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1 Introduction

Abstract: This study was conducted to determine the impact of sodium
chloride (2000 ppm) and salicylic acid (SA) concentrations (0, 50, 100, 150,
and 200 ppm) on the nutritional value and germination of radish micro-
greens. The experiment was based on a completely random design with three
replicates. Results indicated that applying SA at 50 and 100 ppm mitigates
the negative effects of salinity, even better than higher concentrations, on
the nutritional value and bioactive contents of radish microgreens where SA
at 50 ppm lowered the sodium contents from 1.75 to 1.10 ppm in addition to
increasing the moisture content. Applying SA at 50 and 100 ppm caused a
noticeable increase in carbohydrates, proteins, fats, fibers and energy under
unstressed condition. In addition, SA at 50 ppm caused a significant increase
in oxalic and malic acid contents under both normal and salinity conditions
while SA at 100 ppm significantly enhanced the levels of total phenols, fla-
vonoids and antioxidants under salinity conditions. This practical study
highlights the significant role of salicylic acid, at 50 and 100 ppm, in in-
creasing the levels of phytochemicals and minerals, hence improving the nu-
tritional value of microgreen radishes.

health-promoting and beneficial impacts on the human
body.

Radish is a root vegetable crop and a member of
the cabbage family. It belongs to the Cruciferous
family. It is an edible root vegetable and is consid-
ered part of the human diet; it is grown and con-
sumed all over the world. It has a high nutritional
value and is used in Greek, Arabic, and Indian folk
medicine. Radish contains carbohydrates, dietary
fiber and proteins, in addition to containing many
water-soluble minerals (Banihani 2017). Further-
more, radish was found to contain unique bioactive
compounds (Malik et al 2010) which have potential

Salinity is one of the most dangerous vital stresses
and is a main problem around the world (Khan and
Qaiser 2006); it slows down plant growth and produc-
tivity. By highlighting osmotic and ionic imbalances,
salinity stress also adversely affects plant morphology.
This, in turn, causes progressive alterations in the bio-
chemical responses of plants.

Microgreens, young tender leafy vegetables, are
produced 7-14 days after germination. They have an
excellent nutritional profile and are currently consid-
ered one of the most interesting innovations (Zhang et
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al 2021; Sharma et al 2022). Microgreens are rich
in phenolic compounds and a good source of mac-
roelements e.g. K and Ca, as well as microele-
ments. It has been demonstrated that microgreens
have high quantities of phenolics and vitamins, as
well as zinc and iron (Janovska et al 2010, Xiao et
al 2019, Zhang et al 2021, Sharma et al 2022).

Salicylic acid (SA) is a naturally active phenolic
compound; humans have used it for thousands of
years as a pain reliever (Mitchell and Broadhead
1967, Klessig et al 2018). Recent studies have
shown that salicylic acid plays an important physi-
ological and biochemical role in plant growth and
flowering; it is also considered a multifactorial fac-
tor to withstand abiotic stresses and harsh environ-
mental conditions (Nadarajah et al 2021, Es-shihi
et al 2021, Chen and Pang 2023, Kaya et al 2023).
In fact, SA is an internal regulator of plant growth
(Zhou et al 2021); its external application on plants
can enhance salinity tolerance (Abdelhameed et al
2021, Kaya et al 2023). External use, in an appro-
priate concentration, can improve and increase the
activity and capacity of total antioxidant enzymes
(Safari et al 2018, Nasircilar et al 2020, Parveen et
al 2021). In addition, it also acts as a signal for
stimulating the response of plants to various stress-
ful conditions, such as salinity (Mohammad et al
2019, Roshdy et al 2021, Jamshidi et al 2023). This
study aims to increase the nutritional quality of rad-
ish microgreens as a functional food and reduce the
negative impact of salinity.

2 Materials and Methods

This study was conducted at the Agricultural
Experiments Center of the Agricultural Research
Center. Chemical analyses were evaluated in the la-
boratories of the Regional Center for Food and
Feed (RCFF) of the Agricultural Research Center
(ARC), Giza, Egypt.

2.1 Seeds of Radish

Dry radish (Raphanussativus) seeds were ob-
tained from the seed department of the Agricultural
Research Center in Giza. Sodium chloride and sal-
icylic acid were obtained from El Gomhoria Chem-
ical Company, Cairo, Egypt.

