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Abstract

Common stock (Matthiola incana L.) is an important cut flower, bedding and aromatic plant.
Increasing its flower number and size is a desired objective among florists. Plant growth regulators
including y-aminobutyric acid (GABA) and spermine have proved beneficial for improving flowers’
characteristics. This study was designed on a completely randomized design with 4 replicates and 16
treatments. GABA (0, 2.5, 5 and 10 mM) and spermine (0, 1, 2 and 3 mM) were sprayed on six leaves
seedlings. Increasing concentration of GABA and spermine significantly decreased the flowering time
and conversely increased plant height, number of flowers, stem diameter, flower diameter, shoot and
root dry weight, leaf relative water content, chlorophyll, and antioxidant enzymes activity. The
highest number of flower shoot and root dry weight, chlorophyll, and antioxidant enzymes in addition
to the lowest electrolyte leakage were obtained by 10 mM GABA in combination with 3 mM
Spermine. Also, maximum plant height and earliest flowering time were gained using 3 mM
spermine, while the greatest leaf relative water content was obtained by 10 mM GABA. Application
of GABA and spermine could be suggested as a promising way to improve stock flower’s aesthetic
characteristics and possibly enhance their stress tolerance.

Keywords: Flower characteristics, GABA, y-aminobutyric acid, Ornamental plant, Plant growth
regulator, Spermine, Stock flower, Matthiola incana L.

Introduction

The economic value of ornamental plants has a significant worldwide increase and will be continued
at an annual rate of 8-10%. Among them, productions of cut flowers and potted plants have faced a
substantial increase. Stock flower (Matthiola incana (L.) W.T. Aiton) has been known as a main crop
in the floriculture trade and it has become increasingly important in recent years. It is widely
cultivated as a cut flower and bedding plant due to its strong aroma, fascinating form and petal
number, and also in a great variety of colors. Stock flowers are native to Europe, south western and
central Asia and northern Africa. This ornamental plant belongs to the Brassicaceae, and it is divided
in to multiple groups based on the type of use including cut flowers, potted plants and bedding plants.
Commonly it is found in two forms of single-flowered and double-flowered plants, which the latter is
more popular in the market (Ahmadi Hesar et al., 2011).

A well-known practice to increase the yield and quality of ornamental plants is the exogenous
application of plant growth regulators (PGRs). They are considered as useful agrochemical tools that
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help plants efficiently consume nutrients and successfully demonstrate their genetic and physiological
potentials (Syed Sarfraz et al., 2011).

Polyamines such as spermine are characterized as a group of natural compounds with a low molecular
weight that plays an important role in a wide range of physiological processes of plants, animals and
microorganisms. Plant cell division and growth greatly relies on polyamine resource of an organism.
It has been indicated that aging of many plant organs is associated with decreased levels of
polyamines (Valero et al., 2002). In fact, spermine is effective in preventing cell death processes and
it is referred to as a rejuvenating agent (Thomas & Thomas, 2001). It acts as a compatible osmolyte
conferring stress tolerance and show antimicrobial activity against plant pathogens (Syed Sarfraz et
al., 2011). Spermine has been used in a number of ornamental plants in order to enhance their growth
and development including rose (Tatte et al., 2016) Zoysia turfgrass (Sun et al., 2019) and gerbera
(Palagani & Singh, 2017).

y-amino butyric acid (GABA) is found in bacteria, plants and animals (Fait et al., 2007). It is a plant
growth regulator that can control growth and yield of various crops. GABA increases the level of
endogenous hormones of plants, which in turn affects their growth and physiological traits. In plants,
several signaling roles have been also attributed to GABA, including involvement in pH regulation,
nitrogen storage and plant growth (Shelp et al., 2012). Exogenous application of GABA may
stimulate antioxidant responses of plants and further provide multiple stress tolerances (Krishnan et
al., 2013). Few reports exist on GABA application in the ornamental plants including anthurium
(Soleimani Aghdam et al., 2016), perennial ryegrass (Krishnan et al., 2013), chamomile (Sadeghiani
et al., 2019), periwinkle (Bayanloo et al., 2020), Agrostis turfgrass (Li et al., 2019) and narcissus
(Heidari Krush & Rastegar, 2021) where it has improved their morpho-physiological responses.

