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ABSTRACT: Food shortage is still a problem in the Philippines since millions of people may be
classified as undernourished. Efforts to augment the insufficiency include developing an
efficient planting method as a source of food. This experimental study tested the
effectiveness of coconut water as a rooting hormone on hydroponically and conventionally
grown basil plants by measuring the height, fresh weight, leaf length, and root length for three
weeks, which also served as the dependent variables. Consequently, two (2) hydroponic
set-ups and two (2) conventional set-ups utilize a randomized block design. The set-ups
containing coconut water served as the independent variables, while the ones without served
as the control. Before the data gathering procedures, the containers were sterilized, the tap
water was exposed to sunlight, and the basil seeds were soaked in coconut water. Six hours
later, the seeds were planted. After three weeks, the leaf length and root length were
measured using a digital caliper, while the height and weight were measured using a
standard ruler and digital scale. The nutrient solution and pH level were also monitored. Data
was analyzed using two-way ANOVA for leaf length and plant weight, while one-way ANOVA
was used for plant height and root length. In addition, a post-hoc test was used for variables
that had a significant effect. Descriptive statistics was used to analyze the mean. The
hydroponic setup was effective on producing a higher yield for root length (M=112), while the
conventional setup was effective on plant height (M=99.7) and leaf length (M=44.1). While the
intervention had no significant contribution (p>0.05), hydroponics as an alternative planting
technique still has potential in the agricultural sector.
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INTRODUCTION
In their annual study, the United Nations (2020) found that more people are going
hungry, with tens of millions joining the ranks of the chronically undernourished over the past
five years.
Previous researchers have studied hydroponics as a method for producing more food
in a short period of time (French & Roth, 2019; Treftz & Omaye, 2015). It is defined as growing
plants in mineral nutrient solution without soil, but in the presence of artificial supporting
mediums (Singh et al., 2019). In addition, rooting hormones have been tested to improve the
growth and development of plants.
A conventional set-up is a method in which plants are grown in soil, and it is
significant in farming due to its common usage in growing crops (Barbosa et al., 2015).
Previous studies have found that healthy soil sustains water quality and plant productivity
(Tahat et al., 2020). However, weather conditions and disparities between pH levels in
conventional set-ups can stunt plant growth (Barbosa et al., 2015; Chow et al., 2017). On the
other hand, a hydroponic set-up, which is a method of growing plants under soil-less
conditions, is known to be the fastest growing and second generation of crop production in
the agricultural industry (Aires, 2018; Chow et al., 2017). It offers a significant contribution to
agriculture since it demonstrates new methods which can help farmers learn new skills and
eventually increase production level (Blok et al., 2017; Khan et al., 2019). Barbosa et al. (2015)
supporting this statement found that the hydroponic production of lettuce in Arizona was 11 +
1.7 times greater than its conventional equivalent.
In addition, phytohormones are substances that can control a plant’s growth and
development (Baiyin et al., 2021; Dunsin et al., 2016). It significantly contributes to farming, as it
is a widespread technique applied in plant set-ups in order to enhance the growth of roots
(Topacoglu et al., 2016). Auxin is a type of hormone that has been proven to increase
adventitious rooting and the rate of appearance of roots (Pacurar et al., 2014; Topacoglu et
al., 2016). Coconut (Cocos nucifera) water contains auxin, along with gibberellins and
cytokines (Akhiriana & Samanhudi, 2019; Trisnaningsih & Wahyuni, 2020). Similarly, Dunsin et
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al. (2016), this rooting hormone demonstrated the highest number of rooted cuttings over
other interventions that include pure honey and moringa leaf extract.
Leaf length is one of the most commonly measured variables by researchers to
assess plant growth, since it helps measure the effect of various environmental factors
including light intensity and nutrient and water availability (Jones, 1995; Wang et al., 2019).
Saha et al. (2016), the leaves of a basil plant were measured and averaged in the condition of
sunlight. A separate study by Nazarideljou (2019) found that the increase in K+:Ca++ in growing
strawberry plants in a hydroponic culture directly influenced the leaf area, causing its length
to increase. Plant height is another important variable to use as comparison since it signifies
the characteristics of plants including vigor, stage of growth, site classification and range of
readiness (Heady, 1957). A study by Trisnaningsih and Wahyuni (2020) found that the
treatment of coconut water and planting media affected plant height during all stages of
observation. Another study used plant height to compare the growth responses of the plant
to organic and inorganic fertilizers (Purbajanti et al., 2019). Alongside the other two variables,
plant weight is used as an indicator for plant growth evaluation since it also affects leaf size
(Chen et al., 2016; Huang et al., 2019). Previous studies have weighed plants using a digital
scale immediately upon harvest or after being dried in an oven, then compared the values
with one another (Alvarado-Camarillo et al., 2018; Saha et al. 2016). Root length has also been
considered important as it has an implied positive correlation with plant height, as well as a
significant association with soil recovery from drought (Ekanayake et al., 1985). In a study by
Dunsin et al. (2016), this variable was taken to determine the effectiveness of using alternative
hormones on the rooting capability of Parkia biglobosa. Coconut water was used in the study,
which yielded the second longest root length, indicating positive results.
As such, this research aimed to test the impacts of coconut water as a rooting
hormone on the growth of basil plants in a Deep Water Culture Hydroponic Setup. The
hydroponic set-up was then compared to a conventional (soil-based) set-up with the same
rooting hormone to test its effectiveness, with both serving as the independent variables.
Control set-ups were added for further comparison (a hydroponic and conventional set-up
without coconut water). The following dependent variables were measured to determine the
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efficiency of plant development: (i) leaf length, (ii) plant height, (iii) plant weight, (iv) root
length. Currently, studies on using coconut water as a rooting hormone have only been done
on crops grown in soil (Dunsin et al., 2016; Hebbar et al., 2021; Topacoglu et al., 2016), which is
the gap this research addressed. A conventional set-up was still included in the experiment
to enable the researchers to fully address the differences between a conventional and
hydroponic one. The researchers wanted to ascertain the effectiveness of coconut water as a
rooting hormone under each set-up to determine their differences.

