Jurnal Pro-Life, Volume 12 Nomor 3, November 2025

Pro-life

Jurnal Pendidikan Biologi, Biologi, dan Ilmu Serumpun
https://ejournal.uki.ac.id/index.php/prolife

Growth and Content of Flavonoids of Mustard Greens (Brassica juncea L.)
with Different Humic Acid and Water Content

Tia Setiawati'*, Nurul Khofifah?, Mohamad Nurzaman®, Rusdi*

1234 Departemen Biologi, Fakultas MIPA, Universitas Padjadjaran, Sumedang, Indonesia
*Corresponding author: tia@unpad.ac.id

Article History

Received: 21 October 2025
Approved: 26 November 2025
Published: 27 November 2025

Keywords
humic acid, soil moisture, Brassica
Jjuncea, plant growth, flavonoid

ABSTRACT

Water deficiency disrupts metabolic pathways and reduces plant
growth. The high demand for Brassica juncea (L.) due to its nutritional
value necessitates improved cultivation practices to ensure high-
quality yields. Although humic acid is known to support plant
productivity, studies examining its interaction with soil moisture levels
in B. juncea remain limited. This study aimed to determine the optimal
soil moisture level and humic acid dosage for enhancing the growth
and flavonoid content of B. juncea (L.). The experiment was conducted
using a Randomized Block Design (RBD) with two factors: four levels
of humic acid dosage (0 g/kg, 4 g/kg, 8 g/kg, and 12 g/kg) and four
watering treatments based on field capacity (FC), namely 20%, 40%,
60%, and 80%, each with four replications. Observations were made
42 days after planting, covering plant height, number of leaves, leaf
area, dry weight, and total flavonoid content. Data were analyzed using
ANOVA at a 95% confidence level, and significant differences among
treatments were further tested using Duncan’s Multiple Range Test
(DMRT). The results showed that the treatment combination of 20%
FC and 12 g/kg humic acid produced the highest values for growth and
flavonoid content of B. juncea L. under drought stress conditions, with
plant height (23.67 cm), number of leaves (8 leaves), leaf area (1,022
cm?), dry weight (0.55 g), and total flavonoid content (0.108 mg QF/g
sample).

© 2025 The Authors. Published by Christian University of Indonesia.
Licensed under CC BY-SA 4.0: https://creativecommons.org/licenses/by-sa/4.0/

INTRODUCTION

Mustard greens—also known as
mustard meatballs, caisim, or caisin—are
easy to cultivate and can be consumed fresh
or processed into pickles or candies. Besides
serving as a food source, they provide
several health benefits, such as treating
tract infections, and

urinary coughs,

368

headaches, cleansing the blood, and helping
prevent cancer (Pary, 2015). The advantage
of mustard greens is their high nutritional
content, which includes many antioxidants
and vitamins important for health
(Damayanti et al., 2013). High antioxidant
levels are supported by the mustard greens'

content of biologically active phenolic


https://creativecommons.org/licenses/by-sa/4.0/
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compounds and flavonoids (Wahjuni et al.,
2019). Flavonoids are a type of secondary
metabolite of polyphenols that are widely
found in plants that have a wide variety of
benefits, so that higher accumulation of
flavonoids in vegetables can increase their
economic value (Kumar et al., 2018).

The need for vegetables continues to
increase each year, but demand is not
matched by production. Mustard production
can be increased through plant maintenance,
primarily by ensuring water and nutrient
sufficiency (Mahfudiawati et al., 2016).
Water pressure is considered one of the most
influential environmental factors in limiting
plant growth and productivity. Limited
water availability reduces water potential
gradients, thereby decreasing the rates of
water and nutrient transport and affecting the
yield of fresh weight of mustard plants (Taiz
& Zeiger, 2002).

In addition, water deficit leads to cell
shrinkage, increased cytoplasmic visibility,
cell wall folding, membrane damage, and
protein denaturation (Lotfi et al., 2018), as
well as physiological, metabolic, and
biochemical changes that ultimately alter
plant productivity (Kapoor et al., 2020). In
addition, drought conditions can limit
photosynthesis in plants and alter nutrient
uptake, thereby lowering the production of
secondary metabolites (Juarez et al., 2011).

Plants under stress require additional

nutrients to sustain growth, including humic

acid. This compound is widely used in
commercial formulations because it contains
phytohormones that help protect plants from
oxidative damage caused by environmental
stressors  (Vasconcelos, 2020). Humate
enhances nutrient absorption (Halpern et al.,
2015), thereby increasing plant growth, as
evidenced by increased levels of active
compounds (Tripatmasari et al., 2014;
Proklamasiningsih et al.,, 2019). The
administration of humic acid has been
shown to increase flavonoid compounds and
antioxidant content, such as in the god leaf
plant (Gynura pseudochina
(Proklamasiningsih et al., 2020) and red
chili (Capsicum annuum L.) (Aminifard et
al., 2012).

