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Introduction

Agave americana cv. Marginata from the Agavaceae family is an important plant with many uses in various
medicinal and food industries. Among environmental stresses, water deficit stress plays an important role in the
biosynthesis of secondary metabolites in medicinal plants in arid and semi-arid regions like Iran. Drought stress
has detrimental effects on growth and yield and can disrupt the balance between the antioxidant defense system
and free radicals by triggering a cascade of biochemical reactions in which free radicals cause cell damage. In
sustainable production systems of medicinal and aromatic plants, stable quantitative and qualitative functions
can be achieved under conditions of environmental stress and it is possible to improve the production of
secondary metabolites in these plants under adverse environmental conditions. Therefore, this study was done to
evaluate some of the important macro-micro nutrients on the morpho-physiological and phytochemical
properties of Agave americana cv. Marginata to determine and introduce the best combinations of fertilizers with
use of superabsorbent nano-polymer under water stress conditions.

Materials and Methods

This research used a randomized complete block design (RCBD) in a split-split plot layout with three
replications. Irrigation regimes (D1-D3: Field Capacity, 50% and 75% evaporation from basin class A) in main
plots, superabsorbent nano-polymer application (S1-S2: use and not use) in sub plots and treatments of fertilizers
[F1-F15: grow-more 1 (F1), grow-more 2 (F2), grow-more 3 (F3), iron chelate (F4), zinc chelate (F5), grow-
more 1 + iron chelate (F6), grow-more 1 + zinc chelate (F7), grow-more 2 + iron chelate (F8), grow-more 2 +
zinc chelate (F9), grow-more 3 + iron chelate (F10), grow-more 3 + zinc chelate (F11), grow-more 1 + iron
chelate + zinc chelate (F12), grow-more 2 + iron chelate + zinc chelate (F13), grow-more 3 + iron chelate + zinc
chelate (F14) and control (F15)] in sub-sub plots were done. This research was performed in greenhouse
conditions of Islamic Azad University Branch of Shahrekord (latitude: 32°20’ N, longitude: 50°51" E, altitude:
2061 m) in 2023-2024. In each year, fertilizer treatments were applied in foliar application after stage of V8
(plants had 8 leaves) in 6 stage by 14 days interval and harvesting was done one month after the final application
of fertilizers. The fertilizers Grow-More (NPK), iron and zinc in 4 gr.I"t concentration by the production
company certification were used in V8 stage in plants and the effects were compared with control plants. Weed
control was done manually during the entire experiment. During the experiment, no systemic pesticide or
herbicide was used. The harvested shoots were transferred to the laboratory for measurement of various
characteristics. Morphological characters such as leaf length, leaf diameter and dry/fresh root/leaf weight;
physiological characters such as total chlorophyll and zinc, iron and nitrogen content in root/leaf and
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phytochemical characters such as contents of hecogenin, saponin, and protein in leaf and root were measured.
For assessment of the total chlorophyll content of A.americana, the leaves were extracted with 80% acetone. The
absorbance of the extraction was read at 470, 648, and 664 nm, and the content of total chlorophyll was
calculated as mg per g leaf fresh weight. For the measurement of hecogenin, saponin, total protein in the leaf and
root and the nitrogen content in leaf and root use the protocols of Hackman et al., 2006, Sidana et al., 2016,
Bradford, 1976; Alvarez-Chavez et al., 2021; were followed respectively.

Results and Discussion

Over two consecutive years, the obtained results showed that the use of treatments increased the characters
and showed significant effectiveness. The highest mean values for leaf dry weight (30.11 g.plant?), leaf fresh
weight (207.33 g.plant?), root dry weight (3.82 g.plant?), root fresh weight (18.79 g.plant?), length of leaf
(64.55 cm), leaf diameter (0.41 Cm), total chlorophyll (2.82 mg.g* fresh weight), hecogenin (35.48 mg.kg™* fresh
weight), saponin (66164.8 mg.kg* fresh weight), nitrogen of leaf (1.39 mg.g* dry weight), nitrogen of root (1.23
mg.gt dry weight), protein of leaf (25.34 mg.g* dry weight), protein of root (16.99 mg.g* dry weight), zinc of
leaf (68.99 pg.g dry weight), zinc of root (44.84 ug.g* dry weight), iron of leaf (81.01 pg.g™ dry weight) and
iron of root (49.84 pg.g* dry weight) made in grow-more fertilizers specially grow-more 1 (20-20-20) in
combination with Fe/Zn Libfer. However the superabsorbent nano-polymer application had an aggressive effect
on the amounts of characters especially in hardness of water stress. The lowest values for morpho-physiological
and phytochemical characters such as leaf dry weight (12.81 g.plant™), leaf fresh weight (89.54 g.plant?), root
dry weight (1.62 g.plant?), root fresh weight (8.18 g.plant?), length of leaf (41.12 cm), leaf diameter (0.24 cm),
total chlorophyll (1.95 mg.g fresh weight), hecogenin (21.88 mg.kg* fresh weight), saponin (22134.3 mg.kg™
fresh weight), nitrogen of leaf (0.29 mg.g* dry weight), nitrogen of root (0.77 mg.g* dry weight), protein of leaf
(10.11 mg.g dry weight), protein of root (6.47 mg.g* dry weight), zinc of leaf (34.34 ug.g* dry weight), zinc of
root (20.36 ug.g* dry weight), iron of leaf (43.77 pg.g* dry weight) and iron of root (27.73 ug.g* dry weight)
made in control plants. In most of the measured characters the treatments of D1S1F12, D3S1F14 and D2S1F14
were the best and control plants had the least of the characters.

