[ Downloaded from jast.modares.ac.ir on 2024-11-24 ]

J. Agr. Sci. Tech. (2023) Vol. 25(3): ??-??

Effect of Biochar Amendment and Irrigation Treatments on
Biochemical Attributes and Morphological Criteria of Basil
(Ocimum basilicum L.) Using Central Composite Design

A. Noroozi', P. Rezvani Moghaddam’*, M. Hashemian?, and S. Khorramdel*

ABSTRACT

Three different levels of biochar addition in soil (0, 1, 2 kg m?) and simultaneous
irrigation treatments (50, 85, and 120% of crop Evapotranspiration (ET.)) were applied
to basil (Ocimum basilicum L.) for two consecutive years (2018 and 2019). Central
Composite Design (CCD) was used as an experimental optimization method, and 13 given
experiments were carried out. The study was performed at the research farm of the
Ferdowsi University of Mashhad, Iran. The effects of these treatments were evaluated on
biochemical attributes (total chlorophyll, total phenol, and total soluble carbohydrates)
and morphological criteria (biological yield, height, seed yield, and harvest index). Then,
all the results were statistically analyzed. The results revealed that biochar amendment in
the soil decreased all examined biochemical characteristics. Meanwhile, biochar in the soil
strengthened the morphological properties of the basil plant. Also, the basil plant
significantly responded to the amount of irrigation levels. High levels of water treatments
reduced total phenol and total soluble carbohydrates and raised all other measured
factors. Statistical analysis shows no significant relationship between 2-way-interaction
(biocharxirrigation) and measured factors, except total soluble carbohydrates.

Keywords: Biological yield, Chlorophyll, Crop evapotranspiration, Harvest Index, Total
soluble carbohydrates.

INTRODUCTION content of biochar highly depends on the
material source, and it can reach 90% (Leng
et al., 2019). The higher carbon content of
modified soil using biochar could affect
plants' morphological and biochemical
attributes.

Water is essential for plant quality and
productivity. Therefore, investigating the
optimum level of irrigation for achieving the
best plant quality and maximum plant yield
is necessary because of global warming, the
limitation of water resources, and increasing
competition  between  industrial  and
agricultural consumption. (Ekren et al.,
2012; Bekhradi et al., 2015).

The Ocimum basilicum L. and many other
aromatic plants have been cultivated to treat

Biochar is a carbon-based material made
from renewable sources such as green waste,
wheat straw, wood, and rice hull (Huang et
al., 2020). Biochar application to soil has
gained much attention due to environmental
and agronomical issues, including climate
change, sustainable soil management, and
soil pathogen control (Ebrahimi et al., 2021a
and 2021b). Biochar in the soil can improve
soil fertility, cation exchange capacity, soil
pH, nutrient retention, and water holding
capacity (Pandey et al., 2016; Nobile et al.,
2020), resulting in higher crop yield. Also,
there is evidence that the organic carbon
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ailments from ancient times (Purushothaman
et al., 2018). An increase in global demand
for plant-based pharmaceuticals, health
products, food supplements, flavor additives,
nutraceuticals, and cosmetics has caused
worldwide attention to cultivating these
species. It is also essential to consider all the
above criteria for producers to provide the
best plant characteristics and maximum
productivity (Pandey et al., 2016).

The optimization of biochar content and
levels of irrigation are necessary. In the
traditional form, one factor's influence is
monitored in an experiment when others are
kept constant, which is called One-Variable-
At-a-Time (OVAT). This technique has two
main drawbacks. First, interactive effects
amongst the variables is not considered, and
second, optimization of the experiments
needs a high number of experimental runs.
These disadvantages cause an imperfect
selection of parameters affecting the
response. Another popular methodology has
been developed, namely, Response Surface
Methodology (RSM) to overcome these
problems. This optimization method
represents the relationship between the
adequate factor levels in three dimensions
by a surface. Amongst all RSM techniques,
Central Composite Design (CCD) method is
the most common because of its simplicity
and high performance (lzadiyan and
Hemmateenejad, 2016). To the best of our
knowledge, there are only a few reports on
optimizing biochar usage and irrigation that
aim to obtain maximum plant quality and
post-harvesting yield in Ocimum Basilicum
L. Still, no research article was found
concerning the RSM optimization via the
CCD method.

In this study, application of CCD based on
RSM is presented for modeling the biochar
amendment and irrigation treatments and its
impact on secondary metabolites and
morphological attributes.

