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Illite, a 2:1 clay mineral of silica-alumina-silica layer, includes high potassium (K) content. Despite of being
used as a material in various industries including agriculture, the relatively insufficient physico-chemical
properties such as relatively low cation exchangeable capacity (CEC) limit its usage in agricultural practices.
The aim of this study is to investigate effects of illite-containing prototypes on soil and tomato growth. To
achieve these goals, we made two types of illite-containing prototype; prototype-A (illite- and microbes-containing product for soil amendment), and prototype-B (illite- and NPK-containing product for plant growth
promotion). Four weeks-old tomato seedlings were transplanted into soils after 5 days of different treatments.
At 60 days after treatment, soil and plant were harvested from each treatment, and used for further analysis. A
prototype-A for soil amendment showed enhanced EC and exchangeable K (p < 0.05), and, interestingly,
lowered soil pH. A prototype-B for plant growth promotion increased significantly photosynthesis, thereby
enhancing growth rate (dry weight) and nutrient uptake (p < 0.05). Additionally, a prototype-B affected
positively the levels of antioxidant activities in the leaves and fruits (p < 0.05). In this context, our observations
suggest that illite-containing products could be possible for agricultural use, and, despite the findings, further
study is strongly required to validate the effects of illite-containing products such as prototype-A and -B, and
to find out unknown effects.
Keywords: Illite, Illite-containing fertilizer, Soil amendment, Tomato growth

Application effect of illite-containing prototype on soil chemical properties and tomato growth.
Ⓒ The Korean Society of Soil Science and Fertilizer. This is an Open Access article distributed under the terms of the Creative Commons Attribution NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Effects of Illite-Containing Fertilizer Prototype on Soil Chemical Property and Tomato Growth ∙ 339

Introduction
Clay minerals are well known to improve physical (i.e., water retention) and chemical (i.e., cation exchangeable
capacity) properties of soils. Therefore, an agricultural use of clay minerals including illite have gradually been
enlarged to take advantages like soil amendment and crop growth promotion (Zhang and Park, 2007). Illite is a
non-expanding clay mineral which is structured by 2:1 of silica-alumina-silica layer, and contains high potassium
(K) (Barré et al., 2006). Illite is generally considered to have a relatively low capacity to hold and release
exchangeable ions such as Ca, Mg and Na, but a high potential to accumulate K into the soils (Barré et al., 2006). A
majority of clay minerals including illite have been extensively examined to elucidate their effects on soil
amendments, especially heavy metal-derived soil toxicity (Yin et al., 2015). Potassium (K), which is the most
abundant cation accounting up to 10% on dry weight basis, plays important roles in plant growth and development
(Leigh and Jones, 1984). Supplemental K application enhances the enzymatic and non-enzymatic antioxidative
activities and plant growth. Moreover, K-fed plants significantly increase the synthesis of osmolytes such as free
proline, amino acids and sugars (Ahanger and Agarwal, 2017). Besides, a huge number of enzymes is either
absolutely dependent on or stimulated by K, and contributes to cell elongation and osmotic adjustment (Bhandal
and Malik, 1988). The adequate K application could enhance primary and secondary metabolites including
antioxidative compounds (Nava et al., 2007; Liaqat et al., 2012; Zareei et al., 2018), and increased total phenols,
flavonoids and antioxidant activity (DPPH, FRAP) in tomato leaves (Chrysargyris et al., 2017) and basil
(Salas-Pérez et al., 2018). Therefore, it is carefully considered that an illite including high K might also enhance
antioxidative activities as applied into the soil. All things taken together, it is expected that high K-containing illite
has direct and/or indirect effects on soil amendment and plant growth promotion. The aim of this study is to
investigate the effects of illite-containing fertilizer prototypes for soil amendment and crop growth on the basis of
physico-chemical properties of natural illite. To do these goals, we investigated the effect of the application of
different types of illite-containing fertilizer prototype, soil ameliorant and plant growth promotion.