To assess how varying NaCl salinity concentra-
tions affects radish germination, a factorial experi-
ment with three replicates of salinity concentra-
tions (1000, 2000, 3000 and 4000 ppm) was carried
out using a fully randomized design. The study
used a fully randomized design and found that the

2000 ppm NaCl concentration was the most preferable
for root length, plant weight, and germination percent-
age. Therefore, 2000 ppm was chosen as the optimal
NaCl concentration (Hussein et al 2019, Elgebaly et al
2022).

2.2 Sample Preparation

Before planting, radish seeds were washed and ster-
ilized by soaking in 2% calcium hypochlorite for 20
minutes. They were then rinsed three times with dis-
tilled water and allowed to air-dry on a towel of tissue
paper. According to Abdallah (2008) and Elgebaly et al
(2022), the glass beaker technique of soaking (12
hours) was employed, utilizing tap water, NaCl salinity
at concentrations of 2000 ppm and various concentra-
tions of salicylic acid (0, 50, 100, 150, and 200 ppm).

2.3 Production of microgreens from radish seeds

The radish seeds were planted at the Agricultural
Research Centre of the Agricultural Experiments De-
partment in November 2022, with an average tempera-
ture of 15-20°C and humidity of 70-90. After soaking
the seeds, it was planted using a completely random de-
sign with three replicates. Then tap water (control)or
different concentrations of salicylic acid were sprayed
in addition to spraying NaCl solution (2000 ppm);
spraying was continued every four days. The plants
were harvested after 17 days when the true leaves
started to appear. Finally, the microgreens were dried
in an oven at 55+2°C for 48 hours and then ground into
soft powder for chemical analyses (Hussein et al 2019).
Ten treatments were prepared, which were tap water
and sodium chloride (2000 ppm) treatments as controls
in addition to four salicylic acid (50, 100, 150, 200
ppm) treatments and four salicylic acid (same concen-
trations) plus sodium chloride (2000 ppm) treatments.
Each treatment was implemented in three replicates.

2.4 Proximate Composition

2.4.1 Moisture, proteins, crude fats, crude fiber and
ash contents

The moisture, proteins, crude fats, crude fiber and
ash contents of the dried samples were determined
according to AOAC (2012).

2.4.2 Total Carbohydrates and energy value
The percentage of total carbohydrates in dried sam-

ples was calculated by subtraction, as reported by
Sumati and Rajagopal (1996).
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Carbohydrates = 100 - % proteins - % fats - %Ash
- % moisture

While the energy value was calculated using the
equation described by Chinma and Igyor (2007) as
follows:

Energy value = [(9 x fat) + (4 x carbohydrates) +
(4 x protein)]

2.4.3 Mineral contents

Atomic absorption spectrometry (Analyst 3300,
Perkin Elmer, Inc., Massachusetts, USA) was used
to assess the mineral contents, namely potassium
(K), magnesium (Mg), iron (Fe) and zinc (Zn). Us-
ing the ICP (Optima 2000, DV Perken Elmer Inc.,
Massachusetts, USA), calcium (Ca) and manga-
nese (Mn) were measured according to the method
described in AOAC (2012).

2.4.4 Total antioxidant and organic acids

The total antioxidant was assessed using the
phosphomolybdenum test method (Prieto et al
1999). The absorbance of the solution at 695 nm
(A695 nm) was then measured using a UV-visible
spectrophotometer. Aluminum chloride was used
to determine the total flavonoid content using the
method of Kelly et al (2014). The total phenol con-
tent using the Folin-Ciocalteu reagent method, us-
ing gallic acid as a standard; absorption at 765 nm
was measured.

Oxalate was determined, briefly, by adding 3M
sulfuric acid to samples, stirring, filtering, and ti-
trating against 0.05 M potassium permanganate
(Day and Underwood 1986). The contents of citric
acid and L-malic acid were measured according to
Alamo et al (1993).

2.4.5 Statistical analysis

Using a completely random design, the data
were statistically analyzed for bidirectional vari-
ance and two-way ANOVA. The method outlined
by Snedecor and Cochran (1980) was utilized to
compare significant differences between the treat-
ment methods using a least significant difference
(LSD) at a significance level of 0.05.

