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An initial investigation into the utilization of recycled plant and animal residues as soil amendments (SAs), including compost,
biochar, and soil conditioner, was conducted using alfalfa crops. Tis study evaluated the impact of SAs on alfalfa seed ger-
mination, resulting in an 87% germination rate for biochar, 82% for soil conditioner, and 82% for compost. In comparison,
untreated seeds displayed a 78% germination rate. After successful germination, the SAs were employed to enhance soil health,
with a focus on water conservation and increased forage yield. Te study used sandy-textured soil with moderate alkalinity, very
slight salinity, slight calcareousness, and high permeability. Te germination trial confrmed that SAs usage did not hinder seed
germination, even for salt-sensitive crops like alfalfa. Two feld experiments were carried out in Al-Wafra, using diferent
application rates of compost, biochar, and soil conditioner at 5, 7.5, and 10 tons per hectare. Te results highlighted the positive
impact of SAs application on increasing forage production, with varying degrees of enhancement, and confrmed a 40% reduction
in water usage compared to treatment without SAs but under 100% irrigation (100% ETc). In conclusion, SAs show promising
potential for local forages intensifcation and water conservation.

1. Introduction

Over half of the agricultural land across the globe is currently
grappling with the complexities of drought [1, 2]. Drought has
emerged as a primary limiting factor that signifcantly
hampers agricultural production [2, 3]. In arid regions, the
role of irrigation is pivotal in maintaining agricultural pro-
ductivity. However, the scarcity of water resources in these
areas necessitates more prudent approaches for efectively
managing irrigation in agricultural production. Tese ap-
proaches may involve changes in the irrigation system, re-
ducing the frequency or volume of irrigation, and other such
strategies. Te inland arid regions of Midwestern China have
long been contending with severe drought stress due to ex-
tremely low rainfall and high rates of evapotranspiration [4].
In recent years, a shift in crop structure has been implemented
in these regions, with an increased focus on cultivating forage
crops. Tis adjustment is considered a solution to sustain
productivity in the face of limitedwater resources. However, it

remains crucial to implement well-managed irrigation
practices to ensure optimal productivity for agricultural
systems that include forage crops, both in this region and in
similar areas facing comparable challenges. Terefore, ex-
cessive irrigation not only results in the wastage of water
resources but can also lead to issues such as crop lodging or
reduced tolerance to fooding, ultimately compromising crop
growth and yields [2, 5]. In contrast, defcit irrigation, which
involves using less water but ensuring it is applied at the right
time, can conserve water resources while striking a balance
between crop yield and water input [6, 7]. Typically, when the
total available water content in the soil drops to around
50–60%, it begins to impact crop growth and yield [5, 8, 9].
Forage crops such as alfalfa yield aboveground vegetative
parts used as forage [10]. Employing defcit irrigation ap-
proach can sustain high yields in the early part of the year
while reducing water usage during the summer months
[11, 12]. Frate et al. [13] discovered that yields from a mid-
summer termination treatment were 65–71% of those under
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fully-irrigated conditions. However, yields rebounded the
following year when all treatments received full
irrigation [14].

Flood irrigation has traditionally been the dominant
irrigation method on most irrigated farms worldwide [15].
However, it is gradually being replaced by alternative irri-
gation systems such as subsurface drip irrigation. Despite the
practicality, cost-efectiveness, and traditional preference for
food irrigation among farmers, it is known to be less ef-
cient in water utilization due to signifcant runof and
percolation [16]. Several studies have demonstrated that
subsurface drip irrigation can mitigate issues related to ir-
rigation runof, deep percolation, and soil evaporation
[17–21]. Both of these irrigation systems are utilized in the
arid regions of Midwestern China.

