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ABSTRACT

Bentonite is a very useful material for improving soil properties, which enhances the ability of plants to grow and

produce in different conditions. The experiment was carried out in an agricultural nursery in one of the areas of the City of

Diwaniyah, in a house covered with green netting, with a shade rate of 25%, to study the effect of bentonite and humic acid

on the growth and flowering of a Catharanthus roseus L. plant in sandy soil. The experiment included two factors: the first

factor was bentonite clay, and the second factor was humic acid. Using a randomized complete block design (R.C.B.D) with

three replications, data were analyzed using the analysis of variance (ANOVA) method, and comparison was made according

to the least significant difference (L.S.D) test at a probability level of 0.05. The experiment consisted of adding bentonite

clay at 0, 2, 6, and 8 g L−1, humic acid at 0, 0.5, 1, and 10 g L−1. The results showed that adding bentonite clay and humic

acid to sandy soil can have a significant positive effect on the growth and flowering of the Catharanthus roseus plant grown

in poor sandy soil conditions. Bentonite, clay and humic acid were added at concentrations of 8 and 10 g L−1, which led to

an increase in plant height and number of leaves and leaf area. They reached 30.07, 23.84 cm2, 76.62, 63.42 cm2 for leaf−1

and 24.73, 20.22 cm2 for leaf−1, respectively. The results also showed an increase in the content of nitrogen (N), phosphorus

(P), and potassium (K) in leaves by 2.27, 1.92, 1.99% and 1.51, 1.22, 1.77%. This also led to an increase in chlorophyll

pigment and anthocyanin at the highest concentration and gave the highest value. Therefore, adding bentonite and humic

acid together gave the highest values in vegetative and chemical characteristics, compared to treatments without addition.
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1. Introduction

Catharanthus roseusL. is one ofApocynaceae plants, a

perennial, evergreen plant. It is a semi-shrub plant. Stems are

single, cylindrical, erect, with many branches at top. Leaves

are simple, opposite each other, oval, oblong, smooth, with

full edges. Inflorescences are determined with a terminal

or axillary growth. Flowers are layered in shape. They are

arranged in groups without a stand, their numbers ranging

from 2–7 The plant is of high economic importance, and

demand for it increases greatly annually because it is one of

the plant groups with aesthetic values. It is considered one

of the plants in pots and flower beds, and it is used in several

ways, such as exhibitions and decorating balconies and win-

dows due to the beauty of its flowers [1]. It has many colors

and lasts a long time, in addition to its rapid growth [2]. It

does not require large service operations, and it is considered

an important medicinal plant because it contains alkaloids

that are used in many industries. Its cultivation succeeds in

sunny and shaded places. It resists diseases and insects, and

its cultivation succeeds in sandy and poor lands [3]. Sandy

soil is defined as soil that contains 85% sand, while the per-

centage of silt and clay does not exceed 15% [4]. Sandy soils

are characterized by their good aeration because their large

pores and quick-draining properties. Therefore, it is also

considered a soil with a poor ability to store water and retain

nutrients. Potting soil (sandy soil) suffers from many prob-

lems despite its use in greenhouses and most nurseries for the

production of various plants due to low Cation Exchange Ca-

pacity (CEC), as its cation exchange capacity reaches (6–10

C+mmol kg
−1) because of the lack of clay minerals in it. It

is considered a poor soil in the availability of nutrients due to

the lack of organic matter [5, 6]. Sustainable agriculture aims

to use the best methods for sandy soils, through the use of soil

improvers such as bentonite and humic acid [7]. Among these

enhancers are clay deposits represented by bentonite clay,

which is a type of natural clay consisting of mineral smectite

and often montmorillonite. It is added “to soil to improve its

properties and increase the availability of nutrients” as well

as to increase the moisture content and water conductivity.

It works to increase specific surface area of soil and its abil-

ity to exchange cations [8]. Bentonite clay is characterized

by a cation exchange capacity of up to 150 C+mol kg
−1 [9].

The addition of bentonite to sandy or gypsum soil improves

many physical and chemical properties (water conductiv-

ity, moisture content at field capacity and bulk density) and

readiness for nutritional absorption by plants [10]. Bentonite

improver is characterized by its ability to expand, which

allows it to absorb water and double its volume, and thus

one can benefit from its colloidal properties. It is composed

of mineral montmorillonite, which is characterized by its

ability to swell and contract, absorb amounts of water, and

increase the volume of ion exchange because of the increase

in negative charge on the surfaces of colloidal particles [11].

