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ABSTRACT

Salinity stress is an alarming issue causing a substantial reduction in crop productivity. Waterlogging also limits
crop productivity and the extent of both these stresses is increasing due to climate change and global warming.
This study investigated the response of Lemongrass and Asparagus grass under salinity stress and waterlogged
conditions. The study was comprised of different treatments: control, salinity stress, waterlogged conditions and
salinity stress + waterlogged conditions. The results revealed that salinity + waterlogging pressure negatively
affected cymbopogan citratus and Asparagus officinalis. The physio-morphological, biochemical attributes, en-
zymatic antioxidants, and nutrient parameters showed a greater reduction under combined salinity and water wa-
terlogged conditions. Waterlogging caused a marked decrease in root growth, leaves production and plant height
of both grasses, compared to the control. Salinity stress also resulted in similar morphological modifications, albeit
to a lesser extent. Physiological analysis showed a decline in chlorophyll content and RWC, indicating reduced
photosynthetic capacity and water uptake efficiency in response to waterlogging and salinity. Electrolyte leakage,
increased significantly under waterlogging and salinity stress, suggesting cellular damage and membrane disrup-
tion. C.citratus exhibited greater resilience to waterlogging and salinity compared to 4. officinalis. Despite the
adverse conditions, C. citratus maintained higher chlorophyll content, RWC, and lower electrolyte leakage, indi-
cating better stress tolerance mechanisms. In conclusion, waterlogging and salinity induced significant morpho-
physiological modifications in both C. citratus and A. officinalis. However, C. citratus exhibited better tolerance
to these stresses, suggesting its potential for cultivation in waterlogged and saline environments.
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INTRODUCTION 20% of irrigated land is salt-affected and this ex-

tent is considered to increase up to 50% by 2050

Modern agriculture is facing various abiotic ~ owing to excessive use of chemicals, unsustain-

stresses including, drought, salinity, heavy met-
als, and high temperature stress [Jam et al., 2023].
Among these, stress salinity is a serious concern
for crop production [Jam et al., 2023]. Globally,

able agricultural practices and climate change
[Aksoy et al., 2022]. Salinity stress causes damage
to crop production through a substantial increase
in the concentration of soluble salts [Seleiman et
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al., 2023; Venancio et al., 2023]. Salinity poses a
serious threat to global food security because of
its harmful effects on plants [Alkharabsheh et al.,
2021; Mukhopadhyay et al., 2021]. Salinity is one
of the main abiotic stressors that negatively impact
crop output and quality [Zhang et al., 2020]. Sa-
linity toxicity cause osmotic pressure, ionic imbal-
ance, and increases reactive oxygen species [ROS:
Kamran et al., 2020]. Waterlogging is defined as
the area where free water occupies the soil surface.
This is also serious abiotic stress that hampers the
gas exchanges between the atmosphere and roots
as well as hampers electron transport and the abil-
ity of plants to produce ATP [Kaur et al., 2020].
Waterlogging also inhibits the root respiration and
enhances the production of toxic compounds that
negatively impact plant vegetative and reproduc-
tive growth as well as lead to yield losses [Zhou et
al., 2020]. Further, waterlogging also induces sto-
mata closing, and reduces chlorophyll synthesis,
light harvesting resulting in a reduction in the rate
of photosynthesis [Yan et al., 2018]. In addition,
waterlogging causes the removal of air from soil
pores and reduces oxygen availability which sup-
presses root activity as well as causes a reduction in
nutrient and water uptake [Van Veen et al., 2014].
Asparagus (Asparagus officinalis L.) and
lemongrass (Cymbopogan citratus) are C4 grass-
es that may thrive under unfavorable environ-
mental conditions. Asparagus grass and lemon-
grass are the finest remedies for treating water-
logging and salt stress [Striker, 2012]. Lemon-
grass is cultivated for its essential oil. However,
genetic diversity, environment conditions and
agronomic practices greatly affect the chemical
composition of lemon grass oil [Tzortzakis and
Economakis, 2007]. Lemon grass contains an ap-
preciable amount of citral (geranial and neutral
isomers) that can be used to prepare beta-caro-
tene, vitamin A, and other compounds. The an-
timicrobial activity of LGO is used to treat vari-
ous pathogenic fungi [Zhang et al., 2020]. As-
paragus is high in vitamins, steroidal saponins,
flavonoids, minerals, and amino acids [Dawid
and Hofmann, 2012]. It has long been a popular
food source worldwide, making it a plant with
high economic value. Asparagus has a high re-
sistance to salt and can thrive in soil that is just
mildly alkaline-saline (0.3% or less). Asparagus
has beneficial effects in preventing hypertension,
heart disease, and some malignancies, because
it has a high level of nutrients and antioxidant
substances [Doll et al., 2021]. The differentially
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expressed genes show the important pathways
in the responses of asparagus to salt stress. This
plant also possesses excellent antioxidants, regu-
latory pathways and carbon catabolism activities
which play an important role in salt tolerance
[Zhang et al., 2020]. Therefore, this study was
conducted to ascertain how lemongrass and as-
paragus grass respond to salinity stress and wa-
terlogged conditions in terms of growth, physiol-
ogy and morphology.

