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MOST seeds prefer temperature below 30°C for germination, but since temperature 
control in the field is not possible, this study aims  to increase Lepidium sativum 

plant tolerance to heat stress by pretreatment with ultrasonic waves. Results revealed that 
25°C was the ideal temperature for garden cress seed germination. Heat stress at 30, 35, and 
40°C caused a progressive decline in the germination percentage and all growth criteria, and 
at 40°C no seed germination was observed even after pretreatment with ultrasonic waves. 
Furthermore, exposure of seeds to ultrasonic vibrations, especially for 20min at temperatures 
up to 35°C, resulted in a significant increase in germination percentage up to 96% compared 
to the corresponding control percent 92%, all seedling growth parameters and mineral ion 
contents at all tested temperatures, in addition to decrease in stress markers. Soluble sugars 
and proteins also increased, recording 131.64 and 20.65mg/g dry matter respectively compared 
to corresponding control. The dendrogram and principal component analysis (PCA) plot were 
designed based on morphological and physiological parameters and showed three groups 
of variable treatments. A molecular marker RAPD-PCR was applied to estimate the genetic 
variance resulting from ultrasonic exposure time and heat stress on Lepidium sativum. The total 
polymorphism percentage was 48.61%. In conclusion, ultrasonic waves up to 20min exposure 
time can be used as seed pretreatment before sowing to help in adaptation to high temperatures.

Keywords: Garden cress, Heat stress, Lepidium sativum L., Molecular analysis, Seedling 
growth, Ultrasonic waves.

Introduction                                                                          

Agriculture is significantly impacted by climatic 
conditions, hence efforts to adapt and mitigate 
agricultural systems should be strengthened. 
The most harmful increasing abiotic stressors on 
plant growth and productivity are temperature 
variations and more research is required to aid 
plants in adapting to these challenges. 

Several plant developmental processes, 
including seed germination, growth, and 
development, are adversely affected by heat 
stress, which lowers plant output (Zhang et al., 
2021; Patel et al., 2022). A considerable decrease 
in yield results from high-temperature conditions 
as a result of global warming. In the meantime, 

the world’s population is projected to grow 
quickly, reaching 11 billion people in 2100. To 
feed the growing population, an increase in global 
food production of 70% is a difficult undertaking 
in order to meet the world’s food demand and 
provide food security (Parthasarathi et al., 2022). 

According to Jumrani et al. (2022), heat stress 
caused damage to the structure and operation of 
the photosynthetic machinery in soybean plants. 
Taghvaei et al. (2022) found that the germination 
rate declined to 0.35 and 0.40 seeds per day in 
both light and dark conditions as the temperature 
rose from 30 to 40°C. Plants exposed to 
extreme temperatures experience significant and 
occasionally fatal negative impacts. 
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Plants have developed sophisticated heat 
stress response mechanisms to adapt to such 
environments. For instance, Liu et al. (2020) 
found that plants’ basic physiological processes 
such as photosynthesis, respiration, and water 
metabolism respond to heat stress. Heat stress 
increases cellular membrane permeability and 
electrolyte loss, which inhibits cellular activity 
and lowers thermotolerance (Xalxo et al., 
2020). The heat stress response is mediated by 
a number of epigenetic regulators, including 
acetyltransferases, methyltransferases, 
deacetylases, and demethylases (Xu et al., 
2017). According to Deng et al. (2018), in order 
to control gene expression, these epigenetic 
regulators are attracted to particular histones in 
chromatin by heat response-associated recruiters 
(such as TFs, lncRNAs).

One way to increase plant growth and yield is 
to use physical environmental cues strategically 
(Trakselyte-Rupsiene et al., 2021). Ultrasound 
is frequently employed in physical extraction 
and enhances plant growth. As a result, it has a 
complicated impact on their biology while not 
harming plant molecules or cells and instead 
encourages their biological production (Leon et 
al., 2018). 

After seeds received ultrasound treatment, 
yield, quality, and antioxidants were positively 
improved in response to the stress that rice 
experienced (Rao et al., 2018). Although 
ultrasonication of seeds did not affect germination 
rates, it dramatically enhanced the length and 
weight of the roots and shoots of seedlings 
that were 7 days old by 23%–68% and 16%–
28%, respectively. Starch biosynthesis, IAA 
biosynthesis, photosynthesis, and the TCA cycle 
pathways were found to be the most significantly 
differentially expressed sequences among 
107,891 genes (Hidvégi et al., 2022).

When rice seeds were ultrasonically 
treated (20-40kHz, for 30min.), several growth 
parameters increased. These include the dry 
biomass, the net photosynthetic rate in the leaves, 
grain yield, panicle number, grain number per 
panicle, and percentage of fissionable grains. 
his may be due to increased fluidity of cell walls 
caused by the mobilization of nutrients from 
endosperm and the larger porosity of barley 
seeds increased the water diffusion. Superoxide 
dismutase and peroxidase activity in the leaves 

has been increased by ultrasonication. Superoxide 
dismutase activity increased to 84.9%, while 
peroxidase activity increased by up to 121.5%, 
depending on the variety and developmental 
stage (Mo et al., 2020).

Garden cress, or Lepidium sativum, is a plant 
in the Brassicaceae family (Dixit et al., 2020). 
It is a herbaceous plant that blooms every year, 
and the seeds are a fantastic source of protein, 
omega-3 fatty acids, and other nutrients (Adera 
et al. 2022). The plant was first domesticated in 
South West Asia and Egypt, but it is currently 
grown all over the world for its seeds. 