It is an effective mineral enhancer of the root system and

increases biological activity in the soil of the root system [12].

Bentonite improves the chemical properties of soil such as

electrical conductivity (EC), pH, cation exchange capacity

(CEC), and organic matter (OM) content. Higher levels of

bentonite (P2) were especially effective in enhancing these

properties [13]. Bentonite enhances soil structure by filling

the spaces between sand particles, improving water retention

and reducing erosion rates. Even small amounts (0.2% to

1%) can significantly enhance soil physical properties and

stability [14].

Humic acid is an organic compound resulting from

the decomposition of organic matter in soil. Its composi-

tion is C75H33O17N3(COOH)3(CO)2. They are brown and

dark-colored solutions that do not have a fixed and specific

structural structure. Among the natural features of humic

acids is the diversity of the size of their particles and the

heterogeneity of their structural composition. Because of

these features and characteristics, its molecular weight has

become very complex, and commercial material is prepared

from mineral Leonardite, which contains 60% humic, ful-

vic, and humic acids. Humic acid is the most important

part of humus because it contains a high exchange capacity

for positive ions [15]. The use of amino acid (humic acid)

is necessary to supply the growing medium with nutrients,

as adding humic acids to soil leads to plant absorption of

nutrients [16]. The mixture of bentonite clay and humic acid

increases the concentration of organic carbon in the soil, mi-
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crobial biomass, enzyme activities, and germination quality

in sandy soil. Increasing organic carbon in the soil leads to

enhanced soil fertility and enhances plant growth [17]. Stud-

ies have shown that the addition significantly enhances the

growth and flowering of Catharanthus roseus L. in sandy soil

by improving soil structure, nutrient retention, and microbial

activity, as well as increasing flower growth and most plant

characteristics [18, 19]. Treatment with bentonite clay and hu-

mic acid increases biomass and soil microbes. Increasing the

number of microbes is beneficial because it contributes to

nutrient cycling and soil health in general [20]. Increasing en-

zymatic activities improves the synthesis and breakdown of

organic materials and facilitates the availability of nutrients

to plants. This indicates an improvement in the biological

activity of the soil [21]. The quality of germination in potting

soil is greatly affected by the type of grain, and the germi-

nation rate often does not reach 100%. The use of bentonite

and humic improvers increases the germination rate of seeds

in sandy soil, leading to reduced losses and increased prof-

its [21].The research aims to study the role ofAl-bentonite clay

and Al-humic acid improvers in the growth and flowering of

Catharanthus roseus L. plants in sandy soil.

2. Material and Methods

The study was conducted during one agricultural sea-

son in one of the nurseries of the City Diwaniyah, located

in the center of the Governorate, in a house covered with

green saran The cultivation was done in a house covered with

green sorghum, and the shade percentage was 25%. A sandy

soil type (river soil) with a sandy texture was chosen. The

physical and chemical properties of the soil were estimated

as in Table 1 according to Richards [22] or Page, Miller and

Kenney [23]. Local seeds were planted in plastic agricultural

dishes with dimensions of 55*28 cm containing river soil and

peat moss. Tables 2 and 3 show some properties of peat moss

and bentonite. After a period, the seeds germinated and the

seedlings reached a height of 4–5 cm and the appearance of

true leaves. They were carefully separated, and transferred at

a rate of one plant per plastic container containing a growing

medium prepared from peat moss and soil, as in Figure 1.

2.1. Study Factors

He studied two factors in experiment (first refers to the

addition of Bentonite improver at 4 concentrations (0, 2, 4, 6

g L−1); the second was adding four concentrations of humic

acid, which were (0, 0.5, 5, 10) g L−1. The first addition was

made twenty days after transferring plants from the plastic

dishes to the pots (separating plants), and the second was

made 21 days after the first addition. The treatments were ap-

plied in a factorial experiment using a “randomized complete

block design” with two factors and three replicates. Each

replicate contains 16 treatments (4*4*3 = 48 treatments).

The experimental unit includes 3 pots of plants. The total

number of pots for the experiment was 144. Analysis of vari-

ance was conducted, and means were compared according to

the Least Significant Difference test at the 0.05 level using

program VSN [24].

Table 1. Chemical and physical properties of soil.