Conclusion
Generally the application of Grow-More fertilizer 1 (20-20-20) with the consumption of zinc and iron
fertilizers can be a good strategy to improve the morpho-physiological and phytochemical characters of Agave
americana cv. Marginata especially the hecogenin and saponin amounts in water stress conditions. However the
use of superabsorbent nano-polymer in strenuous drought stress (75%) is more effective than other water stress
levels.
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Table 1- Grow-more fertilizers properties
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0
20-20-20 1 20 5.9 3.9 10.2 20 20 0.1 0.1 0.05 0.05 0.0005
30-5-15 2 15 9.1 2 3.9 5 30 0.2 0.05 0.05 0.05 0.0005
36-12-12 3 12 3.8 4 4.2 12 36 0.2 0.1 0.05 0.05 0.0005
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Table 2- Physicochemical properties of the studied soil
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2\;2; 146 292 252 456 766 0.4 134 011 017 009 003 16 47 2.2
2\;;; 155 309 248 443 711 015 187 0.6 011 0101 002 14 454 2.8
S sloxe dlge :TDS

TDS: Total Dissolved Solids
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2\;2; 3.42 0.91 1.43 2.28 0.16 0.763 247.93 387 8.11
VELY
2;24 3.55 0.88 141 2.14 0.17 0.788 255.1 399 8.09
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TDS: Total Dissolved Solids
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Continued table 3- Characteristics of water used for irrigation
Jlw Ol &89, Fie o0 o2l 38 g olyys
Year NO;- Zn Mn Cu Fe Cd SO COg*
(meqg.lit?)  (meg.lit?) (meg.lit?) (meq.lit!) (meqg.lit!) (meg.lit?) (meq.lit!) (meq.lit?)
2\;2; 23.67 0.001 0.001 0.001 0.009 0 0.001 0.21
VEY
2024 24.01 0 0 0.001 0.002 0 0.002 0.24
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Introduction

Mushrooms are a very large group of organisms. The number of species of mushrooms is estimated at 1.5
million, of which about 300 are edible, only 30 have been domesticated, and finally 10 species are cultivated
commercially. Oyster mushrooms (Pleurotus spp.) of the genus Pleurotus are the most important cultivated
edible mushrooms in the world after button mushrooms. Edible mushrooms are now considered one of the most
important food sources in the world, and their cultivation is constantly increasing with population growth. For
this reason, the importance of cultivating edible mushrooms is increasing day by day. In edible mushrooms, the
mycelium that emerges from a single spore is sterile and requires hybridization between compatible
monokaryotic mycelia to complete the sexual cycle. The oyster mushroom P. eryngii has also been given the
name of king oyster mushroom due to its large edible organ. The mushrooms grow in small groups. The spores
of this mushroom are white, and its mycelium has a connecting arch. The king oyster mushroom has a firm
texture and short radial blades.

Materials and Methods

In this study, three species of oyster mushrooms (Pleurotus ostratus var florida, P. eryngii, P. corncopia)
were crossed with each other in order to benefit from the special characteristics of each species and their
aggregation into one species. Monokaryons of each species were prepared. Then, monokaryons of the two
species were placed 5 mm from each other. For the cultivation of hybrid spawn and parents, three beds
containing wheat straw (weighing 6.8 kg) were prepared for each and sterilized. After spawning, the beds were
placed in a suitable environment and then the humidity of the environment was increased to 85-90% until the
hybrids started to produce primary nodes and then pin and turn into mature heads. The heads at this stage were
tested for spore production.