Lepidium sativum, has highly significant 
economic value in its roots, leaves, and seed that 
this plant has reportedly been used in traditional 
medicine for a variety of biological functions 
(Painuli et al., 2022). It is frequently used as 
an analgesic, hepatoprotective, galactagogue, 
anti-spasmodic, anti-diarrheal (Balgoon, 2019). 
Furthermore, the plant is a good source of 
minerals like calcium, phosphorus, potassium, 
and zinc as well as proteins, carbs, and dietary 
fiber, (Alqahtani et al., 2019). The main goal 
of this study is to investigate the impact of 
thermal stress on the development of garden 
cress (Lepidium sativum) seedlings and their 
physiological and genetic performance. The 
application of ultrasonication is to counteract 
the detrimental effects of high temperatures 
on the germination and growth of garden cress 
seedlings.

Materials and Methods                                               

Experimental design
The study was established at Helwan 

University’s Laboratory of Plant Physiology 
- Cairo, Egypt. Garden cress seeds were 
carefully chosen, sterilized for three minutes 
with a 2.5% sodium hypochlorite solution, and 
then completely rinsed with distilled water. 
Ultrasonication at a frequency of 40 kHz (MFUC-
80A) at three different time intervals (10, 20 and 
30min) and a constant temperature of 25°C. Seeds 
of each group were germinated at 4 different 
temperatures 25, 30, 35 and 40 ºC for 7 days. 
For each treatment, a constant number of seeds 
(25 seeds) of garden cress seeds were transferred 
into sterile Petri dish 12cm with Whatman No. 1. 
filter paper wetted by 10mL distilled water. Four 
replicates were prepared for each treatment. 
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Germination percentage and Growth parameters
After seven days, data on germination % and 

growth traits (seedling vigour index, plumule and 
radical length (cm), fresh weight of plumule, radicle 
(mg), plumule to radicle length ratio, and plumule 
to radical weight (mg)) were collected. When the 
radicle and plumule were 2mm long, the seed was 
considered to have germinated. (Chartzoulakis & 
Klapaki, 2000). In order to record the dry weights 
of plumule and radicle they were heated in an oven 
for 48h at 65°C.

Chemical analysis
Total soluble sugars and proteins contents
Anthrone reagent was used to measure the total 

soluble sugars. (Umbreit, 1959) and total soluble 
proteins (Lowry et al., 1951). A known weight of 
germinated seeds was extracted in 5mL of 70% 
ethanol and completed to a specified volume with 
distilled water following filtration.

Proline content
The proline concentration was calculated using 

0.5g of germinated seeds that were crushed in 
10mL of 3% sulfosalicylic acid, after which it was 
filtered using Whatman filter paper no.2. and was 
utilized to estimate proline based on (Bates et al., 
1973).

Lipid peroxidation
Thiobarbituric acid (TBA) color reaction was 

used to measure the amount of lipid peroxidation 
in embryo axes or hypocotyl sections (Hulaev & 
Oliver, 2006).

Relative permeability of root membranes
The electrolytic conductivity of the fresh root 

segments was tested 30min after they had been 
bathed in 25 ml of deionized water. After the root 
segments were boiled in deionized water in a water 
bath. The estimated relative permeability was as 
follows (Zwiazek & Blake, 1991):

Hydrogen peroxide content 
In order to measure the endogenous H2O2 content. 

In 5mL of 0.1% TCA, 0.5g of germination-proven 
seeds were crushed. This procedure according to 
method described by Loreto & Velikova (2001), 
1.5mL of the test solution consisting of 0.5mL of 
10mM potassium phosphate buffer (pH 7.0) and 
1mL of 1M KI were combined with supernatant. At 

390nm, the absorbance of the assay combination 
was measured. 

Mineral ions 
Mineral ion content in air-dry leaves for different 

treatments were estimated at Ecology lab, Faculty 
of science, Helwan University using Microwave 
Plasma Atomic Emission Spectroscopy (Agilent 
Technologies 4210 MP-AES). The operational 
processes and instrumental settings were modified 
in accordance with the manufacturer’s user 
handbook.

DNA isolation and RAPD-PCR bioassay
According to Edwards et al. (1991), the 

total genomic DNA of Lepidium sativum L. was 
isolated using the CTAB method. In this bioassay, 
six RAPD primers were utilized, however only 
four of them produced repeatable clear bands 
"The primers were included in the Table 3. In the 
Biometra thermocycler, the RAPD-PCR reaction 
was carried out. The reaction mixture was prepared 
in a total volume of 25 l, consisting of 12.5 l of 
Taq master mix (COSMO PCR RED M. Mix, 
W1020300x), 2 l of genomic DNA, 1 l of each 
primer (Willowfort), and 9.5 l of double distilled 
water. The 35 cycles of the reaction programme 
were broken down into the following steps: 30-sec 
denaturation at 94oC, 30-sec annealing for each 
primer at various temperatures as stated in Table 
3, and 1min extension at 72oC. The final phase was 
then extended for a single phase for 10min at 72oC 
before cooling at 4oC".The amplified PCR product 
was performed on a ladder gel (New England 
Biolab, #N3232S) and compared to 1.2% agarose 
gel.

Statistical analysis
The complete randomized blocks design 

(CCRBSE. Bas) approach of Snedecor & Cochran 
(1980) was used to analyses the variance and 
establish the significance of the data using LSD 
values at p=0.05. After this investigation, a 
Duncan’s multiple range test was used to compare 
the various therapies. The community analysis 
program (1.2) (CAP) was employed on L. sativum 
in order to estimate the associations between the 
various variable treatments. PCA covariance was 
used to aggregate related plant-affecting treatments. 
Additionally, a dendrogram of linked treatments 
was generated using the Euclidean complete 
linkage method. Bands were used to assess the 
gel electrophoresis test images (1, 0). Bio-Rad 
Quantity One was used for these computations. 
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Results                                                                          

Germination and growth parameters
The collected data revealed that as temperature 

increased, germination percentage gradually 
decreased. (Fig. 1A). Germination percentage 
decreased to 0% at 40 °C compared to 92% for 
25°C. However, germination percentage increased 
after exposure to ultrasonic waves up to 20min 
generally at temperatures 25, 30, and 35°C. 