Property Value Unit

pH 7.01

EC 3.25 ds m−1

N 18.20

mg kg−1P 12.45

K 10.50

CaCO3 180
gm kg−1

OM 17

CEC 9.22 Cmol+kg−1

Texture Sandy loamy

Particle Size Analysis

Clay 105

gm kg−1Slit 155

Sand 740

Figure 1. The stages of plant germination.

Table 2. properties of peat mousse.

Property Value Unit

pH 7.82 -

Ec 2.63 ds m−1

N 140

mg kg−1

P2O5 160

K2O 180

S 120

Mg 100
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Table 3. Chemical and physical properties of bentonite.

Bentonite

Property Value Unit

pH 6.85

EC 2.90 ds m−1

CaCO3 140 gm kg−1

CEC 70.50 Cmol+kg−1

Texture Clay

Particle Size Analysis

Clay 920

gm kg−1Slit 65

Sand 5

2.2. Study Indicators

2.2.1. Plant Height (cm)

Plant height was measured with a tape measure from

the soil surface of the pot, up to the highest end of the shoot,

and for all treatment plants at the end of flowering for each

experimental unit, from which the rate was calculated for

each treatment.

2.2.2. Number of Leaves per Plant (Leaf

Plant−1)

The number of leaves for each experimental unit was

calculated, and the average values for each treatment were

calculated.

2.2.3. Leaf Area (cm2 Plant−1)

Average leaf area was calculated by the method used in

Reference [25]. It was photographed using a scanner, and trans-

ferred to the Digitizer program loaded on the computer, by

taking three full-length leaves from each plant for treatment.

2.2.4. Leaf Content of Total Chlorophyll (mg

100g−1)

The chlorophyll content of leaves was estimated ac-

cording to the method of Reference [26], where a sample of

fresh leaves weighing 0.5 grams was taken from the fourth

leaf of the plant and 10 ml of acetone at a concentration of

80% was added to it. A ceramic mortar was used and the

tissue was completely crushed, and then 10 ml of acetone

was added to it. If the tissue becomes white, the solution is

filtered using Whatman No.1 filter paper, then the volume is

increased to 30 ml and the UV-Visible Spectrophotometer

is used to measure the optical absorption of dyes at the two

wavelengths 645 and 663 nm in the Postgraduate Studies Lab-

oratory, College of Agriculture, University of Al-Qadisiyah.

It was calculated by applying the following equation:

Total chlorophyll = 20.2 × D645 + 8.02 × D663 (V/W ×

1000) 100

D = optical absorption

V = final volume of extract

W = weight of paper tissue (g)

D663 = optical absorbance reading at wavelength 663 nm

D645 = optical absorbance reading at wavelength 645 nm.

2.3. Leaves Content Elements

2.3.1. Nitrogen (N)

Nitrogen was estimated according to method of Ref-

erence [27] using a Kjeldahl device. 10 ml of the digested

sample was taken and placed in a reaction flask. 10 ml of

sodium hydroxide (NaOH) was added at a concentration of

40%. The ammonia liberated after the distillation process

was collected in a glass flask containing 20 ml of acid. The

concentration of boric acid was 2%, and two drops of the

indicator mixture Methyl Red and Bromocresol Green were

added, and then the ammonia collected in the receiving flask

was ground with acid HCL, which was measured at (0.01),

and the following equation was applied: N%=

Volume of Acid Consumed dilution X Standard of acid

X 14 X volume of dilution

X 1000

Volume of Sample taken during distillation X Weight

of digested sample X1000

2.3.2. Phosphorus (P)

Phosphorus was determined by taking 10 ml of the

digested sample and placing it in a 50 ml volumetric flask.

Bring the volume to the mark by adding distilled water, then

withdraw 10 ml of the previous solution, add 0.1 g of ascor-

bic acid and 4 ml of ammonium moly date. Heat the flask

to boiling, then the color of the solution changed to blue

and the contents of the beaker were transferred to another

100 ml volumetric beaker, the volume was completed to the

mark with distilled water, and the samples were measured

by a UV-Visible Spectrophotometer, at a wavelength of 420

nm [27] in the Graduate Laboratory.
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2.3.3. Potassium (K)

The potassium content of the leaves was estimated ac-

cording to the method [27, 28]. 10 ml of the digested sample

was taken, diluted in a 50 ml glass beaker, supplemented to

the mark with distilled water, and the sample was read in a

flame photometer, and a series of concentrations of standard

potassium were prepared.

