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Abstract: Biochar is one of the important recycling methods in sustainable development, as it ensures
the transformation of agricultural wastes into fertilizers and conditioners that improve soil properties
and fertility. In the current study, corn cob-derived biochar (CB) was used to reduce the negative
effects of saline water on quinoa (Chenopodium quinoa cv. Utosaya Q37) grown on Aridisols and
Entisols, which are the major soil groups of Egyptian soils. Quinoa plants were cultivated in pot
experiment and were irrigated with saline water (EC = 10 dS m−1). The experiment contained three
treatments, including control without any treatment, biochar at a rate of 1% (w/w) (BC1), and biochar
at a rate of 3% (w/w) (BC3). The findings of the current study showed that BC treatments realized
significant effects on soil salinity, pH, soil organic matter (SOM), and plant availability and nutrients’
uptake in the two soils types. BC3 increased the SOM in Entisols and Aridisols by 23 and 44%;
moreover, the dry biomass of quinoa plants was ameliorated by 81 and 41%, respectively, compared
with the control. Addition of biochar to soil increased the nutrients’ use efficiencies by quinoa plants
for the two studied Egyptian soils. Biochar addition caused significant increases in the use efficiency
of nitrogen (NUF), phosphorus (PUE), and potassium (KUE) by quinoa plants. BC3 increased NUE,
PUE, and KUS by 81, 81, and 80% for Entisols, while these increases were 40, 41, and 42% in the case
of Aridisols. Based on the obtained results, the application of corn cob biochar improves the soil
quality and alleviates the negative effects of saline irrigation on quinoa plants grown on Aridisols
and Entisols Egyptian soils. Biochar can be used as a soil amendment in arid and semi-arid regions
to reduce the salinity hazards.

Keywords: soil amendments; saline water; nutrients’ availability; Egyptian soils

1. Introduction

Water scarcity has become a major problem for food security in North Africa and
Middle East countries, which cover about 854 million hectares; only 14% of this is suitable
for agricultural production [1]. In Egypt, only about 5% of the total land area is suitable for
agricultural uses [1]. According to the World Resources Institute, all countries in North
Africa and most countries in the Middle East are experiencing water stress, and there are
little or no additional resources to supplement existing supplies [1,2]. These limited water
and land resources, in addition to rapidly depleting and degrading, require a reassessment
of their agricultural development policy [2,3].

Sandy soils (Aridisols) and clay soils (Entisols) as two major soil groups were identified
in Egypt [4]. Low soil organic matter (SOM) content for these soils, especially in coarse
textured (Aridisols), was reported by Yost and Hartemink [5]. Although the area of Egypt
is approximately one million km2, the area of agricultural land does not exceed 3% of the
total area, with a total of about 3.6 million hectares [1]. Most of the newly reclaimed soils
of Egypt are mainly sandy and sandy calcareous, which are very poor in organic matter
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and plant nutrients [6]. Calcareous soils are found in arid and semi-arid conditions and are
characterized by high alkalinity and low content of plant nutrients [7]. The lands spread in
dry and semi-arid areas are also characterized by a low content of organic matter, as the
dry climate leads to the rapid decomposition of organic compounds [8].

Salt-tolerant plants that are able to tolerate high salinity levels have the ability to
grow at high salinity with a reasonable growth [9]. Among salt tolerant plants, quinoa
(Chenopodium quinoa) is native to the Andean region and has attracted a growing global
interest thanks to its unique nutritional value [10]. Quinoa plants show tolerance to
frost, salinity, and drought and have the ability to grow on most soils [11]. Quinoa has a
special importance in human nutrition owing to its high nutritional value, as it contains a
large amount of proteins and important amino acids, thus containing a large amount of
important nutrients for humans [11]. There are many types of soil in Egypt, as well as in
arid and semi-arid regions, which suffer from high salt content and are not suitable for the
production of salt-sensitive crops. There are also huge quantities of water resources with a
high level of salt and are not used in agricultural production in an optimal manner. Little
is known about the response of quinoa plants to organic amendments, e.g., biochar under
salinity stress.