MATERIALS AND METHODS
Experimental conditions

This study determined the physio-morpho-
logical and anatomical responses of lemongrass
and asparagus grass subjected to salinity as well
as waterlogging stress. The research was per-
formed at the experimental area of Islamia Uni-
versity, Bahawalnagar sub-campus. The plants
of lemongrass and asparagus grass were gath-
ered from the Institute of Horticulture Sciences,
University of Agriculture, Faisalabad. The study
was comprised of different treatments: control,
salinity stress, waterlogging, and salinity stress +
water logging. The salinity stress was applied by
feeding the soil with a 300 mL solution of 0.5 M
NaCl, while the waterlogging was developed by
saturating the soil with water. The control plants
were supplied with deionized. The pots had a ca-
pacity of 8 kg soil was filled with soil and five
plants of each grass was sown in each pot. The
pots were visited regularly and all the manage-
ment practices were kept constant to obtain a
good stand establishment. A completely random-
ized design was used to perform this study and
each treatment had three replicates.

Determination of growth
and photosynthetic pigments

The plants were randomly selected to deter-
mine the root and shoot length as well as biomass
production. For measuring chlorophyll contents,
0.5 g of fresh plant material was prepared in 80%
acetone, and concentrations of chl a, chl b, and
carotenoids were determined by measuring ab-
sorbance at 645, 663, and 480 nm.
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Determination of phenolics and osmolytes

First, 0.5 g fresh leaves were taken and ground
to obtain the extract by using acetone (80%).
Thereafter, samples were centrifuged (12000
rpm) and supernatant was taken. Then, 100 pL
extract was taken and mixed with Folin-" ‘Cio-
calteu’s phenol reagent (2.5 ml), and volume was
increased to 5 ml and absorbance was taken at
750 nm to determine phenolic concentration. For
the determination of anthocyanin 0.1 g of fresh
leaves of plants was homogenized using 1 ml of
methanol and then the mixture was placed in a
water bath for 60 minutes at 50°C, afterwards, ab-
sorbance was taken at 535 nm.

To examine soluble sugars: fresh leaf samples
(0.1 g) were boiled with 5 ml of water filtered and
volume was made to 50 ml. Later, 5 ml of an-
throne reagent and 1 ml of obtained extract were
heated for 20 minutes at 90°C and absorbance
was measured at 620 nm. In the case of TSP: 0.5
g fresh samples were taken and ground with phos-
phate buffer and the obtained extract was added
with Bradford reagent and kept under room con-
ditions and absorbance was taken at 595 nm.

Finally, 0.25 g of fresh plant material was ex-
tracted in 10 mL of 6% TCA solution to measure
ascorbic acid. After that, 4 mL of extract and 2
mL of 2% dinitrophenyl hydrazine were added,
along with 1 drop of 10% thiourea solution. Af-
ter heating the mixture for 20 minutes, allowing
it cool, the absorbance was measured at 530 nm.