The objective of this research was to investigate the effects of exogenous application of GABA and
spermine on some morpho-physiological and biochemical characteristics of stock flower. The plant’s
aesthetic features and antioxidant enzymes activity is studied in this research for later use in the
cultivation practices and stressful environments of M. incana.

Materials and Methods

Plant materials and treatments

This study was carried in the greenhouse of College of Agriculture at Shiraz University. It was
implemented based on a completely randomized design with 4 replicates. Stock flower seedlings were
transferred to pots containing equal proportions of fine sand and loam soil (1:1) in 6 leaves
development stage. Leaves were later sprayed every month with GABA (0, 2.5, 5 and 10 mM) and
spermine (0, 1, 2 and 3 mM). Foliar application continued until 4 months. After the plants grew to the
flowering stage, morpho-physiological and biochemical traits were measured. Average day and night
temperature during the cultivation was set at 24 (+ 2) °C and 16 (+ 2) °C, respectively. The plants
grew under natural photoperiod during winter and spring and relative humidity was controlled at 60
%.

Morphological measurements

Flowering time, number of flowers, plant height, stem diameter and flower diameter were measured
by day count, flower count, ruler and digital caliper, respectively. Plant roots and shoots were
removed instantaneously after harvesting of the plants. In order to determine the dry weight, roots and
shoots were placed in an oven at 60 °C for 48 h and later weighed using a scale.

Physiological and biochemical measurements

At the end of spring the physiological and biochemical measurements were carried out. Leaf relative
water content (RWC) and electrolyte leakage (EL) were measured according to the following
equations:
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_FW—-DW EC1

RWC x100 EL=—x100
TW—-DW EC2

FW = fresh weight, TW = turgid weight, DW= dry weight.
ECl1=primary ion leakage, EC2=second ion leakage

Total chlorophyll content was measured using the method described by adding 10 ml of
methylsolfoxide to 100 mg of fresh leaves. It was kept in dark place for 24 h. the absorbance was read
at 470, 663 and 645 nm using a spectrophotometer device and total chlorophyll content was calculated
according to the following equation:

20/ 2(Ae45)+8/02(A663 ) xVolume made
Wt.of the sample

Total chlorophyll (mg/ g F.W.) =

Total protein was calculated and enzyme unit activity was measured accordingly. Superoxide
dismutase (SOD) enzyme activity was determined using the method of Beyer JR & Fridovich (1987).
It was evaluated by measuring the decrease in light absorption of nitroblue tetrazolium superoxide
complex under effect of enzyme extract. Three ml of the reaction mixture contained 50 mM
potassium phosphate buffer, 0.01 mM EDTA, 13 mM L-methionin, 75 pl nitroblue tetrazolium, 40 pl
riboflavin and 20 pl of enzyme extract.

Catalase (CAT) enzyme activity was measured after decomposition of H,O,, detected by a
spectrophotometer at 240 nm as described by Chandlee & Scandalios (1984). The reaction mixture
consisted of 3ml enzyme extract, 50 mM potassium phosphate buffer, 10 mM H2O; and 50 pl enzyme
extract.

Peroxidase (POD) enzyme activity was measured following the decomposition of H,O; at 240 nm by
a spectrophotometer as described by Upadhyaya et al. (1985). The reaction mixture consisted of 0.05
ml of 20 mM guaiacol, 2.5 ml potassium phosphate buffer and 50 pl enzyme extract.

Ascorbate peroxidase (APX) enzyme activity was measured by the procedure of Nakano & Asada
(1981). The activity of this enzyme was determined by a spectrophotometer device at 290 nm.
Statistical analysis

Data were subjected to analysis of variances. Means were compared using LSD test at the significant
level of p < 0.05 by SAS 9.0 software.

