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Abstract
The current study aimed to evaluate the impact of putrescine foliar application and inoculation with arbuscular mycorrhizal 
fungi on some growth characteristics, absorption of nutrients, and post-harvest performance of Gerbera jamesonii cv. Dune. 
The present study was performed as a factorial trial with a completely randomized design and a total of three repetitions 
in the greenhouse. Experimental variants included 0, 1, 2, and 4 mM concentrations of putrescine as foliar spraying and 
mycorrhizal fungi, with and without mycorrhizal inoculation. The amount of mycorrhiza inoculation was 60 g per pot. 
Gerbera plants were transplanted into pots with or without mycorrhizal inoculation. Two weeks after the establishment of 
the plant and mycorrhizal fungus, foliar spraying of putrescine was performed every 15 days during a three-month period. 
In this experiment, morphological features such as fresh and dry weight of the root, pedicel length and diameter, the volume 
of the root, absorption of nutrients, including phosphorus, potassium, calcium, and nitrate, as well as post-harvest features, 
including relative fresh weight, solution absorption rate, and phenylalanine ammonia-lyase enzyme activity, underwent 
investigation. The findings demonstrated that putrescine, along with mycorrhizal fungi, had a positive effect on the growth 
characteristics of Gerbera, could increase nutrient absorption, and improve post-harvest indicators. Overall, these results 
indicated that 2 and 4 mM putrescine could positively affect growth and nutrient uptake indices, while 1 mM putrescine was 
more effective for post-harvest characteristics.
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Introduction

Gerbera jamesonii (G. jamesonii), commonly known 
as Gerbera, is an attractive cut flower that belongs to the 
prominent flowering plant family, Asteraceae. The genus 
Gerbera, named in honor of the German naturalist Traugott 
Gerber, contains 30 suitable species native to Asia and 
South Africa (Rymbai et al. 2017). The inflorescence is 
characterized by a compound or mass with three types of 
rays, trans, and disk florets. Gerbera flower cultivars are 

usually classified into standard and small sizes. Standard 
cultivars produce flowers 10–13 cm in diameter. Some 
cultivars can produce flowers up to 15 cm in diameter (Deng 
and Bhattarai 2018).

Polyamines (PAs) are considered a class of growth 
regulators in plants. There is strong evidence that PAs 
play an important role in physiological processes such as 
embryogenesis, root development, organogenesis, flower 
development, fruit ripening, or programmed cell death (Liu 
et al. 2015), as well as tolerance responses to major stresses 
affecting plant production. Putrescine, spermidine, and 
spermine are among the many PAs. Putrescine is the most 
common polyamine in higher plants (Collado-González 
et al. 2021); it is not only a signal molecule itself but also 
interacts with many molecules such as phytohormones 
and gas molecules. For example, exogenous treatment of 
putrescine leads to increased plant growth and maintains 
the post-harvest quality parameters of Lisianthus (Eustoma 
grandiflorum ‘Mariachi Garande White’) (Ataii et al. 2018), 
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Rosa hybrida ‘Dolce Vita’ (Danaee and Abdossi 2018), and 
Dianthus caryophyllus (Karimi et al. 2017). Habba et al. 
(2016) showed that the foliar application of putrescine in 
Poplar (Populus × euramericana) significantly increased the 
root growth and absorption of nutrients such as nitrogen 
(N), phosphorus (P), and potassium (K). Yousefi et  al. 
(2019) observed that the foliar application of putrescine has 
beneficial effects on various parameters of the growth of 
shoots and roots, and absorption of the nutrients of Rosa 
hybrida ‘Herbert Stevens’ plants.

