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Introduction

Damask rose (Rosa damascena Mill.) is used as a multi-purpose species. The flower essential oil of this plant
has many applications in various industries. There is a wide variety of morphological, phonological, flower
shape, yield and yield of essential oils among genotypes and different populations of Damask rose in various
ecological conditions in Iran. Evaluation of genetic diversity among Damask rose of Iran is important in order
for breeding purposes. Some studies on phenotype, essential oil and genetic diversity were also carried out
among different cultivars of rose flowers in other parts of the world. Significant diversity has been reported
among the populations and genotypes of rose in different ecological conditions for many traits. Identifying
superior species, cultivars and populations is important for commercial cultivation and more essential oil
production. It is difficult to understand genetic diversity in roses because natural hybridization and spontaneous
mutations with high abundance occurs in this plant. Morphological differences can be due to the geographical
coordinates, natural hybridization and mutations. The purpose of this study was to investigate and compare the
genetic variety of Damask rose in Guilan, llam, Golestan, Tehran and Kashan in order to introduce superior
genotype based on essence content and some other morphological and physiological traits.

Materials and Methods

Five genotypes of Damask rose including Kashan, Ilam, Golestan, Tehran and Guilan genotypes were
evaluated as plant materials. Plant materials were collected from mentioned-above regions as root-sucker and
transferred to the farm of Research Institute of Forests and Rangelands of the country. The experimental design
used was a completely randomized block, which was performed with 3 replications and was considered for each
5-suckers’ repetition (total: 75 suckers). In each replication, three specimens of each genotype were planted in
pits with diameter and depth of 50-60 cm. The distance between scions per rows was 2.5 meters and row spacing
from each other was 2 meters. During the experimental period, the bushes were irrigated using drip (trickle)
irrigation method. The sampling was performed to measure morphological and physiological parameters after
the blooms were opened in early May. Evaluated parameters were plant height, leaf length, leaf width, leaf area,
petal number, stamen number, carpel number, fresh weight of petals, petal anthocyanin levels, petals essential oil

©2022 The author(s). This is an open access article distributed under Creative Commons Attribution
B 4.0 International License (CC BY 4.0).
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levels, chlorophyll content and leaf carotenoids. Data were analyzed by ANOVA and, if significant, Tukey
analysis was used. SPSS software was employed for statistical analysis.

Results and Discussion

The results showed that the highest amount of essential oil (0.042 and 0.038%) was extracted from the petals
of llam and Kashan genotypes, respectively. The highest petal weight (2.70 and 2.30 g) was related to the petals
of Ilam and Kashan genotypes, respectively. The highest petal length and width were obtained in these two
genotypes. The largest number of petals (71.80 per each plant) was related to Guilan samples. The highest
amount of chlorophyll a was related to llam genotype and the highest amount of chlorophyll b, carotenoids and
anthocyanin was related to Kashan genotype. In the present study, rose flower genotypes collected from different
parts of Iran showed significant diversity in relation to morphological and physiological properties, especially
essence. The results of the present study showed that there was a significant correlation between the amount of
essence in the petals and the weight and dimensions of the petals. Similar findings related to the correlation
between flower yield and its components in roses flowers were presented in some studies. Some studies have
shown that the weight of the flower has a very strong, positive and significant correlation with the flower yield.
Despite the geographical distance between some genotypes, the high similarity coefficient between them may
indicate the common origin or continuous and purposeful genotypes. On the other hand, the low similarity
coefficient between genotypes proposes relatively low geographical connection and different primary origin. In
the present study, there was a low correlation between the amount of essence in the petals and the weight and
dimensions of the petals in the llam and Kashan genotypes with the Golestan and Guilan genotypes. Generative
traits, including flower characteristics, are more suitable for genetic and evolutionary evaluations than vegetative
traits. The results of some researchers in Iran and elsewhere in the world showed that flower yield per plant is
associated with some other traits, including flower number, dimensions and weight of flowers, and the number
of branches in the plant. The genetic analysis of rose flower genotypes showed that some genotypes collected
from different areas are genetically relevant and some are separate. This subject shows effective role of
ecological conditions in changing and variability of different species and varieties. The results indicated that the
difference in the amount of essential oil compounds is mostly influenced by environmental and physiological
factors.

Conclusion
The morphological differences observed among the flower genotypes indicate the presence of valuable
germplasm and a strong potential for trait improvement. These differences also demonstrate the feasibility of
selecting superior genotypes using morphological markers to enhance flower yield within the country. Overall,
the Ilam and Kashan genotypes are recommended as promising candidates for use in breeding programs.
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Introduction

Iron is an essential element for plants, playing a crucial role in the structure of many oxidation and reduction
enzymes and in the synthesis of chlorophyll. Its importance in nitrogen fixation and enzyme activity has been
well-documented. However, in calcareous soils, such as those in Iran, non-chelated forms of iron are not
effective in providing iron to plants and soil microorganisms. The use of iron chelates is considered the best
solution to address iron chlorosis, particularly in alkaline soils. Excessive use of chemical fertilizers has led to
the alkalinization of large agricultural areas, causing challenges such as reduced absorption of micronutrients,
including iron. This experiment was designed to evaluate the effects of different particle sizes of micronutrients,
including iron oxide and iron chelate nanofertilizers, on tuber quality. The potatoes used in this study were
cultivated from seedlings produced through tissue culture.