MATERIALS AND METHODS

Experimental Site

The field experiment was conducted in
2018 and 2019 from May to September at
the Research Farm of the Faculty of
Agriculture,  Ferdowsi  University  of
Mashhad (36.16 ‘N and 59.36 ‘E, Elevation
985 m) Khorasan Razavi Province, Iran. The
area has a long summer climate, with
maximum temperatures ranging from 24.5 to
38°C and minimums from 13.7 to 23.2°C,
and the climate is semi-arid. Table 1 gives
meteorological information about the
research station during the growth period for
both years. Table 2 demonstrates topsoil's
physical and chemical properties (0-30 cm)
before the experiment.

Biochar Amendment

The applied biochar, purchased from
Rafsanjan Pars Activated Carbon Company
(Iran), was obtained from pistachio base
granule activated carbon. Biochar had total
C, ash, and volatile substances, respectively
75, 15, and 5%. Also, it had maximum
moisture of 5%. Three different amounts of
ground biochar (0, 1, and 2 kg m?) were
added and mixed with the top 30 cm of soil.

Irrigation Treatments

CropWat software (version 8.0 windows) was
used to calculate reference evapotranspiration
according to Penman-Monteith based on climatic
data. Reference evapotranspiration data are
given in Table 1. Then, crop Evapotranspiration
(ET.) was calculated by the below equation
(Allen et al., 1998).

ET.= EToxK,

Where, ET.= Crop Evapotranspiration; ETq=
Reference  Evapotranspiration given by
CropWat software, and K= Crop coefficient
(from FAO paper 56, Refer to mint as the
closest group member to the basil plant).
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The actual amount of water for each
irrigation treatment was estimated by the
following equation (James, 1988):

LRq = (1 -LHER

Where, 1.R,= Total actual Irrigation water
applied mm interval’; ET.= Crop
evapotranspiration; Lf= Leaching factor
10%, and ER= Irrigation system Efficiency
of 70% (Singh et al., 2021).

Then, three different water treatments
were applied: 1; (50% of ET.), I, (85% of
ET.), and I3 (120% of ET.), based on
research by Caliskan et al. (2017). Flow
meters were installed in each hose nozzle,
and the volume of irrigation water for each
experimental plot was measured intently.
Irrigation treatments were started on June
10, 2018, and June 16, 2019, and applied at
five-day intervals.

Experiment Design

A rotatable CCD with two factors at three
levels was applied to investigate the effect of
factors (amount of biochar (kg m? and
irrigation (%)) on multiple responses,
including; morphological properties [Shoot
Dry Weight (SDW), plant height, seed yield,
and Harvest Index (HI)] and biochemical
compositions (total Chlorophyll, phenol
content, and total soluble carbohydrates).

In the CCD process, three levels of
variables were studied and coded as (-1), (0),
and (+1). Values (-1) and (+1) are applied to
find the minimum and maximum variables,
while (0) was given to the average level.
Rotatable CCD estimates the coefficients of
a quadratic equation used to predict the
response value. The rotatable CCD design
matrix for two variables at three levels
includes 13 design experiments. Table 3
displays 13 different experimental runs of
CCD and the actual equivalent levels of
variables. All 13 different treatments were
performed, and a quadratic model was fitted
to the response data using Minitab software
(version 17.3.1). The total number of tests
(t) for variables (k) and the number of tests

at the center points (r) are given by Aslan
(2007):
t= 244 2k+r= 2%+(2x2)+5= 13

Growing Conditions and Plant
Materials

The basil (Ocimum basilicum L.) seeds
originated from the city of Mashhad, in the
semi-arid climate of the Khorasan Razavi
Province, Iran. Basil seeds were sown in the
same ecological conditions at the beginning
of May 2018 and 2019 for experiments.

Each plot size was 3x2 m, consisting of
four rows with 50 cm spacing. Due to the
plant's adaption to the new situation, no
water stress was applied to the seedlings in
the first 30 days. Then, basil plants were
harvested to form a monotony among the
plants (60 plants in a row).

The plants were harvested on September
22, 2018, and September 19, 2019, when the
basil plants fully flowered. One row of
plants from each side of the plot was
considered as guard and eliminated from all
the measurements. The side effects were
removed, and residual leaves were used for
further measurements.