All morphological characteristics of garden 
cress, including seedling vigour index, plumule 
to radicle length ratio, fresh and dried weight 
of plumule and radicle, and length of plumule 
and radicle in cm, were negatively impacted by 
temperatures between 30 and 35°C (Table 1, Fig. 
1B) compared to seedling grown at 25 °C. Radicle 
length increased significantly after 20min of 
ultrasonic stimulation, rising to 2.1cm from 1.66 
cm for the corresponding control. 

At high temperatures, both fresh and dry 
weights of the plumule and radicle greatly 
reduced. However, ultrasonication for 10 and 
20min significantly increased weights. 

Physiological parameters
Total soluble sugars, proteins, and proline
Total soluble sugars and proteins showed a 

significant decrease in response to heat stress up 
to 35°C. In contrast, ultrasonication for 20min 
increased total soluble sugars and proteins 
compared with corresponding controls content 
(Fig. 1C, D). Proline is a stress marker amino 
acid that accumulates under different stress 
types in many plants. It was observed that heat 
exhaustion caused gradual increase in proline 
content in germinated seeds, with the highest 
values recorded at 35°C. On the other hand, 
ultrasonication significantly decreased proline 
content compared to corresponding controls at all 
tested temperatures, particularly at exposure times 
of 10 minutes. Proline content reduced from 0.71 
mg/g for control plants to 0.62 mg/g at sonication 
for 10min, as can be seen from (Fig. 1E).

 Electrolyte Leakage, lipid Peroxidation and 
hydrogen peroxide 

Data presented in Fig. 2A show that 
electrolyte leakage from root segments of garden 
cress (Lepidium sativum) increased under heat 
stress. the highest value in relative permeability 
of root membranes significantly was obtained at 

35°C, recording 91.20% in comparison to 21.73% 
for 25°C seedlings. Additionally, data showed 
that electrolyte leakage significantly reduced 
by 10 and 20min of ultrasonic treatments. Ion 
or electrolyte leakage is generally related to 
peroxidation of lipids and damage to the cell 
membrane; it was observed to increase in response 
to heat or physical stress in a similar trend to that 
of electrolyte leakage from root segments. The 
lowest lipid peroxidation levels were recorded 
at short durations of 10 and 20min of ultrasonic 
treatments when compared with the corresponding 
control value. In addition, the highest levels 
were recorded at 35°C and at sonication time for 
30min, as shown in Fig. 2B. H2O2 level increased 
in heat-treated seeds compared to H2O2 level in 
seedlings grown at 25°C, this increase in H2O2 
during heat stress was associated to oxidative 
damage in the seeds. Application of ultrasound 
waves for 10 and 20min reduced H2O2 content. 
However, high heat stress at 35°C and ultrasound 
duration for 30 minutes increased H2O2 content by 
9.7% according to Fig. 2C.

Mineral ions
The results concerning the effect of ultrasonic 

waves in the presence and absence of heat stress 
on ions accumulation (P, K, Mg, Fe and Na) and 
K/Na ratio in garden cress seeds are shown in 
(Table 2). In particular, heat stress significantly 
decreased P, K, Fe, Mg contents and K/Na ratios 
and increased Na ions in leaf tissue. In contrast, 
the application of ultrasound promoted the 
accumulation of all mineral ions and Na ions. 

Molecular analysis
Using six RAPD primers, 22 bands were 

amplified, 12 of which were monomorphic and 10 
polymorphic. (Table 3, Fig. 3). This led to a total 
polymorphism % of 48.61% in the genetic content 
of L. sativum in response to the variable stress 
factors. The Deca-12 primer produced the highest 
level of polymorphism (66.67%), while the Deca-
4 primer had the least variation (33.33%). The 
results obtained from both morphological and 
physiological parameters were represented by 
CAP. The obtained data illustrated the relative 
relationships of the variable treatments with 
similar effects. The grouping of treatments was 
shown in a dendrogram and PCA plot, as in Figs. 
4, 5, respectively. The grouping showed three 
main groups, mainly separated according to the 
effect of temperature rather than ultrasonic. 
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Figure 1. Effect of ultrasonic exposure time (10, 20 and 30 min.) and heat stress on (A) germination 
percentage, (B) SVI, (C) total soluble protein content, (D) total soluble sugars content and (E) 
Proline content of garden cress at early seedlings stage. Values represent the mean of three 
replicates. Different letters (a, b, c, d, e, f, g, h and i) indicate statistical differences at 
5% probability according to Duncan’s test. Error bars are standard errors of the mean. 
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Fig. 1. Effect of ultrasonic exposure time (10, 20 and 30min) and heat stress on (A) germination percentage, 
(B) SVI, (C) total soluble protein content, (D) total soluble sugars content and (E) Proline content of 
garden cress at early seedlings stage [Values represent the mean of three replicates. Different letters 
(a, b, c, d, e, f, g, h and i) indicate statistical differences at 5% probability according to Duncan’s test. 
Error bars are standard errors of the mean]
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TABLE 1. Effect of ultrasonic exposure time and heat stress on growth characteristics of garden cress at early 
seedlings stage. Data shown in the table represent the mean ± standard error, followed by a small 
letter [Similar letters indicate that means were not different significantly at 5%, probability based on 
Duncan’s test]

Treatments  
Plumule 
length
(cm)

Radicle 
length
(cm)

R/P 
length 
ratio

Plumule 
fresh 

weight
(mg)

Plumule 
dry weight

(mg)

Radicle 
fresh 

weight
(mg)

Radicle 
dry 

weight
(mg)