Materials and Methods

A factorial experiment was conducted using a completely randomized design with three replications at the
greenhouse of the Agricultural Research Institute of Hamadan during 2018-2019 and 2019-2020. The
experimental factors included: microtuber weight at three levels of 1-3, 3-5 and 5-10 g and different iron
fertilizers at seven levels of Zero, 20 umol iron chelate in the form of soil consumption, 20 wmol nano iron
oxide in the form of soil consumption, foliar spraying of 1% iron chelate, foliar spraying of 2% iron chelate,
foliar spraying of 1% nano iron oxide and foliar spraying of 2% nano iron oxide. The iron chelate fertilizer (Fe-
EDDHA 7%) was sourced from Khadra Company and is water-soluble, with plant absorption at pH levels of 3—
11. Nano iron oxide with a purity of 98% was obtained from Pishgaman Nano Materials, an Iranian company.
Data analysis was performed using SAS statistical software. Bartlett's test was used to check data normality, and
means were compared using Duncan’s Multi-Range Test at a 5% probability level.

Results and discussion

The results of the comparison of the mean number of eyes in the microtuber under the influence of the size of
the tuber and iron fertilizer showed that the lowest number of eyes per tuber (3.18 eyes) was in the absence of
application of iron fertilizer in the tuber 1-3 g and the highest number of eyes in the tuber (4.24 eyes) was in the
application of 20 pmol iron chelate was obtained in microtuber 10-5 g. The results indicated that the number of
tuber eyes, as well as iron, protein, and amino acid contents (alanine, glycine, methionine, and lysine), increased
with the weight of the microtubers. Iron fertilizers had no significant effect on protein levels in microtubers
weighing 1-3 g or 3-5 g. However, in 5-10 g microtubers, the highest protein contents (4.67%, 4.81%, 5.16%,

©2025 The author(s). This is an open access article distributed under Creative Commons Attribution
B 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/jhs.2025.87850.1340



https://jhs.um.ac.ir/
mailto:0383713072@iau.irmailto:
https://doi.org/10.22067/jhs.2025.87850.1340
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jhs.2025.87850.1340
https://orcid.org/0000-0003-1660-5883

1F+F 30l F oylod ¥R ol (6559l @uluo g pale) SLel pole @ 26 YVYY

5.4%, and 5.67%) were observed with treatments of 2% iron chelate, 1% iron chelate, 2% nano iron oxide, 20
pmol nano iron oxide, and 20 pmol iron chelate, respectively. There was no significant effect of iron fertilizers
on alanine in 5-10 g microtubers. In 1-3 g microtubers, treatments with 20 umol iron chelate, 20 pmol nano iron
oxide, 1% iron chelate, and 2% nano iron oxide resulted in the greatest increases in alanine levels. In 1-3 g
microtubers, iron application did not significantly differ from the control. In 3-5 g microtubers, foliar spraying
with 2% iron chelate increased methionine by 17.92%. For 5-10 g microtubers, the highest methionine levels
(1.32 and 1.36 pmol.g™* FW) were observed with treatments of 20 pmol iron chelate and 2% iron chelate. The
maximum lysine levels (2.19, 2.43, and 2.49 pumol.g FW) were achieved with treatments of 20 pumol iron
chelate, 1% nano iron oxide (foliar spray), and 20 umol nano iron oxide, respectively, in 5-10 g microtubers.

Conclusion
Nano iron oxide fertilizers were more effective than iron chelates in enhancing tuber quality. The nanoscale
size of iron particles increases the number of reactive atoms, resulting in higher reactivity and efficiency.
Consequently, the application of nano iron fertilizers requires less material while achieving superior results. The
highest quality improvement of potato tuber was observed in microtubers of 5-10 g and foliar application of nano
iron oxide fertilizer.

