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Abstract: Currently, there is a distinct necessity to devise novel, efficient, and environmentally
sustainable techniques for enhancing plant growth and safeguarding crops. Plant-derived extracts
are novel, natural, and multi-component products that may be utilized for these objectives.
According to previous observations, Psidium guajava, Aloe vera, Allium sativum, and Medicago sativa
from 17 water extracts were chosen to study how application times through soil sprays affect
antioxidant enzymes and secondary metabolites in vegetable and rice plants at different growth
stages. From 1 week after sowing (WAS) to 4 WAS, all applications increased shoot fresh weight by
27-79% in cucumbers, 29-64% in tomatoes, 33-65% in kale, 37-63% in lettuce, and 28-67% in rice.
These applications also increased photosynthesis, flavonoids, and antioxidative enzymes (ascorbate
peroxide, APOD, and guaiacol peroxidase, GPOD), providing plants with a balanced supply of
nutrients essential for growth. These results suggest that using such natural extracts could be an
efficient and environmentally sustainable approach to improve crop growth and enhance metabolic
synthesis, especially for cucumber, kale, and rice cultivated in greenhouse conditions.

Keywords: antioxidative enzyme; enhanced growth; plant extracts; rice; secondary metabolites;
vegetables

1. Introduction

In the past decade, increasing awareness of the harmful effects of synthetic fertilizers and
pesticides has stimulated interest in organic agricultural practices [1-3]. The risks associated with
agriculture have resulted in the application of synthetic pesticides, which, while advantageous for
crop yield and protection, raise concerns about their long-term detrimental effects on cropping
systems [4,5]. The development of innovative, efficient, and ecologically friendly methods for
improving plant growth and crop protection is an urgent need at the present time. Biostimulants,
characterized as agents or materials apart from nutrients and chemicals (pesticides, insecticides etc.)
that modulate physiological processes in plants to promote growth, have gained prominence over
the past decade [6]. The worldwide market for these products was valued at $2.6 billion in 2019, and
experts anticipate it will reach over $4 billion in 2025 [7].

Nevertheless, certain botanicals have been identified as biostimulants [8,9]. Using plant
biostimulants that enhance nutrient absorption and use efficiency could potentially help reduce the
need for mineral fertilizers [10,11]. Moreover, a peer-reviewed scientific evaluation is necessary to
comprehend plant-derived substances, including biostimulants [12]. Thus, recognizing and
comprehending the functional bioactivity of botanicals may hold significant value for both the
agricultural sector and consumers [8,9]. Researching the role of a botanical compound within the
receiving plant may necessitate careful observation due to the fact that plants, being sessile
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organisms, have developed specialized mechanisms to detect and process various stimuli [13-16].
Recently, many studies have gone into more detail and explained different biological processes that
happen in plants when they connect with their ultimate environment [17-21]. Some studies revealed
stimulatory responses in the growth of vegetables with improved plant height, number of leaves,
root growth, fresh and dry weight, while significant alterations were indicated in plant metabolites
such as chlorophyll, carotenoids, soluble sugars, and antioxidative enzymes, etc., due to aqueous
garlic extract applications [12].

Plants have developed highly efficient enzymatic antioxidant defense mechanisms to scavenge
reactive oxygen species and safeguard cells from oxidative damage [22,23]. Secondary metabolites
derived from plants have emerged as a focal point for numerous scientists aiming to comprehend
their chemistry [24-27], and origin [28,29]. Metabolic pathways that are derived from primary
metabolic pathways are utilized by the cell to produce secondary metabolites, including phenolic
acids and flavonoids. Commonly, plant generate phenolic acids and flavonoids through constitutive
production during the course of normal growth and development [30]. Furthermore, certain plant
extract treatments have the potential to enhance the levels of total phenol and flavonoid contents,
which were significantly elevated following the treatment of spinach leaves with an Ascophyllum
nodosum extract (1 g/L) [31]. The 2,2-diphenyl-1-picryhydrazyl (DPPH) radical scavenging method is
commonly employed to assess the antioxidant activity of plant extracts [32]. Some scientists observed
a strong correlation between the antioxidant capacity of vegetable samples and their total phenolic
content [33].