Previous research on humic acid has
largely emphasized its contribution to plant
growth through nutrient supply and its
ability to improve soil physical properties
for better nutrient absorption. This study
further explores its influence on the
biosynthesis of flavonoid compounds when
plants experience limited water availability.
Therefore, this study was conducted to
determine the effect of different water and
humic acid content on the growth and
flavonoid content of mustard greens.
Besides that, to provide information about
the proper levels in the application of water
and humic acid to increase the growth and

content of flavonoids in mustard greens.
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RESEARCH METHODS
Method

The research was a laboratory
experiment conducted using a Group
Random Design (RAK) with two factors.
The first factor is the administration of
humic acid at four dose levels: 0 g/kg, 4
g/kg, 8 g/kg, and 12 g/kg. In comparison, the
second factor is the administration of water
content based on field capacity (KL), with
four levels: 20%, 40%, 60%, and 80%. Each
treatment was repeated four times.
Materials and Equipment

The materials used in this study

include water, aquades, AICl3 10%, humic
acid [Humivit], mustard green seeds
(Brassica juncea var. Dora), CH3COOK 1
M, 80% ethanol, block millimeter paper,
filter paper [Whatman no. 1], labels,
methanol 80%, polybag UK. 25 x 25 cm,
manure, quercetin standard, Andosol soil.
Procedure
Seed Sowing and Seedling Planting

The seeds are soaked in water, then
drained and sown. Seedling media uses a
mixture of soil and manure (50:50). 21-day-
old seedlings that already have 3-4 leaf
blades ready to be transplanted to A Lot of
Media. Appearance of Andosol Manure Soil
Mixture (50:50) as much as 2 kg/polybag
(Istiqgomah & Serdani, 2018).
Field Capacity Measurement

The field capacity is determined by
the gravimetric method. The soil that the

wind has dried is weighed at up to 50 g, then
saturated with water until no more water
drips. The soil is weighed, then dried in an
oven at 105-110 © for 24 hours
(Abdurachman et al., 2006). The soil is
weighed back as dry weight. The moisture
content is determined by the formula

(Siregar et al., 2017):

W-—-w

Dry matter content (%) = x100%

Moisture content (%) = 100% — % Dry matter

Information:
W = air dry soil weight + weigh bottle (g);
w = weight of weighing bottle (g);
T = weight of moist soil taken for dioven (g)
Treatment Delivery

Humic acid is added to the planting
medium twice, on the 7th and 21st days after
planting (Fauziah et al, 2019), at the
predetermined dosage. Moisture content
treatment is carried out from the beginning
of seedling planting until harvest, with
watering every 3 days at 07.00-09.00 WIB
(Nurjanaty et al., 2019), according to the
predetermined field capacity. Mustard
greens are harvested at the age of 42 days
after planting (hst).
Data Collection

Observations were made at 42 days
after planting on the following parameters.
Leaf Area (cm?) and Number of Leaf

Leaf area measurement is carried out
based on the gravimetric method, which
involves comparing the total leaf weight
with the weight of a leaf sample that has a

known area. All leaf patterns (leaf replicas)

drawn on the millimeter paper were weighed
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using an analytical scale. A 10 cm X 10 cm
piece of paper is cut and weighed. The area
of the leaves is calculated using the

following formula:.

weight of leaf replica (g)

Leaf A H=
eaf Area (cm”) weight of 10 cm X 10 cm paper (g)

X 100
(Irwan and Wicaksono, 2017)

The number of leaves counted is the
leaves that have opened perfectly (Munthe et
al., 2018).

Plant Height (cm) and Dry Plant Weight

®
The height of the plant is measured

from the base of the stem to the end of the
plant's growth point (Munthe et al., 2018).
Dry weight is measured by drying the
sample in an oven at 80 “C until it reaches a
constant dry weight.

Total Content of Flavonoids

Extraction and preparation of treatment
samples

Mustard leaves are dried, then mashed
and sifted. A total of 0.4 g of sample powder
was macerated with 80% methanol, 10 mL 2
twice, then homogenized using a shaker for
12 hours at room temperature. The extract
was filtered using Whatman Number 1 filter
paper, and 10 mL of filtrate was stored in a
vial bottle (Chang et al., 2002).

Preparation of flavonoid standard solutions
A standard solution of quercetin is

used to create calibration curves. A total of
0.15 mg of standard quercetin was dissolved
in 15 ml of 80% ethanol and then diluted to
20, 40, 60, 80, and 100 ppm. The diluted

quercetin solution was then diluted to 0.5 ml
and mixed with 1.5 ml of 80% ethanol, 0.1
ml of 10% AICI3, 0.1 ml of CH3COOK 1 M,
and 2.8 ml of aqueducts separately. The
mixed solution was then incubated for 30
minutes (Chang et al., 2002).
Spectrophotometric Analysis

The examination of the total
absorbance value of flavonoids was
measured at a wavelength of 415 nm using a
UV-Vis spectrophotometer. The blank is
prepared by pipetting up to 1.5 ml of 80%
ethanol, 0.1 ml of AICl;, 0.1 ml of
CH3COOK 1 M, and 2.8 ml of aqua. The
total flavonoid content is expressed by the
equivalent mass of quercetin (Chang et al.,
2002).
Data Analysis

The observation data were analyzed
descriptively  and

Variance Analysis (ANOVA); if the results

statistically  using

indicated a significant effect, the Duncan
Multiple Distance Test at the 95% level (o =

0.05) was used to determine the differences.

