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Effects of Liquid Organic Fertilizer on Growth and
Volatile Components of Arugula under Salinity
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The effects of liquid organic fertilizer (LOF) made from anaerobic digestion
on some physiological factors and volatile components of arugula plants
that were grown in salty conditions were investigated. The experiment was
conducted in three different stages. In the first two stages, seeds were
grown in petri dishes and pots for seven days. The third stage involved
growing seedlings in pots for 60 days. Salinity inhibited the germination of
7-day arugula seedlings in petri dishes and their emergence in pots. In
these stages, LOF pretreatment failed to eliminate stress-induced
inhibition. Some physiological parameters were analyzed in 60-day
seedlings in the third stage. Salt-induced inhibition showed significant
negative effects on all parameters. In contrast to previous stages, LOF
(1% and 5%) and NPK had positive effects in all groups at the third stage,
eliminating salt stress in all parameters except water content. Contrary to
expectations, volatile components showed no significant change but had
fluctuating values due to salt stress or fertilizer treatments.
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INTRODUCTION

Climate change is a complex phenomenon with causes ranging from greenhouse
gas emissions to human-induced environmental changes. Its effects encompass economic,
environmental, health, and social dimensions, impacting biodiversity, human health,
livelihoods, and vulnerable populations. Understanding and addressing the causes and
effects of climate change are crucial for developing effective mitigation and adaptation
strategies to combat this global challenge. It has significant effects on biodiversity,
impacting ecosystems and species at various levels. Research has demonstrated that
climate change can result in shifts in species distribution, range adjustments, modifications
in interspecific relations, changes in species richness and abundance, and increased rates
of extinction. These impacts are exacerbated by factors such as habitat fragmentation,
nutrient deposition, and alterations in ecosystem services (He et al. 2019). The effects of
climate change on biodiversity are projected to influence all levels of biodiversity, from
genes to biomes, underscoring the broad implications of this global challenge (Sintayehu
2018). It is essential to acknowledge the interactive effects of land use and climate change
on biodiversity, as these interactions can have nonadditive impacts on ecosystems and
species (Oliver and Morecroft 2014). Climate change has been identified as a significant
driver of soil salinity, with various factors contributing to its increase. Studies have shown
that salt-water intrusion, shallow water tables, degraded water reuse, and anthropogenic
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activities including irrigation and dryland management can lead to a rise in soil salinity
levels (Corwin 2020). The impact of climate change on soil salinity is projected to intensify
over time, with models indicating substantial increases in salinity levels by 2050 (Dasgupta
et al. 2015). Additionally, the inter-season variability of rainfall and temperature has been
identified as a key driver of changes in soil salinity (Payo et al. 2017). The consequences
of soil salinity induced by climate change are far-reaching, affecting agricultural
productivity and food security. Research has highlighted that soil salinity, exacerbated by
climate change, poses a significant threat to global food production, particularly in arid
regions with limited water resources (Aiad et al. 2021). Furthermore, the negative impact
of soil salinization on plant growth and living organisms is severe, regardless of whether
the salinity is of primary or secondary origin (Tedeschi 2020).

Liquid organic fertilizers (LOF) are essential for sustainable agriculture as they
provide a valuable source of nutrients for crops and aid in recycling organic waste.
Anaerobic digestion of organic materials results in the production of biogas and nutrient-
rich digestate, which can be utilized as a liquid fertilizer in agricultural practices (Sheets et
al. 2015). The treatment of LOF as a fertilizer contributes significantly to soil improvement
and amendment, enhancing soil fertility and crop productivity (Sudibyo et al. 2022).
Although LOF has the potential for cascade valorization, it is primarily used as an organic
fertilizer in agriculture, underscoring its role in sustainable soil management (Weckerle et
al. 2022). Research has demonstrated that LOF is an effective nutrient source for plant
growth, with the capacity to enhance crop performance and nutritional status. The
utilization of LOF as a liquid fertilizer can improve soil fertility, supporting the growth of
various crops and enhancing agricultural sustainability (Valentinuzzi et al. 2020).
Furthermore, the treatment of LOF in agriculture can help mitigate the environmental
impact of organic waste by converting it into a valuable resource for crop production.
Through managing LOF effectively as a liquid fertilizer, agricultural systems can benefit
from improved nutrient cycling, reduced waste generation, and enhanced soil health
(Tampio et al. 2016). The utilization of LOF in agricultural waste recycling exemplifies a
holistic approach to sustainable agriculture, emphasizing the importance of nutrient
recovery and resource efficiency in farming practices (Riya ef al. 2021). Several studies
have been conducted on stressed plants using liquid organic fertilizer. One of these studies
examined the effects of fertilization on oat seed germination, plant growth, enzyme activity,
and soil physical and chemical properties under moderate salt and alkaline stress. The
results showed that 80% of liquid organic fertilizer applications significantly promoted oat
seed germination and plant growth. After chemical fertilizer and liquid organic fertilizer
application, root activity reduction intensity in oat roots, APX, POD, CAT, and SOD
activities, proline and soluble sugar content in oat leaves increased in all application
groups, while malondialdehyde content decreased (Zhao et al. 2023). In another study,
liquid organic fertilizer (LOF) research showed benefits for plant production and soil
fertility. These benefits include greater soil water holding capacity and plant nutrition
availability. These changes may improve a plant’s drought tolerance. Under 100% water
need, foliar LOF application at 1.50 L/fed was more effective for the analyzed parameters.
LOF boosted sunflower yield characteristics greatly over the control. The irrigation
treatments with LOF foliar spray boosted sunflower water usage efficiency. LOF at 1.50
L/fed improved sunflower seed yield components, carbohydrates, protein, oil, flavonoids,
and antioxidant activity (DPPH radical scavenging) during water stress. This dosage may
maximize sunflower output (El Sayed et al. 2022).
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Arugula (Eruca sativa) holds economic importance due to its widespread
cultivation in Mediterranean countries and increasing consumer demand, especially in the
Central Europe region (Kavga et al. 2018). This leafy vegetable is extensively consumed
for its nutritional value, as an aphrodisiac, and as a medicinal herb (Yildirim ez al. 2019).
Its adaptability in both open field and greenhouse cropping systems contributes to its
economic significance, with its popularity leading to its cultivation in various regions
worldwide (Kavga et al. 2018). The high nutritional content of arugula, including
glucosides, flavanols, mineral salts, vitamins A and C, and antioxidants, adds to its
economic relevance (Plaksenkova ef al. 2019). Additionally, arugula’s use in culinary
applications and its potential health benefits, such as anti-inflammatory properties and
antioxidant activity, further enhance its economic value (Fratianni et al. 2014; Fuentes et
al. 2014). The economic importance of arugula is underscored by its role as a valuable crop
with diverse applications in the food, pharmaceutical, and agricultural industries, making
it a significant component of the global market (Bell et al. 2015). The volatile components
of arugula, affect its profile and health advantages. Isothiocyanates, glucosinolates, and
flavonoids provide arugula its scent, flavor, and possible medicinal benefits (Michell et al.
2020). Arugula’s organosulfur isothiocyanates have anticarcinogenic, anti-inflammatory,
and antiproliferative properties (Ku et al. 2016). Glucosinolates and isothiocyanates in
arugula provide bitter and acidic aromas, as noted for cruciferous vegetables (Bajpai et al.
2012). These chemicals may have antioxidant and antibacterial activities (Antonious 2023;
Amanpour et al. 2024). Additionally, arugula’s volatile components have been researched
for sensory qualities and food safety uses. For example, flavonoids such quercetin,
kaempferol, and isorhamnetin give arugula antioxidant properties (Corleto et al. 2018;
Rostami et al. 2022). Arugula’s volatile chemicals have been studied for their function in
plant defense mechanisms, such as glucosinolate-derived nematicidal action (Veloso et al.
2019). A major volatile compound considered in this study was 4-(methylthio) butyl
isothiocyanate, also known as erucin. This aliphatic, sulfuric compound is found in brassica
vegetables and has demonstrated antitumor activity both in vifro and in vivo. It is
considered a hydrolytic product from E. sativa and has been studied for its potential in
modulating pathways related to cancer, such as the PI3K/Akt/mTOR pathway (Singh et al.
2021). Additionally, it has been associated with chemo-preventive and chemo-therapeutic
activities, particularly in liver cancer and cancer stem cells (Lamy et al. 2013; Li et al.
2014).

In this study, the effects of liquid organic fertilizer (1%, 5%, and 15%) obtained by
fermentation on various germination and emergence parameters of arugula seeds at various
salt levels (0, 75 mM, and 150 mM) was first investigated. Then, the effect on the growth
parameters and volatile components of the arugula seedlings at the end of the 60" day were
analyzed.

EXPERIMENTAL

Materials

Eruca sativa Mill. cv. ‘Bengi’ (known as arugula, rocket salad, rocket, true rocket,
roquette, and white pepper) seeds were purchased from the Malgok Agriculture Company.
Salt (NaCl) was purchased from Sigma-Aldrich, peat and perlite from Klasmann, liquid
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organic fertilizer (LOF) from Seleda, and NPK (15% N, 15% P20s, and 15% K20) fertilizer
from Ege Giibre Company.

Anaerobic digestion to obtain LOF is a process in which organic compounds are

biodegraded in an airless environment and biogas is obtained as a product. In general, the
anaerobic digestion process takes place in four main reaction steps. These steps are
hydrolysis, acidification, acetate production, and methane production. As a result of these
steps, the organic matter, which will be referred to as raw material, is transformed into a
smaller and degradable form. As a result, LOF is produced by grinding and suspending the
enzyme-rich fermented organic liquid matter and multiple solid organic matter mixtures
taken from the plant at a size of 2 um. LOF is obtained as a result of these reactions. Its
analysis details are provided in Table 1.

Table 1. Liquid Organic Fertilizer Analysis Details

Analysis Parameters Unit Methods Results
pH - 1/10 potentiometric 6.2
EC (dS/m) | 1/10 in aqueous solution 3.4
Organic matter (550°C) | (%) AOAC 967.03 AOAC 967.04 AOAC 967.05 | 20.71
Total nitrogen N (%) 1965 Bremner 2.15
Water-soluble K20 (%) GPGDY EK-34-1, ICP 3.14
Total P20s (%) Kacar-Kutik 2009 0.11
Cadmium mg/kg | TS EN 13650 0.63
Copper mg/kg | TS EN 13650 5.84
Nickel mg/kg | TS EN 13650 1.26
Lead mg/kg | TS EN 13650 1.03
Zinc mg/kg | TS EN 13650 35.4
Mercury mg / kg | EPA 3052 0.83
Chromium mg/kg | TS EN 13650 3.77
Tin mg/kg | TS EN 13650 0.85

Experimental Design

Planting and application details

1.

The study was designed in three different growth media.

Arugula seeds were pretreated with LOF (1%, 5%, and 15%) for 1 h. Then, the
seeds were germinated in petri dishes in the dark under salt stress (0, 75, and 150
mM) for seven days in a climate chamber. At the end of the seventh day, various
germination parameters were determined.