Materials and Methods
Physico-chemical properties of illite and illite-containing prototype production An illite was mined at
Youngdong-gun, Chungbuk province, and physico-chemical properties were analyzed (Table 1). The silicon
dioxide (SiO2) and aluminium oxide (Al2O3) were major chemical components, and, as physical properties, the
thickness, diameter, base space and particle density were 30 Å, 10 Å and 2.6 g cm-3. Suitable microbe and a bonding
agent were selected based on prior to developing a prototype for soil amendment and crop growth promotion, and
some properties such as plasticity, collapse and hardness were measured. The materials and combination to develop
the illite-containing fertilizer prototypes were shown in Table 2, and the prototypes produced were represented in
Fig. 1.
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Table 1. Physico-chemical properties of illite used in this study.
Physical
Properties

Chemical (%)

Thickness
(Å)

Diameter
(nm)

Base space
(Å)

Particle density
(g cm-3)

SiO2

Al2O3

Fe2O3

K2O

CaO

TiO2

30

0.1 - 0.3

10

2.6

57.5

23.3

6.76

6.43

0.1

0.38

Table 2. Materials and combination for illite-containing fertilizer prototypes.
Application

Soil amendment
(Prototype A)

Role

Materials
-1

Enhancement

Bacillus safensis HC42 powder (3.0 × 10 cfu g )
Bacillus subtilis wp (1 × 1010 cfu g-1)

0.1
0.1

Main body

Illite (200 mesh)

85

Binding agent

Starch, Molasses

13

Surfactant

FD-100PX

Sum

Plant growth
promotion
(Prototype B)

Application rate (%)
9

2
100

Chemical fertilizer

Urea
KH2PO4
KCl

Supplement

Amino acid

Main body

Illite (200 mesh)

45

Binding agent

Starch, Boric acid (H2BO3), Molasses

14

Surfactant

FD-100PX

Sum

20
5
9
5

2
100

Fig. 1. Illite-containing prototypes for soil amendment (prototype-A, A) and plant growth promotion (prototype-B, B).

Plant materials, treatment and sampling Seeds of tomato (cv. Superdotaerang) were sown in a plug pot
(128-holes), and uniformly growing seedlings were selected and transplanted into plug pots (2 × 36-holes) at 2 weeks
after sowing and grew further 2 weeks for an experimental use. Four-weeks-old tomato plants were transplanted
into plastic containers (20 cm width × 30 cm height) including soils of 15 kg. Two types of treatment were subjected
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to this study; 1) control, dolomite limestone, illite and prototype-A for soil amendment and 2) control, illite, NPK
and prototype-B for plant growth promotion (Table 2). Firstly, an experimental soil (see the Table 3 for chemical
property) was mixed with dolomite limestone, illite, prototype-A or prototype-B prior to 5 days of transplanting.
The application rate of dolomite limestone, illite, prototype-A and -B was adjusted to 2,000 kg ha-1. A treatment of
chemical fertilizer (NPK) was estimated on the basis of soil testing (N, 204 kg ha-1; P, 103; K, 122). N (urea) and
K (potassium chloride) were split as top (60%) and side (40%, with 3 splits) dressing, and P (monopotassium
phosphate) was applied as a basal dressing. Soils from each treatment were carefully taken for the analysis of soil
chemical properties (n = 3). Tomato plants displaying the similar growth (n = 5) within each treatment (n = 8) were
taken between 10:00 - 12:00 to avoid diurnal effects on the physiological changes at 60 days after the initiation of
treatment. After harvest, leaves, stems and fruits were briefly rinsed with deionized water and stored at -80°C prior
to the measurement of antioxidative activities after freezing in liquid nitrogen or oven-dried at 80°C for 48 h for
mineral nutrient analysis.
Table 3. Effect of illite-containing soil ameliorant (prototype-A) application on soil chemical properties.
EC
(1:5)

O.M.
(g kg-1)

Avail. P2O5
(mg kg-1)

K

Ca

Mg

CEC
(cmol kg-1)