In arid regions, irrigation serves as an efective strategy to
ensure robust biomass production and high-quality forage for
alfalfa [16, 22, 23]. Within an optimal range, increased irri-
gation volume is associated with enhanced evapotranspiration
by alfalfa, resulting in linear increases in dry matter accu-
mulation [22, 24]. Cavero et al. [25] observed that both dry
matter yield and plant height of alfalfa showed linear increases
with greater irrigation volume although the nitrogen content
exhibited a linear decrease. Conversely, Lamm et al. [26]
found that the annual dry matter yield remained relatively
stable across varying water defcit levels. Furthermore, a re-
search by the authors in [27] revealed that alfalfa could be
irrigated at 70% or 85% of its potential evapotranspiration rate
using a subsurface drip irrigation system without adversely
afecting yield or quality, underscoring the importance of
well-regulated irrigation for alfalfa productivity.

Kuwait is renowned for its arid climate and limited water
resources, both of which pose signifcant constraints on the
country’s agricultural sector. Our focus in Kuwait is on
technologies that can contribute to the advancement of the
agricultural industry, ultimately ensuring food security. To
address these challenges, we have developed the following
three soil amendments: compost, biochar, and soil condi-
tioner. Our objective is to evaluate the impact of these
products under open-feld conditions using defcit irriga-
tion, specifcally examining their efects on alfalfa pro-
duction. Te utilization of biochar for rehabilitating
deteriorated soils and enhancing plant productivity is ac-
knowledged as a promising technology. However, there is
limited understanding of the efects of biochar, particularly
when combined with other compounds such as diferent
organic fertilizers, on both alfalfa yield and soil quality in
arid regions. To address this gap, two open-feld experiments
were conducted to investigate the infuences of these soil
amendments on the biomass production of alfalfa [28]. We
hypothesize that the utilization of these amendments will
enhance crop production and potentially contribute to water
conservation in irrigation.

2. Materials and Methods

2.1. Location and Climate of the Experimental Site. Two feld
trials were conducted over a span of two years, from 2019 to
2020, in Al-Wafra, a privately owned farm in Kuwait located

at a latitude of 28.580091°N and longitude of 48.114027°E.
Te total area of the designated plot is 324m2 (18m× 18m).
Tis region is characterized by sandy soils and a climate
featuring scorching summers and cold, dry winters. Kuwait
typically experiences high summer temperatures, brief and
temperate winters, intense sunlight, low humidity, and an
overall arid environment.

2.2. Recycling Agricultural Residues into Tree Products

2.2.1. Production of Biochar. Poultry and sheep manure
were utilized in the production of biochar through a biochar
production system as described by [29]. Drying plays
a pivotal role in this process; the collectedmanure undergoes
air drying to reduce the moisture content, as discussed in
[30]. Tis drying stage concentrates nutrients in the solid
phase, resulting in a higher nutrient content in the biochar
produced. Animal manure is converted into biochar through
high-temperature pyrolysis (>400°C) carried out in an
oxygen-free environment. Te utilization of biochar derived
from animal manure has the potential to signifcantly en-
hance soil fertility, improve soil water retention capabilities,
and safeguard essential nutrient preservation. Incorporating
biochar derived from animal manure into the soil proves to
be an efective strategy for strengthening nutrient retention.
Moreover, biochar derived from animal manure has shown
efectiveness in reducing the presence of both organic and
inorganic nutrients in the soil [2]. However, it is important
to note that biochar production can also generate pollutants
such as polycyclic aromatic hydrocarbons (PAHs), toxic
inorganic elements, dioxins (DFs), and PFRs, posing risks to
human health and the environment, as highlighted in [31].

2.2.2. Production of Organic Fertilizer. Te production
method described in [32] (conducted at a private facility)
served as the foundation for this method. In brief, this
method involved a combination of microorganisms that
require various nutrients for their growth, including organic
carbon sources, nitrogen sources, and a range of other el-
ements dissolved in water. Seaweed was also utilized to
capture atmospheric CO2. Te mixture contains all com-
pounds that can fulfll the aforementioned growth re-
quirements for diferent microorganisms. Tis method
resulted in a fnal product with an acidic pH (3.8). In ad-
dition, electrical conductivity (EC) was measured to assess
soluble nutrient levels, and the EC value of the produced
product was recorded at 3.77mS/cm (slightly saline). Te
elevated EC value indicates the release of nutrients from the
organic materials, confrming the production of a nutrient-
rich fnal product.