Keywords: Amino acid, Micro nutrient, Protein
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Introduction

Kinnow mandarin (Citrus reticulata L.) is one of the most important citrus fruits that undergoes significant
postharvest quality deterioration. This deterioration is primarily due to moisture loss, physiological changes, and
pathogen infections. To maintain the quality and extend the shelf-life of kinnow mandarins, various postharvest
treatments and storage conditions have been explored. Melatonin, being a nontoxic and safe chemical, has
application potential in the improvement of fruit quality. By stimulating the production of antioxidants like
ascorbic acid and phenolics, melatonin can boost the overall antioxidant capacity of fruits. It has been reported
that by influencing pigment production, melatonin can enhance fruit color and appearance. Further research is
needed to optimize the application methods and determine the most effective melatonin concentrations for
different cultivars and storage conditions. Additionally, the underlying physiological and biochemical
mechanisms by which melatonin enhances fruit quality during postharvest storage warrant further investigation.
Implementing melatonin treatments in commercial postharvest operations could provide a valuable strategy for
maintaining the quality and extending the shelf-life of Kinnow mandarins and other citrus fruits.

Materials and Methods

A field experiment was conducted at a citrus orchard located in Rudkhan district, Rudan, Iran. Ten-year-old
Kinnow mandarin (Citrus nobilis x Citrus deliciosa) trees were treated with three melatonin concentrations: 0
UM (distilled water as control), 100 uM, and 200 uM. The treatments were applied as foliar sprays one month
prior to harvest, repeated three times at weekly intervals. Mature fruits were harvested in December and
randomly divided into two groups: one for immediate analysis and the other for storage. Fruits destined for
storage were disinfected with 0.05% sodium hypochlorite for one min, rinsed with distilled water, and then
subjected to a 30-min immerse in melatonin solutions (100 uM or 200 uM) corresponding to the previous foliar
treatment. The fruits were then stored at 5 + 1°C. Samples were evaluated for physicochemical properties at 30
and 60 days of storage. A factorial experiment was conducted in a randomized complete block design. Data were
analyzed using SAS software, version 9.4. Means were compared using the Least Significant Difference (LSD)
test at the 5% level of significance. Graphs were generated using Excel software.

Results and Discussion
The results showed that melatonin treatments significantly increased fruit weight, pulp weight, juice volume,
titratable acidity, and ascorbic acid content at harvest. During storage, both sprayed and immersed fruits
exhibited less weight loss. At the end of the storage period, treated fruits also had higher ascorbic acid content
compared to the control. Fruit immersion was more effective in preserving total flavonoids at the end of the

©2025 The author(s). This is an open access article distributed under Creative Commons Attribution
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experiment. The highest antioxidant capacity was observed in fruits sprayed with 100 uM melatonin. Melatonin
is a potent antioxidant, scavenging free radicals and protecting cellular components from oxidative damage. In
addition, by modulating ethylene production, melatonin can influence fruit ripening rate and overall quality.
Melatonin has been studied in fruits like mango and papaya, where it has shown potential to improve fruit
quality and extend shelf life. Studies on citrus fruits have indicated that melatonin can reduce chilling injury,
maintain juice quality, and increase antioxidant content. It's important to note that the optimal melatonin
concentration and application method can vary significantly between fruit species. Overall, the sprayed
treatments showed better performance in terms of marketability and various quality attributes compared to the
other treatments. The findings of this study suggest that pre- and post-harvest melatonin treatments can
effectively maintain the quality and extend the shelf-life of Kinnow mandarin fruit during cold storage.
Melatonin's antioxidant properties and ability to regulate physiological processes may contribute to the observed
improvements in fruit quality. These results have important implications for the postharvest management of
Kinnow mandarins, as melatonin could be a valuable tool for preserving the fruit's nutritional and sensory
attributes during storage and transportation.

Conclusions
The results of this study demonstrate that melatonin application had a beneficial impact on Kinnow mandarin
fruits. Overall, the melatonin spray treatment, particularly at a concentration of 100 uM, led to increased fruit
weight, water content, ascorbic acid content, and titratable acidity at harvest. During storage, treated fruits
exhibited higher antioxidant capacity, phenolic and flavonoid content, and ascorbic acid levels, along with
reduced weight loss compared to the control group. Consequently, the use of melatonin is proposed as a
promising strategy to enhance the quality and marketability of Kinnow mandarins during postharvest storage.

Keywords: Antioxidant capacity, Ascorbic acid, Physiological characters, Spray
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Table 1- The effect of melatonin foliar spraying on the quantitative characteristics of Kinnow mandarin

09 09 09 i s
. X “dsb e e TIexe omedsh g kB ogw o2
Sosd 0 b3 Conwrg] g % 4 Water Fruit Fruit Fruit
Treatment Fruit | ongth to Pulp/peel Peel Pulp volume length diameter volume
weight diameter weight weight (ml) (cm) (cm) (ml)
(%) (9)
C»i& | 81.98° 1.132 2.25° 3.03 68.45P 30.3 5.8° 5.1 33.3
ontro
Voo oigde
Voog,See 122.88° 1.142 2.63° 33.89°  99.88° 470 6.5 5.6 46.6
Melatonin 100 uM
Yoo owede
Voog,See 116.28° 1.182 2.61° 32.13%® 84.1° 46.6 6.3% 5.3 46.6