Arbuscular mycorrhiza (AM) is a type of endomycorrhiza 
(Quilambo 2003). Symbiosis with AM fungi (AMF) has 
many favorable effects on plants. A consequential effect 
of this symbiosis may be increased uptake of mineral 
nutrients from the soil or soilless media, especially 
relatively immobile substances such as phosphate (Smith 
and Read 2008; Lin and Jones 2022). The symbiosis of 
AMF with plants can facilitate plant growth via multifarious 
mechanisms, including the production or regulation of 
the phytohormone level, an increase in plant nutrient 
availability and uptake, and the production of secondary 
metabolites (Dong et  al. 2019). Microbial mechanisms 
for improving nutrient bioavailability and uptake include 
N fixation, nutrient solubilization, and expansion of root 
surface area (Courty et al. 2015; Halpern et al. 2015). AMF 
improve plant nutrient availability, especially phosphate, 
the depletion of which is an important plant limiting factor 
(Gianinazzi-Pearson et al. 2021). AMF facilitate increased 
uptake and transport of nutrients to plants through extensive 
networks of hyphae that colonize roots (Genre et al. 2020). 
The effects of mycorrhizal inoculation on two Lilium species 
(Lilium ledebourii and Lilium longiflorum) were evaluated, 
and it was found that plants inoculated with mycorrhizal 
fungi had higher root colonization and height, as well as P 
absorption rate, compared to control plants. Iron and zinc 
were more in the inoculated plants than control plants so 
that the concentration of zinc in the inoculated plants was 
in the range of 30–35 mg/kg (Arjmand Alavi et al. 2014). 
Beneficial mycorrhizal fungi that colonize plants can 
provide lasting benefits to plant growth and health during 
greenhouse production, extend vase life during retail, 
and improve landscape performance for end consumers 
(Paradikovic et al. 2019). The use of mycorrhizal fungus 
on Gazania rigens could significantly increase the number 
of leaves and flowers, as well as the height and dry weight 
of the root, compared to the control plants and led to the 
production of high-quality plants (Sabatino et al. 2019).

Due to the removal of soil in soilless culture systems, 
a wide range of beneficial organisms, including fungi 
and growth-promoting bacteria, are also removed, 
and therefore, the use of biological fertilizers such as 
mycorrhizal fungi is a suitable method to replace these 
organisms in a soilless system (Dasgan et  al. 2008). 

Mycorrhizal fungi as one of the most important beneficial 
microorganisms increase the growth and development of 
plants by improving the absorption of nutrients (Yadav 
et al. 2012). On the other hand, polyamine may be an 
important regulatory factor in arbuscular mycorrhiza 
symbiosis. In addition, putrescine, the most common 
polyamine in higher plants, affects the growth and 
development, as well as the flowering and post-harvest 
quality of plants. Considering the above-mentioned 
explanations, this study sought to investigate the effect 
of different putrescine concentrations (0, 1, 2, and 4 mM) 
and mycorrhizal fungi inoculation on some traits of growth 
and development and nutrient absorption of Gerbera (G. 
jamesonii ‘Dune’).

Materials and methods

Materials and treatments of plants

For this purpose, a factorial trial was conducted with 
a completely randomized design under hydroponic 
conditions. It included a total of three repetitions each 
containing three pots, and each pot consisted of one plant. 
The Gerbera plants were transferred to the cultivation 
place (Urmia University). They were prepared as the 
tissue culture obtained from mother plants of the Dutch 
Company Floris and cultivated in modern farms in Iran. 
The Gerbera cultivar (i.e., G. jamesonii cv. Dune) having 
semi-full and orange flowers, as well as medium-to-large 
size and a dark center was cultivated in the present study. 
The plants were grown in plastic pots whenever they had 
4–6 leaves (volume, height, and diameter of the pot of 7 L, 
19 cm, and 24 cm, respectively). It should be noted that the 
soilless growing medium, which was obtained from Green 
Azin Company, Tabriz, Iran, contained perlite (30%), peat 
moss (65%), and cocopeat (5%).

The potting medium was inoculated with a combination 
of three fungi, including Rhizophagus fasciculatus, 
Diversispora versiformis, and Funneliformis mosseae. 
Inoculation was applied at the time of plant planting 
by placing 60 g of inoculum (soil, spores, hyphae, and 
infected roots) in the root zone of half plants (inoculated 
plants). Non-AM plants received the same weight as the 
autoclaved inoculum. Furthermore, the main inoculum was 
obtained from the Microbial Bank of the Department of 
Soil Sciences, Urmia University.

