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ABSTRACT

Aim: In order to study the effect of biochar, bentonite and potassium humate on saline soil
characteristics, barley growth and nitrogen loss, a column experiment was conducted. Addition of
the above mention materials was hypothesized to improve the characteristics of saline soil and
decrease nitrogen loss in the leachate solution.

Place and Duration of Study: Farm of Soils and Water Department, Faculty of Agriculture, Al-
Azhar University, Cairo, Egypt during the winter season of 2019.

Methodology: Biochar and bentonite were added with rates 0, 5 and 10 g.kg'1; and the rates of
potassium humate were 0, 5 and 10 mg.kg™'. Excess irrigations were implemented three times (on
12th, 24th, 36th days) during growing season. Leachate solution was collected after each excess
irrigation from each column to determine nitrogen loss.

Results: Main results show that total organic carbon and soil porosity were increased by increasing
the addition rates of the studied materials, especially at the high rates of biochar and bentonite.
Also, the availability of water significantly increased. Addition of biochar and bentonite gave the
highest decreasing in leachate solution volume. Nitrogen loss was decreased significantly at the
highest rates of the studied materials, where the decrement percentage in leachate solution reached
at 36.07%, 35.82 and 23.81 at the highest rates of biochar, bentonite and potassium humate,
respectively. That led to increasing the retention of available nitrogen in saline soil. Fresh and dry
weights of barley plants were increased significantly by increasing the addition rates of all amended
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materials. Macronutrients (NPK) content and uptake were increased significantly by increasing the

addition rates of the studied materials.

Conclusion: Research results proved that changes in soil properties caused a significant increase
in barley growth and nutrients uptake. Addition of biochar and bentonite were the best option for
improving saline soil properties, barley growth and nutrients uptake and reduce nitrogen loss by
improving nitrogen retention and decreasing the leachate volume.

Keywords: Saline soil; nitrogen retention; biochar; potassium humate; bentonite.

1. INTRODUCTION

Soil degradation, that caused by salinity, is seen
as a serious problem for agricultural productivity
and nutrients availability. Tackling the issue of
salinity is therefore very important to achieve
food security. Therefore, increasing water use
(leaching requirements) in the root area to
salinity control and management are essential for
tackling salinity problems. But that is lead to loss
water and nutrients by leaching especially in
sandy soil [1].

Organic carbon and nutrients availability in salt
affected soils are influenced by chemical
reactions at soil complex and chemical
equilibrium among soil solution, adsorbed and
precipitated/solid phases. lons concentration in
soil solution due to excess adsorption or excess
leaching produces a nutrient deficiency problem

2].

For improving growth and productivity under
saline conditions in arid to semi-arid areas,
application of organic amendments has shown
beneficial effects on growth and yield [3]. N
fertilizer may be lost due to nitrate leaching,
potentially polluting surface and ground water, or
even lost by ammonia gaseous emissions, or
through nitrification and denitrification products

[4].

[5] reported that the plants take up and use just
20-30 percent of N in fertilizer. Application of
mineral N fertilizer to soils are consider the main
source of NO; pollution [6]. Continuous
application of highly rates of mineral fertilizers
specially, nitrogen causing a pollution in the soil
and also, danger to the broader environment and
human health [7].

Biochar is a solid product of thermal
decomposition (at temperature of 300-600°C) of
various biomass and pyrolysis conditions from
different sources in an  oxygen-limited
environment, and a carbon rich product which is
derived from the pyrolysis of organic carbon
under limited oxygen conditions [8].
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The properties of biochar differ according to the
raw materials and pyrolysis conditions, and will
have different effects on soils [9]. It has high
adsorption performance and it can improve the
availability and retention ability of N and P in soil
[10], and organic carbon, high surface area,
highly microporous structure, existence of active
organic functional groups, and generally high
CEC and pH, it is used to reduce CO, emissions
and increase farmland soil and crop yields [11].
This may be due to it will take up N through ion
exchange, extract NH;" through adsorption, and
induce immobilization with flow on the NO;
leaching consequences.

Humic substances are readily available and low-
cost materials that are used to enhance crop
production and reduce nitrogen loss. However,
there is little consensus on the efficacy of their
components [12]. They have various acidic
functional groups, a high specific surface area,
high cation exchange ability, and good
absorption properties. These characteristics are
conducive to simulating plant growth and nutrient
uptake, and preserving NH," of volatilization [13].