The plant kingdom is home to numerous antioxidant secondary metabolites [34]. Antioxidants
are compounds that mitigate oxidative damage to biological systems by donating electrons to free
radicals, rendering them harmless [35]. Plants employ advanced mechanisms involving antioxidant
enzymes, including superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD), to manage
ROS [36-39]. Garlic extracts or compounds derived from garlic have the potential to stimulate the
biology of receiver plants, according to the growing body of knowledge regarding the chemistry of
garlic aqueous extracts, which contain a variety of growth-promoting factors such as vitamins,
flavonoids, phenolic compounds, carbohydrates, enzymes, and so on [40-43]. The secondary plant
metabolites of guava consist of a variety of phytoconstituents, including phenolics, flavonoids,
carotenoids, and terpenoids [44].

There is a lack of knowledge regarding the effectiveness and mechanisms of action of some water
extracts when it comes to their role as biostimulators in plants. A fresh study was conducted to
investigate the impact of specific water extracts applied at various timing of soil sprays on cucumber,
tomato, kale, lettuce, and rice cultivated in greenhouse conditions. This study examines the impact
of specific water extracts on secondary metabolites and antioxidant enzymes when extracts sprayed
at various growth stages of each crop.

2. Materials and Methods
2.1. Preparing Plant Materials and Extracts

A variety of vegetables were utilized as test crops, including cucumbers (cv. Ho Dong Cheong
Jang F1), tomatoes (cv. Dotaerang Myeongpum), kale (cv. Saeron kale), and lettuce (cv. Cheong Ha
Cheong Chi Ma). These vegetable seeds were purchased from Asia Seed Korea Co., Ltd. (Seoul,
Korea). Rice seeds (cv. Hopyeong) were provided by the Jeollanamdo Agricultural Research and
Extension Service. Plants of the species Psidium guajava, Aloe vera, Allium sativum, and Medicago sativa
were used to produce the water extracts that were utilized in this investigation. In a previous study
[45], these water extracts showed the highest rates of enhancement in rice seedling development
among 17 tested extracts, which led to their selection.

2.2. Conditions for the Cultivation of Plants and Their Treatment

The rice seeds were soaked in distilled water for an entire day (24 h). Each pot (6 cm in height
and 6 cm in diameter) was filled with roughly 130 g of commercial soil for rice nursery media (No. 1
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Sunghwa, Boseong, South Korea). After two weeks of planting (three to four-leaf stage), three
seedlings of rice were transferred to each pot. For the purpose of cultivating vegetables,
approximately 200 g of commercial soil for horticultural media (No. 2 Sunghwa, South Korea) was
placed inside each pot (16 cm in height and 16 cm in diameter). One seedling from each vegetable
was put into each pot at the two to three-leaf stage. The growth-enhancing effects of four water
extracts were examined during various growth stages of all crops [45]. The application times were
different for each growth stage (1, 2, 3, and 4 weeks post-sowing). A soil drench was used three to
five days after transplanting to apply four different extracts (10 mL per pot) at amounts of 0.1 and
0.5%. Distilled water served as the control treatment. Urea at 0.6% was used as a benchmark for
assessing the growth efficacy of the extracts. The pots were maintained in a greenhouse for two weeks
following the extract treatments. The greenhouse parameters were 14 hours of illumination and 10
hours of obscurity, with a diurnal/nocturnal temperature of 30 + 2°C/ 20 + 3°C, 70% relative humidity,
and a photosynthetically active radiation (PAR) of 500 umol m2s'. A measurement of the shoot fresh
weight was taken at 14 days after treatment (DAT). All studies were conducted in duplicate with
three duplicates for each treatment.