2.4. Flower Content of Anthocyanin (mg

100g−1)

Anthocyanin pigment in flower petals was estimated

by Reference [29], where 1 g of fresh flower petals was taken

and extracted in a solvent consisting of ethyl alcohol and

HCl (1.5N) at a ratio of 85:15, and 10 ml of the mixture was

added and crushed using a ceramic mortar, then 10 ml of

the mixture was added and the solution was filtered using

filter paper and the volume was completed to 30 ml and the

samples were read using a UV-Visible Spectrophotometer, at

a wavelength of 535 nm and calculated using the following

equation in the graduate studies laboratory, College of Agri-

culture, Al-Qadisiyah University (amount of anthocyanin =

volume of the solution used × extraction × dilutions × 100).

3. Results and Discussion

3.1. Plant Height

The results inTable 4 demonstrate that adding clay ben-

tonite 6 gm L−1 increased plant height (30.07 cm) compared

to control (12.02 cm). Findings additionally demonstrated

that the applying humic acid 6 gm L−1, resulted in a con-

siderable increase in plant height (23.84 cm), Compared to

control (18.00 cm). While the interaction findings showed

that adding bentonite 6 gm L−1, humic acid 10 gm L−1, re-

sulted in a substantial increase in plant height (37.52 cm)

compared to control (11.11 cm).

Table 4. Effect of bentonite clay and humic acid on plant height (cm) of Catharanthus roseus L.

Treatment
Humic Acid (gm L−1)

Mean Bentonite
0 0.5 1 10

Bentonite (gm L−1)

0 11.11 10.69 12.20 14.09 12.02

2 14.27 16.35 19.47 19.96 17.51

4 21.48 21.67 22.38 23.81 22.33

6 25.14 27.52 30.11 37.52 30.07

Mean humic acid 18.00 19.06 21.04 23.84

L.S.D (0.05)

Bentonite 0.395

Humic acid 0.395

Bentonite × Humic acid 0.790

3.2. Number of Leaves Plant

Table 5 shows that adding bentonite clay 6 gm L−1,

resulted in an increase of (76.62 leaf plant−1) compared to

control (34.82 leaf plant−1). Additionally, adding humic acid

10 gm L−1 resulted in a significant increase in plant height„

reaching 63.42 leaf plant−1, compared to control (54.35 leaf

plant−1). As a consequence, interaction findings revealed

that adding bentonite 6 gm L−1 and humic acid 10 gm L−1

resulted in a substantial increase in plant height (83.37 leaf

plant−1) when compared to the control (30.00 leaf plant−1).

3.3. Leaf Area Plant

Table 6 shows that adding clay bentonite 6 gm L−1,

increased the leaf area of plant (24.73 cm2 plant−1), com-

pared to control ( 10.23 cm2 plant−1). Results also revealed

that adding humic acid 10 gm L−1 resulted in a considerable

increase in plant height (20.22 cm2 plant−1),when compared

to the control treatment’s (16.16 cm2 plant−1), As a conse-

quence, interaction findings revealed that mixing bentonite 6

gm L−1 and humic acid 10 gm L−1 resulted in a substantial

increase in plant height (27.05 cm2 plant−1), as compared to

the control (8.22 cm2 plant−1).
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Table 5. Effect of bentonite clay and humic acid on the number of leaves (leaf plant−1) of Catharanthus roseus L.

Treatment
Humic Acid (gm L−1)

Mean Bentonite
0 0.5 1 10

Bentonite (gm L−1)

0 30.00 33.44 36.44 39.41 34.82

2 52.47 55.44 57.23 60.41 56.38

4 62.56 65.45 68.83 70.49 66.83

6 72.38 74.03 76.71 83.37 76.62

Mean humic acid 54.35 57.09 59.80 63.42

L.S.D (0.05)

Bentonite 0.376

Humic acid 0.376

Bentonite × Humic acid 0.752

Table 6. Effect of bentonite clay and humic acid on leaves area plant (cm2 plant−1) of Catharanthus roseus L.