Melatonin 200 uM

505,00 b (gl sime Cglis oy gy e s 3 Sl (glasalsais 05T b (bl s 5l e lusl gy gyl dlael ygius yo 3
* In each column, the numbers with the same letters are statistically not significantly different from each other at the 5% of
probability level based on Duncan’s multiple range test.
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Figure 3- The effect of pre- and post-harvest application of melatonin on the total soluble solids (TSS) and TA contents of
kinnow mandarin juice (DMRT, p<0.05)



VEoF Sl ¥ ol 1R Al (555LE8 qalis 3 pole) LSl pole 4y 525 Y4

w
o

N
ol

&H}’&M)‘ u\.:.oa|
Ascorbic acid (mg.100 ml)
N
o

[y
(6]

=
o

m Control
= IM 100
m M 200

Sp 100+Im100
m Sp 200+1m200
m SP 100
m SP 200

30 60

SIS (o

Storage time (day)

45 o] S oSl sl 930 2 (rigWo Sl 3l s g B 505 31 -F UL
Figure 4- The effect of pre- and post-harvest application of melatonin on the ascorbic acid content of kinnow mandarin juice
(DMRT, p=<0.05)

st oo sgseme 3 A e xSo o (Sidsd
5 CubS Syt ly Vg e 5 b olSlal K
ol g5l 5,8 58 soliiwl 5y90 Wogee (Jloylol jas isldl
B g Cagl g 8 S adg Gl opgMe il
ol rogeo Sl 51
(Prunus armeniaca L.) gls,; o3, 0 cpbgde les
3,5 oddbcusld p (cbogie 0SB lgiore puS il 4 e
dpe Slr P IR Mg gl o5 sl (i gl
o b siile JUbuns; Sl i g (65l yos 31 S
, {Medina-Santamarina et al., 2021b) x3b ¢Jl>); ogee y
Slgome (pigiMe b oaiiyles (Morus alba L) sbw &igi ogue
Sl (k95 BB jgbas 0ad)lo ogee )3 S adgigMWb 5 JS
390 0lpen ShinST T cud o il b aS 5g oS Hle ogee ]
OweMe (5L Joloee 5l edlisl pmen (Kakaei et al., 2024)
ollasl dyge cudldyy 5l S ain 9> )Wgeg,Sle Vo v) cudldyy 5l )8
Job ;5 1, ElVira oo ol glaST sl cud o o)l gxe yobas
(Shah et al., 2023) b jials dyw (5l joy W Ce
Nyocdeo 1 g+ 1D (soellé b g (S il Jglors 5,lS
9 JS J8 oSy Gl Gl 4 e g)bdne pibu
doyw o8, (Vitis vinifera L.) ,5l » Sl sl cud b
85 o5m0 3 (yigMe jlos (KOK et al., 2024) wis  Ss);5 4l o

boge > Cudby gloj )3 Mg lgime (o yieS
3 s gy 7 e s odmlie Y gogSin Vev Clale L o ol Jolxe
sbles e Wl gliore (pyin (Sl
Slyze (S 9 opgde liste glackle b ordig)gabse
4 NpmpsSan Ve rigdla b oaisdlugbun o 52 adgpdl
T oyl b 525 55, 0gs0 slopmsS 5T b o el s
Okl 3 i edaliie (6)ISS (b 6yl dne Ol g wlo ol
NoagSee Voo b oad il Jslne saogre «(Slojlil )93
4 o (it SPanSI 8] Cud )b (6> e sty ige
[ JSs) Wby )l aals
2 dpogie > b loplansl il sy b olS
ol olies sy ST b bl anloo Gaal3l sy 2218 Jobo
Gl b oS sl (658 JumS1 81 S 55 oM e el
S G255 plyt > o Johas & (ROS) (55 b (slntisS
oMo pre ol 5l S (Liang et al., 2019) uS o S8
ol Sldllas sl (8 Gl 5 slgize ili8l daogeo (55, p
« (Actinidia deliciosa L.) (¢gS sile olaogee jlo a5 250l
ggere > rs B Sl & prie gt b Ul 5 Ji
Ma et al., ) 395 0 b)) SlawsT sl cud )l 5 L6 el s
@ o oloS s ulisl pl (2021, Wang et al., 2019
Sx g 035 S5 blal sk 5 bogee oS b



YAV .. oooliswl b (Citrus reticulata L.) gius K56 )B il g cohuS dguge ¢y y 9 s0bT oo (SHlo

= {Cornus mas) 4! Ji&j g ,5 (Cola et al., 2024)
A Odody 3,S Bl x>z slod 3 1Mo Hleud s ]
cel ogMe Hled ald 09,5 b dwoldo jd oS b L axen
b o 3 5 A8 s 5 Bl s ) i Wy
;> (Magri & Petriccione, 2022) s> 38l 1, Slaws] ol
wMe s (Psidium guajava L.) lglsS sgee (59, (oiulojl
SpsSasl gl g ssgige (JS b iny Sl 8] Sl
ol eS|l oyl clld bl b elyes

