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Introduction

Ganoderma lucidum is a mushroom of high medicinal value that has been widely used in the Far East
countries especially in traditional Chinese medicine as promoting human health and treatment of many diseases.
Nowadays, many published studies have established that it is a rich source of nutraceutical and pharmaceutical
substances with potent and unique properties as immunomodulatory agents, hypercholesterolemic agents, or
coadjutant treatments in diseases such as cancer, hypertension, insomnia, anorexia, dizziness, and chronic
hepatitis, among others. This species is rich in several bioactive compounds (over 400 compounds) mainly,
including polysaccharides, triterpenoids, steroids, fatty acids, amino acids, nucleotides, proteins, and alkaloids.

Herein, the fruiting bodies of G. lucidum were studied in terms of nutritional value and chemical composition,
and the antioxidant activity of extracts from the fruiting bodies was further assessed.

Materials and Methods

In order to detect nutrient elements, the samples were digested using a microwave digestion system
(Milestone Ethos, Germany) with a maximum power of 1000 W and further characterized using inductively
coupled plasma optical emission spectroscopy (ICP-OES). Biochemical molecule contents were characterized
using Acquity Ultra-Performance Liquid Chromatograph (UPLC, Waters) coupled to a photodiode array
detector (PDA, Waters) and an electrospray ionization quadrupole time-of-flight tandem mass spectrometer
(ESI-QTOF/MS; Waters). In order to assess antioxidant activity, two kinds of extract including 80% methanolic
extract (ME) and hot water (HWE) were prepared by ultrasonic method. Six different in vitro assays were used
to determine antioxidant capacity, including ABTS, DPPH, superoxide (SO), nitric oxide (NO) free radicals
scavenging, iron-reducing power (FRAP), and iron chelating activity (ICA). The data were analyzed by one-way
analysis of variance (ANOVA) and the means were separated by the Newman-Keuls Multiple Comparison test
(GraphPad Prism 8, San Diego, CA, USA). All data were expressed as mean + standard deviation. P < 0.05 was
considered to indicate a statistically significant difference. Furthermore, half-maximal inhibitory concentration
(ICso) values for each assay were calculated from linear or logarithmic regression using Excel software.

Results and Discussion
G. lucidum was characterized in terms of nutritional value and chemical composition. Generally, to study the

Authors retain the copyright. This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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nutraceutical value of G. lucidum, 14 elements were analyzed by ICP-OES. Among the macronutrients,
phosphorus and potassium (2910.8 and 1510.8 mg.kg™ dry matter, respectively) were the most abundant,
followed by iron and zinc (8.5 and 7.74 mg.kg* dry matter, respectively) among the micronutrients. In terms of
biochemical compounds, a total of 37 compounds were identified, among which ganoderic acid was the most
abundant compound (15890.1 + 232.1 ug per g dry matter) followed by sinapic acid and succinic acid (2011.4 +
28.11 and 1505.33 £ 31.5 pg per g dry matter, respectively). The results of antioxidant assays clearly revealed
that the methanolic extract generally showed higher antioxidant activity than the corresponding hot water extract.
In the ABTS assay, ME showed higher activity (ICso, 48.46 + 2.42 pg.ml?) than HWE (163.51 + 4.51 pg.mi?)
with a significant difference (P < 0.05). For DPPH assay, radical scavenging capacity was dose-dependent and
ICs values of ME (111.93 + 1.39 pg.mi™) and HWE (213.48 + 5.42 pg.ml?) showed a significant difference (P
<0.05). In the FRAP assay, ME showed stronger iron-reducing activity (ICso, 512.64 + 4.06 pg.ml?) than HWE
(ICso, 898.51 + 7.8 pg.ml) (P < 0.01). In the ICA assay, ME also showed higher activity (ICso, 301.88 +
7.01pg.ml-1) than HWE (ICso, 545.23 + 1.21 pg.ml-1) (P < 0.01). In the SO assay, ME (ICso, 488.8 + 7.38
pg.mlt) and HWE (ICso, 645.92 + 5.48 ug.ml?) showed a significant difference (P < 0.01). In addition, in the
NO assay, both extracts showed weak nitric oxide radical scavenging activity; however, ME showed the highest
activity (ICso, 1189.5 + 8.5 pug.ml?) in comparison to HWE (I1Csp, 1343.2 + 10.6 ug.ml?) but the difference was
not statistically significant (P = 0.0901). The results clearly indicate that different extraction solvents used in this
study significantly affected antioxidant capacities.

Conclusion
G. lucidum proved to be an important source of nutrients and antioxidant compounds such as terpenoids,
especially triterpenoids, and polysaccharides. The free radical scavenging properties, reducing power and iron-
chelating activity of G. lucidum may be mainly associated with phenolic compounds and triterpenoids.
Therefore, based on the nutritional and biochemical profile of G. lucidum, and also its antioxidant power, this
mushroom possesses high nutritional and antioxidant potential.

Keywords: Free radical scavenging, Ganoderic acid, Phenolic compounds, Reishi, Triterpenoids
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Table 1- Analysis of elements in the fruiting body of G. lucidum by ICP-OES

yole chale
Elements Concentration (mg.kg™)
Phosp;;:us P) 29108
Potas:;t; (K) 15108
Calciuwr:l;(Ca) 4198
Magnewsii}:r; (Mg) 356.5
Sodi:r: (Na) 65.58
Sul:‘)jf(S) 1513
ool (Fe) 85
Iron
Zin‘cﬁ()Zn) 1.74
Coppuej: (Cu) 281
Mangai:e (Mn) 2.15
Boror)f (B) 111
Selen:f: (Se) 0.63
snmsn 0.165
Barilj*r;le (Ba) 0.065

03lal 398 5,Sos U gole (81,5 57l0g )5 0lSiuwd 31 o5l b @guumws) boy3935 518 03,b pluil o lownion CiluS 5 5JUT-Y Jgus
Table 2- Identification and quantification of biochemical compounds in the fruiting body of G. lucidum by UPLC-MS

s sl UPLC ESI-MS
losign OluS 5 =S 5 Slgomo b o .
Biochemical compounds Compound Content (ug.g™t) sl ‘T’h) M2 S
) RT (min) [M-H] (m/z)
Slo sl
. . 311.0+46.2 0.94 133.11
Malic acid
S |
#65 Jg 65.2+8.1 0.96 191.1
Quinic acid
M 1505.33 £31.5 1.21 117.018
Succinic acid
o395 ool
L 15890.1 +£232.1 1.22 191.111
Ganoderic acid
I
S 4,03 +0.80 1.24 125.11
Pyrogallol
S el
T 19.4+1.8 1.33 168.5
Gallic acid
i
S5 <LOD 1.95 109.028
Pyrocatechol
Ko AL
P95 g s> TVE s 74+1.0 201 153.11
3-4-Dihydroxybenzoic acid
s
o 272434 221 289
Catechin
K55 |
5985 20 713+55 2.37 353.212

Chlorogenic acid
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o ot P UPLC ESI-MS
iochemical compounds ompound Content (ug.g" -
RT (min) [M-H] (m/z)
Sy 3 =
9525 SgenF sl 92.4+6.0 2.8 137.15
4-hydroxybenzoic acid
Ko W
595 5y dem ol 1243 +21.4 2.83 137.025
3-Hydroxybenzoic acid
R
oSl 44.0+223 3.03 177.018
Esculetin
Sy
£ 29 e 201.33+16.3 3.13 167.036
Vanillic acid
Sy |
B A-w <LOD 3.17 197.045
Syringic acid
SablS w!
S e 52.5+8.12 3.19 179.035
Caffeic acid
e
u-"-‘ u‘ <LOD 3.84 289.064
Epicatechin
Saligus ~F sl
elsmgud ¥ ol <LOD 454 163.042
4-Hydroxycinnamic acid
Lo Y
Sl &“5_5)"\:‘” Y‘_“\:“’ ) 310.0 + 18.4 4.56 163.042
3-Hydroxycinnamic acid
u*’?) <LOD 471 609.1
Rutin
Sl sy
S e 2011.4 +28.11 4.88 223.061
Sinapic acid
Sy Sl
292 S 374.2 +20.0 5.05 193.05
Ferulic acid
Sopolies S
ol wf_ﬁ)"a*’ "“" ) <LOQ 5.14 163.042
2-Hydroxycinnamic acid
S )
o 693.11+ 15.94 531 1700.08
Tannic acid
iy
O 4335+ 11.0 5.84 579.173
Naringin
S5 p)
A 3402 5.97 121031
Benzoic acid
Ot s <LOD 6.02 447.12
Quercitrin
J"’M 7312 +6.2 6.24 609.172
Hesperidin
Sy oy Aol
Fe) S 210+51 6.94 359.054
Rosmarinic acid
yle -¥
onlegS Syt 913.0 +86.0 7.04 163.042
4-Hydroxycoumarin
Sobdlos Sl
-\w’ 18.90 + 4.1 7.38 137.025
Salicylic acid
"™
J95ys)s <LOD 8.24 227.072
Resveratrol
oI5y <LOD 8.87 215.04
Luteolin
e <LOD 9.11 301.112
Quercetin
i 3.70+0.2 10.77 271.161
Naringenin
wM 2.94+0.21 11.04 301.315
Hesperetin
osieeS <LOD 11.12 285.24

Kaempferol
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Figure 1. DPPH (A), ABTS (B), nitric oxide (NO) (E), superoxide (SO) (F) inhibitory activities, iron-reducing activity
(FRAP) (C), and iron-chelating activity (ICA) (D) of MeOH (ME) and hot water (HWE) extracts of G. lucidum
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Introduction

Pomegranate, Punica granatum L., is a subtropical fruit that is cultivated in various regions of Iran. Fars
province, with about 27,000 hectares of pomegranate orchards, is the most important pomegranate planting and
production area in Iran. In recent years, as a result of climate change and warming, pomegranate orchards in
most regions have suffered from heat and drought stresses, which has affected the quantitative and qualitative
characteristics of the fruit and has reduced the quality and marketability of the fruits produced. Using net shading
is one way to reduce the impact of climate change. By reducing the intensity of sunlight and reducing the
temperature around the plant, suitable conditions are provided for the growth and development of the tree and
reduces the destructive effects of environmental stresses. The color and shading of net shade are also important.
Because the color and shading percentage of the canopy affect the physiological activities of the plant.

Materials and Methods

This research was conducted during 2019-2020 for 2 years in a private orchard in the Kohmar area of
Kazeron city of Iran. Rabab’ pomegranate trees that were planted at a distance of 5 x 5 meter with 15 years old
were used. In this research, the effect of different types of net shading was investigated. The experiment was
conducted in a randomized complete block design with 9 treatments and three replications in two years. The
experimental treatments included the use of net shading in white and green colors with two different shading
percentage (30% and 50%) and two implementation methods (on the base and on the canopy of the tree) which
were compared with control trees (without cover). During the growing season, measurements were made in
relation to aril weight, pill weight, fruit weight, aril color, TSS, fruit juice content, anthocyanin content, ascorbic
acid content and phenol content in all treatments.

Results and Discussions

The use of shading improved the physical and chemical properties of the ‘Rabab’ pomegranate fruit. The
highest fresh weight of the aril was obtained in the 50% green shade treatment without a base, the highest dry
weight of the aril was obtained in the 50% green shade treatment with a base, the most suitable aril color was
obtained in the 50% white shade treatment with a base, and the highest weight of fruit was obtained in the 50%
green shade with a base. However, in all shading treatments, the percentage of fruit juice was superior to the
control. Regarding the biochemical characteristics of the fruit juice, the results also showed the appropriate effect
of the use of the shading, so that in most shading treatments, the amount of anthocyanin accumulation in the fruit
juice, which had a direct effect on the color of the aril and pomegranate juice, increased compared to the control
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and showed a significant difference. The amount of ascorbic acid was also affected by the use of the shading and
its amount in the fruit juice increased, so that in the 50% white shading without a base, the highest amount of
ascorbic acid was observed, which showed a significant difference from the control. By improving the
environmental conditions around the plant, shading reduces the destructive effects of heat and drought stresses
and can improve the quantitative and qualitative characteristics of pomegranate fruit.

Conclusion
Net shads, by improving the environmental conditions around the plant and reducing the intensity of sunlight
and temperature, reduces the rate of evaporation and transpiration from the plant and provides the plant with
greater access to water and nutrients. It also reduces the impact of heat and light stresses, making more nutrients
available for fruit growth and development, thereby improving the quantitative and qualitative characteristics of
pomegranate fruit. Using a shade net with 50 percent shading in green or white gave the best results and
improved most of the quantitative and qualitative characteristics of ‘Rabab’ pomegranate fruit.