Bentonite and potassium humate addition
enhanced sandy soil properties which reflected
on increased soil fertility and productivity [14].
Bentonite has a high cation capacity which
increase soil water content [15] and would be
expected to have high nutrient retention. Use of
bentonite may encourage sandy soil aggregates,
water retention and increase nutrients [16]. It is a
natural clay and has been documented in several
countries as good materials to improve soll
characteristics and water retention [17].

The risk of nitrogen loss in saline soil through
leaching is even higher than normal soil. Hence,
improving soil nitrogen retention is the key to
reduce nitrogen by leaching loss. There are little
studies and lack in attention to study the changes
in soil properties and N loss as a result of
addition biochar, bentonite and potassium
humate. There is an urgency to improve the
characteristics of saline soil and reduce nitrogen




loss under the conditions of salt- affected soils.
So, the target of this research was to examine
the effect of biochar, bentonite and potassium
humate on saline soil characteristics and
nitrogen loss.

2. MATERIALS AND METHODS

2.1 Description of the

Materials

Investigated

2.1.1 Biochar

Biochar was prepared from a commercial product
of wood sawdust from local producer using
pyrolysis processes at temperature (300-350°C).
The biochar characteristics are as follows: Total
N, P and K were 0.80, 0.18 and 1.20%,
respectively, total carbon 49%. Biochar was a
soft, alkaline (pH 9.45) and soluble salinity (0.60
ds.m™).

2.1.2 Bentonite

Its powder dark yellow, pH and EC values were:
722 and 295 dS.m’, respectively. The
percentage of SiO,, Al,O, Fey,03, K;O were 24,
55, 6 and 1.40%, respectively. It obtained from
El-Basatin for industry -Industrial Zone- EIl-
Basatin- Cairo — Egypt.

2.1.3 Potassium humate (K- humate)

The potassium humate characteristics are as
follows: the percentage of potassium humate
was 85%. EC and pH values were 0.08 dS.m™
and 8.10 respectively. Total N, P and K were
1.87, 0.03 and 6.50%, respectively. The samples
were brought from Agropest control, Alexandria
desert road.

2.1.4 Soil

Surface samples of loamy sand soil (0-30 cm)
were collected from EI- Khatatba, Cairo-
Alexandria, desert road, Menoufiya Governorate.
The characteristics of the investigate soil were
shown in Table 1.

2.2 Experimental Design

The experiment (A column experiment) was
designed at the Faculty of Agriculture, Al-Azhar
University, Nasr city, Cairo, Egypt to study the
effect of biochar, bentonite and potassium
humate on N loss, soil characteristics, barley
growth and nutrients uptake under the conditions
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of saline soils. It was set up in a Randomize
Complete Block design with three replicates per
treatment. In the beginning, one column was
prepared as an individual unit for determined the
leaching requirements (LR). Treated materials
were ground and sieved < 2 mm. Addition rates
were 0, 5, 10 gkg'1 for biochar and bentonite; and
0, 5 and 10 mgkg'1 for K- humate. Treated
materials were mixed with the soil before planting
for 7 days to allow soil stabilized with the studied
materials with moisture being maintained by
irrigation at 60% FC.

Plastic columns (cylindrical PVC pots) with an
internal diameter of 15 cm and a depth of 45 cm
were used. The columns have a small hole to
allow drainage excess water, each column filled
with 7 kg of amended soil with the studied
materials. A layer of coarse sand was used at the
bottom of each column to prevent soil from
entering with the leachate. Total amount of
applied water were14.25 liter (9.25liter for
irrigation at FC + 5 liter for leaching) during the
experimental period. The leaching requirements
were added only three times. First, the water
added to the soil until reaching saturation
capacity, then the leaching requirements were
added. Excess irriqations were implemented
three times (on 12", 24" 36" days) during
growing season. Water was added frequently
in small quantities to avoid water flowing
down along the inner wall of column. Leachate
solution was collected after each excess
irrigation from each column to determine nitrogen
loss.

Ten seeds of barley (Hordeum vulgare) were
cultivated in every column, and thinned to 5
plants after 10 days. Mineral fertilizers were
applied according to the recommended dose of
the Ministry of Agriculture. Nitrogen fertilizer rate
was split into three doses as ammonium nitrate
(33.5% N) at rate of 358 kg.fed'1; the first dose
(20%) at sowing, the second dose (40%) after 25
days from sowing and the third dose (40%) after
50 days from sowing. Super phosphate 15%
P,Os (200 kg.fed') was added during soil
preparation and potassium sulfate 48% K,O (50
kg.fed”). After the experimental period (60 days)
barley shoots of each treatment were cut just one
cm above soil surface and washed, fresh and dry
weight were recording. The dried plant tissues
were ground using a mill and kept for plant
analysis. Soil samples were collected from each
pot after harvesting, air- dried, crushed and
passed through a 2-mm sieve and kept for soil
analysis.