Temperature 
°C

Sonication 
time/min

25°C

0
3.15 ± 
0.12 c

1.66 ± 
0.08 b

1.89 ± 
0.09 de

17 ± 
0.77 c

2.3 ± 
0.09 b

7.4 ± 
0.34 c

0.51 ± 
0.02 c

10
5.06 ± 
0.24 ab

1.91 ± 
0.09 a

2.64 ± 
0.12 b

20.5 ± 
0.96 a

2.5 ±
 0.11 a

8.15 ± 
0.40 a

0.61 ± 
0.03 a

20
6.4 ± 
2.13 a

2.1 ± 
0.09 a

3.04 ± 
0.1 c

20.9 ± 
0.94 ab

2.65 ± 
0.1

8.96 ± 
0.37 b

0.66 ± 
0.03 b

30
5 ±

0.23 b
1.68 ± 
0.08 b

2.97 ± 
0.13 a

19.7 ± 
0.90 b

0.93 ± 
0.04

8.11 ± 
0.41 b

0. 51 ± 
0.02 c

30°C

0
2.8 ± 

0.13 cd
2 ± 

0.09 a
1.4 ± 
0.07 f

12.33 ± 
0.56 d

0.706 ± 
0.03

3.13 ± 
0.14 d

0.216 ± 
0.009 d

10 
2.8 ± 
0.13 c

1.5 ± 
0.07 c

1.8 ± 
0.09 de

12.37 ± 
0.56 d

0.833 ± 
0.04

2.06 ± 
0.09 e

0.151 ± 
0.007 e

20
3.03 ± 
0.14 c

1.7 ± 
0.08 b

1.7 ± 
0.08e

12.66 ± 
0.58 d

1.266 ± 
0.03

2.22 ± 
0.10 e

0.166 ± 
0.01 e

30
2.4 ± 

0.13 cd
1.36 ± 
0.06 d

1.76 ± 
0.1 cd

7 ± 
0.32 g

1.06 ± 
0.05

1.53 ± 
0.07 f

0.096 ± 
0.03 f

35°C

0
1.3 ± 
0.06 e

0.66 ± 
0.03 f

1.96 ± 
0.09 cde

7.86 ± 
0.36 fg

0.543 ± 
0.02

1 ± 
0.04 g

0.066 ± 
0.02 f

10 
1.5 ± 
0.07 e

0.5 ± 
0.02 g

3 ±
 0.13 a

8.69 ± 
0.39 ef

0.522 ± 
0.02

1 ± 
0.03 g

0.065 ± 
0.01 f

20
1.7 ± 

0.08 de
0.83 ± 
0.04 e

2.04 ± 
0.1 cd

9.2 ± 
0.42 e

0.931 ± 
0.04

1.4 ± 
0.07 fg

0.077 ± 
0.01 f

30
1.1 ± 
0.05 e

0.43 ± 
0.09 g

2.55 ± 
0.12 b

5.3 ± 
0.24 h

0.811 ± 
0.09

1 ± 
0.02 g

0.069 ± 
0.01 f

L.S.D at 5% 1.1 0.14 0.18 1.2 0.1 0.39 0.03
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Figure 2. Effect of ultrasonic exposure time (10, 20 and 30 min.) and heat stress on 
(A) The relative permeability, (B) Lipid peroxidation and (C) Hydrogen peroxide 
content of garden cress at early seedlings stage. Values represent the mean of three 
replicates. Different letters (a, b, c, d, e, f and g) indicate statistical differences at 5% 
probability according to Duncan’s test. Error bars are standard errors of the mean.
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Fig. 2. Effect of ultrasonic exposure time (10, 20 and 30min) and heat stress on (A) The relative permeability, 
(B) Lipid peroxidation and (C) Hydrogen peroxide content of garden cress at early seedlings stage 
[Values represent the mean of three replicates. Different letters (a, b, c, d, e, f and g) indicate statistical 
differences at 5% probability according to Duncan’s test. Error bars are standard errors of the mean]

Discussion                                                                   

The present study data revealed that 
germination and early seedling growth of 
garden cress were negatively impacted by an 
increase in temperature. An imbalance in growth 
hormones, particularly GA3, which is vital for 
the germination of seeds, may be the cause of this 
effect, which may be physiological. It may also 
have an impact on the production and activity of 
hydrolytic enzymes, which has an impact on the 
availability of fundamental nutrients needed for 
embryonic development. Reactive oxygen species 
(ROS), which result in lipid peroxidation and ion 
leakage (Hafez & Fouad, 2020; Tammam et al., 
2022; Tourky et al., 2023), are the main cause of 
structural impact. The negative consequences of 
heat stress on wheat germination (Mitra & Bhatia, 
2008), maize and pearl millet (Ashraf & Hafeez, 
2004), sugarcane (Saccharum officinarum L.), and 
other plants have been well reported (Srivastava et 

al., 2012). Because heat stress significantly impacts 
plant activities such as  seed germination, growth, 
development, photosynthesis, and reproduction, 
it has a significant effect on plant growth and the 
final yield (Hasanuzzaman et al., 2012). Therefore, 
plants enhance a variety of morphological, 
physiological, and molecular responses in order 
to survive under stressful situations. Heat stress 
causes a decrease in seed germination that results 
in shorter roots, poor establishment, fewer plants 
(Toh et al., 2008; Kumar et al., 2011). Heat 
stress inhibits a number of enzymes involved 
in starch breakdown and increases abscisic acid 
production (Essamine et al., 2010). Heat stress 
also affected seed embryos’ potential of producing 
proteins, which significantly reduced maize seed 
germination over 37°C (Riley, 1981). At 45°C, 
the expansion in maize seedlings was entirely 
halted (Akman, 2009). High temperatures had a 
negative impact on stand establishment in tomato 
plants (Solanum lycopersicum L.) by causing cell 
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death and a sharp fall in germination rate (Cheng 
et al., 2009). Reduced water and nutrient uptake 
caused by high temperature stress significantly 
slows plant growth (Huang et al., 2012). Although 
the impacts of heat stress on roots have received 

less attention than those on shoots, the majority 
of earlier research has been on the impact of heat 
stress on root development and metabolism of 
carbon (Huang et al., 2008).