Biochar (BC) is a carbon (C)-rich, porous material produced during the process of
pyrolysis, which involves thermochemical decomposition of organic matter in an oxygen-
limited environment [12]. It represents a carbonaceous material intentionally produced
from different biomass, which is widely used as an amendment to improve soil fertility [13].
Application of biochar (BC) to soils has received increasing attention for improving crop
productivity and agriculture sustainability [14]. It has been shown to be a promising soil
amendment that increases fertility, carbon sequestration, and nutrient retention [15]. The
use of corn cob-derived biochar may increase the productivity of quinoa under saline
condations; therefore, it can be grown using saline water, which is not suitable for the
cultivation of salt-sensitive crops.

Improvement of quinoa growth with biochar additions represents an important step to
expand the cultivation of quinoa using limited water [16]. Moreover, biochar can improve
the chemical, physical, and biological properties of soil [17] as well as soil quality [18].
In arid and semi-arid regions, calcareous sandy soils suffer from nutrient deficiency, or-
ganic matter, and poor structure [19]. It has been demonstrated that biochar can act as a
slow-release source of nutrients, and can provide macronutrients and improve soil physic-
ochemical properties such as water holding capacity, pH, and aeration [20]. Therefore,
biochar addition to saline soils may be a suitable approach for improving soil quality and
enhancing plant growth [21]. Biochar addition to the saline-irrigated plants reduced the
accumulation of Na+ nad Cl− in the plant tissues; therefore, biochar helps the plant to
bypass the effect of salt ions [22,23].

With the constant increasing of the population and scarcity of water, it has become
necessary to use saline water in agricultural production. The soils that are spread in dry and
semi-arid areas are characterized by their low content of organic matter, and the climatic
conditions in these areas encourage the rapid decomposition of organic materials added
in the form of compost or manure. We hypothesize that the addition of biochar, which
contains more stable and resistant organic materials, will improve soil properties in arid
and semi-arid areas. The purpose of this study is to evaluate the effect of corn cob-derived
biochar on soil chemical properties of Aridisols and Entisols soils and to investigate the
response of quinoa plants to these levels of biochar under saline condition.

2. Material and Methods
2.1. Biochar Production and Characterization

Corn cob biochar was pyrolyzed at 350 ◦C for 3 h. The prepared biochar was crushed
and sieved through a 2 mm sieve. Total organic carbon was determined using the loss-
on-ignition method described by [24]. The pH was measured by a digital pH meter in
1:5 (soil/water) suspension, and electrical conductivity (EC) was determined using the
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salt bridge method in a 1:5 (soil/water) extract [25]. A mixture of H2SO4 and H2O2 as
described by Parkinson and Allen [26] was used to analyze the total N, P, and K content.
Chemical properties of the used biochar are listed in Table 1.

Table 1. Main properties of the used biochar.

pH (1:5) EC (1:5)
(dS m−1)

O. M
(g kg−1)

C/N
Ratio

Total (g kg−1)
N P K

11.38 5.5 930 26 18 3.2 29
Each value represents a mean of three replicates.

2.2. Pot Experiment

Under saline conditions, the pot experiment was carried out using surface soil samples
(0–20) of sandy soil (Aridisols: Typic Torri psamments) and clay loam (Entisols: Typic
Torri Fluvents), which were identified by Soil Survey Staff [27] as the two main groups of
Egyptian soils. Table 2 shows the climatic conditions of the expermental site. This study
aims to investigate the effects of corn cob biochar (BC) on some soil properties and growth
of quinoa plants treated with saline water (EC = 10 dS m−1). The basic soil characteristics
of the tested soils are shown in Table 3. Four kilograms (from surface soil layer, 0–20) was
mixed homogeneously with biochar (BC) and filling in plastic pots. BC rates were 0, 1, and
3% (w/w) (control, BC1, and BC3, respectively). Each treatment was replicated five times.

Table 2. Basic climatic data of the experimental site during the period of the study (November–February 2020).

Month Tmax Tmin Relative Humidity (%) Solar Radiation
(MJ/m2/Day) Wind Speed (km h−1) ETo (mm)

November 27.8 14.2 60 28.0 4.0 2.6
December 23.7 12.3 55 25.0 3.5 2.4

January 18.6 7.2 50 26.0 2.2 2.0
February 21.4 8.9 45 24.0 2.7 1.5

No rainfall was recorded during the experiment period. The data were obtained from the Assiut meteorological station.

Table 3. Some physical and chemical characteristics of the studied soils.