2.3. Temporal Impact of Specific Water Extracts on Secondary Metabolite Synthesis in Rice and Vegetables

Previous research [45] indicated that extracts of P. guajava and A. sativum at 0.1 and 0.5% resulted
in the greatest rates of shoot fresh weight in cucumber, kale, and rice crops, therefore those were the
ones used to analyze the secondary metabolites and antioxidative enzymes. Samples were taken from
three plants in each of the three groups at two and three weeks following the extracts’ application.
The leaf samples were promptly frozen in liquid nitrogen and preserved at -80°C for later biochemical
investigation.

2.3.1. Determination of Quantum Yield, Total Chlorophyll and Carotenoid Contents

The chlorophyll a fluorescence of photosystem II (PSII), specifically the quantum yield (Fv/Fm)
of rice, cucumber, and kale crops, was assessed at 7 and 14 days after treatment (DAT). A soil drench
was used to administer 10 mL of water extracts at concentrations of 0.1 and 0.5% to each plant for a
period of 2 and 3 weeks after sowing (WAS). The second leaves of rice, cucumber, and kale plants
were chosen at 7 and 14 days after transplanting (DAT) to be measured with a portable pulse
modulation fluorometer (Fluorpen FP10, Photon Systems Instruments, Drasov, Czech Republic).
Prior to the measurements, the fronts were darkened for 15 min to ensure the activation of all antenna
pigments.

Analyses of chlorophyll and carotenoids were conducted following a previously established
method [46]. Seedling leaves (0.5 g) from each treatment group were homogenized in a 100%
methanol solution. The extracts underwent centrifugation at 10,000 x g for 3 min, after which the
absorbance of the supernatant was spectrophotometrically measured at 470, 652, and 665 nm. The
calculation of chlorophyll and carotenoid contents was performed using the subsequent equation:

Chlorophyll a (Ca) =16.72 Asss2—9.16 Aes4
Chlorophyll b (Cb) = 34.09 Aes24—15.28 Asss.2
Total chlorophylls (Casb) = 1.44 Ases2+ 24.93 Acs4
Total carotenoids (Cx+) = [1000 A4z — 1.63 Ca—104.96 Cb]/221

2.3.1. Determination of DPPH Radical Scavenging Activity, Total Phenol, and Flavonoid Contents

The total phenol and flavonoid levels, as well as the DPPH radical scavenging activity, were
detected using a method that has been reported before [47]. 0.5 g of the dried plant samples were
combined with 10 mL of 99.9% ethanol, shaken at 120 revolutions per minute (rpm) for 24 h at a
temperature of 27°C in a shaking bath, and centrifuged at 13,000 rpm for 10 min using a high-speed
refrigerated centrifuge (VS-24SMTI, Vision Scientific Co., Ltd., Daejeon, South Korea), these activities
were then analyzed.
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To assess DPPH radical scavenging activity, a mixture was prepared consisting of 0.1 mL of the
extract, 0.5 mL of a 0.1 M acetate buffer solution (pH 5.5), 0.25 mL of 0.5 mM DPPH (2,2-diphenyl-1-
picrylhydrazyl), and 0.4 mL of ethanol. This mixture was incubated at room temperature for 30 min.
The solution was examined with a 517 nm of UV spectrometer (SPECTROstar Nana, BMG LABTECH,
GmbH, Offenburg, Germany) to determine the constituents. Ascorbic acid served as a positive
control, and the DPPH radical scavenging activity of the extracts was determined using the following
formula:

DPPH radical scavenging activity (%) = [Ac — As/Ac] x 100

Ac represents the absorbance of the control, while As denotes the absorbance of the test samples
[48].

After combining 0.2 mL of the extract with 0.6 mL of distilled water and 0.2 mL of Folin-Denis
reagent, the mixture was agitated for 5 min to ascertain the total phenol concentration. The solution
was combined with 0.2 mL of Na2COs and let to remain at room temperature for 1 h after 5 min. Then,
it was measured at 640 nm using a UV spectrophotometer (SPECTROstar Nana, BMG LABTECH,
GmbH, Offenburg, Germany). The standard values were derived from ferulic acid concentrations
ranging from 0 to 100 ug/mL, and total phenol values were determined using a standard curve.
Values are presented as the mean (mg of ferulic acid equivalents per g of extracted sample).