Treatment
Humic Acid (gm L−1)

Mean Bentonite
0 0.5 1 10

Bentonite (gm L−1)

0 8.22 9.71 10.86 12.15 10.23

2 12.96 14.77 17.40 18.77 15.89

4 20.88 21.65 23.24 22.93 22.17

6 22.57 24.19 25.11 27.05 24.73

Mean humic acid 16.16 17.58 19.15 20.22

L.S.D (0.05)

Bentonite 0.350

Humic acid 0.350

Bentonite × Humic acid 0.700

3.4. Leaves Content Elements NPK%

The results in Tables 7–9 demonstrated that adding

bentonite clay 6 g L−1 increased the plant’s leaf content ele-

ments NPK, as it reached (2.27, 1.92, 1.99)%, compared to

the comparison treatment’s (1.13, 0.18, 0.79)%,Additionally,

the results demonstrated that adding humic acid at 10 g L−1

led to a significant increase in the plant’s leaf content ele-

ments NPK, as it reached (1.51, 1.22, 1.77)%, respectively.

compared to the comparison (1.07, 0.88, 1.50)%. Conse-

quently, the interaction demonstrated that adding bentonite

6 g mL−1, with humic acid 10 g mL−1, resulted in increase

the content of leaves elements NPK (2.10, 1.22, 1.77)% com-

pared to comparison, which amounted to (0.36, 0.36, 1.06)%.

Table 7. Effect of bentonite clay and humic acid on the (N%) of Catharanthus roseus L.

Treatment
Humic Acid (gm L−1)

Mean Bentonite
0 0.5 1 10

Bentonite (gm L−1)

0 0.36 0.40 1.30 1.11 0.79

2 0.84 0.33 1.40 1.10 0.92

4 1.33 1.16 1.72 1.73 1.48

6 1.75 2.03 2.08 2.10 1.99

Mean humic acid 1.07 0.98 1.62 1.51

L.S.D (0.05)

Bentonite 0.270

Humic acid 0.270

Bentonite × Humic acid 0.540
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Table 8. Effect bentonite clay, humic acid, their (P%) Catharanthus roseus L.

Treatment
Humic Acid (gm L−1)

Mean Bentonite
0 0.5 1 10

Bentonite (gm L−1)

0 0.36 0.10 0.12 0.13 0.18

2 0.43 1.12 1.14 1.18 0.96

4 1.25 1.27 1.34 1.38 1.31

6 1.47 1.88 2.13 2.19 1.92

Mean humic acid 0.88 1.09 1.18 1.22

L.S.D (0.05)

Bentonite 0.155

Humic acid 0.155

Bentonite × Humic acid 0.311

Table 9. Effect bentonite clay, humic acid, their (N%) Catharanthus roseus L.

Treatment
Humic Acid (gm L−1)

Mean Bentonite
0 0.5 1 10

Bentonite (gm L−1)

0 1.06 1.12 1.14 1.19 1.13

2 1.24 1.29 1.34 1.39 1.32

4 1.49 1.71 2.11 2.16 1.86

6 2.21 2.26 2.29 2.34 2.27

Mean humic acid 1.50 1.59 1.72 1.77

L.S.D (0.05)

Bentonite 0.050

Humic acid 0.050

Bentonite × Humic acid 0.100

3.5. Leaf Content of Total Chlorophyll

Table 10’s results showed that adding clay bentonite

increased the amount of total chlorophyll in leaves when ap-

plied at a rate of 6 gm L−1, or 23.74 mg 100g−1, in compari-

son to 12.25 mg 100g−1 of the control treatment. The results

also demonstrated that, in comparison to the control (16.54

mg 100g−1), adding humic acid at 10 g mL−1 , significantly

increased plant height, reaching 19.89 mg 100g−1. Thus,

findings of the interaction indicated that adding bentonite at

6 g mL−1 along with humic acid at 10 g mL−1 resulted in a

significantly higher plant height (26.92 mg 100g−1) than the

control (0.82 mg 100g−1).

3.6. Flower Content of Anthocyanin

The results in Table 11 showed that adding clay ben-

tonite increased floral content of total anthocyanin (5.49 mg

100g−1), compared to the control (2.60 mg 100g−1). The re-

sults also revealed that adding humic acid 10 gmL−1 resulted

in a substantial increase in plant height (4.22 mg 100g−1 ),

when compared to the control (3.51 mg 100g−1). As a result,

interaction findings revealed that combining bentonite 6 g

mL−1 and humic acid 10 g mL−1 , resulted in a substantial

increase in plant height (6.14 mg 100g−1) when compared

to the control (2.15 mg 100g−1).