3 Results and Discussion
Data in (Table 1) show a considerable increase

in carbohydrates, proteins, fats, fibers and energy
in radish microgreens with the use of tap water and

application of salicylic acid at 50 and 100 ppm com-
pared to the control. An additional accumulation of pro-
tein (33.5%) was detected in the treatment of tap water
and salicylic acid at a concentration of 150 ppm. The
moisture content was generally increased by the appli-
cation of salicylic acid under either normal or salinity
conditions. Previous reports indicated also that salicylic
acid enhanced protein and energy contents (Fahad and
Bano 2012, Jini and Joseph 2017, Wakeda et al 2023).
In salt-stressed condition, the SA treatment at 50 ppm
still raised the carbohydrate, fiber and energy contents
of the radish microgreens compared to the control of the
unstressed condition.

Results showed that some radish nutritional compo-
nents are significantly affected. Table 2 showed that
salinity significantly increased radish Ca, Na and Cl
from 4.22, 1.20 and 3.68 ppm to 5.10, 1.75 and 4.46
ppm respectively but decreased K content from 24.04
to 21.99 ppm. However, the application of SA at 50
ppm decreased the Na content to 1.10 ppm indicating
that SA application could lower the sodium uptake and
accumulation. The application of salicylic acid (SA) at
100 ppm under salinity resulted in a significant increase
in the contents of Cu, Zn, Mn and Mg. Moreover, the
obtained results demonstrated that the total element
content increased with salicylic acid applications and
was most effective at a salinity of 2000 ppm (Tavangar
etal 2021, Jamshidi et al 2023, Wakeda et al 2023). The
reaction between salicylic acid and saline water con-
centrations was also demonstrated. Though their con-
centration varies, radish microgreens are rich in nutri-
ents (Xiao et al 2016).

Data in Table 3 show the impact of soaking radish
seeds for 12 hours in saline solution (0 and 2000 ppm)
and salicylic acid (SA) at different concentrations on
organic acid contents, including citric acid, oxalic acid,
and malic acid. The results show SA at 50 ppm caused
a significant increase in oxalic and malic acid contents
under both normal and salinity conditions compared to
the control without salinity while citric acid decreased
under both conditions. The highest level of oxalic acid
was observed when SA was applied at 100 ppm and
2000 ppm NaCl. The study reflected an increase of cit-
ric and malic acids in plants at low salicylic acid con-
centrations and 2000 ppm NaCl water salinity. The im-
provement in citric acid and malic acid was more no-
ticeable and had noteworthy impacts. According to Koo
et al (2020) and Abdelhameed et al (2021), increasing
organic acids (citric and malic acid) is a powerful salt
tolerance technique that shields the plant from the neg-
ative effects of salinity and SA is crucial for controlling
the seed germination as well as the plant growth and
development.
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Table 1. Effects of soaking radish seeds, in 2000 ppm NaClsalinity and salicylic acid (SA) at different concentrations on
the proximate analysis and energy value of radish microgreens (age of 17 days)