Results

Flowering time

The earliest flowering time was obtained in the treatment of 3 mM spermine with an average of 119
days and the most delayed flowering time was seen in the control plants with an average of 143 days
(Figure 1). As the concentrations of GABA and spermine were increased, flowering time conversely
decreased. Spermine treatment decreased the flowering time for 24 days, compared to the control. It
showed a greater reduction in flowering time than GABA. (Figure 1).
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Figure 1- Effect of GABA (A) and spermine (B) on flowering time of stock flower. Each value
represents the means + SE. Different letters indicate significant differences at P < 0.05 using the
LSD test.

Flower number

Combined treatment of GABA and spermine at their highest concentration doubled the number of
flowers per inflorescence, compared to the control. The highest number of flowers (37 flowers) was
obtained in the combined treatment of 10 mM GABA and 3 mM spermine, while the lowest number
of flowers (16 flowers) was observed in the control. Although both PGRs increased the number of
flowers, spermine had a greater effect on number of flowers than GABA (Figure 2).
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Figure 2- Effect of GABA and spermine on flower number of M. incana. Each value represents
the means + SE. Different letters indicate significant differences at P < 0.05 using the LSD test.
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Plant height

The maximum plant height (42 cm) was obtained by 3 mM spermine treatment, while the lowest
plant height (32 cm) was detected in the control. Both GABA and spermine enlarged the plant height,
but spermine showed a larger increase of plant height than GABA (Figure 3).
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Figure 3- Effect of GABA (A) and spermine (B) on stock flower height. Each value represents
the means + SE. Different letters indicate significant differences at p < 0.05 using the LSD test.

Stem diameter

The greatest stem diameter (7 mm) was gained in the combined treatment of 10 mM GABA and 3
mM spermine, while minimum stem diameter was seen in the control. Although both GABA and
spermine increased the stem diameter, but spermine had a greater effect on stem diameter than GABA
(Figure 4).
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Figure 4- Effect of GABA and spermine on stem diameter of M. incana. Each value represents
the means + SE. Different letters indicate significant differences at P < 0.05 using the LSD test.

Flower diameter

The lowest flower diameter (2 cm) was observed in the control, while combined treatment of 10 mM
GABA and 3 mM spermine doubled the flower diameter (5 cm). Both GABA and spermine improved
the flower diameter, though spermine displayed a stronger effect on flower diameter than GABA
(Figure 5).
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Figure 5- Effect of GABA and spermine on flower diameter of stock flower. Each value
represents the means + SE. Different letters indicate significant differences at P < 0.05 using the
LSD test.

Shoot dry weight (SDW) and root dry weight (RDW)

The maximum SDW and RDW (29 g and 10 g, respectively) were found in the combined treatment of
10 mM GABA and 3 mM spermine. The minimum SDW and RDW (15 g and 4g, respectively) were
gained in the control. GABA and spermine increased shoot dry weight and root dry weight, but
spermine accumulated a greater dry mass (Figure 6).
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Figure 6- Effect of GABA and spermine on shoot dry weight (A) and root dry weight (B) of M.
incana. Each value represents the means + SE. Different letters indicate significant differences
at P< 0.05 using the LSD test.

Relative water content (RWC)

The highest RWC (80 %) was gained by 10 mM GABA, which showed a significant difference with
other treatments. The lowest RWC (68 %) was detected in the control. Both GABA and spermine
increased the RWC in a similar pattern (Figure 7).
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Figure 7- Effect of GABA (A) and spermine (B) on relative water content of stock flower. Each

value represents the means = SE. Different letters indicate significant differences at P< 0.05
using the LSD test.

Electrolyte leakage (EL)

The lowest electrolyte leakage (20 %) was seen in the combined treatment of 10 mM GABA and 3
mM spermine. On the other hand, the highest electrolyte leakage (34 %) was observed in the control.
Both GABA and spermine decreased the electrolyte, but spermine had a greater effect on electrolyte
leakage than GABA (Figure 8).
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Figure 8- Effect of GABA and spermine on electrolyte leakage of M. incana. Each value
represents the means + SE. Different letters indicate significant differences at P< 0.05 using the
LSD test.