Arugula seeds were pretreated with LOF (1%, 5%, and 15%) for 1 h. Then, the
seeds were germinated in peat + perlite pots in the dark under salt stress (0, 75, and
150 mM) for seven days in a climate chamber. At the end of the seventh day, various
emergence parameters were determined.

Arugula seeds were placed in peat + perlite mixture pots without pretreatment and
grown under salt stress (0, 75, and 150 mM) for 60 days. The LOF (1%, 5%, and
15%) and NPK were applied directly to pots. At the end of 60 days, various growth
parameters were determined, and volatile compounds were analyzed in the
seedlings in pots that had been outdoors and in daylight for 60 days.

The study was performed in 12 groups for the germination and emergence phases

(7 days). These are 3 salts (0, 75, and 150 mM), 4 pretreatments of LOF (0, 1%, 5%, and
15%), and 3 repetitions in each group. The other study was performed in 15 groups for the
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outdoor phase (60 days). These are 3 salts (0, 75, and 150 mM), 5 treatments (0, LOF (1%,
5%, and 15%), and NPK), and 3 repetitions in each group.
Germination and emergence parameters

Arugula seeds were sterilized in 1% sodium hypochlorite (Shabana et al. 2021; Ali
et al. 2023) for 10 min, then washed five times with pure water and left to dry on filter
papers at room temperature. Petri dishes, filter papers, and other glass materials to be used
in the study were dried and sterilized in the oven. Seeds were germinated in 12 different
groups to obtain both germination and emergence data. Three repetitions were used in each
group, and 25 seeds for germination and 50 seeds for emergence were used in each
repetition. Seeds that were plump in appearance and generally equal in size were selected
for pretreatment. Then, the selected seeds were kept in beakers containing pure water, 1%
LOF, 5% LOF, and 15% LOF for 1 h before germination (Bastabak 2019). At the end of
the period, some of the seeds were planted with distilled water (control) with 75- and 150-
mM salt solutions (10 mL each). A total of 25 seeds were placed in each petri dish (with a
diameter of 12 cm) with double-layer filter paper. Another part of the seeds was planted in
50 pieces each in peat-perlite (1:1) mixture 1-L pots were watered (50 mL each) with
distilled water (control), in 75- and 150-mM salt solutions to determine emergence
parameters. Petri dishes and pots were left to germinate in constant darkness in a plant
growth cabinet set at 20 °C for seven days. The data were obtained at the end of the seventh
day for germination/emergence parameters. Separate calculations were made for
germination and emergence values in all formulas. These determinations were made with
the following formulas.

Germination or emergence (%)

The total number of seeds that germinated (the radicle came out by piercing the
seed coat) and emerged (the cotyledon leaves came out to the soil surface) was proportional
to the number of seeds planted and calculated as a percentage (Ellis and Roberts 1981).

Number of seeds germinated or emerged

Germination % = x 100 @

Total number of seeds

Germination or emergence speed
The germination/emergence speed of the seeds counted daily was calculated
according to Eq. 2 (Czabator 1962; Gairola et al. 2011),

Speed = ni/d1 + n2/d2 + n3/ds +... (2)
where n is the number of seeds germinated or emerged and d is the number of days.
Mean germination or emergence time

Mean time (MT) was calculated according to Eq. 3 (Ellis and Roberts 1981),

MT =n1 X d1 +n2xdz +n3xds+ .../ Total days (3)
where n is the number of seeds germinated or emerged and d is the number of days.
Mean daily germination or emergence

Mean daily (MD) germination/emergence was calculated according to Eq. 4
(Gairola et al. 2011):

MD = Total number of germinated or emerged seeds / Total days 4)
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Peak value
The germination or emergence peak value (PV) was calculated with Eq. 5 (Czabator
1962; Gairola et al. 2011):

PV= (Highest germination or emergence) / Number of days (5)

Germination or emergence value
Germination or emergence value (V) was calculated using Eq. 6 (Czabator 1962;
Gairola et al. 2011):

V=PV x MD (6)

Treatment of NaCl and LOF to arugula seedlings and obtaining data

Seedlings were grown in 15 different treatment groups for 60 days. Each group
underwent three repetitions of the study, each involving six seedlings.

In the first stage of the study, arugula seeds were planted, 25 each, in pots prepared
with a mixture of 50% perlite and 50% sterile peat. Then, after 10 days, the seedlings were
reduced and six seedlings were left per repetition. The pots were left to grow and develop
for 60 days. In salt concentrations, Tort and Tirkyilmaz (2003) report that NaCl is
generally mentioned in soil salinity and salt stress. For this reason, only NaCl was preferred
for salinity stress in the study. Salt levels were planned at 0, 75, and 150 mM NacCl
concentrations, in accordance with the literature previously studied with arugula seedlings
(Fallahi et al. 2015). NaCl solutions were applied to pots with a perlite-peat mixture three
times, with gradual increases, at seven-day intervals. The application started with a starting
dose of 25 mM and was increased up to 150 mM. The LOF was applied twice, with an
interval of 40 days, in three different doses of 1%, 5%, and 15%. The NPK (15:15:15) was
applied to the pots as 0.4 g/L. The experiment continued for 60 days, and the following
measurements and analyses were made on the seedlings in accordance with the literature.

Arugula seedlings were grown in peat-perlite mixed pots under salt stress for 60
days. In seedlings belonging to saline or non-saline groups applied with LOF, plant length
(cm), plant diameter (cm), number of leaves (pieces/seedling), plant fresh weight
(mg/seedling), plant dry weight (mg/seedling), water content (%), and leaf area (cm?) were
determined (Turner 1981; Sehirali 1989; Steiner et al. 1989; Kirtok et al. 1994). At the end
of the 60" day, the seedlings were removed from the pots before measurements. However,
because the seedling roots could not be separated from the peat/perlite mixture in a healthy
and whole manner, the root parts were separated, and the measurements were taken in the
above-ground part.

First, the plant length and plant diameter of the seedlings were measured with a
digital caliper. To determine the fresh weight of the plants, the seedlings were weighed on
a precision scale and divided by the number of seedlings to calculate the fresh weight as
mg/seedling. To determine the dry weight, the seedlings were dried in a 65 °C oven for 72
h until they reached a constant weight. Afterwards, it was weighed with a precision scale.
It was then divided by the number of seedlings and calculated as mg/seedling, similar to
fresh weight. Water content (WC) can be expressed in terms of dry weight (DW) or fresh
weight (FW) (Turner 1981). In this study, water contents were calculated based on fresh
weight according to Eq. 7:

WC (FW) = [(FW-DW) /FW] x 100 (7
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At the end of the study, leaf numbers and leaf areas were calculated in the samples
taken from the plants in each repetition. Six samples representing the number of leaves
(mean) per area of the plant were taken and photographed with a ruler, and then leaf areas
were calculated as cm? using the ImageJ program (Easlon and Bloom 2014; Nasution and
Gusrian 2019).

Analysis of volatile components

In the study, above-ground plant samples were taken for the detection of volatile
components after 60 days. The samples were kept in locked packages at -20 °C until
analyzed. Analyzes were made at SPME-GC at Burdur Mehmet Akif Ersoy University
Scientific and Technology Research Center (BILTEKMER). The oven’s starting
temperature was 60 °C. After waiting for 2 min at 60 °C, it was increased to 220 °C with
an increase of 2 °C per minute. It was held at this temperature for 20 min (Baydar et al.
2013; Taherpour et al. 2017). The detector and injector temperatures were set at 250 and
240 °C, respectively. Analyses were carried out on the Agilent 5975 C Agilent 7890A
device with a CPWAX 52 CB (50 x 0.25 (0.2)) column.

Statistical evaluation of results

The statistical significance of the differences between the means in the data
obtained was analyzed with the Duncan (P < 0.05) multiple comparison test in SPSS (IBM-
SPSS Inc., Armonk, NY, USA) version 25.0, and the values are given as mean + SD
(standard deviation) (Zhang et al. 2022).

RESULTS AND DISCUSSION

The effects of LOF on physiological parameters and volatile components in arugula
grown under salt stress are presented in Tables 2 and 3, and Figs. 1 through 8.

Results on Physiological Parameters
The results of physiological parameters were obtained from seedlings grown in
three different media. On the seventh day, the germination and emergence parameters of
the seedlings were examined. At the end of the 60" day, plant length (cm), plant diameter
(cm), number of leaves (pieces/seedling), fresh weight (mg/seedling), dry weight
(mg/seedling), water content (%), and leaf area (cm?) were determined in the seedlings
(Figs. 1 through 7).
The following three stages were taken into consideration when evaluating the
findings regarding physiological parameters:
1. The lowest and highest result evaluations in each parameter column;
2. The lowest and highest results evaluation in the groups without salt (between the
control, 1% LOF-0, 5% LOF-0, 15% LOF-0, and NPK-0 groups);
3. The LOF and NPK performance evaluation in salt stress (75 and 150 mM) groups.
In the groups (three repetitions each) of trial pots where 15% of LOF was applied,
plants could not be obtained because fertilizer burn occurred; therefore, the results of 15%
LOF were not included in the table.
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Germination parameters

Germination parameters of arugula seeds exposed to salt stress after LOF
pretreatment in petri medium were evaluated at the end of seven days, and the inhibition
of salt stress on germination was clearly observed in almost all groups (except 15% LOF-
150 mM NaCl) in all parameters (Table 2). In all germination parameters, the highest values
were observed in the control group, and the lowest values were observed in 1% LOF-150
mM NaCl. The decreases between the highest and lowest values were 62% in germination
rate, 80% in germination speed, 73% in mean germination time, 62% in mean daily
germination, 73% in peak value, and 90% in germination value. Ince (2021) examined the
effects of 150- and 250-mM salinity on arugula and found that germination rate and speed
decreased approximately 56% and 72% at 250 mM, respectively. These data are consistent
with the authors’ findings.

Salinity stress has been found to strongly hinder the germination of Eruca sativa
seeds. In a recent study it has shown that exposure to high levels of salt can have a negative
impact on the germination process and rate of E. sativa seeds (Liu 2024). This inhibition
of seed germination under salinity stress can be attributed to osmotic stress and ion toxicity,
which disrupt the balance of nutrient uptake and can lead to germination delay, inhibition,
or complete prevention (Al-Sanabani et al. 2018; Corti et al. 2023).

In addition, excessive salinity levels can completely prevent seeds from
germinating if they exceed the species’ tolerance limits (Alshammari 2017). In addition,
the decrease in seed germination when exposed to high salinity levels is linked to the
hindered mobilization of lipid storage during germination in E. sativa (Jia et al. 2022).
Salinity stress has detrimental effects on plants, as it hampers water absorption and leads
to the accumulation of sodium and chloride ions. This disrupts the balance of nutrient
uptake and inhibits germination (Al-Sanabani et al. 2018). It is clear that E. sativa seeds
show a high sensitivity to water and salinity stress, as evidenced by the failure of most
seeds to germinate under high salinity conditions (Jia et al. 2022).