6.3 c

0.19 a

8.0 a

136 b

0.40 a

4.1 c

1.6 a

10.7 a

Control

6.6 d

0.18 a

7.4 a

159 d

0.38 a

4.2 c

1.8 c

10.5 a

Dolomite limestone

6.4 c

0.46 d

7.2 a

113 a

0.67 c

4.1 c

1.7 b

11.4 b

Illite

5.9 b

0.38 c

7.9 a

145 c

0.67 c

4.0 b

1.7 b

10.9 ab

Prototype-A

5.5 a

0.36 b

8.0 a

134 b

0.43 b

3.7 a

1.6 a

10.9 ab

Treatment

Before

After

Exch. cations (cmolc kg-1)

pH
(1:5)

Time

Analysis of soil and plants The chemical analysis of soil and plant was followed by the recommended
methods (Lee et al., 2017a, 2017b). In order to measure soil chemical properties (n = 3), the fresh soil samples (5 g)
were extracted with 25 mL of ddH2O for pH and electric conductivity (EC) and 25 mL of 2 M KCl for 30 min for
inorganic N (nitrate- and ammonium-N), filtered, and measured with a pH/EC meter and nitrogen analyzer (440
nm, Bran+Luebbe, Germany), respectively. For the measurement of available P2O5, the dried soil samples (5 g,
<0.053 mm) were extracted with a lancaster buffer (pH 4.25) and measured with a UV-spectrophotometer (720 nm,
UV-2450, Shimadzu, Japan) after the filtration (Whatman No. 2). The exchangeable cations of dried soil samples
were measured with an ICP (INTEGRA XMP, GBC, Australia) after the extraction (1 N CH3COONH4, pH 7.0) and
filtration (Whatman No. 2), and a cation exchange capacity (CEC) was calculated with the method (NIAST, 2010).
In order to analyze mineral nutrients of plants (n = 5), the powdered samples (100 mg, DW), leaves, stems and
fruits, were mixed with 5 mL of 368 mmol-1 L salicylic acid in 84.7% sulfuric acid (H2SO4, v/v) for 24 h and
wet-digested at 300°C for 6 h, followed by the addition of several drops of hydrogen peroxide (H2O2). The extract
was transferred to a 100 mL volumetric flask and diluted to 100 mL with deionized water for the mineral assays.
Nitrogen concentration was determined using an automatic flow injection analyzer (Bran+Luebbe, Germany).
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Phosphorus concentration was measured using the molybdate-blue colorimetry method using a UV spectrophotometer (UV-2450, Shimadzu, Japan). The cations including K, Ca, Mg, Fe, Cu, Mn and Zn, were measured using an
ICP-OES equipment (INTEGRA XMP, GBC, Australia) according to the manual.
Photosynthetic characteristics A portable photosynthesis device (ADC LCpro+, ADC BioScientific Ltd, UK),
equipped with a square chamber (6.25 cm2), was used for measurements of CO2 fixation (A), transpiration rate (E)
and stomatal conductance (gs). The quantum flux density from solar radiation at the time of assay was 800 ± 50
µmol m-2 s-1 and the CO2 level was 400 ± 10 µmol. The measurement was performed from 10:00 am to 14:00 pm to
avoid a marked variation in photosynthesis occurring after midday.
Analysis of total polyphenols and flavonoids The freeze-dried powdered tomato leaves (0.2 g) were
extracted with 15 mL of 70% EtOH for 0.5 h with 200 rpm of shaking. The extracts were centrifuged, filtered
through 0.45-µm filters, and measured with slight modification of Folin-Ciocalteu method (Folin and Denis, 1912).
Briefly, 250 µL of the aliquot was mixed with 5.0 mL distilled water including 2% of Na2CO3, reacted for 30 min at
darkness after an addition of 250 µL of Folin-Ciocalteu reagent. The absorbance of the extracts was measured at
750 nm. The different concentrations (0 - 500 µg mL-1) of gallic acid were used as the standard and the results were
expressed as µg gallic acid equivalents (µg GAE g-1) of fresh weight. For measurement of total flavonoids (Moreno
et al., 2000), after same extraction, 500 µL of the extracts was mixed with 2.0 mL distilled water and 150 µL of
NaNO2, 300 µL of 10% AlCl3·6H2O was added into the mixture, and, finally, 1,000 µL of 1 M NaOH was added.
The absorbance of the extracts was measured at 510 nm. The different concentrations (0 - 500 µg mL-1) of catechin
were used as the standard and the results were expressed as µg catechin equivalents (µg g-1) of fresh weight.
Determination of antioxidant activities The freeze-dried powdered tomato leaves (0.2 g) were extracted with
15 mL of 70% EtOH for 0.5 h with 200 rpm of shaking. The extracts were centrifuged, filtered through 0.45-µm
filters, and used to determine antioxidant activities with two assays; 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH). The ABT assay was measured with slight modification
of the method (Re et al., 1999). Firstly, the ABTS radical cation (ABTS+) was produced by reacting 7.4 mM ABTS
solution with 2.6 mM potassium persulfate, stood in darkness for 24 h, and then diluted with distilled water to an
absorbance of 1.0 ± 0.02 at 735 nm before use. The extract (200 µL) was mixed with 4 mL of ABTS+ solution, and
the absorbance was measured at 735 nm after 0.5 h of dark incubation. Free radical scavenging activity was
measured using the DPPH assay using the method (Blois, 1958). The aliquot (750 µL) was mixed with 3 mL of 0.2
mM DPPH solution. After darkness for 0.5 h, the absorbance was measured at 525 nm. The result was expressed as
a percentage (%) of scavenging activity.
Experimental design and statistical analysis The experimental design was followed by the completely
randomized design (n = 8), and, of those, soils (n = 3) and plant (n = 5) were taken for the analysis. Statistical analysis
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for all measurements was performed using SAS software (version 9.2). Data were subjected to one-way ANOVA. If
the ANOVA yielded a significant F value (p < 0.05), the differences between treatments were compared using
Tukey’s range test.