Biochemical Characteristics

Harvested leaves from each treated plot
were air-dried at room temperature.
Afterward, dried leaves were ground until a
uniform powder was obtained. Powdered
leaves were wused for all chemical
measurements. All experiments were carried
out in triplicates.

Chlorophyll

Chlorophyll was extracted from powdered
leaves based on a modified method reported
elsewhere (Dere et al. 1998). In brief, 500
microliters and 96% (V/V) methanol (Merk,
Germany) was added to each microtube
sample containing 5 mg of powdered leaves.
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Samples were homogenized in liquid
nitrogen for 5 min. After centrifugation
(1,500%g, 10 minutes, room temperature),
the supernatant was collected for chlorophyll
measurement using a spectrophotometer
(model 6305, Jenway UV-Visible).
Chlorophyll a and b absorbances were
measured at 666 nm, and 653 nm,
respectively, and the sum was reported as
total Chlorophyll.

Total Phenolic Compounds

Total phenol was approximated using Folin—
Ciocalteu (F-C) reagent based on protocol
(Ainsworth and Gillespie, 2007). With some
modification, briefly, 5 mg of dried powder
leaves of each sample was weighed carefully.
500 microliters of 95% (V/V) methanol
(Merk, Germany) were added to each sample
and homogenized for 5 min. Samples were
incubated for 48 hours at room temp. The
supernatant was collected after centrifugation
(1,500%g, 10 minutes, room temp). Then, 100
microliters of each sample supernatant were
added to a microtube. Two hundred microliters
of 10% (V/V) F—C reagent and 800 microliters
of 700 mM Na,CO; were added to each one,
and assay tubes were incubated at 40°C for 30
minutes. To calculate the standard curve, five
different concentrations (0, 8.5, 17, 25.5, and
42,5 mMol L™ of Gallic acid were prepared.
The absorbance of all samples, standards, and
blank from the assay was read at 765 nm in a
spectrophotometer (model 6305, Jenway UV-
Visible). The regression equation between
Gallic acid standards absorbances was used to
estimate total phenolic as Gallic acid
equivalents.

Total Soluble Carbohydrates

Extraction of total soluble carbohydrates was
carried out using a procedure suggested by
Gomez et al. (2002) with some changes. First,
5 mg of air-dried leaves powder was weighed
in a microtube. Then, a three-part mixture of
methanol/water/chloroform, respectively, 100,

JAST

Table 3. CCD experimental runs for two
variables and two levels (the last four
experiments replicate the central point).

The actual level of variables
Run Amount of Irrigation
biochar levels
(kg m?) (%)
50
50
120
120
85
85
50
120
85
85
85
85
85

OoOoO~No ok WwWN P

10
11
12
13

PR RPRPRRPRPRPNONMNONO

100, and 200 microliters was added to the
microtube. After prolonged shaking with
vortex, tube contents were centrifuged
(1,500%g, 10 minutes, room temperature).
Next, the methanol/water supernatant was
carefully separated into a new microtube for
further measurements. The colorimetric
method was used to detect phenol-sulfuric acid
as a reagent and spectrophotometer as the
detector. For this purpose, 10 microliters of the
previous solution were added to a new
microtube containing 10 microliters of phenol
(40% WIV) and 600 microliters of sulfuric
acid 98% (W/V). They were shaken and
placed in a bain-marie at 25 to 30°C for 15
minutes after 10 minutes. In the end, the
absorbance was measured at 480 nm. The
amount of sugar was then estimated, referring
to the glucose standard curve. Five glucose
concentrations (6, 12, 24, 48, and 56 Mm L-1)
were used to calculate the standard curve. The
linear relation between these points was used
to estimate the concentration of total
carbohydrates in actual samples.

Morphological Crop Characteristics

Plants were grown for about three months,
and after that, various morphological


http://dx.doi.org/10.22034/jast.25.3.535
https://jast.modares.ac.ir/article-23-58702-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-24 ]

[ DOI: 10.22034/jast.25.3.535 ]

L

Noroozi et al.

features were measured. Stem height and
seed yield were measured in three replicates
per ¥ plot. The plant height was measured
before harvesting, from the soil surface to
the top level of the plant. The leaves and
stems dry biomass were determined after
air-drying when a constant weight was
obtained. The Harvest Index (HI) was
calculated as the ratio of harvested seed
yield to total Shoot Dry Weight (SDW)
(Unkovich et al., 2010).