Total chlorophyll content

The combined treatment of 10 mM GABA and 3 mM spermine increased the leaves chlorophyll to the
maximum content. However, the lowest chlorophyll amount was seen in the control. Both GABA and
spermine increased the total chlorophyll content, but GABA had a greater effect than spermine
(Figure 9).
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Figure 9- Effect of GABA and spermine on total chlorophyll content of stock flower. Each value
represents the means = SE. Different letters indicate significant differences at P< 0.05 using the
LSD test.

Antioxidant enzymes activity

The highest activity of CAT, POD, SOD and APX enzymes was seen in the combined treatment
of 10 mM GABA and 3 mM spermine, which compared to the control demonstrated a 3-fold, 5-fold,
5-fold and 2-fold increase, respectively (Figure 10).
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Figure 10- Effect of GABA and spermine on antioxidant enzymes activity of M. incana. Each
value represents the means + SE. Different letters indicate significant differences at P< 0.05
using the LSD test.

Discussion

Plant growth regulators are used exogenously to increase the yield and quality of ornamental plants.
They can affect plants’ enzyme activities resulting in enhanced production of protein, chlorophyll,
carbohydrates and etc. The role of spermine and GABA in improving the morpho-physiological traits
of plants has been proven before. Polyamines enhance the morphological traits by increased cell
division and subsequent accelerated plant growth and development (Walden et al., 1997; Valero et al.,
2003; Takahashi et al., 2010). Their nitrogen structure as well as antioxidant effect can lead to
increased plant growth (Khosrowshahi et al., 2008; Tang et al., 2015). It is believed that exogenous
application of polyamines can also result in endogenous increase of polyamines. They are considered
essential for the normal development of the reproductive structures and improving the plant yield (Lie
et al., 2009). In a previous report on roses, Tatte et al. (2016) indicated that 10 ppm spermine has
beneficial effects on vegetative and reproductive characteristics. In another study, Ekinci et al. (2019),
demonstrated that spermine improved the plant height, leaf number, stem diameter and fresh and dry
weight of pepper plant. Similar outcomes were also obtained in the stock flower of the current study.
In Zoysia turfgrass (Sun et al., 2019) and rose flower (Tatte et al., 2016), spermine increased the total
chlorophyll content. GABA also increased the total chlorophyll content of Agrostis turfgrass (Li et al.,
2019) and garlic (Yousef et al., 2019). In the present study on stock flower, chlorophyll content was
improved which then resulted in enhanced plant growth and dry weight. Moreover, application of
GABA has increased the vegetative growth of garlic plant (Yousef et al., 2019). It also increased the
fresh and dry weight of chamomile flowers (Sadeghiani et al., 2019). Bayanloo et al. (2020) showed
shat GABA use has increased periwinkle’s stem height and diameter. Comparable results were
obtained in the current research on stock flower. Moreover, Hugo (2000) reported that GABA has
increased endogenous levels of hormones in the plant, which in turn has affected the growth and
physiological traits. In general, the increase in growth parameters due to GABA use can be explained
by the fact that GABA may play a role in carbon and nitrogen metabolism and also as integral part of
the TCA cycle (Fait et al., 2007). Another report suggests that GABA can be used as a source of
nitrogen for nitrogen metabolism, storage and transport (Shelp et al., 2012). Therefore, considering
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the role of GABA on morphological traits, storage and nitrogen metabolism, the improvement of
morphological traits of stock flower in the present study can be justified.