{(Menaka et al., 2024)

a a
0
m Control
(W]
g 0/8 =M 100
=M 200

017 = Sp 100+Im100
m Sp 200+1m200

I d-f d-f
I I
0

&l

4/5

w
X
w o1 b

N

g5 s
Total phenol (mg. g)
F o o

[E=N

0/5

0/6
0/5
0/4
0/3
0/2

Flavonoid (mg. g-1)

01

-f
gh
hi hi o
30
Sl oo
Storage time (day)

a
ab
be b-d
de c-e
e-h e-h €49
I l | i I I i | |
30 60
SIS o

Storage time (day)

Iy asgiaMs o b Lié xezs {Passiflora incarnata L.) zsls
9 J5 B it dge )RS i Jlye )3 9 o
Y S Jsbo 3 eldjlos jpd slaogee AilgigW (glyme
2 oweMe lis oge > (Cal et al., 2024) ssle Bl
CuisS g o Ll 1) Sl el el sbacdale
3,8 bas |y el 5l e (Ziziphus jujuba L) Glie slrogeo
b sbre jl edlawl «Siid 0ame > (Tang et al., 2020)
B gy aw (Ygag)Sle Voo g Vo) sy J S8 igle
e 9 cudS bis lp by Sl e g
290 e ey JE et ogre olig slaglus gl

bc b
e-g
hi I
60

= Control
=M 100
=M 200
= Sp 100+Im100
m Sp 200+Im200

] Sg_&OO b-e bc

|dg|

55 (0,0 ogmai aaigighl g b 55ione 1 omigi¥le a5 snr g BB 20, 31 -0 S
Figure 5- The effect of pre- and post-harvest application of melatonin on the total phenol and flavonoid contents in kinnow
mandarin juice (DMRT, p<0.05)
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Figure 6- The effect of pre- and post-harvest application of melatonin on the antioxidant capacity of Kinnow mandarin juice

(DMRT, p<0.05)
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Introduction

Grapes (Vitis vinifera L.) belong to a group of temperate fruits, which have high nutritional qualities, and
many by-products are produced from different parts of their berries. The difference in quantity and quality
properties of different cultivars is an opportunity to screen grapes based on their desirable characteristics and
nutritional value. The morphological and yield traits of grapes usually vary depending on the cultivar, vineyard
climate, light, temperature, viticultural operations, nutrition, irrigation management, pests, disease control,
pruning, training practices, and crop load. Since the study of the nutrients state can be a real criterion for
evaluating the growth and yield of the plant, therefore, the present study was carried out to evaluate and compare
the growth, yield and concentration of macro and micro nutrients elements in the leaves of 12 commercial
varieties of grapes in the climatic conditions of Saman region located in Chaharmahal Bakhtiari province, Iran.

Materials and Methods

The present study was conducted with the aim of investigating the morphological and pomological
characteristics of 12 grape varieties in the grape collection garden of Chaharmahal province and Bakhtiari of
Saman region in the base of a randomized complete block design with three replications. Saman region is located
at 32.19° latitude, 50.51° longitude and 2060 meters above sea level. The studied area is a temperate
mountainous region with an average temperature of 12.8°C and an average annual rainfall of 243 mm. The
absolute maximum and absolute minimum temperature in the investigated garden are 42 and -32°C, respectively.
In this research, three-year-old plants of Bidaneh-Ghermez, Flame, Perlette, Kashmiri 1, Shahroudi, Yaghouti,
Kashmiri 2, Nasrallah daei's Asgari, Rish baba, Siahe-Mahali, Asgari, Siahe-Hasnabad were studied. In the fruit
ripening stage, morphological traits, fruit yield and the concentration of nutrients in the leaves of the studied
cultivars were measured in two growing seasons of 1400-1401 and 1402-1401.

Results and Discussion
Having precise selection power among plants is necessary for breeding and production of new varieties,
which depends on the identification of existing varieties and their diversity. In the present study most of the traits
showed significant variations among the studied cultivars. The results revealed significant differences among the