2.2.3. Production of Compost. Pilot-scale compost pro-
duction commenced with the inclusion of prepared organic
fertilizer from the previous step as an inoculant. Te
foundational materials consisted of alternating layers of
organic matter or biodegradable waste, such as animal
manure, arranged in a heap structure. Tis organized
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layering technique facilitated efcient composting progress.
Tis approach, previously described by Burezq et al. in [33],
incorporates various components.

2.2.4. Production of Soil Conditioner. Te biochar produced
in the previous section was utilized to create a soil condi-
tioner. It was mixed with organic fertilizer produced earlier,
and the resulting mixture was left to air-dry for a day. Tis
method, previously described by Burezq et al. in [33], in-
volved using various organic fertilizers.

2.2.5. Experimental Design. Two feld experiments were
carried out with three replications for each treatment, ap-
plying the following two diferent irrigation rates: ETc 100%
and ETc 60%.Te experimental area was subdivided into six
main plots, corresponding to the following six distinct
treatments: (T1) commercial compost, (T2) compost, (T3)
biochar, (T4) soil conditioner, (T5) control treatment with
ETc 100% (full irrigation), and (T6) another control treat-
ment with ETc 60% (defcit irrigation). For each treatment,
the crop was cultivated using the following two diferent
irrigation systems: 60% and 100% ETc. Within each primary
plot, three subplots were designated to implement three
distinct application rates of the treatments as follows: 5.0
(R1), 7.5 (R2), and 10 (R3) tons per hectare. Alfalfa was sown
during 2019-2020. All cuts were carried out manually. Cut
(1) was carried out after 65 days, cut (2) was carried out
35–45 days later, and then alfalfa was harvested every 45 days
until October-November of year 1, continuing until the next
spring (year 2) (see Table 1)

2.2.6. Collecting Soil Samples. Employing a soil sample
representative of the entire designated area for the feld
experiment is crucial when collecting soil samples for lab-
oratory analysis. Tis approach mitigates the risk of bias that
could arise from using a nonrepresentative sample.

2.3. Collecting Alfalfa Crop. All cuts were conducted man-
ually. Cut (1) occurred after 65 days, cut (2) took place
between 35 and 45 days later, and thereafter, alfalfa was
harvested every 45 days from October to November of year 1
until the following spring (year 2). Alfalfa crops were har-
vested from each plot separately, and weights were promptly
recorded to prevent moisture loss. Te average of the three
replicates (R1, R2, and R3) was calculated for each treatment
using GraphPad Prism 10 software. Subsequently, p values
were calculated to determine if the diferences between
treatments were signifcant.

2.3.1. Alfalfa Water Requirements. Alfalfa requires a certain
level of soil moisture to consistently yield high crop pro-
duction no less than 50%. Irrigation is usually discontinued
3–10 days before the harvesting period. Alfalfa boasts deep
roots, which enable it to endure extended intervals between
irrigation cycles. Daily irrigation water requirements were

determined using the equation mentioned previously by [16]
for full irrigation at ETc 100% and ETc 60% (for defcit
irrigation) during the feld experiment, employing a drip
irrigation system. In the context of the irrigation period, ETc
100% denoted the essential irrigation volume required to
meet the evapotranspiration demands of the crop [16, 34].

2.3.2. Water-Defcit Irrigation. Water-defcit irrigation in
alfalfa management involves the purposeful implementation
of controlled water scarcity. Tis strategy enhances the ef-
fcient utilization of irrigation water resources and stimu-
lates the development of a deeper root system, thereby
extending the area of soil explored by the plant’s roots. Te
amount of water administered during each irrigation cycle is
intentionally maintained below the crop’s full water re-
quirement. However, it is precisely adjusted to avoid any
signifcant adverse impact on alfalfa growth and pro-
ductivity. Tis precise control over water volume is achieved
by using crop coefcient values set lower than the recom-
mended values [35]. In this irrigation management ap-
proach, which employs an irrigation water meter, the
controlled water defcit is established by regulating the water
level in the evaporation reservoir. More specifcally, the
marker on the sliding rod is positioned at a lower point on
the level ruler than the manufacturer’s recommended value
for crop development. Consequently, reducing the water
level in the evaporation reservoir results in a reduced
evaporating surface area, which in turn lead to a decreased
estimation of evapotranspiration for alfalfa.