RESULTS AND DISCUSSION

Effect of Humic Acid and Water Content
on the Growth of Mustard Mustard

Plant Height

Plant height is the most frequently
used and easily observable growth indicator
for assessing the influence of the
environment or the applied treatment, and

can describe growth rate (Dong et al., 2019).
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The ANOVA results showed that the
application of humic acid, moisture content,
and their interaction had a significant effect
(P-value <0.05) on mustard green height. To
assess the difference between treatments, a
Multiple Distance Test was conducted; the
results are presented in Table 1.

Based on Table 1, humic acid applied
1-12  g/kg
compared to the control at 20-60% field

at increased plant height

capacity, mainly because it enhances
nutrient uptake under stress conditions. In
contrast, at 80% field capacity, the addition
of humic acid reduced plant height. This
decrease because with

occurs plants

sufficient water may absorb excess
moisture, causing growth suppression as
noted by Zlatev and Lidon (2005).

The average height of the tallest
plant, 23.67 cm, was observed in the 20%
KL treatment with 12 g/kg humic acid. It is
suspected because, during treatment with
20% KL, the soil water content is very low.

The addition of humic acid contributes to the

availability and uptake of water and N by
plants. Nitrogen plays a role in spurring
vegetative growth and photosynthesis
(Ginandjar et al., 2019). Photosynthate
produced by photosynthesis will be
dispersed and accumulated in plant organs,
including stems, thereby increasing plant
height (Herman & Dibyo, 2013).

In Table 1, the lowest average plant
height of 12.875 cm was observed in the
20% KL treatment without humic acid.
Hussain and Ali (2015) reported that stem
elongation and leaf area can be hampered
when plants experience water shortages.
Dong et al. (2019) also reported that water
stress can inhibit plant growth, especially
plant height and leaf area. During cell
elongation, plants require an appropriate
water balance because the force driving
elongation is turgor pressure (Latuharhary &
Saputro, 2017). Drought conditions can limit
nutrient uptake by plants due to reduced soil
moisture, resulting in shorter stems (Kapoor

et al., 2020).

Table 1. Average Increase in Height of Mustard Plants (cm) in Humic Acid
Treatment and Different Water Content

Moisture Content (Spacious) 0 ke 4 gl/—ll(;mic 1;c;(/ikg 12 g/ke
20% 12,/8;5a 2(])331b 23132’5b 23g7b
40% 14:ZSa 17,2253 20.8B75b 17,]93753
60% 1§a l7,i5ab 17,;335ab 17,9B25b
0% 18§5b 16§ab lS,lZSab 14,22521

Remarks: The average values with the same lowercase letter on the same row and the same uppercase letter in the
same column show no significant difference according to the Duncan Multiple Spacing test at the 5% significance

level.
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Humic Acid Treatment and Water Content

Figure 1. Graph of the Average Number of Mustard Leaves in Humic Acid Treatment and Different Water Content.
Description: k0 = 20% KL, k1 = 40% KL, k2 = 60% KL, k3 =80% KL, h0 = 0 g/kg, h1 =4 g/kg, h2 = 8 g/kg, and h3 = 12 g/kg

Number of Leaves

The number of leaves affects a
plant's photosynthetic efficiency. Leaves
serve as sites of absorption and conversion
of sunlight through photosynthesis for plant
growth (Mathur et al., 2018). Based on
ANOVA, it is known that the administration
of humic acid, the moisture content is
different, and the interaction has no real
effect (P-value < 0.05) on the average
number of leaves. The average number of
mustard greens with different water and
humic acid content is presented in Figure 1.

Figure 1 shows that the average
number of leaves increased with increasing
humic acid dose across all field capacity
treatments. Bakry et al. (2014) stated that
humic acid plays a role in activating the
plant's defense system against
environmental stress by stimulating levels of
growth the

regulators and enhancing

protection of photosynthetic pigments.

Increased photosynthesis leads to greater
carbohydrate availability, which in turn
increases the number and area of leaves
(Bassi et al., 2018).

Based on Figure 1, the average
highest number of leaves (8 leaves) was
found in the kOh3 treatment (20% KL + 12
g/kg humic acid). The plant's tolerance to the
lowest moisture content at the 20% KL
treatment is supported by humic acid, which
helps the plant survive these unfavorable
conditions. According to Sembiring et al.
(2015), humic acid can increase nutrient
absorption, primarily N and P, which are
involved in leaf formation. The application
of humic acid can reduce
evapotranspiration, increase water holding
capacity, reduce soil erosion, improve soil
structure, and increase soil KTK (Khaled &
Fawy, 2011). The higher the KTK value in

soil, the greater the soil's potential to provide

nutrients for plants (Bhaskoro et al., 2015).
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Table 2. Average Area of Mustard Leaves (cm2) in Humic Acid Treatment and

Different Water Content

Moisture Content Humic Acid
(Spacious) 0 g/kg 4 g/kg 8 g/kg 12 g/kg
20% 0.295a 0.815ab 0.913b 1.022¢
° A C B C
0.368a 0.693ab 0.902b 0.953b
0,
40% A B B B
0.513a 0.652a 0.738ab 0.915b
0,
60% B A AB B
0.535a 0.625ab 0.663b 0.663b
0,
80% B A A A

Remarks: The average values with the same lowercase letter on the same row and the same uppercase letter in the
same column show no significant difference according to the Duncan Multiple Spacing test at the 5% significance

level.