Liquid organic fertilizers obtained from fermentation processes have been shown
to effectively promote Eruca sativa seed germination without causing phytotoxicity
(Phibunwatthanawong and Riddech 2019). Unlike this study, there was no positive effect
of LOF pretreatments on germination parameters under non-saline conditions. However,
the high salinity (150 mM NacCl), 5% LOF was found to improve compared to distilled
water. This improvement caused an increase of 30% in germination rate, 42% in
germination speed, 44% in mean germination time, 28% in mean daily germination, 28%
in peak value, and 66% in germination value. This suggests that germinating arugula seeds
were more tolerant to salt stress with a 5% LOF pretreatment. Anaerobic liquid-fermented
manure is thought to have a stimulating effect on seed germination at low concentrations
(Emino and Warman 2004; Alburquerque et al. 2012). In this context, Bastabak (2019)
examined the effects of anaerobic fermented manure on lettuce seed germination at
different concentrations and times. At the end of the study, it was stated that the most
appropriate pretreatment was 2 h at 1% concentration and 1 h at 5% concentration and that
the effect of anaerobic fermented manure on seed germination in seed germination studies
can be positive or negative, and this effect may vary according to the concentration of the
fertilizer. Cetinkol and Cesur Turgut (2023) examined the effects of salt stress on some
growth parameters (percentage of germination over time, germination-hypocotyl
percentage, radicle-hypocotyl length, fresh and dry weight, and water content percentage)
of arugula. Seven-day-old seedlings of arugula were pretreated with liquid anaerobic
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digestate and then exposed to salt stress. Liquid anaerobic digestate was found to partially
alleviate the effects of stress in different growth parameters and at different salt levels.

Fermented liquid organic fertilizers can potentially increase seed germination under
salt stress through various mechanisms. One possible explanation is related to the impact
of salt stress on seed germination inhibition and how the application of organic fertilizers
can counteract these effects. For instance, salt stress can induce excessive hydrolysis of
arginine-derived urea, leading to an increase in cytoplasmic pH within seed radical cells,
triggering salt-induced inhibition of seed germination (Bu et al 2024). In this context,
fermented liquid organic fertilizers may help maintain a more favorable pH balance within
the seed cells, thereby potentially mitigating the inhibitory effects of salt stress on
germination. Furthermore, the faster germination observed upon salt stress release in
certain plant species suggests that high salinity exposure can trigger an osmo-priming-like
effect on seeds, boosting seed vigor and seedling growth (Debez et al. 2018). Fermented
liquid organic fertilizers may contribute to this priming effect by providing essential
nutrients and promoting metabolic processes that support rapid germination under stress
conditions.

Emergence parameters

The emergence values of arugula seeds exposed to salt stress after LOF
pretreatment in pot (peat + perlite) medium (Table 3) decreased in all parameters at the end
of the seventh day due to the increase in salt level. Similar to the current findings, Ince
(2021) reported that seed emergence of arugula decreased with 150- and 250-mM salt
stress, and at the highest salt dose, emergence rate, emergence speed, average daily
emergence, emergence peak value, and emergence value decreased 36%, 53%, 35%, 46%,
and 65%, respectively, compared to the control. In all emergence parameters, the highest
values were observed in the control group, and the lowest values were observed in 15%
LOF-75 mM NaCl. The reductions between the highest and lowest values were 96% in
emergence rate, 98% in emergence rate, 97% in average emergence time, 96% in average
daily emergence rate, 95% in peak value, and 99.7% in emergence value. No positive effect
of LOF pretreatment on germination parameters was observed under non-saline conditions.
In the presence of salt (75 mM NaCl), it was observed that a 5% LOF pretreatment
significantly alleviated the inhibition effect compared to other pretreatments at the same
salt level. Yarasir (2018) reported that fermented fertilizer treatment of wheat under field
conditions did not result in a statistically significant improvement in emergence rates.
These results support the current findings because, in this study, the negative effects of salt
stress on arugula emergence were significant, while LOF pretreatments did not have a
positive effect in any of the stressed or non-stressed conditions.

Salinity stress significantly impacts E. sativa emergence parameters by disrupting
osmotic balance, inducing oxidative stress, altering metabolic profiles, and reducing
essential physiological processes. High salt concentrations in the soil can hinder water
uptake by seeds, affecting germination (Corti ef al. 2023). Additionally, oxidative stress
induced by salinity stress can lead to a decrease in osmotic adjustment, impacting
photosynthesis and growth (Waheed et al. 2022). Salinity stress can also alter the secondary
metabolic profile of E. sativa, affecting physiological responses and growth (Sarri et al.
2021). Furthermore, it can reduce protein content in leaves, affecting overall growth and
development (Suhani et al. 2023). Salinity stress also decreases plant biomass production,
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forage quality, and nitrogen fixation, further inhibiting E. sativa emergence and growth
(Wang et al. 2018).

Liquid fermented fertilizer may face challenges in effectively overcoming the
inhibitory effects of salinity stress on emergence parameters due to various factors. The
composition of liquid organic fertilizer, particularly in terms of nutrient content, may not
always be optimized to counteract the specific effects of salinity stress. Although the
fermentation process can enhance the nutrient content of the fertilizer, levels of key
nutrients such as phosphorus and calcium may not be sufficient to effectively mitigate the
inhibitory effects of salinity on seed germination and plant growth (Adharani ez al. 2023).
Additionally, salinity stress can inhibit nutrient absorption and physiological processes,
such as chlorophyll production, posing challenges for liquid fermented fertilizer to support
plant growth effectively under saline conditions. Salinity-induced reductions in chlorophyll
and other essential compounds may limit the ability of the fertilizer to promote emergence
parameters in plants exposed to high salt levels (Shah ef al. 2017). Furthermore, high
salinity levels in the soil can create unfavorable conditions for microbial activity and
nutrient availability, potentially affecting the fermentation process and the quality of the
liquid organic fertilizer produced. The salinization and acidification of the soil due to high
salinity levels can limit the effectiveness of the fertilizer in promoting plant growth under
saline conditions (Zhou et al. 2018).
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Table 2. Effects of LOF Pretreatments on Germination Parameters of Arugula Seedlings Grown for Seven Days under Salt Stress

Germination Parameters

Pretreatment (’\lnfla; Germination Rate Germination Mean Germination Mean Daily P —
(%) Speed Time Germination eak Value Germination Value
Distilled |_CONtro! (0) 94.7 + 2.3d* 247 +1.4e 81.8 + 3.5f 3.4 +0.1d 5.1 +2.5¢ 17.3 + 8.8e
Water 75 81.3 £ 8.3cd 20.7 + 3.1d 69.4 + 9.7de 2.9 +0.3cd 4.2 +2.4bc 12.5 + 7.5¢cde
150 49.3 + 8.3a 6.2 + 2ab 28+ 7.2a 1.8 £0.3a 1.8 +0.3a 3.2t 1ab
0 85.3 + 8.3cd 20.8 + 0.8d 71+ 4.5de 3+0.3cd 3.6 + 0.7abc 11.1 £ 2.6cde
1% LOF 75 77.3 + 2.3bc 18.7 + 1.2¢cd 62.8 + 3.3cd 2.8+0.1bc 2.8+0.1ab 7.6 + 0.5abc
150 36.0 + 8.0a 49+0.7a 223+ 4a 1.3+0.3a 1.4 +0.3c 1.8+0.7a
0 80.0 + 10.5¢ 20.8 + 2.4d 69.3 + 8.5de 2.9+0.4c 3.5+ 0.1abc 10.1 % 1.7bcd
5% LOF 75 76.0 + 4.0bc 17.10.3¢ 58.6 + 0.4c 2.7 +0.1bc 2.7+ 0.1ab 7.4 + 0.8abc
150 |  64.0+ 12.0b 8.8+ 1.4b 403+7.1b 2.3+0.4b 2.3+ 0.4ab 5.3 + 2abc
0 88.0 + 0.0cd 21.7 £ 1.4d 73.8 £ 2.6ef 3.1+ Ocd 3.5+ 0.3abc 11 £ 1cde
15% LOF 75 | 81.3%10.0cd 214 +15d 70.6 + 5.9de 2.9+ 0.4cd 5.3+1.8c 15.1 + 4.1de
150 48.0 £ 8.0a 53+0.8a 26.2 + 3.9a 1.7 £0.3a 1.7 £0.3a 3+ 1ab

*Shows values with significant difference (p < 0.05) as indicated by different letters in each column ( + standard deviation)
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Table 3. Effects of LOF Pretreatments on Emergence Parameters of Arugula Seedlings Grown for Seven Days under Salt Stress

Pretreatment NaCl Emergence Parameters _
(mM) Emergence Emergence Mean E['nergence Mean Daily Peak Value Emergence
Rate (%) Speed Time Emergence Value
Distilled Control (0) 80 + 4f* 45.1 £ 3.9e 132.7 + 8e 5.7 £ 0.3f 5.7 +£0.3e 32.7 + 3.3f
Water 75 60 * 4d 36 + 2d 102.5 + 5d 4.3+0.3d 45+0.5d 19.4 + 3d
150 46 + 8c 16.7 £ 2.2¢ 64 *+ 8c 3.3+0.6¢c 3.4+0.4c 114 +3.2¢c
0 76 t 4f 44 + 0.9e 128.6 + 6.4e 5.4 £ 0.3f 5.4 £ 0.3de 29.5 + 3.1ef
1% LOF 75 64 + 6de 31.5+3.3d 100.5 + 10.8d 4.6 £ 0.4de 52+ 1.1de 23.8 +6.1de
150 38+ 2c 129+ 0.7¢c 53.8+1.9¢c 27+0.1c 3+0.2¢c 8.2+ 0.4bc
0 80 * 6f 424 £ 3.1e 129.8 + 8.9e 5.7 £ 0.4f 6+0.7e 34.6 +5.8f
5% LOF 75 72.7 +10.1ef 34.4 +5.9d 112.1 + 15d 5.2 + 0.7ef 5.5+ 1.2de 29.2 + 10.3ef
150 39.3+1.2¢c 14.4 £ 1.3c 56.6 + 2.5¢ 2.8+0.1c 3.1+0.2¢c 8.8+ 0.7bc
0 14 + 4b 4.2 +1.4ab 171+4.7b 1+0.3b 1+0.2ab 1.1 £ 0.5ab
15% LOF 75 33+1.2a 0.8+0.3a 39+1.2a 0.2+0.1a 0.3+0.1a 0.1+0a
150 22 +4b 5.9+ 1.5b 26.1 £5.3b 1.6+0.3b 1.6+0.3b 2.5+0.9ab
* Shows values with significant difference (p < 0.05) as indicated by different letters within each column ( £ standard deviation)
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Seedling Growth Parameters

Arugula seeds were grown in pots (peat-perlite) under salt stress (0, 75, and 150
mM) for 60 days. Unlike the germination/emergence process, LOF (1%, 5%, and 15%)
was applied directly to the soil of the seedlings with irrigation water instead of
pretreatment in 60-day-old pots. The LOF applications were repeated twice at six-week
intervals. Although the experiment was repeated twice, a 15% LOF application caused
fertilizer burn in seedlings, and seedlings could not be grown. To compare the
performance of LOF treatments, NPK (15-15-15), which is frequently preferred by
growers, was added to the experiment as another treatment group. At the end of the 60"
day, the findings were remarkable (Figs. 1 through 7).