3. Results and Discussion

In this study, we evaluated the efects of applying three soil
amendments under open-feld conditions using defcit ir-
rigation, with a specifc focus on their impact on alfalfa
biomass production. Biochar is recognized as a promising
technology for rehabilitating degraded soils and boosting
plant productivity. However, there is still limited un-
derstanding of its efects, especially when combined with
other organic fertilizers, on alfalfa yield and soil quality in
arid regions. To address this knowledge gap, we conducted
two open-feld experiments to comprehensively examine the
efect of various soil amendments on biomass production
and soil quality. We hypothesize that the utilization of these
soil amendments will not only enhance crop production but
also contribute to water conservation through reduced ir-
rigation requirements. Te study revealed the following
fndings.

3.1. Chemical and Physical Analysis of Native Soil Samples.
In the feld experiment, native sandy soil served as the
primary soil type. Tis soil underwent a comprehensive
analysis of its key physical and chemical properties.
According to Kuwait Soil Taxonomy, as outlined by [36], the
soil was classifed as Typic Torripsamments, mixed hyper-
thermic. Soil pHs and salinity (ECe) were assessed using
electronic probe to measure pHs and ECe of the saturated
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paste, as detailed in Table 2. Te pHs of the native sandy soil
was found to be moderately alkaline, measuring 7.8, and the
soil exhibited a very slight degree of salinity, as reported by
[37, 38].

3.2. Efect of the Soil Amendments on Soil EC and pH.
Table 3 illustrates the dynamic variations in EC and
pH values for soil mixed with various soil amendments used
in the present study. Te pH of the native sandy soil
(control) registered at 7.8, indicating a moderately alkaline
nature. Upon the application of the compost, biochar, and
soil conditioner, there was increase in pH although it still
retained a distinctly alkaline pH level. In addition, the EC
values displayed a similar trend, exhibiting an increase when
compared to the native sandy soil; there was a gradual rise in
EC with increasing quantities of the soil amendments, with
the highest values occurring at elevated application rates (10
tons/ha) for all of the soil amendments (Table 3). Particularly
noteworthy were the maximum EC values of 3.32 and
2.83mS/cm, recorded in soils where compost was applied at
rates of 10 and 7.5 tons/ha, respectively. Tis suggests that
the use of compost may potentially raise concerns about
salinity in the root zones in comparison to other amend-
ments, necessitating careful consideration. However, it is
important to note that this increase is primarily attributed to
soluble nutrients rather than the typical ions that induce soil
salinity. Tis aspect represents an additional advantage of
the soil amendment. When applying soil amendments at a 1:
10 ratio, all combinations of soil and soil amendments
remained classifed as either non-saline or very slightly
saline. Te general pattern of EC changes observed was as
follows: compost> biochar> soil conditioner.

Te biochar itself has high salinity due to the release and
concentration of minerals during its production. However,
the application of biochar will not afect the salinity of the soil
or hinder plant growth. Tis is because plants are not directly
grown in the biochar; instead, it is mixed with soil. For in-
stance, if we apply biochar at a rate of 5 tons/ha, meaning we
dilute 0.5 kg of biochar in 250 kg of soil (i.e., highly diluted
and will not impact plant growth). In contrast, the application
of organic fertilizer “compost” will release acids such as humic
acids due to the decomposition of organic matter. In the
present study, salinity is attributed to salts in the irrigation
water. Although we used freshwater for irrigation, the salinity
was still less than 2 Sm/cm, thereby not signifcantly afecting
the growth of alfalfa crops. If it exceeds 2 Sm/cm, it will reduce
alfalfa crop production signifcantly. Regarding the applica-
tion of the compost, the production of compost was carried
out using organic fertilizer rather than water, which contains
high concentrations of microorganisms. Te high concen-
tration of microorganisms leads to the release of more nu-
trients, making them more available to the plants. Terefore,
the best growth was observed with the application of the
produced compost. Using normal compost, which is pro-
duced using water in the presence of microorganisms in the
soil, will also release nutrients but to a lesser extent compared
to the nutrient-rich compost because some nutrients may be
fxed, such as P and Cu.

