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Abstract. Climate change has led to increased salinity in coastal areas,
which can inhibit plant growth. Aloe vera (Aloe vera L.), a drought-
resistant CAM (Crassulacean Acid Metabolism) plant with high economic
potential, has the ability to tolerate dry environments but requires further
study regarding its ability to withstand salinity stress, especially in coastal
sandy soils impacted by climate change. This study aims to analyze the
effect of salinity stress on the growth and yield of aloe vera from different
nurseries in coastal areas. The experiment was conducted in a greenhouse
using a completely randomized design with two factors: nursery origin
(Gunung Kidul, Bantul, Cilacap) and salinity levels (0, 5, 10, and 20 g
NaCl/L). Results showed that salinity stress significantly affected plant
growth and yield. Each increase in NaCl concentration reduced growth and
yield. Seeds from the Gunung Kidul nursery produced the best results in
terms of plant height, number of leaves, leaf area, and fresh leaf weight.
The best treatment interaction was found in the Gunung Kidul nursery
without NaCl addition, with a leaf area reaching 18,006 cm?.

1 Introduction

Indonesia is an archipelagic country with over 17,508 islands and a coastline extending
81,000 km. In terms of natural resources, Indonesia has significant coastal resource
potential [1]. The vast coastal areas hold great potential for agricultural development.
However, developing coastal areas for agriculture faces several challenges. These
challenges arise from the nature of sandy soil, which has poor structure, consists of single
particles that do not bind together, has a high bulk density, low water retention, and
minimal nutrients [2]. Moreover, coastal sandy soil is influenced by tidal properties, sea
winds, and salinity [3]. This issue can be addressed by cultivating plants that are capable of
adapting to coastal environments. One such plant that can adapt is Aloe vera [4].

These problems can be addressed by cultivating plants that can adapt to the coastal
environment. Aloe vera is one such plant that can adapt to these conditions. Aloe vera, a
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succulent CAM plant (Crassulacean Acid Metabolism), has the ability to reduce
transpiration by closing its stomata during the day. Aloe vera stores water in its leaves,
making it suitable for cultivation in dry areas with high temperatures, such as coastal sandy
soil [4, 5]. However, climate change causes unpredictable agro-climatic conditions,
affecting salinity and environmental conditions [6]. Which can influence the growth and
yield of Aloe vera, especially under salinity stress in coastal sandy areas.

Another factor affecting the growth and yield of Aloe vera is the quality of the seeds
used. Good growth and yield of Aloe vera depend on the quality of the seeds. Previous
studies have shown that the origin of the soil where Aloe vera is cultivated affects plant
growth [7]. The origin of the nursery influences the growth and yield of Aloe vera
seedlings. It is essential to determine which nursery origin produces seeds that can adapt to
coastal sandy areas. Previous research on the cultivation of Aloe vera in coastal sandy soil
focused on the use of integrated fertilizers [8]. However, that study did not consider the
factors of salinity or the origin of the nursery. Another study examined the effect of salinity
stress on Aloe vera's mineral and biochemical content but did not investigate growth
responses, nor did it utilize coastal sandy soil or nurseries from Indonesia [9]. The novelty
of this research lies in its focus on the specific origin of nurseries, the specific location of
coastal sandy soil, and varying levels of salinity. The aim of this study is to determine the
impact of salinity stress on the growth response and yield of Aloe vera plants from various
nurseries in coastal sandy soil.

2 Methodology

This research was conducted in a greenhouse located in Tegalretno Village, Petanahan
District, Kebumen Regency. Geographically, it is located at 7° 46' 16.36" South Latitude
and 109° 36' 9.34" East Longitude with an elevation of 10 meters above sea level. The
study was conducted from December 2023 to August 2024. The experiment used a
completely randomized design (CRD) with two factors. The first factor was the origin of
the Aloe vera nurseries (Gunung Kidul (P1), Bantul (P2), and Cilacap (P3)) These three
places were chosen based on different altitudes, namely highlands (Gunung kidul),
lowlands (Cilacap) and midlands (Bantul), and the second factor was different salinity
levels (0 (S0), 5 (S1), 10 (S2), and 20 (S3) g NaCl/L) This level is based on previous
research.