Both LOF (1% and 5%) and NPKs showed positive effects on all growth
parameters in all groups and overcame the damaging effect of salt stress. Although not
as much as NPK in all growth parameters except water content, 1% and 5% LOF
treatments also significantly overcame salt-induced inhibition. In fact, in the presence
of 150 mM salt, which is the highest salt level in all parameters except water content,
all fertilizer treatments (LOF-NPK) promoted plant growth as if there was no salt, and
the results were even higher than the control values. In almost all parameters (except
water content), the lowest values were found in the non-fertilized (NF) group at 150
mM, while the highest values were found in the NPK-0 mM group. In the presence of
salt stress (75 mM and 150 mM), 5% LOF outperformed NPK in all parameters except
leaf number and water content. The positive effects of LOF on 60-day seedling
parameters were remarkable. For this reason, each parameter was analyzed one by one.

Plant length

The effects of fertilizer applications on plant elongation of arugula seedlings
growing under salt stress were evaluated (Fig. 1). It was observed that salt stress
decreased plant elongation in all groups compared to non-stressed conditions. Similarly,
Yousif (2016) studied arugula (Eruca sativa Mill.) with different concentrations of
NaCl (0.00, 0.02, 0.03, 0.10, and 0.13 M) and reported that with increasing salt
concentrations, plant elongation was less affected by the two lowest salt concentrations
(0.02 M and 0.03 M) but was greatly reduced by the two highest salt concentrations
(0.10 M and 0.13 M).
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Fig. 1. Effects of LOF application on plant length of arugula seedlings grown under salt stress
for 60 days
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In the presence of stress, especially 5% LOF was observed to increase plant
elongation above the control value with a performance close to the most effective
fertilizer, NPK, and all fertilizer treatments were successful and surpassed the control
group. In other words, with LOF and NPK applications, seedlings behaved as if there
was no salt in the environment, eliminating the stress. In the groups without salt stress,
NPK increased plant length 131% compared to the control value, while 5% LOF
showed the best performance among LOF treatments and increased plant length by
110%. In the salinity (75 and 150 mM) effect, 5% LOF outperformed NPK, showed the
best performance, and was 128% and 123% more successful compared to the control,
respectively. Bastabak (2019) reported that in 28-day-old lettuce seedlings, 15% and
5% fermented fertilizer applications increased stem length 17.9% and 8%, respectively,
compared to the control.

Liquid fermented fertilizer may not significantly affect the germination rate and
speed, but it can increase plant length due to its impact on promoting root growth,
enhancing nutrient uptake, and improving overall plant vigor and development. The
fertilizer may stimulate root growth and nutrient absorption, leading to increased plant
height without directly influencing germination parameters (Ibanez Jr. et al. 2023).
Factors such as chlorophyll content, total nitrogen, and potassium levels, crucial for
plant growth, may be more influenced by the application of the fermented fertilizer,
contributing to enhanced seedling height (Aispuro ef al. 2020). The fertilizer may have
a more pronounced effect on the physiological characteristics and growth of seedlings
rather than on the initial germination process, resulting in increased plant height (Ebel
and Kissmann 2019).

Moreover, the enhanced vigor and health of the seedlings due to the fertilizer
may promote elongation and growth, leading to increased plant height even if the
germination rate and speed remain relatively unaffected (Riddech et al. 2019). The
fertilizer’s impact on seedling height and the number of leaves may indicate a more
substantial effect on later stages of plant development rather than on the initial
germination process (Ebel 2020).

Plant diameter
In terms of plant diameter, the inhibition effect of salt was observed in almost
all groups (Fig. 2).
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Fig. 2. Effects of LOF application on plant diameter of arugula seedlings grown under salt
stress for 60 days
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Similar to the results, Fidan and Ekincialp (2017) examined the responses of 20
different bean genotypes to 25- and 50-mM salinity and found that shoot diameter
decreased in addition to many parameters, especially at 50 mM.
When all groups were evaluated together, the lowest plant diameter (0.3 cm) was found
at NF-150 mM. The highest (0.68 cm) was observed in NPK-0, with a 127% increase.
In the groups without salt stress, plant diameter increased 84% with NPK application,
57% with 5% LOF application, and 22% with 1% LOF application compared to the
control. In the presence of salt stress, 5% LOF and NPK equally overcame the stress,
and an increase of about 97% was observed at both salt levels compared to the control.
The results are consistent with the studies conducted by Sarmento et al. (2019) and
Bastabak (2019).

Salinity stress can impact plant diameter through various mechanisms, as
supported by research on different plant species. Studies have demonstrated that salinity
treatments can lead to a decrease in the dimensions of vascular bundles, bundle sheath
thickness, phloem tissue, and xylem vessel diameter, all of which can influence overall
plant diameter (Sabbour 2002). Additionally, salinity stress can affect stem diameter
dynamics, resulting in increased daytime shrinking and inhibited stem growth, which
in turn affects plant diameter (Suwa et al. 2006). Salinity stress can hinder plant growth
by impacting root moisture uptake, reducing water and nutrient absorption, and causing
osmotic and toxic effects on plant roots, ultimately affecting stem diameter (Ashour and
Othman 2023). In the study, the decrease in plant diameter due to salt stress (Fig. 2)
may have decreased due to the effects of these mechanisms.

Under salt stress, liquid fermented fertilizer may increase plant diameter by
boosting root development, nutrient uptake, and vigor. Fermented fertilizer can increase
plant diameter by stimulating root development, nitrogen absorption, and root system
expansion. Under salinity, fertilizer-enhanced root system and vigor may boost nutrient
and water uptake, supporting plant growth and diameter. Fermented fertilizer may also
improve nutrient availability and water uptake under salt stress, increasing plant
diameter. Even in stressful saline environments, fertilizer-facilitated nutrition and water
uptake may boost plant growth and diameter (Zhu et al. 2022). These mechanisms
likely explain why the study's LOF application led to an increase in plant diameter.

Number of leaves

In leaf number, the lowest value among all groups was 3.7 at NF-75 mM. The
highest value was 8.4 in the NPK-0 group, with a 127% increase. It was observed that
salt stress had a negative effect on leaf number in general (Fig. 3). Similarly, Afsar et
al. (2020) applied salt stress (150 mM NaCl) to four-leaf plants of arugula grown in
hydroponic culture for 2 weeks and reported that the stress significantly reduced the
number of leaves. Ince (2021) also reported that 250 mM NacCl salt stress caused a 21%
decrease in the number of leaves in arugula leaves compared to the control. In the
groups without salt stress, NPK application increased the number of leaves in the
control group 87%, 5% LOF application by 44%, and 1% LOF application by 29%. In
the presence of salt stress (75 and 150 mM), NPK treatment outperformed LOF
treatments, causing a 97% increase compared to 75 mM and a 100% increase compared
to NF-150 mM. However, LOF treatments were also very successful. They overcame
salt inhibition even at 150 mM and increased the number of leaves well above the
control group values. Bastabak (2019) reported that fermented fertilizer application did
not show a statistically significant improvement on lettuce leaf number in his study.
Iocoli et al. (2019) reported that different anaerobic fertilizer contents caused
significant increases in lettuce leaf numbers.
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I

Fig. 3. Effects of LOF application on number of leaves of arugula seedlings grown under salt
stress for 60 days
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Studies have shown that salinity stress can lead to a reduction in the number of
leaves, along with other growth parameters such as plant height and biomass
(Romadhan et al. 2022; Aboh and Ikwa 2023). This reduction in leaf number is often
associated with the plant’s effort to allocate resources efficiently and prioritize essential
functions for survival under stress conditions (Ehtaiwwesh and Emsahel 2020). The
application of fermented liquid organic fertilizer can stimulate root growth, improve
nutrient uptake, and enhance overall plant vigor, which are essential factors for
promoting leaf production (Zhu et al. 2022).

Plant fresh weight

Similar to leaf number, the lowest value of plant fresh weight (281.7
mg/seedling) was found at NF-75 mM, and the highest value (2792.2 mg/seedling) was
found in the NPK-0 (Fig. 4).
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Fig. 4. Effects of LOF application on plant fresh weight of arugula seedlings grown under salt
stress for 60 days
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In the current study, salt stress caused inhibition in all treatment groups.
Similarly, Afsar et al. (2020) and Ince (2021) studied rocket, and Fidan and Ekincialp
(2017) studied various bean genotypes in the presence of salt stress, and all researchers
concluded that fresh weight decreased in the presence of stress. In groups without salt
stress, NPK application increased the fresh weight of the control group approximately
8-fold, 5% LOF application 4-fold, and 1% LOF application 2-fold. In the presence of
salt stress, 5% LOF showed the best performance, outperforming the other fertilizer
treatments. It caused a 7-fold (75 mM) and a 5-fold (150 mM) increase in plant fresh
weight values. However, all fertilizer treatments showed much better results than the
control group even at the highest salt concentration of 150 mM in plant fresh weight,
not only alleviating but also completely overcoming salt stress. Similar to the authors’
findings, Bastabak (2019) mentioned that root fresh weight increased significantly
(especially at 5%) as a result of applying various concentrations of fermented fertilizer
to lettuce.

Salinity stress causes osmotic stress, which reduces water and nutrient uptake
and growth, affecting fresh weight. Increased saline levels can lead to lower biomass
output and fresh weight due to changes in photo-assimilate distribution (Jinior et al.
2018). In the study, it was observed that the salt level affected the fresh weight (Fig. 4).
Fermented liquid organic fertilizer improves root growth, nutrient uptake, and plant
vigor, which are necessary for fresh weight gain, even under salt stress. The fertilizer’s
strengthened root system under salt conditions can boost nutrient absorption and plant
health, increasing fresh weight. By improving nutrient availability and water uptake,
the fertilizer may help plants grow and gain weight, even amid salt stress (Napoleon
2023). In the study, salt stress reduced fresh weight and eliminated the inhibition of
LOF (Fig. 4).

Plant dry weight

In plant dry weight, the lowest value (14.3 mg/seedling) was found at the NF-
75 mM and the highest value (300.6 mg/seedling) was found in the NPK-0 (Fig. 5). No
significant differences were observed in plant dry weight values depending on salt.
However, Ince (2021) reported a 22% decrease in plant dry weight and 43% decrease
in root dry weight at 250 mM in arugula. In the current study, it is thought that this
decrease was not reflected on arugula seedlings because the highest salt level was 150
mM.