TABLE 2. Effect of ultrasonic exposure time and heat stress on mineral ions contents (mg g-1d.m) of garden cress 
at early seedlings stage [Data shown in the table represent the mean ± standard error, followed by a 
small letter; similar letters indicate that means were not different significantly at 5%, probability based 
on Duncan’s test]

Treatments  
K Na K/Na Mg P Fe

Temperature 
°C

Sonication 
time / min

25 °C

0
5.88 ± 
0.27 cd

0.928 ± 
0.04 f

6.33 ± 
0.29 c

1.44 ± 
0.06 e

0.59 ± 
0.025 cd

0.099 ± 
0.01 b

10
6.25 ± 
0.28 bc

0.924 ± 
0.05 f

6.76 ± 
0.31 b

1.57 ± 
0.07 bc

0.64 ±
 0.03 ab

0.137 ± 
0.03 ab

20
7.19 ± 
0.5 a

0.914 ± 
0.04 f

7.86 ±
 0.4 a

1.89 ± 
0.09 a

0.68 ± 
0.04 a

0.154 ± 
0.05 ab

30
6.12 ± 
0.27 bc

0.926 ± 
0.04 f

6.60 ± 
0.30 bc

1.53 ± 
0.08 cd

0.61 ± 
0.03 bc

0.136 ± 
0.03 ab

30 °C

0
5.45 ± 
0.20 de

1.99 ± 
0.1 d

2.73 ± 
0.12 fg

1.40 ± 
0.06 de

0.44 ± 
0.02 fg

0.073 ± 
0.005 b

10 
6.09± 

0.27 bc
1.93 ± 
0.09 d

3.15 ± 
0.2 e

1.46 ±
 0.06 cde

0.51 ± 
0.02 e

0.108 ± 
0.01 b

20
6.77 ± 
0.6 a

1.28 ± 
0.05 e

5.28 ± 
0.4 d

1.67 ± 
0.07 b

0.56 ± 
0.03 d

0.115 ± 
0.02 a

30
6.03 ± 
0.27 bc

1.97 ± 
0.09 d

3.06 ±
 0.14 ef

1.45 ± 
0.05 cde

0.49 ± 
0.02 e

0.094 ± 
0.03 b

35 °C

0
5.28 ± 
0.20 f

2.78 ± 
0.2 a

1.89 ± 
0.0 8 h

1.11 ± 
0.02 f

0.39 ± 
0.02 h

0.055 ± 
0.005 b

10 
5.97 ± 
0.3 bcd

2.33 ± 
0.11 b

2.56 ± 
0.12 g

1.19 ± 
0.04 f

0.41 ± 
0.02 gh

0.063 ± 
0.01 b

20
6.52 ± 
0.4 b

2.14 ± 
0.10 c

3.04 ± 
0.14 ef

1.21 ± 
0.05 f

0.48 ± 
0.03 ef

0.079 ± 
0.01 b

30
5.31 ± 
0.25 f

2.70 ± 
0.12 a

1.96 ± 
0.09 h

1.15 ± 
0.05 f

0.39 ± 
0.015 h

0.057 ± 
0.005 b

L.S.D at 5% 0.54 0.17 0.42 0.12 f 0.05 0.02

TABLE 3. Primer Data analysis of RAPD-PCR bioassay with ultrasonic exposure time and heat stress on Lepidium 
sativum

No.
Primer 

code
Primer’s sequence GC% Tm

Total 
number of 

bands

Total 
polymorphic 

bands
Polymorphism %

1 Deca 4 5’-CGTTGGCCCG-3’ 80 44 6 2 33.33
2 Deca 11 5’-ATCGGCTGGG-3’ 70 39.3 9 4 44.44
3 Deca-12 5′-CTTGCCCACG-3’ 70 38.5 3 2 66.67
4 Deca-13 5′-GTGGCAAGCC-3’ 70 39 4 2 50

Total 22 10 48.61
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Fig. 3. PCA plot of the variable treatments of Lepidium sativum affected by heat and ultrasonic stress, 
grouping is based on morphological and physiological parameters [(1: 25oC and no sonication, 2: 25oC 
and 10min sonication; 3: 25oC and 20min sonication; 4: 25oC and 30min sonication; 5: 30oC and no 
sonication; 6: 30oC and 10min sonication; 7: 30oC and 20min sonication; 8: 25oC and 30min sonication; 
9: 35oC and no sonication; 10: 35oC and 10min sonication; 11: 35oC and 20min sonication; 12: 35oC 
and 30min sonication)]

 

Fig. (5) The agarose gel pattern of Lepidium sativum exposed to ultrasonic exposure time 
and heat stress (a: with Deca-4 primer, b: with Deca-11 primer).  

Fig. 4. The agarose gel pattern of Lepidium sativum exposed to ultrasonic exposure time and heat stress [a: 
with Deca-4 primer, b: with Deca-11 primer]
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The frequency of the ultrasonic wave, the 
length of exposure, and the type of plant all affect 
how well seeds germinate after receiving ultrasonic 
treatment. Garden cress seeds were briefly 
ultrasonically treated to increase germination 
rates and early seedling growth (Aladjadjiyan, 
2012). In low temperatures, ultrasonic technology 
improved sesame seed germination and seedling 
growth with a brief exposure time (Shekari et al., 
2015). One probable explanation is that sonication 
enlarges the cracks in the protective layer around 
the seed and pericarp, which causes the seedlings 
to retain significantly more moisture after being 
steeped in water. By creating microscopic cracks 
on the seed coat, which also makes the cotyledon 
cell walls less stiff, ultrasonic waves may speed 
up the germination of common bean seeds. This 
will cause the seeds to absorb more water more 
quickly, which will lead to cell enlargement, 
accelerated starch hydrolysis, faster germination 
as well as other physiological changes (Karagöz & 
Dursun, 2021; Lahijanian  & Nazari, 2017). Many 
researchers point out that exposing ultrasonically 
treated seeds to ultrasonic hydration leads to an 
increase in enzymatic activity, especially alpha 
amylase (Miano et al., 2016). Ultrasonic waves 