In previous studies, spermine application in rose (Tatte et al., 2016), gerbera (Palagani & Singh,
2017) and Zoysia turfgrass (Sun et al., 2019) has increased the RWC. Furthermore, GABA treatment
in perennial ryegrass (Krishnan et al., 2013), tomato (Zarei et al., 2020), anthurium (Soleimani
Aghdam et al., 2016) and Agrostis turfgrass (Li et al., 2019) has increased the RWC as well. In the
current investigation on stock flower, similar findings were observed. It can be inferred that
polyamines reduce moisture loss by reducing the rate of respiration and production of ethylene, and
simultaneously maintaining cell turgidity and membranes integrity (Khosrow Shahi et al., 2008). It is
suggested that polyamines act as compatible osmolytes by stimulating water uptake and reducing the
osmotic stress (Hosseini Farahi, 2013).

Furthermore, spermine use in Zoysia turfgrass (Sun et al., 2019) and wheat (Hassan et al., 2020) has
increased membrane stability and reduced electrolyte leakage. Also, GABA application in anthurium
(Soleimani Aghdam et al., 2016) and Agrostis turfgrass (Li et al., 2019) has increased membrane
firmness and further decreased electrolyte leakage. Similar results have been observed in the current
study on stock flower. Polyamines maintain membranes stability and reduce the electrolyte leakage by
increasing membrane fluidity and binding to negatively charged molecules (i.e., phospholipid and
pectin polysaccharides) (Pazoki et al., 2017). In fact, polyamines exhibit antioxidant properties and
poly-cationic activity to stabilize cell membranes and protect them from destruction. GABA may
reduce lipid peroxidation through increased antioxidant enzymes activity and therefore eliminates free
radicals (Zarei et al., 2020).

GABA has been reported to protect photosynthetic apparatus and chlorophyll pigments under stress
by reducing the accumulation of reactive oxygen species (Vijayakumari & Puthur, 2016). In the
present study on M. incana, GABA treatments increased the activity of antioxidant enzymes which
led to increased chlorophyll production. Due to the anti-ethylene role of polyamines, they inhibit the
degradation of chlorophyll by preventing the production of enzymes essential for ethylene
biosynthesis (Valero et al., 2002).

Exogenous application of spermine has led to synthesis of antioxidant metabolites, which is an
increasing force for interaction as well as neutralizing the harmful effects of reactive oxygen species
(Shu et al., 2013; Sajjad et al., 2015). Furthermore, spermine use in Zoysia (Sun et al., 2019) and
gerbera (Palagani & Singh, 2017) has increased the activity of antioxidant enzymes. Also, GABA
application in Agrostis turfgrass (Li et al., 2019) and Lolium turfgrass (Krishnan et al., 2013) has
increased the antioxidant enzymes activity. In the same way, spermine and GABA showed increased
antioxidant enzymes activity in stock flower as well. Researchers have revealed that GABA acts as
the first defense barrier against reactive oxygen species and reduces phospholipase and lipoxygenase
activity by increasing the ratio of saturated fatty acids to unsaturated fatty acids (Soleimani Aghdam
et al., 2016).

Conclusion

Exogenous application of GABA and spermine improved the morpho-physiological and biochemical
characteristics of stock flower. The aesthetic features such as plant height, stem diameter, flowering
time, flower number and flower diameter were enhanced. Thus, GABA and spermine can be
suggested as potent PGRs to enhance the flowers’ growth and attractiveness. Its use to enhance
drought stress tolerance merits further investigations.

325

Flower and Ornamental Plasts


http://dx.doi.org/10.61186/flowerjournal.7.2.315
http://flowerjournal.ir/article-1-240-fa.html

[ Downloaded from flowerjournal.ir on 2025-11-04 ]

[ DOI: 10.61186/flowerjournal.7.2.315 ]

Flower and Ornamental Plants (2023), 7(2): 315-328

References
Ahmadi Hesar, A., Kaviani, B., Tarang, A., Bohlooli, S. (2017). Effect of different concentration of kinetin on
regeneration of Matthiola incana. Plant Omics, 4(5), 236-238.

