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ABSTRACT

Plant growth regulators (PGRs) were involved in several types of abiotic stress responses by means of
improving seed  germination and modifying the growth and development of  medicinally important
Lepidium  sativum via  alleviating  the  negative  effects  of  abiotic  stresses.  Therefore,  the  present
research  was  carried  out  to  investigate  the  effects  of  exogenous  application  of  PGRson  seed
germination, protein content  and β-galactosidase activity  of  L.  sativum.  Germination of  L.  sativum
seeds was monitored for a short interval after the start of incubation until growth became 100%. While
cytokinin treatment showed a positive effect on seed germination more than Gibberellic acid (GA),
salicylic acid (SA) produced a higher negative effect than auxins.  Quantifying changes in total protein
content during seed germination as influenced by PGRs revealed that all PGRs have to exert a positive
effect arranged in the following order: SA ˃ auxin ˃ cytokinin ˃ GA. Parallel to changes in germination
percentage and total protein content of seed, a negative effect was attainedon β-galactosidase specific
activity in response to PGRs with the following arrangement: SA ˃ auxin ˃ cytokinin ˃ GA.In conclusion,
the  present  study  proposed  the  potential  importance  of  the  type  and  magnitude  of  exogenously
applied PGRs during the germination of easily or even more difficult-to-germinate seeds.

Introduction

Seed science is one of the most active research fields
in  plant  physiology  investigating  possible
physiological processes involved in seed germination.
Germination occurs through the growth of seed and
essential structures needs to proceed under seemingly
favorable  conditions to produce a normal plant.  For
that, the seed, particularly the embryo, is structurally
and physiologically equipped (1).

Lepidium  sativum,  commonly  known  as  garden
cress,  belongs  to  the  Brassicaceae  family.  It  is
indigenous to southwest Asia and was referred to over
many centuries ago in Western Europe. Its seed, oil,
and  powder  contain  a  significant  amount  of
nutritional  components  (2).  Cress  seeds  are  small,
oval-shaped,  reddish-brown  and  are  about  2–3  mm
long and 1–1.5 mm wide (3). The powder of the seeds
is  yellow-colored and creamish (4).  Seeds have a gel

layer  in  its  outer  membrane  which  contains  a
mucilage  (6.5–15%) that  consists  of  cellulose  (18.3%)
and uronic acid-containing polysaccharides (5). 

Plant  growth  regulators,  widely  used  in
agriculture,  are  actively  regulating  plant
developmental  processes  and  they  are  involved  in
plant  responses  to  several  types  of  abiotic  stresses
such  as  salinity  and  water  stress  (6,  7).  Seed
germination  is  a  process,  in  which  seed’s
morphological  and  physiological  characters
sequentially  changes  leading  to  the  protraction  of
embryonic  axis  from  the  seed  coat.  With  the
emergence of the radicle from seed layers, the process
of  seed  germination  is  completed  (8).  The  plant
hormones play a significant role to protect plants from
fluctuating  ecological  factors,  evolving  numerous
adaptive responses (9). Every hormones has different
actions  on  regeneration  in  plants  (10).  Each

© Alghonmeen et al. (2020). This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, 
distribution and reproduction in any medium, provided the original author and source are credited (https://creativecommons.org/licenses/by/4.0/).

To cite this article: Alghonmeen OO, Alsharafa KY, Al-limoun MO, Khleifat KM, Al-Ramamneh EDM. Assessment of exogenous application of plant growth regulators on
Cress seed germination and β-Galactosidase activity. Plant Science Today. 2020;7(2):257–263. https://doi.org/10.14719/pst.2020.7.2.743

Plant Science Today, published by Horizon e-Publishing Group, is covered by Scopus, Web of Science, BIOSIS Previews, etc. Full list at 
http://www.plantsciencetoday.online

PLANT SCIENCE TODAY, 2020
Vol 7(2): 257–263
https://doi.org/10.14719/pst.2020.7.2.743
ISSN 2348-1900 (online)

HORIZON
e-Publishing Group

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Horizon e-Publishing Group (HePG): E-Journals

https://core.ac.uk/display/327696469?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.14719/pst.2020.7.2.743
https://doi.org/10.14719/pst.2020.7.2.743
https://doi.org/10.14719/pst.2020.7.2.743
https://doi.org/10.14719/pst.2020.7.2.743
https://doi.org/10.14719/pst.2020.7.2.743
https://doi.org/10.14719/pst.2020.7.2.743
https://doi.org/10.14719/pst.2020.7.2.743
https://doi.org/10.14719/pst.2020.7.2.743
http://www.plantsciencetoday.online/
http://horizonepublishing.com/
http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.2020.7.2.743&domain=pdf


recognized group of hormones shares in some sides
of seed evolution (11).