Results and Discussion
Effects of illite-containing prototype (A) on soil chemical properties After 60 days of treatment, the
rhizosphere soils were carefully obtained from each treatment (n = 3); control, dolomite limestone, illite and prototype-A. As shown in Table 3, an application of illite resulted in an increase in EC (p < 0.05), however, decreased
soil pH. In contrast, prototype-A showed significant decrease in soil pH (from 6.3 to 5.5) and increase in EC (from
0.2 to 0.4) (p < 0.05). These findings are consistent with the previous studies examining different types of illite on
soil chemical properties (Kim et al., 2010; Lee et al., 2010). Additionally, the illite treatment showed a dramatic
increase in CEC (p < 0.05), whereas a prototype-A containing illite was not significantly differed from the control.
It is presumably considered that sugar and microbes added as a binding agent and enhancer led to the decrease in
soil pH, and thus lower pH limited an increase in CEC. An application of organic and inorganic fertilizers resulted
in an obvious decrease in soil pH due to chemical and biological reactions (Kang et al., 2004; Pyakurel et al., 2019;
Yousfi et al., 2021). In this context, the substrates such as sugar and microbes are responsible for decreasing soil
pH, thereby releasing organic acids which are the decomposed products by microbes. According to our results, a
prototype-A is believed to contribute to lowering soil pH and increasing EC. Therefore, we concluded that a
prototype-A could be used as a possible soil ameliorant to adjust an alkaline soil with the supply of K into soil.
Effects of illite-containing prototype (B) on plant growth A prototype-B (illite-containing fertilizer)
enhanced growth rate (dry weight-based per plant) and the uptake of some of macronutrients in tomato plants
(leaves + stems + fruits) obtained at 60 days after treatment (p < 0.05) (Table 4). The growth rate of tomato plants
was about 4 times greater than the control, and the uptake of N, P, K, Ca and Mg was 3.2 to 4.3-fold increase (4.3,
3.2, 3.2, 4.1 and 3.7, respectively) compared to the control. Given that the results from a NPK treatment, a
prototype-B showed obvious effects on the uptake of N, P, K and Ca, which was not significantly differed from a
Table 4. Application effect of illite-containing fertilizer (prototype-B) on the growth and nutrient uptake† of tomato
plants.
Treatment

Dry weight
(g plant-1)

T-N

P2O5

K2O

CaO

MgO

-1

--------------------------------------- (mg plant ) ---------------------------------------