Statistical Analysis

Statistical analysis of data was performed
using Minitab software (version 17.3.1)
based on RSM analysis. In both years,
similar results were obtained. Therefore,
data were pooled, and pooled data (2018 and
2019) are reported in this article.

RESULTS
Model Fitting

As the first step, proper selection of
biochar and levels of irrigation range were
taken into account. The biochar doses
ranging from 0—2 kg m™were considered for
CCD. Higher doses were not realistic from a
farmer's perspective, and are not cost-
effective, so, it was not included (Pandit et
al., 2018). The irrigation treatment range
was created based on 50 to 120% crop water
requirements (Caliskan et al., 2017). The
average of the highest and lowest limits of
the variables was given by Minitab software.
Results from the statistical analysis by CCD
are given in Table 4. Details of the RSM
guadratic model and P-values of the
relations (linear, square, and 2-way-
interaction) between variables for the
measured factors (total Chlorophyll, total
phenol, soluble carbohydrates, biological
yield, height, seed yield, and HI) are given
in Table 4. The results of CCD were
analyzed based on the F test (P< 0.01) for all
of the variables (Table 4). An insignificant

lack of fit for measured parameters indicates
reasonable data analysis (Table 4). The
determination coefficient of total phenol,
soluble carbohydrates, biological yield, and
seed yield were 95.65, 94.80, 99.54, and
96.43, respectively, indicating that the CCD
model explains the maximum diversity ratio
for these variables. The lower amount of R?
for total Chlorophyll, plant height, and HI
(81.27, 62.39, and 86.55) indicates that
additional variables other than biochar and
irrigation affect these factors. Also, Figure 1
shows that the actual experimental data and
the predicted values obtained from the
model are well matched, which validates the
regression model.

Figures 2-4 demonstrate the pooled results
of chlorophyll, total phenol, and total
soluble carbohydrates under different
biochar and irrigation levels, obtained in
2018 and 2019.

As Figure 2 shows, the total chlorophyll
concentration decreases significantly when
soil biochar amendment is elevated. It also
shows a linear relationship with the level of
irrigation. Statistical analyses revealed that a
2-way-interaction between biochar and
irrigation levels shows an insignificant (P>
0.01) correlation with total chlorophyll
concentration.

The data in Figure 3 clearly show that the
total phenol concentration  decreases
appreciably when soil biochar amendment is
elevated. Also, outcomes indicate that
reduction in irrigation levels results in
higher total phenol concentration. Based on
data analysis, simultaneous use of higher
levels of biochar and irrigation levels had no
significant effect on total phenol
concentration.

Figure 4 shows the total soluble
carbohydrate concentration. A significant
relationship (P= 0.000) was obtained
between the total concentration of dissolved
carbohydrates and biochar. The total soluble
carbohydrate concentration slightly
decreases and grows in biochar amendment
up to 1 kg.m? Then, a gentle rise was
observed when the biochar level reached 2
kg m™. Total soluble carbohydrates face a
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Figure 1. Comparison of estimated and observed values of total chlorophyll, total phenol, total soluble

carbohydrates, biological yield, height, seed yield, and harvest index by 1:1 line.
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120

Total chlorophyll
(mg.g dry weight™)
;)

Irrigation (%)

Biochar (kg.m?)

Figure 2. Total chlorophyll response to irrigation and biochar. Total chlorophyll concentration shows a
linear relationship with irrigation levels and a reverse relationship with biochar amendment.

175
150
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Total phenol
(mg.g dry weight")

100
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Figure 3. Total phenol concentration, response to irrigation, and biochar. Phenol concentration shows
a reverse relationship with both irrigation levels and biochar amendment.

Total carbohydrates
(mg.g dry weight')

120

85
1 Irrigation (%)
50

Biochar (kg.m?) 2

Figure 4. Total soluble carbohydrates response to irrigation and biochar. Biochar amendment in soil less
than 1 kg m? negatively affects total soluble carbohydrates concentration. In contrast, the higher amount of
biochar in soil increases total soluble carbohydrates concentration. Irrigation levels up to 85% increase total
soluble carbohydrate concentration, while higher levels negatively affect total carbohydrate concentration.
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plunge when basil plants are treated with
high Irrigation levels (1> 85%).