2.3 Soil and Plant Analysis

The particle size distribution was determined by
hydrometer method after dispersion with sodium
hexametaphosphate as described by [18]. The
bulk density was determined according to [19]

and calculated as: Bulk density = —2. . Total

V(cm3)’
porosity (assumed particle density ps 2.65

Mg.m'3) was calculated from bulk density (Bd),
using the equation below: TP (%) = (1 — i_i) X

100. Soil pH was determined according to [20].
Cation Exchange Capacity was determined by
method described by [21]. Total soluble salts
were determined [22]. Total organic carbon was
determined by the dichromate wet oxidation
method as modified and described by [23].
Exchangeable sodium percentage (ESP) of the
soil was calculated using [24] formula as follows:

ESP = —E’“’”‘"g"’c‘;’;’e sodium . 100. Leaching

requirements (LR) were calculated with divided
to electrical conductivity in irrigation water (0.40
dS.m'1) and electrical conductivity in drainage

water (1.1 dS.m™) as follows: LR = EC [25].

ECDW’
WHC % ="M 100, where Mw is mass of

wet soil at saturated and Md is mass of oven-
dried soil at 105°C. Available N, P and K were
extracted by KCI (2M), NaHCO; (0.5 M) and
CH;COONH, (1M), respectively. Total NPK of
barley plant were determined by Kjeldhal,
spectrophotometer and flame photometer,
respectively by using 0.50 g of dry matter from
each sample was digested by a mixture of
concentrated perchloric acid and sulfuric acid (1:
3). Then, the plant digests were diluted with
distilled water to a volume of 50 ml [26].

2.4 Statistical Analysis

Differences among means were tested for
statistical significance by one-way analysis of
variance using SPSS package version 20.
Statistical significance was considered when P <
0.05 according to [27].

3. RESULTS AND DISCUSSION
3.1 Nutrients Retention and N Loss

Data presented in Table 2 show that N
availability was increased significantly by
increasing the addition rates of all studied
materials. The highest values of N were 64, 62
and 56.5 mg.kg'1 at the highest rate of biochar,
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bentonite (10 g.kg'1) and K- humate (10 mg.kg'1),
respectively. The effects of these materials on
soil N leaching are related to their structure. This
could be due to more distinct functional groups
on their surface that may attract positive ions.
[28]. The negatively charged oxygen-containing
functional groups on the biochar surface may act
as NH," retention sites, and NO;~ can also be
adsorbed to these sites indirectly via electrostatic
bridge-binding with multivalent metal cations [29].
On the other hand, the decreasing in N loss was
observed as a result addition of the studied
materials, where the decrement percentage in
leachate solution reached 36.07% at 10g.kg™ of
biochar. That led to increasing the retention of
available nitrogen in soil, where the increasing
percentage reached at 26.98%. This mainly led
to increased plant growth and high N uptake.
Similar data were observed by [30]. Biochar has
high adsorption efficiency and can increase
nitrogen and phosphorus availability in crops and
retain nitrogen and phosphorus in soil. [10]. The
retention of N in soil may be due to the large
surface and pores of bentonite and biochar.
Similar data were obtained by [31]. Also, [32]
attribute that to the ammonium ion space and
intermolecular forces that can assist in
ammonium ion biochar bonding.

On the other hand, the addition of bentonite,
biochar and K- humate affected on P and K. In
arid soils, biochar can decrease the loss of
nitrogen and phosphorus [33]. The highest
values of P and K were 16.50 mg.kg’' and
134.50 mg.kg'1, respectively at 10 ton.fed” of
bentonite. Bentonite have ability to increase
water retention and a source of nutrients [16]. It
could be noticed that there is a positive attitude
between the decreasing in N leaching and
additions of biochar, bentonite, K- potassium,
which may be explained by the increasing soil
water retention. Bentonite can be used as an
alternative source of nutrients and as a means of
increasing the soil fertility [34], and reducing soil
nitrate-N leaching [35]. Also, [36] suggested that
there is a positive correlation between addition of
biochar and soil N retention, this was attributed
to adsorption of ammonium by biochar.

3.2 Effect of Biochar, Bentonite and K-
Humate on Soil Leachate Volume

The data illustrated in Fig.1. (a and b) show that
volume of soil leachate solution during the
experimental period as affected by the studied
materials. Generally, the leachate volume
decreased significantly by increased the addition



rates. The highest decrement percentage of
leachate volume were 37.72% and 34.74% and
14.26% at the highest rates of bentonite, biochar
and K-humate, respectively. Biochar is a
biomass-rich carbon product that can retain
water and nutrients [37]. The decrement in
leachate volumes are play an important role in
decreasing nitrogen loss via leaching. This is due
to its highly porous with a good water retention
capacity [17].