Determination of antioxidant activities

To measure SOD activity, 50 pL of enzyme
extract and 50 mM phosphate buffer (pH 7.8)
were mixed. Subsequently, the extract was mixed
with 50 uM NBT, 1.3 pM riboflavin, 13 mM
methionine, and 75 mM EDTA. This mixture
was then stored in an aluminum foil-coated dark
chamber. After that, the reaction mixture was ex-
posed to fluorescent lights for 30 minutes, and ab-
sorbance was recorded at 560 nm. To determine
CAT activity 0.1 mL enzyme extract was obtained
and added with phosphate buffer and diluted to 3
ml by adding H,O, and absorbance was taken at
240 nm. To determine POD: leaves were taken
supernatant was obtained and it was added guaia-
col (20 mM) and H,O, (40 mM) and absorbance
was taken at 470 nm.

Determination of oxidative stress markers

For determining H,O, concentration, 0.1 g
fresh leaves were extracted with TCA (0.1%)
and centrifuged (12000 rpm). After adding 0.5
mL of 10 mM potassium phosphate buffer (pH
7.0) and 1 mL of 1 M potassium iodide to 0.5
mL of supernatant, the H,O, activity was mea-
sured by measuring the absorbance at 390 nm.
To determine MDA plant leaves were extracted
by using 1 ml TCS and then centrifuged (12 000
rpm) and extract was taken. Thereafter, 1 ml of
extract and 1 ml thiobarbituric acid were healthy
together and allowed to cool and absorbance
was taken (532 nm).

Determination of nutrients

The dried plant samples were digested by
using a mixture of acids (HNO, and HCIl, 2:1).
Thereafter, these digested materials were dilut-
ed to 50 ml by adding water. A series of stan-
dards for different nutrients and standard curves
were prepared to obtain the final concentration
of each nutrient (K*, P, Ca?", and Na"). In the
case of nitrate determination, 0.5 g of plant
samples were taken in tubes and added with 5
ml of water as well as autoclaved for 15 min-
utes and filtered; afterwards, the volume was
made to 50 ml. Then, 3 ml of obtained extract
was taken and mixed of 7 ml of chromotropic
acid (CTA) and placed at room temperature for
20 minutes and absorbance (430 nm) was mea-
sured. Moreover, for determination of PO,*P
concentration 1 ml of plant extract was mixed
with 2 ml HNO, and the volume was made to
8 ml. Later, 1 ml molybdate-vanadate reagent
was added to 8 ml mixture and the volume was
increased to 10 ml and absorbance was mea-
sured at 420 nm. Last to determine sulfate con-
centration 1 ml HCI, 1 ml gum-acacia, and 10
ml of plant extract were mixed. Then 0.5 bari-
um chloride was added to this mixture and con-
tinuously mixed to obtain a clear solution and
absorbance was noted at 340 nm.

Statistical analysis

The data of diverse traits was analyzed with
the analysis of variance technique further, to as-
certain the variations between treatment means,
the least significant difference test was employed.
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RESULTS

Growth and photosynthetic traits

All stress treatments root and shoot growth
and biomass. The combined salinity + water-
logging treatment showed the most severe ef-
fect on both grasses (Figure 1). However, C.
citratus performed better as compared to A.
Officinalis in both cases. The photosynthetic
pigments of both grasses showed significant
changes under the differential condition of
stress in both grasses. However, combined sa-
linity + waterlogging treatment caused a mas-
sive reduction in the Chl-a, b, and total chl
contents of both varieties. However, carotenoid
contents were increased with enhancement of
given stress condition for both in combined sa-
linity + waterlogging treatment.