©2025 The author(s). This is an open access article distributed under Creative Commons Attribution
BY 4.0 International License (CC BY 4.0).
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studied cultivars in terms of growth characteristics, including stem diameter, current season shoot length, number
and spacing of internodes, and leaf surface area. Yield-related traits—such as cluster length, cluster width,
cluster weight, berry length, and berry width—were also significantly influenced by the grape cultivar. The
highest yield was observed in the Flame cultivar, producing 7.19 kg per plant. Based on the results, the evaluated
grape cultivars were significantly differed from each other in terms of the concentration of macro and micro
nutrient elements in the leaves. Correlation results showed that the leaf area, cluster characteristics, and the
concentration of nitrogen, phosphorus, potassium, magnesium, iron, manganese, zinc, and boron significantly
and positively correlated with the grape yield. Cluster analysis classified the studied grape cultivars into three
groups, which were in accordance with the results of principal components analysis. Based on the results of this
research, the cultivars Perlette, Flame, Bidaneh-Ghermez, Siahe-Hasnabad and Rish baba were superior to other
cultivars in terms of the evaluated traits, which can be investigated for further studies and breeding programs.
The amount of copper in the leaves of grape cultivars in the first year was higher than in the second year, and
Asgari Dai Nasrallah and Siah Mahali cultivars had the highest (7.60 mg.kg™ in leaf fresh weight) and the lowest
(4.28 mg.kg™) respectively. Kg.leaf fresh weight!) had copper content. The amount of manganese in the first
year was more than the second year and the different grape cultivars were significantly different from each other.
The highest amount of manganese was in Siahe-Hasnabad cultivars (95.92 mg.kg® in leaf fresh weight) and
Philim (93.50 mg.kg? in leaf fresh weight) and the lowest amount in Kashmiri 2 variety (60.22 mg.kg%/leaf
fresh weight) was measured. In the present study, the amount of zinc element measured in the first year was
higher than the second year and it varied between 84.80 and 25.05 mg.kg! in leaf fresh weight among different
grape varieties. Fleim and Yaghuti cultivars had the highest and lowest amount of zinc element among the
studied cultivars. Boron is one of the elements influencing the quantitative and qualitative characteristics of
grapes, and the need for this element in grapes is more than other treasured fruit trees, and the presence of
optimal amounts of boron is necessary for the formation of fruit and the growth and development of pods.
Although the effect of the year on the boron content was not significant, its measured value was higher in the
second year than in the first year. The highest (38.22 mg.kg in leaf fresh weight) and the lowest (17.62 mg.kg!
in leaf fresh weight) boron content were recorded in Pearlet and Kashmiri 2 cultivars, respectively. The recorded
differences in the concentration of nutrients in the leaves of different grape cultivars can be attributed to several
reasons: a) The ability to absorb nutrients may be different in the studied cultivars, so they act differently in the
transfer and distribution of nutrients. b) Difference in the amount of active hormones in the root. c) Some
nutrients are consumed in a larger amount by the roots, and as a result, the amount transferred to the branches
and leaves decreases. The difference in the consumption of nutrients in the roots of different grape cultivars
leads to the difference in the measured concentration of these elements in the leaves.

Conclusion
Significant differences were found among the 12 grape cultivars in terms of morphological, nutrient elements
and yield traits. These findings confirmed that growth and berry yield of grape can be affected mainly by the
cultivar-based genetic background. The results of this study can be used as a guide for selecting appropriate
cultivars for further breeding programs.

Keywords: Cluster analysis, Commercial grape cultivars, Correlation analysis, Macronutrients, Vine yield
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Table 2- Growth traits of different grape cultivars in two studied years (2021 and 2022)

o aF ,Jaé Aoy aali Job b)-fc)lg,n Saxs 8,5 o alold e
Treatment Trunk diameter Cane shoot No. internode of  Internode length Leaf area (cm?)
(cm) length (cm) branch current (cm)
Jl
Year
;gg; 3.76+0.83 b* 112.12423.06 b 18.18+4.69 b 6.73+091a 191.22451.64 b
;?)(2)23 5.07£0.95a 132.49423.32 a 21.37+4.24 a 6.70+0.88 a 301.57450.23 a
)
Cultivar
2 Wb 4.77+0.87 be 141.94+15.56 b 17.37£1.90 de 7.09+0.04d 328.44+56.36 a
‘Bidaneh-Ghermez’
ol il 4.55+0.79 be 134.35+15.45 he 20.76x2.57 bc 6.18+0.05 f 328.59466.63 a
Flame seedless
Peﬁ:{te 4.34+0.83 cd 176.44+17.77 a 19.78+3.43 cd 7.06+0.12d 286.41+60.14 ab
! “S’MK 3.35+£0.79 de 117.31+14.11 cde 22.24+1.75 bc 5.72+0.06 h 238.1+62.37 bcd
Kashmiri 1
35,8l . 5.46+0.84 ab 120.99+10.00 cd 26.39+151b 5.45+0.121i 221.55+64.43 bed
Shahroudi
Sl . 4.31+0.74 cd 117.63+19.31 cde 14.43+1.61 ef 7.89+0.11a 160.63+62.32 d
Yaghouti
2 “S’MK 4.47+0.1 bc 87.03+11.89 f 15.84+1.85 ef 7.59+0.16 b 179.97457.98 cd
Kashmiri 2
@"_““3 @_'b o s 3.71+0.88 cde 124.83+13.06 bcd 16.12+1.97 eff 7.43+0.13 ¢ 259.64+64.26 abc
Asgari daei Nasrallah
.L'L' o 6.14+1.19a 115.49+10.42 cde 26.88+2.21a 5.42+0.09 i 243.4464.35 bc
Rish-baba
. b ol . 3.79£0.79 cde 117.51+11.37 cde 20.15+2.87 bed 6.85+0.11e 237.66+60.47 bed
Siahe-Mahali
:;;Mari 3.26+0.71e¢ 114.32+£15.20 de 14.23+3.03f 7.84+0.13 a 222.2+63.07 bed
U] e ol 4.77+0.62 be 99.83+17.22 ef 23.13+291b 6.03+0.05¢g 250.18+60.53 abc