In this experiment, putrescine (Sigma-Aldrich) foliar 
spraying was used at the concentrations of 0, 1, 2, and 4 
mM two weeks after planting and establishing the Gerbera 
plant, once every 15 days, for three months.
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Growing conditions

The growing conditions in the greenhouse were light 
intensity of 400–500 μmol.m–2.s−1, day/night temperature 
of 20–25/13–16 °C, and a relative humidity of 60 ± 5%. 
The plants were fertilized three times a week based on the 
constitution of the nutrient solution mentioned in Rakbar 
et al. 2022.

Biometric measurements

Morphological characteristics were calculated two weeks 
following the ultimate treatments. Moreover, the pedicle 
length and its diameter were precisely determined by a 
ruler and a digital caliper (Mitutoyo, Japan), respectively. 
Additionally, the roots were cleansed with water. In addition, 
a digital scale (METTLER, PJ300) with a 0.0001 g accuracy 
was utilized to compute the roots’ fresh weight. To estimate 
the dry weight of the roots, the samples were placed in an 
oven at a temperature of 72 °C for 72 h and then measured 
with a digital scale. A cylinder containing 500 cc of water 
was used to measure the root volume. Further, the root was 
placed in a cylinder, followed by writing down the volume 
of water that came up and counting the volume of the root.

Cut flower characteristics

When 2–3 stamen rows of bisexual disk florets matured, 
the flowers were harvested by pulling the stems from the 
plants (Geraspolus and Chebli 1999). The stems were 
cut to a length of 45 cm and immediately transported to 
the laboratory. After recording the initial fresh weight, 
the flowers were placed in glass vases with 500 ml of 
distilled water. The flowers were then kept under controlled 
conditions (photoperiod of 14  h at photosynthetically 
activated radiation of 15 μmol.m−2.s−1 provided by 
fluorescent lamps, temperature of 20 ± 3 °C, and relative 
humidity of 65–70%). Changes in fresh weight and 
solution absorption were expressed as relative fresh weight 
(RFW) and relative solution uptake at different times after 
harvesting (the 1st, 6th, and 12th day).

Relative fresh weight

The fresh weight of each cut stem was measured on the 1st, 
6th, and 12th days of the experiment. RFW was calculated 
using the method of Joyce and Jones (1992) and expressed 
in g per g of the initial fresh weight per day by the following 
formula:

RFW = FWi∕FW0,

The amount of relative solution uptake

The cut flowers of Gerbera were placed in vessels that 
consisted of 500 ml of distilled water. Moreover, the level of 
solution uptake was determined as the ratio of the solution 
absorbed to the flower and the initial fresh weight of the flower 
stem and represented in ml  g−1 initial fresh weight  day−1 by 
the following formula (Alaey 2011):

Phenylalanine ammonia‑lyase activity (PAL) assay

The method of Kang and Saltveit (2002) was used to prepare 
the plant extract in order to measure the activity of the PAL 
enzyme. The reaction mixture containing 50 mM phosphate 
buffer (pH  7), 10 mM phenylalanine, 0.4 ml distilled water, 
and 0.1 ml enzyme extract was mixed and incubated at 
37  °C for one hour. The reaction time was stopped by 
adding 6 M hydrochloric acid, and the samples’ absorbance 
was determined by a spectrophotometer (HALO DB-20, 
Dynamica, England) at 260 nm (D’cunha et al. 1996). PAL 
enzyme activity was expressed according to the acid kinematic 
standard by the following formula:

Measurement of the amount of leaf elements

Measurement of leaf nitrate  (NO3.2−)

For this purpose, 0.1 g of ground leaf samples was suspended 
in 10 ml of distilled water and kept for one hour at 45 °C and 
filtered through Whatman No. 40 filter paper. The samples 
were extracted and analyzed immediately or within 24 h after 
extraction at 4 °C. A volume of 0.1 ml of the previous extract 
was thoroughly mixed with 0.4 ml of salicylic acid solution 
in a 30 ml tube. After 20 min at room temperature, 9.5 ml of 
2N NaOH solution was added slowly. The mixture was cooled 
to room temperature, followed by reading the color intensity 
at a 410 nm wavelength by applying a spectrophotometer. 
Nitrate–N in plant tissue is expressed as mg  NO3

−.g−1 dry 
weight by the following formula (Cataldo et al. 1975):

FWi = The weight of stem (g) at the desired day,

FW0 = The weight of the same stem (g) on the first day.