Total flavonoid content was measured by combining 0.2 mL of the extract with 0.45 mL of 95%
ethanol, 0.0.3 mL of 10% AICIs, 0.03 mL of 1 M potassium acetate, and 0.79 mL of distilled water. The
mixed solution was allowed to stand for 40 min at room temperature, and the absorbance was
measured at 640 nm using a UV spectrophotometer (SPECTROstar Nana, BMG LABTECH, GmbH,
Offenburg, Germany). Standard values were derived using quercetin acid at concentrations of 0-5
pg/mL, and total flavonoid values were determined based on a standard curve. All values are
presented as the mean (mg of quercetinic acid equivalents per g of extracted sample).

2.3.1. Determination of Antioxidative Enzyme Activities

To get the enzymes out of the frozen leaves, about 0.5 g of them were mixed with 3.75 mL of a
100 mM buffer solution (pH 7.5) that had 2 mM EDTA, 1% PVP, and 1 mM phenylmethylsulfonyl
fluoride (PMSF, C7H7FO:S). The mixture was then broken up with a mortar and pestle and put in a
refrigerated centrifuge (VS-24SMTI, high-speed refrigerated centrifuge, Vision Scientific Co., Ltd.,
Daejeon, South Korea) at 14,000 x g for 20 min.

Superoxide dismutase (SOD) activity was assessed using the method outlined in [49],
incorporating several modifications [50,51]. A reaction mixture of 230 pL comprised 1.26 mM NBT
(Nitroblue tetrazolium), 260 mM riboflavin, 260 pM methionine, 2 mM EDTA, and 200 mM
phosphate buffer at pH 7.0, supplemented with 20 uL of enzyme extract, resulting in a total volume
of 300 uL. The mixture in the test tubes was exposed to light at an intensity of 78 mmol photon s m-
2 for 10 min, after which the absorbance at 560 nm was measured. A nonirradiated reaction mixture
that did not exhibit color functioned as the control, and its absorbance was subtracted from A560 of
the reaction solution. One unit of SOD activity is defined as the quantity of enzyme necessary to
achieve 50% inhibition of the NBT reduction rate at 560 nm (SPECTROstar Nana, BMG LABTECH,
GmbH, Offenburg, Germany).

The activities of catalase (CAT) and guaiacol peroxidase (GPOD) were determined by employing
a method that had been published in the past [52,53]. Spectrometer readings taken at 240 nm for 1
min (SPECTROstar Nana, BMG LABTECH, GmbH, Offenburg, Germany) were used to determine
CAT activity by measuring the rate of H2O2 breakdown. The reaction mixture comprised 150 pL of
200 mM phosphate buffer (pH 7.0), 15 uL of 15 mM H20:, 135 uL of distilled water, and 5 pL of
enzyme extract, resulting in a total volume of 300 pL that initiated the reaction. The oxidation of
guaiacol during GPOD activity was assessed by monitoring the increase in absorbance at 470 nm over
a duration of 1 min using a SPECTROstar Nana, BMG LABTECH, GmbH, Offenburg, Germany.
Ingredients in the reaction mixture included 5 pL of 200 mM guaiacol, 280 pL of 200 mM phosphate
buffer (pH 7.0), and 15 uL of enzyme extract. The reaction commenced with the addition of 5 uL of
40 mM H20..
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Ascorbate peroxide (APOD) activity was determined by its absorbance at 290 nm at the
beginning rate of reduction in ascorbate concentration [54]. The total volume of the reaction mixture
was 300 uL, and it consisted of 150 uL of 200 mM phosphate buffer (pH 7.0), 30 pL of 5 mM ascorbate,
12 pL of 20 mM H202,30 uL of distilled water, and 15 uL of enzyme extract. The addition of H2O2was
the catalyst that started the reaction, and a UV spectrophotometer (SPECTROstar Nana, BMG
LABTECH, GmbH, Offenburg, Germany) was used to quantify the change in absorbance.