Bayanloo, E., Aelaei, M., Sani Khani, M. (2020). Effect of y-aminobutyric acid, humic acid and salicylic acid on
some morphophysiological responses of Catharanthus roseus L. Iranian Journal of Horticultural Science,
50(4), 993-1008. (In Persian)

Beyer J.R., W.F., Fridovich, I. (1987). Assaying for superoxide dismutase activity: some large consequences of
minor changes in conditions. Analytical Biochemistry, 161, 559-566. [DOI: 10.1016/0003-2697(87)90489-
1]

Chandlee, J., Scandalios, J. (1984). Analysis of variants affecting the catalase developmental program in maize
scutellum. Theoretical and Applied Genetics, 69, 71-77. [DOI: 10.1007/bf00262543]

Ekinci, M., Yildirim, E., Dursun, A., Mohamedsrajaden, N.S. (2019). Putrescine, spermine and spermidine
mitigated the salt stress damage on pepper (Capsicum annum L.) seedling. Journal of Agricultural Science,
29(2), 290-299. [DOI: 10.29133/yyuthd.562482]

Fait, A., Fromm, H., Walter, D., Galili, G., Fernie, A.R. (2007). Highway or byway: the metabolic role of the
GABA shunt in plants. Trends in Plant Science, 13, 14-19. [DOI: 10.1016/j.tplants.2007.10.005]

Heidari Krush, G., Rastegar, S. (2021). Reducing browning and keeping quality of narcissus (Narcissus tazetta
L. cv. ‘Shahla’) cut flowers using gamma amino butyric acid. Flower and Ornamental Plants, 6(1), 1-12.
[DOI: 10.52547/flowerjournal.6.1.29]

Hosseini Farahi, M., Eshghi, S., Kavoosi, B., Amiri Fahliani, R., Dastyran, M. (2013). Effects of spermidine and
calcium sulfate on quantitative and qualitative traits and vase life of rose grown in hydroponic system.
Journal of Science and Technology of Greenhouse Cultivation, 4(14), 15-26.

Krishnan, S., Laskowski, K., Shukla, V., Merewitz, E.B. (2013). Mitigation of drought stress damage by
exogenous application of a non-protein amino acid y-aminobutyric acid on perennial ryegrass. Journal of
American Society for Horticultural Science, 138, 358-366. [DOI: 10.21273/jashs.138.5.358]

Li, Z., Peng, Y., Huang, B. (2019). Alteration of transcripts of stress protective genes and transcriptional factors
by y-aminobutyric acid associated with improved heat and drought tolerance in creeping bentgrass (Agrostis
stolonifera). International Journal of Molecular Sciences, 1623-1628. [DOI: 10.3390/ijms19061623]

Nakano, Y., Asada, K. (1981). Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach
chloroplasts. Plant and Cell Physiology, 22, 867-880. [DOI: 10.1093/oxfordjournals.pcp.a076232]

Palagani, N., Singh, A. (2017). Influence of bio fertilizers and foliar spray of spermine and vermiwash on
growth, yield and postharvest quality of gerbera (Gerbera jamesonii Hook.) under naturally ventilated
polyhouse. International Journal of Current Microbiology and Applied Sciences, 6(12), 245-253. [DOI:
10.20546/ijcmas.2017.612.030]

326

Flower and Ornamental Plasts


http://dx.doi.org/10.61186/flowerjournal.7.2.315
http://flowerjournal.ir/article-1-240-fa.html

[ Downloaded from flowerjournal.ir on 2025-11-04 ]

[ DOI: 10.61186/flowerjournal.7.2.315 ]

Flower and Ornamental Plants (2023), 7(2): 315-328

Pazoki, A.R. (2017). Effect of polyamines foliar application on morphological traits, protein and extract
contents of sweet basil under drought stress conditions. Journal of Crop Production Research, 9(1), 71-94.