However, in the non-saline groups, NPK application increased the dry weight
approximately 14 times, 5% LOF application 10 times, and 1% LOF application 4 times
compared to the control. These values are quite striking. In the presence of salt stress,
5% LOF showed the best performance, outperforming the other fertilizer treatments,
causing 18-fold (75 mM) and 7-fold (150 mM) increase in plant dry weight. However,
all fertilizer treatments showed much better results than the control group even at the
highest salt concentration of 150 mM in plant dry weight, and not only alleviated but
also completely overcame the salt stress. Similarly, Bastabak (2019) observed a 3-fold
increase in root dry weight with 5% fermented fertilizer application applied to lettuce,
and Ronga et al. (2019) reported that liquid anaerobic fermented fertilizer application
caused more positive effects on root dry weight compared to standard fertilizer
application. Alburquerque et al. (2012) stated that, as a result of fermented fertilizer
applications at 20%, 10%, 1% and 0.1%, the values obtained from 1% and 0.1%
applications in plant dry weight were higher than the control, 20% and 10% fermented
fertilizer concentrations. These results in the literature are compatible with the findings.

Salinity stress, as in fresh weight, disrupts growth and development-related
physiological processes, affecting plant dry weight. In another study, as in Eruca sativa,

Cetinkol & Turgut (2024). “Arugula growth & VOCs,” BioResources 19(4), 7250-7278. 7266



bioresources.cnr.ncsu.edu

PEER-REVIEWED ARTICLE

plant photoassimilate distribution changes reduced biomass production and dry weight
in Raphanus sativus under salinity (Abeed et al. 2023). In a soybean study, it was
demonstrated that fermented liquid organic fertilizer promoted root development,
which enhanced nutrient absorption and raise dry weight as in our study. Increased
nitrogen uptake by plants is one of the factors that affect the increase in plant dry weight

(Hasnelly et al. 2021).
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Fig. 5. Effects of LOF application on plant dry weight of arugula seedlings grown under salt
stress for 60 days

Water content
The highest water content was 95.1% at NF-75 mM and the lowest was 86.6%
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Fig. 6. Effects of LOF application on water content of arugula seedlings grown under salt
stress for 60 days

Although the presence of salt stress was not statistically significant, it caused a
decrease in water content in the groups, and it was observed that fertilizer applications
did not make a significant improvement on water content. Afsar et al. (2020) reported
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that 150 mM salt level did not cause a significant difference in water content in their
study with arugula in hydroponic medium. Similarly, Hnilickova et al. (2017) applied
various salt levels (0, 50, 100, 200, and 300 mmol/L NaCl) to the Astro variety of
arugula and mentioned that there was no decrease in relative water content up to 200
mmol/L. These findings support the current results, but studies with different results in
different plants were also found. Ozlem et al. (2021) reached different findings and
reported that salt stress decreased leaf relative water content in pepper genotypes.
Fermented liquid organic fertilizer uptake may lead to plants requiring less
water to maintain their physiological processes, potentially impacting the water content
in plant tissues. Moreover, the organic matter and beneficial microorganisms in
fermented liquid organic fertilizer can enhance soil structure and water retention
capacity, reducing the plant’s reliance on excess water for growth (Freire et al. 2014).

Leaf surface area

The lowest value of leaf surface area (1 cm?) was found at NF-150 mM and the
highest value (26.3 cm?) in the NPK-0 group (Fig. 7). Salt stress generally decreased
leaf surface area in all groups (except 5% LOF). Petretto et al. (2019) studied the effects
of salinity (0, 65, and 130 mM NacCl) on six different arugula genotypes and reported
significant reductions in leaf area. Similarly, Afsar et al. (2020) reported significant
reductions in leaf area in a study in which salt stress (150 mM NaCl) was applied for 2
weeks to four-leaf plants of arugula grown in hydroponic culture. These studies support
the current findings. In groups without salt stress, NPK application increased the leaf
surface area of the control group approximately 8-fold, 5% LOF application 5-fold, and
1% LOF application 2-fold. In the presence of salt stress, 5% LOF showed the best
performance, outperforming the other fertilizer applications. It caused a 9-fold (75 mM)
and an 11-fold (150 mM) increase in leaf surface area values. However, the leaf surface
area in all fertilizer treatments outperformed the control even at the highest salt
concentration of 150 mM and overcame salt stress.

Salinity stress can lead to a decrease in leaf expansion, leaf area, and leaf
growth, affecting the overall leaf morphology and development (Yu et al. 2019). The
increase in leaf area of fermented organic fertilizer in various plants supports our studies
(Sulok et al. 2020; Sanni 2016)
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Fig. 7. Effects of LOF application on leaf surface area of arugula seedlings grown under salt
stress for 60 days
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Volatile Components

Volatile component analyses of arugula, above-ground samples collected at the
end of the 60th day, were carried out by SPME-GC at Burdur Mehmet Akif Ersoy
University Scientific and Technology Application and Research Center. The volatile
component ratios were defined as percents (%), and the major components common to
all groups were evaluated. Some volatile components other than the major component
4-methylthiobutyl isothiocyanate, shown in Fig. 8, were also detected at higher than
1%. These components were as follows: In the non-fertilized group, oxirane,
(ethoxymethyl)- and 2-pentene, ethanethioamide at NF-75 mM, and 3,3-
epoxymethano-6-(3'-isopropenylcyclopropen-1'-yl)-6-methyl-2-heptanone, 3-chloro-
1-deuterohex-1-ene, ethanol, 2,2'-thiobis, and propane at NF-150 mM were detected.
In the 1% LOF group, propane, oxirane, [(methylthio)methyl]- and butanenitrile, 4-
(methylthio)- at 0 mM, trideuteroethene at 75 mM, trideuteroacetonitrile at 150 mM,
and ethanol, 2-(methylthio)- were detected. In the 5% LOF group, acetaldehyde,
hydroxyfuran, 2-methyl indole at 0 mM, oxirane, 2,2-dimethyl, and butanenitrile, 4-
(methylthio) at 75 mM, and butyl glyoxylate, ethanol, 2-(methylamino), 1,2:8,9-
diepoxy-p-menthane-7-yl acetate at 150 mM were found. In the NPK group, benzene,
isocyano, 1-butanol, 2-methyl at 0 mM, propane, 1-(methylthio)- and propane, 1-
(methylthio) at 75 mM, and disulfide, dimethyl and trisulfide, dimethyl at 150 mM were
observed.
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Fig. 8. Effects of LOF application on major volatile component of arugula seedlings grown
under salt stress for 60 days

Jirovetz et al. (2002) and Yehuda et al. (2009) performed volatile component
analysis in GC-SPME with Eruca sativa L., and as a result of the analysis, especially
isothiocyanates, butane, hexane, octane, and nonane derivatives were detected as
aroma-effective compounds. Abiotic environmental stresses essentially salinity and
drought have the most effectiveness on aromatic and medicinal plants (Heidari et al.
2008). Based on the provided references, it is evident that salinity can have varying
effects on volatile compounds in plants. Research has shown that soil salinity levels can
significantly impact yield components, volatile oil yield, total carbohydrates
percentage, and total chlorophyll content in plants such as common sage (Hegazy et al.
2021). Overall, the impact of salinity on volatile compounds in plants appears to be
complex and context-dependent, with studies highlighting both positive and negative
effects on plant physiology, biochemistry, and interactions with the environment.
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Research indicates that the fermentation of organic materials can lead to the synthesis
of various compounds, including volatile organic compounds, which have the potential
to influence plant growth and metabolism. These volatile compounds, such as organic
acids and alcohols, may impact plant physiology and biochemistry, ultimately affecting
plant growth, yield, and the production of bioactive compounds (Tuccillo et al. 2022).
Moreover, studies have shown that the application of organic fertilizers can enhance
plant growth, yield, and the content of bioactive compounds in plants. Organic
fertilizers can improve nutrient availability, soil health, and microbial activity, which
could influence the synthesis and release of volatile compounds by plants (Mattok et
al. 2019). In this study because the ratios of the major component in the groups had a
fluctuating distribution, no significant correlation could be found between the groups.

CONCLUSIONS

1. Various parameters were examined in arugula seedlings germinated after seven
days in petri dish. Salinity-induced inhibition of germination parameters was
significant and 5% liquid organic fertilizer (LOF) pretreatment at 150 mM
alleviated the stress.

2. Various parameters were examined in arugula seedlings emerging after seven
days in pots. The emergence values decreased in almost all parameters due to
the increase in salt level. The LOF treatments could not eliminate the stress-
induced inhibition. 5% LOF pretreatment at 75 mM alleviated the inhibition
pressure compared to other pretreatments.

3. Various growth parameters were examined in arugula seedlings after 60 days in
pots. In the non-fertilized group, salt-induced inhibition had a significant effect
on all parameters. LOF (1% and 5%) and nitrogen/phosphorus/potassium
(NPK) treatments had very positive effects in all groups and overcame salt stress
in all parameters except water content. Although not as much as NPK, LOF
applications had positive effects that were significant enough to surpass the
control values. Because the pots with 15% LOF had fertilizer burn, the
experiment was terminated in these pots.

4. The above-ground samples collected at 60 days were analyzed for volatile
components, and 4-methylthiobutyl isothiocyanate was found to be the most
common major component in all groups. No significant and consistent increase
or decrease due to salt stress or fertilizer was observed in the major component.

ACKNOWLEDGMENTS

This study is derived from the Master’s thesis of Leman Cetinkol and is
financially supported by “Burdur Mehmet Akif Ersoy University Scientific Research
Projects Coordination” with the project number “0898-YL-23".
REFERENCES CITED
Abeed, A. H., Saleem, M. H., Asghar, M. A., Ameer, A., Ali, B., Alwahibi, M. S,

Elshikh, M. S., Ercisli, S., Elsharkawy, M. M., Ali, S., and Soudy, F. A. (2023).
“Ameliorative effects of exogenous potassium nitrate on antioxidant defense

Cetinkol & Turgut (2024). “Arugula growth & VOCs,” BioResources 19(4), 7250-7278. 7270



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

system and mineral nutrient uptake in radish (Raphanus sativus L.) under salinity
stress,” ACS Omega 8(25), 22575-22588. DOI: 10.1021/acsomega.3c01039
https://doi.org/10.1021/acsomega.3c01039

Aboh, A. A. and Tkwa, E. O. (2023). “Effects of salinity stress on growth parameters
of soybeans (Glycine max) cultivated in obubra local government area, of cross
river state Nigeria,” Asian Journal of Research in Crop Science 8(4), 465-470.
DOI: 10.9734/ajrcs/2023/v8i4227

Adharani, N., Agustin, C., and Sulthoniyah, S. T. M. (2023). “Utilization of Mackarel
tuna in liquid organic fertilizer against phosphorus and calcium content,” Chanos
Chanos 21(1), 13. DOI: 10.15578/chanos.v21i1.12760