Figure 1 also shows that the kOhO
treatment (20% KL without humic acid)
resulted in the lowest average number of
leaves (5 leaves). Drought stress suppresses
cell expansion and cell growth due to low
turgor pressure. Plants will adapt by
reducing leaf number and leaf area in
response to drought, thereby increasing
survival but decreasing growth rate and
biomass (Abobatta, 2019). According to
Samanhudi et al. (2017), the greater the
water grip pressure, the greater the value of
leaf damage intensity (IKD) that damages
chloroplasts, so that the leaves will quickly
experience chlorosis and senescence. It
leads to a decrease in the number of leaves.
Leaf Area

Leaf area is a sensitive indicator of
plant response to water stress (Dong et al.,
2019), and ANOVA results showed that
humic acid, moisture level, and their
interaction significantly affected mustard
leaf area (P < 0.05). Duncan’s test results
(Table 2) indicate that at 0 g/kg humic acid,

higher moisture levels reduce the decline in

leaf area. Under this condition, the 80% field
capacity treatment produced the largest
average leaf area, measuring 0.535 cm?.

Hendri and Ansar (2014) stated that
plants need enough water to maintain turgor
and leaf expansion. The application of 12
g/kg humic acid with a moisture content of
20% KL resulted in the highest average leaf
area of 1,022 cm?. Although increased water
retention leads to reduced leaf area to avoid
excessive transpiration with low stomata
density (Riaz et al., 2013), humic acid
application can reduce water evaporation by
reducing the opening of stomata on the
leaves, so that plants and soil can retain more
water and increase plant resistance (Li,
2020).

The lowest average leaf area was
obtained in the treatment of 20% KL without
humic acid, which was 0.295 cm2 (Table 2).
In drought-stressed conditions, leaf area
tends to decrease as plants adapt to reduce
transpiration (Hidayati et al., 2017). During
the drought, the growth and development of

young leaves are stunted. Cell shrinkage and
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leaf aging are followed by the abortion of old
leaves, resulting in a reduction in leaf area.
Dry Weight of Plants

The dry weight of plants indicates
the accumulation of inorganic compounds
that the plant synthesizes into organic
compounds (Suryaningrum et al, 2016),
such as proteins, carbohydrates, and lipids
(fats), as well as the accumulation of
photosynthates located in the stems and
leaves (Sehgal et al., 2018). The ANOVA
results showed that the application of humic
acid, different moisture content, and their
interactions had a significant effect (P-value
< 0.05) on the dry weight of mustard green
plants. To examine differences in these
interactions among treatments, the Duncan
Multiple Distance Test was performed, with
the results presented in Table 3.

Based on Table 3, the average dry
weight increases with increasing humic acid
dose across all field capacity treatments.
Suhardjadinata et al. (2015) reported that

humic acid in the medium can increase soil

N levels, stimulating vegetative growth and
number of

2015),

increasing  the

(Habibullah et al.,

saplings
thereby
significantly affecting plant height, leaf area,
and plant dry weight.

Table 3 also shows that in the
application of humic acid up to 4 g/kg, dry
weight tends to increase in line with the
increase in field capacity, but the application
of 8 g/kg and 12 g/kg of humic acid leads to
a decrease in the dry weight of the plant. The
dry weight of the plant is positively related
to the level of N in the soil and its absorption
by the plant. The higher the N level and
absorption, the greater the N requirement
during the plant's vegetative phase, thereby
increasing plant biomass (Zhao et al., 2014).
The highest average dry weight of 0.55
grams was obtained in the treatment with
20% KL and 12 g/kg humic acid in the
medium. According to Amanah and Putra
(2018), humic acid can maintain plant vigor

under drought-stress conditions.

Table 3. Average Dry Weight of Mustard Plants (g) at Humic Acid Treatment

and Different Water Content

Moisture Content Humic Acid
(Spacious) 0 g/kg 4 g/kg 8 g/kg 12 g/kg
20% O./Oja 0.0:3a O.1C98b O.éSc
40% 0.(3;19a 0.(323a O.1C83b O.4Blc
60% 0.0:221 0.]131b 0.1136b 0.1?330
80% 0.0];Sa 0.113221 O.XLb O.ilc

Description: The average value followed by the same lowercase letter on the same line and the same uppercase letter
in the same column shows no significant difference according to the Duncan Double Distance Test at a significant

level of 5%.
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Table 4. Average Total Flavonoid Content of Mustard Mustard (mg QE/g
Sample) in Humic Acid Treatment and Different Water Content

Moisture Content Humic Acid
(Spacious) 0 g/kg 4 g/kg 8 g/kg 12 g/kg
20% 0.076a 0.083a 0.096a 0.108b
° B B C C
0.052a 0.064a 0.076ab 0.103b
0
40% A AB B B
0.05a 0.054a 0.072b 0.088b
0
60% A A B B
0.049a 0.053a 0.057a 0.085b
0
80% A A A A

Description: The average value followed by the same lowercase letter on the same line and the same uppercase letter
in the same column shows no significant difference according to the Duncan Double Distance Test at a significant

level of 5%.