Keyword:Ascorbic acid, Anthocyanin, Fruit color, Fruit weight
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Table 1- Climatic characteristics of the Kouh Chenar region during the years 2020 to 2021

oS slod Aot (5lod Sk
ol Temp (Max) (°C) Temp (Max) (°C) Rain (mm)
Month ¥4 YFoo 1144 YFoo 1144 YFoo
(2020) (2021) (2020) (2021) (2020) (2021)
298
4 2 35 35 27 0
Mardh / April
) 11 9 42 40 0 13
April / May
3y 14 12 44 45 0 0
May / June
» 20 21 45 45 32 0
June / July
A0 21 21 45 45 0 75
July / Agust
oA 17 17 43 42 0 2
Agust / Sept.
e 10 10 40 46 0 0
Sept. / Oct.
ot 8 7 34 33 47 47
Oct. / Nov.
Al 1 2 21 27 27 16.9
Nov. / Des.
<2 2 0 24 21 13 243
Des. / Janury
ook 2 -4 22 24 83 47.4
Janury / Feb.
. 2 2 31 28 33 12

Feb. / March
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Table 2- Various shading net treatments used in the experiment

S @Bl w23 9 ) olulw g9
Treatments Net type, color, shading percentage
c Olele hder (g caald
Control
Caamgy 5o )d Ve bt ylole i
W30%B IS (9) e Mo 2 Gl gy

Green net with 30% shading on Base

CEy gl gy oy Ve b Lol by

W30%NB . .
Green net with 30% shading on Canopy
Camg)ld (69) ol Jaoyd B bt ol Lide
W50%B )1 89) . ) . o (8 ot s
Green net with 50% shading on Base
CS 0 2l g9y Mo pd B wbw ol Lide
W50%NB a 5). ) . o [Bands
Green net with 50% shading on Canopy
G30%B Canyld (£9) cuad dod Vo s (ol by
Green net with 30% shading on Base
Sl ggy o Ve s ol by
G30%NB 7ER R T A R
Green net with 30% shading on Canopy
0 a3 (55 e bopd O+ G b (g,
G50%B . .
Green net with 50% shading on Base
eGP Lo O e Slole Giide
G50%NB 22 TP S92 e gl )

Green net with 50% shading on Canopy

B jlosd 51 S 2 53 Jlw 2 ol 31350 10 )3 SL- Cughy 9 S 2 (5lod ()98 b (5058 51 Al 93 (S0l Y Jga

Table 3- Two-year average of light intensity, leaf temperature, and soil moisture measured on August 15 of each year in each

of the treatmentst

Treatments Soil moisture (%) Leaf temp (°C) Light intensity (Lux)
Con)h b ¥ ados ool 10.6 27.83 31000
W30%B
Can > g8 Z¥ s 5l 10.6 25.27 22600
W30%NB
W50%B
Camnn )3 (ol /0 L Sl 11.3 26 24300
W50%NB
oD LAY o ool 13.3 25.5 22500
G30%B
gyl (a2 s olale 11.3 29 20500
G30%NB
Sy L 7B o ol 15 26.4 14570
G50%B
Can)ld (90 B+ o ol 12 26.3 10800
G50%NB
sl 10.6 31.2 56300

Control
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Table 4- ANOVA for the effects of shading net types on the quantitative characteristics
of pomegranate fruits cv. ‘Rabab’

©lasyo aSbe
o 4y . _ Mean of squares —
o glo ool OB S o ) s gy Covst 338 als Comd oy
SOV 3 : : . w0 O35 L0 ?
df f"b Aril 4"'_’ Fruit Peel e “ “’"_
Aril dry dry Axril weight weight ~ Arilipeel  Fruit
weight weight color ratio juice
n
;J:;r 1 0431 0967™  0019" 244908° 1290667  ooowrs 19923
Sh“;::;]et 331174 0601  0989° 5014.831° 2719502 02117  °9048
Ye;’:”fszaaj:”net 12503 1506  0.036"™ 3005327 17.125™  0.020"™  3983™
J; rfg:} 32 171920 0432 0060 2172103 545463 0068  14.244
ulg; (u;;o i 5.34 7.73 616  12.75 11.87 2414 956
. 0

I gre p g o3 Ve g B Jlein] Lo pd I dme i g4 1 NSy ek

ns, * and **: non-significant, and significant at the 5% and 1% of probability levels, respectively.
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Figure 1- The effect of shading net types on the aril fresh (A) and dry (B) weights of pomegranate cv. ‘Rabab’ (DMRT,

p<0.05)
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W: white shade net; G: green shade net; B: shade net installed on a support frame; NB: shade net installed without a support frame,
30 and 50% indicate the shading levels.
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Figure 2- The effect of shading net types on the aril (A) and fruit (B) color of pomegranate cv. ‘Rabab’ (DMRT, p<0.05)
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W: white shade net; G: green shade net; B: shade net installed on a support frame; NB: shade net installed without a support frame,
30 and 50% indicate the shading levels.
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Figure 3- The aril color of pomegranate cv. ‘Rabab’ in different shading net treatments
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W: white shade net; G: green shade net; B: shade net installed on a support frame; NB: shade net installed without a support frame,
30 and 50% indicate the shading levels.
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Figure 4- The effect of shading net types on the fruit anthocyanin content of pomegranate cv. ‘Rabab’ (DMRT, p<0.05)
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W: white shade net; G: green shade net; B: shade net installed on a support frame; NB: shade net installed without a support frame,
30 and 50% indicate the shading levels.
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Figure 5- The effect of shading net types on the fruit weight of pomegranate cv. ‘Rabab’ (DMRT, p<0.05)
Al e (ol lire Jopd B 9 ¥r il ey ol cuas INB 5 4l (o) ol cuad B G lole :G b ylolw (W
W: white shade net; G: green shade net; B: shade net installed on a support frame; NB: shade net installed without a support frame,
30 and 50% indicate the shading levels.
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Figure 6- The effect of shading net types on the peel weight (A) and aril/ fruit ratio (B) of pomegranate cv. ‘Rabab’ (DMRT,

p=0.05)
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W: white shade net; G: green shade net; B: shade net installed on a support frame; NB: shade net installed without a support frame,
30 and 50% indicate the shading levels.
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Figure 7- The effect of shading net types on the fruit juice percentage of pomegranate cv. ‘Rabab’ (DMRT, p<0.05)
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W: white shade net; G: green shade net; B: shade net installed on a support frame; NB: shade net installed without a support frame,
30 and 50% indicate the shading levels.
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Table 5- ANOVA for the effects of shading net types on the qulitative characteristics
of pomegranate fruits cv. ‘Rabab’
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Figure 8- The effect of shading net types on the ascorbic acid content of fruit juice of pomegranate cv. ‘Rabab’ (DMRT,

p=0.05)
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W: white shade net; G: green shade net; B: shade net installed on a support frame; NB: shade net installed without a support frame,
30 and 50% indicate the shading levels.
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Introduction

With respect to the expansion of arid areas and the escalating severity of water scarcity in various parts of the
country, it is necessary to identify drought-tolerant groundcover species to replace grass in urban green spaces.
This study aimed to research the morphological and physiological reactions of three groundcover species; tall
fescue (Festuca arundinacea), Phyla nodiflora, and Sedum acre under various levels of drought stress (20, 40,
60, and 80 % of field capacity). The results demonstrated that as drought stress intensity intensified, root length,
fresh and dry weight, relative leaf water content, and chlorophyll a and b levels decreased significantly, whereas
electrolyte leakage increased substantially. The highest shoot length in Festuca was observed at 80% of field
capacity (13.5 cm), But in Phyla, the highest growth was achieved at a moisture level of 60% (17 cm), which
had a significant difference at the 5% probability level with the 80% level (14 cm). The Phyla species was
superior in most physiological and functional traits, the highest amount of chlorophyll a and chlorophyll b was
observed for this species at a moisture level of 20%. While for the other two species, the highest value was
observed at a moisture level of 60%. Sedum spp. showed the most stress symptoms under conditions of increased
irrigation period, considering its root structure and function. Overall, the results of this study showed that Phylla
nodiflora can be a suitable alternative to grass in urban green space design in dry areas as a resistant species with
low water requirements.

Materials and Methods

The experiment was performed under greenhouse conditions at the Ferdowsi University of Mashhad
(36°20'N, 59°39') to assess drought stress responses among groundcover species that were chosen for this study.
Seeds of F. arundinacea were planted in a pot, while Phyla nodiflora and Sedum acre were propagated from
cuttings with uniform root systems. A completely randomized design was utilized, involving four irrigation
levels (20%, 40%, 60%, and 80% of field capacity) and three replications for each species. Treatment for the
drought commenced once the area was fully established and persisted for 75 days. Characteristics such as shoot
height, root length, and fresh and dry biomass, along with physiological properties like relative water content and
electrolyte leakage, and biochemical markers including chlorophyll a and chlorophyll b, were evaluated at the
experiment's conclusion. Measurements of relative water content (RWC) and electrolyte leakage (EL) were
carried out using established procedures (Yang et al., 2021; Samieiani, 2012), while pigment contents were
determined via spectrophotometry (Lichtenthaler, 1987). The daily water usage was calculated through
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weighing, followed by ANOVA and LSD test analysis conducted at a 5% significance level within Minitab 22,
with the graphs produced using Excel software.

Results and Discussion

Analysis of variance revealed that drought stress significantly affected all morphological traits of Festuca and
Sedum at the 1% probability level, and most traits of Phyla at either 1% or 5%. The greatest shoot length in
Festuca was recorded under 80% field capacity (FC), not significantly different from 60% FC, while Phyla
showed its maximum shoot length at 60% FC, with a significant decline under both milder and more severe
stress. In all species, minimum shoot length occurred at 20% FC. Root length followed a similar trend,
decreasing with increasing drought intensity. Festuca showed the highest root length under 80% FC, whereas
Sedum and Phyla exhibited variable responses among stress levels. Root fresh weight was highest at 80% FC in
all species and declined significantly under increased drought stress. Compared with control conditions,
reductions in root fresh weight at 60% FC were 7% for Festuca, 9.5% for Sedum, and an increase of 72.5% for
Phyla, indicating differential tolerance. Similarly, shoot fresh weight decreased with increasing stress in Festuca
and Sedum, while Phyla reached its maximum value at 60% FC. Relative water content (RWC) declined with
higher stress intensity, with the greatest reductions observed under 20% FC (reductions of 51.72%, 62.12%, and
49.6% for Festuca, Sedum, and Phyla, respectively). Electrolyte leakage increased significantly with stress
severity, reaching maximum values of 44%, 62%, and 57% in Festuca, Sedum, and Phyla under 20% FC.
Chlorophyll a and b contents showed variable patterns across species. In Festuca and Sedum, maximum
chlorophyll a and b occurred at 60% FC, while in Phyla, the highest values were observed under severe drought
stress (20% FC). These differences suggest species-specific physiological adjustment mechanisms under water
deficit conditions.

Conclusion

The groundcover species examined in this study responded differently to drought stress. Phyla nodiflora
performed better in most physiological and morphological parameters with notable tolerance to water deficit
stress. On the other hand, Sedum acre was the most sensitive plant to drought. As drought severity increased, key
parameters such as root length, fresh biomass, relative water content of leaves, and chlorophyll content
decreased, whereas electrolyte leakage increased. These findings reinforce the importance of utilizing drought-
tolerant species like Phyla nodiflora for future sustainable urban landscape design. Replacement of high-water-
demand lawns with such robust groundcovers can help significantly in the preservation of water resources.
However, more studies need to be carried out to find out the long-term adaptation and adaptability of these
species under diverse weather and irrigation regimes.
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Table 1- Analysis of variance (ANOVA) for mean squares of morphological traits in tall fescue (Festuca arundinacea)
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Table 2— Analysis of variance (ANOVA) for mean squares of morphological traits in goldmoss stonecrop
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Table 3— Analysis of variance (ANOVA) for mean squares of morphological traits in frogfruit.
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Figure 3— Comparison of the mean root fresh weight in tall festuca, goldmoss stonecrop and frogfruit plants
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Table 4— Analysis of variance (ANOVA) for mean squares of physiological and biochemicaltraits in tall fescue grass
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s
8 0.7179 0.1692 16.51 6.92
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Table 5— Analysis of variance (ANOVA) for mean squares of physiological and biochemicaltraits in goldmoss stonecrop
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**: significant at the 1% of probability level.
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Table 6— Analysis of variance (ANOVA) for mean squares of physiological and biochemicaltraits in frogfruit
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**: significant at the 1% of probability level.
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Figure 7- Comparison of the mean chlorophyll a in tall festuca, goldmoss stonecrop and frogfruit plants
Wl Iy gme gl 008G b doyd gy Jleis ] a3 diliie By >
Similar letters have no significant difference at 5% probability.

Irrigation levels Irrigation levels

(N JS) aizils )3 5 50 p)S g pyS e YIVY o YIAY STAY
Sl oo 25 4 ol gladisS > Lo )lS lie (ials
Gy Comd )0 et Cawdlyg IS iy )b )Ll g B 51 8
A3l gl sl b Gl b deoiSs, cuBign &
Cov giiwed il gals (Mohammadi, 2013)
i gl der 5l GhYs @ Yseme Sis i s
Py oeSeS ()9 cuB (didgylS ol eSS
Gl g 9 ailiSs) dasud @ gsliws] cuwl § LasliSs,
2011) 248 0 03> Cumnd Cawdlyg, IS
Spbee alis gy cblis" gile gliea anl

.(Salehi Shanjani et al., 2015)

ol (Fanaei et al.,

b Jsd 5,1
oS 15 a8 ol s (A S5 loySiles duanlie ) oo gl
Lgucl))‘ «.MS)L» Aoy Fe @a.w 2 Ciduo O..{l )IA&» Oy iy 6 Cyo>
ol 3 om b osalie 5 oi9 p)S ¢ eSS ke VYA ke
=hi cud)b aopn ¥e g ol cud )b aon Ar zolaw ol B
gaw Cp il ) o opl Glise (a8 &S by s )53
C6555 podw dg5 ab odmlie (Lel); cud b aoyd Vo) iS5
Orpdey &5 (gygbay b L ex olS L polie 4ol
Cab b o> Fr w3 3 &5 9> cpl 3 D o)l e
S om g b oaalin £/50 Jlude b ol); cud b ao Ve maw )
oSbe b (sl); cud )b o Feg A ¥ ol s



YFod sualy ¥ olad Fe Al (53,0188 aalioo 5 pole) L pole aypi  FAY

b by 15

oo 555 Py Wb
§ Festuca Goldmoss Stonecrop Frogfruit
LL 20 a a E 7 a b C g 7 b a
215 b b S g d B g
£ !}R E 4 kil g 4 ‘ d
210 2o 2o
= o = 3 a = 3
< > >
g 5 5 2 £2
- o o
S 51 51
G0 50 50
80% 60% 40% 20% 80% 60% 40% 20% 80% 60% 40% 20%
&bl Zobaw sl gk skl gk

Irrigation levels Irrigation levels
Wb 9 (5555 P9 o2 10LLS )3 b Judg IS (ke duny i -A JSW
Figure 8— Comparison of the mean Chlorophyll b in tall festuca, goldmoss stonecrop and frogfruit plants
)l Iy pime @old 0S5 b deo > iy Jlein ] s jd asliie B
Similar letters have no significant difference at 5% probability.

Irrigation levels

Mo 5 Sy Ol s glgme daplil 5 (g sy Jsbo ailo
ol 28 Iy GBI cldg il cuts g <l pialS g IS
Wl Sis 4 polie slaaiss bl a5 WS o aST Liagh
bis 5 Ol Brae a8 ly S50 )l Wlge S
O 5l ekl Al s glamaldl )3 (o pred jow 5LAS 5ylb
Cor S A Bpany Glager il ssa JblS
03 iuS o3l (sl (Jb (il 580 Cguine Ol @lio oo
@ 5l wiltte (g)lol 5 euldl lpd o s ol 51l

)3 3529 (oSS sl gy g i Slalllan

& Sl

Mde gdyd ol Jb slcoles 3l dlwgpn
P9 e )Rl

References

by g ele Gl @ L bl ol mls

ohHen ¢ )3 (caes! 9 (Abbaspour & Rezaii, 2015)
Sy cillas 55 S s olS (g9, (Ahmadi Azar et al., 2015)
oS b Gl b oS Col i sdalin o cldlas opl jo

il el b g IS e o Suis

S 5 o
dge iy olS slaaisS iagh il @l 4 ag L
Ol 353 5l (S I 4 Cund Joliste s jiSTy gy
olas  yuiw 4> (Phyla nodiflora) “Mé™ 4,5 sl
JB Cglio 5 cutly (grlio 3)Slos (Sf5lejid 9 Blbesn)
(S g 855 e 3 3 i oS Lyt 4 ey
s o i (a5 4 Caus |y Camlus o iiw(Sedum acre)
whasls ( Sis 55 oud GiliEl b oas ob ol e

1.