Afsar, S., Bibi, G., Ahmad, R., Bilal, M., Naqvi, T. A., Baig, A., Shah, M. M., Huang,
B., and Hussain, J. (2020). “Evaluation of salt tolerance in Eruca sativa accessions
based on morpho-physiological traits,” PeerJ Publishing Plant Biology 8, article
ID €9749. DOI: 10.7717/peerj.9749

Aiad, M. A., Amer, M., Khalifa, T., Shabana, M., Zoghdan, M. G., Shaker, E. M., Eid
M. S. M., Ammar K. A., Al-Dhumri, S. A., and Kheir, A. M. S. (2021).
“Combined application of compost, zeolite and a raised bed planting method
alleviate salinity stress and improve cereal crop productivity in arid regions,”
Agronomy 11(12), article ID 2495. DOI:10.3390/agronomy11122495

Aispuro, R. E. M., Prieto-Ruiz, J. A., Aldrete, A., Hernandez-Diaz, J. C., Wehenkel,
C., Chavez-Simental, J. A., and Mexal, J. G. (2020). “Alternative substrates and
fertilization doses in the production of Pinus cembroides Zucc. in nursery,"
Forests 11(1), 71. DOI: 10.3390/f11010071

AL-Sanabani, E. J., Alhadi, F. A., Al-Amary, K. N., and Hussain, M. A. (2018).
“Effect of pre-soaking by distilled water on seeds germination of black seeds
(Nigella sativa L.) under salinity stress,” University of Aden Journal of Natural
and Applied Sciences 22(2), 383-392. DOI: 10.47372/uajnas.2018.n2.a12

Alburquerque, J. A., de la Fuente, C., Ferrer-Costa, A., Carrasco, L., Cegarra, J.,
Abad, M., and Bernal, M. P. (2012). “Assessment of the fertiliser potential of
digestates from farm and agroindustrial residues,” Biomass and Bioenergy 40,
181-189. DOI: 10.1016/j.biombioe.2012.02.018

Ali, K. S. E., Daffalla, H. M., Osman, M. G., and Musa, A. M. A. (2023).
“Germination and early growth of Acacia nubica Benth. in vitro,” Universal
Journal of Plant Science 10(1), 26-37. DOI: 10.13189/ujps.2023.100102

Alshammari, A. S. (2017). “Light, salinity and temperature effects on the seed
germination of Nigella sativa L.,” Global Journal of Biology, Agriculture &Amp,
Health Sciences 6(1), 25-31. DOI: 10.24105/gjbahs.6.1.1706

Amanpour, A., Coskun, B., Kanmaz, H., Turan, B. K., Soylu, M., Celik, F., and
Hayaloglu, A. A. (2024). “Elucidation of heavy metal content, phenolic profiles,
and antioxidant activities of kale (Brassica oleracea L. var. Acephala) and arugula
(Brassica eruca L.) grown in urban gardens in Istanbul,” Journal of Food Science
89(6), 3506-3522. DOI: 10.1111/1750-3841.17076

Antonious, G. (2023). “The impact of organic, inorganic fertilizers, and biochar on
phytochemicals content of three Brassicaceae vegetables,” Applied Sciences
13(15), article 8801. DOI: 10.3390/app13158801

Ashour, H. A. and Othman, E. M. (2023). “Interactive effects of salinity and water
deficit stresses on the growth parameters and chemical composition of
Lagerstroemia indica plants,” Scientific Journal of Flowers and Ornamental
Plants, 10(2), 91-108. DOI: 10.21608/sjfop.2023.194253.1018

Cetinkol & Turgut (2024). “Arugula growth & VOCs,” BioResources 19(4), 7250-7278. 7271



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

Bajpai, V. K., Baek, K., and Kang, S. C. (2012). “Control of salmonella in foods by
using essential oils: a review,” Food Research International 45(2), 722-734. DOI:
10.1016/j.foodres.2011.04.052

Bastabak, B. (2019). Investigation of the Effect of Fermented Fertilizer From Biogas
Plant in Lettuce Cultivation, Master's Thesis, Ege University Science Institute,
[zmir, Tiirkiye. DOI: 10.13140/RG.2.2.18081.43362

Baydar, H., Sangun, M. K., Erbas, S., and Kara, N. (2013). “Comparison of aroma
compounds in distilled and extracted products of sage (Salvia officinalis
L.),” Journal of Essential Oil Bearing Plants 16(1), 39-44. DOI.:
10.1080/0972060X.2013.764175

Bell, L., Orufia-Concha, M. J., and Wagstaff, C. (2015). “Identification and
quantification of glucosinolate and flavonol compounds in rocket salad (Eruca
sativa, Eruca vesicaria and Diplotaxis tenuifolia) by LC-MS: Highlighting the
potential for improving nutritional value of rocket crops,” Food Chemistry 172,
852-861. DOI: 10.1016/j.foodchem.2014.09.116

Bu, Y., Dong, X., Zhang, R., Shen, X., Liu, Y., Wang, S., Takano, T., and Liu, S.
(2024). “Unraveling the role of urea hydrolysis in salt stress response during seed
germination and seedling growth in Arabidopsis thaliana,” bioRxiv,
2024.02.20.581165. DOI:10.1101/2024.02.20.581165

Cetinkol, L., and Cesur Turgut, A. (2023). “The effect of liquid fermented fertilizer
derived from biogas systems on germination and some growth parameters of
arugula (Eruca sativa L. cv. Bengi) under salt stress,” Turkish Journal of Science
and Engineering 5(1), 29-35. DOI: 10.55979/tjse.1313191

Corleto, K. A., Singh, J., Jayaprakasha, G., and Patil, B. S. (2018). “Storage stability
of dietary nitrate and phenolic compounds in beetroot (Beta vulgaris) and arugula
(Eruca sativa) juices.” Journal of Food Science, 83(5), 1237-1248. DOI:
10.1111/1750-3841.14129

Corti, E., Falsini, S., Schiff, S., Tani, C., Gonnelli, C., and Papini, A. (2023). “Saline
stress impairs lipid storage mobilization during germination in Eruca sativa,”
Plants 12(2), article 366. DOI: 10.3390/plants12020366

Corwin, D. L. (2020). “Climate change impacts on soil salinity in agricultural areas,”
European Journal of Soil Science 72(2), 842-862. DOI: 10.1111/ejss.13010

Czabator, F. J. (1962). “Germination value: An index combining speed and
completeness of pine seed germination,” Forest Science 8(4), 386-396.

Dasgupta, S., Hossain, M. M., Huq, M., and Wheeler, D. (2015). “Climate change and
soil salinity: The case of coastal Bangladesh,” Ambio 44(8), 815-826. DOLI:
10.1007/s13280-015-0681-5

Debez, A., Belghith, 1., Pich, A., Taamalli, W., Abdelly, C., and Braun, H. (2018).
“High salinity impacts germination of the halophyte Cakile maritima but primes
seeds for rapid germination upon stress release,” Physiologia Plantarum 164(2),
134-144. DOI: 10.1111/ppl.12679

Easlon, H. M., and Bloom, A. J. (2014). “Easy leaf area: Automated digital image
analysis for rapid and accurate measurement of leaf area,” Applications in Plant
Sciences 2(7), article ID 1400033. DOI: 10.3732/apps.1400033

Ebel, R. (2020). “Yield response of a polycropping system with maize to fermented
foliar fertilizers,” CIENCIA Ergo Sum 27(3), article €98. DOI:
10.30878/ces.v27n3a8

Ebel, R., and Kissmann, S. (2019). “Fermented leaf fertilizers-principles and
preparation,” Organic Farming 5(1), 14-22. DOI: 10.12924/0f2019.05010014

El Sayed, S., Hellal, F., Ramadan, A. A. E. M., and Abou Basha, D. M. (2022).
“Impacts of liquid organic fertilizer on characterization of sunflower under

Cetinkol & Turgut (2024). “Arugula growth & VOCs,” BioResources 19(4), 7250-7278. 7272



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

irrigation water levels.” International Journal of Health Sciences, (1I), 7890-7905.
DOI: 10.53730/ijhs.v6nS2.7001

Ellis, R. H., and Roberts, E. H. (1981). “An investigation into the possible effects of
ripeness and repeated threshing on barley seed longevity under six different
storage environments,” Annals of Botany 48(1), 93-96.
http://www.jstor.org/stable/42754022.

Emino, E. R., and Warman, P. R. (2004).” Biological assay for compost qualityl,”
Compost Science & Utilization 12(4), 342-348. DOLI:
10.1080/1065657X.2004.10702203

Ehtaiwwesh, A. F. and Emsahel, M. J. (2020). “Impact of salinity stress on
germination and growth of pea (Pisum sativum L.) plants,” Al-Mukhtar Journal of
Sciences 35(2), 146-159. DOI:10.54172/mjsc.v35i2.319

Fallahi, H. R., Fadaeian, G., Gholami, M., Daneshkhah, O., Hosseini, F. S.,
AghhavaniShajari, M., and ve Samadzadeh, A. (2015). “Germination response of
grasspea (Lathyrus sativus L/) and arugula (Eruca sativa L.) to osmotic and
salinity stresses.” Plant Breeding and Seed Science 71, 97-108. DOL:
10.1515/plass-2015-0025

Fidan, E., and Ekincialp, A. (2017). “Investigation of responses of some bean
(Phaseolus vulgaris L.) genotypes to different levels of salt stress,” Yiiziincii Yil
University Journal of Agricultural Sciences 27(4), 558-568. DOLI:
10.29133/yyutbd.332012

Fratianni, F., Pepe, S., Cardinale, F., Granese, T., Cozzolino, A., Coppola, R., and
Nazzaro, F. (2014). “Eruca sativa might influence the growth, survival under
simulated gastrointestinal conditions and some biological features of
Lactobacillus acidophilus, Lactobacillus plantarum and Lactobacillus rhamnosus
strains,” International Journal of Molecular Sciences 15(10), 17790-17805. DOLI:
10.3390/ijms151017790

Freire, J. L. d. O., Cavalcante, L. F., Rebequi, A. M., Dias, T. J., Brehm, M. A. d. S.,
and Santos, J. B. d. (2014). “Quality of yellow passion fruit juice with cultivation
using different organic sources and saline water,” Idesia (Arica) 32(1), 79-87.
DOI: 10.4067/s0718-34292014000100009

Fuentes, E., Alarcon, M., Fuentes, M. D., Carrasco, G., and Palomo, I. (2014). “A
novel role of Eruca sativa Mill. (rocket) extract: Antiplatelet (NF-xB inhibition)
and antithrombotic activities,” Nutrients 6(12), 5839-5852. DOI:
10.3390/nu6125839

Gairola, K. C., Nautiyal, A. R., and Dwivedi, A. K. (2011). “Effect of temperatures
and germination media on seed germination of Jatropha curcas Linn,” Advances
in Bioresearch 2(2), 66-71.