METHODOLOGY
Research Design
The study utilized a Randomized block design (RBD) which involves the assignment of
subjects to blocks that are then randomly given treatments (King & Eckersley, 2019). In this
study, the subjects included basil plants, rooting hormones, and the type of setup employed.
The variables used were the farming setups, which were categorized into two types: the
hydroponic and the conventional setups. The second independent variable was the coconut
water which acted as the rooting hormone of the study. Additionally, there were four
dependent variables which are the following: root length, plant height, plant weight, and leaf
length. In total, the study used the following setups: (i) hydroponic set-up with coconut water,
(ii) hydroponic set-up without coconut water, (iii) conventional set-up with coconut water,
and (iv) conventional set-up without coconut water.

Data Gathering Procedures
The researchers conducted the data gathering procedures by constructing (2) Deep
water culture hydroponics setups (DWC) and (2) Conventional setups. The experimental
group of seeds soaked in coconut water was then planted in the first hydroponics setup and
the first conventional setup, while the control group was planted in the remaining setups.
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Preparation of Materials
Before the construction of the setups the researchers sterilized all the containers to be
used for the study with 10% hydrogen peroxide to remove any foreign substances that may
interfere with plant growth (Gu & Neethling, 2008). Additionally, all of the tap water used in the
study was exposed to sunlight for a period of 24 hours to remove chlorine which is harmful to
plants (McDonnell, 2014). The researchers then opened a bag of basil seeds and directly
transferred 36 of them to 300 ml of coconut water, where they were soaked for six hours
(Trisnaningsih & Wahyuni, 2020). The other half for the control set-ups remained untouched.
The seeds were manufactured by Yates in Auckland, New Zealand.

Preparation of the Conventional and Hydroponic Setups
Figure 1
Hydroponic and Conventional Set-ups

The researchers then began the construction of the setups which included two (2)
Deep water culture hydroponic setup (7x5x4 inches) and two (2) conventional setups which
were made using a rectangular pot (26x9x7 inches) with loam soil. After six hours, 18 seeds
were then planted into each of the four set-ups to ensure germination (Trisnaningsih &
Wahyuni, 2020). The nutrient solution for the hydroponic setups was changed every two
weeks to ensure a rich supply of nutrients (Rufi-Salis et al., 2020). It was manufactured by the
Institute of Plant Breeding in the University of the Philippines, Los Baños (IPB, UPLB). Its
components are the following: calcium, nitrogen, potassium, phosphorus, sulfur, magnesium,
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iron, manganese, boron, zinc, copper, chlorine, and molybdenum (Santos & Ocampo, 2005).
Furthermore, the pH levels of the hydroponic setups were also monitored every week (Dunn &
Singh, 2016). After three weeks the researchers collected the data by selecting the six biggest
plants in each of the setups, after which the researchers measured the three longest leaves
per plant (Echavarría-Heras et al., 2013), the ten longest roots per setup, measured plant fresh
weight, and plant height. The leaf and root lengths were measured with a digital caliper, while
the plant height was measured with a standard ruler and the plant weight was recorded
using a digital scale (Pérez-Harguindeguy et al., 2013; Yeboah et al., 2009).

Data Analysis
The data gathered by the researchers was inputted in JAMOVI and analyzed with the
application of Analysis of Variance (ANOVA). Under leaf length and plant weight, a Two-Way
Analysis of Variance was implemented to measure the effects of coconut water as an
intervention and the type of set-up employed on its growth. A one-way analysis of variance
(non-parametric Kruskal-Wallis H test) was used to measure the same effects but on plant
height and root length. For those that had a significant effect, a post-hoc test was used to
determine where the differences lie. Additionally, descriptive statistics was used to analyze
the mean of all four variables.
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RESULTS AND DISCUSSION
Effects of Coconut Water on the Growth of Basil
Table 1
Descriptive Statistics for Leaf Length, Plant Height, Plant Weight, and Root Length

Setup

Mean

Hydroponic

Intervention

with
intervention
without
intervention

Conventional

with
intervention
without
intervention

Leaf

Plant

Plant

Root

Length

Height

Weight

Length

(mm)

(mm)

(mm)

(mm)

31.6

66.9

2.60

112

31.6

68.0

2.88

110

44.1

99.7

2.57

25.5

44.1

102

2.32

26.2

The mean of the leaf length of plants grown in a hydroponic set-up with and without
intervention was equal to (M = 31.6), as was the two set-ups grown conventionally (M = 44.1).
In addition, the plant height in both hydroponic and conventional set-ups with the
intervention had a smaller mean than those without the intervention (M = 66.9 < M = 68; M =
99.7 < M = 102). Furthermore, plant weight with the intervention had a smaller mean between
the two hydroponic set-ups (M = 2.6 < 2.88), but had a greater mean in the conventional
set-up with coconut water compared to the one without it (M = 2.57 > M = 2.32). Finally, the
root length of plants in the hydroponic set-up subjected to the rooting hormone had more
growth compared to the one without (M = 112 > M = 110), but had less growth in the
conventional set-up following the same conventions (M = 25.5 < M = 26.2).
These results imply that overall, the plants subjected to the hydroponics set-up with
the intervention produced more notable effects in terms of plant weight and root length in
comparison to the hydroponics set-up without the intervention, and both of the conventional
set-ups. However, the effects of the different set-ups and interventions for the leaf length and
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plant height were not as evident. Thus, only certain variables were affected by the set-ups
and interventions.
A hydroponic set-up may be used to investigate the relationship between roots and
liquids, and how they react with each other (Torabi et al., 2012). The growth conditions of
plants in soil and plants in a hydroponics set-up greatly differ, which may affect the
interactions between the plant, its interventions, and its growing medium (Zabłudowska et al.,
2009), which may explain the differences observed in the computation of means of the four
variables measured in this study.