Poperty Unit Entisols Aridisols

Sand (g/kg) 255 901
Silt (g/kg) 389 70

Clay (g/kg) 356 29
Texture — Clay loam Sandy
CaCO3 (g/kg) 22 259

pH (1: 2.5) — 8.20 7.78
ECe (dS/m) 0.98 0.33

Organic matter (g/kg) 12.81 5.69
Available N (mg/kg) 83 27
Available P (mg/kg) 9.0 5.4
Available K (mg/kg) 420 32.0

Seeds of quinoa (Chenopodium quinoa cv. Utosaya Q37) were brought from the Desert
Research Center, which belongs to the Egyptian Ministry of Agriculture and Land Recla-
mation, Giza, Egypt. The seeds were genetically identified at the Desert Research Center
and are known as Utosaya Q37. Four seeds of quinoa (Chenopodium quinoa Willd L.) were
sewn in each pot on 1 November 2020, thinned to two plants per pot after full germination.
Nitrogen was added with the irrigation water at a level of 0.75 g N/pot as urea (46% N)
after 15 and 30 days from sowing, respectively. Tap water was used for irrigation within
the first month to ensure the optimum plant growth, then artificial saline water containing
a 2:1 molecular weight ratio of NaCl and CaCl2 salts having EC = 10 dS m−1 was used for
another two months. During the experiment period, the amount of moisture was near the
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field capacity via daily addition of evaporated water. After 90 days from sowing, plant
height and fresh weight per pot were recorded. The harvested plants were washed with
distilled water and oven-dried at 70 ◦C, then the total dry matter weight per pot was
estimated. For N, P, and K, nutrient use efficiencies were calculated to evaluate their effects
with biochar application according to the following equation:

Nutrient use efficiency (g/g nutrient) =
Dry shoot weight at applied N, P, or K (g/pot)

amount of N, P, or K applied with biochar (g/pot)
(1)

2.3. Plant and Soil Analysis

The plants samples were digested with a mixture of H2SO4 and H2O2, as described
by Parkinson and Allen [26]. Total amounts of N, P, and K were analyzed according to the
standard methods described by Page et al. [28]. Chlorophyll a (Chl-A), chlorophyll b (Chl-
B), total chlorophyll (Chl A+B), and carotenoid contents as photosynthetic pigments were
extracted by ethyl alcohol (95%) and then measured by spectrophotometry (Unico 2000UV,
Unico photometers & spectrophotometers, Ontario, Canada) at 663, 644, and 452 nm,
respectively [29]. At the end of the experiment, soil samples were taken from each pot,
air-dried, crushed, passed through a 2 mm sieve, and then analyzed for the physical and
chemical properties. Particle size distribution was measured as described by Jackson [30].
The soil pH was determined by a glass electrode [30] and the electrical conductivity (EC)
by using an EC meter [31] in a 1:2.5 ratio of a soil to deionized water suspension. The soil
organic matter (SOM) was determined by using the Walkley–Black method [30]. Available
nitrogen was measured in 2 M potassium chloride extract using micro-kjeldahl method
Burt [25]. Available phosphorus was determined by spectrophotometer in 0.5 M sodium
bicarbonate solution at pH 8.5 according to Olsen et al. [32]. Ammonium acetate solution
was used as an extract to measure available potassium by flame photometry, as described
by Jackson [30].

2.4. Statistical Analysis of the Obtained Results

Shapiro–Wilk test was run to check the normality of the obtained data and no changes
were needed. One-way analysis of variance (ANOVA) was run to test the significance of
differences between the studied treatments, and then the means were compared by Duncan
multiple range tests at p < 0.05. SPSS 17.0 software package (SPSS, Chicago, IL, USA) was
used in the statistical analysis of the data.

