDFI 33.98 KLJ 21.43 GHJI
25 1.209H 1.22C 0.36KJI 38.55BC 21.35 HJI
4 50 1.278D 1.386B 0.38KJI 38.53 BC 21.73GHJI
70 1.213HG 0.641H 0.40HKJI 37.03CFDE 22.43FGHJI
25 1.50BC 0.56KLJ 1.03A 29.90M 22GHJI
0 50 141A 0.51ML 0.94BC 3247 L 21.88GHI
70 1.35C 0.44 M 1.64 A 33KL 18.75 KFG
25 1.25E 1.06E 0.51HEGDFI 35.27 IGHJ 21.56 GHJI
C;;’;‘; t 2 50 1.219FHG 137B 0.52HEGDFI 37.40 CDE 22.45 FGHJI
70 1.1971HJ 1.14D 0.55EGDF 34.09 IKLJ 23.38 FGEHD
25 1.196 KJ 1.058E 0.32KL 35.781GFHE FGEHJI
4 50 1.184 IKJ 1.39B 0.48HEGJFI 37.65CD 24.6FBECD
70 1.184 IKJ 1.26C 0.50HEGDFI 35.63IGHJ 24.77FBECD
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