4. Discussion

We note from Tables 4–6 that the addition of bentonite

clay and humic acid achieved an increase in the vegetative

growth characteristics (plant height, number of leaves, and

leaf area) of Catharanthus roseus L. This increase is due to

the fact that the addition of bentonite improved the physi-

cal, chemical and biological properties of the soil, including

cation exchange [30], Meanwhile, the addition of humic acid

activated physiological processes and caused an increase

in vegetative growth, which led to increased plant, height

and number of plant leaves. Humic acid is distinguished

by its ability to provide an acidic medium that helps bind

with positive ions and protects them from precipitation. It

also plays an important role in the permeability of the cell

membrane and its importance in the transport and readiness
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Table 10. Effect of bentonite clay and humic acid on the leaf content of total chlorophyll (mg 100g−1) of Catharanthus roseus L.

Treatment
Humic Acid (gm L−1)

Mean Bentonite
0 0.5 1 10

Bentonite (gm L−1)

0 10.82 11.87 12.78 13.52 12.25

2 14.34 16.40 16.82 17.85 16.35

4 19.22 19.18 20.25 21.29 19.98

6 21.80 22.47 23.77 26.92 23.74

Mean humic acid 16.54 17.48 18.41 19.89

L.S.D (0.05)

Bentonite 0.226

Humic acid 0.226

Bentonite × Humic acid 0.452

Table 11. Effect of bentonite clay and humic acid on the flower content of total anthocyanin (mg 100g−1) of Catharanthus roseus L.

Treatment
Humic Acid (gm L−1)

Mean Bentonite
0 0.5 1 10

Bentonite (gm L−1)

0 2.15 2.28 2.85 3.13 2.60

2 3.25 3.32 3.37 3.41 3.34

4 3.52 3.88 4.14 4.20 3.93

6 5.13 5.19 5.52 6.14 5.49

Mean humic acid 3.51 3.67 3.97 4.22

L.S.D (0.05)

Bentonite 0.108

Humic acid 0.108

Bentonite × Humic acid 0.217

of micronutrients and nutrient absorption [31]. It also has a

role in modifying the degree of soil interaction and increas-

ing the readiness of nutrients, which have an important role

in plant nutrition. It increases the activity of microorgan-

isms and transforms them into forms from which the plant

benefits, and thus increases indicators of vegetative growth,

including plant height, number of leaves, and increase in

leaf area [32]. While Tables 7–9 show that the significant

response to adding bentonite and humic acid in chemical

indicators is due to the role of these improvers by increasing

the nitrogen and carbon elements and reducing the degree

of reaction, which helps in the growth of the root system

and thus increases the absorption of nutrients [33]. Bentonite,

which is a source of montmorillonite, works to increase the

specific surface area, which contributes to improving soil

fertility and readiness plant nutrients [34]. The reason for the

increase in phosphorus, is due to addition of bentonite clay

and humic, which led to improving the enzymatic properties

in the soil, including the phosphate enzyme in soil, which

releases phosphorus and improves its availability in soil [35].

The reason is the increase in potassium in the plant in

Table 10, which is due to the ability of humic acid to stimulate

nitrogen-fixing isobacteria and increase surface area root hairs,

which leads to absorption of potassium and thus improves plant

growth through the secretion of chemical compounds that im-

prove plant growth, such as the secretion of cytokinins [19, 36].

Tables 10 and 11 showan increase in chlorophyll, and antho-

cyanins. This is due to the increase in nitrogen concentration

in leaves, which led to the absorption of elements from hu-

mic acid, resulting in higher concentrations in the plant and

increased vital activitiest, such as enhanced photosynthesis,

which leads to an increase in chlorophyll and thus an increase

in plant’s need for the elements [37–39].

5. Conclusions

The study indicates the significant effect of bentonite

clay and humic acid on the absorption of nutrients in the pink

Catharanthus plant L., specifically regarding the interference

parameters. Adding a mixture of bentonite clay and humic

acid led to a significant increase in plant growth (increased

height, number of leaves, and surface area of leaves), as well

as improving the chemical characteristics of the plant (in-
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creased leaves’ content of chlorophyll, increased leaves’ con-

tent of nitrogen, phosphorus, and potassium, and increased

flowers and their content of anthocyanin pigment), compared

to the non-additive agent. The study indicates that these envi-

ronmentally friendly natural amendments, such as bentonite

clay, can work in a better way. It is effective in improving

the absorption of nutrients from the soil, which is reflected in

plant growth, and reduces the use of chemical fertilizers and

pesticides that cause effects on the environment. The study

also showed that these amendaments can serve as a viable

alternative to chelators, which cause many side effects.
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