Control

11.0 ± 3.5 a

167 a

86 a

412 a

68 a

36 a

Illite

15.4 ± 1.5 b

277 b

127 b

540 b

98 b

53 b

NPK

50.8 ± 3.7 d

820 c

324 c

1,562 c

291 c

194 d

Prototype-B

39.9 ± 7.1 c

714 c

277 c

1,326 c

279 c

132 c

†

Uptake indicates the sum of leaves, stems and fruits of tomato plants.
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NPK treatment, although the growth rate was lower in a prototype-B. Our results were in line with previous
observations from pepper (Lee et al., 2010, 2012a, 2012b, 2014) and cherry tomato (Kim et al., 2010). In a view of
a practical use, it is suggested that a prototype-B could certainly improve plant growth and mineral uptake.
The photosynthetic characteristics measured at 60 DAT was positively related to an application of a prototype-B
(Table 5). An intercellular CO2 concentration, an indicator of CO2 consumption by CO2 fixation reaction in the
mesophyll, showed a significant reduction, which was about 27% lower compared to the control. Additionally, CO2
fixation rate in a prototype-B-applied tomato plants was 8.7 µmol m-2 s-1, which indicated about 3.3 times greater (p
< 0.05) than the control and similar level to NPK treatment, whereas transpiration and stomatal conductivity were
not differed between treatments. Many evidences have been reported that increasing or optimized N supply affects
the N content in leaves, which is mainly located in the photosynthetic protein complex, thereby enhancing
photosynthesis (Vos et al., 2005; Liu et al., 2019; Yue et al., 2021). Given that previous observations, a prototype-B
is considered to influence positively the photosynthesis, and is followed by enhancing dry weight. We also
examined some of antioxidant activities such as polyphenols, flavonoids, ABTS+ and DPPH, which were known to
reduce an oxidative damage under biotic and abiotic stresses, from leaves and fruits tomato plants (Table 6). A
prototype-B affected positively total polyphenols and flavonoids, which showed about 26 and 35% increase (p <
0.05) compared to the control, in the leaves, whereas the ABTS+ and DPPH were not differed from the control. In
the fruits, total polyphenols and ABTS+ were significantly increased by a prototype-B treatment, whereas total
flavonoids were lower compared to the control (p < 0.05). A previous study (Lee et al., 2014) also observed that an

Table 5. Application effect of illite-containing fertilizer (prototype-B) on photosynthetic characteristics of tomato plants.
Intercellular CO2
(µmol mol-1)

CO2 fixation
(µmol m-2 s-1)

Transpiration
(mmol m-2 s-1)

Stomatal conductance
(µmol m-2 s-1)

Control

340 b

2.6 a

8.2 a

0.22 a

Illite

332 b

3.7 b

8.5 a

0.21 a

Treatment

NPK

288 a

8.9 c

8.8 a

0.24 a

Prototype-B

291 a

8.7 c

8.8 a

0.24 a

Table 6. Application effect of illite-containing fertilizer (prototype-B) on antioxidant activities of tomato leaves and fruits.
Organ

Leaves

Total polyphenols
(mg g-1, FW)

Total flavonoids
(mg g-1, FW)

ABTS+
(%)

DPPH
(%)