Experimental results and statistical
analysis show a negative and significant 2-

way-interaction between soluble
carbohydrates concentration and
biocharxirrigation  levels.  This  result

indicates that as the irrigation level
increases, it reduces the positive effect of
biochar on soluble carbohydrates
concentration.

Morphological Criteria

The growth of basil plants was
significantly increased by adding biochar to

300

200

Biological yield
(g.m?)

100

Biochar (kg.m)

the soil. Also, higher irrigation levels
enhanced  vegetative growth in all
treatments. As shown in Figure 5, biochar
slightly increases the amount of biomass;
moreover, higher irrigation levels
significantly improve SDW. The level of
irrigation similarly affects the SDW. As
Figure 5 shows, the highest basil
productivity was obtained from the highest
Irrigation (l5) treatment (340 g DW m™),
while the lowest SDW was gained in the I,
and I, treatments by 149 and 130 g DW m?,
respectively. The maximum biological yield
was recorded at the highest biochar and
irrigation treatments.

There are minimal reports about using
biochar and irrigation levels simultaneously.

120

Irrigation (%)

50

Figure 5. Biological yield response to irrigation and biochar. Both biochar and irrigation levels have a
significant and positive effect on SDW.

60

55

50

Height (cm)

45

Biochar (kg.m?)

2

50 Irrigation (%)

Figure 6. Height response to irrigation and biochar. Biochar amendment does not have a significant
effect on plant height. However, irrigation level has a significant positive effect on plant height.
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However, based on our results, it has been
found that biochar in combination with
irrigation has no significant effect (P=
0.351) on dry biomass weight. Treated plots
with high levels of biochar addition produce
a high dry weight only when irrigation levels
are maximum.

Although plant height shows a slight
increase in biochar-amended plots (Figure
6), statistical analysis reveals no significant
relationship between plant height and the
amount of biochar in soil (P= 0.849). Figure
6 illustrates that plant height is significantly
affected by the irrigation levels. Although a
maximum average of plant height was
obtained at I; and a higher level of biochar
amendment, by about 64 cm, there is no
significant statistical relationship between
plant height and interaction between biochar

Seed yield
(g.m?)

Biochar (kg.m?)

JAST

and irrigation similar to biological yield.

Seed yield has also been reported as
another growth factor. Figure 7 shows that
seed vyield increases significantly when
biochar and irrigation levels are increased.
Nevertheless, there is no noteworthy relation
between 2-way interactions (P= 0.978).

Harvest Index (HI) is reported in Figure 8.
HI increases by a 95% confidence interval
when biochar addition to the soil increases.
Also, higher irrigation treatments lead to an
increase in HI. Incidentally, HI has not been
affected by the interaction between biochar
and irrigation treatments.

DISCUSSION

Biochar efficiently absorbs various

120

5 -
8 Irrigation (%)

50

Figure 7. Seed yield response to irrigation and biochar. There is a significant positive relationship
between biochar and irrigation levels and seed yield.

0.20

0.15

0.10

Harvest Index

Biochar (kg.m)

120

Irrigation (%)

50

Figure 8. Harvest index response to irrigation and biochar. Harvest Index (HI) significantly
rises when biochar in soil and irrigation levels increase.
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organic and inorganic contaminants present
in the soil because biochar is highly porous,
which gives it plenty of room to absorb
water and nutrients (Foereid, 2015). This
phenomenon causes a reduction in the
bioavailability and phytotoxicity of metals
from soils (Zhang et al., 2013). Nutrients in
the soil may have been too absorbed by the
biochar at the highest concentration of
biochar, making it difficult for the plant to
absorb. There are shreds of evidence that
soil pH increases when biochar is added to
the soil, reducing metal uptake by plants
(Kim et al., 2015; Nair and Carpenter,
2016). All these may cause a reduction in
iron (Fe) and copper (Cu) in the basil plant.
Limitation in Fe availability in shoot may
cause a reduction in chlorophyll since Fe is
an essential element for chlorophyll
synthesis (Dickson et al., 2016), so, the
chlorophyll  concentration decreases as
biochar amendment rises. The same trend
was revealed by other researchers
(Chrysargyris et al., 2020; Huang et al.,
2020).