RFU = WUi∕FW0

Y = 0.0041X + 0.182

Nitrate content

(mg ∕ g dry weight) = Absorption rate ∗ 0.027∕0.037 ∗ 0.01 ∗ 10
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Measurement of leaf phosphorus, potassium, and calcium

The colorimetric method was employed to measure 
the amount of plant P based on the method of Ohyama 
et  al. (1991). To this end, ammonium molybdate, 
ammonium vanadate, and phosphorus solution standards 
were provided, and then the samples were read via 
a spectrophotometer at a 470  nm wavelength. After 
calculation, the amount of P was expressed as a percentage. 
The K content of plants was estimated by applying a flame 
photometer with the method presented by Ohyama et al. 
(1991). Ca content was calculated by titration with 0.01 M 
ethylenediaminetetraacetic acid (EDTA). Finally, the 
amount of the consumed EDTA was recorded, and then 
the amount of Ca ion was measured using the following 
formula (Ghazan Shahi 2006):

Ca =
(VEDTA) − (VEDTAc × N)

V
× 1000,

V = 5, N = 0.01, VEDTA = 0.5.

Statistical analysis

Plants were treated based on a two-factor factorial design 
with three repetitions. Data management and analysis were 
performed using SAS, version 9.2 (North Carolina State 
University). Eventually, the means underwent a comparison 
by applying Tukey’s multi-domain method at a significance 
level of 5%.

Results

Pedicel length and diameter

As shown in Fig.  1, pedicel length increased with an 
increase in the putrescine concentration, but at each level 
of putrescine, the pedicel length of inoculated plants was 
greater than that of non-inoculated plants. Based on Fig. 2a, 

Fig. 1  Effect of putrescine 
and mycorrhiza fungi on 
pedicel length of Gerbera 
‘Dune.’ Different letters 
indicate statistically significant 
differences between the 
treatments and control 
according to a Tukey test 
(P ≤ 0.05)

Fig. 2  Effect of putrescine a and mycorrhiza fungi b on diameter of the pedicel of Gerbera ‘Dune.’ Different letters indicate statistically 
significant differences between the treatments and control according to a Tukey test (P ≤ 0.05)
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putrescine treatment (at all concentrations) significantly 
increased the pedicel diameter compared to the control 
plants. Likewise, the inoculated plants demonstrated 
significantly greater pedicel diameter than the non-
inoculated groups (Fig. 2b).

Root fresh and dry weight

Based on data related to the fresh and dry weights of the 
plant roots, the concentration of putrescine 2 or 4 mM with 
the inoculation of mycorrhizal fungi was associated with 
a significant increase in the fresh weight compared to the 
control plants (Fig. 3). Accordingly, no significant difference 
was observed in the fresh weight of the roots of non-
inoculated plants with the use of putrescine. Mycorrhizal 
fungi increased the dry weight of roots and represented a 
noticeable difference in comparison to non-inoculated plants 
(Fig. 4).

Root volume

By analyzing the amount of root volume under the 
conditions of this research, plants treated with 2 or 4 mM 
putrescine demonstrated the highest increase in the root 
volume. Nonetheless, there was no significant difference 
between the control plants and plants sprayed with 1 mM 
putrescine (Fig. 5a). Finally, mycorrhizal fungi increased 
root volume and represented a considerable difference in 
comparison with non-inoculated plants (Fig. 5b).

Fig. 3  Effect of putrescine 
and mycorrhiza fungi 
on root fresh weight of 
Gerbera ‘Dune.’ Different 
letters indicate statistically 
significant differences between 
the treatments and control 
according to a Tukey test 
(P ≤ 0.05)

Fig. 4  Effect of mycorrhizal fungi on root dry weight of Gerbera 
‘Dune.’Different letters indicate statistically significant differences 
between the treatments and control according to a Tukey test 
(P ≤ 0.05)

Fig. 5  Effect of putrescine a and mycorrhiza fungi b on root volume of Gerbera ‘Dune.’Different letters indicate statistically significant 
differences between the treatments and control according to a Tukey test (P ≤ 0.05)
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Nutrient uptake

Phosphorus

In terms of the impact of mycorrhiza and putrescine 
treatments on the P amount, the interaction impact of 
mycorrhiza inoculation and putrescine foliar spraying could 
increase the level of leaf P compared to the control (Fig. 6). 
Interestingly, the foliar application of putrescine failed to 
increase the P content of non-inoculated plants.