Control

8.6 a

2.9 a

57.2 c

94.0 b

Illite

9.5 b

3.1 a

68.5 d

94.4 b

NPK

8.6 a

2.8 a

29.1 a

90.5 a

Treatment

Prototype-B

Fruits

10.8 b

3.9 b

47.6 b

94.3 b

Control

5.7 a

1.0 b

87.2 b

95.9 a

Illite

5.3 a

1.1 b

87.6 b

95.9 a

NPK

7.1 b

0.7 a

52.0 a

95.4 a

Prototype-B

7.3 b

0.8 a

99.4 c

95.5 a
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application of illite resulted in the significant increase in some of antioxidants from Saururus chinensis leaves, and
this was in line with our finding. Taken together, it is expected an obvious enhancement of some of antioxidants in
a prototype-B application is a synergistic effect of illite and chemical fertilizer. Therefore, one possible assumption
could be carefully suggested that higher growth (Table 4) in a prototype-B application led to more soluble
carbohydrate synthesis, expressed as a photosynthesis, (Table 5), and an activated translocation of photoassimilates
from leaves to fruits resulted in secondary metabolites (antioxidants) (Table 6).
In conclusion, the application of a prototype-A, illite- and microbes-containing soil ameliorant, showed positive
effects on an abundance in soil chemical properties such as EC and exchangeable K, and is also observed to be
lowered in soil pH although further survey is strongly required. In addition, a prototype-B, illite- and NPK-containing fertilizer for plant growth promotion, also showed to have positive effects on tomato growth and antioxidant
activities. Therefore, illite-containing prototypes for agricultural use could be helpful to enhance soil chemical
quality and plant growth.

Acknowledgement
This research was performed with the financial support of Korea Institute of Ceramic Engineering & Technology
(2020).

References
Ahanger, M.A. and Agarwal, R.M. 2017. Potassium up-regulates antioxidant metabolism and alleviates growth
inhibition under water and osmotic stress in wheat (Triticum aestivum L). Protoplasma 254:1471-1486.
Barré, P., Velde, B., and Abbadie, L. 2006. Dynamic role of “illite-like” clay minerals in temperature soils: facts and
hypotheses. Biogeochemistry 82:77-88.
Bhandal, I.S. and Malik, C.P. 1988. Potassium estimation, uptake, and its role in the physiology and metabolism of
flowering plants. Int. Rev. Cytol. 110:205-254.
Blois, M.S. 1958. Antioxidant determinations by the use of a stable free radical. Nature 181:1199-1200.
Chrysargyris, A., Drouza, C., and Tzortzakis, N. 2017. Optimization of potassium fertilization/nutrition for growth,
physiological development, essential oil composition and antioxidant activity of Lavandula angustifolia Mill. J.
Soil Sci. Plant Nutr. 17:291-306.
Folin, O. and Denis, W. 1912. Tyrosine in proteins as determined by a new colorimetric method. J. Biol. Chem. 12:
245-251.
Kang, G.H., Kang, B.H., Park, K.D., Chung, K.Y., Sohn, B.K., Ha, H.S., Heo, J.S., and Cho, J.S. 2004. Effects of
condensed molasses soluble on chemical and biological properties of soil, and nitrogen mineralization. Korean J.
Soil Sci. Fert. 37:124-130.
Kim, H.J., Kim, H.K., Kwon, S.M., Lee, S.E., Woo, S.H., Park, M., and Chung, K.Y. 2010. Effect of the clay mineral
illite on the growth of cherry tomato in the bed soil. Korean J. Soil Sci. Fert. 43:322-328.
Lee, D.G., Lee, S.E., Kim, D.H., Hong, H.K., Nam, J.H., Choi, J.S., Lee, M.S., Woo, S.H., and Chung, K.Y. 2012a.
Effects of the applications of clay minerals on the early growth of red pepper in growing medium. Korean J. Hort.