Results and Discussion

The results showed that from 300 crosses, only in 4 crosses did the Florida and eryngii monokaryons grow
together and form a clamp connection, producing dikaryons, and four hybrids named H1, Hao, H11, and Hs, were
obtained. While from among 300 crosses between Florida monokaryons and yellow fungus and 100 crosses
between eryngii monokaryons and yellow fungus, no dikaryons were produced due to interspecific
incompatibility. Spawns of the produced hybrids were prepared with Florida and eryngii and then cultivated in
sterile media in a completely randomized design with three replications. The average base diameter of eryngii
was significantly greater than that of Florida. The average base diameter of eryngii was not significantly
different from that of the Hi; hybrid, while the average base diameter of eryngii was greater than that of the Hs,
and Hi: hybrids and less than that of the H; hybrid. There was also a significant difference in the average base
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diameter among the hybrids. Among the hybrids, Hi had a larger average base diameter than that of the Hao, Haz,
and Hay hybrids. eryngii had the highest fresh weight of edible organs with an average fresh weight of 120.5
grams. The average fresh weight of edible organs of eryngii was not significantly different from that of hybrid
Hao. In terms of yield (fresh and dry weight), the hybrids Hi1, H1 and Hsz were very similar and were placed in a
single cluster. On the other hand, the hybrid Ha was similar to eryngii. In general, the hybrids and eryngii were
placed in the same group in terms of yield. This is while Florida occupied a separate group. The result is that in
terms of yield, the hybrids were similar to eryngii and the high yield traits from Florida were not transferred to
the hybrids.

Conclusion

There was a significant difference between genotypes in terms of spawn running, and the hybrids were
similar to eryngii and spawn running for a longer period than Florida. Hybrids Ha and Hs, were earlier than their
parents and other hybrids because they had shorter days to first pin emergence and ultimately shorter planting
period. Hybrid Hyo is considered a suitable hybrid with similar edible organ fresh weight to eryngii. Hybrid Hao
had higher yield (fresh weight) and biomass than other hybrids and was similar to eryngii. The least sporulation
(spore germination) was observed in hybrids Hi and Hii, which was even lower than eryngii. Hybrid Hao,
although it seems to be a desirable hybrid in some traits, had high spore germination and was similar to Florida.

Keywords: Eryngii, Florida, Interspecific hybrid, Yellow mushroom, Yield
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Introduction

Gerbera (Gerbera jamesonii Bolus, Asteraceae) commonly known as Transvaal Daisy, is one of the ten most
popular and important commercial cut flowers. Gerbera is a perennial, tropical, herbaceous plant with colorful
and attractive flowers that are widely used as a decorative garden plant or cut flowers. The most important
problem of the gerbera cut flowers is short vase life. The end of vase life of cut gerbera flowers is often due to
bending of the scape. The aim of this study was to screen the effects of nanosilver and salicylic acid as pulse
treatment and sucrose and thyme, clove and peppermint essential oils as permanent treatment on vase life and
some physiological and biochemical traits of gerbera ‘Rosalin’ cut flowers.

Materials and Methods

This study was conducted as a factorial experiment based on completely randomized block design with three
replications. The first factor was pulse treatments using nanosilver (NS) 5 and 10 mg.L™* (Nanocid Company,
Iran), salicylic acid (SA) 50 and 100 mg.L? (Merck Company) and distilled water as control, and the second
factor was permanent treatments applying distilled water, sucrose 4% (Merck Company), peppermint (100 mg.L"
1), thyme (100 mg.L™?) and clove (300 mg.L™) essential oils (EO) (Zardband Company, Iran). Pulse treatments
were applied for 24 h. Treated stems were then stood into vases containing permanent treatments. Vase solutions
were freshly prepared at the beginning of the experiment and not renewed during of the study. The measured
traits were: flower vase life, flower water content (WC), relative fresh weight (RFW), water loss (WL), water
uptake (WU), total soluble solid (TSS), superoxide dismutase (SOD) enzyme activity and malondialdehyde
(MDA) amount (Biovision Colorimetric Assay Kit, USA). The experiment was conducted in the laboratory at
20-22°C, 40-50% RH, and 15 pmol.m2.s* light intensity (cool white florescent tubes) under a daily light period
of 12 hours. The obtained data were analyzed using MSTAT-C program and mean comparison was done using
LSD range test.