On the other hand, when Cu enters the
plant cells, it disturbs the dynamic
equilibrium  between detoxification and
Reactive Oxygen Species (ROS) production.
In such a situation, plants tend to produce
non-enzymatic molecules such as phenolic
compounds as a defense mechanism to avoid
oxidative stress and scavenge ROS (Pérez-
Lopez et al., 2014). Therefore, biochar
amendment in soil may reduce Cu
accumulation in basil leaves, reducing
oxidative stress. Consequently, total phenol
concentration decreases when more biochar
is added to the soil. Others obtained similar
observations (Chrysargyris et al., 2020;
Ding et al., 2020).

Changes in  soluble  carbohydrate
concentration detected in basil leaves grown
in soils treated with biochar can be due to
the physicochemical properties of biochar.
The same observation was reported in
similar research (Pirbalouti et al., 2017).
Some soil criteria like water content and
nutrient availability are improved by
biochar. The accessibility of essential
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nutrients such as N, P, K, and Ca, which
promote root growth, improves using
biochar. These conditions may result in
higher SDW (Sun et al., 2014). Evidence
(Sohi et al., 2009) shows that biochar can
improve soil physical properties (acquisition
and retention of water-soluble nutrients),
improving crop production. Lehmann et al.
(2006) reported a positive effect on plant
growth by adding biochar to soil up to 5.5
kg m™ Others reported the same trend in
basil growth under wvarious conditions
(Pandey et al., 2016; Ding et al., 2020).
Some research confirmed that biochar
efficacy on crop biomass depends not only
on the biochar properties but also on the
crop species (Nobile et al., 2020).

HIl can be used as a factor to report
reproductivity efficiency. The amount of
carbon allocated in the plant can affect HI
(Unkovich et al., 2010). As seed yield and
SDW directly correlate with biochar, the
amount of biochar significantly improves
HI.

A reduction in chlorophyll under drought
conditions is a common phenomenon and it
might be due to the subtraction of the main
chlorophyll ~ pigment complexes that
synthesize by encoding the cab gene family
(Allakhverdiev et al., 2003). Also, water
deficit conditions may ruin some pigment-
protein  complexes that protect the
photosynthetic  apparatus or detriment
chloroplast lipids and proteins by oxidation
(Lai et al., 2007). All these situations can
reduce chlorophyll concentration. A similar
trend is reported in other literature
(Pirbalouti et al.,, 2017). Phenolic
compounds play an essential role in
overcoming stress conditions and adapting
plants to the environment (Lattanzio et al.,
2008). Therefore, when water deficit
declines, total phenolic concentration
increases. The same trend in various
researches has been reported on basil
(Pirbalouti et al., 2017) and other plants like
Lemon balm (Melissa officinalis L.)
(Manukyan, 2011) and Rehmannia
glutinosa. (Chung et al., 2006).
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Carbohydrates are the leading organic
soluble components for plant osmotic
adjustment.  Carbohydrate  concentration
positively correlated with irrigation deficit.
Total carbohydrate concentration increases
in leaves, reducing leaf osmotic potential
and maintaining turgor (Pirbalouti et al.,
2017). This is an imperative adaptive
mechanism in plants subjected to drought
conditions. Several researchers reported
similar results (Al Abbasy et al., 2015; Al-
Hugail et al., 2020).

Higher morphological properties
(including biological vyield, height, seed
yield, and HI) are expected when basil
plants face higher irrigation treatments
(Ekren et al., 2012; Bekhradi et al., 2015;
Pandey et al., 2016). In addition, It is a fact
that turgor decreases by reducing irrigation
water, which is an essential factor for
growth and cell development (Hsiao, 1973).
Also, irrigation encourages vegetative
growth. This phenomenon was reported in
other plant species such as rice, wheat, and
eggplant (Wang et al., 2012; Ebrahimi et al.,
2021).

CONCLUSIONS

The results revealed that high irrigation
and biochar levels would be useful in
maximizing morphological properties of
basil such as seed yield and harvest index.
Also, the higher levels of irrigation
treatments always lead to higher and more
significant results in both measured
properties (morphological and biochemical).
Nevertheless, higher levels of biochar
amendment in soil cause a significant
decrease in total chlorophyll and total
phenol. At the same time, it has a positive
effect on vegetative properties.

On the other hand, no significant effect
was observed in the 2-way-interaction
between biocharxirrigation levels and the
measured properties, except for total soluble
carbohydrates. In conclusion, growing basil
under high levels of biochar and irrigation
treatment would be valuable to modify the
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amount of critical biochemical compounds.
Also, based on our results, irrigation levels
always play a critical role in basil properties,
other than biochar content.
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