β-Galactosidase (BGAL) is a ubiquitous enzyme,
whose activity has been indicated in microorganisms,
plants and animals (12). The β-galactosidase activity
could be detected and possibly amplified during seed
germination  and  in  various  plant  functions.  These
include  fruit  mellowing,  seed  germination,  and  the
evolution of vegetative organs. The optimal pH of the
plant enzyme is acidic (13).

This  work aimed to  study the influence  of  the
exogenous application of different concentrations of
plant growth regulators on the seed germination of
Cress (Lepidium sativum). It is also worthy to develop
new  insights  about  the  regulation  of  beta-
galactosidase  enzyme  production  in  response  to
different  plant  growth regulator  substances  and its
influence on seed germination. Finally, to understand
the cross talk between plant  growth regulators and
the  regulation  of  beta-galactosidase  enzyme
production  to  reach the  typically  recommend  level
for food technology.

Material and Methods

Seed sterilization

Seeds  were  surface  sterilized  using  1%  sodium
hypochloride followed by dipping the seeds in 70%
ethanol for 3 min and then rinsed in distilled water.
After  drying,  they  were used  through  spreading  in
plates. 

Plant growth regulator treatment

For each treatment, a triplicate of thirty seeds of  L.
sativum were placed in 9 cm Petri dishes, lined with
two layers of filter paper, and moistened with 6 ml
distilled  water  (control)  or  the  tested  PGR  solution
and  left  in  darkness.  Treatment  with  growth
regulators included: gibberellic acid (GA) at (29, 144,
289 µM) (14), auxin, namely Indole acetic acid (IAA)
at (1, 5, 10 µM) (15), cytokinin, namely Kinetin (Kin) at
(0.05,  0.25,  2.5  µM)  (16),  and  salicylic  acid  (SA)  at
(0.05,  0.25,  2.5 mM) (17).  Seeds were considered as
germinated when the radicle had emerged from the
seed coat. The number of germinated seeds counted
every two hours until growth becomes 100% after the
start of seed incubation in each specific plant growth
regulator.

Percentage germination (%)

Percentage  germination  was  recorded  for  each
treatment at 0, 12, 16, 18 and 24 h after the start of
incubation at room temperature and was calculated
as indicated previously (18).

Percentage germination (GP) of seeds (%) = (Number
of germinated seeds/ Total number of seeds) × 100.

Protein extraction

After  each  treatment,  germinated  seeds  were
harvested in liquid nitrogen and stored at -80C˚  till
the next analysis. Seeds ground into fine powder in
mortar  and  pestle  were  dissolved  in  lysing  buffer
consisting of 0.22 M mannitol, 0.07 M sucrose, 1 mM
EDTA, 0.3% (w/v) PVP and 0.05% (w/v) bovine serum

albumin  (BSA)  maintaining  a  medium  to  tissue
weight  ratio  of  2:1,  then  the  homogenate  was
maintained  at  pH 7.2  by  the  addition  of  1  N KOH.
After mixing the homogenate, it was centrifuged for
20  min  at  10.000  g.  The  supernatant  was  further
centrifuged at 21.000 g for 75 min, and the resultant
soluble  fraction  was  used  for  enzyme  assays.  All
operations  were  carried  out  at  4˚  C  (19).  Protein
contents in the supernatant were determined by the
Bradford method (20) with BSA as a standard.

β-Galactosidase activity

The  β-galactosidase  activity  was  determined
according to Kishore and Kayastha (13). The reaction
mixture consisted of Ortho-Nitrophenyl-β-Galactoside
(ONPG) contained in a final volume of 500 µl, 50 mM
glycine–HCl (pH 2.8), 20 mM ONPG substrate and 20
µl of the extracted enzyme. The reaction was carried
out at 37 °C for 10 min. Liberated o-nitrophenolate
(ONP)  was measured spectrophotometrically  at  405
nm after stopping the reaction with the addition of
1.5  ml  Sodium  tetraborate  (20  mM).  The  specific
activity of β-galactosidase is expressed as µmoles of
ONP formed per minute per mg of protein.

Statistical analysis

For  all  experiments,  samples  of  the  selected  seeds
were analyzed. The results were expressed as mean±
SD.  Data  were  subjected  to  one-way  analysis  of
variance (ANOVA) and comparison of sample means
was  done  by  Dunnett's  multiple  comparisons  test.
Results were considered significant at P<0.0001.