3.3 Soil Properties as Affected by The
Investigated Materials

From data in Table 3 It has been shown that, as
a result the addition of biochar, bentonite and K-
humate, there is no significant changes in soil pH
and EC values. Generally, pH values slightly
increased by increasing the addition rates of
biochar and bentonite. A similar result was
observed [30]. While, the values slightly
decreased by increasing K- humate. The humate
exchanges H" ions with soil Na” in order to lower
the Na content and increase H' levels, resulting
in lower soil pH. The agricultural practices
(lechering requirements, addition of the studied
materials) during the experimental period led to
changes in soil salinity. The values were
decreased by addition biochar and K-humate.
The lowest value (4.20 dS.m™) was observed at
the highest rate (10 mg.kg™") of K- humate. This
may be referred to the dilution factor, where the
biochar and humate absorbed water many times
of their weight, which diluted the saline effect [38]
obtained that humate absorbed many times their
weight of water, which diluted the salt effect and
stored it for relatively long period. Additionally
[39] discussed the reduction in salinity as a result
of the replacement of Na with K of the humate.
On the contrast, [40] reported that addition of
biochar significantly increased soil EC.

Total organic carbon (TOC) increased by
increasing the addition rates of the used
materials. The values were reached at 3.20, 2.97
and 2.91 g.kg' at the highest rates of biochar,
bentonite and K-humate, respectively. Soil
organic carbon significantly increased by addition
of biochar [40] and [30]. Also, addition of
bentonite improved sandy soil chemical
properties and fertility [41] and potassium
humate acts as organic matter which promote of
soil [42]. Total porosity increased and bulk
density decreased by increasing the addition
rates of the studied materials, especially at
biochar treatments. These data are in line with
those obtained by [43].
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Concerning of field capacity (FC), wilting point
(WP) and available water (AW) as affected by
the addition materials. It noticed that, the
highest rates of the studied materials gave the
highest values of soil water constants. The
highest values of FC and WP and AW were
11.90%, 4.00%, and 7.90%, respectively. The
high porosity of biochar and its large surface
area which lead to increase field capacity,
thereby reducing the percolation of soil water
and thus the transporting dissolved nutrients
[44].

3.4 Plant Growth and Nutrients

Fresh and dry weights of barley plant are
presented in Table 4. The data clear that there is
a significant increase in FW and DW in the soill
treated with biochar, bentonite and K- humate
coincided with the improvement in sail
characteristics. Similar trend found by [45]. The
highest values of FW and DW were 67.20 and
9.87 g. column™ at 10 g.kg'1 biochar. The
increasing in FW and DW could be attributed to
the fact that application of biochar enriched soil
with high amount of some nutrients. These
findings are in line with [46]. In addition, biochar
improves soil water retention, which can in turn
favorably affect plant growth [47]. Also, the
highest percentage increasing reached 42.07%
and 24.94% of FW and DW, respectively at 10
g.kg'1 biochar.

NP and K content were increased significantly
by increasing the addition rates of the
studied materials. The highest values of N
content and uptake were 1.75% and 172.73 mg.
column™, respectively at the highest rate of
biochar  (10g.kg™). NPK uptake and
biomass increased by increasing the rates of
biochar [30].

The highest P content and uptake were 0.38%
and 36.10 mg. column™, respectively at 1Og.kg'1
of bentonite. Total content of P and K were
significant increase as a result addition of
bentonite and K-humate. This referred to the
great function of K- humate improve the
efficiency of nutrients [14]. The highest content of
K 1.60% at 10 mg.kg'1 K- humate. Potassium
humate is a natural material that can improve soil
properties and nutrient availability [48]. While, the
highest uptake was 153.97 mg. column™ at
109.kg'1 of bentonite. Nutrients adsorption by
biochar and bentonite is affected by soil
properties [10].
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Table 1. Soil properties of the investigated soil

Chemical properties Available
macronutrients mg.kg'1
pH EC dSm™ OoM CEC EX. Na ESP N P K
(1:2.5s0il  (1:2.5 soil % cmolckg”  meq/00 g soil %
suspension) extract)
7.81 5.95 0.38 3.40 0.20 5.88 47.50 13.50 85.80
Physical properties
Bd Porosity FC WP AW WHC Particle size Texture class
Mg.m'3 % % % % % distribution%
Sand Silt Clay
1.58 40.38 11.00 3.80 7.20 19.50 75.50 20.80 3.70 Loamy sand
4
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Fig. 1. Volume of soil leachate solution per liter (a) and % decrease of leachate solution (b) as

affected by the studied materials
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Table 2. Available macronutrients content and nitrogen loss in soil as affected by biochar, bentonite and K- humate after barley harvest

