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Abstract

Physiological stress affects all plants, including salinity stress, which poses significant challenges. Ageratum conyzoides
L. was selected as the subject of this study due to its reputed ability to thrive under various stress conditions, owing to
its excellent adaptive capacity. The study employed salt solutions at concentrations of 1000 ppm, 3000 ppm, and 5000
ppm, administered as a single treatment over four weeks. The aim was to assess the impact of salinity stress on the
growth, stomatal density, and chlorophyll content of A. conyzoides. Results indicate that salt treatment adversely
affected the height of A. conyzoides. Stomatal density was highest at the 5000 ppm concentration, attributed to
intensified transpiration in response to stress compared to lower concentrations. Chlorophyll content also showed a
reduction at higher salt concentrations. These findings highlight the physiological responses of A. conyzoides to salinity
stress, providing insights into its adaptation mechanisms under adverse environmental conditions.
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Introduction

Ageratum conyzoides, commonly known as
bandotan, is a plant that thrives in subtropical and
tropical regions such as Indonesia. This plant is
characterized by its stems and leaves covered
entirely with fine white hairs. Known for its
environmental resilience, A. conyzoides exhibits
exceptional adaptive capabilities, enabling its
survival even in dense shrub habitats, where it can
behave invasively (Atisha & Mita, 2018; Ulum et
al, 2023a).

Salt (NaCl) is a compound containing sodium, an
essential micronutrient for plants. Sodium plays a
crucial role in plant physiology by partially
replacing potassium necessary for optimal growth.
Chlorine is absorbed by plants in the form of CI-
ions. Its function is directly related to regulating
osmotic pressure within plant cells (Syakir et al.,
2008). Salt stress suppresses plant growth by
inhibiting cell enlargement, cell division, protein
production, and overall biomass. Symptoms of
plant growth under high soil salinity include
abnormal growth patterns, tip drying, and chlorosis
(Triyani et al., 2013). Stressed plants undergo
metabolic changes to adapt to environmental
fluctuations.

Salinity ~ stress  significantly  impacts the
morphology, physiology, and biochemistry of A.
conyzoides (Ulum et al, 2023). It adversely affects
plant growth and development, inducing osmotic

and ionic stress due to salt accumulation around the
roots, reducing the plant's ability to absorb water.
Furthermore, excessive uptake of salt constituents
can lead to toxicity in plants (Ginting et al., 2019;
Barus et al., 2021). Salinity stress alters the growth,
chlorophyll content, and stomatal density of A.
conyzoides, necessitating further investigation.

Therefore, the objective of this study is to identify
the effects of salinity stress on the growth, stomatal
density, and chlorophyll content of A. conyzoides.
By exploring these impacts, we aim to contribute to
the understanding of how this plant responds to
saline conditions, providing insights that could
inform strategies for its management and
conservation in diverse ecosystems.

Materials and Methods
Plant Material

Ageratum conyzoides used in this study were
seedlings with a height of 5 cm that grew wild
around the botanical garden of the Department of
Biology, FMIPA, University of Jember. The
research time was March 10" - April 10", 2023.
Greenhouse abiotic conditions were humidity 75-
78.3%, temperature 30 °C, and light intensity 181-
437 Lux.

Plant nursery and stress treatment

This study used a completely randomized design
(CRD) with 3 treatments and 1 control. Repetition
was done three times. Each pot contained 3 plants.
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Planting media was put into the pot until it reached
12 cm and the distance between one plant and
another was approximately 3 cm. The salinity
concentrations used were 0 ppm, 1000 ppm, 3000
ppm, and 5000 ppm. Each pot is watered with 400
ml of salt water. Stress treatment was conducted
once a week.

Stress effect measurement

The observation parameters were plant height,
stomatal density, and chlorophyll content. Growth
measurements were taken once a week. The
analysis of stomatal density and chlorophyll content
was conducted in the fourth week after treatment.

Stomatal density observations were made by
applying clear nail polish to the adaxial surface of
the leaf. After drying, the nail polish was removed
by attaching clear tape and lifting it. The stomata
mold from the nail polish was attached to the glass
object and observed using a microscope with a
magnification of 400x. The number of A.
conyzoides stomata was counted using a
microscope with the help of the Optilab tool (Ulum
et al, 2023).

The chlorophyll content was measured by weighing
0.1 g of leaf and cutting it into small pieces.
Subsequently, the leaf samples were immersed in
10 ml of 96% alcohol in the absence of light for
three days, allowing the chlorophyll to dissolve in
the alcohol solution. The chlorophyll content was
then quantified using a spectrophotometer at
wavelengths of 649 nm and 665 nm. The
absorbance values were converted into mg/L units
using the formula (Ulum et al, 2023b).