Difference in Plant Height and Root Length Between Basil Plants Grown with and without
Coconut Water
Table 2
Kruskal-Wallis H Test of Plant Height with and without Intervention

Plant Height

X²

df

p

ε²

0.00750

1

0.931

3.26e-4

The data for the effects of the coconut water on plant height violate the assumption
checks of Levene’s Homogeneity of Variances (p = 0.008) and Shapiro-Wilk’s Normality Test
(p = 0.017). As such, the non-parametric Kruskal-Wallis H test is used instead of two-way
ANOVA. As a result, the Kruskal-Wallis H test showed that the effect of coconut water on the
plant height was not significant, X2(1) = 0.0075, p = 0.931.
Based on the results, plant height was most likely unaffected due to the type of rooting
hormone used regardless of the set-up. Singh et al. (2019) noted that plants grown in
Hoagland solution grew faster than those subjected to just water. Hoagland solution is
different from coconut water, meaning its effects on plant height could differ too. However,
the results contradicted a study by Trisnaningsih and Wahyuni (2020), which noted that
coconut water did in fact affect growth significantly. One possible explanation for the results
differing in this study is the way in which the coconut water was applied to the basil plants.
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Table 3
Kruskal-Wallis H Test of Root Length with and without Intervention

Root Length

X²

df

p

ε²

0.0834

1

0.773

0.00363

* p < 0.05 is significant. p > 0.05 is not significant.
The data for the effects of the coconut water on root length violate the assumption
checks of Levene’s homogeneity of variances (p = 0.029) and Shapiro-Wilk’s normality test (p
< 0.001). As such, the non-parametric Kruskal-Wallis H test was used instead of two-way
ANOVA. The Kruskal-Wallis H test showed that there was no statistically significant difference
in root length between the two set-ups, X2(1) = 0.0834, p = 0.773.
These results imply that the intervention had no notable effects on the root length
regardless of the set-up. This can be attributed to the usage of alternative rooting hormones,
which may be less effective than synthetic rooting hormones in promoting the rooting of the
plant. Al-Amad and Qrunfleh (2014) investigated the effects of willow water extract on
promoting the rooting of stem cuttings of olive. Their results showed that the olive cuttings
that were not soaked in K-IBA solution, a synthetic rooting hormone, were insignificant.
Furthermore, the cuttings soaked in willow water extract showed insignificant results,
regardless of whether or not the cuttings were soaked in K-IBA beforehand. In comparison,
these results are in line with this study, which used coconut water as an alternative rooting
hormone. Moreover, coconut water is known to have an abundance of cytokinins (Akhiriana,
Samanhudi, & Yunus, 2019; Dunsin et al., 2016), which may suppress growth in the root apical
meristem (Albrecht & Argueso, 2017), thus affecting the significance of the results.
A longer duration of data gathering is needed to produce more significant effects.
Onanuga et al. (2012) examined the effects of using different phytohormones (IAA, GA3, and Z)
on cotton plants grown in a hydroponic nutrient solution. Any notable effects in the roots were
not observed in the plants applied with the phytohormones until 80 to 90 days after
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transplanting. On the contrary, the researchers only observed the growth of basil plants in
both set-ups for 21 days.

Difference in Plant Height and Root Length Between a Hydroponic and Conventional Set-up
Table 4
Kruskal-Wallis H Test of Plant Height in a Conventional and Hydroponic Set-up

Plant Height

X²

df

p

ε²

8.01

1

0.005

0.348

* p < 0.05 is significant. p > 0.05 is not significant.
The data for the effects of the set-up on plant height violate the assumption checks of
Levene’s homogeneity of variances (p = 0.008) and Shapiro-Wilk’s normality test (p = 0.017).
As such, the non-parametric Kruskal-Wallis H test was used instead of two-way ANOVA. The
Kruskal-Wallis H test (seen in Table 4) showed that there was a statistically significant
difference in plant height between the two set-ups, X2(1) = 8.01, p = 0.005.

Table 5
Dwass-Steel-Critchlow-Fligner Pairwise Comparisons for Plant Height in a Hydroponic and
Conventional Setup

Hydroponic

Conventional

W

p

4.00

0.005

* p < 0.05 is significant. p > 0.05 is not significant.
Since the Kruskal-Wallis table shows that there is a significant difference in the plant
height