Treatments Available N in % increase Total N loss in % decrease of Nin  Available P in Available K in
soil mg.kg'1 N in soil Ieach1ate solution leachate solution soil mg.kg'1 soil mg.kg'1
mg. I’

Control 50.40 ° - 24152 - 14.00 ¢ 90.50 ¢
Biochar g.kg™ 5 61.20° 21.43 19.67° 18.55 14.50 ° 112.00 ©

10 64.00 ° 26.98 15.44 ° 36.07 15.20 ° 123.50 °
Bentonite g.kg™ 5 55.00 ¢ 9.13 19.80° 18.01 15.65° 114.00 ©

10 62.00° 23.02 15.50 ° 35.82 16.50 ° 134.50 °
K- humate mg.kg™ 5 53.40° 5.95 20.65° 14.49 14.00 ¢ 110.00 °

10 56.50 ° 12.10 18.40 ° 23.81 14.80 ° 125.00 °

% increase or decrease = 100 x [1 — (treated parameter / control)

Table 3. Soil characteristics as affected by biochar, bentonite and potassium humate after barley harvest

Treatments pH EC TOCg.kg" Bd Porosity FC WP AW
ds.m” Mg.m” % % % %
Control 7.80° 4.90° 2.32° 1.56 ° 41.13° 11.00 ° 3.80° 7.20°
Biochar g.kg™ 5 7.83° 4.48° 2.79° 1.51° 43.02° 11.68 2 3.92° 7.76°
10 7.88°2 430° 3.20° 1.48° 44.15° 11.90 4.00° 7.90°
Bentonite g.kg” 5 7.85°2 5.00 2 2.62° 1.55° 41.51° 11.40 ° 3.90° 7.50°
10 7.90° 5.20° 297° 1.50 ° 43.40° 11.85° 4.00° 7.85°
K- humate mg.kg™ 5 7.77° 433° 2.62° 1.53° 42.26° 11.30 ° 3.88° 7.42°
10 7.75° 4.20° 291° 1.50 ° 43.40° 11.38 ° 3.96° 7.42°
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Table 4. Barley growth (fresh and dry weight) and macronutrients content and uptake as affected by biochar, bentonite and potassium humate

Treatments FW DW Content Uptake
g. column” g. column” % mg. column”
Value % increase Value % increase N P K N P K

Control 47.30 ° - 7.90° - 1.43° 0.30° 1.25° 112.97 © 23.70° 98757
Biochar g.kg™ 5 56.80 ° 20.08 8.70° 10.13 1.70° 0.32° 1.33° 147.90 ¢ 27.84° 115.71°

10 67.20 ° 42.07 9.87° 24.94 1.75° 0.30° 1.47 @ 172.73 2 29.61° 145.09°
Bentonite g.kg" 5 54.30 ° 14.8 8.50° 7.59 1.50 ¢ 0.33° 1.40° 127.50 ¢ 28.05° 119.00°

10 64.25° 35.84 9.50° 20.25 1.63° 0.38° 1.55°2 154.85 ° 36.10% 147.25°
K- humate 5 52.50° 10.99 8.20° 3.8 1.50° 0.32° 1.36° 123.00 ¢ 26.24°  111.52°
mg.kg” 10 55.40 ° 17.12 8.50° 7.59 1.50 ° 0.33° 1.60 ° 127.50 ° 28.05° 136.00°

% increase = 100 x [1 - (treated parameter / control)]
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4. CONCLUSION

From the results cited above, it can be concluded
that there is a positive effect of bentonite, biochar
and potassium humate on the availability of
macronutrients. Biochar and bentonite were
more effective for improving nitrogen retention in
saline soils. Nitrogen loss decreased significantly
by the addition of the highest rates of biochar
and bentonite as a result of decreasing leachate
volumes and nitrate concentrations in the
leachate solution. Organic carbon, soil porosity
and available water were increased by increasing
the addition rates of bentonite and biochar. The
changes in soil properties led to enhancing the
uptake of nutrients by barley plant. So, it is
recommended to use the highest doses of
biochar and bentonite (10 g.kg™) for improving
soil properties and nutrients retention in saline
soil, but it must be taken in our consideration the
raising of pH values especially in biochar
treatment.
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