Meanwhile, the 20% KL treatment
without humic acid produced the lowest
average dry weight of 0.04 g (Table 3),
likely due to limited water availability for
photosynthesis. This inhibition reduces
growth rate, causing water stress to lower
both fresh and dry weight (Jumawati et al.,
2014). Wibowo & Sitawati (2017) stated
that water-deficit conditions can reduce
turgidity in plant cells, thereby inhibiting
cell multiplication and enlargement. Water
retention also disrupts nutrient transport and
plant biochemical processes, as indicated by
the plant's low dry weight (Pour-
Aboughadareh et al., 2019).

Effect of Humic Acid and Water Content
on Flavonoid Levels

Based on ANOVA, humic acid
application, water content levels, and their
interaction significantly affected the total
flavonoid content of mustard greens (P <
0.05). A Duncan Multiple Range Test was
then used to compare treatment differences.
The results are shown in Table 4. Table 4

shows that the average flavonoid content

increased with increased doses of humic acid

at all field
treatments.Suhardjadinata et al. (2015)

capacity

reported that humic acid can increase
nutrient availability in the planting medium,
thereby enhancing the production of active
compounds, such as polyphenols.

The addition of humic acid under
drought conditions is also one of the efforts
to increase secondary metabolite production
by boosting plant biomass. Biomass
production will increase if plant growth
increases (Hardiyati et al., 2020). The
administration of humic acid can increase
the absorption of nutrients, including Cu,
Mg, N, P, and K (Riyandi et al., 2020). Ali
et al. (2006) showed that Cu can enhance
involved in

PAL enzyme activity

polyphenol Meanwhile,

Soedradjad & Sunihar (2017) reported that

production.

higher N absorption optimizes enzymes in
flavone biosynthesis, thereby increasing

flavonoid levels.
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Table 4 also shows that the highest
flavonoid content of 0.108 mg QE/g was
obtained with the 20% KL and 12 g/kg
humic acid treatment. Nephali et al. (2020)
reported that humic acid can function
optimally in plants under environmental
stress. One form of plant defense against
drought stress is the increased production of
secondary metabolites, including phenolics
and flavonoids (Garibi et al., 2015), which is
driven by the increased production of
Reactive Oxygen Species (ROS) under
drought stress (Gill & Tuteja, 2010). The
accumulation of ROS in plant cells due to
disruption of osmotic pressure and the toxic
effects of drought can lead to the
overproduction of phenolic compounds,
including flavonoids (Abogadallah, 2010).

In this study, the measurement of
secondary metabolite levels is limited to
total flavonoid compounds, so it is necessary
to develop research on other types of
potential secondary metabolites, in addition
to being able to use other biostimulants, such
as chitosan, to determine the effect of both
the growth and content of various secondary
metabolite compounds in mustard greens

under drought stress.

CONCLUSION

Different water content and humic
acid doses affect the growth and flavonoid
content of mustard greens (Brassica juncea

L.). Treatment of 20% field capacity (KL)

and humic acid of 12 g/kg provides the best
growth and total content of mustard greens
flavonoids under drought-stressed
conditions with a plant height of 23.67 cm,
the number of leaves eight strands, the leaf
area of 1.022 cm?, the wet weight of 5.008 g,
the dry weight of 0.55 g, and the total
flavonoid content of 0.108 mg QE/g of the

sample.

REFERENCES

Abdurachman, A., Haryati, U., & Juarsah, 1.
(2006). Penetapan kadar air tanah
dengan metode gravimetrik.

Abobatta, W. F. (2019). Influence of
drought stress on plant growth and
productivity. Current Investigations in
Agriculture and Current Research,

6(5), 855-857.
https://doi.org/10.32474/ciacr.2019.0
6.000246

Abogadallah, G. M. (2010). Insights into the
significance of antioxidative defense
under salt stress. Plant Signaling &
Behavior, 5(4), 369-374.

Ali, M. B, Singh, N., Shohael, A. M., Hahn,
E. J., & Paek, K.-Y. (2006). Phenolics
metabolism and lignin synthesis in
root suspension cultures of Panax
ginseng in response to copper stress.
Plant Science, 171(1), 147-154.

Amanah, D. M., & Putra, S. M. (2018).
Pengaruh  biostimulan  terhadap
toleransi kekeringan dan pertumbuhan
tanaman tebu varietas Kidang
Kencana di rumah kaca. Menara
Perkebunan, 86(1), 46-55.