among

the

two

types

of

set-ups,

the

post-hoc

test

using

Dwass-Steel-Critchlow-Fligner Pairwise Comparisons was performed to examine where
these differences lie. Table 5 shows that the p-value for the hydroponic and conventional
set-ups is less than 0.05 (p = 0.005). After performing the said procedure, it is inferred that
plant height is significantly different among the hydroponic and conventional set-ups.
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The results from Tables 4 and 5 imply that both types of set-ups significantly affected
the height of the plant. This finding is supported by the studies of Gashgari et al. (2018) and
Saha et al. (2016), which noted that the hydroponics set-up had a notable effect on the
height of the plants. However, as shown in Table 1, the means of the height of the plants
subjected to the hydroponics set-up are unexpectedly much lower than those subjected to
the conventional set-up (M = 66.9 < M = 99.7; M = 68 < M = 102). This is supported by the
results of the study of Saha et al. (2016), which stated that basil plants subjected to an
aquaponics system were 14% taller than those subjected in a hydroponics set-up. According
to them, these results were due to the aquaponics set-up having more nutrients. Thus, this
implies that the nutrients in a hydroponics set-up may not be enough, and more may be
required to produce a higher plant height. Additionally, the researchers identified the
inaccessibility to a greenhouse as another cause for this unusual occurrence. Greenhouses
are commonly used by other researchers for growing plants as it offers a controlled
environment for optimum plant growth (Cifuentes Torres et al., 2021). Without access to a
controlled environment it might have caused the plants to deviate in results when compared
to other researches.

Table 6
Kruskal-Wallis H Test of Root Length in a Hydroponic and Conventional Setup

Root Length

X²

df

p

ε²

17.3

1

< .001

0.752

* p < 0.05 is significant. p > 0.05 is not significant.
The data for the effects of the set-up on root length violate the assumption checks of
Levene’s homogeneity of variances (p = 0.029) and Shapiro-Wilk’s normality test (p < 0.001).
As such, the non-parametric Kruskal-Wallis H test was used instead of two-way ANOVA. The
Kruskal-Wallis H test showed that there was a statistically significant difference in root length
between the two set-ups, X2(1) = 17.3, p < 0.001.
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Table 7
Dwass-Steel-Critchlow-Fligner Pairwise Comparison for Root Length in a Hydroponic and
Conventional Setup

Hydroponic

Conventional

W

p

-5.88

< .001

* p < 0.05 is significant. p > 0.05 is not significant.
Since the Kruskal-Wallis Table shows that there is a significant difference in the root
length

among

the

two

types

of

set-ups,

the

post-hoc

test

using

Dwass-Steel-Critchlow-Fligner Pairwise Comparisons was performed to examine where
these differences lie. Table 7 shows that the p-value for the hydroponic and conventional
set-ups is less than 0.05 (p < 0.001), therefore, root length is significantly different among the
hydroponic and conventional set-ups.
The results from Tables 6 and 7 imply that the hydroponics set-up produced a
significantly positive effect on the root length of the plant. This can be associated with a study
conducted by Li et al. (2018) regarding the growth of plants in hydroponics and
substrate-based mediums which demonstrated that in terms of root length, a hydroponics
setup had a higher gain when compared to the root length of a plant grown in a substrate
based medium. Additionally, Girdthai et al. (2010) also found root length to be greater on a
hydroponics setup. Furthermore, another study stated that a possible cause for more root
growth in hydroponic setups is that nutrient availability and uptake is more efficient
(Rouphael et al., 2004).
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Effect of set-ups and intervention on leaf length and plant weight
Table 8
Two-Way Analysis of Variance of Leaf Length
Sum of
Squares

df

Mean Square

F

p

Setup

938.1251

1

938.1251

50.52619

< .001

Intervention

9.38e-4

1

9.38e-4

5.05e-5

0.994

0.0234

1

0.0234

0.00126

0.972

371.3421

20

18.5671

Setup ✻
Intervention
Residuals

* p < 0.05 is significant. p > 0.05 is not significant.
In Table 8, a two-way analysis of variance showed that the effect of coconut water on
the leaf length was not significant, F (1) = 5.05e-5, p = 0.994. Additionally, it was shown that
the type of set-up has a significant effect on leaf length, F(1) = 50.52619, p < 0.001.
One of the probable causes of the intervention having no effect on leaf length was the
controlled amount of coconut water used in each setup. According to a study by Huang et al.
(2019), a negative correlation between leaf area and water-loss was observed in plants. In
relation to the results shown in Table 8 (p = 0.994), it can be implied that there was no loss in
moisture since none of the leaves were significantly smaller than the others. This possibly
kept the leaf length the same rather than having any positive or negative effect on its
development.
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Table 9
Post Hoc Test for Set-ups on Leaf Length
95%
Comparison

Confidence
Interval

Setup

Setup

Hydroponic Conventional

Mean
Difference

-12.5

SE

df

t

ptukey

pscheffe

pbonferroni

1.76

20.0

-7.11

< .001

< .001

< .001

Cohen
’s d

-2.90

Lower Upper

-4.18 -1.62

* Comparisons are based on estimated marginal means. p < 0.05 is significant. p > 0.05 is
not significant.
Since the ANOVA table shows that there is a significant difference in the leaf length
among the two types of set-ups, the post-hoc test using Tukey’s HSD, Scheffe’s Method, and
Bonferroni’s Procedure was performed to examine where these differences lie. In Table 9,
those highlighted cells show the p values that are less than 0.05. To conclude, leaf length is
significantly different among the hydroponic and conventional set-ups.
Given that the leaf length had a significant difference due to the setups (mean
difference = -12.5; p < 0.05), with more growth shown in the conventional setups, one of the
probable causes could be the amount of nutrients absorbed by the plants. Healthy soil is
known

to

maintain

water

quality,

sustain plant productivity, and control nutrient

decomposition (Tahat et al., 2020), which implies that the plants in the conventional setup
had a generous intake of nutrients. However, this finding was contradicted by a previous
research conducted by Nazarideljou (2019), which showed an increase in leaf area of
strawberry plants grown in a hydroponic culture rather than a conventional one. One possible
reason for this difference could be that not all ideal conditions were met in creating the
hydroponic set-up for the basil plants in this study, which is often enclosed in a greenhouse
to control temperature and artificial lighting, reduce water loss, and protect the plants
against weather conditions (Barbosa et al., 2015; Chow et al., 2017; Manos & Xydis, 2019). Since
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a greenhouse and artificial lighting were not implemented, it is possible that the basil plants
subjected to hydroponics did not receive the maximum benefits it offers.
Table 10
Two-way Analysis of Variance of Plant Weight
Sum of
Squares
Setup
Intervention
Setup