3.3. Hydraulic Properties of Native Soil. Hydraulic conduc-
tivity plays a signifcant role in determining the duration of
water presence in soils, greatly infuencing its suitability for
seedlings and trees.Te results reveal a wilting point of 2% of
water per 100 g of soil, indicating the soil’s low ability to
retain water and the threshold at which plants may expe-
rience water stress or wilting due to insufcient moisture. In
addition, the feld capacity is measured at 5% (5 gm of water
per 100 g of soil). Tis low value signifes the soil’s limited
ability to retain water under normal feld conditions, setting
an upper limit on water availability for plants before
drainage occurs. Tis parameter is crucial for understanding
the soil’s water-holding capacity and plays a vital role in
plant growth and development. Furthermore, the draining
rate is determined to be 180mm/hour, refecting the speed at
which water drains through a particular medium or soil.Tis
high draining rate indicates that water can move quickly
through the medium, while a lower rate suggests slower
drainage, implying a high leaching rate. Table 4 presents the
estimated hydraulic characteristics, including permanent
wilting point, feld capacity, available water, bulk density,
and hydraulic conductivity (measured in millimeters per
hour).

3.3.1. Te Efcacy of the Soil Amendments on Seed
Germination. Table 5 compares seed germination across
various rates of distinct soil amendments and the control
treatment. Alfalfa seed germination was observed in all
treatment groups, with minor discrepancies. Across these
treatments, germination rates showed a slight increase
(ranging from 82% to 87%) compared to the control group
(78%), represented by the native sandy soil (Table 5). Results
indicated that germination of alfalfa seeds varied in-
signifcantly with diferent treatments, ranging from 82%
with soil conditioner, 82% with composts application, to
87% with biochar application. Tis suggests that marginal
variations in germination among the amendments can be
attributed to disparities in seed quality rather than the in-
fuence of the soil amendments.

3.3.2. Yield Production. Table 6 represents the fresh biomass
of alfalfa, quantifed in tons per hectare, and the percentage
increase in fresh biomass due to the utilization of various soil
amendments compared to the control treatment, both at
60% and 100% of crop evapotranspiration (ETc). Te fresh
biomass produced in the control treatments irrigated with
100% ETc and 60% ETc reaches 20 and 16.32 tons per
hectare, respectively. Generally, Table 6 demonstrates
a signifcant increase in fresh biomass when utilizing any of
the previously mentioned soil amendments with diferent
application rates as follows.

Te increase in fresh biomass varies signifcantly,
ranging from a minimum of 9.68%, 11.98%, and 14.87%
(noted with the application of commercial compost at rates
of 5, 7.5, and 10 tons per hectare, under defcit irrigation of
60% ETc) to a substantial increase of 103%, 117%, and
115.8% (observed with compost applications at rates of 5,
7.5, and 10 tons per hectare, respectively, compared to the
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control treatment irrigated at 60% ETc). Tis notable in-
crease in biomass was achieved while consistently reducing
irrigation water usage by 40% across all treatment
conditions.

Te increase in fresh biomass was observed to be 5%,
15%, and 27%when utilizing commercial compost at rates of
5, 7.5, and 10 tons per hectare, respectively, with 60% ETc
compared to the control receiving 100% ETc. Similarly,
when applying compost with 60% ETc, the increase reached
72%, 70%, and 58% at rates of 5, 7.5, and 10 tons per hectare,
respectively, in comparison to the control with full irriga-
tion. Tis variation ranges from a minimal 58% increase
(associated with the use of compost at 10 tons per hectare) to
a signifcant surge of 72% when utilizing compost at 5 tons
per hectare, demonstrating the efectiveness of the produced
compost on biomass production.