Abaszadeh Farouji, R., Hatamzadeh, A., Sharifi, A., & Kharrazi, M. (2025). Investigation of seed germination
parameters and morphophysiological traits of Tagetes erecta (Tagetes erecta Antigua orange) in response to
different LED light qualities. Journal of Horticultural Science, 39(1), 155-172. (In Persian).
https://doi.org/10.22067/jhs.2024.89366.1370

2. Abbaspour, H., & Rezaii, H. (2015). Effects of gibberellic acid on Hill reaction, photosynthetic pigment and
phenolic compounds in Moldavian dragonhead (Dracocephalum moldavica L.) in different drought stress levels.
Journal of Plant Research, 27(5), 893-903. https://dor.isc.ac/dor/20.1001.1.23832592.1393.27.5.13.9

3. Abbaszadeh, B. , Sharifi Ashourabadi, E. , Lebaschi, M. , Naderi hajibagher Kandy, M. and Moghadami, F.
(2008). The effect of drought stress on proline contents, soluble sugars, chlorophyll and relative water contents of
balm (Melissa officinalis L.). Iranian Journal of Medicinal and Aromatic Plants Research, 23(4), 504-513. (In
Persian). https://doi.org/10.22092/ijmapr.2008.10090

4,

Ahmadi Azar, F., Hassanlou, T., Imani, A., & Fayzi Asl, V. (2015). Water stress and mineral zeolite application on
growth and some physiological characteristics of mallow (Malva sylvestris). Plant Research Journal (Iranian
Journal of Biology), 3(28), 459-474. (In Persian). https://dor.isc.ac/dor/20.1001.1.23832592.1394.28.3.1.0

1- Mesembryanthemum cordifolium


https://doi.org/10.22067/jhs.2024.89366.1370
https://dor.isc.ac/dor/20.1001.1.23832592.1393.27.5.13.9
https://doi.org/10.22092/ijmapr.2008.10090
https://dor.isc.ac/dor/20.1001.1.23832592.1394.28.3.1.0

iy

e (S A ol ph 50 R e SLAS (Sl AgS A )0 S Sgled 90 9 S Sglg b s as Ll addllas ()5 g 9200

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Askari, M., Behdani, M., Parsa, S., Jami Alahmadi, M., & Mahmoudi, S. (2017). Effects of water stress and
manure on stomatal conductance, relative water content, photosynthetic pigments and quantitative and qualitative
yield of Thymus vulgaris L. and Thymus daenensis Celak. Iranian Journal of Medicinal and Aromatic Plants
Research, 33(5), 793-811. (In Persian). https://doi.org/10.22092/ijmapr.2017.110349.2008

Azadifar, A., Zare Abyaneh, H., Sarikhani, H., & Mosadeghi, M. (2024). Broccoli response to application
of natural nanobiochar amendment, deficit irrigation and nitrogen fertigation. Journal of Soil and
Water Conservation Research, 30(4), 29-56. (In Persian). https://doi.org/10.22069/jwsc.2023.21265.3661
Blanco-Canqui, H., Shaver, T. M., Lindquist, J. L., Charles, A., Shapiro, R. W., Elmore, C., Francis, A., &
Hergert. G. W. (2015). Cover crops and ecosystem services: Insights from studies in temperate soils. Agronomy
Journal, 107(6), 449-2474. https://doi.org/10.2134/agronj15.0086

Ebrahimian, M., & Kazemi, F. (2017). Approaches to expanding the concept of xeriscaping in urban parks. The
3rd International Conference on Architecture, Civil Engineering and Urban Planning in the Beginning of the Third
Millennium, Tehran, Iran. (In Persian).

Eidi, A., Kazemieh, F., & Zarifian, Sh. (2021). Identification of factors affecting sustainable management of
agricultural water resources from the farmers' perspective (Case study: Wheat farmers in the villages of Maragheh
County). Journal of Agricultural Science and Sustainable Production, 31(2), 361-375. (In Persian).
https://doi.org/10.22034/saps.2020.12319

Elhami, H. (2016). Investigation of the effects of drought stress on yield and quantitative and qualitative traits of
four groundcover species with potential for use in green spaces of Mashhad. MSc. Thesis, Department of
Horticultural Sciences and Landscape Engineering, Faculty of Agriculture, Ferdowsi University of Mashhad,
Mashhad, Iran. (In Persian).

Esmaeili, S., Salehi, H., & Khosh-Khui, M. (2017). Seasonal changes in some physiological and biochemical
responses of six groundcover plants. International Journal of Horticultural Science and Technology, 4(1), 105-
116. https://doi.org/10.22059/ijhst.2018.216412.151

Ezzati, R., Torchi, M., Moghaddam Vahid, M., & Rostaei, M. (2024). Effect of drought stress on morphological
and biochemical traits of roots and seed yield in wheat cultivars and promising lines (Triticum aestivum L.).
Iranian Journal of Agricultural Sciences, 26(2), 129-147. (In Persian).

Fanaei, H., Galavi, M., Kafi, M., Ghanbari Benjar, A., & Shirani Rad, A. (2011). Effect of drought stress and
different potassium levels on osmolyte accumulation and chlorophyll content in two species of rapeseed and Indian
mustard. Soil and Water Sciences, 15(57), 141-156. (In Persian).
https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.57.20.2

Ferrini, F., Fini, A., Frangi, P., & Amoroso, G. (2008). Mulching of ornamental trees: Effects on growth and
physiology. Arboriculture & Urban Forestry, 34(3), 157-162. https://doi.org/10.48044/jauf.2008.021

Gazanchian, A., Khosh Kholgh Sima, N. A., Malboobi, M. A., & Majidi Heravan, E. (2006). Relationships
between emergence and soil water content for perennial coolseason grasses native to Iran. Crop Science, 46, 544-
553. https://doi.org/10.2135/cropsci2005.04-0357

Ghorbani, M., Mortazavi, S. N., & Arghavani, M. (2022). Morphophysiologycal evaluation of gold moss stonecrop
(Sedum acre L.) under salicylic acid treatment in water deficit. Clinical Cancer Investigation Journal, 11(1-2022),
1-10.

Ghorbani, Z. (2021). The effect of different levels of fulvic acid on physiological and morphological traits of
perennial ryegrass (Lolium perenne) under drought stress conditions. MSc. Thesis, Department of Horticultural
Sciences, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran. (In Persian).

Gupta, A., Rico-Medina, A., & Cafio-Delgado, A. I. (2020). The physiology of plant responses to drought. Science,
17, 266-269. https://doi.org/10.1126/science.aaz7614

Harper, S., Wright, C., Masina, S., &Coggins, S. (2020). Climate change, water, and human health research in the
Arctic. Water Security, 10, 1-10. https://doi.org/10.1016/j.wasec.2020.100062

Hatami Nejad, H., & Omranzadeh, B. (2010). Study, evaluation, and proposal of urban green space per capita: A
case study of Mashhad metropolitan area. Geography, 8(25), 67—85. (In Persian).

Heydari, N., Pouryousef, M., & Tavakoli, Y. (2014). Effect of drought stress on photosynthesis, related
parameters, and relative water content in (Pimpinella anisum L.) plant. Research Journal (Iranian Journal of
Biology), 27(5), 829-839. (In Persian). https://dor.isc.ac/dor/20.1001.1.23832592.1393.27.5.7.3

Kafashzade, Z., Nabavi Kalat, S., Abbasi, M., & Soohani Darban, A. (2024). Effects of deficit irrigation on relative
water content, proline concentration, antioxidant enzyme activity, chlorophyll concentration, and forage yield of
five clover species (Trifolium spp). Iranian Journal of Soil and Water Research, 55(7), 1158-1197. (In Persian).
https://doi.org/10.22059/ijswr.2024.370250.669628


https://doi.org/10.22092/ijmapr.2017.110349.2008
https://doi.org/10.22069/jwsc.2023.21265.3661
https://doi.org/10.2134/agronj15.0086
https://doi.org/10.22034/saps.2020.12319
https://doi.org/10.22059/ijhst.2018.216412.151
https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.57.20.2
https://doi.org/10.48044/jauf.2008.021
https://doi.org/10.2135/cropsci2005.04-0357
https://doi.org/10.1126/science.aaz7614
https://doi.org/10.1016/j.wasec.2020.100062
https://dor.isc.ac/dor/20.1001.1.23832592.1393.27.5.7.3
https://doi.org/10.22059/ijswr.2024.370250.669628

el ol oF oylods Fr il (5559l lvo g pole) GLtb pgle 4y FAY

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Karimian, Z. (2019). The conflict between landscape aesthetic preferences and sustainable green space in arid
regions. Flowers and Ornamental Plants, 4(1), 1-12. (In Persian).

Li, X., Ingvordsen, C. H., Weiss, M., Rebetzke, G. J., Condon, A. G., James, R. A., & Richards, R. A. (2019).
Deeper roots are associated with cooler canopies, a higher normalized difference vegetation index, and greater
yield in three wheat populations grown on stored soil water. Journal of Experimental Botany, 70(18), 4963-4974.
https://doi.org/10.1093/jxb/erz232

Lichtenthaler, H. K. (1987). Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Methods in

Enzymology, 1(48), 350-382. https://doi.org/10.1016/0076-6879(87)48036-1

Linares, J., Scholberg, J. M. S., Chase, C., Mcsorely, R., & Ferguson, J. (2008). Evaluation of annual warmseason
cover crops for weed management in organic citrus. Proceedings of 16th IFOAM Organic Congress, 16-20 June,
Modena, Italy.

Mirzaei Hassanlou, A., Erfaniyan, M., Javan, K., & Najafi, M. (2024). Trend analysis of extreme precipitation
indices in Iran based on multiple regression model. Environmental and Water Engineering, 10(4), 541-557. (In
Persian). https://doi.org/10.22034/ewe.2024.441177.1912

Mohammadi, M. (2013). The effect of silicon and salicylic acid on some physiological, biochemical,
morphological, and quality traits of grass. MSc. Thesis, Department of Horticultural Sciences, Faculty of
Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran. (In Persian).

Mousavi Bazzaz, A. (2015). Evaluation of salinity stress tolerance in native tall fescue (Festuca arundinacea)
populations for potential use in green spaces. PhD Dissertation, Department of Horticultural Sciences, Faculty of
Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran. (In Persian).

Noor, M., Fan, J., Kaleem, M., Kaleem, M., Tanveer Akhtar, M., Jin, Sh., Nazir, U., Zhang, Ch., & Yan, X.
(2024). Assessment of the changes in growth, photosynthetic traits and gene expression in Cynodon
dactylon against drought stress. BMC Plant Biol, 24, 235. https://doi.org/10.1186/s12870-024-04896-x
Sadat-Firzani, M., Khazaei, H., & Gozanchian, A. (2021). Improvement of drought tolerance using municipal
waste compost in native tall fescue grass. Horticultural Science, 35(2), 253-266. (In Persian).

Salahvarzi, Y., Tehranifar, A., & Gazanchian, A. (2008). Investigating the physiomorphological changes of native
and exotic turfgrasses under drought stress and re-watering. Iranian Journal of Horticultural Science and
Technology, 9(3), 193-204.

Salehi Shanjani, P., 1zadpanah, F., Ramazani Yeganeh, R., Rasoulzadeh, S., & Esmaeil, S. (2015). Comparison of
drought stress effects on osmotic regulation, peroxidase, polyphenol oxidase, and pigments in different seed
samples of false chamomile and yellow chamomile (Anthemis tinctoria and Tripleurospermum servanes) from the
Gene Bank of Iranian Natural Resources. Plant Research Journal (Iranian Journal of Biology), 28(1), 126-139.
(In Persian). https://dor.isc.ac/dor/20.1001.1.23832592.1394.28.1.12.7

Samieiani, A., Ansari, H., Azizi, M., Hashemnia, M., & Salahvarzi, Y. (2013). Effect of drought stress on some
biochemical indices in four groundcover species (Lolium perenne, Potentilla, Trifolium repens, and Frankenia)
with potential for use in green spaces. Journal of Greenhouse Crop Science and Technology, 4(15), 101-109. (In
Persian). https://dor.isc.ac/dor/20.1001.1.20089082.1392.4.3.9.8

Shiravand, D. (2012). Landscape Design and Green Space with Ornamental Trees and Shrubs (2nd ed.).
Agricultural Training and Promotion Publishing. Iran, 600 p. (In Persian).

Shirinzadeh, N., Biglouei, M., Akhavan, K., & Mohammadi, A. (2022). Effects of deficit irrigation and irrigation
method on water productivity, yield, and yield components of wheat. Crop Production (Pardis Aburaihan Journal
of Agriculture), 24(2), 283-296. (In Persian). https://doi.org/10.22059/jci.2021.309207.2444

Shushtarian, S., Salehi, H., & Tehrani Far, A. (2011). Study of growth and development features of ten ground
cover plants in Kish Island green space in warm season. Agricultural Ecology, 3(4), 514-524. (In Persian).
https://doi.org/10.22067/jag.v3i4.14909

Talebi, K. (2012). Grass Planting and Maintenance Management (1st ed.). Municipalities and Rural Districts
Organization Publishing. Iran, 131 p. (In Persian).

Vahdati, N., Tehrani Far, A., & Kazemi, F. (2015). Investigation of the effect of species diversity and different
irrigation regimes on the selection of suitable planting designs in the cold and warm seasons in Mashhad. The 9th
Iranian Horticultural Sciences Congress, Ahvaz, Iran. (In Persian).