Hasnelly, H., Yasin, S., Agustian, A., and Darmawan, D. (2021). “Response of growth
and yield of soybean (Glycine max L. Merrill) to the method and dose of leachate
liquid organic fertilizer application,” Planta Tropika: Jurnal Agrosains (Journal of
Agro Science) 9(2), 109-115. DOI: 10.18196/pt.v9i2.9000

He, X., Liang, J., Zeng, G., Yuan, Y., and Li, X. (2019). “The effects of interaction
between climate change and land-use/cover change on biodiversity-related
ecosystem services,” Global Challenges 3(9), article ID 1800095. DOI:
10.1002/gch2.201800095

Hegazy, H. A., Awad, A., and Abdelkader, M. (2021). “Using salicylic acid and humic
acid as foliar application in amending the harmful influence of soil salinity stress
in common sage (Salvia officinalis L.),” Plant Archives 21(1). DOI:
10.51470/plantarchives.2021.v21.n01.262

Cetinkol & Turgut (2024). “Arugula growth & VOCs,” BioResources 19(4), 7250-7278. 7273



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

Heidari, F., Salmasi, S. Z., Javanshir, A., Aliari, H., and Dadpoor, M. R. (2008). “The
effects of application microelements and plant density on yield and essential oil of
peppermint (Mentha piperita L.),” Iranian Journal of Medicinal and Aromatic
Plants, 24(1), 1-9. CABI Record Number: 20083221081

Hnilickova, H., Hnilicka, F., Martinkova, J., and Kraus, K. (2017). “Effects of salt
stress on water status, photosynthesis and chlorophyll fluorescence of rocket,”
Plant, Soil and Environment 63(8), 362-367. DOI: 10.17221/398/2017-PSE

Iocoli, G. A., Zabaloy, M. C., Pasdevicelli, G., and Gémez, M. A. (2019). “Use of
biogas digestates obtained by anaerobic digestion and co-digestion as fertilizers:
Characterization, soil biological activity and growth dynamic of Lactuca sativa
L.,” Science of The Total Environment 647, 11-19. DOI:
10.1016/j.scitotenv.2018.07.444

Ibafiez Jr., R. Y., Velza, J. F. P., and Pelayo Jr., C. C. (2023). “Evaluating the potential
of fermented leguminous plant leaves as a fertilizer for rice (Oryza sativa)
production,” Biosaintifika: Journal of Biology &Amp, Biology Education 15(3),
289-295. DOI: 10.15294/biosaintifika.v1513.45521

Ince, B. (2021). The Effects of Some Treatments on Seed Germination and Plant
Growth of Rocket (Eruca sativa L.) Under Salt Stress, Master’s Thesis, Atatiirk
University Science Institute, Erzurum, Tiirkiye.

Jia, C., Wang, J., Chen, D., and Hu, X. (2022). “Seed germination and seed bank
dynamics of Eruca sativa (Brassicaceae): A weed on the northeastern edge of
Tibetan plateau,” Frontiers in Plant Science 13, 1-10. DOI:
10.3389/1pls.2022.820925

Jirovetz, L., Smith, D., and Buchbauer, G. (2002). “Aroma compound analysis of
Eruca sativa (Brassicaceae) SPME headspace leaf samples using GC, GC— MS,
and olfactometry,” Journal of Agricultural and Food Chemistry 50(16), 4643-
4646. DOI: 10.1021/jf020129n

Junior, J. E. C., Martins, J. B., Silva, E. F. d. F. e., and Almeida, C. D. G. C. d. (2018).
“Rocket production in a low cost hydroponic system using brackish water,”
Revista Caatinga 31(4), 1008-1016. DOI: 10.1590/1983-21252018v31n424rc

Kavga, A., Trypanagnostopoulos, G., Zervoudakis, G., and Tripanagnostopoulos, Y.
(2018). “Growth and physiological characteristics of lettuce (Lactuca sativa L.)
and rocket (Eruca sativa Mill.) plants cultivated under photovoltaic panels.”
Notulae Botanicae Horti Agrobotanici Cluj-Napoca 46(1), 206-212. DOI:
10.15835/nbhad46110846

Kirtok, Y., Veli, S., Tiikel, S., Diizenli, S., and Kiling, M. (1994). “Evaluation of
salinity stress on germination characteristics and seedling growth of 3 bread
wheats (Triticum aestivum L.),” Field Crops Congress 25(29), 57-61.

Ku, K., Kim, M. J., Jeffery, E. H., Kang, Y. H., and Juvik, J. A. (2016). “Profiles of
glucosinolates, their hydrolysis products, and quinone reductase inducing activity
from 39 arugula (Eruca sativa Mill.) accessions,” Journal of Agricultural and
Food Chemistry 64(34), 6524-6532. DOI: 10.1021/acs.jafc.6b02750

Lamy, E., Herz, C., Lutz-Bonengel, S., Hertrampf, A., Marton, M., and Mersch-
Sundermann, V. (2013). “The mapk pathway signals telomerase modulation in
response to isothiocyanate-induced dna damage of human liver cancer cells,”
PLoS ONE 8(1), article €53240. DOI: 10.1371/journal.pone.0053240

Li, G., Zhou, J., Budhraja, A., Hu, X., Chen, Y., Cheng, Q., Liu, L., Zhou, T., Li, P.,
Liu, E., and Gao, N. (2014). “Mitochondrial translocation and interaction of
cofilin and drp1 are required for erucin-induced mitochondrial fission and
apoptosis,” Oncotarget 6(3), 1834-1849. DOI: 10.18632/oncotarget.2795

Cetinkol & Turgut (2024). “Arugula growth & VOCs,” BioResources 19(4), 7250-7278. 7274



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

Liu, S., An, Z., and Lai, Z. (2024). “Amaranth’s growth and physiological responses
to salt stress and the functional analysis of ATRTCP1 gene,” International Journal
of Molecular Sciences 25(10). DOI: 10.3390/ijms25105437

Mattok, N., Gorzelany, J., Stepien, A. E., Figiel, A., and Balawejder, M. (2019).
“Effect of fertilization in selected phytometric features and contents of bioactive
compounds in dry matter of two varieties of basil (Ocimum basilicum L.),”
Sustainability 11(23), article 6590. DOI: 10.3390/sul11236590

Michell, K., Isweiri, H., Newman, S. E., Bunning, M., Bellows, L., Dinges, M. M.,
Grabos, L. E., Rao, S., Foster, M. T., Heuberger, A. L., Prenni, J. E., Thompson H.
J., Uchanski, M. E., Weir, T. L., and Johnson, S. A. (2020). “Microgreens:
Consumer sensory perception and acceptance of an emerging functional food
crop,” Journal of Food Science 85(4), 926-935. DOI: 10.1111/1750-3841.15075

Napoleon, A. (2023). “Quality of physical and chemical properties of liquid organic
fertilizer from tofu liquid waste with banana hump mol decomposer,” Sriwijaya
Journal of Environment 8(1), 58-63. DOI: 10.22135/sje.2023.8.1.58-63

Nasution, I. S., and Gusriyan, K. (2019). “Nutmeg grading system using computer
vision techniques,” IOP Conference Series: Earth and Environmental Science
365(1), article ID 012003. DOI: 10.1088/1755-1315/365/1/012003

Oliver, T. H., and Morecroft, M. D. (2014). “Interactions between climate change and
land use change on biodiversity: Attribution problems, risks, and opportunities,”
WIREs Climate Change 5(3), 317-335. DOI: 10.1002/wcc.271

Ozlem, O., Saral, M. A., and Aricy, Y. K. (2021). “The effect of salt stress on some
physiological properties and mineral ratios in cowpea,” International Journal of
Agricultural and Wildlife Sciences 7(2), 297-305. DOI: 10.24180/ijaws.921187

Payo, A., Lazar, A. N., Clarke, D., Nicholls, R. J., Bricheno, L., Mashifiqus, S., and
Haque, A. (2017). “Modeling daily soil salinity dynamics in response to
agricultural and environmental changes in coastal Bangladesh,” Earth’s Future
5(5), 495-514. DOI: 10.1002/2016ef000530

Petretto, G. L., Urgeghe, P. P., Massa, D., and Melito, S. (2019). “Effect of salinity
(NaCl) on plant growth, nutrient content, and glucosinolate hydrolysis products
trends in rocket genotypes,” Plant Physiology and Biochemistry 141, 30-39. DOI:
10.1016/j.plaphy.2019.05.012

Phibunwatthanawong, T., and Riddech, N. (2019). “Liquid organic fertilizer
production for growing vegetables under hydroponic condition,” International
Journal of Recycling of Organic Waste in Agriculture 8(4), 369-380. DOI:
10.1007/s40093-019-0257-7

Plaksenkova, 1., Jermalonoka, M., Bankovska, L., Gavarane, 1., Gerbreders, V.,
Sledevskis, E., Snikeris, J., and Kokina, 1. (2019). “Effects of Fe3O4 nanoparticle
stress on the growth and development of rocket Eruca sativa,” Journal of
Nanomaterials 2019, article ID 2678247. DOI: 10.1155/2019/2678247

Riddech, N., Sarin, P., and Phibunwatthanawong, T. (2019). “Effect of bio-liquid
organic fertilizer on the growth of Dipterocarpus alatus Roxb seedlings in the pot
experiment,” Malaysian Journal of Microbiology 15(3). DOI:
10.21161/mjm.18.0203

Riya, S., Meng, L., Wang, Y., Lee, C. G., Zhou, S., Toyota, K., and Hosomi, M.
(2021). “Dry anaerobic digestion for agricultural waste recycling,” in: Biogas-
Recent Advances and Integrated Approaches, InTechOpen, London, United
Kingdom. DOI: 10.5772/intechopen.91229

Romadhan, T. D., Marwanto, M., Murcitro, B. G., and Handajaningsih, M. (2022).
“Amelioration of salinity stressed soil using natural zeolite for improving soil

Cetinkol & Turgut (2024). “Arugula growth & VOCs,” BioResources 19(4), 7250-7278. 7275



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

properties and Chinese cabbage agronomic performances,” Akta Agrosia 25(1),
29-38. DOI: 10.31186/aa.25.1.29-38

Ronga, D., Setti, L., Salvarani, C., De Leo, R., Bedin, E., Pulvirenti, A., and Francia,
E. (2019). “Effects of solid and liquid digestate for hydroponic baby leaf lettuce
(Lactuca sativa L.) cultivation,” Scientia Horticulturae 244, 172-181. DOI:
10.1016/j.scienta.2018.09.037

Rostami, M., Karegar, A., and Ghorbani, A. (2022). “Effects of arugula vermicompost
on the root-knot nematode (Meloidogyne javanica) and the promotion of
resistance genes in tomato plants,” The Plant Pathology Journal 38(4), 261-271.
DOI: 10.5423/ppj.0a.01.2022.0006

Sabbour, A. (2002). “Anatomical studies on rice (Oryza sativa L.) plants grown under
different levels of salinity and treated with paclobutrazol and gibberellin,” Journal
of Plant Production 27(5), 2969-2986. DOI: 10.21608/jpp.2002.254187