250 m C.citratus ® A.officinalis

200

—d
b
Cc
150 d
100 e
f fg
) !l
0
TO T1 T2 T3

m C.citratus

SFW (mg per plant)

H A.officinalis
120

100
80

a
b
c
60 d
e
f f
40 g
0
TO T1 T2 T3

RFW (mg per plant)

Phenolics and osmolytes accumulation

The soluble phenolic contents of both grasses
varied significantly under waterlogging and salin-
ity stress (Fig. 2). Both grasses showed different
concentration of phenolic under different grow-
ing conditions of waterlogging and salinity stress.
The concentration of anthocyanin was more or
less and identical in both types of grasses. The
anthocyanin concentration showed a decrease
under both stress conditions. Overall, C. citratus
leaf displayed more accumulation of anthocyanin
contents, as compared to A. Official. The soluble
sugar contents under different growing conditions
of waterlogging and salinity stress of both grasses
varied significantly. 4. Officinalis showed more
variations for soluble sugars than C. citratus.
Overall, 4. Officinalis leaf displayed more accu-
mulation of ascorbic acid contents as compared
to C. citratus. Both grasses also have a varied

m C.citratus u A.officinalis
50 3
fen)
E 40 b b
=9
5 30 £«
2 d
g 20 € ¥
=3
a 10
[7 5]
0
TO T1 T2 T3
25 m C.citratus M A.officinalis

RDW (mg per pot)
[y
(—]

a
b b
15
c c
d
€ f
5 Il
0
TO T1 T2 T3

Fig. 1. Effect of variable stress condition on shoot and roots fresh and dry weights
of C. citratus and A. officinalis under salinity and waterlogging conditions. T,: control,
T,: salinity stress, T,: water logging and T,: salinity stress + waterlogging. The values are
means of three replication and different letters on bars indicate significant difference
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Fig. 2. Effect of variable stress condition for photosynthetic pigments chl a, chl b, total chl
and carotenoid of C. citratus and A. officinalis under salinity and water logging conditions.
T,: control, T : salinity stress, T,: water logging and T,: salinity stress + water logging

response for TSP under different growing condi-
tions of waterlogging and salinity stress.

Antioxidant activities
and osmolytes accumulation

The SOD activity of A. Officinalis was the low-
est under the control condition, which increased
greatly in the stress condition and attained the
highest value in combined treatment Salinity +
waterlogging stress (Fig. 3, Fig. 4). Similar be-
havior was observed with C. citratus for the given
treatment of stress condition. Both types of grass
indicated individualistic behavior of CAT activ-
ity. In both types of grass, CAT activity increased
from the stress condition alone and attained the
maximum value under combined treatment of
salinity + waterlogging stress; similar behavior
was observed with C. citratus for the given treat-
ment of stress condition. Significant differences
observed in both grasses under given condition of
stress treatment. Overall, 4. Officinalis indicated
the highest POD activity followed by C. citratus.
There was a significant difference in both types of

grass growing under different treatments of stress
for H,O, concentrations. Data analysis showed
that H,O, production was highest under combined
treatment of salinity + waterlogging pressure in C.
citratus, while A. Officinalis produced maximum
H,O, under salinity stress alone. Overall, 4. Of-
ficinalis indicated the highest H,O, followed by
C. citratus. The results indicate that both grasses
exhibited similar MDA accumulation trend with
enhanced stress conditions. In both grasses, MDA
contents were lower under the control condition,
and the maximum values were noted under the
combined treatment of salinity + waterlogging
stress. Overall, 4. Officinalis indicated the high-
est MDA contents, followed by C. citratus.

Nutrient concentration

Both grasses showed significant differences
in nitrate concentration (Fig. 5). In both grasses,
nitrate-N declined under stress conditions than
control conditions. They attained the lowest val-
ue in C. citratus under combined waterlogging
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Fig. 3. Effect of variable stress condition of total soluble phenolics (7SP), anthocyanin

(Anth), total soluble sugars (7SS), Ascorbic acid (4sA4) and total soluble protein (7.SPro)

of C. citratus and A. officinalis under salinity and water logging conditions. T : control,
T,: salinity stress, T,: water logging and T,: salinity stress + water logging

and salinity stress treatment. Overall, the concen-
tration of nitrate was lower in A. Officinalis than
those observed in C. citratus. The concentration
of soluble P was also lower in C.citratus than in 4.
Officinalis under the given conditions of stresses.
Minimum sulfate-S contents were found in C. ci-
tratus under combined waterlogging and salin-
ity stress treatment. Overall, the sulfate-S was
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much lower in C. citratus than in 4. Officinalis
under given conditions of stresses. K concentra-
tion was also lower in C. citratus as compared to
A. Officinalis under given stress conditions. The
results indicate that Ca contents were lowered in
treatment containing salinity stress either alone
or in combination with waterlogging conditions.
Further, Ca concentration was significantly lower
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Fig. 4. Effect of variable stress condition on SOD, CAT, and POD activities and H,0, and
MDA) concentration C. citratus and A. officinalis under salinity and water logging conditions.
T,: control, T : salinity stress, T,: water logging and T: salinity stress + water logging

in C. citratus as compared to A. Officinalis under
given conditions of stresses.