Willson, D., & Slocum, G. (2017). Understand cover crops, benefits and selection. https://kingsagriseeds.com/.
Yang, W., Li, N., Fan, Y., Dong, B., Song, Z., Cao, H., Du, T., Liu, T., Qi, M., Niu, L., Meng, D., Yang, Q., & Fu,
Y. (2021). Transcriptome analysis reveals abscisic acid enhancing drought resistance by regulating genes related to
flavonoid metabolism in  pigeon pea. Environmental and Experimental Botany, 191, 104627.
https://doi.org/10.1016/j.envexpbot.2021.104627


https://doi.org/10.1093/jxb/erz232
https://doi.org/10.1016/0076-6879(87)48036-1
https://doi.org/10.22034/ewe.2024.441177.1912
https://doi.org/10.1186/s12870-024-04896-x
https://dor.isc.ac/dor/20.1001.1.23832592.1394.28.1.12.7
https://dor.isc.ac/dor/20.1001.1.20089082.1392.4.3.9.8
https://doi.org/10.22059/jci.2021.309207.2444
https://doi.org/10.22067/jag.v3i4.14909
https://kingsagriseeds.com/
https://doi.org/10.1016/j.envexpbot.2021.104627

Journal of Horticultural Science
https://jhs.um.ac.ir AT

Research Article
Vol. 40, No. 3, Fall 2026, p. 415-431

Rootstock-Scion Interaction: Top-Working of Grapevines (Bidaneh-Sefid
Rootstock) by Cleft-Grafting Technique using Foreign Grape (Vitis vinifera)
Varieties as Scion

S. Faraji'“*", S. Karami't2 S, M. M. Mirfatah"'*

1- Crop and Horticultural Science Research Department, Markazi Agricultural and Natural Resources Research and
Education Center, Agricultural Research, Education and Extension Organization (AREEO), Arak, Iran

2- Department of Agriculture, Payame Noor University (PNU), Tehran, Iran

(*- Corresponding author's Email: s.faraji@areeo.ac.ir)

How to cite this article:

Recgived:OQ July 2025 Faraji, S., Karami, S., & Mirfatah, S. M. M. (2026). Rootstock-scion
Revised: 14 October 2025 interaction: Top-working of grapevines (Bidaneh-sefid rootstock) by Cleft-
Accepted: 03 December 2025 grafting technique using foreign grape (Vitis vinifera) varieties as scion.

Available Online: 03 December 2025  Journal of Horticultural ~Science, 40(3), 415-431. (In Persian).
https://doi.org/10.22067/jhs.2025.94309.1444

Introduction

Top-working is one of the propagation and improvement techniques for fruit trees, which is also applied in
grapevines to enhance fruit quality, change cultivars, increase disease resistance, and improve adaptability to
climatic conditions. This method allows growers to graft new and desirable cultivars onto existing rootstocks
without removing old vines, enabling production in a short period. Therefore, in this research, conducted
between 2022 to 2024, the aim was to diversify the predominant grape (Vitis vinifera) cultivar (Bidaneh-sefid) in
Shazand, Markazi province, by grafting foreign cultivars onto mature rootstock in local grapevines (Bidaneh-
sefid).

Materials and Methods

The experiment was conducted as a split plot in a randomized complete block design with three replications.
The experimental treatments included the main plot assigned to two grafting methods (Hard-cleft grafting and
Green-cleft grafting) and the sub-plot assigned to six foreign-commercial grape varieties as scion (Turkmen-4,
Flame seedless, Rubi seedless, Perlette, Autumn King, Autumn Royal). In the first year, the percentage of
grafting success, scion growth (cm) and the percentage of damage caused by winter and late spring cold stress
were evaluated. Subsequently, in the third year, at the physiological mature stage of grape fruits, the interaction
effect scion and rootstocks on some quantitative (berry length: mm, berry diameter: mm, berry weight: g, cluster
length: cm, cluster width: cm, cluster weight: g and yield: kg.vine?) and qualitative (flavor index and total
soluble solids: TSS) traits of the fruit were evaluated. Afterwards, to analysis data, the normality test of the data
for all measured traits (except the percentage of damage caused by cold stress) was performed based on the
Kolmogorov-Smirnov test, then the variance analysis of the data was performed using the GLM procedure and
the comparison of means was performed using the least significant difference (LSD) test at a probability level of
P< 0.05 with SAS software. In order to compare the percentage of damage of scions caused by cold stress, the
ratio test and Fisher's z test statistic were used using SPSS ver. 28 software. Cluster analysis and grouping of
varieties were performed using the WARD method and using Euclidean distance for the first year data, simple
correlation coefficient between quantitative traits related to fruit, Principal Component Analysis (PCA) to
identify internal relationships between the studied varieties (rootstock and scions) and some measured traits in
the third year, followed by biplots drawn between the characteristics and varieties based on Stat Graphics
software version 11/1/16.

Authors retain the copyright. This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion

Based on the results of analysis of variance, the simple effect of variety and the interaction effect of graft-
variety were significant (p<0.01) and non-significant, respectively, for all evaluated traits. On the other hand, the
simple effect of graft on all evaluated traits except fruit quality indices was significant (p<0.01). The highest
percentage of grafting success and one-year scion growth was obtained by the green-cleft grafting and hard-cleft
grafting methods, respectively. The results of the assessment of damage caused by winter cold and late spring
cold in the first year indicated greater sensitivity of vines grafted using the green-cleft grafting method compared
to the hard-cleft grafting method. On the other hand, vines grafted using the hard-cleft grafting method had the
highest values of yield components and fruit yield in the third year. Based on the grouping of varieties using the
Ward method and Euclidean distance, two cultivars, "Autumn Royal" and Turkman-4, achieved superior
positions compared to other varieties in terms of the evaluated traits in the first year. On the other hand, all
varieties evaluated as scion had acceptable values of total soluble solids (TSS) and fruit flavor index. Regardless
of the type of grafting method, due to the non-significant interaction effect of graft-variety on the measured traits
in the third year, the results of principal component analysis and biplot based on the first component (yield and
components correlated with yield including berry length, berry diameter, and berry weight) and the second
component (TSS and flavor index) showed that the varieties "Autumn Royal" and "Turkmen-4" were superior
compared to other varieties (scions and rootstock).

Conclusion

In summary, the results of the present study indicate that the cleft-grafting method, the selected time, and the
environmental conditions of the Shazand region were suitable for grape grafting. The two varieties "Autumn
Royal" and "Turkmen-4" can be introduced as appropriate candidates for grafting grapevines in the Shazand
region with the "Bidaneh-sefid" rootstock using either green or hard-cleft grafting methods due to the desired
economic performance. Besides, the "Turkmen-4" variety, due to its early maturity, and the "Autumn Royal"
variety, due to its late maturity, can be recommended for areas of the Markazi province with early autumn
rainfall and areas with long summers, respectively.

Keywords: Fruit quality indices, Fruit yield, Grafting success, Grapevines, Scion growth
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Figure 2- Top-working operation of ‘Bidaneh sefid’ grape as rootstock using the Green-Cleft Grafting
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Table 1- Analysis of variance for grafting success and scion growth of cultivars in the top-working by Cleft grafting on the
‘Bidaneh Sefid’ rootstock (2022)

Slayyo (1o
Ol s 2slio &3 as Mean of squares
S.0.vV df Ngm Coddge Sdign iy
Grafting success Scion growth
. "’S_j 2 49.9™ 48.08™
Replication (R)
SlaSl gy . e
: 1 43.06 52.04
Clef grafting (Cg)
b oles 2 0.412 0.68
Error |
L 5 160.01™* 3854.05™
Cultivar (C)
o5 X S 5 0.1140 1010
CxCg
e 20 13.09 3.90
Error 11
Syt e - 5.250 1.84
C.V(%)

M gime s g doyd gy o pd S Jloin ] prdas 50 )5 ixe i ey NS g s
** *and ns: significant at the 1%, 5% of probability levels and non- significant, respectively
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Figure 3- The grafting success and scion growth on the ‘Bidaneh sefid’ rootstock in Hard and Green- cleft graftings in the

first year (LSD, p<0.05)
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Figure 4- The grafting success and scion growth of grape cultivars on the ‘Bidaneh sefid’ rootstock in the first year (LSD,
P=0.05)
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Figure 5- The cold stress damage on scions in Hard and Green -cleft grafting at the first year (LSD, p<0.05)
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Table 2- Percentage and severity of damage caused by winter and late spring cold stress to scions grafted on the ‘Bidaneh

sefid’ rootstock

O Hld G I\ WESKWSH P WIES o el LR WWESK WS R P SESy LW
o, Sl pw 31 o0l i 3l oWl Slo o 31 iU Slo g (i 5 alims; glo g (i 5
aluwo almoj (5l o)k vy 22 o ket w23 )
Severity of Percentage Severity of Percentage Percentage total
. damage caused damage caused damage caused damage caused damage caused by
Cultivars . - . . -
by winter cold by winter cold by late spring by late spring winter and late
stress stress cold stress cold stress spring cold stress
¥ oSy Sy 5o 125 - 0 12,5
Turkmen-4 Bud death
bl oKis S 10 ot S 10 -
Flame - . . :
Withered scions Withered scions
seedless
JJJ.:..»@” DA:SJ'.& JJJ};.: 275 b,\f,i.fli kSJJ}:J 5 15¢
Rubi seedless ~ Withered scions Withered scions
s oSS Sy 25 oS Sy 125 37.50°
Perlette Withered scions Withered scions
Jli?)t’i‘ﬂ les 8
Autumn Buf;de;;h 7 B 0 e
Royal
S pol oASLiS S Nign 125 oASiS S Nig 75 20P
Autumn King  Withered scions Withered scions

il oo duoyd S ot s 43 b Z g0l bl o ime il oaimd Ui g b )3 S jidie pé gy
* Non-common letters in each column indicate significant differences based on Fisher's z test at the 1% probability level.
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Figure 6- Dendrogram of six grape cultivars grated on the ‘Bidaneh sefid’ rootstock based on the grafting success (%), scion
growth (cm) and damage caused by winter and late spring cold stress (%) at the first year using Ward clustering method

Lo (5 51 (ol 5l g Skigey sl y gy CoBge (pwlol (glanigh 4505 51 ool 09,5 dnw =T Jga
Table 3- Three groups obtained from cluster analysis based on the grafting success, scion growth and damage caused by cold

09,5 (ke
Cho Group means
Trait Jol 09,5 P93 89,5 P 09,5
Group | Group 11 Group 111
R - b
95.00+7.07° 58.30+33.29 40.00+1.0°
Grafting success (%)
(ingi] S5 23, 165.5+21.92¢ 113.3+15.27¢ 120.0045.0°
Scion growth (cm)
Rl
(032) o 5§ (b ol 10.0043.53° 18, 33+2.88" 37.7542.2°

Damage caused by winter and late spring cold stress (%)

5 gl Mo yd K (6l ixe s jd o ime S| JBlas yga il 3l ookl b (g ylel JLai 3l abilons Lastiie LSS gy b aS i) glapSibie
* Means in each row followed by the same letter are not statistically different based on LSD test at P < 0.01
(z value is the SD)
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Table 4- Analysis of variance for the effect of cleft grafting and cultivar on yield, yield components and qualitative index of
fruit of grape cultivars grafted on ‘Bidaneh sefid’ rootstock at the third years

Slaryo (10ke
Mean of squares
&b a0 Job . L
SlpedS @ e as b asgiy T :" wisholy q, e O
SOV df Berry Berry Berry > > Cluster Yield Jo b8 b
length  diameter weight Cluster  Custer weight TsS Flavor
length width index
Jes
Replication 2 20.01 14.17=* 0.82** 0.94"s 18.01**  48293.12**  991.07** 3.99m 0.09 s
(R)
slaSol Ko
Clef 1 1153™  1201™ 012”1105 862" 53252 494 891"  0.001™
grafting
(Co)
Vol 0.019 0.69 0.009 0.001 0.019 7.62 0.039 0.030 0.2
Error |
)

Cultivar 5 181.034™ 101.01™  6.91%  7.94" 823"  105100.42" 336.94** 1501 2.07™
©

w52 g 5 0.03ms 0.04ns 0.009™  0.0002" 0.04ns 13.09m 0.67" 0.03m 0.22m
CxCg

vl 20 0.39 1.32 0.05 1.98 0.95 2099.99 4,91 0.39 0.42
Error 11

Sl 2 - 2.99 6.70 6.52 5.99 6.99 7.99 13.77 2.99 1.91
C.V (%)
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** * and ns: significant at the 1%, 5% of probability levels and non- significant, respectively
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Table 5- Yield and yield components of vineyard top-working by Hard and Green- cleft grafting at the third year

145l i a> Job 4 ;s 4> 0jy  dwgs Job Adgd oy Adgd e dSkes
Cleft graftiné Berry length  Berry diameter Berry Cluster _Custer C_Iuster Yie_:ld
(mm) (mm) weight (g)  length (cm)  width (cm) weight (g)  (kg.vine'!)
i (gl
Hard-cleft 18.00%" 20.88° 7.66a 23.66° 17.162 500.572 17.10°
grafting
o (gl
Green-cleft 1516b 1738b 355b 2001b 151b 40061b l439b
grafting
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* Means in each column followed by the same letter are not statistically different based on LSD test at P < 0.01
(z value is the SD)
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Table 6- Yield, yield components and qualitative index of fruit of cultivars grafted on ‘Bidaneh sefid’ rootstock in the third
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Figure 7- Heat map of the correlation between fruit yield and some quantitative characteristics of the fruit of cultivars
grafted on ‘Bidaneh sefid’ rootstock
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Figure 8- Biplot of the first and second principal components for classification of grape cultivars (rootstock and scions) based
on qualitative indices and some quantitative characteristics of the fruit measured at the third year
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Introduction

Stevia rebaudiana Bertoni is plant perennial medicinal of the Asteraceae (Compositae) family. Stevia plants
contain many compounds with medicinal properties, importantly steviol glycosides (e.g., stevioside and
dulcoside), in the leaves and shoots that are used as natural and useful sweeteners in the food industry. These
sweeteners are 30 to 400 times sweeter than glucose and sucrose and calorie-free. Salinity stress causes major
constraints factor affects crop production in world. The adverse effects of salinity stress on plant growth can be
related to factors e.g. induced osmotic stress and ionic imbalance. lonic imbalance is due to high presence of
sodium and chloride. There are several strategies for reduce salt effects in plants that including have been used
biofertilizers, organic fertilizers and nanoparticles. Nanoparticles (NPs) as one of the most important effective
methods, to reduce salinity stress condition. Proline (Pro) is one of compatible solutes and cellular protector
accumulated in response to abiotic stress. Organic fertilizers reduce reduces the harmful effects of chemical
fertilizer and improve the chemical, biological structure of soils, leading to increased crop yield. Fish processing
waste is rich in essential proteins, macro and micronutrients that causes reduced salinity stress.

Materials and Method

Stevia seedlings were purchased from a medicinal plant greenhouse (Zargiah) in Shiraz city and planted in 12
L pots. This study was conducted in a factorial experiment and based on a completely randomized design with
four replications in the spring-summer of 2022. Planting bed includes containing a mixture of cocopeat and
perlite. The plants were first irrigated with half-strength Hoagland’s solution and then irrigated with full-strength
nutrient solution. The first factor was salinity stress at four levels (0, 30, 60, 90 mM NaCl) and the second factor
salinity reducer at five levels (control, 15 and 30 mg.L™ glycine betaine without liquid fish waste fertilizer, 15
and 30 mg.L? glycine betaine with 15% (v/v) liquid fish waste fertilizer). Then growth parameters, relative
water content, a* and b* color indices and total phenol, hydrogen peroxide (H20;), malondialdehyde (MDA),
proline, and total carbohydrates were measured. Data were analyzed using SAS 9.1 software by analyzing the

means using Duncan’s multiple range test, with a significant difference level at p < 0.05.