Calcium

Based on the results (Fig.  7), the use of putrescine on 
inoculated Gerbera plants had a definite effect on the amount 
of leaf Ca and caused a significant increase compared to the 

control. No increase in Ca content was observed in non-
inoculated plants using putrescine.

Potassium

The obtained data (Fig. 8) revealed that with the application 
of putrescine, the concentration of leaf K in non-inoculated 
plants did not differ significantly, while it increased in 
inoculated plants. In general, at all concentrations of 
putrescine (1, 2, and 4 mM), plants inoculated with AMF 
had higher K content than non-inoculated plants.

Nitrate

By analyzing the amount of nitrate under the conditions 
of the current study, the highest increase in nitrate 

Fig. 6  Effect of putrescine 
and mycorrhiza fungi on 
phosphorus content of 
Gerbera ‘Dune.’ Different 
letters indicate statistically 
significant differences between 
the treatments and control 
according to a Tukey test 
(P ≤ 0.05)

Fig. 7  Effect of putrescine 
and mycorrhizal fungi on 
calcium content of Gerbera 
‘Dune.’Different letters 
indicate statistically significant 
differences between the 
treatments and control 
according to a Tukey test 
(P ≤ 0.05)
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percentage was found in plants treated with 2  mM 
putrescine and mycorrhiza. The lowest amount of nitrate 
(0.009 mg.  g−1 DW) was related to the control treatment 
without the inoculation of mycorrhizal fungi (Fig. 9).

Post‑harvest indices

Relative fresh weight

Regarding the impact of various concentrations of 
putrescine and mycorrhiza inoculation on the RFW 
of Gerbera plants, the data indicated (Table  1) that 
the increase in RFW was associated with putrescine 
treatments (1 mM) and mycorrhiza inoculation 6 and 
12 days after harvest. On day 12, the lowest RFW (0.63 g. 
 g−1  FW0) belonged to the control condition)with no 
mycorrhizal fungi inoculation).

Relative adsorbed solution

The data represented that the spraying of putrescine, along 
with mycorrhizal inoculation, increases the absorption of the 
solution by the flower, indicating that plant transpiration is 
less than absorption, which delays the wilting of the flower 
and prolongs the vase life (Table 1). In inoculated plants, all 
concentrations of putrescine increased the absorbed solution 
6 and 12 days after harvest compared to non-inoculated 
plants.

Phenylalanine ammonia‑lyase

According to the activity of PAL, the enzyme activity 
increased during the vase life period of Gerbera cut 
flowers so that on days 6 and 12, the enzyme activity level 
demonstrated a noticeable difference with day 1. The greatest 
amount of PAL activity (54.94 u/mg) belonged to the 2 mM 
putrescine treatment with mycorrhizal fungi inoculation on 
day 12, and it was significantly different from the control on 

Fig. 8  Effect of putrescine 
and mycorrhiza fungi 
on potassium content of 
Gerbera ‘Dune.’Different 
letters indicate statistically 
significant differences between 
the treatments and control 
according to a Tukey test 
(P ≤ 0.05)

Fig. 9  Effect of putrescine 
and mycorrhizal fungi on 
nitrate content of Gerbera 
‘Dune.’ Different letters 
indicate statistically significant 
differences between the 
treatments and control 
according to a Tukey test 
(P ≤ 0.05)
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all days. The lowest activity of PAL was associated with the 
control (with no mycorrhizal fungi inoculation), the details 
of which are provided in Table 2.