Sanni, K. O. (2016). “Effect of compost, cow dung and NPK 15-15-15 fertilizer on
growth and yield performance of amaranth (dmaranthus hybridus),” International
Journal of Advances in Scientific Research 2(3), 76. DOI: 10.7439/ijasr.v2i3.3148

Sarmento, J. J., dos Santos, J. J., Costa, C. C., and Bomfim, M. P. (2019). “Agronomic
performance of lettuce subjected to green manure with different leguminous
species,” Revista Brasileira de Engenharia Agricola e Ambiental 23, 114-118.
DOI: 10.1590/1807-1929/agriambi.v23n2p114-118

Sarri, E., Termentzi, A., Abraham, E. M., Papadopoulos, G. K., Baira, E., Machera,
K., Loukas, V., Komaitis, F., and Tani, E. (2021). “Salinity stress alters the
secondary metabolic profile of M. sativa, M. arborea and their hybrid (alborea),”
International Journal of Molecular Sciences 22(9), article 4882. DOI:
10.3390/1jms22094882

Shabana, H. A., Mahmoud, T., Gairola, S., Ketbi, A. A., Aljasmi, M., and Sallani, M.
A. (2021). “Effect of storage conditions and sodium hypochlorite treatment on
germination of Cucumis prophetarum (cucurbitaceae) seeds from arid Arabian
deserts,” DOI:10.21203/rs.3.rs-201765/v1

Shah, S. H., Houborg, R., and McCabe, M. F. (2017). “Response of chlorophyll,
carotenoid and SPAD-502 measurement to salinity and nutrient stress in wheat
(Triticum aestivum L.),” Agronomy, 7(3), 61. DOI: 10.3390/agronomy7030061

Sheets, J. P., Yang, L., Ge, X., Wang, Z., and Li, Y. (2015). “Beyond land application:
Emerging technologies for the treatment and reuse of anaerobically digested
agricultural and food waste,” Waste Management 44, 94-115. DOI:
10.1016/j.wasman.2015.07.037

Singh, D., Thakur, S. S., Singh, D., Buttar, H. S., Singh, B., and Arora, S. (2021).
“Modulatory effect of 4-(methylthio)butyl isothiocyanate isolated from Eruca
sativa Thell. on dmba induced overexpression of hypoxia and glycolytic pathway
in sprague-dawley female rats.” Frontiers in Pharmacology 12. DOI:
10.3389/fphar.2021.728296

Sintayehu, D. W. (2018). “Impact of climate change on biodiversity and associated
key ecosystem services in Africa: A systematic review,” Ecosystem Health and
Sustainability 4(9), 225-239. DOI: 10.1080/20964129.2018.1530054

Steiner, J. J., Grabe, D. F., and Tulo, M. (1989). “Single and multiple vigor tests for
predicting seedling emergence of wheat,” Crop Science 29(3), 782-786. DOLI:
10.2135/cropsci1989.0011183X002900030049x

Sudibyo, H., Pecchi, M., and Tester, J. W. (2022). “Experimental-based mechanistic
study and optimization of hydrothermal liquefaction of anaerobic digestates,”
Sustainable Energy & Fuels 6(9), 2314-2329. DOI: 10.1039/d2se00206j

Cetinkol & Turgut (2024). “Arugula growth & VOCs,” BioResources 19(4), 7250-7278. 7276



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

Suhani, 1., Srivastava, V., Megharaj, M., Suthar, S., Garg, V., and Singh, R. P. (2023).
“Effect of compost and vermicompost amendments on biochemical and
physiological responses of lady’s finger (4belmoschus esculentus L.) grown under
different salinity gradients,” Sustainability 15(15), article 11590. DOI:
10.3390/sul51511590

Sulok, K. M. T., Ahmed, O. H., Khew, C. Y., Lai, P. S., Zehnder, J. A. M., and Wasli,
M. E. (2020). “Effects of organic soil amendments on photosynthetic traits of
black pepper (Piper nigrum L.) in an alluvial soil,” Applied and Environmental
Soil Science 2020, 1-13. DOI: 10.1155/2020/8880162

Suwa, R., Nguyen, N. T., Saneoka, H., Moghaieb, R. E. A., and Fujita, K. (2006).
“Effect of salinity stress on photosynthesis and vegetative sink in tobacco plants,”
Soil Science and Plant Nutrition 52(2), 243-250. DOI: 10.1111/5.1747-
0765.2006.00024.x

Sehirali, S. (1989). Seed Production and Technology, Ankara University Publications,
Ankara, Tirkiye.

Taherpour, A. A., Khaef, S., Yari, A., Nikeafshar, S., Fathi, M., and Ghambari, S.
(2017). “Chemical composition analysis of the essential oil of Mentha piperita L.
from Kermanshah, Iran by hydrodistillation and HS/SPME methods,” Journal of
Analytical Science and Technology 8, article 11. DOI: 10.1186/s40543-017-0122-0

Tampio, E., Marttinen, S., and Rintala, J. (2016). “Liquid fertilizer products from
anaerobic digestion of food waste: Mass, nutrient and energy balance of four
digestate liquid treatment systems,” Journal of Cleaner Production 125, 22-32.
DOI: 10.1016/j.jclepro.2016.03.127

Tedeschi, A. (2020). “Irrigated agriculture on saline soils: A perspective,” Agronomy
10(11), article 1630. DOI: 10.3390/agronomy10111630

Tort, N., and Tiirky1lmaz, B. (2003). “Physiological effects of NaCl on two barley
(Hordeum vulgare L.) cultivars,” Turkish Journal of Field Crops 8(2), 68-75.

Tuccillo, F., Wang, Y., Edelmann, M., Lampi, A., Coda, R., and Katina, K. (2022).
“Fermentation conditions affect the synthesis of volatile compounds, dextran, and
organic acids by Weissella confusa al6 in faba bean protein concentrate,” Foods
11(22), 3579. DOI: 10.3390/foods11223579

Turner, N. C. (1981). “Techniques and experimental approaches for the measurement
of plant water status,” Plant and Soil 58(1-3), 339-366. DOI:
10.1007/BF02180062

Valentinuzzi, F., Cavani, L., Porfido, C., Terzano, R., Pii, Y., Cesco, S., Marzadori, C.,
and Mimmo, T. (2020). “The fertilising potential of manure-based biogas
fermentation residues: Pelleted vs. liquid digestate,” Heliyon 6(2), article ID
€03325. DOI: 10.1016/j.heliyon.2020.e03325

Veloso, R. J., Fronza, N., Junior, A. V., Carvalho, V. S., Fujinawa, M. F., and Silveira,
S. M. d. (2019). “Potential of thyme essential oil on arugula sanitization,” Ciéncia
e Agrotecnologia 43. DOI: 10.1590/1413-7054201943006819

Waheed, A., Haxim, Y., Islam, W., Ahmad, M., Ali, S., Wen, X., Khan, K. A, Ghramh,
H. A., Zhang, Z., and Zhang, D. (2022). “Impact of cadmium stress on growth and
physio-biochemical attributes of Eruca sativa Mill. Plants,” 11(21), article 2981.
DOI: 10.3390/plants11212981

Wang, D., Liu, X., Li, D., Gao, T., and Song, Y. (2018). “Transcriptional profiling
reveals that a MYB transcription factor MSMYB4 contributes to the salinity stress
response of alfalfa,” Plos One 13(9), article €0204033. DOI:
10.1371/journal.pone.0204033

Weckerle, T., Ewald, H., Guth, P., Knorr, K., Philipp, B., and Holert, J. (2022).
“Biogas digestate as a sustainable phytosterol source for biotechnological cascade

Cetinkol & Turgut (2024). “Arugula growth & VOCs,” BioResources 19(4), 7250-7278. 7277



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

valorization,” Microbial Biotechnology 16(2), 337-349. DOI: 10.1111/1751-
7915.14174

Yarasir, N. (2018). The Effect of Different Doses of Liquid Biogas Wastes on Yield and
Quality of Wheat (Triticum aestivum L.), Master’s Thesis, Adnan Menderes
University Science Institute, Aydin, Tiirkiye.

Yehuda, H., Khatib, S., Sussan, 1., Musa, R., Vaya, J., and Tamir, S. (2009). “Potential
skin anti-inflammatory effects of 4-methylthiobutylisothiocyanate (MTBI)
isolated from rocket (Eruca sativa) seeds,” Biofactors 35(3), 295-305. DOLI:
10.1002/biof.32

Yildirim, E., Ekinci, M., Turan, M., Agar, G., Ors, S., Dursun, A., Kul, R., and Balci,
T. (2019). “Impact of cadmium and lead heavy metal stress on plant growth and
physiology of rocket (Eruca sativa L.),” Kahramanmaras Siit¢ii Imam University
Journal of Agriculture and Nature 22(6), 843-850. DOI:
10.18016/ksutarimdoga.vi.548626

Yousif, E. G. M. (2016). “Effect of Saline Water on Germination and Growth of
Garden rocket (Eruca sativa Mill.),” Doctoral dissertation, Sudan University of
Science and Technology.

Yu, Y., Zhao, C., Zheng, N., Jia, H., and Yao, H. (2019). “Interactive effects of soil
texture and salinity on nitrous oxide emissions following crop residue
amendment,” Geoderma, 337, 1146-1154. DOI: 10.1016/j.geoderma.2018.11.012

Zhang, N., Chen, T., Ye, S., Gao, S., and Dong, Y. (2022). “Comparative analysis with
GC-MS of fatty acids and volatile compounds of Taraxacum kok-saghyz Rodin
and Taraxacum officinale as edible resource plants,” Separations 9(10), article
314. DOI: 10.3390/separations9100314

Zhao, Y. Z., Huang, Z. J., Wang, X., Xie, Y., Lan, C. H., and Wang, D. (2023). “Effect
of liquid organic fertilizer on seed germination and plant growth of oats under
saline-alkali stress,” Journal of Shanxi Agricultural Sciences 51(10), 1189-1195.
DOI: 10.3969/.issn.1002-2481.2023.10.10

Zhou, T., Wu, S., Su, L., Xiong, J., and Zhao, Y. (2018). “Innovative integrated
technique for nutrient acquisition: simultaneous recovery of carbon and nitrogen
sources from the anaerobic fermentation liquid of food waste,” ACS Sustainable
Chemistry &Amp, Engineering 6(8), 10944-10951. DOI:
10.1021/acssuschemeng.8b02336

Zhu, G., Xu, Z., Xu, Y., Lu, H., Ji, Z., and Zhou, G. (2022). “Different types of
fertilizers enhanced salt resistance of oat and associated physiological mechanisms
in saline soils,” Agronomy 12(2), article 317. DOI: 10.3390/agronomy12020317

Article submitted: April 5, 2024; Peer review completed: July 31, 2024; Revised
version received and accepted: August 9, 2024; Published: August 19, 2024.
DOI: 10.15376.biores.19.4.7250-7278

Cetinkol & Turgut (2024). “Arugula growth & VOCs,” BioResources 19(4), 7250-7278. 7278