In addition, when assessing the increase in fresh biomass
due to the application of biochar under 60% ETc irrigation, it
fuctuates from 17.89% to 18.36% compared to the control
treatment irrigated at 60% ETc and from 25% to 37% when
compared to the control treatment irrigated at 100% ETc.

Similarly, the increase in fresh biomass resulting from
the application of soil conditioner irrigated with 60% ETc
ranges between 15.11% and 16.12% when compared to the
control treatment irrigated with 60% ETc and 19%–25%
when compared to the control treatment irrigated with
100% ETc.

It could be concluded from Table 6 that the highest yield
production is achieved when applying compost at diferent
rates in combination with defcit irrigation, resulting in yield
production ranging from 103% to 117% compared to the
control (ETc 60%). In addition, the fresh biomass produced
after the application of compost represents a 58%–72%
increase over the control treatment irrigated with 100% ETc.

Te third-highest yield production for alfalfa crops is
observed when using soil biochar, which results in a fresh
biomass increase ranging from 17.89% to 18.36% when
compared to the control (ETc 60%) and 25% to 37% when
compared to the control treatment (ETc 100%).

Based on the fndings from our feld experiments in
Kuwait regarding the application of various soil amend-
ments (compost, commercial compost, biochar, and soil
conditioner) to amend sandy soil, we can frmly conclude
that the use of these soil amendments can lead to a signif-
icant 40% reduction in irrigation water and an impressive

Table 2: Chemical analysis of native soil [37].

Soil parameters Value (unit) Class
pHs 7.8 Moderately alkaline
ECe 0.8mS/cm Very slightly saline
Organic carbon 0.2% Very low
CaCO3 equivalent 7.1% Slightly calcareous
Munsell soil color 10 YR 7/3 Light yellowish brown
Sand % 92
Silt + clay % 8
Texture class USDA-NRCS Sand

Table 3: pH and EC of soil mixed with soil amendments.

Treatments pH pH class EC mS/cm Salinity class
Native soil 7.8 Moderately alkaline 0.8 Nonsaline
Compost
5.0 t/ha 8.10 Moderately alkaline 1.33 None-saline
7.5 t/ha 8.20 Moderately alkaline 2.83 Slightly saline
10 t/ha 8.23 Moderately alkaline 3.32 Slightly saline

Biochar
5.0 t/ha 8.52 Strongly alkaline 1.65 Nonsaline
7.5 t/ha 8.57 Strongly alkaline 1.72 Nonsaline
10 t/ha 8.59 Strongly alkaline 1.89 Nonsaline

Soil conditioner
5.0 t/ha 8.7 Strongly alkaline 1.38 Nonsaline
7.5 t/ha 8.80 Strongly alkaline 1.87 Nonsaline
10 t/ha 8.87 Strongly alkaline 2.11 Nonsaline

Table 4: Soil hydraulic properties [33, 37].

Hydraulic properties Values (unit)
Sand 92%
Silt + clay 8%
Wilting point 2%
Field capacity 5%
Available water 3%
Saturation 18.9%
Bulk density 1.8 g/cm3

Porosity 32%
Draining rate 180/hour
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increase in fresh biomass exceeding 117% with compost
application at 7.5 tons per hectare. In addition, the recycling
of green waste into valuable resources such as compost,
biochar, and soil conditioner has dual benefts as follows: (1)
reducing landfll waste and (2) mitigating climate change by
lowering greenhouse gas emissions. A previous research [39]
conducted a study highlighting the pivotal role of compost in
maintaining and enhancing the stability and fertility of
agricultural soils. Reference [40] also emphasized various
advantages associated with compost application, including
disease management, stimulation of benefcial microor-
ganisms, and the development of disease resistance in plants.
Furthermore, compost’s organic matter serves as a crucial
energy source for bacteria, fungi, and earthworms [41].
Tese factors underscore the importance of preserving soil
fertility for sustainable food production. Reference [42]
revealed that the application of organic fertilizers, such as
compost, enhances soil organic matter content, promotes
microbial activity, and provides essential macro- and
micronutrients for plant growth. Composting is known for
its ability to enhance soil fertility and provide long-term
nutrients through gradual decomposition, contributing
signifcantly to increased crop production [43]. Tese
fndings align with our current investigation. Te in-
troduction of our homemade compost in our study resulted
in substantial crop yield increases of 103%–117% and 58%–
72% when applying the compost at rates of 5 tons per
hectare, 7.5 tons per hectare, and 10 tons per hectare, at ETc
60% and ETc 100%, respectively.