✻

Intervention
Residuals

Mean

df

Square

F

p

0.54000

1

0.54000

0.46452

0.503

0.00167

1

0.00167

0.00143

0.970

0.42667

1

0.42667

0.36703

0.551

23.25000

20

1.16250

* p < 0.05 is significant. p > 0.05 is not significant.
In Table 10, a two-way analysis of variance showed that the effect of coconut water on
the plant weight was not significant, F (1) = 0.00143, p = 0.970. Additionally, it was determined
that the type of set-up has no significant effect on plant weight, F(1) = 0.46452, p = 0.503.
As hypothesized for the opposite effect of the setups on leaf length, there may have
been no effect on weight due to multiple planting factors. One probable cause of coconut
water having no effect is its chemical composition. It contains auxin, gibberellins, and
cytokines, which are known to increase tissue culture growth and root appearance (
Akhiriana & Samanhudi, 2019; Trisnaningsih & Wahyuni, 2020). However, in a study by Saha et
al. (2016), the presence of nitrogen is what yielded a greater fresh plant weight, with plants
weighing up to 56% more.
On the other hand, the setups might have had no effect on plant weight due to the
intensity of light present. As stated by Chen et al. (2016), cabbage plants in a hydroponic
setup subjected to more light grew faster. As plants in both the hydroponic and conventional
setups received the same amount of natural light, this was not taken into consideration. In
addition, multiple studies contradict this result as a hydroponic setup is proven to produce a
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higher yield in terms of plant production and weight. A review by Sardare and Admane (2013)
showed that plants grown hydroponically had a higher yield in weight with sometimes more
than double of that of a conventional setup.

CONCLUSION
There were no notable differences of coconut water as a rooting hormone on both the
hydroponic and conventional setups. Rather than finding differences between the
independent variables, variations on the control setups were recorded. The hydroponic setup
in particular was effective in producing a higher yield for root length, while the conventional
setup was effective on plant height and leaf length. Even though the intervention was proven
to have no significant contribution, the usage of coconut water as a rooting hormone in
various setups still has potential in the agricultural sector. As a future direction for
researchers to come, the enhanced application of growing factors in hydroponic systems
can be studied, since they may also affect the effectiveness of coconut water in plant
development. Some factors include the addition of artificial light, the usage of a greenhouse
to control weather conditions, and the ensured quality and freshness of materials used. Dry
weight can also be considered as a dependent variable, which has been used by previous
studies alongside fresh weight in measuring plant development (Baiyin et al., 2021).
Additionally, a longer time period for testing can be conducted to further observe the growth
of the plants. Furthermore, alternative natural rooting hormones can be tested in place of
coconut water, as well as different application techniques such as but not limited to the
direct soaking of roots.

Volume 01, Issue 02 (2022) | Science, Technology, Engineering, and Mathematics

65

REFERENCES
Aires, A. (2018). Hydroponic Production Systems: Impact on Nutritional Status and Bioactive
Compounds of

Fresh

Vegetables,

Vegetables

-

Importance

of

Quality

Vegetables to Human Health. Md. Asaduzzaman and Toshiki Asao, IntechOpen, DOI:
10.5772/intechopen.73011.
Akhiriana, E., Samanhudi, & Yunus, A. (2019). Coconut water and Iaa effect on the in vitro
growth of tribulus terrestris L. Acta Universitatis Agriculturae et Silviculturae
Mendelianae Brunensis, 67(1), 9–18. https://doi.org/10.11118/actaun201967010009
Al-Amad, I., & Qrunfleh, M. (2014). Effect of Babylon weeping willow (Salix babylonica L.)
extracts on rooting of stem cuttings of olive (Olea europaea L.)'Nabali'. In XXIX
International Horticultural Congress on Horticulture: Sustaining Lives, Livelihoods and
Landscapes (IHC2014): 1130 (pp. 391-396).
Albrecht, T., & Argueso, C. T. (2017). Should I fight or should I grow now? The role of cytokinins
in plant growth and immunity and in the growth–defence trade-off. Annals of botany,
119(5), 725-735.
Alvarado-Camarillo, D., Valdez-Aguilar, L. A., Castillo-González, A. M., Trejo-Téllez, L. I., &
Martínez-Amador, S. Y. (2018). Biomass, nitrogen and potassium dynamics in
hydroponic rose production. Acta Agriculturae Scandinavica, Section B — Soil \& Plant
Science, 68(8), 719–726. https://doi.org/10.1080/09064710.2018.1473481
Baiyin, B., Tagawa, K., Yamada, M., Wang, X., Yamada, S., Yamamoto, S., & Ibaraki, Y. (2021).
Effect of the flow rate on plant growth and flow visualization of nutrient solution in
hydroponics. Horticulturae, 7(8), 225. http://dx.doi.org/10.3390/horticulturae7080225
Barbosa, G. L., Almeida Gadelha, F. D., Kublik, N., Proctor, A., Reichelm, L., Weissinger, E., Wohlleb,
G. M., & Halden, R. U. (2015). Comparison of land, water, and energy requirements of
lettuce grown using hydroponic vs. Conventional agricultural methods. International