Aminifard, M. H., Aroiee, H., Azizi, M.,
Nemati, H., & Jaafar, H. Z. E. (2012).
Effect of humic acid on antioxidant
activities and fruit quality of hot
pepper (Capsicum  annuum L.).
Journal of Herbs, Spices & Medicinal
Plants, 18(4), 360-369.


https://doi.org/10.32474/ciacr.2019.06.000246
https://doi.org/10.32474/ciacr.2019.06.000246

378

Jurnal Pro-life, 12 (3): 368-381, November 2025

Bakry, B. A., Taha, M. H., Abdelgawad, Z.
A., & Abdallah, M. M. S. (2014). The
role of humic acid and proline on
growth, chemical constituents, and
yield of three flax cultivars grown
under saline  soil  conditions.
Agricultural Sciences, 5(14), 1566.

Bassi, D., Menossi, M., & Mattiello, L.
(2018). Nitrogen supply influences
photosynthesis establishment along
the sugarcane leaf. Scientific Reports,

8, 2327.
https://doi.org/10.1038/s41598-018-
20653-1

Bhaskoro, A. W., Kusumarini, N., &
Syekhfani. (2015). Efisiensi

pemupukan nitrogen tanaman sawi
pada Inceptisol melalui aplikasi zeolit
alam. Jurnal Tanah dan Sumberdaya
Lahan, 2(2), 219-226.

Chang, C. C., Yang, M. H., Wen, H. M., &
Chern, J. C. (2002). Estimation of total
flavonoid content in propolis by two
complementary colorimetric methods.
Journal of Food and Drug Analysis,
10, 178-182.

Damayanti, N., Anggarwulan, E., &
Sugiyarto. (2013). Perkecambahan
dan pertumbuhan sawi hijau (Brassica
rapa var. parachinensis) setelah
pemberian ekstrak kirinyuh.
Biofarmasi, 11(2), 58—68.

Dong, S., Jiang, Y., Dong, Y., Wang, L.,
Wang, W.,Ma, Z., Yan, C., Ma, C., &
Liu, L. (2019). A study on soybean
responses to drought stress and
rehydration.  Saudi  Journal  of
Biological Sciences, 26(8), 2006—
2017.

Fauziah, 1., Proklamasiningsih, E., &
Budisantoso, I. (2019). Pengaruh asam
humat pada media tanam zeolit
terhadap pertumbuhan dan kandungan
vitamin C sawi hijau (Brassica
juncea). BioEksakta, 1(2), 17-21.

Firda, F., Mulyani, O., & Yuniarti, A.
(2016). Pembentukan, karakterisasi
serta manfaat asam humat terhadap
adsorpsi logam berat. Soilrens, 14(2),
9-13.

Garibi, S., Tabatabaie, B. E. S., Saeidi, G.,
& Goli, S. A. H. (2015). Effects of
drought stress on total phenolic, lipid
peroxidation, and antioxidant activity
of  Achillea  species.  Applied
Biochemistry and Biotechnology.

Gill, S. S., & Tuteja, N. (2010). Reactive
oxygen species and antioxidant
machinery in abiotic stress tolerance
in crop plants. Plant Physiology and
Biochemistry, 48, 909-930.

Ginandjar, S., Frasetya, B., Nugraha, W., &
Subandi, M. (2019). The effect of
liquid organic fertilizer of vegetable
waste and planting media on growth
and yield of strawberry. [OP
Conference  Series:  Earth  and
Environmental Science, 334, 1-8.

Habibullah, M., Idwar, & Murniati. (2015).
Pengaruh pupuk N, P, K, dan POC
terhadap pertumbuhan dan hasil
tanaman padi gogo. JOM Faperta,
2(2), 1-14.

Halpern, M., Bar-Tal, A., Ofek, M., Minz,
D., Muller, T., & Yermiyahu, U.
(2015). The use of biostimulants for
enhancing nutrient uptake. Advances
in Agronomy, 130, 141-147.

Hardiyati, T., Proklamasiningsih, E., &
Budisantoso, 1. (2020). Respon
penambahan asam humat terhadap
kandungan senyawa aktif pegagan.
BioEksakta, 2(3), 449-453.

Hendri, & Ansar, M. (2014). Kajian
intensitas pemberian air dan pupuk
kandang terhadap pertumbuhan dan
hasil sawi. Jurnal Agrotekbis, 2(1), 1-
9.

Herman, M., & Dibyo, P. (2013). Pengaruh
mikroba pelarut fosfat terhadap
pertumbuhan dan serapan hara benih
kakao. Buletin RISTRI, 4(2), 129—-138.

Hidayati, N., Hendrati, R. L., Triani, A., &
Sudjino. (2017). Pengaruh kekeringan
terhadap  pertumbuhan  tanaman
nyamplung dan  johar.  Jurnal
Pemuliaan Tanaman Hutan, 11(2),
99-111.

Hussain, B., & Ali, B. (2015). Leaf
longevity in plants under water stress:


https://doi.org/10.1038/s41598-018-20653-1
https://doi.org/10.1038/s41598-018-20653-1

379

Jurnal Pro-life, 12 (3): 368-381, November 2025

A review. Indian Journal of Plant
Science, 4(4), 127-133.