SA Moisture Cijrrlizy- Protein Fat Fiber Ash Energy
(ppm) % % % % % % (Kcal/g100)
0 7.83 £0.152f |52.97 +£0.149h| 31.4+0.9f | 4.23 £0.146d | 12.5+0.19¢ | 15.2 +0.19b | 383.5+4fg
50 | 8.73+0.154cd | 58.57+0.153a | 32.2 £1.1d |4.43 +0.152cd | 15.6+ 0.19a | 11.1 £0.18f | 408.2+4a
T™W 100 |8.73 £0.157ed | 56.47+0.146¢ | 33.3 +1.0b | 4.53 +0.154c | 14.2 +0.18bc | 10.9 + 0.18f | 402.4+3ab
150 | 8.53 +0.150d | 51.17+0.152i | 33.5+1.1a| 3.73 +0.146e | 12.0 +0.19f | 14.0£0.2d | 382.0+3fg
200 | 7.83 +0.151f |54.27 £0.157f| 32.8 £0.9c | 4.23 +0.150d | 14.5+0.2b | 14.5+0.19c | 394.3+4cd
Mean 8.338 54.698 32.64 4.238 13.764 13.148 394.08*
0 8.23+0.151e |56.97 +0.150b| 32.0 +1.0e | 5.23 +0.156a | 14.5 +0.17b | 12.5+0.2e | 399.2+4bc
50 |8.93+0.148bc |54.67 £0.149¢e| 29.7 £1.0g | 3.93 £0.158e | 14.0 £0.19c | 14.7 £ 0.21c | 391.6+4de
NaCl 100 | 9.03 +£0.151b |53.97 +0.146g| 27.8 +0.9h | 5.23+0.153a | 13.4+0.19d | 16.9+0.2a | 378.5+3g
2000 | 150 | 9.33+0.149a |54.87+0.156e|29.7 +1.0g | 4.93 +0.149b | 13.5+0.18d | 14.5 +0.21c | 384.3+4fg
ppm 200 | 8.53 +0.154d |55.27 £0.152d| 26.1 + 0.8i | 4.834£0.147b | 11.9+0.2f | 15.2 +0.19b | 386.8+4ef
Mean 8.814 55.154 29.068 4.83 13.468 14.764 388.088
0 8.03° 54.97¢ 3178 4.73° 13.5° 13.85° 391.35°
50 8.83% 56.622 30.95° 4.18° 14.82 12.94 399.92
Mean | 100 8.88? 55.22° 30.55°¢ 4.88° 13.8° 13.9¢ 390.45¢
150 8.93% 53.02° 31.6a 4.33° 12.75° 14.25° 383.15°
200 8.18" 54.77¢ 29.45¢ 4.53° 13.2¢ 14.85° 390.55°
Water 0.11635 0.11635 0.076169 0.11635 0.152337 0.152337 3.04675
LSD | salinity
005 | SA 0.18397 0.18397 0.120433 0.183965 0.24087 0.240866 4.8173
WS x 0.2602 0.26017 0.170318 0.260165 0.340636 0.34064 6.81273
SA

TW = tap water SA = salicylic acid and + standard deviation (SD). Means with different letters within the same column
are significantly different at (p < 0.05) according to Duncan’s multiple range test

The obtained results demonstrated that the total
content of organic acid was increased with salicylic
acid applications; this rise was more effective at a
water salinity of 2000 ppm.

Results in Table 4 indicated that the concentra-
tions of flavonoids, phenols and total antioxidants
in microgreen radish were significantly decreased
under salinity conditions from 2016, 3032 and
5698 ppm to 1822, 1428 and 4442 ppm respec-
tively but application of SA at 100 ppm under sa-
linity elevated them to 2612, 5028 and 10515 ppm
respectively. Salicylic acid treatment in the pres-
ence of salt had a significant antioxidant action
(Rabab and Reda 2019, Zlati¢, et al 2019, Zhang et
al 2021) and led to a great increase in the concen-
tration of phenolic compounds (Eraslan et al 2007,
Parveen et al 2021) while the negative conse-
guences of salt stress result from the direct physio-
logical action of (SA) (Alsahli et al 2019, Naz et al
2022).

4 Conclusion

This study presents the efficacy of salicylic acid
(SA) application in revealing the negative effects of sa-
linity on sodium accumulation and chemical contents in
radish microgreens in addition to enhancing the con-
tents of some bioactive compounds e.g. flavonoids,
phenols, oxalic acid malic acid. The current results also
imply that applying lower concentrations of salicylic
acid (SA) is more beneficial than the higher concentra-
tions. Moreover, SA can effectively alter plant devel-
opment responses and improve the nutritional value of
the plants. Finally, this study recommends using sali-
cylic acid in combination with other methods to en-
hance and boost the nutritional content of microgreen
radish. Microgreen radish is a novel source of super,
functional, or full food.
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Table 3. Effect of soaking radish seeds, in 2000 ppm NaCl salinity, tap water and salicylic acid (SA) at
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different concentrations on radish microgreens up to the age of 17 days on organic acids (ppm).