Siahe-Hasnabad
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* Values followed by the same letter in each trait have no significant difference base on Duncan’s multiple range test (p<0.05)
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Table 3- The concentration of macro elements in different grape cultivar leaf in two studied years

o O39S s oy oS’ 2 3000
Treatn“1ents Nitrogen Phosphorus Potassium Calcium Magnesium
(%) (%) (%) (g:kg' FW) (g-kg*FW)
Jl
Year
1401
2002 2.04+0.44 a* 0.37+£0.12b 1.70+0.22 a 1.49+0.23 a 1.07+0.43 a
1402
2003 2.08+0.45a 0.39+0.13 a 1.66+0.23 a 1.50+0.23 a 1.03+0.42b
)
Cultivar
R wbes 2.22+0.21 cd 0.44+0.07 cd 2.02+0.09 a 1.37+0.06 ef 1.50+0.06 ¢
Bidaneh-Ghermez
o ol 2.36+0.09 bc 0.58+0.07 a 1.85+0.04 bc 1.63+0.04 bc 1.62+0.07b
Flame seedless
< 2.43+0.12b 0.5+0.03 b 1.84+0.06 bc 1.58+0.07 ¢ 1.90+0.07 a
Perlette
I “5’“_:’ K 2.00+0.06 e 0.30+0.03 fg 1.44+0.07 fy 1.29+0.04 g 0.82+0.12 fg
Kashmiri 1
39,2l . 2.10+0.09 de 0.38+0.02 ¢ 1.7340.07 d 1.33+0.05 fg 0.62+0.03 j
Shahroudi
L . 1.71+0.11 f 0.22+0.02 hi 1.38+0.04 gh 1.43+0.06 d 0.70+0.05 hij
Yaghouti
2 “S’MK 1.70+0.14 f 0.25+0.03 gh 1.3440.12 h 1.30+£0.05¢g 0.67+0.06 ij
Kashmiri 2
il s ol g S
oo 1.65+0.20 fg 0.45+0.04 cd 1.78+0.05cd 1.85+0.04 a 0.90+0.10 f
Asgari daei Nasrallah
.L'L' o 2.78+0.21a 0.49+0.02 bc 1.82+0.07 bc 1.68+0.04 b 1.03+0.13 ¢
Rish-baba
‘Ulm ol
. . 1.59+0.10 fg 0.33+0.03 f 1.58+0.07 ¢ 1.20+0.03 h 0.78+0.09 gh
Siahe-Mahali
:;;‘Mgari 1.51+0.16 g 0.19+0.03 i 1.51+0.10 ef 1.41+0.03 de 0.73+0.05 hi
Sl g ol 2.65+0.18 a 0.40+0.05 de 1.91+0.07b 1.90+0.07 a 1.35+0.07 d

Siahe-Hasnabad

)55 S glaaliin el 5 osbizal b (PO.05) (sl sine M| sy gy b (sl logd 005 duglio 05,5 5 o 0 53 %

* Values followed by the same letter in each trait have no significant difference base on Duncan’s multiple range test (p<0.05)
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Table 4- The concentration of leaves micro elements of different grape cultivars in two studied years