Volume 01, Issue 02 (2022) | Science, Technology, Engineering, and Mathematics

66

Journal of Environmental Research and Public Health, 12(6), 6879–6891.
https://doi.org/10.3390/ijerph120606879
Blok, C., van Os, E., Daoud, R., Waked, L., & Hasan, A. (2017). Hydroponic Green Farming
Initiative : increasing water use efficiency by use of hydroponic cultivation methods in
Jordan : final report. (Report GTB; No. 1447). Wageningen University & Research, BU
Greenhouse Horticulture. https://doi.org/10.18174/426168
Chen, W.-T., Yeh, Y.-H. F., Liu, T.-Y., & Lin, T.-T. (2016). An Automated and Continuous Plant
Weight Measurement System for Plant Factory. Frontiers in Plant Science, 7, 392.
https://doi.org/10.3389/fpls.2016.00392
Chow, Y. N., Lee, L. K., Zakaria, N. A., & Foo, K. Y. (2017). New Emerging Hydroponic System. Perlis,
Sic, 2(January), 1–4. www.perlis.uitm.edu.my/imitsic
Cifuentes Torres, L., Mendoza Espinosa, L. G., Correa Reyes, G., & Daesslé, L. W. (2021).
Hydroponics with wastewater: a review of trends and opportunities. Water and
Environment Journal, 35(1), 166-180.
Dunn Bruce & Singh, H. (2016). Electrical Conductivity and pH Guide for Hydroponics. October.
http://osufacts.okstate.edu
Dunsin, O., Ajiboye, G., & Adeyemo, T. (2016). Scientia Agriculturae Effect of alternative
hormones on the rootability of parkia biglobosa. Agri, 13(2), 113–118.
https://core.ac.uk/download/pdf/85159948.pdf
Echavarría-Heras, H., Solana-Arellano, E., Leal-Ramírez, C., & Vizcaino, E. F. (2013). An
allometric method for measuring leaf growth in eelgrass, Zostera marina, using leaf
length data. Botanica Marina, 56(3), 275–286. https://doi.org/doi:10.1515/bot-2012-0215
Ekanayake, I., O_toole, J., Garrity, D., & Masajo, T. (1985). Inheritance of Root Characters and
their Relations to Drought Resistance in Rice 1. Crop Science, 25, 927–933.

Volume 01, Issue 02 (2022) | Science, Technology, Engineering, and Mathematics

67

FAO, IFAD, UNICEF, WFP and WHO. 2021. The State of Food Security and Nutrition in the World
2021. Transforming food systems for food security, improved nutrition and affordable
healthy diets for all. Rome, FAO. https://doi.org/10.4060/cb4474en
French, A., Roth, E. (2019). Soilless agriculture: An in-depth overview. Retrieved March 7, 2021,
from
https://www.agritecture.com/blog/2019/3/7/soilless-agriculture-an-in-depth-overvie
w
Gashgari, R., Alharbi, K., Mughrbil, K., Jan, A., & Glolam, A. (2018). Comparison between growing
plants in hydroponic system and soil based system. In Proceedings of the 4th World
Congress on Mechanical, Chemical, and Material Engineering (pp. 1-7). Madrid, Spain:
ICMIE.
Girdthai, T., Jogloy, S., Kesmala, T., Vorasoot, N., Akkasaeng, C., Wongkaew, S., Holbrook, C. C.,
& Patanothai, A. (2010). Relationship between Root Characteristics of Peanut in
Hydroponics

and

Pot

Studies.

Crop

Science,

50(1),

159–167.

https://doi.org/10.2135/cropsci2008.09.0529
Gu, A. Z., & Neethling, J. B. (2008). Investigation and Modeling of Solar UV Induced Chlorine
Decay in Disinfection Contact Basins at Full Scale Wastewater Treatment Plants.
Water environment research, 80(2), 179-185.
Heady, H. F. (1957). The Measurement and Value of Plant Height in the Study of Herbaceous
Vegetation. Ecology, 38(2), 313–320. https://doi.org/10.2307/1931691
Hebbar, K. B., Santhosh, A., Sukumar, A. P., Neethu, P., Ramesh, S. V., & Selvamani, V. (2021).
Effect of sea water substitution on growth, physiological and biochemical processes
of coconut (Cocos nucifera L.) seedlings—A hydroponic study. Scientia Horticulturae,
280, 109935. https://doi.org/10.1016/j.scienta.2021.109935

Volume 01, Issue 02 (2022) | Science, Technology, Engineering, and Mathematics

68

Huang, W., Ratkowsky, D. A., Hui, C., Wang, P., Su, J., & Shi, P. (2019). Leaf fresh weight versus dry
weight: Which is better for describing the scaling relationship between leaf biomass
and leaf area for broad-leaved plants? Forests, 10(3), 1–19.
https://doi.org/10.3390/f10030256
Jones, C. S. (1995). Does Shade Prolong Juvenile Development? A Morphological Analysis of
Leaf Shape Changes in Cucurbita argyrosperma Subsp. Sororia (Cucurbitaceae).
American Journal of Botany, 82(3), 346–359. https://doi.org/10.2307/2445580
Khan, S., Purohit, A., Vadsaria, N.(2019). Hydroponics: current and future state of the art in
farming,

Journal

of

Plant

Nutrition.

https://www.tandfonline.com/doi/abs/10.1080/01904167.2020.1860217?journalCode=lpl
a20
King, A. P., & Eckersley, R. J. (2019). Experimental Design and Sample Size Calculations.
Statistics

for

Biomedical

Engineers

and

Scientists,

201–216.

https://doi.org/10.1016/b978-0-08-102939-8.00018-9
Li, Q., Li, X., Tang, B., & Gu, M. (2018). Growth responses and root characteristics of lettuce
grown in aeroponics, hydroponics, and substrate culture. Horticulturae, 4(4), 35.
Manos, D.-P., & Xydis, G. (2019). Hydroponics: are we moving towards that direction only
because of the environment? A discussion on forecasting and a systems review.
Environmental

Science

and

Pollution

Research,

26(13),

12662–12672.

https://doi.org/10.1007/s11356-019-04933-5
McDonnell, G. (2014). The Use of Hydrogen Peroxide for Disinfection and Sterilization
Applications.