3. Results
3.1. Soil Chemical Characteristics

The application of biochar (BC) had significant effects on the soil chemical properties
(pH, soil salinity (EC), and soil organic matter (SOM)) of the tested soils, as shown in
Table 4. The magnitude effect depends on soil type and BC levels. Our study indicated that
biochar (BC) addtion affected the soil pH significantly in the two studied soils. BC had a
slight effect on Aridisols pH, while the Entisols soil showed the highest pH increases. In
both soil types, the electrical conductivity (EC) was incrementally affected by increasing
BC levels. BC had lower effects on Entisols than Aridisols, which had the highest EC
values. Addition of BC1 and BC3 increased the soil EC by 2.3 and 7.3%, respectively, for
Entisols soil, and by 14.8 and 38.3%, respectively, for Aridisols soil, compared with the
untreated soil. Soil organic matter (SOM) significantly (p < 0.05) increased as a result of BC
application in the two studied soil types. SOM increased by 16 and 23%, respectively, as a
result of BC1 and BC3 treatments for Entisols, and 26 and 44%, respectively, for Aridisols
over the control. From previous results, biochar as a soil amendment caused the highest
increase in the EC and SOM in Aridisols than in Entisols, while the opposite trend was
observed with soil reaction (pH).
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Table 4. Effect of biochar application on soil pH, EC, and soil organic matter (SOM).

Treatments
pH (1:2.5) EC (1:2.5) (dS m−1) SOM (g kg−1)

Entisols Aridisols Entisols Aridisols Entisols Aridisols

Control 7.32 ± 0.9 b 7.88 ± 0.2 b 3.46 ± 0.8 b 2.36 ± 0.7 b 12.59 ± 0.43 b 6.44 ± 0.58 b

BC1 7.44 ± 0.7 ab 8.03 ± 0.1 ab 3.54 ± 0.6 b 2.71 ± 0.6 ab 14.59 ± 0.62 a 8.11 ± 0.62 a

BC3 7.61 ± 0.4 a 8.17 ± 0.3 a 3.71 ± 0.7 a 3.26 ± 0.8 a 15.53 ± 0.51 a 9.29 ± 0.72 a

F test * * **

BC1 = 1% biochar. BC3 = 3% biochar. Means denoted by the same letter indicate no significant difference according to Duncan’s test at
p < 0.05. F = the analysis of variance (ANOVA) results between the two soil types, * p < 0.05 and ** p < 0.01.

3.2. Nutrient Availability and Uptake

In the current study, the available soil nitrogen (N) and potassium (K) were signifi-
cantly (p < 0.05) improved with BC application in each soil type than in the control (Table 5).
Addition of BC1 and BC3 to Entisols soil increased availability of nitrogen by 25.54 and
37.94%, respectively, and by 70.74 and 12.69 %, respectively, for Aridisols soil compared
with the control. The application of biochar at rates of 1 (BC1) and 3% (BC3) increased
soil potassium availability by about 18.33 and 54.34%, respectively, and by about 13.64
and 86.71%, respectively, over the control. Inversely, a reduction in the availability of
phosphorus for each soil type as a result of biochar application was obtained.

Table 5. Effect of biochar application on nutrients’ availability and their uptake.

Treatments

Available (mg kg−1)

N P K

Entisols Aridisols Entisols Aridisols Entisols Aridisols

Control 33.65 ± 1.9 c 24.40 ± 1.5 b 11.5 ± 0.7 a 6.5 ± 0.5 a 404 ± 13 c 381 ± 12 c

BC1 42.25 ± 3.7 b 41.65 ± 1.3 a 10.6 ± 0.9 a 5.5 ± 0.3 a 478 ± 15 b 433 ± 11 b

BC3 46.42 ± 2.5 a 27.49 ± 2.3 b 9.5 ± 0.8 a 4.8 ± 0.2 a 623 ± 12 a 712 ± 12 a

F test ** ** **

Treatment
Uptake (mg pot−1)

N P K
Entisols Aridisols Entisols Aridisols Entisols Aridisols

Control 209 ± 10 c 84 ± 7 c 10.5 ± 0.9 c 3.6 ± 0.3 c 45.5 ± 15 c 36.3 ± 10 c

BC1 235 ± 15 b 95 ± 8 ab 12.3 ± 0.5 b 5.1 ± 0.7 b 73.7 ± 9 b 42.7 ± 15 b

BC3 333 ± 13 a 108 ± 12 a 15.9 ± 0.4 a 6.7 ± 0.3 a 105.5 ± 10 a 59.0 ± 12 a

F test ** ** **
BC1 = 1% biochar. BC3 = 3% biochar (w/w). Means denoted by the same letter indicate no significant difference
according to Duncan’s test at p < 0.05. F = the ANOVA results between the two soil types, ** p < 0.01.