2.4. Experimental Design and Statistical Analysis

The experiment was set up with a factorial layout and three replicates in a completely
randomized design. Multiple comparisons were performed to assess the disparities in the variables
among the components. Substantial differences were assessed utilizing an analysis of variance
(ANOVA) through a statistical software program (Statistix version 8.0). When a substantial difference
was observed, the means were distinguished utilizing Tukey’s honestly significant difference (HSD)
and Least significant difference (LSD) tests at a=0.05.

3. Results

3.1. Impact of Selected Water Extracts on Application Timing During Different Growth Phases of Rice and
Vegetables

The results of all application times showed that there was no discernible difference between the
crops and the extracts (Figure 1). All test receiver plants demonstrated an increase in the shoot fresh
weight following the application of four water extracts, as evidenced in subsequent observations.
However, fruity vegetables such as cucumber and tomato shoot fresh weight increased by 27-52%
and 29-53% one week after sowing, 52-73% and 42-61% two weeks later, 43-79% and 40-64% three
weeks later, and 39-65% and 29-55% four weeks later after. For leafy vegetables such as kale, and
lettuce, extracts sprayed one week after sowing increased shoot fresh weight by 33-57%, 37-51%; two
weeks later, 41-65%, 43-63%; three weeks later, 41-64%, 44-61%; and four weeks later, 38-60%, 42-56%.
The rice shoots fresh weight increased by 28-48% one week after sowing; two weeks later, 35-67%;
three weeks later, 36-66%; and four weeks later, 26-50%. Therefore, it means that each of these extracts
has the ability to raise the shoot fresh weight of all tested crops at any stage of growth and at any
time of application. Furthermore, the highest shoot fresh weights were observed in response to P.
guajava extract, followed by A. sativum extract across all tested plants.
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Figure 1. Effect of four water extracts on the shoot fresh weight of rice, and vegetables sprayed on
different sowing times. (a) 0.1%; (b) 0.5% concentrations. Means within bars followed by the same
letters did not differ significantly in Tukey’s HSD at oc = 0.05. WAS, week after sowing.

3.2. Influence of Selected Water Extracts on Secondary Metabolites Production in Rice and Vegetables

Following the outcomes of the prior experiment, rice, cucumber, and kale crops were chosen to

evaluate photosynthetic efficiency at 7 and 14 days after transplantation (DAT). During the 7 DAT
(Figure 2), there was a significant difference between all treatments in rice at 3 weeks after sowing
(WAS), cucumber at both 2 and 3 WAS, but there was no significant difference in rice at two WAS or
kale at either 2 or 3 WAS. The photosynthetic efficiency of all crops at 2 and 3 WAS varied
significantly different at 14 DAT. Every single extract treatment outperformed the control and urea
treatments in terms of photosynthetic performance. The treatments with extracts of P. guajava and A.
sativum made all tested plants’ photosynthesis go up more than the treatments with extracts of A. vera
and M. sativa. No significant differences were observed in total chlorophyll and carotenoid contents
among all treatments across all test crops and application times (Figure 3). When it came to overall
chlorophyll concentrations, however, cucumbers only showed a significant difference at 2 WAS. The
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cucumber that had been treated with 0.1 and 0.5% of P. guajava and A. sativum extracts at 2 WAS had
the most total chlorophyll, which shows that they help make nutrients more available.
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Figure 2. Effect of four water extracts on the quantum yield of rice, cucumber and kale sprayed on (a)
2 weeks after sowing (WAS); (b) 3 WAS. CK, control; T1 and T2, 0.1 and 0.5% of P. guajava extract; T3
and T4, 0.1 and 0.5% of A. vera extract; T5 and T6, 0.1 and 0.5% of A. sativum extract; T7 and T8, 0.1
and 0.5% of M. sativa extract. The parameter was recorded at 7 and 14 DAT. Means within bars
followed by the same letters did not differ significantly in Tukey’s HSD at ot = 0.05.
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Figure 3. Effect of four water extracts on total chlorophyll and carotenoid contents in rice, cucumber
and kale sprayed on (a) 2 weeks after sowing (WAS); (b) 3 weeks after sowing under greenhouse
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conditions. T1 and T2, 0.1 and 0.5% of P. guajava; T3 and T4, 0.1 and 0.5% of A. sativum extracts. Means
within bars followed by the same letters did not differ significantly in the LSD test at o = 0.05.