Results

The  effect  of  plant  growth  regulators  on  GP of  L.
sativum seeds

The  seeds  of  L.  sativum  were  germinated  under
different concentrations of PGRs. GA promoted dark
germination; for seeds exposed to 144 μM and 289 μM
GA, the GP was significantly higher by 1.14-fold and
1.2-fold  as  compared  with  the  response  in  control
after  12  h  of  incubation,  respectively.  Continued
exposure  of  seeds  to  289  μM  GA  for  14  and  16  h
resulted significantly in a further increase of GP by
1.1-fold. Seeds exposed to 289 μM GA reached 100%
GP  earlier  than  lower  GA  concentrations  which
exhibited 100% GP after 20 h (Fig. 1A).

On the other  hand,  seed exposed to increasing
IAA concentrations resulted in reduced and delayed
germination.  Fig.  1(B)  shows  that  whereas  the
reduction of GP was 0.9-fold after 16 and 20 h of 1 μM
auxin exposure, 0.9-fold reduction of GP was evident
at all interval records of incubation as a result of 5
μM auxin exposure. The higher early reduction of GP
reached  0.6-fold,  0.6-fold,  0.9-fold,  0.9-fold  and  0.9-
fold  after  12,  14,  16,  18  and  20  h  of  10  μM  auxin
exposures respectively. 

Application  of  0.25  μM  kin  promoted  dark
germination early which reached 11 and 36% after 6
and 8 h of exposure as compared with the control.
Besides, the GP was significantly increased by 1.3 and
1.1-fold compared with the control after 12 and 14 h
of  exposure,  respectively  and  eventually  reached
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100%  GP  which  was  at  least  4  h  earlier  than  the
control (Fig. 1C).

The  examination  of  the  effect  of  different  SA
concentrations on seed germination showed that SA
inhibits  seed  germination  in  a  dosage-dependent
manner  as  shown  in  Fig.  1(D).  Seed  germination
caused by 2.5  mM SA was significantly  reduced by
0.08-fold,  0.2-fold,  0.2-fold,  0.4-fold,  and  0.5-fold

compared with the control after 12, 14, 16, 18 and 20
h  of  exposure,  respectively.  Furthermore,  the
inhibitory  effect  of  SA raised the time required for
100% GP up to 24 h and for the high concentration of
SA, 2.5 mM, it was extended to 30 hr.

Data  comparing  the  influences  of  the  different
PGRs  on  L.  sativum  seed  germination  showed  that
cytokinin  was  more  effective  than  GA  treatment
through  its  positive  effects  on  seed  germination
which was earlier in the promotion and completion
of germination. Auxin and SA treatments showed a
negative  effect  on  germination  with  SA  exerting  a
higher effect than auxin.

The effect of plant growth regulators on L. sativum
seed protein content

While  investigating  the  influence  of  PGRs  on
germinating L. sativum seeds, we quantify changes in
the  total  protein  content  during  this  process.
Generally,  protein content increased significantly to
its  highest  level  in  response  to  all  tested
concentrations of PGRs compared to control as shown
in  Fig.  2.  Comparing  the  positive  effect  on  total
protein content during seed germination showed that
PGRs  could  be  arranged  as  follows:  SA   auxin  ˃ ˃
cytokinin  GA.˃

The effect of plant growth regulators on L. sativum
seed β-galactosidase specific activity

To gain different perspectives about the influence of
PGRs on germinating  L. sativum seeds, we also have
analyzed changes of β-galactosidase specific activity
during  this  process.  Generally,  the  β-galactosidase
specific  activity  was  reduced  significantly  to  the
lowest level in response to all tested PGRs and their
concentrations compared to control as shown in Fig. 3.

The negative effects of PGRs on β-galactosidase
specific  activity  during  seed  germination  could  be
arranged  in  the  following  order:  SA   auxin  ˃ ˃
cytokinin  GA. Notably, the influence of both SA and˃
auxin was in a dosage-dependent manner. 

Discussion 

Seed germination  begins  with  water  uptake  by the
seed,  followed  by  enzyme  activation  during  which
several  biochemical  events  takes  place,  e.g.  storage
reserve  mobilization  that  finally  triggers  the
embryonic  root  to  penetrate  the  surrounding
structures of the seed coat (8, 21). 

However,  seed  germination  can  also  be
influenced  by  environmental  conditions  whether
stressful  or  and not,  and by the  presence of  many
elements as nitrogenous compounds and hormones
for instance (14, 22, 23). 