This produced 12 treatment combination are P1S0: Seedlings sourced from the
Gunung Kidul nursery without the addition of NaCl, P1S1: Seedlings sourced from the
Gunung Kidul nursery with the addition of 10 g/L NaCl, P1S2: Seedlings sourced from the
Gunung Kidul nursery with the addition of 15 g/L NaCl, P1S3: Seedlings sourced from the
Gunung Kidul nursery with the addition of 20 g/L NaCl, P2S0: Seedlings sourced from the
Bantul nursery without the addition of NaCl, P2S1: Seedlings sourced from the Bantul
nursery with the addition of 10 g/L NaCl, P2S2: Seedlings sourced from the Bantul nursery
with the addition of 15 g/L NaCl, P2S3: Seedlings sourced from the Bantul nursery with the
addition of 20 g/L NaCl, P3S0: Seedlings sourced from the Cilacap nursery without the
addition of NaCl, P3S1: Seedlings sourced from the Cilacap nursery with the addition of 10
g/L NaCl, P3S2: Seedlings sourced from the Cilacap nursery with the addition of 15 g/L
NacCl, P3S3: Seedlings sourced from the Cilacap nursery with the addition of 20 g/L NaCl.,
with each combination replicated three times, resulting in a total of 36 experimental plots.
Each plot consisted of 8 plants, including 3 sample plants, 3 destructive plants, and 2
reserve plants, making a total of 288 plants. The planting distance was 60 cm x 60 cm, with
the same distance between plots and replicates. The planting hole depth was 15 cm (10).
The seedlings used were from the Chinensis miller variety, with an average seedling age of
6 months, consisting of 5 leaves and an average seedling height of 25 cm.
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The growing media used consisted of a mixture of coastal sand, goat compost, and
rice husk charcoal in a 2:2:1 ratio, with 10 kg of planting media in each polybag [4, 10, 11].
After preparing the media, NaCl was applied according to the treatment levels. Repeated
NaCl application mimicked the fluctuating salinity conditions found in nature and allowed
for long-term plant adaptation. Salinity application was repeated every two months, based
on environmental factors and the growth condition of Aloe vera [12]. Plant maintenance
included pest and disease control, watering, weeding, and hilling, as well as the addition of
supplementary fertilizer every four weeks using goat compost at a rate of 250 grams per
plant.

Parameters observed included initial environmental and daily environmental
conditions, growth observations, and yield observations. Initial environmental conditions
were measured in terms of soil physical and chemical properties, including pH, available
nitrogen (N), phosphorus (P), potassium (K), porosity, permeability, cation exchange
capacity (CEC), and initial salinity levels. Daily environmental observations measured light
intensity, temperature, and humidity. Growth observations included plant height, number of
leaves, leaf length, leaf circumference, and leaf area. Yield observations included fresh
weight of leaves, fresh weight of roots, fresh weight of the whole plant, and dry weight of
leaves. Growth parameters were observed every two weeks. Data were statistically
analyzed using Analysis of Variance (ANOVA) at a 95% confidence level, followed by
Duncan's Multiple Range Test (DMRT) at a significance level of 5%.

3 Results and Discussion

3.1 Initial and Daily Observations

Initial environmental observations were conducted to assess the physical and chemical
characteristics of the soil at the research site. The parameters analyzed included soil pH,
nitrogen (N), phosphorus (P), and potassium (K) content, porosity, permeability, cation
exchange capacity (CEC), and initial salinity levels. These data are essential for
understanding the soil conditions as a baseline for evaluating plant responses to salinity
stress. The data are presented in Table 1. Based on the data, it is possible to carry out
research because it suits the needs of the aloe vera plant [13, 14].

Tabel 1. Initial Soil Test Results

Parameter Test Results Unit
Soil pH 6,5 -
Nutrient Content Available
- Nitrogen (N) 10 Ppm
- Fosfor (P) 8 Ppm
- Kalium (K) 120 Ppm
Porosity 42 %
Permeability 15 Cm/jam
Cation Exchange Capacity (CEC) 12 Meq/100 g tanah
Initial Salinity 2 Ppt

Aloe vera grows optimally at temperatures between 20°C and 30°C. It requires well-
drained soil, and the ideal planting medium is a mixture of soil with sand or loose organic
matter to allow easy water flow, preventing root rot caused by waterlogging. The ideal soil
for Aloe vera has a pH between 6.0 and 7.0 (slightly acidic to neutral) [15]. To monitor
daily agroclimatic conditions, daily observations were conducted to record the
microclimatic conditions at the research site, including average temperature, humidity, and
sunlight intensity. This data is crucial for understanding the daily environmental dynamics
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that can influence the growth and development of the plants throughout the study. The
average daily data is presented in Table 2, and the results indicate that the conditions meet
the growth requirements for cultivating Aloe vera.