Discussion

Based on the findings of the present study, mycorrhizal fungi 
inoculation and putrescine treatment could increase the 
growth and development of Gerbera and nutrient absorption. 
PAs are considered a group of growth regulators that play 
an essential role in the biochemical and physiological 
processes of plants. They are related to the regulation of 
enzyme activity, DNA replication, gene transcription, cell 
division, and membrane stability, and have a wide range 
of biological functions in plant growth and development 
(Chen et al. 2019). It has been also demonstrated that the 
chemical or genetic depletion of putrescine is lethal for many 
organisms, not only for plants, suggesting that putrescine 
may play a vital role in growth and development (Kusano 
et al. 2008). Therefore, in the present study, the increase in 
pedicel length and diameter could be due to the effect of PAs 
on cell division and cell length increase.

In this research, spraying G. jamesonii with putrescine 
had a significant effect on root growth in inoculated plants. 
These effects may be related to the known role of PAs in 
regulating cell division and differentiation in the root apex 
and during lateral and adventitious root formation (Yu et al. 
2016). In addition to being a signaling molecule, putrescine 
can interact with gaseous molecules, phytohormones, and the 
like (González-Hernández et al. 2022). Overall, putrescine 
was affirmatively associated with gene expression for 
biosynthesis of indole acetic acid (IAA) (Anwar et al. 2015). 
Auxin biosynthesis, transport, and its signaling play a vital 
role in root growth and development control. The consistent 
role of auxin in root development has identified it as an 
important regulator (Shivani et al. 2013). The Pas–auxin 
interaction has been reported in root formation and growth in 
two sweet orange (Citrus sinensis L. Osb.) cultivars (Mendes 
et al. 2011). Furthermore, S-adenosyl methionine (SAM) is 
a precursor of ethylene and PAs biosynthesis (Couee et al. 
2004), and ethylene also participates in auxin biosynthesis. 
Therefore, it is possible that PAs also indirectly regulates 
root growth and development through interaction with 
ethylene and auxin. Our results are consistent with those of 
Abbasi et al. (2017) demonstrating that foliar application 

Table 1  The effect of putrescine and mycorrhiza fungi on some post-harvest traits of Gerbera flower of Dune cultivar

Put putrescine
Different letters indicate statistically significant differences between the treatments and control according to a Tukey test (P ≤ 0.05)

Measured 
index

Treatment

Control Put 1 mM Put 2 mM Put 4 mM

Time (d) No inoculation inoculation No inoculation Inoculation No inoculation Inoculation No inoculation Inoculation

Relative 
Fresh 
Weigth 
(g/g  FW0)

6 0.85b 0.90b 1.28b 2.14a 1.11b 2.03a 0.90b 0.94b

12 0.63b 0.68b 1.06b 1.00b 0.84b 1.00b 0.72b 0.85b

Relative 
adsorbed 
solution 
(ml/g 
 FW0)

6 2.43d 3.29cd 3.00cd 6.19b 3.00cd 6.19b 2.81cd 5.79b

12 4.00c 6.09b 6.22b 7.80a 6.15b 7.48a 6.04b 7.04ab

Table 2  The effect of putrescine and mycorrhiza fungi on some post-harvest traits of Gerbera flower of Dune cultivar

Put putrescine
Different letters indicate statistically significant differences between the treatments and control according to a Tukey test (P ≤ 0.05)

Measured index Treatment

Control Put 1 mM Put 2 mM Put 4 mM

Time No inoculation inoculation No inoculation Inoculation No inoculation Inoculation No inoculation Inoculation

PAL activity (u/
mg F.W.)

0 38.46l 40.33k 42.61j 44.50i 47.63ef 48.54d 46.50g 46.38gh

6 40.46k 42.03j 45.59h 46.91fg 51.00c 51.09c 48.88d 48.42de

12 44.21i 45.56h 49.13d 50.79c 51.11c 54.94a 52.43b 51.97b
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of putrescine increased plant growth and root and shoot 
biomass.