DISCUSSION

Salt stress and waterlogging are two most im-
portant environmental issues decreasing agricul-
tural productivity across the globe. Both stresses

have the potential to alter a plant’s growth, de-
velopment, and productivity by adversely af-
fecting plant physiological and metabolic pro-
cesses. The way plants respond to these stress-
ful circumstances is incredibly complex and is
impacted by other factors, including species and
genotype. C, grasses lemongrass and asparagus
can flourish under unfavorable conditions. Giv-
en that both grasses are important plants, thus,
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waterlogging conditions. T,: control, T,: salinity stress, T,: waterlogging and T.: salinity stress + waterlogging

it is critical to understand the physiological and
biochemical characteristics that enable them to
adapt to the current environmental conditions
[Kaur et al., 2020]. The fresh/dry weight of the
shoot and root depends upon the normal condi-
tions; however, stress conditions reduce the plant
growth and biomass production. In the present
study, salinity and water logging decreased the
growth and morphological traits of both grass by
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increasing ROS production and decreasing pho-
tosynthetic pigments and osmolytes accumula-
tion [Striker, 2012; Alkharabsheh et al., 2021].
The plant’s photosynthetic rate depends upon
the light-harvesting efficiency [Ruban, 2009].
However, in the present study, salinity and wa-
terlogging reduced the chlorophyll synthesis by
increasing the ROS production and activity of
chlorophyll degrading enzymes [Mukarram et
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Fig. 6. Effect of variable stress condition on POD activity and concentration of hydrogen
peroxide and MDA C. citratus and A. officinalis under salinity and waterlogging conditions.
TO: control, T1: salinity stress, T2: waterlogging and T3: salinity stress + waterlogging.

al., 2022]. The carotenoid appreciably scaveng-
es ROS and production of ROS can be mitigated
by higher carotenoid concentration. The lemon
grass had higher carotenoid concentration un-
der stress conditions, which might reduce the
MDA and H,O, production in this grass species
[Manvitha and Bidya, 2014]. The ratio and to-
tal amount of secondary metabolites produced
by plants might vary depending on the growing

conditions. Changes in stress may cause specific
secondary metabolites to be produced. The lev-
els of “total soluble phenolics (TSP), anthocy-
anin (Anth), total soluble sugars (TSS), ascorbic
acid (AsA), and total soluble protein (TSPro)” in
both grasses were examined.

Both salinity and waterlogging significantly
increased H,0, and MDA, which pose nega-
tive impacts on proteins, and membranes [Lu et
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al., 2008]. Mukarram et al. [2022] also found
a positive between H,O, and increasing salt
concentration. Both the grass species showed
substantial variations for ascorbic acid, antho-
cyanins, total soluble sugars, total soluble pro-
teins, and total soluble phenolics (TSP). Both
grass species were more or less comparable
under the prescribed stress conditions, with all
concentrations dropping with rising occupa-
tional stress and maximum under the combined
salinity+waterlogging treatment. Similar trends
were seen for both grasses for SOD, CAT and
POD activities. However, both plants showed a
substantial increase in the aforementioned an-
tioxidants, though, lemongrass performed ap-
preciably well than C. citratus. Earlier, different
authors also found significant difference among
different plants growing under stress conditions
[Aslam 2016: Chandio and Anwar 2017]. Min-
eral nutrients are a component of macromol-
ecules and they are crucial for the growth as
well as development of plants. Under unfavor-
able circumstances, the higher concentration of
soluble nutrients in plant parts is essential for
sustainable growth. Results showed that Aspar-
agus officinalis offers a fantastic chance for us-
age in herbal and medicinal remedies due to the
wide range of compounds produced in its leaves
[Beacham et al., 2017].