have a big impact on plants by causing mechanical 
effects (acoustic cavitations) and disrupting their 
cell walls, which increases water uptake. This was 
also reported by Goussous et al. (2010) on wheat, 
Yaldagard et al. (2008) on barley, and Aladjadjiyan 
(2002) on carrot. According to Zheng et al. (2008), 
ultrasound treatment can affect the development of 
some plant organs, with a low dose of ultrasound 
stimulating division of cells, a medium dose of 
ultrasound inhibiting division of cells, and a large 
dose of ultrasound causing cell demise when 
ultrasonically processing seeds. It was also shown 
that mild ultrasonic processing, which stimulates 
the plant root cell to divide rapidly, improves plant 
development, and encourages the plant to strike 
roots, increases the germination rate of spinach and 
cabbage seeds. According to Aladjadjiyan (2012), 
the length of a lentil seedling increased with the 
duration of its exposure to ultrasonic waves in 
an approximately linear fashion. In the case of 
fenugreek, a similar finding was made previously 
(Kapoor & Pande, 2015; Ratnakar & Rai, 2013) in 
spinach (Keshavarzi et al., 2011), in oat (Chauhan et 
al., 2016), and in common lambsquarters (Babaei-
Ghaghelestany et al., 2020). Stress induced by high 
temperatures decreases water content, membrane 

Figure 3. Dendrogram of the variable treatments of Lepidium sativum affected by heat and 
ultrasonic stress, based on morphological and physiological parameters. 
(1: 25oC and no sonication, 2: 25oC and 10 min sonication; 3: 25oC and 20 min sonication; 4: 
25oC and 30 min sonication; 5: 30oC and no sonication; 6: 30oC and 10 min sonication; 7: 
30oC and 20 min sonication; 8: 25oC and 30 min sonication; 9: 35oC and no sonication; 10: 
35oC and 10 min sonication; 11: 35oC and 20 min sonication; 12: 35oC and 30 min 
sonication). 

Fig. 5. Dendrogram of the variable treatments of Lepidium sativum affected by heat and ultrasonic stress, 
based on morphological and physiological parameters [(1: 25oC and no sonication, 2: 25oC and 10min 
sonication; 3: 25oC and 20min sonication; 4: 25oC and 30min sonication; 5: 30oC and no sonication; 
6: 30oC and 10min sonication; 7: 30oC and 20min sonication; 8: 25oC and 30min sonication; 9: 35oC 
and no sonication; 10: 35oC and 10min sonication; 11: 35oC and 20min sonication; 12: 35oC and 30min 
sonication)]
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acid also known as a stress marker, increases in 
plant tissue under stress to improve plant tolerance 
as plants acquire various small molecules in the 
presence of heat to help them survive. These 
molecules of low molecular weight are named 
osmolytes (Sakamoto & Murata, 2002). Plants 
acquire a range of osmolytes, including sugars, 
proline, ammonium, and sulphur compounds, 
when the temperature is high (Sairam & Tyagi, 
2004), whereas ultrasonication for brief, moderate 
durations of time reduced the proline concentration. 
In reaction to stress, proline carries out a variety of 
functions including osmotic correction (Voetberg 
& Sharp, 1991), protection of macromolecules, 
carbon and nitrogen regulation of cytosolic acidity 
(Van Rensburg et al., 1993), mitigating lipid 
membrane oxidation (Okuma et al., 2004), and 
acting as an osmo-protectant (Kishor et al., 2005; 
Hoque et al., 2008). Proline boosts the activity of 
antioxidant system enzymes, enhancing Nicotiana 
tabacum’s resistance to salt stress (Hoque et al., 
2008), whereas proline content was decreased 
through brief, moderate periods of ultrasonication. 
Biopolymers are hydrated by proline buildup, 
which enables them to persist as a viable energy 
source during times of growth inhibition (Kala 
& Godara, 2011). On numerous plant species, 
similar outcomes have been attained, (Alqurainy, 
2007): on bean and pea, (Chen et al., 2008), and on 
common bean (Ahmad et al., 2009).

Asada (2006) showed that heat also contributes 
to the accumulation of dangerous reactive oxygen 
species, which are the main contributors to the 
development of oxidative stress in plants. The 
majority of ROS are formed in photosystem I 
and photosystem II reaction centers. Yet, the 
peroxisomes and mitochondria of plants are also 
involved in the formation of ROS. (Soliman et al., 
2011). Even relatively brief heat stress can produce 
ROS, the two main components of which are 
believed to be hydrogen peroxide and superoxide 
(Apel & Hirt, 2004). On the other hand, applying 
ultrasonic vibration for 10 and 20min reduced the 
amount of H2O2, although a long ultrasonication 
period (30min) combined with a temperature 
of 35°C increased the amount of H2O2. These 
findings concur with those of (Shekari, 2015; 
Pan et al., 2020). Ma et al. (2022) reported during 
the subsequent storage period, sweet potato 
slices exposed to ultrasonic treatment for 10min 
dramatically reduced H2O2 concentration, SOD 
and CAT levels rose in ultrasonic-treated slices 
as a result, inhibiting the buildup of H2O2. While 

permeability, and nutrient uptake, which adversely 
affects germination and considerably delays plant 
growth. However, increased acoustic cavitation 
induced by ultrasound and increased seed coat 
porosity improved water absorption and oxygen 
availability. 

The creation of micro-pores and micro-cracks 
caused by sonication means that the seeds are 
more permeable to water and oxygen entry (Miano 
et al., 2016). 