Results and Discussion
Salinity stress significantly decreased plant growth traits. Salinity, increased proline and total phenols,
MDA, H,0,, EL compared with the control. Fish waste fertilizer with proline nanoparticles increased
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morphological parameters, RWC, proline, phenols, sugar, and reduced EL, MDA, and H,0,. Salinity stress
caused a 39% reduction in plant height, 50.24% in root fresh weight, 70.93% in root dry weight, 46.15% in
relative water content, 55.93% in a“color, 51.16% in bcolor, 39.44% in proline, 71.68% total carbohydrate,
42.7% by phenol and 73.33% by hydrogen peroxide by compared to the control. The application of 20 mg.L*
proline nanoparticles simultaneous with liquid fish waste fertilizer resulted in reduction a 31.7% by membrane
electrolyte leakage, 56.66% by root sodium, and an increase of 78.23% proline, 72.98% by total carbohydrate,
71.42% root potassium, and 62.45% by root calcium under 90 mM salinity stress compared to the control
treatment.

Conclusion
Results showed that salinity due to accumulationin Na* and disruption to the absorption of essential nutrients
especially N and K, negatively affected plant growth and yield and overall. Proline and fish waste bio-fertilizer
with increase in potassium causes open of the stomata, increase of photosynthesis and plant growth. Application
of proline especially when used at a concentration of 20 (mg.L™) and fish waste bio-fertilizer could be
considered as a sustainable, for the mitigating of salinity stress effects in stevia plants and potentially other crops.

Keyword: Growth characteristics, Organic fertilizer, Sodium chloride, Total carbohydrates
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Figure 1- TEM images of proline nanoparticles
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Table 1- The composition of major nutrients of fish waste bio-fertilizer
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Table 2- Amino acid composition of fish waste liquid fertilizer
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Table 3- ANOVA for the effect of stress modulator application on morphophysiology and physiological characteristics of
stevia under salinity stress conditions

Slayo aSbe
g st ayd Mean of squares
u‘)‘,&,&’ é.!laﬂ 7 - - o Y - . . A
S.OV st'}, Ay J?“’ B s 039 My P 059 Vg &b‘)‘
df  Root length Root dry Root fresh weigth  Shoot length
(cm) weigth (g) ()] (cm)
55)_943 o 3 606.3™ 153.54 ™ 2868.15™ 3265.9™
Salinity stress
A 08 s 4 20.48 ™ 12.68 ™ 68.4™ 2119
Stress modulator
oy X T 05 s 12 0.4 0.71" 2971 0.2
Salinity stress x stress modulator
s 6 0.51 0.26 7.72 27.23
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Syt e 5.67 8.58 7.16 8.87
CV (%)

o> S g gy Join ] daw )3 Y e g )3 el a5y s 9 F NS
ns, * and **: non-significant, and significant at the 5% and 1% of probability levels, respectively.
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Continued Table 3- ANOVA for the effect of stress modulator application on morphophysiology and physiological
characteristics of stevia under salinity stress conditions
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Error
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o> S g gy Jloin ] e )3 )5 iz g > el S 5y sk g F NS
ns,* and **: non-significant, and significant at the 5% and 1% of probability levels, respectively.
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Table 4- Effect of various concentrations of proline nanoparticles and fish waste fertilizer on morphophysiology
characteristics of Stevia under salinity stress conditions

. - PR N 7 .. 1ad 39 o0 lad
B, lo Gy gl Ay P 039 adeyJob Ol o slgie LsSté?riatal
Treatrr;en t Shoot length  Root fresh Root dry Relative water conductance
(cm) weigth (g) weigth(g) content (%) (umol.m2.s%)
0 74.12 5252 18.46°2 0.782 10.248
30 63.65° 44.64° 15.3 0.67° gb
o i
Salinity stress (mM) 60 52.55¢ 31.9°¢ 11.15°¢ 0.54¢ 7.14¢
90 44,91 26.12¢ 5.73¢ 0.42¢ 5.54¢
oalax |
] pae 0 54.45 ¢ 36.22°¢ 11.23¢ 0.52°¢ 6.8¢
Non-use
cd cb c d d
ol 10 56.18 38.16 11.86 0.56 7.34
Proline 20 58.62 b 38.37° 12.84° 0.6¢ 7.91¢
. ab b b b b
(/00) (oale 395 + s 10 61.5 39.31 13.28 0.64 8.35
Proline + fish fertilizer (15%) 20 63.252 4192 14.08 2 0.682 942
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* Same letters indicate no significant differences (p < 0.05) based on Duncan’s Multiple Range test.



Yo sualy ¥ olad Fe lor (53,910 alioo 3 pole) SLEL pole 4 580

Y

5 o g (Sulat b DSy Sl 2 (da, 0950 ol Jgne olyod 4 Ble Slarls ol 395 il 151 -0 Sy

6)9*3

Table 5- The interaction effect of proline nanoparticles and fish waste fertilizer on morphophysiology and physiological
characteristics of Stevia under salinity stress conditions

Sy AT o oy Ay SES (g9 sl Gy i8Il culs a0y, bops,
Salinity Treatr}1ent Proline Root dry Membrane Pigment  Pigment
stress (mM) (mg.L?) weigth (g) electrolyte leakage(%o) a
ool _
'\;on_':; 0 8.124 29.07 fon -11.71k 11/851
O 10 8.87°¢ 27.57 fon -12.21k 11.451
0
Proline 20 9,27 be 25.81 9 -12.25k 10.7%
(/30) oo 265 + gy 10 9.77" 26.3% -124%  9/78!
Proline + fish fertilizer (15%) 20 11.92 24.29" -13.09' 9.21!
i pie 0 5.35 9 42.89 ¢ 9279 1459
Non-use
30 oo 10 5.8f 40.89 ¢ -9.77h 14.39 9
Proline 20 6.58¢ 38.09 f -9.84hi 14.07"
(£10) (2l 355 + o5 10 6.96° 37.34 ¢ -10.097  13/84"
Proline + fish fertilizer (15%) 20 7.84 35.8 ¢f -10.86 13/19'
,\’l‘;“n”‘ S ;‘e 0 4.4h 60.75 bc -7.86%  17/48¢
60 odon 10 4.6 % 57.003 ¢ -8.36 ¢f 17/17 %
Proline 20 4.48 N 55.78 ¢ -8.65 T 16.67 ¢
(10) Lale 365 + gy 10 4,889 54,03 -855¢ 158"
Proline + fish fertilizer (15%) 20 5.67f 51.9« -9.53 N 14.97 9
oolawl
,\’l‘;“n” J ;; 0 236k 88.22° 5162  20/63°
90 odon 10 2.864 84.972 -5.91°b 19/58°
Proline 20 2.95K4 68.58° -7.07°¢ 18.83°¢
(730) (o 595 + 009 10 3.231 61.08 be -7.42 19.36 ¢
Proline + fish fertilizer (15%) 20 4.071 60.25 be -8.31¢f 18.86 ¢

Al o 5SSl (el iz g05] B9, Mo yd iy Jlein] o 53 5 sime BB pae LIS ygiw yb ) S e gy
* Same letters indicate no significant differences (p < 0.05) based on Duncan’s Multiple Range test.
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(2016
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Table 6- ANOVA for the effect stress modulator application on the physiological characteristics of Stevia under salinity
stress conditions

oy ©lrspe ik
Ol pans &ale ) i Mean of squares
SXeRY; CU cire Sy U wille ol odax 5 &l S
H,0; Phenol MDA Proline  Total carbohydrates
Salfr:iﬁ/ﬁess 3 0.0044 ™ 12236.43™ 1.09 ™ 143.07 ™ 114532.12 ™
Stgsgj f;:or 4 0.00026 ** 5268.87 0.05* 178.56 ** 11715.7
u
o9 X S 0aiS s - o . s o
Salinity stress « stress modulator 12 0.00024 674.24 0.0027 310.58 10411.99
s
Error 6 0.000052 64.43 0.001 5.05 210.24
‘“'é\‘;’ (;/”)’" 6.85 8.22 7.03 10.68 9.1
0

Wdoyd K g guy Jlesisl e 53 )0 gz g D gine e oS 5y s g 2 NS
ns, * and **: non-significant, and significant at the 5% and 1% of probability levels, respectively.
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Table 7- The interaction effect of proline nanoparticles and fish waste fertilizer on biochemical characteristics of Stevia under
salinity stress conditions

w5y y ol AW
3909 A s oan odan Jgid o ciated
L Pl - ; Oiayd KWRV Total
Salinity Treatment Proline Proline Phenol carbohvdrates
stress (MM) (mg.L)  (ug.g?) HO: — (mgg?) MDA e
(umol.g?) (umol.g?) (H9.97)
ool . _
'\ion J;; 0 7.69M 0.016! 4057k 0.28 i 36.98!
o 10 9.94 m 0.0151 4357k 0.25H 4448
0 Proline 20 12,7 00151  49.85k 0.22! 101.74 1
(10) (ol 365+l 10 13.95% 00141 55.6 0.21' 11724
Proline + fish fertilizer (15%) 20 16.42 9hi 0.015] 61.44 M 0.2' 1628
ool . _
'\ion_lj; 0 13.92" 0.034 fo 62.15 i 0.489 74.37k
o 10 17.35 ohi 0.0329 66.9 9" 0.41"h 81.12k
30 Proline 20 20.308'h  0028"  73.650 0.351 122,67 i
((410) oale 355 +0sls s 10 202970 002" 789 0.327 122,67
Proline + fish fertilizer (15%) 20 21.08 efg 0.016 j 91.25 d 0.31 ji 162.41 f
;:‘J; 0 10.67 km! 0.044 d 69.96 fon 0.62°¢ 72.63k
o 10 13.92 K 0.039 ¢ 74.96 o 0.61°¢ 81.63 ki
60 Proline 20 15.1 M 0.036¢  8659%  0.59¢ 161.29
(/3) alo 365 + oy 10 17.35%0 00349  90.34¢ 055 193.79°¢
Proline + fish fertilizer (15%) 20 20.3 def 0.033¢ 112.11¢ 0.45 9" 357.29°
ool -
l\ion- ! ; 0 13.83 ik 0.06¢ 70817  0.86° 130.6 9"
o 10 18.83 defo 0.055b 75.81 ¢f 0.8° 150.6 ¢
90 Proline 20 21,20 0.049 112.88°¢ 0.77bc 250.6 ¢
((%30) (alo 365 + 3oy 10 24.49 de 0.046 ¢ 130.38° 073 285.6°¢
«® 92
Proline + fish fertilizer (15%) 20 63.54 2 0.044 ¢ 157.79 2 0.7¢ 483.45 2

Al o 5SSl (el iz g0l gy Moy gy Jlein] o 53 5 sime BMS pae LS ygiw pa 0 S yidie gy
* Same letters indicate no significant differences (p < 0.05) based on Duncan’s Multiple Range test.
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Table 8- ANOVA for the effect of stress modulator application on the essential nutrients of Stevia under salinity stress

conditions
Olasyo (55ke
[CAPOVES 2P 9IS NEHES Mean of squares
S.0.V df ANl y (ol et Ay el Ay 5 anddS
Root Na (%0) Root K (%) Root Ca (%)
e 3 16.36 ™ 0.96 ** 9.69 "
Salinity stress (mM)
N 4 16.97 ™ 481" 11.54 ™
Stress modulator
g RS oS s 12 *2.63 0.38" 0.34°
Salinity stress x Stress modulator
ks 6 0.026 0.015 0.006
Error
Sl ey 3.01 6.19 3.36
CV (%)

il oo Moy K g gy Jloin] a3 )1 pxe g I o puE iy s g % NS
ns, * and **: non-significant, and significant at the 5% and 1% of probability levels, respectively
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Table 9- The interaction effect of proline nanoparticles and fish waste fertilizer essential nutrients of Stevia under salinity
stress conditions

S S o Y9 Al ) oaandS Al y oty Ay o
Salinity stress - Proline Root Ca Root K Root Na
(mM) Treatment (mg.LY) (%) (%) (%)
,\’l‘;;"lj;‘e 0 2.59° 1.85°¢f 3.42"
odan 10 2.82¢ 2.008 ¢ 3.241
0 Proline 20 2.64°¢f 2.31¢ 3.07 Kk
(/30) alo 365 + oy 10 2.74% 2.49°¢ 2.94k
Proline + fish fertilizer (15%) 20 4.23° 2.64 ¢ 2.57!
e 0 195" 161 458°¢
odan 10 2.01h 1.84¢ 4.41
30 Proline 20 259" 1.93°f 3.83°¢f
(/30) oo 368 + oy 10 2.74 ¢ 2.005°¢ 3.669
Proline + fish fertilizer (15%) 20 4.89°2 2.69%® 2.55!
oalax | . .
,\’ll;“n"lj;‘e 0 1.421 1.041 5,66
o 10 1571 1.29" 5510
60 Proline 20 2.05h 1.79f 4.48¢cd
(/30) Lale 365 + sy 10 2199 2.018° 4329
Proline + fish fertilizer (15%) 20 3.75°¢ 2.58 3.11K
o3z '
Noi 0 0.95' 0.8 7.5
o 10 1.07k 0.99i 7.27%
%0 Proline 20 1.36] 2.29¢ 3.91¢
(/00) Lale 365 + sy 10 1.461 2,56 b¢ 3599
20 253" 2.8° 3.251

Proline + fish fertilizer (15%)

Al o 5SSl (il iz g0l gy Mo yd i Jlein] prdaw 53 5 sime MBS pae LIS ygiw pp D S yidie Ly y>
* Same letters indicate no significant differences (p < 0.05) based on Duncan’s Multiple Range test.
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Introduction

Hydroponic systems have emerged as an advanced method for cultivating medicinal plants, offering precise
control over environmental and nutritional factors to enhance the production of secondary metabolites. Chemical
elicitors, such as salicylic acid (SA) and methyl jasmonate (MeJA), play a key role in stimulating plant defense
responses and increasing the synthesis of valuable phytochemical compounds. These compounds alleviate biotic
and abiotic stress signals, triggering plant defense mechanisms and stimulating the biosynthesis of valuable
secondary metabolites, including phenolics, flavonoids, and essential oils (Mehdizadeh and Moghaddam, 2023).
Salvia officinalis L. (sage), a perennial aromatic plant from the Lamiaceae family, is known for its medicinal
properties and rich content of bioactive compounds, including essential oils and phenolic derivatives. Recent
studies have demonstrated that exogenous application of SA and MeJA can significantly influence plant growth
and secondary metabolism. However, their effects are highly concentration-dependent and species-specific,
necessitating further research to determine optimal dosages for different medicinal plants (Mohi-Ud-Din et al.,
2025). While some studies have explored the individual effects of these elicitors, their synergistic interactions in
hydroponically grown sage remain understudied (Jeyasri et al., 2023). This study investigates the synergistic
effects of SA and MeJA foliar application on the growth, phytochemical composition, and antioxidant activity of
sage in a hydroponic system.