The DPPH radical scavenging activity of all tested crops did not exhibit significant differences
across all treatment levels and growth stages (Figure 4). There was a notable difference in the DPPH
radical scavenging activity of rice at 2 WAS. The highest concentration was observed in rice treated
with 0.5% P. guajava extracts. A significant difference in total phenol contents was observed in
cucumber at 2 WAS and in kale at 2 and 3 WAS; however, no significant difference was noted in the
rice crop (Figure 4). The results showed that the maximum shoot fresh weight was observed in
cucumbers treated with 0.5% P. guajava extract at 2 WAS, followed by kale treated with 0.1% P.
guajava and A. sativum extract at 2 WAS, and finally 0.5% P. guajava at 3 WAS. A notable difference
in total flavonoid contents was observed in kale at 2 WAS and in rice at 2 and 3 WAS; however, no
significant difference was found in the cucumber crop (Figure 5). The rice crop showed the maximum
flavonoid content in a 0.1% P. guajava and 0.1% A. sativum treatment at 2 WAS, whereas the kale crop
showed the highest flavonoid content in a 0.5% P. guajava and A. sativum treatments at 2 WAS.
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Figure 5. Effect of four water extracts on DPPH radical scavenging activity and total phenol contents
inrice, cucumber and kale sprayed on (a) 2 weeks after sowing (WAS); (b) 3 weeks after sowing under
greenhouse conditions. T1 and T2, 0.1 and 0.5% of P. guajava; T3 and T4, 0.1 and 0.5% of A. sativum
extracts. Means within bars followed by the same letters did not differ significantly in the LSD test at
a=0.05.

When 0.1 and 0.5% of P. guajava and A. sativum extracts were added to cucumber, kale, and rice
plants at 2 and 3 WAS, their activities of superoxide dismutase (SOD), catalase (CAT), guaiacol
peroxide (GPOD), and ascorbate peroxide (APOD) were tested. No significant changes were seen in
the activities of SOD and CAT among all evaluated crops and treatment timings compared to the
control. This rationale cannot be associated with SOD and CAT activities concerning the growth of
rice and vegetables (Figures 5 and 6). Nonetheless, there were markedly significant differences in
APOD activity among all examined crops and application timings in comparison to the control. The
peak APOD activity occurred in rice subjected to 0.1% A. sativum at 2 and 3 WAS, cucumber treated
with all extract applications at every time point, and kale treated with all extract applications at 2
WAS, as well as with 0.1% P. guajava and A. sativum extract treatments at 3 WAS (Figure 6). Kale at 2
and 3 WAS and rice at 3 WAS did not exhibit a significant difference in GPOD activity. However,
cucumber and rice did exhibit a significant difference at 2 and 3 WAS and 2 WAS, respectively, when
compared to the control. The peak GPOD activity was recorded in 0.1% extracts of P. guajava and A.
sativum applied to rice and cucumber crops at all application periods (Figure 7).
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Figure 6. Effect of four water extracts on total flavonoid contents and SOD activity in rice, cucumber
and kale sprayed on (a) 2 weeks after sowing (WAS); (b) 3 weeks after sowing under greenhouse
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conditions. T1 and T2, 0.1 and 0.5% of P. guajava; T3 and T4, 0.1 and 0.5% of A. sativum extracts. Means
within bars followed by the same letters did not differ significantly in the LSD test at o = 0.05.