Under heat stress conditions, soluble sugar 
and protein content in seedlings showed a 
significant decline when compared to control 
seedlings. Specific cells and tissues experience 
programmed cell death at severe heat stress as a 
result of protein denaturation. A slow death is seen 
at moderate heat stress for an extended period 
of time (Hasanuzzaman et al., 2010). Heat stress 
lowers nutrient absorption per unit root surface 
because it depletes labile carbon (non-structural 
carbohydrates). Additionally, heat stress reduces 
the quantity of protein used for food intake by 
limiting the movement of sugars from shoots to 
roots and harming plant roots (Huang et al., 2008). 
As a result of the proteins’ decreased activity, 
nutritional absorption is lowered. Similar results 
were shown earlier (Bochu et al., 2003) on rice, 
where physical stress caused by ultrasonic wave 
resulted in a substantial increase in total soluble 
sugars and proteins. According to Yi (2003), 
Chrysanthemum’s levels of soluble carbohydrates, 
protein, and amylase activity rose when exposed to 
ultrasound waves. This shows that sound activation 
may enhance Chrysanthemum growth and root 
metabolism. Plants regularly use osmoregulation, 
cell turgor maintenance, mitigating ROS-induced 
damage using defense mechanisms, as well as the 
impact of ultrasonic therapies on soluble protein 
accumulation (Anjum et al., 2011). This positive 
response to ultrasonication could be explained 
by an increase in hydrolytic enzymes amylase 
and protease activity under stress conditions. 
The increased organic solutes present in cells 
especially those resulting from hydrolysis of 
storage food in seeds, such as soluble sugars and 
soluble proteins, lower the cellular water potential 
as a mechanism of osmoregulation which helps in 
more water uptake without any harmful effect on 
seed metabolism. 

As a response to thermal stress, proline also 
accumulates in many plants. Proline, an amino 
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macromolecule aggregation was prevented, 
molecular weight was decreased, solubility was 
enhanced, and ultrasonic hastened the breakdown 
of H2O2, the primary structure did not alter 
noticeably. This was also reported by Alfalahi et al. 
(2022) on soybean, who examined antioxidant gene 
expression in the seedling tissues and indicated a 
significant stimulatory effect of ultrasonication 
on catalase and superoxide dismutase antioxidant 
gene expression.

The relevant data showed that physical stress 
and heat could have an impact on lipid peroxidation 
and electrolyte leakage. Furthermore, under heat 
stress, the amount of Thiobarbituric acid reactive 
substances (TBARS) increased, which was 
connected to secondary oxidative damage (Stepien 
& Klobus, 2005). Membrane permeability is 
significantly impacted by heat stress. The capacity 
of the cell membrane to function under heat stress 
is necessary for the activities of respiration and 
photosynthesis (Blum, 1988). This can be taken 
into consideration that even the treatment must 
be used in accurate doses so as not to be included 
as a new stress on plant. For that, ultrasonic 
waves at low doses only activated the antioxidant 
system in the plant, which decreased or controlled 
ROS production, protecting cell phospholipid 
membranes from peroxidation, which is indicated 
by the decrease in ion leakage also.

Under heat stress, the amount of TBARS 
increased, which was connected to secondary 
oxidative damage (Stepien & Klobus, 2005). 
Membrane permeability is significantly impacted 
by heat stress. The capacity of the cell membrane 
to function under heat stress is necessary for 
the activities of respiration and photosynthesis 
(Blum, 1988).  Molecules under heat stress 
move more quickly and with more kinetic energy 
against plant membranes, breaking chemical 
bonds in the process. Membranes become more 
porous and fluid as a result of heat stress because 
it dehydrates proteins and raises the content 
of unsaturated fatty acids (Savchenko et al., 
2002). The structure (tertiary and quaternary) of 
membrane proteins is altered by heat stress, which 
also makes membranes more permeable and 
causes electrolyte leakage, negatively affecting 
membrane biological functions and integrity. In 
a variety of agricultural plants, including cowpea, 
cotton, sorghum, and barley, reduced membrane 
thermostability due to an increase in electrolyte 
leakage has been observed (Wahid & Shabbir, 

2005; Wahid, 2007). The amount of electrolyte 
that leaks out of plants depends on their tissues, 
organs and developmental stages. For illustration, 
older leaves in the maize experienced more 
severe heat-related plasma-lemma damage than 
younger leaves (Karim et al., 1999). The amount 
of saturated fat in sugarcane increased at higher 
temperatures because increased leaf temperature 
reduced the heat tolerance of the plants (Wahid, 
2007). Heat stress causes malondialdehyde levels 
in plant leaves to drastically increase (Hurkman 
et al., 2009; Mohammed & Tarpley, 2010). Early 
growth stages of the wheat plantlets that had been 
exposed to heat stress had much higher MDA, 
and later growth stages had even more MDA. 
Heat stress also reduces the activities of enzyme 
antioxidants (Miller et al., 2009). According to 
Chen et al. (2013), ultrasonic therapy can help 
plants get rid of ROS by raising the activity of 
antioxidant enzymes. When seeds are subjected 
to ultrasonic waves, the plants’ physiological 
processes change (Tyagi et al., 2014; Chemat et 
al., 2017). Ultrasonic vibration has an impact on 
microstructures, cellular enzyme activity, and plant 
metabolism (Yusaf, 2015). However, compared 
to untreated seeds, seeds exposed to ultrasonic 
waves are able to absorb more energy from their 
surroundings as they grow and develop. This is 
because ultrasound increases the activity of the 
enzymes superoxide dismutase and peroxidase and 
reduces malondialdehyde levels (Liu et al., 2018). 
Taken into consideration the results to present. 
Depending on the species and tissues examined, 
heat stress has been shown to affect the nutritional 
profiles of plants in a variety of ways. (Sehgal et 
al., 2018; Soares et al., 2019). Huang et al. (2012) 
found that high- temperature stress limits nutrient 
and water absorption, which greatly slows plant 
growth. Heat stress also alters the way sources 
and sinks interact with plants, modulating plant 
nutrient concentrations and reducing the amount 
of hormones released from roots (Huang et al., 
2008). By lowering root metabolic rate, protein 
levels or activities involved in nutrient uptake, and 
root mass, abrupt, high heat events can injure roots 
and decrease nutrition uptake, claims Giri (2013). 
Roots are typically more heat-sensitive than 
shoots, hence heat stress often has an impact on 
them. As a result of global warming and rising heat 
waves, an 11-day heat treatment during anthesis 
resulted in a substantial shift in the amounts of 15 
different elements in quinoa seeds compared to 
control seeds (Tovar et al., 2022). Because low-
energy ultrasound may easily permeate through 
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cell membranes and walls, it can alter cellular 
metabolisms or encourage nutrition intake. Pb 
content was lower in the ultrasonic-treated rice 
plants compared to the control, according to Rao 
et al. (2018). This finding raises the possibility 
that in Pb-polluted soils, treating rice seeds with 
ultrasonic waves could increase rice growth and 
decrease brown rice Pb accumulation.