Chlorophyll a (mg/L) = (13.7 x A665) — (5.67 X A649)
Chlorophyll b (mg/L) = (25.8 x A649) — (7.7 x A665)

Total Chlorophyll (mg/L) = (20 x OD649 + 6,1 X
0OD645)

Statistical analysis

Data were analyzed with R version 4.1.2 for
Windows (R Foundation for Statistical Computing).
Statistical data visualization was using ggplot2
(Wickham, et. al. 2016).

Results
Salinity effect on the plant height

The growth of plants is influenced by a number of
external factors, one of which is the impact of
salinity levels or salt concentration. This also

applies to A. conyzoides, although they possess a
remarkable ability to adapt to stress (Ulum et al,
2023a). Regression analysis has shown significant
differences in the physical characteristics of A.
conyzoide under salinity stress treatments, as
illustrated in Figure 1.
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Figure 1. Effect of salinity stress on the height of A.
conyzoides based on Regression analysis with
correlation value.

The analysis showed a significant difference in the
plant height of A. conyzoides. In the control
section, A. conyzoides showed more effective
growth compared to those subjected to salinity
stress. This is due to the potential of salinity to
affect the metabolic system of A. conyzoide,
resulting in slower growth (Busaifi et al., 2016). In
the salinity stress treatment, the 1000 ppm
concentration has the greatest inhibition with an
average A. conyzoides height of only 9.45 cm,
while the 3000 ppm and 5000 ppm concentrations
have an average height of 9.96 cm and 10.53 cm,
respectively. This difference is also influenced by
the absorption conditions in each individual, with
the A. conyzoides at 1000 ppm presumably having
a greater absorption capacity so that the height is
shorter than the other concentrations. Plants
experiencing salinity stress generally do not show
direct damage, but their growth is depressed and
gradually changes. The decrease in height growth is
caused by osmotic stress, which inhibits water
absorption, and the influence of excess Na and Cl
ions due to NaCl application, which also inhibits
cell division and enlargement (Romadloni and
Wicaksono, 2018).

30



Putri et al.- Growth and physiological

Salinity effect on the stomatal density

Stomata are a crucial part of plants involved in
metabolic processes (Ulum et al, 2023b). Salinity
stress induced by salt application causes stomata to
become more compact, as observed in Figure 2.
The salinity stress has been shown to increase
stomatal density (Figure 3). This increased stomatal
density occurs because A. conyzoides receives a salt
supply, prompting the formation of a greater
number of stomata compared to normal/control
conditions to facilitate the process of transpiration.

Figure 2. The stomatal structure of A. conyzoides.
A = control; b = 1000 ppm; ¢ = 3000 ppm; d =
5000 ppm)

The highest stomatal density was observed in the
5000 ppm salt water salinity stress treatment. This
phenomenon was caused by a significant increase
in the evaporation process in A. conyzoide, resulting
in the highest number of stomatal densities
compared to the other treatments. This evaporation
is an adaptive response of A. conyzoides to the
direct entry of saline substances, allowing the plant
to regulate the entry and exit of substances into the
plant body. According to Junandi et al. (2019),
increased salinity can reduce photosynthetic
capacity, which affects metabolic processes.
Excessive uptake of the element sodium (Na)
results in reduced uptake of water and potassium
(K). Impaired water uptake interferes with the
photosynthetic process by closing the stomata, thus
reducing the supply of CO: to the chloroplast. This
shows that salinity stress not only affects stomatal
physiology but also affects the ionic balance and
photosynthetic efficiency of A. conyzoide.
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Figure 3. Effect of salinity stress on the stomatal
density of A. conyzoides.

Salinity effect on the chlorophyll

Chlorophyll content under salinity stress generally
shows leaf chlorosis with varying degrees of
damage (Purwaningrahayu and Taufik, 2017).
These  measurements showed the highest
chlorophyll content in the control treatment with a
value of 11.04 mg/L. Factors affecting chlorophyll
formation include genes, light (Ulum et al, 2021),
and elements such as N, Mg, and Fe, which act as
components and catalysts in chlorophyll synthesis
(Pratama, 2015).
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Figure 3. Effect of salinity stress on the Chlorophyll
of A. conyzoides

Chlorophyll content decreases with increasing
salinity. The decrease in chlorophyll content in
plants under salinity stress conditions has been
considered a typical symptom of oxidative stress
and was related to inhibition of chlorophyll
synthesis (Santos, 2004). In addition, salinity stress
causes an increase in the formation of reactive
oxygen species which can damage cellular
components (Taibi et al., 2016).
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