Table 2. Daily Observation Results

No Environmental Observation Average Average
Indicators Morning Afternoon  Evening &
1. Temperature (°C) 26 44,05 30,77 33,61
2. Humidity (%RH) 89,55 45,75 69,3 68,20
3. Light Intensity (Lux) 21935.5 51512.7 1710.1 25052.77

3.2 Effects of Salinity Stress on Growth and Yield

The research results indicated that salinity stress significantly affected the growth and yield
of Aloe vera. The relationship between salinity stress and plant performance was reflected
in significant changes in various growth parameters, including plant height, number of
leaves, leaf area, and final yield. The data confirmed that increasing salinity levels had a
negative impact on plant performance. This can be seen in Figures 1 and 2, where
correlation and regression analyses show that the addition of NaCl reduced yield. This is
consistent with previous research, which states that salinity stress negatively affects plant

yield [12 16].

https://doi.org/10.1051/bioconf/202515501023

1500 | . 480
o £ 4 =-1.1137x+472.2
E 1450 /o y=-4.4766x+1409.7 — < 470 = - Y R 08655
© 2= = )
S 1400 R =0.4227 £ 100 7S
© @
& ‘v \
T 1350 2 450 =
- 5]
1300 ‘ ‘ i ‘ i = 440 ‘ : : ‘ ‘
0 5 10 15 20 25 § 0 5 10 15 20 25
Addition of NacCl g/l Addition of NaCl g/l
Impact of salinity stress on leaf area Impact of salinity stress on plant height

Figure 1. Relationship between adding NaCl to the growth of aloe vera plants
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Figure 2. The relationship between the addition of NaCl and the growth of aloe vera plants

The regression equations in Figures 1 and 2 indicate that increasing NaCl
concentration has a negative impact on leaf area, plant height, leaf count, and fresh weight
of the plant, showing a consistent decline as NaCl concentration increases. The relationship
is particularly strong for the leaf count, as the most significant decrease occurs in this
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parameter, with a reduction of 92.15% [15]. High salinity reduces the osmotic potential
around the roots, making it difficult for plants to absorb water. This condition creates water
stress, even when water is available in the environment. Consequently, physiological
processes such as cell division and elongation are inhibited, leading to reduced plant height,
leaf number, and leaf area. The decrease in plant height, leaf number, leaf area, and fresh
leaf weight supports the theory that osmotic stress and ion toxicity are key factors in the
negative response of plants to salinity. This is consistent with the findings of Amurillo-
Mudor, who stated that the addition of NaCl can decrease the yield of Aloe vera plants [16].
Moreover, the addition of NaCl can cause an imbalance of essential nutrient ions such as
K*, Ca?**, and Mg?*, which compete with Na'. This nutrient deficiency can reduce the plant's
ability to produce new leaves. Consequently, the reduction in the number of leaves appears
to be more significant compared to other variables [17].

3.3 Impact of differences in breeder origin on growth response and yield

The analysis results indicate that the source of seedling producers significantly affects the
growth and yield of aloe vera plants. This is evident in growth parameters such as plant
height, leaf count, leaf area, and fresh leaf weight, as shown in Table 3. The analysis of
variance for the origin of seedling producers suggests that seed sources from different
producers have statistically different impacts on plant performance. This finding aligns with
the theory stating that seed quality influences plant production [17].

Table 3. Results of analysis of variance in location of origin of breeders

Average
Treatment . Number Fresh weight of
Plant height (cm)  of leaves leaves (g)
(Strands)  Leaf Area (cm?)
Pl 47.3722a 9.4458b 180.0500a 992.0833a
P2 40.4042¢ 8.2042¢ 123.9250¢ 473.7500¢
P3 44.7545b 9.5292a 152.8333b 759.6667b

Different letter symbols in one column mean significantly different in the 5% DMRT test

P1 produced the best results for plant height, leaf area, and fresh leaf weight
compared to P2 and P3. P2 generally provided the lowest results across all measured
parameters. P3 ranked between P1 and P2 in terms of plant height, leaf area, and fresh leaf
weight, but had a slightly higher leaf count than P1. The seedlings for P1 originated from
Gunung Kidul. Overall, the seed breeders of Gunung Kidul are considered to produce seeds
with better genetic quality, improved seed treatment, and superior breeding processes. As a
result, these seeds yield plants that are more resilient to environmental stresses, particularly
salinity stress [15, 18, 19]. The nurseries in Gunung Kidul apply better cultivation
techniques, such as selecting superior parent plants and maintaining optimal growing
conditions, resulting in seeds with better performance. Gunung Kidul is known for its
relatively dry climate and nutrient-poor soil [21]. Plants growing in this region are likely to
have developed physiological mechanisms, such as a more efficient root system or
enhanced osmoregulation capabilities, making them more resistant to salinity stress and
well-suited for sandy areas. Superior genetic traits can be passed on to subsequent
generations, enabling Gunung Kidul seeds to maintain their advantages under various
environmental conditions. Genes involved in resistance to osmotic stress and ion tolerance
are more actively expressed in these seeds. This is consistent with the study by Adam et al.,
which stated that each variety of barley has different genetic traits in response to osmotic

https://doi.org/10.1051/bioconf/202515501023
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stress and tolerance [22]. This is in accordance with research by Rashad et al., showing that
reducing soil salinity concentrations can increase growth results in soybean plants [23].