Only a few markers and accessions were 
employed in previous L. sativum research studies, 
so they may not have accurately represented the 
genetic diversity and variability present in the 
genetic materials (Tawfik, 2021). Any crop plant’s 
genetic resources can be evaluated for variability, 
which provides a good basis for a deliberate 
breeding program focused at genetic advancement. 
Many molecular markers have been used to 
conduct comprehensive research on the genetic 
diversity of crop plants. There have only been a 
few marker-based genetic studies on L. sativum 
previously published. Using 10 RAPD primers on 
15 different L. sativum genotypes, Sharma et al. 
(2015) conducted a polymorphism and diversity 
analysis and found 86.27% polymorphism. Bansal 
et al. (2012) used 32 RAPD primers to detect 
82.59% of polymorphism across 18 genotypes. 
ISSRs were used by Kaur et al. (2015) to assess the 
genetic diversity of 15 genotypes of L. sativum, 
and Kumar et al. (2012) combined RAPD and 
ISSR markers to do the same (Nadeem et al., 2018; 
Kumar & Yadav, 2019).

Conclusions                                                                   

Short-term exposure to ultrasonic waves can 
improve different heat tolerance mechanisms 
in plant starting from germination stage.  It is 
recommended to use inexpensive and eco-friendly 
methods like ultrasonic waves for short periods as 
a pretreatment of seeds to improve germination 
percent and plant growth. The exposure of 
plants to these stress factors (ultrasonic and heat) 
affects the genetic content of this plant. The 
morphological and physiological behavior of the 
plant was affected by this genetic difference. This 
might be due to mutation in some essential genes 
and so, the function of the expressed proteins will 
be altered. The results of this study would offer 
valuable insights for managing crop productivity 
and producing heat resistant crops.
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الصوتية  فوق  بالموجات  للمعالجة  الرشاد  حب  لبذور  والوراثية  الفسيولوجية  الاستجابات 
تحت الإجهاد الحراري

اميرة محمد عبد الستار، إيمان توفيق، إيمان زكريا احمد
قسم النبات والميكروبيولوجى- كلية العلوم – جامعة حلوان – القاهرة – مصر.

تفضل معظم البذور درجة حرارة أقل من 30 درجة مئوية للإنبات، ولكن السيطرة علي درجة الحرارة حقلياً غير 
ممكنة، تهدف هذه الدراسة إلى تحفيز مقاومة نبات حب الرشاد للإجهاد الحراري عن طريق المعالجة المسبقة 
بالموجات فوق الصوتية وكشفت النتائج ذلك كانت درجة الحرارة 25 درجة مئوية هي درجة الحرارة المثالية 
لإنبات بذور حب الرشاد. الإجهاد الحراري عند 30، 35 و 40  درجة مئوية تسبب في انخفاض تدريجي في 
نسبة الإنبات وجميع قياسات النمو و عند 40 درجة مئوية لم يلاحظ أي إنبات البذور حتى بعد المعالجة بالموجات 
دقيقة عند درجات   20 لمدة  الصوتية، خاصة  فوق  للذبذبات  البذور  تعريض  ذلك،  الصوتية. علاوة على  فوق 
الحرارة حتى 35 درجة مئوية، أدى إلى زيادة معنوية في نسبة الإنبات تصل إلى %96 مقارنة إلى البذور الغير 
معاملة %92، بالإضافة إلى زيادة كل مظاهر نمو البادرات ومحتوى النبات من العناصر عند جميع درجات 
الحرارة المختبرة، بالإضافة إلى انخفاض علامات الإجهاد. كما ارتفعت السكريات القابلة للذوبان والبروتينات 
أيضاً حيث سجلت 131.64 و20.65 ملجم/جم مادة جافة على التوالي مقارنة بالبذور الغير معاملة. كان تحليل 
 dendrogram والمكونات الرئيسية (PCA) التى صممت على أساس المعايير المورفولوجية والفسيولوجية 
وأظهرت ثلاث مجموعات من العلاجات المختلفة. تم تطبيق المعلم الوراثي RAPD-PCR  لتقدير التباين في 
المحتوى الجيني الناتج عن وقت التعرض بالموجات فوق الصوتية والإجهاد الحراري على حب الرشاد. وكانت 
نسبة تعدد الأشكال الناتجة من اختلاف حزم الحمض النووي نتيجة لاستخدام بادئات مختلفه هى %48.61. لذلك 
نوصى بتعريض البذور إلى الموجات فوق الصوتية لمدة 20 دقيقة كمعالجة مسبقة للبذور قبل الزراعة للمساعدة 

في التكيف مع درجات الحرارة المرتفعة.