Sadeghiani, F., Amini Deh Aghai, M., Pirzad, A., Fotokian, M.H. (2019). Variation in yield and biochemical
factors of German chamomile under foliar application of osmolytes and drought stress conditions. Journal
of Herbmed Pharmacology, 8(2), 90-100. [DOI: 10.15171/jhp.2019.15]

Sajjad, Y., Jaskani M.J., Qasim, M., Akhtar, G., Mehmood, A. (2015). Foliar application of growth
bioregulators influences floral traits, corm associated traits and chemical constituents in Gladiolus
grandiflorus L. Korean Journal of Horticultural Science & Technology, 33(6), 812-819. [DOI:
10.7235/hort.2015.15052]

Shelp, B.J., Bozzo, G.G., Trobacher, C.P., Chiu, G., Bajwa, V.S. (2012). Strategies and tools for studying the
metabolism and function of y-aminobutyrate in plants pathway structure. Botany, 90(8), 651-668. [DOI:
10.1139/b2012-030]

Soleimani Aghdam, M., Naderi, R., Jannatizadeh, A., Askari Sarcheshmeh, M.A., Babalar, M. (2016).
Enhancement of postharvest chilling tolerance of anthurium cut flowers by y-aminobutyric acid treatments.
Scientia Horticulturae, 198, 52-60. [DOI: 10.1016/j.scienta.2015.11.019]

Sun, X., Xie, L., Han, L. (2019). Effect of exogenous spermidine and spermine on antioxidant metabolism
associated with cold induced leaf senescence in zoysia grass. Horticulture, Environment and Biotechnology,
60(3), 295-302. [DOI: 10.1007/s13580-018-0089-9]

Syed Sarfraz, H., Muhammad, A., Magbool, A., Kadambot, H.M. (2011). Polyamines: Natural and engineered
abiotic and biotic stress tolerance in plants. Biotechnology Advances, 29, 300-311.

Tatte, S., Singh, A., Ahlawat, T. R. (2016). Effect of polyamines and natural growth substances on the growth
and flowering of rose (Rosa hybrida) cv. Samurai under protected conditions. Journal of Applied and
Natural Science, 8(3), 1317-1320. [DOI: 10.31018/jans.v8i3.960]

Thomas, T., Thomas, T.J. (2001). Polyamines in cell growth and cell death: molecular mechanisms and
therapeutic applications. Cellular and Molecular Life Sciences, 58, 224-258. [DOI: 10.1007/pl00000852]
Upadhyaya, A., Sankhla, D., Davis, T.D., Sankhla, N., Smith, B. (1985). Effect of paclobutrazol on the activities
of some enzymes of activated oxygen metabolism and lipid peroxidation in senescing soybean leaves.

Journal of Plant Physiology, 121, 453-461. [DOI: 10.1016/s0176-1617(85)80081-x]

Valero, D., Martinez- Romero D., Serrano, M. (2002). The role of polyamines in the improvement of the shelf
life of fruit. Trends in Food Science and Technology, 13, 228-234. [DOI: 10.1016/50924-2244(02)00134-6]

Vijayakumari, K., Puthur, T. (2016). y-aminobutyric acid (GABA) priming enhances the osmotic stress
tolerance in Piper nigrum L. plants subjected to PEG induced stress. Plant Growth Regulation, 168-173.
[DOI: 10.1007/s10725-015-0074-6]

327

Flower and Ornamental Plasts


http://dx.doi.org/10.61186/flowerjournal.7.2.315
http://flowerjournal.ir/article-1-240-fa.html

[ Downloaded from flowerjournal.ir on 2025-11-04 ]

[ DOI: 10.61186/flowerjournal.7.2.315 ]

Flower and Ornamental Plants (2023), 7(2): 315-328

Yousef, E.A.A., Nasef, ILN. (2019). Growth and yield response of garlic genotypes to foliar application of y-
aminobutyric acid. HortScience Journal of Suez Canal University, 8(1), 35-43. [DOI:
10.21608/hjsc.2019.59848]

Zarei, L., Kousheshsaba, M., Vafai, Y. (2020). Effect of y-aminobutyric acid foliar application on chilling and
postharvest quality of tomato. Plant Production, 43(2), 199-212.

328

Flower and Ornamental Plasts


http://dx.doi.org/10.61186/flowerjournal.7.2.315
http://flowerjournal.ir/article-1-240-fa.html
http://www.tcpdf.org