Materials and Methods

This experiment was conducted as a factorial design based on a completely randomized design with three
replications. Treatments included the foliar application of SA (0, 0.5, and 1 mM) and MeJA (0, 0.25, and 0.5
mM). Sage seeds were germinated under controlled conditions, and seedlings were transferred to a hydroponic
system with a perlite-cocopeat (3:1, v/v) substrate. Plants were grown under natural light, with temperatures
maintained at 20-30°C and relative humidity at 70-80%. Nutrient solutions were provided using Hoagland’s
formula (EC 1.6 dS.m™). Foliar treatments were applied at three growth stages: initial three-leaf, six-leaf, and
flowering onset. Ten days after the final treatment, biomass, photosynthetic pigments, antioxidant enzyme
activities (POX, APX, SOD), phenylalanine ammonia-lyase (PAL) activity, phenolic and flavonoid content,
essential oil percentage, and antioxidant capacity (DPPH assay) were evaluated.

Results and Discussion

Authors retain the copyright. This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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The experimental results demonstrated that the foliar application of salicylic acid and methyl jasmonate
significantly influenced the growth, physiological traits, and phytochemical composition of hydroponically
cultivated sage. The combined treatment of 0.5 mM SA and 0.25 mM MeJA produced the highest fresh (49.00 g)
and dry (21.48 g) biomass, indicating a synergistic effect on plant growth. This enhancement can be attributed to
the role of SA in promoting cell division and elongation, while MeJA at low concentrations stimulates metabolic
activity without inducing excessive stress. However, higher MeJA concentrations (0.5 mM) exhibited inhibitory
effects, likely due to the overactivation of defense mechanisms that divert energy away from growth-related
processes. Photosynthetic pigments, including chlorophyll and carotenoids, were significantly influenced by the
elicitor treatments. The combination of 1 mM SA and 0.25 mM MeJA resulted in the highest carotenoid content
(2.34 mg.g' FW), suggesting that moderate elicitation enhances photosynthetic efficiency. Conversely,
excessive MeJA (0.5 mM) led to a reduction in chlorophyll content, possibly due to accelerated senescence or
oxidative stress. The application of SA and MeJA also induced a marked increase in antioxidant enzyme
activities, including POX, SOD, and APX. Among the highest activities, POX was maximized in the combined
treatment of 0.5 mM SA and 0.25 mM MeJA (20.49 U.mg™' protein), while the highest APX (6.96 U.mg™!
protein) and SOD (1.95 U.mg™! protein) activities were recorded in plants treated with 0.25 mM MeJA alone.
These enzymes are critical for scavenging reactive oxygen species (ROS), which accumulate under elicitor-
induced stress. The upregulation of these defense mechanisms not only protects cellular integrity but also
stimulates the biosynthesis of secondary metabolites. A key finding was the significant increase in phenylalanine
ammonia-lyase activity, a rate-limiting enzyme in the phenylpropanoid pathway. The highest PAL activity was
observed in plants treated with 1 mM SA alone or in combination with 0.25 mM MeJA, correlating with elevated
levels of total phenolics and flavonoids. Phenolic compounds, such as rosmarinic acid, are major bioactive
constituents in sage, contributing to its antioxidant and antimicrobial properties. The increase in flavonoid
content, particularly under the combination of 0.5-1 mM SA and 0.25 mM MeJA, further supports the role of
these elicitors in activating secondary metabolic pathways. One of the most notable outcomes was the 39%
increase in essential oil content under the 0.5 mM SA + 0.25 mM MeJA treatment. Essential oils in sage are
synthesized via the terpenoid pathway, which appears to be strongly induced by these elicitors. The enhanced
essential oil yield was accompanied by a significant improvement in antioxidant capacity, as evidenced by the
DPPH radical scavenging assay. This suggests that the elicited plants not only produced higher quantities of
bioactive compounds but also exhibited stronger free-radical quenching activity, which is valuable for medicinal
and nutraceutical applications. These findings align with previous studies indicating that SA and MeJA act
synergistically at optimal concentrations to enhance secondary metabolite production while maintaining plant
growth. However, the negative effects of high MeJA levels (0.5 mM) underscore the importance of dosage
optimization, as excessive elicitation can lead to phytotoxicity and metabolic imbalance.

Conclusion

This study demonstrated that the combined application of salicylic acid and methyl jasmonate in a
hydroponic growth medium serves as a powerful tool for regulating growth and enhancing the production of
secondary metabolites in sage plants (S. officinalis). A key finding was the identification of an optimal treatment
combination (0.5-1 mM salicylic acid coupled with 0.25 mM methyl jasmonate), which synergistically increased
biomass, essential oil content, and antioxidant activity. In contrast, higher concentrations of methyl jasmonate
alone were found to inhibit growth. The implications of this research are significant, as it shows that by precisely
modulating elicitor concentrations, the metabolic balance between growth and defense compound synthesis can
be strategically managed to meet agricultural and pharmaceutical objectives. This approach holds considerable
potential for the large-scale production and standardization of high-quality medicinal plants in controlled
cultivation systems. Future research should focus on elucidating the molecular mechanisms underlying these
synergistic effects, as well as evaluating the efficacy of these treatments in other plant species.

Keywords: Antioxidant capacity, Biomass, Essential oil, Methyl jasmonate, Salicylic acid
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Table 1- The interaction effect of foliar application of salicylic acid xmethyl jasmonate on the biomass and carotenoids of S.

officinalis

Sl s Slgamsls Jeio Gl el Joje gl el SIS g gl )B
salicylic acid (MM)  Methyl jasmonate (mM) Plant aerial fresh weight Plant aerial dry weight Carotenoids
(g per plant) (g per plant) (mg.gt FW)

0 28.00+1.00 de* 16.45+0.11 ¢ 1.36+0.03 f

0 0.25 31.33+1.53d 18.69+0.54 b 2.05+0.04 b

0.5 26.00+2.65 14.90+0.59d 1.18+0.06 g

0 37.00£1.00 ¢ 16.45+0.10 ¢ 1.7240.05d

0.5 0.25 49.00+1.00 a 21.478+1.33 a 1.36+0.04 f

0.5 28.00+1.10 de 16.48+0.40 ¢ 1.35+0.03 f

0 45.00+3.46 b 18.54+0.10 b 1.87+0.01 ¢

1 0.25 42.00+1.50 b 17.95+0.46 b 2.34+0.03 a

0.5 28.00+1.45 de 18.49+0.95 b 1.47+0.08 e
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* Values followed by the same letter in each trait have no significant difference based on Duncan’s multiple range test at 5% of

probability level.
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Figure 1- The effect of foliar application of salicylic acid (A) and methyl jasmonate (B) on total chlorophyll content of S.
officinalis DMRT, p<0.05)
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Table 2- The interaction effect of foliar application of salicylic acid xmethyl jasmonate on antioxidant enzymes activity of S.

officinalis
S s sl lgomle Jato JEw3% STy ©OLygSu] U gomasd SpanST g
Salicylic acid Methyl jasmonate Peroxidase Ascorbate peroxidase Superoxide dismutase
(mM) (mM) (U.mg* protein) (U.mg! protein) (U.mg! protein)
0 13.93+0.24 d* 6.52+0.02 ab 1.71+0.00 bc
0 0.25 16.97+0.41 bc 6.96+0.10 a 1.95+0.02 a
0.5 14.87+1.81 cd 6.38£0.21 b 1.26+0.07 e
0 15.87+0.34 cd 6.67+0.02 ab 1.77+0.01 b
0.5 0.25 20.49+0.30 a 6.95+0.45a 1.92+0.02 a
0.5 15.93+2.05 cd 6.18+0.59 b 1.58+0.08 d
0 18.66+0.42 ab 6.94+0.02 a 1.89+0.03 a
1 0.25 20.26+2.51a 6.48+0.05 ab 1.64+0.03 cd
0.5 14.40+1.37 d 6.40£0.12 b 1.70+0.15 bc
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* Values followed by the same letter in each trait have no significant difference based on Duncan’s multiple range test at 5% of
probability level.
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Figure 2- The effect of foliar application of salicylic acid (A) and methyl jasmonate (B) on PAL enzyme activity of ..
officinalis (DMRT, p<0.05)
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Figure 3- The effect of foliar application of salicylic acid (A) and methyl jasmonate (B) on total phenol content of S. officinalis
(DMRT, p<0.05)
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Table 3- The interaction effect of foliar application of salicylic acid xmethyl jasmonate on flavonoid content, essential oil
percent and antioxidant activity of S. officinalis

S Lo s Slgamsls Jiio IRV omill 305 1 5T Cdlad
Salicylic acid Methyl jasmonate Flavonoids Essential oil Antioxidant activity
(mM) (mM) (Mg.g* FW) (%) (ug.mL™)

0 2.21+0.01 ef* 0.59+0.01 cd 163.30+8.95 b

0 0.25 2.49+0.19 cd 0.6440.01 bc 134.05+6.65 ¢

0.5 2.21+0.08 ef 0.56+0.03d 183.9249.36 a

0 2.40£0.06 de 0.62+0.02 cd 121.38+1.23 ¢

0.5 0.25 2.7440.04 ab 0.82+0.05a 94.69+4.07d

0.5 2.18+0.06 f 0.58+0.01 cd 190.56+1.25a

0 2.61+0.25 bc 0.70£0.05b 166.44+16.48 b

1 0.25 2.86£0.03 a 0.81+0.06 a 102.05+3.35d

0.5 2.2140.01 ef 0.6040.04 cd 191.66+7.61a
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* Values followed by the same letter in each trait have no significant difference based on Duncan’s multiple range test at 5% of

probability level.
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Introduction

Olive (Olea europaea L.) is a fruit-bearing tree of global significance due to the high quantity and quality of
oil produced from its fruits. Fatty acid desaturase (FAD) genes are responsible for catalyzing the conversion of
linoleic acid to a-linolenic acid. In olives, the FAD7 and FAD3 genes encode omega-3 fatty acid desaturases that
catalyze the conversion of linoleic acid (omega-6) to a-linolenic acid (omega-3), occurring respectively in
plastids and the endoplasmic reticulum. In olive fruit, oil accumulates in two distinct tissues: the mesocarp,
which contains the highest concentration of oil, and the seed, which is enclosed by a hard endocarp. Due to the
significance of the mesocarp for oil extraction in olives, most previous research has focused on oil biosynthesis
within the fruit's mesocarp tissue, while the biosynthetic process in the seed has been comparatively less studied.

Materials and Methods

This study investigated the expression patterns of OeFAD7 and OeFAD3 genes during different fruit ripening
stages in two tissues, mesocarp and seed, in four olive cultivars: two native (‘Mari’ and ‘Shengeh’) and two
imported (‘Arbequina’ and ‘Koroneiki’). Total RNA was extracted from both seed and mesocarp tissues of the
cultivars at five developmental time points: 64, 90, 120, 150, and 180 days after full bloom (DAFB).
Subsequently, cDNA was synthesized and gene expression was analyzed using specific primers for OeFAD7-1
and OeFAD3A. The OeQUB2 gene was employed as a reference for evaluating relative expression levels. Each
experimental sample was evaluated in triplicate. Data analysis was performed using SAS software, and mean
values were compared using Tukey's test.

Results and Discussion

Transcripts of both OeFAD3 and OeFAD7 genes were consistently detected in the two examined tissues
across all sampling times and in all olive cultivars, indicating stable, though quantitatively variable, patterns of
gene expression. Results revealed significant differences in gene expression across tissues, ripening stages, and
among cultivars. While OeFAD7 exhibited higher expression in mesocarp tissue compared to seeds, OeFAD3
was more strongly expressed in seeds than in mesocarp. On the other hand, the findings of this study revealed
that the expression level of the OeFAD3 gene in the seed of the fruit was significantly higher than in the
mesocarp. Moreover, in most sampling stages, the expression of this gene in the seed exceeded that of the
OeFAD7 gene in the same tissue. Previous studies on the expression of this gene in various olive tissues also
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indicated that the OeFAD3A isoform exhibited the highest expression in the seed and young olive leaves, while
its transcripts were extremely low and nearly undetectable in the fruit mesocarp. Expression of OeFAD7 in the
mesocarp showed a distinct upregulation at a specific growth stage, occurring either at 90 or 120 DAFB
depending on the cultivar. The ‘Koroneiki’ cultivar demonstrated the highest transcript abundance for both genes
and displayed a relatively distinct expression profile during fruit ripening compared to the other cultivars.
Furthermore, the comparison of the expression levels of oleate desaturase genes in this study aligns with
previous research findings regarding the fatty acid composition of the studied cultivars. In general, the native
cultivars showed lower expression levels of the target genes compared to the imported ones, although the ‘Mari’
cultivar exhibited higher gene expression than ‘Shengeh’ in most developmental stages. Based on these findings,
it can be proposed that OeFAD?7 plays a more prominent role in the conversion of linoleic acid to a-linolenic
acid in the mesocarp, while OeFAD3 is more pivotal in a-linolenic acid biosynthesis within the seed.

Conclusion

The data generated in this study provide valuable insights about tissue specific expression of oleate
desaturases in olive trees. In conclusion, the distinct spatiotemporal expression profiles of FAD7 and FAD3
during olive fruit development underscore their pivotal roles in a-linolenic acid biosynthesis and identify them as
valuable targets for breeding and biotechnological strategies aimed at enhancing olive oil composition and
quality. Based on these findings, it can be concluded that the OeFAD7 gene plays a critical role in the fatty acid
desaturation process within the mesocarp tissue of olive fruit, whereas the OeFAD3 gene has greater significance
in this process within the seed. Overall, the data from this study highlight the substantial impact of these genes
on linoleic acid degradation in olive oil, thereby enhancing its quality index in terms of the ratio of oleic acid to
linoleic and linolenic acids.