Organic acid
Maleic acid Oxalic acid Citric acid
SA (ppm)
0 2.35+0.04d 14.69+0.03i 2.40 +0.03f
50 2.60+0.03b 25.76+0.04d 1.74 +£0.04g
T™W 100 2.04+0.04f 15.72+0.02g 2.47+0.02e
150 2.05+0.02f 40.73+0.03b 2.92+0.03c
200 1.20+0.03h 23.20+0.03e 0.20 +0.03h
Mean 2.0488 24.028 1.9468
0 2.22+0.03e 51.38+0.03a 4.49+0.03b
50 2.60+0.04b 31.45+0.04c 0.06+0.04i
NacCl 2000 ppm 100 2.77+0.02a 12.06+0.02j 4.56+0.02a
150 1.96+0.03g 21.18+0.03f 2.88+0.03c
200 2.44+0.03c 14.90+0.03h 2.80+0.03d
Mean 2.398% 26.1944 2.9584
0 2.285°¢ 33.035% 3.445P
50 2.60? 28.605¢ 0.90¢
Mean 100 2.405P 13.89¢ 3.5152
150 2.005¢ 30.955P 2.90°
200 1.82¢ 19.05¢ 1.50¢
Water salinity 0.030467 0.0512801 0.039162
LSD 0.05 SA. 0.04817 0.065311 0.0419833
WSx SA 0.06813 0.083720 0.051761

TW = tap water, SA = salicylic acid. Means with different letters within the same column are significantly
different at (p < 0.05) according to Duncan’s multiple range test

Table 4. Effect of soaking radish seeds, in 2000 ppm NaCl salinity and salicylic acid (SA) at different con-

centrations on radish microgreens up to the age of 17 days on antioxidant compounds (ppm)

Antioxidant

R Total Total Total
SA (ppm) Flavonoids Phenols Antioxidant
0 2016 +11d 3032 +12c 5698 +12d
50 2278 £12b 1536 +11g 3395 +10g
T™W 100 1437 +12h 1673 +11f 3382 +11g
150 2163 +11c 1531 +10g 2722 £11h
200 513 £10j 2550 +12¢ 5635 +12¢
Mean 16858 2064.48 4166.48
0 1822 +11f 1428 +12h 4442 +11f
50 1508 +10g 1269 +10i 2385 +12i
NaCl 100 2612 +12a 5028 +11a 10515 +12a
2000 150 1002 £11i 3242 £11b 5854 +11c
ppm 200 1992 +12¢ 2979 +12d 9110 +10b
Mean 1787.24 2789.2° 6461.2°
0 1919° 2230 5070°
50 1893¢ 1402.5° 2890°
Mean 100 2024.5° 3350.52 7372.5°
150 1582.5¢ 2386.5° 4288¢
200 1261.5° 2764.5 6948.5"
Water salinity 9.140234 10.35749 11.47215
LSD SA 14.45198 14.927541 15.72183
0.05 WSx SA 20.43818 19.821632 22.34271

TW = tap water, SA = salicylic acid. Means with different letters within the same column are significantly

different at (p < 0.05) according to Duncan’s multiple range test

278




Arab Univ J Agric Sci (2024) 32 (2) 273-281

References

Abdallah MMF (2008) Seed sprouts, a pharaoh's
heritage to improve food quality. Arab Universities
Journalof Agricultural Sciences 16, 469-478.
https://dx.doi.org/10.21608/ajs.2008.15018

Abdelhameed RE, Abdel Latef AA, Shehata RS
(2021) Physiological responses of salinized fenu-
greek (Trigonella foenum-graecum L.) plants to fo-
liar application of salicylic acid. Plants 10, 657.
https://doi.org/10.3390/plants10040657

Alsahli A, Mohamed AK, Alaraidh I, et al (2019)
Salicylic acid alleviates salinity stress through the
modulation of biochemical attributes and some key
antioxidants in wheat seedlings. Pakistan Journal
of Botany 51, 1551-1559.

Alamo JM, Maquieira A, Puchades R, et al (1993)
Determination of titratable acidity and ascorbic
acid in fruit juices in continuous-flow sys-
tems. Fresenius' Journal of Analytical Chemistry
347, 293-298.
https://doi.org/10.1007/BF00323975

AOAC (2012) Official Methods of Analysis. Asso-
ciation of Official Analytical Chemists, 19" ed;
Gaithersburg, MD, USA.