Uptake of N, P, and K by quinoa plants was significantly (p < 0.05) improved by the
biochar additions in the two studied soils types. Application of BC1 and BC3 to Entisols
soil significantly (p < 0.05) increased N uptake by about 12 and 59%, respectively, compared
with the control. Meanwhile, on the effect of these biochar levels on Aridisols, N uptake
was increased by 13 and 29%, respectively, compared with the control. In addition, the
application of BC1 and BC3 to Entisols soil increased K uptake by 62 and 132%, respectively,
in comparison with the control. In the case of Aridisols soil, BC1 and BC3 levels increased
K uptake by about 18 and 62%, respectively.

3.3. Plant Growth Parameters and Some Photosynthetic Pigments

The recorded growth parameters of quinoa plants were signifcantly increased by the
addition of BC. The height of quinoa plants was significantly (p < 0.05) increased owing
to the application of BC1 and BC3 to Entisols soil, which was increased by 16 and 41%,
respectively, compared with the control (Figure 1). Meanwhile, application of BC1 and
BC3 to Aridisols soil increased the plant height by 30 and 62%, respectively, above the
control. The fresh weight of quinoa plants was significantly (p < 0.05) increased owing
to the application of BC1 and BC3 to Entisols soil, which was increased by 36 and 58%,
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respectively, compared with the control (Figure 1). Meanwhile, application of BC1 and
BC3 to Aridisols soil increased the fresh weight by 68 and 103%, respectively, above the
control. The dry weight of quinoa plants was significantly (p < 0.05) increased owing
to the application of BC1 and BC3 to Entisols soil, which was increased by 25 and 82%,
respectively, compared with the control (Figure 1). Meanwhile, application of BC1 and BC3
to Aridisols soil increased the dry weight by 15 and 41%, respectively, above the control.

Figure 1. Effect of biochar application on the growth of quinoa plants. BC1 = 1% biochar. BC3 = 3% biochar (w/w). Means
denoted by the same letter indicate no significant difference according to Duncan’s test at p < 0.05. F = the ANOVA results
between the two soil types, * p < 0.05 and ** p < 0.01.
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Photosynthetic pigments of quinoa plants in the two soil types were significantly
(p < 0.05) increased as a result of BC application compared with the control (Figure 2). The
application of BC3 increased chl-A, chl-B, total chl (A+B), and carotenoids by 47, 41, 42, and
56%, respectively, for Entisols soil, and by 77, 62, 67, and 87%, respectively, for Aridisols
compared with the control.

Figure 2. Effect of biochar application on photosynthetic pigments in the shoot tissues of quinoa plants. Chl A= chlorophyll
a. Chl B= chlorophyll b. Chl A+B= chlorophyll a and b. BC1 = 1% biochar. BC3 =3% biochar (w/w). Means denoted by the
same letter indicate no significant difference according to Duncan’s test at p < 0.05. F = the ANOVA results between the two
soil types * p < 0.05, ** p < 0.01.

3.4. Nitrogen, Phosphorus, and Potassium Use Efficiencies

Significant increases were observed in the use efficiencies of nitrogen (NUF), phospho-
rus (PUE), and potassium (KUE) by quinoa plants with the application of biochar to the
Entisols and Aridisols compared with the control (Figure 3). The highest level of biochar
(BC3) increased NUE from 7.86 to 14.25, PUE from 5.90 to 10.69, and KUE from 9.07 to
16.45 g g−1 for Entisols. Moreover, it increased NUE from 3.63 to 5.10, PUE from 2.72 to
3.82, and KUE from 4.18 to 5.88 for Aridisols.
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Figure 3. Effect of biochar application on nutrients’ use efficiencies. NUE = nitrogen use efficiency. PUE = phosphorus use
efficiency. KUE = potassium use efficiency. BC1 = 1% biochar. BC3 = 3% biochar (w/w). Means denoted by the same letter
indicate no significant difference according to Duncan’s test at p < 0.05. F = the ANOVA results between the two soil types,
* p < 0.05 and ** p < 0.01.