Irwan, A. W., & Wicaksono, F. W. (2017).
Perbandingan pengukuran luas daun
kedelai dengan metode gravimetri,
regresi dan scanner. Jurnal Kultivasi,
16(3), 425-429.

Istigomah, & Serdani, A. D. (2018).
Pertumbuhan dan hasil sawi pada
pemupukan organik, anorganik dan
kombinasinya. Agroradix, 1(2), 1-8.

Juarez, C. R., Cracker, L. E., Mendoza, M.
de las N. R., & Aguilar-Castillo, J. A.
(2011). Humic substances and
moisture content in Thymus vulgaris
production. Revista Fitotecnia
Mexicana, 34(3), 183—188.

Jumawati, R., Sakya, A. T., & Rahayu, M.
(2014). Pertumbuhan tomat pada
frekuensi pengairan berbeda.
Agrosains, 16(1), 13—-18.

Kapoor, D., Bhardwaj, S., Landi, M.,
Sharma, A., Ramakrishnan, M., &
Sharma, A. (2020). The impact of
drought in plant metabolism. Applied
Sciences, 10, 5692-5711.

Khaled, H., & Fawy, H. A. (2011). Effect of
humic acids on nutrient content, plant
growth, and soil properties under
salinity. Soil & Water Research, 6(1),
21-29.

Kumar, V., Suman, U., Rubal, & Yadav, S.
K. (2018). Flavonoid secondary
metabolite biosynthesis and role in
growth. In Recent Trends and
Techniques in Plant Metabolic
Engineering (pp. 19-45). Springer.
https://doi.org/10.1007/978-981-13-
2251-8 2

Latuharhary, R. A., & Saputro, T. B. (2017).
Respon morfologi jagung pada
cekaman salinitas. Jurnal Sains dan
Seni ITS, 6(2), 27-31.

Li, Y. (2020). Research progress of humic
acid fertilizer on the soil. Journal of
Physics: Conference Series, 1549, 1—
4.

Lotfi, R., Kalaji, H. M., Valizadeh, G. R.,
Behrozyar, E. K., Hemati, A.,
Gharavi-Kochebagh, P., & Ghassemi,

A. (2018). Effects of humic acid on
photosynthetic efficiency of rapeseed.
Photosynthetica, 56(3), 962-970.

Mahfudiawati, M. E., Rusmiyanto, &
Turnip, M. (2016). Pertumbuhan sawi
hijau akibat perlakuan logam berat Cd.
Probiont, 5(2), 18-24.

Mathur, S., Jain, L., & Jajoo, A. (2018).
Photosynthetic efficiency in sun and
shade plants. Photosynthetica, 56(1),
1-12.

Munthe, K., Pane, E., & Panggabean, E. L.
(2018). Budidaya tanaman sawi
(Brassica juncea L.) pada media
tanam yang berbeda secara vertikultur.
Agrotekma, 2(2), 138—151.

Nephali, L., Plater, L. A., Dubery, 1. A.,
Patterson, V., Huyser, J., Burgees, K.,
& Tugizimana, F. (2020).
Biostimulants for plant growth and
mitigation of abiotic stresses: A
metabolomics perspective.
Metabolites, 10, 505-530.

Nurjanaty, N., Linda, R., & Mukarlina.
(2019). Pengaruh cekaman air dan
pemberian pupuk daun terhadap
pertumbuhan tanaman sawi (Brassica
juncea L.). Probiont, 8(3), 6—11.

Pary, C. (2015). Pengaruh pupuk organik
daun lamtoro dalam  berbagai
konsentrasi terhadap pertumbuhan
tanaman sawi. Jurnal Fikratuna, 7(2),
72-80.

Pour-Aboughadareh, A., Omidi, M.,
Naghavi, M. R., Etminan, A,
Mehrabi, A. A., Poczal, P., & Bayat,
H. (2019). Effect of water deficit stress
on seedling biomass and physio-
chemical characteristics in different
species of wheat possessing the D
genome. Agronomy, 9, 522-541.

Proklamasiningsih, E., Budisantoso, I., &
Maula, 1. (2019). Pertumbuhan dan
kandungan polifenol tanaman katuk
(Sauropus androgynus (L.) Merr)
pada media tanam dengan pemberian
asam humat. A/-Kauniyah: Jurnal

Biologi, 12(1), 96-102.
https://doi.org/10.15408/kauniyah.v1
2i1.8972


https://doi.org/10.1007/978-981-13-2251-8_2
https://doi.org/10.1007/978-981-13-2251-8_2
https://doi.org/10.15408/kauniyah.v12i1.8972
https://doi.org/10.15408/kauniyah.v12i1.8972

380

Jurnal Pro-life, 12 (3): 368-381, November 2025

Proklamasiningsih, E., Budisantoso, I.,
Kamsinah, & Widodo, P. (2020).
Antioxidant activity and flavonoid
contents of daun dewa (Gynura
pseudochina) in various substrates
with humic acid treatment. [/OP
Conference  Series:  Earth  and
Environmental Science, 593, 1-5.