Keyword: Developmental stages, Mesocarp, Oleate desaturase, Olive oil, Olive seed
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Table 3—Triple interaction of cultivar x harvest time x tissue type on the expression of OeFAD7 and OeFAD3 genes in olive

fruit
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Cultivar Tissue Time (DAFB)
64 0.19 fg* 0.0035 g
. 90 0.17 fg 0.0028 g
79 120 1.22cd 0.0013 g
Mesocarp 150 0.29 efg 0.00029 g
‘b’ 180 0.032 fg 0.0042 g
‘Mari’ 64 0.038 fg 0.188 de
" 90 0.075 fg 0.15 de
120 0.023 g 0.0073 fg
Seed 150 0.008 g 0.0018 g
180 0.009 g 0.000023 g
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* Means in each column that share the same letter are not significantly different statistically based on Tukey’ test at p<0.05.
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Figure 1- Expression pattern of OeFAD7 and OeFAD3 genes in two tissues, mesocarp and seed, of imported olive cultivars

('Arbequina’ and 'Koroneiki') and native cultivars ("Mari' and 'Shenghe') at different stages of fruit development and

ripening
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DAFB: days after full bloom; Error bars: represent mean + SD
&l cély , OeFADS ()l d 10 )Sg50 cély ;> OFAD3 L, € tails cél ;> OeFADT (s b «)5550 cél ,» OeFADT7 ()L, :A
A: OeFAD?7 expression in mesocarp; b:) OeFAD7 expression in seed; ¢: OeFAD3 expression in mesocarp; d: OeFAD3
expression in seed.
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Introduction

Today, the use of nano-composite and natural coatings for the production of healthy food products,
preserving the environment and natural resources has become one of the most important challenges in agriculture
in the world. In this regard, achieving an increase in the postharvest shelf life of food products by using healthy
coatings is one of the methods that can be used to increase the post-harvest shelf life of food products. However,
sometimes natural coatings cause changes in the taste of food products. Due to the high perishability of edible
button mushrooms (Agaricus bisporus), their preservation is of particular importance. The use of natural
coatings as a relatively new and simple technology is very effective in preventing undesirable changes in the
quality of various products. Using natural coatings, the shelf life of products can be increased by minimizing
changes in their color and textural characteristics. Natural and edible coatings are divided into protein,
polysaccharide, lipid coatings, or a combination of them and can increase the shelf life of food products by
delaying water loss, preserving aromatic compounds, reducing respiration, and delaying structural changes in the
fruit. Therefore, the present study was aimed to evaluate the effect of a bio-composite coating based on nano-
chitosan and nano-hydroxyapatite on the postharvest shelf life and quality attributes of button mushrooms.

Materials and Methods

Button mushrooms harvested from the second flush were transported to the laboratory as soon as possible,
then washed with distilled water, their stems were shortened, and they were prepared for immersion in the
studied treatments. The mushrooms that were prepared for coating were divided into 9 groups. One uncoated
sample and 8 samples containing coatings with different percentages of nano-chitosan and nano-hydroxyapatite
were prepared and coded. The mushrooms were immersed in each of the coating solutions for five minutes
according to the desired treatment. The mushrooms were removed from the solutions and placed on a mesh
basket (at laboratory temperature) for 15 to 30 minutes to allow excess coating material to drain. The mushrooms
were then individually weighed and transferred six in triplicate into disposable plastic containers with perforated
lids. They were then transferred to a refrigerator at 4 degrees Celsius. The control sample was immersed in
distilled water for 5 minutes. For this purpose, the effect of these coatings was evaluated in a factorial
experiment in a completely randomized design with three replications to prevent undesirable changes on the
postharvest quality of edible button mushrooms at a temperature of 4 degrees Celsius. The experimental
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treatments included coating edible button mushrooms with different concentrations of nano-chitosan (0, 1, and 2
percent) and nano-hydroxyapatite (0, 40, 80 mg) for 28 days. After coating, titratable acidity, malondialdehyde,
soluble solids, and enzyme measurements such as catalase, peroxidase, ascorbate peroxidase, and polyphenol
oxidase enzymes of the mushrooms were recorded and analyzed on days 0, 7, 14, 21, and 28 of storage. Means
were compared using Duncan's multiple range test at a 5% probability level. SAS software was used for
statistical analysis.

Results and Discussion

Based on the results, the highest titratable acidity, catalase enzyme and ascorbate peroxidase enzyme were
obtained in the nano-chitosan coating treatment containing 40 mg of nano-hydroxyapatite compared to the
control treatment and the highest malondialdehyde, soluble solids and polyphenol oxidase enzyme were obtained
in the control treatment without coating during the storage days. The lowest malondialdehyde, soluble solids and
polyphenol oxidase enzyme were also obtained in the nano-chitosan coating treatment containing 40 mg of nano-
hydroxyapatite compared to the control treatment during the storage days. Finally, coating with 1% nano-
chitosan containing 40 mg of nano-hydroxyapatite can increase the shelf life of button mushrooms up to 14 days
after harvest.

Conclusion

Due to the high perishability of button mushroom, its maintenance is very important. One of the methods of
preserving button mushrooms is the application of natural coatings. The purpose of this study is to evaluate the
effect of natural coating based on nano-chitosan and nano-hydroxyapatite. For this purpose, the coating of nano-
chitosan (zero, 1%, 2%), nano-hydroxyapatite (zero, 40, 80 mg), and the combination of nano-chitosan with
nano-hydroxyapatite in the mentioned concentrations were used. Finally, according to the findings of this study,
it can be stated that coating with 1% nano-chitosan containing 40 mg of nano-hydroxyapatite can increase the
shelf life of button mushroom up to 14 days after harvesting, which remained marketable for this period.
Therefore, using this coating is recommended to extend the commercial shelf life of button mushrooms.
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Table 1- ANOVA for the effects of chitosan nanoparticles and hydroxyapatite nanoparticles on biochemical traits of button
mushrooms during the postharvest period
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# q#% and ns: significant at the 1 and 5 percent of probability levels, respectively, and non-significant.
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Table 1 Continued- ANOVA for the effects of chitosan nanoparticles and hydroxyapatite nanoparticles on biochemical
traits of button mushrooms during the postharvest period
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Figure 2- Triple effect of chitosan nanoparticle coating (ch) x hydroxyapatite nanoparticle x postharvest time on catalase
enzyme activity in button mushroom samples (DMRT, p<0.05)
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Figure 3- Triple effect of chitosan nanoparticle coating (ch) x hydroxyapatite nanoparticle x postharvest time on the level of
peroxidase enzyme in button mushroom samples (DMRT, p<0.05)
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Figure 4- Triple effect of chitosan nanoparticle coating (ch) x hydroxyapatite nanoparticle x postharvest time on the level of

ascorbate peroxidase enzyme in button mushroom samples (DMRT, p<0.05)
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activity of button mushroom samples (DMRT, p<0.05)
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solids content of button mushroom samples (DMRT, p<0.05)
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Figure 8- Triple effect of chitosan nanoparticle coating (ch) x hydroxyapatite nanoparticle x postharvest time on TA content
of button mushroom samples (DMRT, p<0.05)
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Introduction

The growth and development of plants in arid and semi-arid regions are restricted primarily due to limited
water availability. Under these conditions, the physiological and biochemical characteristics of plants undergo
significant changes. In these conditions, due to the imbalance of hormones, plant growth decreases. Therefore,
the use of plant growth regulators can be an effective factor in improving tolerance to abiotic stresses.
Thidiazuron is known to activate stress-responsive genes and promote the accumulation of stress-related
signaling molecules, including abscisic acid and proline. Catharanthus roseus is an evergreen ornamental-
medicinal plant that is very popular for planting in pots and green spaces.

Materials and Methods

The experiment was conducted as a factorial experiment in a completely randomized design with two factors
and four replications in the research greenhouses of Lorestan Agricultural College during the spring and summer
of 2022. The first factor was water deficit stress at three levels of 80 (control), 50, and 20% available water
content in soil, and the second factor was foliar application of thidiazuron at three levels of 0 (control), 2.5, and 5
mg.Lt. Water deficit stress was imposed and maintained using a pressure plate device and the gravimetric
method. Thidiazuron was applied as a foliar spray. Three months after the application of water deficit stress,
growth traits (Such as plant height, stem diameter, leaf number and area, flower diameter, root diameter and
volume, fresh and dry weight of shoots and roots), gas exchange parameters (photosynthesis rate, transpiration
rate, stomatal conductance, mesophyll conductance, and intracellular CO: concentration) and biochemical
characteristics (relative leaf water content, electrolyte leakage, photosynthetic pigments, malondialdehyde and
peroxidase and ascorbate peroxidase enzyme activities) were measured.

Results and Discussion

The results indicated that higher levels of water deficit stress significantly reduced plant growth, gas
exchange rates, photosynthetic pigment content, and relative water content, while significantly increasing root
length, photosynthetic water use efficiency, electrolyte leakage, malondialdehyde content, and antioxidant
enzyme activity in Catharanthus. Foliar application of thidiazuron alleviated the negative impacts of water
deficit stress by enhancing antioxidant enzyme activity, improving gas exchange, and maintaining better plant
water balance. These results indicate that water deficit stress has detrimental effects on both vegetative and
reproductive growth in Catharanthus roseus. However, thidiazuron application reduced these effects and
improved plant tolerance to stress by promoting root growth and increasing antioxidant enzyme activity. Water
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deficit limits plant growth by reducing shoot and root development, which decreases plant dry weight. This
reduction is likely due to decreased photosynthesis, reduced cell expansion, and inhibited cell division.
Thidiazuron may counteract these effects by promoting cell division, enhancing chlorophyll accumulation,
stimulating the biosynthesis of photosynthetic pigments, and delaying leaf senescence through cytokinin
stimulation. Drought stress also limits membrane integrity, pigment content, lipid biosynthesis, and hormonal
balance by reducing gas exchange and carbon dioxide concentration, thereby reducing plant growth. On the other
hand, thidiazuron, known as a cytokinin, has dual auxin and cytokinin effects and may facilitate the
accumulation or synthesis of endogenous plant growth hormones, in fact, thidiazuron acts through adenine-type
cytokinin activity either by stimulating endogenous cytokinin or by binding to cytokinin receptors. It also
enhances plant growth by activating enzymatic and non-enzymatic antioxidant defense systems.

Conclusion
The results of the present experiment showed that thidiazuron enhances plant resistance to water deficit stress
by stimulating root growth, enhancing gas exchange, and boosting enzymatic antioxidant activity. However,
further research is needed to optimize its application for managing water deficit stress in Catharanthus roseus.
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Introduction

Tomato (Solanum lycopersicum) is one of the most widely grown vegetable crops in the world and is of high
nutritional and economic importance. However, tomato production is severely constrained by abiotic stresses,
particularly salinity, which reduces water uptake, disrupts ionic balance, damages chlorophyll, and induces
oxidative stress. Nutrient management has emerged as a promising approach. Nitrogen, phosphorus, and
potassium are fundamental for growth and osmotic adjustment, while micronutrients such as iron, zinc,
manganese, and boron act as cofactors for enzymes, participate in antioxidant defense, and contribute to
reproductive success. This research aimed to investigate the effects of NPK and micronutrient fertilization, both
individually and in combination, on tomato yield, quality, and physiological parameters under varying salinity
levels, with the ultimate goal of providing sustainable solutions for tomato production in salt-affected areas.

Materials and Methods

The experiment was carried out in 2024 at the greenhouse of Mohaghegh Ardabili University, Iran. The
experimental design was factorial, based on a randomized complete block with three replications. Treatments
included four salinity levels (0, 2, 4, and 8 dS.m™) imposed by adding NaCl to irrigation water, and four
fertilizer treatments: control (no fertilizer), NPK (200 kg N, 150 kg P, and 150 kg K.ha™), micronutrients (Zn,
Fe, Mn, and B applied as foliar spray), and combined NPK + micronutrients (half NPK dose plus foliar
micronutrients). NPK was applied partly as basal and partly as top dressing, while micronutrients were sprayed
twice during vegetative growth and once after fruit setting. The measured traits included yield components (fruit
number, average fruit weight, total yield per plant), physiological parameters (chlorophyll index by SPAD,
proline content, electrolyte leakage), and biochemical traits (fruit lycopene and the activity of antioxidant
enzymes catalase and peroxidase). Data were analyzed by ANOVA using SAS and SPSS, and mean comparisons
were conducted with Duncan's multiple range test at the 5% level.

Results and Discussion
Salinity stress markedly reduced tomato performance. Yield per plant declined from 3.5 kg in the control to

Authors retain the copyright. This is an open access article distributed under Creative Commons
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1.6 kg under 8 dS.m™2, representing a 54% reduction. Similarly, fruit number decreased from 28.5 to 16.8 and
average fruit weight from 125.3 g to 94.8 g. These reductions were accompanied by decreases in chlorophyll
index and lycopene content, confirming the negative impact of salinity on both growth and quality. Proline
content and electrolyte leakage, indicators of stress, increased significantly with higher salinity. Fertilizer
treatments substantially alleviated these effects. The combined NPK + micronutrient treatment consistently
produced the best results. Under this treatment, yield reached 3.25 kg per plant, almost restoring yield levels
under non-saline conditions. Lycopene content, which dropped to 7.6 mg.kg™ in the unfertilized control at 8
dS.m™, increased to 15.2 mg.kg™* with combined fertilization under non-saline conditions. Similarly,
chlorophyll index (SPAD) was maintained at 39.5 in the combined treatment compared with 28.3 in stressed,
unfertilized plants. Physiological responses also confirmed the benefits of fertilization. Proline accumulation,
which reached 8.9 umol.g™* fresh weight in stressed unfertilized plants, was significantly reduced in fertilized
ones, reflecting less need for osmotic adjustment. Electrolyte leakage was minimized under combined
fertilization, suggesting better membrane stability. Antioxidant defense was strongly enhanced: catalase activity
reached 30.5 units.mg™ protein in plants treated with NPK + micronutrients, compared with 15.2 in the control.
Peroxidase activity increased to 9 units.mg™ protein compared with only 6.5 in the control. These results
confirm that micronutrients such as Fe, Mn, and Zn act as cofactors, improving enzyme activity and enabling
plants to neutralize reactive oxygen species more efficiently. Overall, the findings show that while salinity
causes severe reductions in yield and fruit quality, integrated nutrient management substantially mitigates these
negative effects. The superiority of the combined treatment compared to either NPK or micronutrients alone
highlights the importance of balanced nutrition. It also shows that micronutrients can reduce the reliance on high
chemical fertilizer inputs, thus aligning with sustainable agriculture practices. These results are consistent with
previous reports on the role of balanced fertilization in enhancing salt tolerance by improving chlorophyll
biosynthesis, antioxidant defense, and osmotic regulation.