Chen J, Pang X (2023) Phytohormones unlocking
their potential role in tolerance of vegetable crops
under drought and salinity stresses. Frontiers in
Plant Science 14, 1121780.
https://doi.org/10.3389/fpls.2023.1121780

Chinma CE, Igyor MA (2007) Micronutrients and
anti-nutritional contents of selected tropical vege-
tables grown in South East, Nigeria. Nigerian Food
Journal 25, 111-116.
https://doi.org/10.4314/nifoj.v25i1.33659

Day RA, Underwood, AL (1986) Quantitative
Analysis. 5th Edition, laboratory manual. Prentice
Hall Publication, USA, 189 Pp.
https://search.worldcat.org/en/title/220729796

Elgebaly A, Sadek E, Taha N, et al (2022) Effect
of salinity on seed germination, growth and amino
acid content in fenugreek (Trigonella faenum-
graecum L) sprouts. Arab Universities Journal of
Agricultural Sciences 30, 271-279.
https://doi.org/10.21608/AJS.2022.122922.1469

Eraslan F, Inal A, Gunes A, et al (2007) Impact of ex-
ogenous salicylic acid on the growth, antioxidant activ-
ity and physiology of carrot plants subjected to com-
bined salinity and boron toxicity. Scientia Horticul-
turae 113, 120-128.
https://doi.org/10.1016/j.scienta.2007.03.012

Es-shihi FZ, Hazzoumi Z, Aasfar A, et al (2021) Im-
proving salinity tolerance in Salvia officinalis L. by fo-
liar application of salicylic acid. Chemical and Biolog-
ical Technologies in Agriculture 8, 25.
https://doi.org/10.1186/s40538-021-00221-y

Fahad S, Bano A (2012) Effect of salicylic acid on
physiological and biochemical characterization of
maize grown in saline area. Pakistan Journal Botany
44, 1433- 1438.
https://www.osti.gov/etdeweb/biblio/22011557

Hussein THA, Abd El-Shafea YM, El-Behairy UAA, et
al (2019) Effect of soaking and sprouting using saline
water on chemical composition of wheat grains. Arab
Universities Journal of Agricultural Sciences 27, 707-
715. https://doi.org/10.21608/AJS.2019.43688

Jamshidi JB, Shekari F, Andalibi B, et al (2023) The
effects of salicylic acid and silicon on safflower seed
yield, oil content, and fatty acids composition under sa-
linity stress. Silicon 15, 4081-4094.
https://doi.org/10.1007/s12633-023-02308-7

Janovska D, Stockova L, Stehno Z (2010) Evaluation
of buckwheat sprouts as microgreens. Acta Agricul-
turae Slovenica 95, 157-162.
https://doi.org/10.14720/aas.2010.95.2.14779

Jini D, Joseph B (2017) Physiological mechanism of
salicylic acid for alleviation of salt stress in rice. Rice
Science 24, 97-108.
https://doi.org/10.1016/j.rsci.2016.07.007

Kaya C, Ugurlar F, Ashraf M, et al (2023) Salicylic acid
interacts with other plant growth regulators and signal
molecules in response to stressful environments in
plants. Plant Physiology and Biochemistry 196, 431-
443.

https://doi.org/10.1016/j.plaphy.2023.02.006

Kelly O, Ehigbai 10, Nkeiruka E, et al (2014) In vitro
antioxidant activities of extracts of Vernonia amygda-
lina and Ocimum gratissimum leaves. Journal of
Agricultural Science 11, 58-65.
http://dx.doi.org/10.4314/jpb.v11i2.5

279


https://dx.doi.org/10.21608/ajs.2008.15018
https://doi.org/10.3390/plants10040657
https://doi.org/10.1007/BF00323975
https://doi.org/10.3389/fpls.2023.1121780
https://doi.org/10.4314/nifoj.v25i1.33659
https://search.worldcat.org/en/title/220729796
https://doi.org/10.21608/AJS.2022.122922.1469
https://doi.org/10.1016/j.scienta.2007.03.012
https://doi.org/10.1186/s40538-021-00221-y
https://www.osti.gov/etdeweb/biblio/22011557
https://doi.org/10.1007/s12633-023-02308-7
https://doi.org/10.14720/aas.2010.95.2.14779
https://doi.org/10.1016/j.rsci.2016.07.007
%20196
https://doi.org/10.1016/j.plaphy.2023.02.006
http://dx.doi.org/10.4314/jpb.v11i2.5