PGRs  have  been  reported  to  enhance  crop
growth and yield (24–27). Their effects on modulating
seed germination may be one of their most important
functions in plant growth (28).  The action of GA on
seed germination is mediated through modulation of
protein  synthesis  which  requires  cell  wall
modification  by  influencing  cell  wall-  remodeling
proteins (CWRPs). A hypothesis that may explain our
results  at  the  level  of  protein  content  and  β-

Fig.  1. L.  sativum seed germination  subjected  to  plant  growth
regulators (PGRs). A- Gibberellic acid. B- Auxin. C- Cytokinin. D-
Salicylic acid. The effect of different PGRs on seed germination  at
different  time  points  compared  with  the  seed  germination  in
controls.  Data represent  mean values ± SD, n=3 X 30 seeds are
presented.  The significance of differences  was calculated using
Dunnett's multiple comparisons test  and the P value of <0.0001
indicating a significant difference.
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Fig. 2. L. sativum seed protein content subjected to various abiotic
stresses.  A-  Gibberellic  acid.  B-  Auxin.  C-  Cytokinin.  D-  Salicylic
acid. The effect of different PGRs on protein content at different
time points  compared with the protein content in controls.  Data
represent  mean values ± SD, n=3 X 30 seeds are  presented.  The
significance of differences was calculated using Dunnett's multiple
comparisons  test  and  the  P  value  of  <0.0001  indicating  a
significant difference.

Fig. 3. L. sativum seed β-galactosidase specific activity subjected to
various abiotic stresses. A- Gibberellic acid. B- Auxin. C- Cytokinin.
D-  Salicylic  acid.  The effect  of  different  PGRs  on β-galactosidase
specific  activity  at  different  time  points  compared  with  the  β-
galactosidase  specific  activity  in  controls.  Data  represent  mean
values  ±  SD,  n=3  X  30  seeds  are  presented.  The  significance  of
differences was calculated using Dunnett's  multiple comparisons
test and the P value of <0.0001 indicating a significant difference.
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galactosidase  specific  activity  during  seed
germination (29, 30). According to the present study,
GA promoted the action of β-galactosidase more than
the  other PGRs  indicating  its  role  in  seed  coat
relations.  The  activity  of  genes  encoding  β-
galactosidase  was suggested in modifying seed coat
mucilage and its expansion upon hydration (31). The
promotion  of  seed  germination  in  response  to  GA
treatment in the present study is  also related to its
role  in  food  reserve  mobilization  during  the
germination process. It was reported that binding of
GA with  its  receptor  gibberellin  insensitive  dwarf1
(GID1)  can  provoke  degradation  of  DELLA  protein,
which in turn induces the transcription of α-amylase
important  for  its  role  in  carbohydrate  metabolism
(32). Besides, Glycosyl hydrolases family targeted in
the present study possess ubiquitous distribution and
are  involved,  as  a  part  of  a  complex  physiological
process, in the metabolism of complex carbohydrates
during germination (19).

In  agreement  with  our  results,  the  exogenous
application of IAA was found to have delayed wheat
seed germination (33).  Similarly, IAA can also result
in  such  responses  by  a  wild-type  plant  and  under
high salinity (8, 15, 34). These observations imply that
auxin  plays  a  role  in  regulating  seed  germination
possibly  due  to  its  role  in  mediating  ABA  and  GA
biosynthesis (15, 35, 36). 

Cytokinins  promoted  seed  germination  in  the
present  study  which  could  be,  as  for  GA,  through
modulation  of  protein  synthesis  (26,  37,  38).  This
group of growth-promoting  PGRs has been indicated
in  regulating  seed  germination  and  is  active  in  all
stages  (16,  39).  Their  promotion  effects  on  seed
germination may be also attributed to the stimulation
of  hydrolyzing  enzymes  and  antagonizing  the
inhibitory effect of ABA on the germination process
(40). 

Salicylic  acid  plays  an  important  role  in
determining  the  sensitivity  of  plants  to  various
abiotic stresses. It induced several effects ina dosage-
dependent  manner (41,  42).  Whereas  lower
concentrations (0.05 mM and 0.25 mM) did not affect
the  germination  speed,  higher  concentration  (2.5
mM)  caused  the  seed  germination  process  to  be
dramatically impeded. Similar results on germination
have  been  reported  (17,  42,  43).  SA  precise  role
during germination and the molecular  mechanisms
involved  have  not  been  fully  elucidated  (17).
However, processes affected by SA, e.g. the quality of
protein  translation,  the  synthesis  of  antioxidant
enzymes,  and  the  mobilization  of  seed  storage
proteins during germination may be associated with
protein synthesis during early stages of germination
(42,  44).  It  was  suggested  that  SA  plays  as  a
bifunctional modulator. It acts under normal growth
conditions  by  inhibiting  the  expression  of  GA-
induced  α-amylase  genes  which  then  inhibits
germination (45). In contrast during stress conditions
(salinity),  SA  promotes  germination  via  another
pathway  that  reduces  oxidative  damage  (17).  The
reported  results  of  the  changes  in  total  protein
content upon SA treatment are consistent with highly
active protein metabolism in response to SA exposure
during seed germination as reported by (42). Reports

indicated that SA under salt stress leads to catechol
accumulation to a high level and may though acts as
an antioxidant, removing synthesized H2O2 (17) but at
high  concentrations  have  toxic  effects  possibly  by
inducing ROS biosynthesis (46).