Furthermore, as reported by [44], biochar is a composite
material, not limited to carbon (C) but also containing el-
ements such as ash, hydrogen (H), oxygen (O), nitrogen (N),

and sulfur (S). Incorporating biochar into agricultural soils
ofers multifaceted advantages, including substantial re-
ductions in greenhouse gas (GHG) emissions, the adsorp-
tion of contaminants, and enhanced soil fertility and crop
productivity [45]. Once introduced into soils, biochar ex-
hibits stability, capable of retaining soil carbon for centuries
and ofering benefts such as improved water retention
capacity (WHC) and nutrient availability [46]. Biochar
application enhances soil nutrient availability, microbial
activity, and curbs nutrient leaching [47], which is consistent
with the results of [48, 49], who reported signifcant in-
creases in biomass and grain yields. Biochar also improves
specifc surface area, cation exchange capacity (CEC), soil
porosity, water-holding capacity, nutrient retention, and
liming efect, all of which contribute to enhanced crop
productivity.

Combining biochar with fertilizers has been shown to
signifcantly boost crop yield, as observed in various studies
[50, 51]. Biochar not only enhances crop productivity
under normal conditions but also under challenging
conditions such as salinity and drought [52]. It improves
soil-plant-water relations, mitigates salt stress, and in-
creases plant-available water [53]. Te potential of biochar
to alleviate the adverse efects of salinization in arable and
contaminated soils has been noted [54]. Moreover, biochar
afects soil properties, including pH, which can help control
soil erosion [55]. In our current research, the amendment
of sandy soil with biochar and soil conditioner led to
a signifcant increase ranging from 17.89% to 18.36% and
15.11% to 16.12% above the control ETc 60% and 25%–37%
and 19%–25% increase in fresh biomass over the control
treatment with ETc 100%.

Table 5: Performance of the soil amendments on the germination of alfalfa seeds [33].

Soil amendments 5.0 tons/ha 7.5 tons/ha 10 tons/ha Germination (%)Number of seeds germinated out of 15 in each
Compost 14 13 10 82
Commercial-compost 14 13 10 82
Biochar 12 15 12 87
Soil conditioner 14 13 10 82
Control 78

Table 6: Percentage increase in fresh alfalfa biomass due to the application of various soil amendments compared to control treatments
(100% and 60% ETc).

Control-60% ETc 16.32 tons/ha
Control-100% ETc 20 tons/ha
Soil amendments 5 tons/ha 7.5 tons/ha 10 tons/ha

% increase of fresh biomass over control treatment with irrigation (ETc 60%)
Commercial compost (60% ETc) 9.68 11.98 14.87
Compost (60% ETc) 103 117.0 115.8
Biochar (60% ETc) 17.89 18.36 17.93
Soil conditioner (60% ETc) 15.32 15.11 16.12

% increase of fresh biomass over control treatment with irrigation (ETc 100%)
Commercial compost 60% ETc 5 15 27
Compost (60% ETc) 72 70 58
Biochar (60% ETc) 25 37 27
Soil conditioner (60% ETc) 19 21 25
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3.4. Soil Characteristics after the Harvest of Alfalfa.
Table 7 presents an overview of soil characteristics after
harvesting the alfalfa crop. Notably, there is no signifcant
infuence of the application of the three soil amendments on
elevating soil salinity, as indicated by electrical conductivity
(EC) and pH levels; soil salinity was kept nonsaline to
slightly saline. Consequently, it is established that the uti-
lization of compost, biochar, or soil conditioner poses no
risk, confrming their safety in enhancing soil health to
promote water conservation and amplify alfalfa crop pro-
duction. A positive efect has been observed in terms of the
heightenedOlsen P levels evident in all treatments compared
to the control treatments. Tis enhancement can be at-
tributed to the organic composition of the soil amendments,
which eventually initiate the release of organic acids and
consequently facilitate the liberation of phosphorus (P).