Riaz, A., Younis, A., Taj, A. R., Karim, A.,
Tariq, U., Munir, S., & Riaz, S.
(2013). Effect of drought stress on
growth and flowering of marigold
(Tagetes erecta L.). Pakistan Journal
of Botany, 45, 123-131.

Riyandi, F. N. U., Proklamasiningsih, E., &
Rochmatino. (2020).  Pengaruh
pemberian asam humat pada media
tanam terhadap pertumbuhan dan
kandungan polifenol daun binahong
(Anredera cordifolia). BioEksakta, 2,

243-247.
Samanhudi, Purwanto, E., Sulandjari, &
Setiyaningsih, A. (2017).

Microclimate modification through
shading and watering frequency
treatments as efforts for ex situ
conservation of pule  pandak
(Rauvolfia serpentina). Asian Journal
of Agriculture, 1(1), 35-39.

Sari, R. M. P., Maghfoer, M. D., &
Koesriharti. (2016). Pengaruh
frekuensi penyiraman dan dosis pupuk
kandang ayam terhadap pertumbuhan
dan hasil tanaman pakchoy. Jurnal
Produksi Tanaman, 4(5), 342-351.

Sehgal, A., Sita, K., Siddique, K. H. M.,
Kumar, R., Bhogireddy, S., Varshney,
R. K., HanumanthaRao, B., Nair, R.
M., Prasad, P. V. V., & Nayyar, H.
(2018). Drought or/and heat-stress
effects on seed filling in food crops:
Impacts on functional biochemistry,
seed yields, and nutritional quality.
Frontiers in Plant Science, 9, 1705.
https://doi.org/10.3389/fpls.2018.017
05

Sembiring, J. V., Nelvia, & Yulia, A. E.
(2015). Pertumbuhan bibit kelapa
sawit (Elaeis guineensis Jacq.) di
pembibitan utama pada medium sub

soil ultisol yang diberi asam humat
dan kompos tandan kosong kelapa
sawit. Jurnal Agroteknologi, 6(1), 25—
32.

Siregar, S. R., Zuraida, & Zuyasna. (2017).
Pengaruh kadar air kapasitas lapang
terhadap  pertumbuhan  beberapa
genotipe M3 kedelai. Journal of
Chemical Information and Modeling,
53(9), 1689—-1699.

Soedradjad, R., & Sunihar, A. S. (2017).
Kandungan fenolik dan flavonoid biji
tanaman kedelai yang berasosiasi
dengan  Synechococcus sp. dan
dipupuk organik. Agritrop: Jurnal
llmu-Iimu Pertanian, 12(1), 5-8.

Suhardjadinata, Sunarya, Y., &
Tedjaningsih, T. (2015). Increasing
nitrogen fertilizer efficiency on
wetland rice by using humic acid.
Journal of Tropical Soils, 20(3), 143—
148.

Suryaningrum, R., Edi, P., & Sumiyati.
(2016). Analisis pertumbuhan
beberapa varietas kedelai pada
perbedaan intensitas cekaman
kekeringan. Agrosains, 19(2), 33-37.

Taiz, L., & Zeiger, E. (2002). Plant
physiology  (2nd  ed.).  Sinauer
Associates Inc.

Tripatmasari, M. T., Aziz, S. A., &
Ghulamahdi, M. (2014). Pengaruh
pemupukan dan waktu pemanenan
terhadap produksi antosianin daun dan
kuisertin umbi tanaman daun dewa
(Gynura pseudochina (L.) DC).
Agrovigor: Journal
Agroecotechnology, 7(1), 25-36.

Vasconcelos, A. C. F. de. (2020).
Amelioration of drought stress on
plants under biostimulant sources.
Intech, 1(1), 1-12.
https://doi.org/10.5772/57353

Wahjuni, S., Gunawan, [. W. G., & Malindo,
I. Y. D. (2019). The effect of mustard
greens (Brassica rapa L.) ethanol
extract on blood glucose and
malondialdehyde levels of
hyperglycemic Wistar rats. Bali
Medical Journal, 8(1), 35-40.


https://doi.org/10.3389/fpls.2018.01705
https://doi.org/10.3389/fpls.2018.01705
https://doi.org/10.5772/57353

381

Jurnal Pro-life, 12 (3): 368-381, November 2025

Wibowo, H. Y., & Sitawati. (2017). Respon
tanaman kangkung darat (lpomoea
reptans  Poir) dengan interval
penyiraman pada pipa vertikal.
Plantropica: Journal of Agricultural
Science, 2(2), 148—154.

Zhao, X., Zheng, S. H., & Arima, S. (2014).
Influence of nitrogen enrichment
during reproductive growth stage on

leaf nitrogen accumulation and seed
yield in soybean. Plant Production
Science, 17(3), 209-217.

Zlatev, Z., & Lidon, F. (2005). Effect of
water deficit on plant growth, water
relations and photosynthesis. Emirates
Journal of Food and Agriculture, 9, 1—
17.