Conclusion

In conclusion, this study suggests that the effects of
exogenous application of PGRs on seed germination
vary  depending  on  the  type  and  concentration  of
applied PGRs. The results provided more insights on
the importance of exogenous application of PGRs and
the  subsequent  response in β-galactosidase  enzyme
production  on  germination  of  more  difficult-to-
germinate  seeds  having  either  hard  coatings  or
physiologically  dormant.  For  such  plants,  attempts
can be made to explore conditions, for instance could
enhance β-galactosidase specific activity during their
germination.  However,  further  investigation  on  L.
sativum seed germination is required, including the
application of other PGRs such as jasmonic acid and
brassinosteroids,  or combinations of different PGRs,
in  addition  to  extensive  measurements  of  reactive
oxygen species and antioxidants, which would clarify
the  molecular  mechanisms  underlying  PGRs
regulation of germination. 

Acknowledgements

We acknowledge the support offered by the College
of  Graduate  Studies-  Mu'tah  University-  Mu'tah-
Karak-Jordan.

Authors’ Contributions

OA performed the research. KA designed the project,
supervised and discussed the results  and wrote the
article.  MA,  KK  and  EA  discussed  the  results  and
wrote  the  article.  Percentage  participation  is  equal
for all co-authors.

Competing interest

The  authors  declared  that  they  have  no  competing
interests.

References
1. Bewley JD. Seed germination and dormancy.  Plant Cell. 1997;

9(7):1055–66. https://doi.org/10.1105/tpc.9.7.1055

2. Singh CS, Paswan VK. The potential of garden cress (Lepidium
sativum L.)  seeds  for  development  of  functional  foods.  In:
Jimenez-Lopez JC, editor. Advances in Seed Biology. InTech: Ri-
jeka,  Croatie;  2017.  p.  279–94.  https://doi.org/10.5772/inte-
chopen.70355

3. Kilor  V,  Bramhe  NN.  Development  of  effective  extraction
method for Lepidium sativum seed mucilage with higher yield.
J Adv Pharm Edu Res. 2014;4(3):354–60

4. Manohar D, Viswanatha GL, Nagesh S, Jain V, Shivaprasad HN.
Ethnopharmacology of Lepidium sativum Linn. (Brassicaceae):
A review. Int J Phytother Res. 2012;2(1): 1–7

PLANT SCIENCE TODAY  261

https://doi.org/10.5772/intechopen.70355
https://doi.org/10.5772/intechopen.70355
https://doi.org/10.1105/tpc.9.7.1055


5. Behrouzian  F,  Razavi  SM,  Phillips  GO.  Cress  seed  (Lepidium
sativum) mucilage, an overview. Bioact Carbohydr Dietary Fi-
bre. 2014; 3(1):17–28. https://doi.org/10.1016/j.bcdf.2014.01.001

6. Roychowdhury R, Mamgain A, Ray S, Tah J. Effect of gibberellic
acid, kinetin and indole 3-acetic acid on seed germination per-
formance of Dianthus caryophyllus (Carnation). Agric Conspec
Sci. 2012;77(3): 157–60

7. Rademacher  W.  Plant  growth  regulators:  backgrounds  and
uses in plant production. J Plant Growth Regul. 2015;34(4):845–
72. https://doi.org/10.1007/s00344-015-9541-6

8. Miransari M, Smith DL. Plant hormones and seed germination.
Environ  Exp Bot   2014;99:110–21.  https://doi.org/10.1016/j.en-
vexpbot.2013.11.005

9. Bitarishvili SV, Volkova PY, Geras’kin SA. γ-Irradiation of bar-
ley  seeds  and  its  effect  on  the  phytohormonal  status  of
seedlings.  Russ  J  Plant  Physiol.  2018;65(3):446–54.  https://
doi.org/10.1134/S1021443718020024

10. Kumlay A. Combination of the auxins NAA, IBA and IAA with
GA3 improves the commercial seed-tuber production of potato
(Solanum tuberosum L.) under in vitro conditions. BioMed Res
Int.  2014;439259.  https://doi.org/
10.1080/13102818.2015.1077685

11. Thien Nguyen Q, Kisiala A, Andreas P, Neil Emery RJ, Narine S.
Soybean seed development: fatty acid and phytohormone me-
tabolism  and  their  interactions.  Curr  Genomics.
2016;17(3):241–60