Arab Univ J Agric Sci (2024) 32 (2) 273-281

Khan MA, Qaiser M (2006) Halophytes of Paki-
stan: Characteristics, distribution and potential eco-
nomic usages. In: Khan MA, Bder B, Kust GS,
Barth HJ (Eds), Sabkha Ecosystems, Tasks for
Vegetation Science, Vol (2), West and Central
Asia, 129-153. Dordrecht: Springer.
https://doi.org/10.1007/978-1-4020-5072-5 11

Banihani SA (2017). Radish (Raphanus sativus)
and diabetes. Nutrients 9, 1014.
https://doi.org/10.3390/nu9091014

Klessig DF, Choi HW, Dempsey DMA (2018) Sys-
temic acquired resistance and salicylic acid: past,
present, and future. Molecular plant-microbe inter-
actions 31, 871-888.
https://doi.org/10.1094/MPMI-03-18-0067-CR

Koo YM, Heo AY, Choi HW (2020) Salicylic acid
as a safe plant protector and growth regulator. The
Plant Pathology Journal 36, 1-10.
https://doi.org/10.5423/PPJ.RW.12.2019.0295

Malik MS, Riley MB, Norsworthy JK, et al (2010)
Variation of glucosinolates in wild radish
(Raphanus raphanistrum) accessions. Journal of
Agricultural and Food Chemistry 58, 11626-
11632. https://doi.org/10.1021/jf102809b

Mitchell AG, Broadhead JF (1967) Hydrolysis of
solubilized aspirin. Journal of Pharmaceutical
Sciences 56, 1261-1266.
https://doi.org/10.1002/jps.2600561009

Mohammad F, Wajid MA, Bhat MA (2019) Effect
of salicylic acid sprays on the performance of Fen-
ugreek grown with graded levels of salinity. Haya:
The Saudi Journal Life Sciences 4, 346-354.
https://doi.org/10.36348/SJL.S.2019.v04i10.003

Nadarajah K, Abdul Hamid NW, Abdul Rahman
NSN (2021) SA-mediated regulation and control of
abiotic stress tolerance in rice. International Jour-
nal of Molecular Sciences 22, 5591.
https://doi.org/10.3390/ijms22115591

Nasircilar AG, Ulukapi K, Kurt Z (2020) Effects of
Salicylic Acid on Germination and Vegetative
Growth Properties of Radish (Raphanus sativus L.)
Cultivars Grown under Drought Stress Conditions.
Turkish Journal of Agriculture-Food Science and
Technology 8, 2293-2299.
https://doi.org/10.24925/turjaf.v8i11.2293-
2299.3087

Naz S, Bilal A, Saddiq B, et al (2022) Foliar application
of salicylic acid improved growth, yield, quality and
photosynthesis of pea (Pisumsativum L.) by improving
antioxidant defense mechanism under saline condi-
tions. Sustainability 14, 14180 p.
https://doi.org/10.3390/su142114180

Parveen A, Arslan A M, Hussain I, et al (2021) Promo-
tion of growth and physiological characteristics in wa-
ter-stressed Triticumaestivum in relation to foliar-appli-
cation of salicylic acid. Water 13, 1316.
https://doi.org/10.3390/W13091316

Prieto P, Pineda M, Aguilar M (1999) Spectrophoto-
metric quantitation of antioxidant capacity through the
formation of a phosphomolybdenum complex: Specific
application to the determination of vitamin E. Analyti-
cal Biochemistry 269, 337-341.
https://doi.org/10.1006/abi0.1999.4019

Rabab AM, Reda EA (2019) Impact of Ridomil, Bavis-
tin and Agrothoate on arbuscular mycorrhizal fungal
colonization, biochemical changes and potassium con-
tent of cucumber plants. Ecotoxicology 28, 487-498.
https://doi.org/10.1007/s10646-019-02042-0

Roshdy AED, Alebidi A, Almutairi K, et al (2021) The
effect of salicylic acid on the performances of salt
stressed strawberry plants, enzymes activity, and salt
tolerance index. Agronomy 11, 775.
https://doi.org/10.3390/agronomy11040775

Safari H, Hosseini SM, Azari A, et al (2018) Effects of
seed priming with ABA and SA on seed germination
and seedling growth of sesame (Sesamum indicum L.)
under saline condition. Australian Journal of Crop
Science 12, 1385-1392.
https://doi.org/10.21475/ajcs.18.12.09.PNE940

Sharma S, Shree B, Sharma D, et al (2022) Vegetable
micro greens: The gleam of next generation super
foods, their genetic enhancement, health benefits and
processing approaches. Food Research International
155, 111038.
https://doi.org/10.1016/j.foodres.2022.111038

Snedecor GW, Cochran WG (1980) Statistical methods
6" ed., lowa State Univ. Press, Ames lowa, USA), 507
Pp.