In

PATAI’S

Chemistry

of

Functional

Groups

(pp.

1–34).

https://doi.org/https://doi.org/10.1002/9780470682531.pat0885
Nazarideljou, M. J., Haghshenas, M., Jaberian Hamedan, H., & Ferrante, A. (2019). Growth, yield
and antioxidant capacity of strawberry under various K+:Ca++ ratios in hydroponic

Volume 01, Issue 02 (2022) | Science, Technology, Engineering, and Mathematics

69

culture. Acta Agriculturae Scandinavica, Section B — Soil & Plant Science, 69(2),
105–113. https://doi.org/10.1080/09064710.2018.1506500
Nguyen, N. T., McInturf, S. A., & Mendoza-Cózatl, D. G. (2016). Hydroponics: A Versatile System
to Study Nutrient Allocation and Plant Responses to Nutrient Availability and Exposure
to Toxic Elements. Journal of Visualized Experiments, 113. https://doi.org/10.3791/54317
Onanuga, A. O., Jiang, P, & Adl, S. (2012). Effect of phytohormones, phosphorus and potassium
on cotton varieties (Gossypium hirsutum) root growth and root activity grown in
hydroponic nutrient solution. Journal of Agricultural Science, 4(3), 93.
Pacurar, D. I., Perrone, I., & Bellini, C. (2014). Auxin is a central player in the hormone
cross-talks that control adventitious rooting. Physiologia Plantarum, 151(1), 83–96.
https://doi.org/10.1111/ppl.12171
Pérez-Harguindeguy, N., Díaz, S., Garnier, E., Lavorel, S., Poorter, H., Jaureguiberry, P., Bret-Harte,
M. S., Cornwell, W. K., Craine, J. M., Gurvich, D. E., Urcelay, C., Veneklaas, E. J., Reich, P. B.,
Poorter, L., Wright, I. J., Ray, P., Enrico, L., Pausas, J. G., de Vos, A. C., … Cornelissen, J. H. C.
(2016). Corrigendum to: New handbook for standardised measurement of plant
functional

traits

worldwide.

Australian

Journal

of

Botany,

64(8),

715.

https://doi.org/10.1071/bt12225_co
Purbajanti, E. D., Slamet, W., Fuskhah, E., & Rosyida. (2019). Effects of organic and inorganic
fertilizers on growth, activity of nitrate reductase and chlorophyll contents of peanuts
(Arachis hypogaea L.). IOP Conference Series: Earth and Environmental Science,
250(1). https://doi.org/10.1088/1755-1315/250/1/012048
Rouphael, Y., Colla, G., Battistelli, A., Moscatello, S., Proietti, S., & Rea, E. (2004). Yield, water
requirement, nutrient uptake and fruit quality of zucchini squash grown in soil and
closed soilless culture. The Journal of Horticultural Science and Biotechnology, 79,
423–430. https://doi.org/10.1080/14620316.2004.11511784

Volume 01, Issue 02 (2022) | Science, Technology, Engineering, and Mathematics

70

Rufí-Salís, M., Calvo, M. J., Petit-Boix, A., Villalba, G., & Gabarrell, X. (2020). Exploring nutrient
recovery from hydroponics in urban agriculture: An environmental assessment.
Resources,

Conservation

and

Recycling,

155,

104683.

https://doi.org/10.1016/j.resconrec.2020.104683
Saha, S., Monroe, A., & Day, M. R. (2016). Growth, yield, plant quality and nutrition of basil
(Ocimum basilicum L.) under soilless agricultural systems. Annals of Agricultural
Sciences, 61(2), 181–186. https://doi.org/https://doi.org/10.1016/j.aoas.2016.10.001
Santos, P. J. A., & Ocampo, E. T. M. (2005). Snap hydroponics: Development & potential for
urban vegetable production. Philippine Journal of Crop Science, 30(2), 3-11.
https://www.cabi.org/gara/FullTextPDF/2005/20053176287.pdf
Sardare, M. D., & Admane, S. V. (2013). A review on plant without soil-hydroponics.
International Journal of Research in Engineering and Technology, 2(3), 299-304.
Singh, R., Upadhyay, S., Diwakar, A., Sharma, I., & Affiliation, N. (2019). A Study on Hydroponic
Farming System of Wheat, Spinach and Sword Lily for Sustainable Development of
Agriculture. Bio Science Research Bulletin, 35, 58–63.
Tahat, M. M., Alananbeh, K. M., Othman, Y. A., & Leskovar, D. I. (2020). Soil health and
sustainable agriculture. Sustainability (Switzerland), 12(12), 1–26.
https://doi.org/10.3390/SU12124859
Topaçoğlu, O., Sevik, H., Güney, K., Unal, C., Akkuzu, E., & Sivacioglu, A. (2016). Effect of rooting
hormones on the rooting capability of Ficus benjamina L. cuttings. 140, 39–44.
Torabi, M., Mokhtarzadeh, A., & Mahlooji, M. (2012). The role of hydroponics technique as a
standard

methodology

in

various

aspects

of

plant

biology

researches.

Hydroponics—a standard methodology for plant biological researches. InTech, 113-134.