12. Dwevedi A, Kayastha AM. A β-Galactosidase from pea seeds (Ps
BGAL): purification, stabilization,  catalytic energetics,  confor-
mational  heterogeneity  and  its  significance.  J  Agric  Food
Chem. 2009;57(15):7086–96. https://doi.org/10.1021/jf900874p

13. Kishore D, Kayastha AM. A β-galactosidase from chick pea (Ci-
cer arietinum) seeds:  Its  purification,  biochemical  properties
and industrial  applications.  Food Chem. 2012;134(2):1113–22.
https://doi.org/10.1016/j.foodchem.2012.03.032

14. Kołodziejek J, Patykowski J, Wala M. Effect of light, gibberellic
acid and nitrogen source on germination of eight taxa from
dissapearing  European  temperate  forest,  Potentillo  albae-
quercetum.  Sci  Rep.  2017;7(1):13924.  https://doi.org/10.1038/
s41598-017-13101

15. Shuai H, Meng Y, Luo X, Chen F, Zhou W, Dai Y, et al. Exoge-
nous auxin represses soybean seed germination through de-
creasing the gibberellin/abscisic acid (GA/ABA) ratio.  Sci Rep.
2017;7(1):12620. https://doi.org/10.1038/s41598-017-13093-w

16. Nikolić R, Mitić N, Miletić R, Nešković M. Effects of cytokinins
on in vitro seed germination and early seedling morphogenesis
in Lotus corniculatus  L. J Plant Growth Regul. 2006;25(3):187.
https://doi.org/10.1007/s00344-005-0129-4

17. Lee S, Kim SG, Park CM. Salicylic acid promotes seed germina-
tion under high salinity by modulating antioxidant activity in
Arabidopsis.  New  Phytol.  2010;188(2):626–37.  https://doi.org/
10.1111/j.1469-8137.2010.03378.x

18. Batabyal  S,  Tinkari  Dalal  T,  Tah  J.  Effect  of  different  seed-
sources on germination parameters by means of artificial seed
germination  of  Santalum  album L.  Int  J  Pure  Appl  Biosci.
2014;2(2):149-52

19. Sreekala  M,  Lalitha  K.  Selenium-mediated  differential  re-
sponse  of  β-glucosidase  and  β-galactosidase  of  germinating
Trigonella  foenum-graecum.  Biol  Trace  Elem  Res.  1998;64(1–
3):247-58. https://doi.org/10.1007/BF02783341

20. Bradford MM. A rapid and sensitive method for the quantita-
tion of microgram quantities of protein utilizing the principle
of protein-dye binding. Anal Biochem. 1976;72:248–54.  https://
doi.org/10.1016/0003-2697(76)90527-3

21. Ge W, Steber CM. Positive and negative regulation of seed ger-
mination by the Arabidopsis GA hormone receptors, GID 1a, b,
and  c.  Plant  Direct.  2018;2(9):e00083.  https://doi.org/10.1002/
pld3.83

22. Zlesak DC. Factors affecting seed germination of  Heliopsis he-
lianthoides  (L.)  Sweet.  Seed  Sci  Technol. 2007;35(3):577–94.
https://doi.org/10.15258/sst.2007.35.3.06

23. Humphries T, Chauhan BS, Florentine SK. Environmental fac-
tors effecting the germination and seedling emergence of two

populations  of  an  aggressive  agricultural  weed;  Nassella  tri-
chotoma.  PloSONE.  2018;13(7):e0199491.  https://doi.org/
10.1371/journal.pone.0199491

24. Hernandez  LF.  Morphogenesis  in  sunflower  (Helianthus  an-
nuus L.) as affected by exogenous application of plant growth
regulators.  Agri  Scientia.  1996;12:3–11.  https://doi.org/
10.31047/1668.298x.v13.n0.2477

25. Copur O, Demirel U, Karakus M. Effects of several plant growth
regulators on the yield and fiber quality of cotton (Gossypium
hirsutum L.).  Not  Bot  Horti  Agrobot  Cluj-Napoca.  2010;38(3):
104–10

26. Fahad S, Hussain S, Saud S, Hassan S, Ihsan Z, Shah AN, et al.
Exogenously  applied  plant  growth  regulators  enhance  the
morpho-physiological growth and yield of rice under high tem-
perature.  Front Plant Sci. 2016;7:1250.  https://doi.org/10.3389/
fpls.2016.01250

27. Fang S, Gao K, Hu W, Wang S, Chen B, Zhou Z. Foliar and seed
application of plant growth regulators affects cotton yield by
altering leaf physiology and floral bud carbohydrate accumu-
lation.  Field  Crops  Res.  2019;231:105–14.  https://doi.org/
10.1016/j.fcr.2018.11.012