The increase in the dry weight of the plant shoots and 
other growth traits are related to the high absorption of P 
in the plant and better root colonization and establishment. 
AMF inoculation can significantly increase the concentration 
of various macronutrients and micronutrients, increasing the 
production of photosynthate and thus the accumulation of 
biomass (Chen et al. 2017; Mitra et al. 2019). AMF can 
enhance the uptake of mineral nutrients in nearly all plants, 
particularly phosphate (Nell et al. 2010). Following this 
research, experimental tests focusing on AMF-inoculated 
tomato plants revealed an increase in N, K, Ca, and P 
contents and leaf area, representing an increase in plant 
growth (Balliu et al. 2015). AMF establish a symbiosis 
with roots in order to obtain essential nutrients from the 
host plant, providing mineral nutrients (e.g., N, P, K, Ca, 
Zn, and S). Moreover, they produce fungal structures such 
as arbuscules, helping in the exchange of compounds of 
carbon and P and inorganic minerals, eventually providing 
important vigor to host plants (Prasad et al. 2017). Hence, 
they can noticeably increase the P concentration in shoot 
and root systems (Al-Hmoud and Al-Momany 2017). 
An increase in the photosynthetic activity and other leaf 
functions is directly attributed to an improvement in the 
growth frequency of AMF inoculum, which is directly 
associated with N, K, P, and carbon uptake, moving to roots 
and promoting tuber growth (Begum et al. 2019). N increases 
photosynthesis by increasing leaf thylakoids and stroma 
protein. K plays a vital role in the production of proteins 
and hydrocarbons in plants. It provides the pressure potential 
necessary for growth by producing high vacuole turgor in 
expanded cells. The appropriate amount of absorbed P 
can improve root growth, thus enhancing the quantity and 
quality of flowers (Khalaj et al. 2019). Mycorrhizal fungi 
also stimulate rooting by producing auxin, cytokinin, and 
gibberellins, causing hormonal changes and activating the 
root meristem (Pons et al. 2020). As a result, the absorption 
of nutrients increases in the presence of mycorrhiza; thus, 
improving these nutritional conditions and other beneficial 
effects of mycorrhizal fungi can improve plant growth 
and performance characteristics. Probably, putrescine and 
mycorrhiza have caused more expansion of the root due to 
their effect on plant growth regulators and absorption of 
nutrients, thus increasing its yield. The ability of the root to 
absorb water and nutrients increases the growth of the shoot 
and root; as a result, the biomass of the plant has increased, 
and it has gained a greater ability to produce shoots and 
flowers.

Studies demonstrated that PAs play a role in the process of 
root growth, and the application of exogenous PAs enhances 
the structure of the root through increasing the percentage of 
hairy and thin roots. These alterations can enhance nutrient 

absorption and increase their concentrations in the plant. 
On the other hand, PAs can function as a source of N for 
plants and improve plant growth (Rezvanipour et al. 2016). 
The dry matter of the plant increased with an increase in N 
content (Fekri 1999). It was reported that in plants treated 
with putrescine, the physiological efficiency of these plants 
improved due to the increase in the efficiency of the roots 
in the absorption of macronutrient elements (Habba et al. 
2016). According to a previous study, the effect of polyamine 
on the growth rate is because it helps absorb minerals such 
as N, P, and K from the soil (Abbasi et al. 2017).

The results of many previous studies emphasize the 
increase of P and K absorption by the inoculation of mycor-
rhizal fungi. The effect of mycorrhizal fungi on the absorp-
tion of elements by plant roots is noticeable and depends 
on the type of plant element and plant species. Evidence 
suggests that mycorrhizae prevent nutrient absorption (Arj-
mand Alavi et al. 2014). In contrast, some reports indicate 
that inoculation with mycorrhizal fungi increases nutrient 
uptake (Perner et al. 2007). Roots inoculated with mycor-
rhizal fungi develop the networks of hyphae that allow the 
hyphae to absorb nutrients directly from the rhizosphere. 
Mycorrhiza can also release glomalin, which is part of the 
soil structure, into the rhizosphere and improve the struc-
ture of the rhizosphere and better absorb water and nutri-
ents from the rhizosphere (Bi et al. 2018). Considering that 
putrescine and mycorrhiza increase root efficiency in the 
plant rhizosphere, they increase the plant’s ability to better 
absorb nutrients. Based on the results of the present study, 
putrescine and mycorrhiza could increase the absorption of 
P, K, Ca, and nitrate.