346 ∙ Korean Journal of Soil Science and Fertilizer Vol. 54, No. 3, 2021

Sci. 30:463-470.
Lee, K.S., Kim, G.H., Seong, B.J., Kim, S.I., Han, S.H., Lee, S.S., Lee, M., and Yoo, C.H. 2014. Bioactive components
and volatile compounds according to illite addition in Saururus chinensis baill cultivation. Korean J. Med. Crop
Sci. 22:188-195.
Lee, S.B., J.K. Sung, Y.J. Lee, J.E. Lim, Y.S. Sung, D.B. Lee, and S.Y. Hong. 2017a. Analysis of soil total nitrogen and
inorganic nitrogen content for evaluating nitrogen dynamics. Korean J. Soil Sci. Fert. 50:100-105.
Lee, S.E., Kim, D.H., Hong, H.K., Kwon, S.M., Lee, M.S., Woo, S.H., and Chung, K.Y. 2012b. Effect of different
levels of applications of illite on the growth of red pepper in soil. Korean J. Soil Sci. Fert. 45:339-343.
Lee, S.E., Kim, H.K., Kwon, S.M., Kim, H.J., Yoo, R.B., Baek, K.T., Lee, M.S., Woo, S.H., Park, M., and Chung, K.Y.
2010. Effect of different levels of applications of illite on the growth of red pepper (Capsicum annuum L.) in bed
soil. Korean J. Soil Sci. Fert. 43:852-857.
Lee, Y.J., J. Sung, S.B. Lee, J.E. Lim, Y.S. Song, D.B. Lee, and S.Y. Hong. 2017b. Plant analysis methods for evaluating
mineral nutrient. Korean J. Soil Sci. Fert. 50:93-99.
Leigh, R.A. and Jones, R.G.W. 1984. A hypothesis relating critical potassium concentrations for growth to the distribution and functions of this ion in the plant cell. New Phytol. 97:1-13.
Liaqat, A., Beatrix, W.A., Anna, K.R., Birgitta, S., Tim, N., and Marie, E.O. 2012. Effects of nutrition strategy on the
levels of nutrients and bioactive compounds in blackberries. Eur. Food Res. Technol. 234:33-44.
Liu, J.Z., Yuan, J.C., Zhou, K., Liang, Y., Yan, X.G., Zhang, H.X., Ren, J., and Cai, H.J. 2019. Effect of different
nitrogen fertilizer application rates on photosynthetic characteristic and yield. J. Maize Sci. 27:151-157.
Moreno, M.I.N, Isla, M.I., Sampietro, A.R., and Vattuone, M.A. 2000. Comparison of the free radical-scavenging
activity of propolis from several regions of Argentina. J. Ethnopharmacol. 71:109-114.
Nava, G., Dechen, A.R., and Nachtigall, G.R. 2007. Nitrogen and potassium fertilization affect apple fruit quality in
southern Brazil. Commun. Soil Sci. Plant Anal. 39:96-107.
NIAST. 2010. Methods of soil chemical analysis, National Institute of Agricultural Sciences, Wanju, Korea.
Pyakurel, A., Dahal, B.R., and Rijal, S. 2019. Effect of molasses and organic fertilizer in soil fertility and yield of spinach
in Khotang, Nepal. Int. J. Appl. Sci. Biotechnol. 7:49-53.
Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., and Rice-Evans, C. 1999. Antioxidant activity applying
an improved ABTS radical cation decolorization assay. Free Radical Biol. Med. 26:1231-1237.
Salas-Pérez, L., Fornari-Reale, T., Preciado-Rangel, P., Garcia-Hernández, J.L., Sánchez-Chávez, E., and Troyo-Diéguez,
E. 2018. Cultivar variety and added potassium influence the nutraceutical and antioxidant content in hydroponically
grown basil (Ocimum basilicum L.). Agronomy 8:13.
Vos, J., Van Der Putten, P.E.L., and Birch, C.J. 2005. Effect of nitrogen supply on leaf appearance, leaf growth, leaf
nitrogen economy and photosynthetic capacity in maize (Zea mays L.). Field Crops Res. 93:64-73.
Yin, F., Wang, H.J., Li, Y.Y., Li, Q.C., He, S.J., and Wang, H.B. 2015. Remediation of multiple heavy metal polluted
soil using different immobilizing agents. J. Agro-Environ. Sci. 34:438-448.
Yousfi, S., Marín, J., Parra, L., Lloret, J., and Mauri, P.V. 2021. A rhizogenic biostimulant effect on soil fertility and
roots growth of turfgrass. Agronomy 11:573.
Yue, K., Li, L., Xie, J., Fudjoe, S.K., Zhang, R., Luo, Z., and Anwar, S. 2021. Nitrogen supply affects grain yield by
regulating antioxidant enzyme activity and photosynthetic capacity of maize plant in the loess plateau. Agronomy
11:1094.
Zareei, E., Javadi, T., and Aryal, R. 2018. Biochemical composition and antioxidant activity affected by spraying
potassium sulfate in black grape (Vitis vinifera L. cv. Rasha). J. Sci. Food Agric. 98:5632-5638.
Zhang, Y.S. and Park, C.W. 2007. Illite. Korean J. Soil Sci. Fert. 29:15-18.