a a
a
0.5 - a a a a a 0.5
0.4 1 0.4
Sos 03
~
0.2 4 0.2
0.1 0.1
0.0 0.0
B~ 05 0.5
— a a a a a a a
o 04 a 0.4
E S
2
L Eo3 03
o=
=i
=002 0.2
—
< o1 0.1
@]
0.0 0.0
0.5 0.5
a
0.4 & 4 ab a . a 0.4
=
<03 0.3
X
0.2 0.2
0.1 0.1
0.0
Control Urea TI T2 T3 Control Urea TI1 T2 T3 T4
@) Treatment )
44 4
3 a 3
g ab be — ab a : b
N — b =1 b [ 2
C
|
0 0
R a
i3] 4 a a a a a a a 4
2 b [ L o b =
o F3
-7 = 3 b b
o0 2
£ E, 2
o 3
S
8 L1
=
0 0
4 4
a a
3 a a a
B a ab ab 3
2
CER 2
|
0
Control Urea T3 Control Urea T1 T2 T3 T4
(a) Treatment (b)


https://doi.org/10.20944/preprints202411.1133.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2024 d0i:10.20944/preprints202411.1133.v1

13

Figure 7. Effect of four water extracts on CAT and APOD activity in rice, cucumber and kale sprayed
on (a) 2 weeks after sowing (WAS); (b) 3 weeks after sowing under greenhouse conditions. T1 and
T2, 0.1 and 0.5% of P. guajava; T3 and T4, 0.1 and 0.5% of A. sativum extracts. Means within bars
followed by the same letters did not differ significantly in the LSD test at a = 0.05.
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Figure 8. Effect of four water extracts on GPOD activity in rice, cucumber and kale sprayed on (a) 2
weeks after sowing (WAS); (b) 3 weeks after sowing under greenhouse conditions. T1 and T2, 0.1 and
0.5% of P. guajava; T3 and T4, 0.1 and 0.5% of A. sativum extracts. Means within bars followed by the
same letters did not differ significantly in the LSD test at ot = 0.05.

4. Discussion

The effects of selected water extract on the shoot fresh weight of the crops studied varied with
concentration, growth stage, and duration of treatment. Any of these extracts can be used at any stage
of growth and at any time to increase the shoot fresh weight of all crops that have been evaluated.
The eggplants that were treated showed growth and physiological reactions that were stimulated by
the repeated application of aqueous garlic bulb extract and the plant’s growth stage [55]. P. guajava
extract at concentrations of 0.1 and 0.5% was shown to have the highest rates of shoot fresh weight,
followed by A. sativum extract at concentrations of 0.1 and 0.5% in all rice and vegetable crops.
According to various studies [56,57], garlic is rich in sulfur compounds, enzymes, vitamins B and C,
minerals (including Na, K, Zn, Mn, Mg, Ca, and Fe), carbohydrates, saponins, alkaloids, and
flavonoids, and free sugars (including glucose, fructose, and sucrose). The results that guava (P.
guajava) leaves compost gives the best development in the Temulawak plant (Curcuma xanthorrhiza
Roxb) are supported by the fact that guava leaves are abundant in nitrogen, phosphorus, and
potassium, but the concentration of these elements varies according on the month in which the plant
is growing [58]. Consequently, it provides a well-rounded nutritional source for plant growth.

The efficacy of photosynthesis was enhanced in all extract treatments relative to the control and
urea treatments. The photosynthesis of all plants increased more with P. guajava and A. sativum
extracts than with A. vera and M. sativa extracts. The results substantiate prior findings that garlic root
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exudates elevate chlorophyll content, hence enhancing light energy absorption in tomato and hot
pepper, which leads to a better photosynthetic rate [59]. Nonetheless, a notable variation in the total
chlorophyll content of cucumber was observed at 2 WAS. This aligns with a study indicating that the
application of 4% garlic extract on pear transplants elevated nitrogen and potassium levels in the
leaves, which is recognized to augment chlorophyll concentrations [60]. The findings robustly
corroborated prior research indicating that chlorophyll content is influenced by various treatments
and may occasionally promote development and physiological circumstances [61-64].