3.4 Impact of interaction between salinity stress treatment and breeder
origin on growth response and yield

The growth and yield of plants are influenced by various environmental factors, one of
which is soil salinity levels. Salinity stress is a major abiotic stress that can hinder water
and nutrient uptake by plants, ultimately leading to decreased productivity [20]. On the
other hand, the quality of seeds used, which is determined by the origin of the breeders, also
plays a crucial role in determining the plant's response to salinity stress. Seeds from high-
quality breeders generally exhibit better resilience to environmental stresses, including
salinity [21]. Figure 6 shows the growth in the number of leaves starting from 14, 28, 32,
48 days after planting DAP.
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Figure 3. Observation of variable number of leaves in each treatment combination

The treatments P1S1, P1S2, P1S3, P3S1, and P3S3 showed the best results in terms
of leaf count at 46 days after planting (DAP), with values approaching or reaching 30
leaves. Overall, the P1 treatment demonstrated strong performance, with P1S1, P1S2, and
P1S3 consistently producing a high number of leaves over time. In contrast, the P2S0
treatment resulted in the lowest leaf count at all time points, indicating that this
combination was less optimal in promoting leaf growth. This is consistent with previous
findings, which indicated that P1 was a breeder; however, the addition of 20 g/L. NaCl is
believed to be within the tolerance limits of aloe vera plants under salinity stress [16, 22].
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Figure 4. Observation of plant height in each treatment combination

P1S3 was the treatment that produced the best results in terms of plant height at 46 days
after planting (DAP), followed by P1S0 and P1S1. Treatments in the P1 group generally
showed better outcomes compared to those in the P2 and P3 groups regarding plant height.
P2S0 and P2S3 had lower results in terms of plant height compared to the other treatments.
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Figure 5. Observation of the results of the leaf area of the aloe vera plant

The results suggest that seeds from Gunung Kidul (P1) perform better overall,
particularly in non-saline conditions (S0). However, increasing NaCl concentrations
significantly reduce leaf area in all treatments, indicating the adverse effects of salinity on
plant growth.
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Figure 6. Observation of the results of the fresh leaf weight of the aloe vera plant

P1S0 produced the best results in terms of leaf area, followed by P1S1, P1S2, and
P3S1. Generally, treatments in the P1 group provided larger leaf areas compared to those in
the P2 and P3 groups, although P3S1 yielded results comparable to P1S1 and P1S2. The
treatments P1S0, P1S1, P1S2, and P1S3 produced the best results in terms of fresh leaf
weight, indicating that the treatments in the P1 group were able to significantly increase
fresh leaf productivity. P3S3 also showed a good fresh leaf weight, nearly matching the P1
treatments, indicating that even under salinity stress, plants in this treatment were still able
to produce a high fresh leaf weight. Treatments in the P2 group, particularly P2S1 and
P2S2, showed the lowest fresh leaf weights, suggesting that the combination of treatments
in this group was less optimal for increasing fresh leaf weight. Therefore, the P1S3
treatment has an advantage in plant growth, as it grows taller and produces more leaves,
even though the leaves may be smaller. Based on the total biomass productivity results,
P1SO0 is superior. Although the leaf count and plant height in P1S0 are lower compared to
P1S3, the larger fresh leaf weight and greater leaf area may be more beneficial in the long
term for final yield.

4 Conclusion

Based on the results and discussion, it was found that each increase in NaCl concentration
reduces the growth and yield of aloe vera plants. Nevertheless, the growth and yield of
plants originating from breeders in Gunung Kidul showed the best values in terms of plant
height, leaf count, leaf area, and fresh leaf weight. The combination of treatments from
Gunung Kidul breeders without the addition of NaCl resulted in the best outcomes,
although the plant height and leaf count variables from Gunung Kidul breeders with the
addition of 20 g/L NaCl still demonstrated good tolerance. The recommendation for this
study is to include additional physiological and biochemical observation variables, extend
the harvest period, and incorporate other varieties of Aloe vera.
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