CONCLUSIONS

In conclusion, salt and waterlogging induced
significant negative impacts on the growth, phys-
iological, and metabolic processes of both grass-
es. However, lemongrass exhibited better toler-
ance to these stresses by increasing antioxidant
activities, phenolic synthesis, and accumulation
of potential osmolyte. Therefore, asparagus and
lemongrass can thrive under unfavorable envi-
ronmental conditions. Given that both types of
grass are valuable plants, thus, identifying the
physiological and biochemical traits that allow
them to adapt to the current environmental con-
ditions is crucial.

Acknowledgements

This work was supported by the Deanship of
Scientific Research, Vice Presidency for Graduate
Studies and Scientific Research, King Faisal Uni-
versity, Saudi Arabia [Project No. GRANT 5392].

124

REFERENCES

L.

10.

11

Alkharabsheh H.M., Seleiman M.F., Hewedy O.A.,
Battaglia M.L., Jalal R.S., Alhammad B.A., Schillaci
C.,AliN., Al-Doss A. 2021. Field crop responses and
management strategies to mitigate soil salinity in mod-
ern agriculture: A review. Agronomy, 11(11), 2299.

Aksoy S., Yildirim A., Gorji T., Hamzehpour N.,
Tanik A., Sertel E. 2022. Assessing the performance
of machine learning algorithms for soil salinity
mapping in Google Earth Engine platform using
Sentinel-2A and Landsat-8 OLI data. Advances in
Space Research, 69(2), 1072—1086.

Beacham A.M., Hand P, Pink D.A., Monaghan J.M.
2017. Analysis of Brassica oleracea early stage abiotic
stress responses reveals tolerance in multiple crop types
and for multiple sources of stress. Journal of the Science
of Food and Agriculture, 97(15), 5271-5277.

Chandio N.H., Mallah Q.H., Anwar M.M. 2017.
Evaluation of soil salinity and its impacts on agri-
culture: nexus of RBOD-III, Pakistan. Sindh Uni-
versity Research Journal, 49(3), 525-528.

Dawid C., Hofmann T. 2012. Identification of sen-
sory-active phytochemicals in asparagus (4spara-
gus officinalis L.). Journal of Agricultural and Food
Chemistry, 60(48), 11877-11888.

Doll S., Djalali FR., Zrenner R., Henze A., Witzel,
K. 2021. Tissue-specific signatures of metabolites
and proteins in asparagus roots and exudates. Hor-
ticulture Research, 8, 1-12.

Fuller B.J. 2004. Cryoprotectants: the essential
antifreezes to protect life in the frozen state. Cryo
Letters, 25(6), 375-388.

Hopmans J.W., Qureshi A.S., Kisekka I., Munns R.,
Grattan S.R., Rengasamy P., Ben-Gal A., Assouline
S.,Javaux M., Minhas P.S., Raats P.A.C. 2021. Criti-
cal knowledge gaps and research priorities in global
soil salinity. Advances in Agronomy, 169, 1-191.

Jamshidi J.B., Shekari F., Andalibi B., Fotovat R.,
Jafarian V., Dolatabadian A. 2023. The effects of
salicylic acid and silicon on safflower seed yield, oil
content, and fatty acids composition under salinity
stress. Silicon, 1-14.

Kamran M., Xie K., SunJ., Wang D., ShiC.,Lu Y.,
Gu W., Xu P. 2020. Modulation of growth perfor-
mance and coordinated induction of ascorbate-glu-
tathione and methylglyoxal detoxification systems
by salicylic acid mitigates salt toxicity in choysum
(Brassica parachinensis L.). Ecotoxicology and En-
vironmental Safety, 188, 109877.

.Kaur G., Singh G., Motavalli P.P., Nelson K.A.,

Orlowski J.M., Golden B.R. 2020. Impacts and
management strategies for crop production in wa-
terlogged or flooded soils: a review. Agronomy
Journal, 112(3), 1475-1501.