28. Suo HC, Li W, Wang KH, Ashraf U, Liu JH, Hu JG,  et al. Plant
growth regulators in seed coating agent affect seed germina-
tion and seedling growth of sweet corn. Appl Ecol Environ Res.
2017;15(4):829–39. http://dx.doi.org/10.15666/aeer/1504_829839

29. Bakrim A, Lamhamdi M, Sayah F, Chib F. Effects of plant hor-
mones and 20-hydroxyecdysone on tomato (Lycopersicum es-
culentum)  seed  germination  and  seedlings  growth.  Afr  J
Biotechnol. 2007;6(24):2792–02

30. Morris K, Linkies A, Müller K, Oracz K, Wang X, Lynn JR, et al.
Regulation of seed germination in the close  Arabidopsis rela-
tive Lepidium sativum: a global tissue-specific transcript analy-
sis.  Plant Physiol. 2011;155(4):1851–70.  https://doi.org/10.1104/
pp.110.169706

31. Dean GH, Zheng H, Tewari J, Huang J, Young DS, Hwang YT, et
al. The Arabidopsis MUM2 gene encodes a β -galactosidase re-
quired for the production of seed coat mucilage with correct
hydration  properties.  Plant  Cell.  2007;19:4007–21.  https://
doi.org/10.1105/tpc.107.050609

32. Tuan PA, Kumar R, Rehal PK, Toora PK, Ayele BT. Molecular
mechanisms  underlying  abscisic  acid/gibberellin  balance  in
the  control  of  seed  dormancy  and  germination  in  cereals.
Front Plant Sci. 2018;9. https://doi.org/10.3389/fpls.2018.00668

33. Ramaih S, Guedira M, Paulsen GM. Relationship of indoleacetic
acid and tryptophan to dormancy and preharvest sprouting of
wheat.  Funct  Plant  Biol.  2003;30:939–45.  https://doi.org/
10.1071/FP03113

34. Jung JH, Park CM. Auxin modulation of salt stress signaling in
Arabidopsis  seed  germination.  Plant  Signal  Behav.
2011;6(8):1198-–200. https://doi.org/10.4161/psb.6.8.1579

35. Liu X, Zhang H, Zhao Y, Feng Z, Li Q, Yang HQ, et al. Auxin con-
trols seed dormancy through stimulation of abscisic acid sig-
naling by inducing ARF-mediated ABI3 activation in Arabidop-
sis. Proc Natl Acad Sci USA. 2013;110:15485–90. https://doi.org/
10.1073/pnas.1304651110

36. Shu K,  Liu X-d, Xie Q, He Z-h.  Two Faces of  One Seed:  Hor-
monal  Regulation of  Dormancy and Germination.  Mol Plant.
2016;9:34–45. https://doi.org/10.1016/j.molp.2015.08.010

37. Zanotti RF, Dias DCFDS, Barros RS, DaMatta FM, Oliveira GL.
Germination  and  biochemical  changes  in  'Formosa'  papaya
seeds  treated  with  plant  hormones.  Acta  Sci  Agron.
2014;36(4):435–2.  http://dx.doi.org/10.4025/actascia-
gron.v36i4.18057

38. Jameson P, Dhandapani P, Novak O, Song J. Cytokinins and ex-
pression of  SWEET, SUT, CWINV and AAP genes increase as
pea seeds  germinate.  Int J  Mol  Sci.  2016;17(12):2013.  https://
doi.org/10.3390/ijms17122013

39. Riefler M, Novak O, Strnad M, Schmulling T.  Arabidopsis  cy-
tokinin receptor mutants reveal functions in shoot growth, leaf
senescence, seed size, germination, root development and cy-
tokinin  metabolism.  Plant  Cell.  2006;18:40–54.  https://doi.org/
10.1105/tpc.105.037796