In the current study, the potassium content of the
control treatment 60% ETc is 26.9mg/kg (Table 7). As shown
in Table 7, the soil potassium content signifcantly increased
compared to the control treatment 60% ETc after the ap-
plication of biochar and soil conditioner, ranging from 78.12
to 85.17mg/kg and 67.43 to 74.01mg/kg, respectively.
Moreover, compost application resulted in a signifcant
increase in potassium levels compared to the control
treatment 60% ETc, ranging from 92.43 to 97.0mg/kg.
Furthermore, the application of biochar, soil conditioner,
and compost led to varying ranges of Olsen P content in-
creases in the soil, ranging from 24.78 to 32.74mg/kg, 22.54
to 32.78mg/kg, and 30.34 to 45.09mg/kg, respectively. Te
elevated levels of potassium and phosphorus in the soil
positively infuenced the overall crop production rate. Te

most signifcant increases in both potassium and phos-
phorus were observed with compost application. Conse-
quently, the highest fresh biomass production occurred after
applying compost at diferent rates, reaching 103%, 117%,
and 115.8% for rates of 5, 7.5, and 10 tons per hectare,
respectively.

4. Conclusions

Te application of various soil amendments successfully
increased the fresh biomass of alfalfa crops in the arid en-
vironment of Kuwait. Te most signifcant increase in alfalfa
fresh biomass occurred following the application of compost
at diferent rates, surpassing the control treatment (60%
ETc). In addition, the use of biochar, soil conditioner, and
compost resulted in an elevation in the Olsen P content of
the soil by varying percentages compared to the control
treatment irrigated with ETc 60%. Te heightened levels of
potassium (K) and phosphorus (P) in the soil positively
impacted the overall crop production rate. Te most sig-
nifcant enhancements in both K and P were observed with
the application of compost. Consequently, the highest fresh
biomass production was achieved after applying compost at
diferent rates. Future studies will be carried out to in-
vestigate the efect of applying the same soil amendments to
diferent crops under Kuwaiti conditions.

Data Availability

Te readers of the article can use the data published in the
manuscript with permission from the author of the article.

Table 7: Soil analyses after harvesting.

Soil-amendment pH EC Soil salinity
class

Available K
(mg/kg)

Olsen P
(mg/kg)

Control-60% 8.0 0.53 Nonsaline 26.9 0.6
Control-100% 7.9 0.40 Nonsaline 26.30 0.4
Commercial compost
5 tons/ha 8.31 1.40 Nonsaline 77.54 16.4
7.5 tons/ha 8.38 2.33 Slightly saline 78.01 22.6
10 tons/ha 8.65 2.78 Slightly saline 80.34 30.7
Compost
5 tons/ha 8.24 1.36 Nonsaline 92.43 30.34
7.5 tons/ha 8.32 2.01 Slightly saline 95.01 44.08
10 tons/ha 8.41 2.12 Slightly saline 97.0 45.09
Biochar
5 tons/ha 8.11 1.8 Nonsaline 78.12 24.78
7.5 tons/ha 8.0 2.3 Slightly saline 82.37 29.87
10 tons/ha 8.33 2.7 Slightly saline 85.17 32.74
Soil conditioner
5 tons/ha 8.01 1.63 Nonsaline 67.43 22.54
7.5 tons/ha 8.23 1.76 Nonsaline 70.22 28.65
10 tons/ha 8.40 2.11 Slightly saline 74.01 32.78
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