4. Discussion

The addition of biochar to the saline-irrigated quinoa increased the plant growth
and improved the soil properties. Biochar addition led to clear increases in the nutrients’
uptake, the synthesis of photosynthesis pigments, improvement in the soil characteristics,
and improvement in nutrients’ use efficiency. The soil quality parameters, e.g., pH, salinity,
and soil organic matter (SOM), are the key factors that determine the activity of soil
microorganisms and enzymes, which directly or indirectly affects plant growth [33–39]. In
the current study, biochar additions increased the soil pH with the increasing application
levels. This result may be because of the alkaline nature of the biochar that led to exchanging
H+ with the surrounding soil colloids, causing soil pH to rise. Biochar can increase the soil
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pH thanks to its high pH value [35–38]. The initial value of biochar pH was 11.38. Similar
changes in soil pH after biochar application have also been observed by Awad et al. [38],
Xu et al. [39], Sheng, and Zhu [40]. The addition of biochar increased the soil organic
matter in the two studied soils. The organic carbon compounds in biochar are more stable
and resistant to the decomposition by soil microorganisms [23,34,41]. Besides improving
nutrient retention, BC has a role in the improvement of the overall soil structure [41–52].

An increase in the availability and uptake of nutrient was reported in the current
study. This can be attributed to the nutrient content of BC itself and increased the plant
nutrient availability [34,42]. Moreover, the large surface area and high porosity of biochar
increased plant water and nutrient use thus enhance crop growth [43,44]. A similar result
was found in available N, P, and K for maize and soybean plants [43,45]. Another possible
explanation for the increased N, P, and K uptake from biochar treatments could be that
biochar adds nutrients to the soil. However, the reduction in the availability of P as a
result of BC application could be due to the P retention on biochar surfaces through the
function groups and/or high calcium carbonate content and calcium chloride in saline
water irrigation. Biochar CEC plays an important role with regard to nutrient retention
and plant availability, especially for sandy soils [46].

Biochar amendment resulted in greater shoot, root, and overall biomass than un-
amended ones [13,47]. Sufficient availability of plant nutrients might have played an
important role in the synthesis of photosynthetic pigments such as Chl-a, Chl-b, total Chl
(a+b), and carotenoids and growth regulating hormones [48]. Our findings are supported
by earlier research where plant growth parameters were increased as a result of biochar
application [53–60].

Supplying the soil with an adequate amount of nutrients and their uptake by plants
is considered proof of the soil capacity and an increase in the use efficiency [50–54,61–65].
The application of BC has many additional benefits for plant nutrient cycling, high reten-
tion, leaching reduction, and increased use efficiency, thereby improving soil fertility [35].
Biochar as an organic amendment improves the level of soil organic matter, which helps to
maintain water and nutrient retention, contributing to the sustainability of the cropping
systems and higher nutrient use efficiency [34]. Moreover, biochar could store nutrients
and be used as a slow-release fertilizer [50,51] thanks to its specific properties such as
pore structure and functional groups [50,51,56,66–68]. Some inorganic forms of N can be
adsorbed to BC and minimize the emission of ammonia and nitrate leaching from soil [23].
The addition of BC can potentially allow the slow release of nutrients to the plant roots and
increase the nutrient use efficiency [23,34,51,52,69]. Owing to the internal reactive surface
area of the soil–biochar matrix, the decrease in nutrient leaching is related to increased
nutrient use efficiency via an increase in water-soluble nutrients and their retention and,
consequently, their availability [23,52,57,70].

5. Conclusions

In the current study, biochar was added to quinoa plants cultivated in pots and
irrigated with saline water (EC = 10 dS m−1). Based on the present study, the application
of biochar improves some soil properties, with varied effects for each soil type. The
modification of agricultural soils containing biochar from crops waste had variable effects
on soil properties depending on the soil type and rate of modification. An increase in
the dry matter, chlorophyll, carotenoid, and nutrient use efficiency confirms that there
is a significant improvement due to the biochar, which has a beneficial effect on quinoa
growth under saline conditions. The magnitude improvements were more declared in the
Aridisols soils than in the Entisols soils. Aridisols soils were poorer in terms of their content
of nutrients and organic matter than Entisols, so they responded clearly to the addition
of biochar, which led to a noticeable improvement in their content of organic carbon and
nutrients’ availability. The current study shows that biochar can improve soil management
when it is irrigated by saline water. Moreover, biochar can be used as a soil amendment
in arid and semi-arid regions. The efficiency of the use of nutrients by quinoa is greatly
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improved as a result of adding corn cob biochar. The results of the current study open
the way for the use of saline water to irrigate quinoa plants in arid and semi-arid areas,
in order to produce food to meet population growth and limited fresh water resources.
Further field studies are required to study the response of quinoa plants to saline water
under different environmental conditions.
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