Volume 01, Issue 02 (2022) | Science, Technology, Engineering, and Mathematics

71

Treftz, C., & Omaye, S. (2015). International Journal of Agricultural Extension. Comparison
between hydroponic and soil systems for growing strawberries in a greenhouse. Int. J.
Agr. Ext, 03, 3. https://naes.agnt.unr.edu/PMS/Pubs/309_2017_03.pdf
Trisnaningsih, U., & Wahyuni, S. (2020). The Effect of Coconut Water and Planting Media to the
Growth of Christmas Palm (Veitchia merilli) BT

- Proceedings of the International

Conference on Agriculture, Social Sciences, Education, Technology and Health
(ICASSETH 2019). 79–82. https://doi.org/https://doi.org/10.2991/assehr.k.200402.018
Wang, C., He, J., Zhao, T., Cao, Y., Wang, G., Sun, B., Yan, X., Guo, W., & Li, M. (2019). The smaller
the leaf is, the faster the leaf water loses in a temperate forest. Front. Plant. Sci.,
https://doi.org/10.3389/fpls.2019.00058
Yeboah, J., Lowor, S. T., & Amoah, F. M. (2009). The rooting performance of shea (Vitellaria
paradoxa gaertn) stem cuttings as influenced by wood type, sucrose and rooting
hormone. Scientific Research and Essays, 4(5), 521–525.
Zabłudowska, E., Kowalska, J., Wojas, S., Skłodowska, A., & Antosiewicz, D. M. (2009). Search for
a plant for phytoremediation–What can we learn from field and hydroponic studies?.
Chemosphere, 77(3), 301-307.

Volume 01, Issue 02 (2022) | Science, Technology, Engineering, and Mathematics

72

ACKNOWLEDGMENTS
The completion of this research could not have been possible without the aid and assistance
of the following for offering their time, patience, and expertise:
Mr. Jose Mari Calamlam, for his guidance and provisions of proper recommendations
in completing the first two chapters of our research.
Mr. Gerald Gamboa, the group’s research teacher, for providing legal references and
materials in aiding the researchers’ accomplishment of the entire paper.
The researchers’ families, for providing the necessary funds to perform the
experiments properly and successfully.
Finally, De La Salle Santiago Zobel School for enabling its resources amidst the
COVID-19 pandemic.

Volume 01, Issue 02 (2022) | Science, Technology, Engineering, and Mathematics

73

ABOUT THE AUTHORS
Trisha Ysabel A. Reodica
Trisha is a senior high school student in De La Salle
Santiago

Zobel

under

the

STEM

strand.

She

is well

acquainted with various types of herbs and vegetables due
to her passion for cooking. As such, she takes an interest in
growing her own collection of plants which she can use in
the kitchen.

Luis Raphael L. Reyes
Luis is a senior high school student studying under the
STEM strand to pursue his passion at De La Salle Santiago
Zobel. Because of his interest in science and technology, he
has a wide knowledge about plants, animals, and how
technology works. He hopes that this study will add to the
body of knowledge regarding the use of rooting hormones in
hydroponics.

Fernal Anne J. Cadiz
Fernel is a senior high school student studying in De La Salle
Santiago Zobel – Vermosa under the STEM strand. She has prior
experience with handling plants due to family influence, and has
worked on projects and papers in the past regarding them. She is
aware of the benefits that plants can provide, and aims to use this
knowledge to help others someday.

Volume 01, Issue 02 (2022) | Science, Technology, Engineering, and Mathematics

74

Jessica Paulyn A. Villa
Jessica is a senior high school student under the STEM
strand in De La Salle Santiago Zobel. She has an interest in the
protection of the environment and hopes this study will
contribute to actions supporting this kind. She is equipped with
knowledge on the plants and planting due to her past projects
and influence of family.

Pio Jeremiah G. Tagra
Pio is a senior high school student in De La Salle Santiago Zobel
School under the Science, Technology, Engineering, and Mathematics
(STEM) strand. He is knowledgeable in the field of planting and
vegetation due to exposure and assistance of his relatives and family
members. He has a big interest in practical activities that encourage the
mind to be active and open.

Elizabeth Justinne I. Carag
Elizabeth is a senior high school student in De La Salle
Santiago Zobel under the STEM strand. She grew up in a very
traditional family and a family who cooks a lot. In addition, she
was also able to gain different experiences in the kitchen at
such a young age because of her relatives. She aims to be a
doctor someday, allowing her to practice the real-life skills
gained throughout the whole duration of this study.

Volume 01, Issue 02 (2022) | Science, Technology, Engineering, and Mathematics

75

Elisha Jaeriane A. Almeda
Elisha is a student in senior high school for the strand Science,
Technology, Engineering, and Mathematics in De La Salle Santiago Zobel.
Her family has a farm where it consists of various fresh herbs and
vegetables wherein she knows the importance of vitamins and minerals
in your body. She plans on using her knowledge to help other people as
she grows older.

Jericho R. Castañeda
Jericho is a senior high school student in De La Salle
Santiago Zobel under the STEM strand. He has gained
knowledge in planting through his relatives and has gained
the knowledge on different types of plants and on plant
cultivation. He has a great interest in learning new things and
is willing to try his hand at anything he wishes to try for the
study.

Hans Franco A. Amar
Hans is a senior high school student in De La Salle Santiago
Zobel under the STEM strand. He helps his family manage their
garden and has developed an interest in more effective
cultivation methods. He wishes to use the knowledge gained from
this study to develop his hobby of gardening.

Volume 01, Issue 02 (2022) | Science, Technology, Engineering, and Mathematics

76