262  ALGHONMEEN ET AL.

https://doi.org/10.1105/tpc.107.050609
https://doi.org/10.1105/tpc.107.050609
https://doi.org/10.31047/1668.298x.v13.n0.2477
https://doi.org/10.31047/1668.298x.v13.n0.2477
https://doi.org/10.1105/tpc.105.037796
https://doi.org/10.1105/tpc.105.037796
file:///D:/KK%20SABU/For%20editing/743/%E2%80%8Fhttps://doi.org/10.3390/ijms17122013
file:///D:/KK%20SABU/For%20editing/743/%E2%80%8Fhttps://doi.org/10.3390/ijms17122013
http://dx.doi.org/10.4025/actasciagron.v36i4.18057
http://dx.doi.org/10.4025/actasciagron.v36i4.18057
https://doi.org/10.1016/j.molp.2015.08.010
https://doi.org/10.1073/pnas.1304651110
https://doi.org/10.1073/pnas.1304651110
https://doi.org/10.4161/psb.6.8.1579
https://doi.org/10.1071/FP03113
https://doi.org/10.1071/FP03113
https://doi.org/10.3389/fpls.2018.00668
https://doi.org/10.1104/pp.110.169706
https://doi.org/10.1104/pp.110.169706
http://dx.doi.org/10.15666/aeer/1504_829839
https://doi.org/10.1016/j.fcr.2018.11.012
https://doi.org/10.1016/j.fcr.2018.11.012
https://doi.org/10.3389/fpls.2016.01250
https://doi.org/10.3389/fpls.2016.01250
https://doi.org/10.3389/fpls.2016.01250
https://doi.org/10.1371/journal.pone.0199491
https://doi.org/10.1371/journal.pone.0199491
https://doi.org/10.15258/sst.2007.35.3.06
https://doi.org/10.1002/pld3.83
https://doi.org/10.1002/pld3.83
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1007/BF02783341
https://doi.org/10.1111/j.1469-8137.2010.03378.x
https://doi.org/10.1111/j.1469-8137.2010.03378.x
https://doi.org/10.1007/s00344-005-0129-4
https://doi.org/10.1038/s41598-017-13093-w
https://doi.org/10.1038/s41598-017-13101-z
https://doi.org/10.1038/s41598-017-13101-z
https://doi.org/10.1016/j.foodchem.2012.03.032
https://doi.org/10.1021/jf900874p
https://doi.org/10.1080/13102818.2015.1077685
https://doi.org/10.1080/13102818.2015.1077685
https://doi.org/10.1134/S1021443718020024
https://doi.org/10.1134/S1021443718020024
https://doi.org/10.1016/j.envexpbot.2013.11.005
https://doi.org/10.1016/j.envexpbot.2013.11.005
https://doi.org/10.1007/s00344-015-9541-6
https://doi.org/10.1016/j.bcdf.2014.01.001


40. Guan C,  Wang X,  Feng J,  Hong S,  Liang Y,  Ren B, Zuo J.  Cy-
tokinin antagonizes abscisic acid-mediated inhibition of cotyle-
don greening by promoting the degradation of abscisic acid in-
sensitive5  protein  in  Arabidopsis.  Plant  Physiol.
2014;164(3):1515–26. https://doi.org/10.1104/pp.113.234740

41. Me´traux JP, Signer H, Ryals J, Ward E, Wyss-Benz M, Gaudin J,
et al. Increase in salicylic acid at the onset of systemic acquired
resistance  in  cucumber.  Science.  1990;250:1004–06.  https://
doi.org/10.1126/science.250.4983.1004

42. Rajjou L, Belghazi M, Huguet R, Robin C, Moreau A, Job C, et al.
Proteomic investigation of the effect of salicylic acid on  Ara-
bidopsis seed germination and establishment of early defense
mechanisms. Plant Physiol. 2006;141(3):910–23. https://doi.org/
10.1104/pp.106.082057

43. Guan L, Scandalios JG. Developmentally related responses of
maize catalase genes to salicylic acid. Proc Natl Acad Sci USA.
1995;92(13):5930–34. https://doi.org/ 10.1073/pnas.92.13.5930

44. Lamichaney A, Kumar V, Katiyar PK. Effect of seed priming in-
duced metabolic changes on Germination and field emergence
of  chickpea.  J  Environ  Biol.  2018;39(4):522–28.  http://doi.org/
10.22438/jeb/39/4/MRN-688

45. Xie Z, Zhang ZL, Hanzlik S, Cook E, Shen QJ. Salicylic acid in-
hibits gibberellin-induced alpha-amylase expression and seed
germination  via  a  pathway  involving  an  abscisic-acid  in-
ducible  WRKY  gene.  Plant  Mol  Biol.  2007;64:293–03.  https://
doi.org/10.1007/s11103-007-9152-0 

46. Rao MV, Paliyath G, Ormrod DP, Murr DP, Watkins CB. Influ-
ence of salicylic acid on H2O2 production, oxidative stress and
H2O2-metabolizing enzymes (salicylic  acid-mediated oxidative
damage requires H2O2). Plant Physiol. 1997;115(1):137–49.

PLANT SCIENCE TODAY  263

https://doi.org/10.1007/s11103-007-9152-0
https://doi.org/10.1007/s11103-007-9152-0
http://doi.org/10.22438/jeb/39/4/MRN-688
http://doi.org/10.22438/jeb/39/4/MRN-688
https://doi.org/%2010.1073/pnas.92.13.5930
https://doi.org/10.1104/pp.106.082057
https://doi.org/10.1104/pp.106.082057
https://doi.org/10.1104/pp.113.234740
https://doi.org/10.1104/pp.113.234740
https://doi.org/10.1104/pp.113.234740