Sumati RM, Rajagopal MV (1983) Fundamentals of
foods and nutrition. 3" ed. New Delhi, India.240 Pp.
http://surl.li/hnpesj

280


https://doi.org/10.1007/978-1-4020-5072-5_11
https://doi.org/10.3390/nu9091014
https://doi.org/10.1094/MPMI-03-18-0067-CR
https://doi.org/10.5423%2FPPJ.RW.12.2019.0295
https://doi.org/10.1021/jf102809b
https://doi.org/10.1002/jps.2600561009
https://doi.org/10.36348/SJLS.2019.v04i10.003
https://doi.org/10.3390/ijms22115591
https://doi.org/10.24925/turjaf.v8i11.2293-2299.3087
https://doi.org/10.24925/turjaf.v8i11.2293-2299.3087
https://doi.org/10.3390/su142114180
https://doi.org/10.3390/W13091316
https://doi.org/10.1006/abio.1999.4019
https://doi.org/10.1007/s10646-019-02042-0
https://doi.org/10.3390/agronomy11040775
https://doi.org/10.21475/ajcs.18.12.09.PNE940
https://doi.org/10.1016/j.foodres.2022.111038
http://surl.li/hnpesj

Arab Univ J Agric Sci (2024) 32 (2) 273-281

Tavangar A, Karami L, Hedayat M, et al (2021) Ef-
fect of salinity and drought stress on morphological
and biochemical properties of two Iranian fenu-
greek (Trigonella foenum-graecum) populations.
Notulae Botanicae Horti Agrobotanici Cluj-Na-
poca 49, 12038-12038.
https://doi.org/10.15835/nbha49212038

Wakeda M, Mohamed WH, Gad HI (2023) Evalu-
ating the role of some soaking materials in enhanc-
ing the growth characteristics and nutrient contents
of quinoa crop grown under saline soil condition.
Alexandria Journal of Soil and Water Sciences 7,
14-27.

https://dx.doi.org/10.21608/ajsws.2023.183147.1007

Xiao Z, Codling EE, Luo Y, et al (2016) Micro-
greens of Brassicaceae: Mineral composition and
content of 30 varieties. Journal of Food Composi-
tion and Analysis 49, 87-93.
https://doi.org/10.1016/j.jfca.2016.04.006

Xiao Z, Rausch SR, Luo Y, et al (2019) Microgreens of
Brassicaceae: genetic diversity of phytochemical con-
centrations and antioxidant capacity. LWT 101, 731-
737. https://doi.org/10.1016/j.1wt.2018.10.076

Zhang Y, Xiao Z, Ager E, et al (2021) Nutritional qual-
ity and health benefits of microgreens, a crop of modern
agriculture. Journal of Future Foods 1, 58-66.
https://doi.org/10.1016/j.jfutfo.2021.07.001

Zhou Q, Meng Q, Tan X, etal (2021) Protein phosphor-
ylation changes during systemic acquired resistance in
Arabidopsis thaliana. Frontiers in Plant Science 12,
748287. https://doi.org/10.3389/fpls.2021.748287

Zlati¢ N, Jakovljevi¢ D, Stankovi¢ M (2019) Temporal,
plant part, and interpopulation variability of secondary
metabolites and antioxidant activity of Inula helenium
L. Plants 8, 179.
https://doi.org/10.3390/plants8060179

281


https://doi.org/10.15835/nbha49212038
https://dx.doi.org/10.21608/ajsws.2023.183147.1007
https://doi.org/10.1016/j.jfca.2016.04.006
https://doi.org/10.1016/j.lwt.2018.10.076
https://doi.org/10.1016/j.jfutfo.2021.07.001
https://doi.org/10.3389/fpls.2021.748287