Water balance is the main factor in determining the 
quality of cut flowers. Cut flowers lose more water and 
wilt when transpiration exceeds water absorption. The 
inability of flowers to absorb water is one of the reasons 
for the flourishing of flowers, which may be due to the 
blockage of vessels (Ahmadi Majd et al. 2021; Fanourakis 
et al. 2016, 2021). Gerbera cut flowers are susceptible to 
drooping. During the vase life, the neck bends and the flow 
of water to the flower is almost blocked. The resistance to 
drooping depends on the strength and density of the stems 
and pedicels, which is determined by the absorption of the 
solution. Previous studies indicated that PAs increase water 
absorption. The proposed mechanism for PAs can be the 
role of these compounds in reducing evaporation from the 
tissue of cut flowers, as well as reducing their respiration, 
which prevents the weight loss and wrinkling of cut 
flowers and maintains their quality (Successful and Zamani 
Bahramabadi 2015).

In the present study, it was found that putrescine and 
mycorrhizal fungi affect PAL activity in plants. This activity 
is influenced by several factors, including light, temperature, 
growth regulators, inhibitors of RNA and protein synthesis, 
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wounding, mineral nutrition, and stimulus treatment (Mohr 
and Cahill 2001). PAL can also be activated by fungal 
stimuli and is the first and most important allosteric enzyme 
of phenylpropanoid metabolism. The phenylpropanoid 
pathway catalyzed by PAL leads to various derivatives such 
as phenolics, lignin, suberin, and the like (Abd Elbar et al. 
2019). Therefore, increasing PAL activity increases lignin 
biosynthesis. The occurrence of pedicel bending during the 
vase life is one of the major problems after harvesting Gerbera 
cut flowers, threatening flower producers and consumers. In 
general, the bent neck of cut flowers is associated with a poor 
lignification mechanism during pedicel elongation (Cinotti 
et al. 2005). A decrease in lignin content weakens the stiffness 
of the stem and the vascular tissue that supports water and 
minerals in the xylem, thereby reducing the mechanical 
strength of real flowers, and disrupts the transport of water 
and minerals to the flower, leading to pedicel bending (Soe 
et al. 2022).

Based on the findings of this study, it is recommended 
that in addition to the use of mycorrhizal fungi, the use of 
2 and 4 mM putrescine is beneficial for growth and nutrient 
absorption. Some studies clearly confirmed the relationship 
between PAs and improved plant growth and development due 
to their effects on cell division and differentiation (e.g., Khan 
et al. 2008; Qing-Sheng and Zou 2009). However, it depends 
on the plant species and the type of polyamine (Liu et al. 
2006). In this research, 2 and 4 mM putrescine were effective 
not only in the growth and development of Gerbera but also 
in plant–fungus interactions, root growth, and absorption of 
nutrients, including N, by the roots. An increase in leaf nutrient 
content by PAs has also been observed in other horticultural 
plants, including gladiolus, pepper, and trifoliate orange 
seedlings (Nahed et al. 2009; Shawky 2003; Wu et al. 2010).

In this study, the foliar spraying of 1-mM putrescine was 
useful for improving the post-harvest quality of Gerbera 
cut flowers. In accordance with these results, previous 
literature demonstrated that the foliar application of PAs at 
low concentrations is effective at bud stages (Upfold and Van 
Staden 1991). When PAs are sprayed, first, they accumulate 
in the petals and are successively transported to the flower 
stem, where they probably delay the progression of senescence 
by combining with various cell wall components (Bagni and 
Tassoni 2006). The results of this research are consistent with 
the findings of Bagni and Tassoni (2006), indicating that 
spraying high concentrations of PAs has a toxic effect on the 
appearance of flowers, but does not have adverse effects on cut 
flowers in vase water.

Conclusion

The current study evaluated the impact of mycorrhizal 
fungi and putrescine on some growth and post-harvest 
features of G. jamesonii ‘Dune.’ According to the results 
of the present research, putrescine and mycorrhiza 
improved the growth indicators and better absorption of 
elements by the roots, as well as maintaining the water 
balance and freshness of Gerbera cut flowers. According to 
the obtained results, 2 and 4 mM putrescine had a positive 
effect on growth and element absorption indicators, but 
1 mM putrescine was more effective after harvest. The 
findings of this study can be highly useful for Gerbera 
growers in producing high-quality cut flowers that last 
longer.
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