Conclusion

The findings confirm that the combined application of NPK and micronutrients effectively mitigates the
adverse effects of salinity on tomato growth and yield by improving chlorophyll biosynthesis, lycopene
accumulation, and antioxidant enzyme activity while reducing stress indicators such as proline and electrolyte
leakage. This integrated fertilization strategy enhances yield stability, fruit quality, and plant resilience, offering
a sustainable solution for tomato production in saline environments. Furthermore, it reduces dependence on high
chemical fertilizer inputs, supporting environmentally friendly practices and long-term agricultural
sustainability.

Keywords: Catalase, Chlorophyll index, Lycopene, Peroxidase, Proline
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Table 1- Physicochemical properties of the soil used in the experiment at a depth of 0 to 30 cm
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Texture Available potassium Available phosphorus matter nitrogen S So”t Colay Se;nd
(ppm) (ppm) (%) ) pH  (0) (%) (%)
) 29
Clay 155 12 1.3 0.08 7.3 32 38 30
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Table 2- ANOVA for the effects of micronutrients and NPK fertilizers on some physiological traits, fruit quality, and yield of
tomato (Solanum lycopersicum) cv. ‘Saint-Pierre’ under salinity stress.

©lasyo aSbe
Mean of squares
s @y
QM é»:;& , . e
ol [WTSVR] Q)Slo& R .
sov ¥ . s ) WP om0 (339 At 4D gae D
df g U el VK e gppp y;;jéﬂ 92 T;:l:ft” sl:lljml:?; of
POX CAT  Proline Plant . .
Electrolyte lycopene lant — weight fruits per plant
leakage yield
)1_/5\; . 2 0.39" 0.16™  3.212"s  0.4"™  0.66" 0.23™ 0.22" 4,16 6.225"™
Replication
Koy O
Salinity 3 106.8™ 6.8 150.1” 1517 40.15™  8.44™ 517 106.81™ 81.773"
stress (a)
_°_’§ 3 50.251™ 5.2™ 11.25” 10.25™ 28.58™  6.25" 2.92™  50.25™ 32.92
Fertilizer (b)
axb 9 6.69™ 0.35" 10.023™ 0.69" 1.13" 0.46" 0.35™  6.69" 5.02m
bl sl 30 0.28 0.24 1.18 0.27 0.4 0.22 0.2 4.08 4.15
Error
Syt o0 6.2 5.6 8.5 9.2 7.02 6.61 6.77 7.32 8.87
C.V. (%)

2oyd S g gy Jlain] gobaw (3 5 gxe iy FF g F Iy dxeps NS
ns: non-significant, * and **: significant at 5 and 1 percent of probability levels, respectively
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Table 3- The effect of salinity levels and fertilizer treatments on some physiological traits and yield of tomato (Solanum

lycopersicum) cv. ‘Saint-Pierre

gl £l Lot Sl W2 2)Sos 29 039 gy 3 bage N
Treatments POX Plant yield Fruit weight Number of fruits per plant
(u.mg?) (kg) (@
So9d
Salinity (dS.m™)
C;ﬁol 579 3.58 125.32 2852
2 8.2b 2.85" 1157 24.3°
4 9.82 2.2° 105.2°¢ 20.1¢
8 6.9°¢ 1.6¢ 94.8¢ 16.8¢
355
Fertilizer
C;:ltfol 6.5¢ 2.3°¢ 105.4°¢ 20.2°¢
S 7.8" 2.8" 112.3" 23.4°
Micronutrients
NPK 8.72 3.18 12062 25.62
NPK + giie;
TR 9° 3,252 12352 26.8°

Micronutrients + NPK

5 )l gme glds duoyd gy Jein] e 43 (Sl (lasaltin ge5T (whioly oS yide Ligyn b (slapuSibe Lisu b gt 0 %
* In each column and section, means with common letters are not significantly different at the 5% of probability level based on
Duncan's multiple range test.

1- Electrolyte leakage
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Table 4- The interaction effect of salinity levels x fertilizer treatments on some physiological traits and fruit quality of tomato

(Solanum lycopersicum) cv. ‘Saint-Pierre

5 2ol o cloos CASNCusi odan VOE 155
Salinity (dS.m)  Fertilizer treatments Electrolyte leakage ~ Proline CAT  SPAD  Lycopene
y s (%) (umol.g™) (umg™) (mg.kg™)
C*"’Lt‘” | 15,35k 5,30 152m 3520 12 5d
ontro
wls Micﬁ:ﬁ;ems 14,14 5.1 165m 3710 136t
Control NPK 12.8'm 4.8'm 178 387  14.8%
NP+ s, 115m 45m 1947 3953  152°
Micronutrients + NPK ' ' ' ) )
c;:::ol 18.29M 6.2h 20.8%0  32.5hi 10.8f
) Mic;ﬁﬁ;ems 17.5hi 5.9N 22160 342e  115¢
NPK 16.71 5.7 23.4¢ 3580 19 3de
NPK + ciie; ) )
Micronutriedn:ﬁlilPK 159 . 5.4 . 25.6 “ 36.4 " 131 i
C;:::ol 22.4 e 7.5 2520 301K 9.2hi
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Introduction

Hypericum perforatum is a perennial plant that has been used in traditional medicine. H. perforatum have
several types of medicinal compounds including antiviral compounds, antioxidants, flavonoids and also has
valuable compounds such as Hypericin, Hyperforin, Pseudo-hypericin and xanthones that have effect on human
physiology. Aerial parts of H. perforatum are dotted with dark glands that appear as black nodules. Black glands
were known as localization of secondary metabolites. As a consequence of the commercial potential of this species
attempts have been at plant improvement by application of in vitro culture methods. Among seedling explants of
H. perforatum, it appears that roots are superior for shoot regeneration. It is generally accepted that explants source
is an important factor r successful establishment of tissue culture in many cases. Production of secondary
metabolites via plant cell and tissue culture yields various advantages, including standardization and quality. These
criteria are also valid for the main economically important chemical in sz. John’s wort, namely hypericin, pseudo
hypericin and hyperforin. The aim of this study was to evaluate the effect of some tissue cultures on plant
callogenesis, regeneration and also, study the effect of cytokinin and auxin on rooting rate and shoot multiplication.

Materials and Methods

This research included two experiments; first experiment was a completely randomized design in the form of
factorial research. Second experiment was completely randomized design. First part of experiment: this part was
conducted with two explants type, leaf and shoot which, maintained in light and dark condition. Shoot explants
were derived from sterile seedlings that was obtained from seeds which were cultured on MS medium. Seeds were
decontaminated by NaClO 20% (V/V) for 20 min and were washed with sterile deionized water. Leaf explants
were derived from seedlings in the in vivo condition and decontaminated by NaClO 20% (V/V) for 20 min then
washed with sterile deionized water. Both of the explants cultured on MS medium supplemented with BA (3 and
4 mg.I") and 2,4-D (0, 1 and 2.5 mg.I"Y). Callogenesis and regeneration were measured after 4 weeks. Second part
of experiment: shoot of indirect regeneration for rooting study, were cultured on ¥ MS medium supplemented
with BA (0 and 0.5 mg.I"!) and IBA (0 and 1 mg.I). Proliferation, shoot and root length were measured after 4
and 8 weeks.

Results and Discussion
Effects of the factors on first part of experiment; calluses of shoot and leaf explants were induced after 4 weeks.
Shoot explants in medium supplemented with 4 mg.I"* BA and 2.5 mg.It 2, 4-D showed 95% callogenesis. Leaf
explants in medium supplemented with 3 mg.I"t BA and 2.5 mg.It 2, 4-D showed 98% callogenesis. Shoot explants
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in medium supplemented with BA (3 mg.I"?) showed 62% regeneration and leaf explants in medium supplemented
with BA (4 mg.I"Y) showed 8% regeneration. For second part of experiments; root induction on half strength
medium without hormone and medium supplemented with 0.5 mg.I"X BA and 1 mg.I"* IBA had the highest rooting
frequencies. Average of root length was registered as 5.25 cm. half strength medium supplemented with 0.5 mg.I-
! BA had 100% and also, medium with 0.5 mg.I"* BA and 1 mg.I"* IBA had 86% shoot multiplication and were not
appeared any roots. Average shoot length on medium without hormone and medium supplemented with 0.5 mg.1-
1BA and 1 mg.It IBA was registered as 6.24 cm and in media with 0.5 mg.I"t BA and 1 mg.I* IBA was registered
as 1.8 cm. Based on the result of this experiments, the concentration levels of the two hormones BA and 2, 4-D in
the induction of calli formation and regeneration of the H. perforatum have been effective. In the second
experiment, hormone BA, in the absence of IBA did not cause rooting and increased the degree of shoots and
ultimately proliferation was effective. Also, in treatment with 0.5 mg.I"t BA and 1 mg.I"* IBA, although the
concentration of cytokinin was less than auxin, rooting was not done.

Conclusion
The goal of this study was to introduce the suitable medium for callogenesis and regeneration of H. perforatum
for production and breeding aims. Tissue and cell culture methods are used for various purposes. The result of
each section can be used effectively in research topics, including corrective tests, processes for increasing
secondary metabolites, as well as increasing commercial products. Therefore, by introducing efficient and effective
methods, it is possible to increase the production of plants by micropropagation in less time.

Keywords: Auxins, In vitro culture, Micropropagation, Secondary metabolites, 6-benzylaminopurine
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Figure 1- Shoot callogenesis (1) and sterile seedling (2) of Hypericum perforatum
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Figure 2- Leaf callogenesis in Hypericum perforatum (the arrow indicates the red spots producing secondary metabolites)
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Figure 6— Effect of hormone treatments on the regeneration and callogenesis of Hypericum perforatum (Tukey, p<0.05).
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Figure 7- Rooting of in vitro shoots of Hypericum perforatum inmedium without hormones (1), and with 1 mg.I'' IBA(2), 5.0
mg.I"! BA (3), and 5.0 mg.I'' BA + 1 mg.I"' IBA (4)
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Figure 8— Effect of hormone treatments on the shoot and root length of Hypericum perforatum (Tukey, p<0.05).
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Figure 9— Effect of hormone treatments on the multiplication (proliferation) of Hypericum perforatum (Tukey, p<0.05).
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Introduction
Water scarcity is a fundamental challenge to global food security, necessitating the optimization of water use
in agriculture. Deficit irrigation (DI) has emerged as a key strategy to enhance water productivity, involving the
controlled reduction of water application to minimize yield impact while significantly saving water. However,
DI can induce physiological stress, disrupting vital processes like photosynthesis, nutrient uptake, and hormonal
balance, ultimately compromising crop yield and quality. Greenhouse cultivation provides a controlled
environment ideal for implementing DI strategies. To mitigate the adverse effects of water stress, the application
of natural bio-stimulants like humic acid (HA) and amino acids (AA) has gained considerable attention. Humic
acid improves soil structure, enhances water retention, and stimulates the absorption of macro and
micronutrients. Amino acids play crucial roles as protein building blocks,
osmo-regulators, and precursors to hormones, aiding in stress tolerance. This study aimed to evaluate the
individual and comparative effects of humic acid and amino acid fertigation on the growth, yield, fruit quality,
and nutrient uptake of greenhouse tomato (Solanum lycopersicum L. cv. Termeh) under deficit irrigation

conditions.

Materials and Methods

The research was conducted in a commercial greenhouse in Mashhad, Iran. Two independent factorial
experiments were laid out in a randomized complete block design (RCBD) with four replications. The
experimental factors were: 1) Irrigation regime at two levels: full irrigation (100% of crop water requirement)
and deficit irrigation (70% of crop water requirement); 2) Humic acid at two levels (0 and 3 g.L ") in the first
experiment; and 3) Amino acid at two levels (0 and 1 g.L ") in the second experiment. The commercial HA
product (70% humic acid, 15% fulvic acid, 12% K:0) and AA product (80% free amino acids, 12.8% total
nitrogen) were applied via fertigation at three growth stages: two weeks after transplanting, flowering initiation,
and fruit set. A wide range of morphological traits, leaf nutrient content, quantitative qualitative fruit traits were
measured at the fruit ripening stage. Data were analyzed using SPSS software (v.21), and means were compared
using Duncan's multiple range test at a 5% probability level.

Results and Discussion
Morphological Traits: Deficit irrigation significantly reduced all morphological parameters. Main stem

Authors retain the copyright. This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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length decreased by 7%, internode number dropped from 34.75 to 29.75, internode length from 4.17 cm to 3.53
cm, and leaf area by 13.58%. Shoot fresh and dry weight and root volume were also significantly reduced.
Application of both HA and AA significantly improved all growth traits under both irrigation regimes. Humic
acid not only compensated for the negative effects of drought stress but also enhanced growth beyond the full
irrigation control level in many cases. Comparative analysis revealed the superior efficacy of HA over AA. This
superiority was consistent under stress conditions, attributed to HA's multifaceted role in improving the
rhizosphere environment and enhancing simultaneous water and nutrient availability.

Leaf Nutrient Content: Deficit irrigation caused a significant decrease in the concentration of all measured
macro and micronutrients. Both bio-stimulants significantly enhanced nutrient uptake. Humic acid was more
effective than AA in improving the uptake of nutrients especially P, Ca, and Fe under stress. This is likely due to
HA's ability to stimulate root development, increase membrane permeability, and enhance microbial activity,
thereby improving nutrient solubility and absorption.

Quantitative and Qualitative Fruit Traits: DI led to a 29% reduction in fruit number per cluster, a 6%
reduction in single fruit weight, and a consequent 19% reduction in total yield (from 9.45 to 7.69 kg plant™).
Both HA and AA application increased yield under DI, HA increased yield by 31% and AA by 29%. Regarding
quality, DI reduced TSS and vitamin C content but increased carotenoids and lycopene. HA was particularly
effective in increasing TSS by 59%, vitamin C by 18%, carotenoids by 17%, and lycopene by 10% under DI.
AA showed positive but generally lesser effects on quality parameters. On average, HA demonstrated a 17.1%
greater improvement in quantitative traits and a significant 42.5% greater improvement in qualitative traits
compared to AA.

Conclusion

This study demonstrates that deficit irrigation at 70% of field capacity significantly impairs the growth, yield,
and quality of greenhouse tomatoes. The application of both humic acid (3 g.L™") and amino acids (1 g.L™")
effectively mitigated these negative impacts, often enhancing traits beyond the well-watered control. However,
humic acid proved to be a superior bio-stimulant than amino acids in improving morphological development,
enhancing nutrient uptake (particularly N, P, K, and Ca), and boosting both quantitative yield and qualitative
fruit characteristics. Therefore, humic acid fertigation is recommended as a highly effective management
strategy for sustaining greenhouse tomato production under water-limited conditions, ensuring higher yield and
premium fruit quality while optimizing water use efficiency.

Keywords: Fertigation, Fruit yield, Growth traits, Nutrient elements, Organic acids
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