The DPPH radical scavenging activity of rice at 2 WAS was shown to be significantly different.
Furthermore, the highest level was discovered in rice that had 0.5% of P. guajava extracts added to it.
The notable DPPH radical scavenging activity of F. religiose may be attributed to the presence of
flavonoids and other polyphenols during extraction, as demonstrated in the present study [65]. The
antioxidant activity of extracts evaluated using DPPH assays exhibited a good correlation with the
total phenolic and flavonoid content [66]. Total phenol levels were significantly different in cucumber
at 2 WAS and kale at 2 and 3 WAS, but not in rice crops. Moreover, it was discovered that certain
phenolic acids at low concentrations increased the dry weight, number and length of secondary roots,
as well as the length of main roots, in Deschampsia flexuosa and Senecio sylvaticus [67]. The total
flavonoid content of kale at 2 WAS and rice at 2 and 3 WAS was found to be significantly different
from one another, however, the cucumber crop did not exhibit any significant differences. According
to another study, cucumbers treated with fermented bone + fish extracts had a much higher total
flavonoid content than control plants, whereas plants treated with other extracts produced fruit with
flavonoid contents comparable to control plants [68]. It is possible that the antioxidant properties of
the selected plant extracts are mostly attributable to the phenolic and flavonoid groups [69].

It was found that there were no significant variations in the SOD and CAT activities of any of
the crops that were evaluated, nor were there any differences in the application periods that were
connected to control. Nonetheless, there were markedly significant differences in APOD activity
among all evaluated crops and application periods in comparison to the control. The GPOD activity
of kale at 2 and 3 WAS and rice at SWAS did not change substantially, respectively, but for cucumber
at 2 and 3 WAS and rice at 2 WAS, there was a significant difference compared to the control. The
actions of APOD and GPOD were examined at 2 and 2 WAS in rice, cucumber, and kale utilizing P.
guajava and A. sativum at 0.1% concentrations. Spraying with aqueous garlic extracts promoted the
activities of the enzymes that are responsible for antioxidant defense. Antioxidants and potentially
ROS were activated by moderate application, resulting in improved plant growth. However, this
effect was suppressed by a higher frequency of application [55]. Similar results were found by, those
who discovered that water-based garlic extracts are biologically active inside cucumber seedlings
and change the plant’s defense system, most likely by stimulating ROS at low concentrations [12]. An
augmentation in SOD and POD activities during the initial phases of plant development indicates a
rise in oxidative stress [70]. All extract treatments evidently function as growth enhancers at optimal
doses and can serve as botanical stimulants while reducing the risk of potential health concerns,
particularly P. guajava and A. sativum extracts.

5. Conclusions

The findings of the investigation led the researchers to the conclusion that the application of a
soil spray containing four water extracts resulted in increased growth in the plants that were exposed
to it. The investigation yielded a stimulatory response in the growth of the vegetables and rice, as
evidenced by an increase in shoot fresh weight in 27-79% cucumber, 29-64% tomato, 33-65% kale, 37-
63% lettuce, and 28-67% rice from 1 WAS to 4 WAS of application times, was observed after extract
treatments. Furthermore, considerable changes were seen in the metabolites of plants, including
those involved in photosynthesis and antioxidants. The enhanced photosynthesis and greater
antioxidants likely contributed to the improved growth of these plant types. It is evident that all
extract treatments function as growth enhancers at optimal concentrations and may act as botanical
stimulants while minimizing the risk of potential health concerns, with P. guajava and A. sativum
extracts being particularly effective. When cucumber, kale, and rice plants are cultivated under
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greenhouse conditions, the application of P. guajava and A. sativum extracts may enhance the growth
conditions, resulting in a higher yield. Furthermore, the preparation is convenient and presents few
or no risks to the agricultural community.
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