Results and Discussion
The results showed that NS 10 mg.L"* with thyme EO 100 mg.L? (14.25 days) and NS 10 mg.L™ followed by
peppermint EO 100 mg.L? (14 days) had the best effect on longevity and maintaining the water content of
gerbera cv. ‘Rosalin’ cut flower, compared to other treatments. Flower WC was high (about 90%) except in 4%
sucrose permanent treatment flowers which had negative effect and decreased more rapidly during the vase life
period. Despite antimicrobial preservative application, RFW, WU, WL and TSS generally had a decreasing trend
during the experiment. However, it was observed that flowers treated by NS 10 mg.L™* (0.86 g.g™%), thyme (0.77
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EY Attribution 4.0 International License (CC BY 4.0).
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g.9Y) and peppermint (0.72 g.g™) EOs had the highest RFW on the eighth day of the experiment, but 4% sucrose
(0.59 g.g'!) permanent treatment reduced RFW during cut flower vase life. The highest WU was observed in SA
100 mg/L (67.28 g), NS 5 (61.31 g) and 10 mg/L (60.35 g) on the second day. According to the results of this
research, pulsing by NS 5 and 10 mg.L™ and SA 100 mg.L™ resulted in the most WL on day two (64.24, 57.85
and 64.95 g respectively). TSS of the cut flowers decreased with time, however reduction rates were delayed in
SA and NS treated flowers. On the eighth day of experiment, long-term treatment showed the greatest effect on
TSS amount. Flowers treated by NS 10 mg.L* followed by 4% sucrose and peppermint EO treatment had the
highest TSS amount, respectively 3.50 and 3.17 Bx. As time passed, the activities of SOD enzyme increased,
however, treated flowers showed significantly higher SOD activity compared to the control. Especially NS 10
mg.L? pulse treatment, followed by thyme and peppermint EOs, indicated the highest amounts (241.43% and
233.94%) of SOD activity on the seventh day of the experiment. During the experiment, MDA increased in the
flowers, so that the highest amount of MDA was detected in the control (67.30%) on the seventh day and the
lowest was produced in NS 10 mg/L treated flowers followed by thyme (14.88%) and peppermint (19.44%)
EOs. Due to the fact that these treatments had the best effects on flower vase life, these results are logical.

Conclusion

Based on the results of this study, new antimicrobial agents such as NS, thyme and peppermint EOs had a
positive effect on flower vase life, WC, RFW and WU and reduced the rate of WL and TSS reduction in flowers.
It might be due to this fact that these are very effective antimicrobial agents, inhibited the microbial growth and
prevented bacterial plugging in conducting tissues. NS particles enter to cell, tissue and organs, so they can
inhibit the respiration and electron transfer system and material transfer in microbial cell membrane. The
application of natural phenolic compound like EOs reduced the accumulation of MDA and enhanced SOD
enzyme activity. Therefore, due to the undesirable results of chemical preservative on human and environmental
health, EOs can be very good substitutes for preserving cut flowers postharvest life.

Keywords: Cut flower, Nanoparticles, Peppermint essential oil, Thyme essential oil, Vase life
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3- Water content: WC

4- Relative fresh weight: RFW
5- Water loss: WL

6- Water uptake: WU

7- Total soluble solid: TSS

8- Superoxide dismutase: SOD
9- Malondialdehyde: MDA
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Figure 1- Re-cutting of gerbera cut flowers 'Rosalyn' under water and treatment with nanosilver (10 mg.L™") and plant
essential oils
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During the short-term treatment, the vase solution was covered with a black plastic bag to prevent any adverse reaction of the
nanosilver with light.
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Figure 2- Symptoms of the end of vase life in Gerbera cut flowers ‘Rosaly’ : scape bending or neck breakage, wilting,
discoloration or rolling of the ray florets
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Table 1- Effect of pulse and permanent treatments on mean vase life and total flower water content (WC) in cut gerbera

flowers ‘Rosalin’
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* Columns with similar letters are not significantly different according to the LSD test at p < 0.01.
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1- Hydrophobicity
2- Lipopolysaccharides
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Table 2- The interaction effect of different treatments on mean vase life, total water content (WC), relative fresh weight
(RFW), and total soluble solids (TSS) of cut Gerbera flowers ‘Rosalin’
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* Columns with similar letters are not significantly different according to the LSD test at p << 0.01.
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Figure 3- The effect of pulse treatments on the mean relative fresh weight (RFW) of flowers on days 2, 4, 6 and 8 of the
experiment in cut flowers of Gerbera 'Rosalin’
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Figure 4- The effect of permanent treatments on the mean relative fresh weight (RFW) of flowers on days 2, 4, 6 and 8 of the
experiment in cut flowers of Gerbera 'Rosalin’
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Figure 5- The effect of pulse treatments on the mean water uptake (WU) of flowers on days 2, 4, 6 and 8 of the experiment in
cut flowers of Gerbera 'Rosalin’
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Figure 6- The effect of pulse treatments on mean daily water loss or transpiration (WL) ) of flowers on days 2, 4, 6 and 8 of
the experiment in cut flowers of Gerbera 'Rosalin’
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Figure 7- The effect of pulse treatments on mean total soluble solids (TSS) (Brix) of flowers on days 2, 4, 6 and 8 of the
experiment in cut flowers of Gerbera 'Rosalin’
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experiment in cut flowers of Gerbera 'Rosalin’
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Table 3- The interaction effect of different treatments on the mean total soluble solids (TSS) (Brix) in cut flowers of gerbera
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Table 4- The interaction effect of different treatments on the mean activity of superoxide dismutase (SOD) enzyme and
malondialdehyde (MDA) content in cut flowers of Gerbera ‘Rosalin’
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