Journal of Ecological Engineering 2024, 25(2), 115-125

12.Lu S., Wang Z., Niu Y., Guo Z., Huang B. 2008.
Antioxidant responses of radiation-induced dwarf
mutants of bermudagrass to drought stress. Journal
of the American Society for Horticultural Science,

133(3), 360-366.

13. Mukhopadhyay R., Sarkar B., Jat H.S., Sharma
P.C., Bolan N.S. 2021. Soil salinity under climate
change: challenges for sustainable agriculture and
food security. Journal of Environmental Manage-
ment, 280, 111736.

14. Mukarram M., Khan M.M.A., Zehra A., Petrik P., Kur-
jak D.2022. Suffer or survive: Decoding salt-sensitivity
of lemongrass and its implication on essential oil pro-
ductivity. Frontiers in Plant Science, 13, 903954.

15. Manvitha K., Bidya B. 2014. Review on pharma-
cological activity of Cymbopogon citratus. Interna-
tional Journal of Herbal Medicine, 6, 7-13.

16. Noperi-Mosqueda L.C., Lopez-Moreno F.J., Navar-
ro-Leon E., Sanchez E., Blasco B., Moreno D.A., So-
riano T., Ruiz J.M. 2020. Effects of asparagus decline
on nutrients and phenolic compounds, spear quality,
and allelopathy. Scientia Horticulturae, 261, 109029.

17.Ruban A.V. 2009. Plants in light. Communication
and Integration Biology, 2, 50-55

18. Seleiman M.F., Ahmad A., Alshahrani T.S. 2023.
Integrative effects of zinc nanoparticle and PGRs to
mitigate salt stress in maize. Agronomy, 13(6), 1655.

19. Striker G.G. 2012. Flooding stress on plants: ana-
tomical, morphological and physiological respons-
es. In-Tech-Open, London.

20. Tzortzakis N.G., Economakis C.D. 2007. Antifun-
gal activity of lemongrass (Cympopogon citratus
L.) essential oil against key postharvest pathogens.
Innovative Food Science and Emerging Technolo-
gies, 8(2), 253-258.

21. Vardar-Unlii G., Candan F., S6kmen A., Daferera D.,
Polissiou M., S6kmen M., Dénmez E., Tepe B. 2003.
Antimicrobial and antioxidant activity of the essen-
tial oil and methanol extracts of Thymus pectinatus
Fisch. et Mey. Var. pectinatus (Lamiaceae). Journal
of Agricultural and Food Chemistry, 51(1), 63—67.

22.Van-Veen H., Akman M., Jamar D.C., Vreugdenhil
D., Kooiker M., Vantienderen P., Voesenek L.A.,
Schranz M.E., Sasidharan R. 2014. Group VII ethyl-
ene response factor diversification and regulation in
four species from flood-prone environments. Plant,
Cell and Environment, 37(10), 2421-2432.

23. Venancio C., Wijewardene L., Ribeiro R., Lopes 1.
2023. Combined effects of two abiotic stressors (salin-
ity and temperature) on a laboratory-simulated popula-
tion of Daphnia longispina. Hydrobiologia, 15, 1-12.

24.Yan K., Zhao S., Cui M., Han G., Wen P. 2018.
Vulnerability of photosynthesis and photosystem
I in Jerusalem artichoke (Helianthus tuberosus L.)
exposed to waterlogging. Plant Physiology and Bio-
chemistry, 125, 239-246.

25. Zhou W, Chen F., Meng Y., Chandrasekaran U., Luo
X., Yang W., Shu K. 2020. Plant waterlogging/flooding
stress responses: from seed germination to maturation.
Plant Physiology and Biochemistry, 148, 228-236.

26.Ziad M., Khalid S., Shah W., Naz A., Rehman Z.
2016. Impacts of water logging and salinity on crops
production of village Adina, District Swabi. ARPN
Journal of Agricultural and Biological Science,
11(6), 217-222.

27.Zhang X., Han C., Cao Y. 2020. Transcriptomic
and Physiological analyses reveal the dynamic re-
sponse to salinity stress of the garden asparagus

(Asparagus officinalis L.). Plant Molecular Biology
Reports, 38, 613-627.

125