o Ral e e $9 Jre
Pl :
Treatments Iron Copper Manganese Zinc Boron
(mg.kg™* FW) (mg.kg™ FW) (mg.kg™* FW) (mg.kg™ FW) (mg.kg* FW)
Jl
Year
;gg; 163.42+61.30 a* 5.78+1.07 a 80.81+11.92 a 52.82+18.08 a 26.76+5.92 a
;?)(2)23 155.57+57.83 b 5.68+1.06 b 78.13£11.88 b 51.05+17.65 b 27.46+6.45 a
)
Cultivar
R wbes 192.86+8.13 d 7.23+0.04b 82.23+2.5de 68.45+4.61 b 30.06+0.98 ¢
‘Bidaneh-Ghermez’
o ol 250.12+9.24 b 6.54+0.13 ¢ 93.50+2.50 ab 84.80+2.30 a 34.01+2.24 b
Flame seedless
< 153.50+3.83 ¢ 5.25+0.10 f 89.88+1.91 ¢ 71.80+2.36 b 38.22+3.47a
Perlette
I “S’MK 125.4245.24 fy 4.92+0.09 gh 79.06+3.33 ¢ 51.52+1.53 d 24.83+1.66 d
Kashmiri 1
39,2l . 137.57+4.87 f 5.13+0.05 fg 91.27+3.19 be 38.96+3.26 ¢ 28.21+1.30¢c
Shahroudi
Sl . 119.50+1.80 g 5.53+0.33 e 71.11+2.39f 25.05+1.11¢g 19.91+1.39e
Yaghouti
2 “S’MK 123.84+4.43 fy 6.19+0.07 d 60.22+2.16 i 33.07+1.82 f 17.62+0.81 f
Kashmiri 2
Am’“.d @h s 112.58+8.41 gh 7.60+0.44 a 73.85+3.36 f 49.34+4.60 d 25.53+0.83 d
Asgari daei Nasrallah
.L'L' o 229.90+9.49 ¢ 4.75+0.13 hi 84.61+2.83 d 62.95+4.9 ¢ 32.95+2.20 b
Rish-baba
. e ol . 97.80+4.28 h 4.28+0.16 64.20+4.33 h 42.37+241 ¢ 20.81+1.47 ¢
Siahe-Mahali
:;;‘; 102.54+6.15 h 4.69+0.22 i 67.74£2.05¢g 33.57+2.89 f 24.24+2.31d
Sl g ol 268.28+39.68 a 6.70+0.11 ¢ 95.92+2.96 a 61.36+1.55 ¢ 28.96+1.02 ¢

Siahe-Hasnabad

) Sl glatolsnis g0l 51 oaliinl b (P0.05) (g)l5 sine BT lusy gy b sl Lot 0dddunlin 09,5 5 Cubo y 3 3
* Values followed by the same letter in each trait have no significant difference base on Duncan’s multiple range test (p<0.05)

asgd oy (1=0/896) asgs Job (r=0/895) 5,5 laws L ogre
Soboine 5 Cuto (Stuen (1=0/904) asss (55 5 (r=0/632)
b miste 5 el gdud ooy pole chle .cuh
oo 4igs 3,SLac L 0/836 5 0/819 0/946 0706 c.y,us

Glis KSiuuan
el 3ySlas Sl Aile Jgaze > 4l 4 axg b
2lo b @ 3 Slee (Stuven cplply Moo Jagsp oy
d8kes Jols wls 4 dog b dnd)S oy p (b))l 3)90 o



1404 50 3 ojlod 39 alx (53,5LaS @l 9 pale) SLéb psle w414

b,k 5l (Khandani et al., 2022) >)s 5,Sles 5 Ay dons
i Sl el pogdle BpaanS g pany liE polie S
O g ) ssSge (gl SBLe 5 el bl
ol b dler § lerbon il (elaiyd 45 (505l
xmde 58k cos |y Jpame 2)Skes g ) il gl

[(Doulati Baneh et al., 2015)

Samed Sl s pimen Wb oL b pre g ke
(r=0/734) op] yolie clale b aigy 3,Sles Coto g s e
(6 Jsiz) 34 (r=0/860) ,5: o (r=0/965) (¢, (r=0/735) ;5o
g Spacy e pole § Sy v b )l 5 Sles (Sturen
{Rasoli et al., 2017) 4, \Sen 5 Jow) lowss 5 yim «dpaonS
Sy daw b 5155 55 (Abiri et al., 2020) o, Ken 5 (5]
29 Fhgd Olie ) ere G ol (Shjee Olise e L

adlllan )90 JUw 93 33 595l Cliseo o)) aigh Sluoguad (ke dulio =5 Joaa
Table 5- Cluster traits of different grape cultivars in two studied years

o anigs Job Al (455 Adgd (39 as Job A (955
Treatn“1ents Cluster length Cluster width Cluster weight Berry length Berry width
(mm) (mm) (9) (mm) (mm)
Jl
Year
;gg; 216.36+49.1 b* 109.8+17.80 a 151.12+40.24 b 18.48+3.99 a 14.49+2.76 a
;?)(2)23 228.4+48.63 a 112.99+18.49 a 180.12+35.81 a 18.44+40 a 14.44+2.68 a
)
Cultivar
. o A 258.18+9.77 bc 115.3945.22 be 186.12+26.31b 13.5+0.44 h 11.89+0.78 e
‘Bidaneh-Ghermez’
ol old 287.06+28.14 a 123.01+7.12 abc 229.66+14.76 a 15.55+0.39 g 15.72+0.22 ¢
Flame seedless
Peﬁéte 275.17+16.75 ab 131.03+6.32 a 235.23+23.19a 14.89+0.77 g 14.89+0.48 d
I “S’MK 228.25+11.44d 103.78+6.94 d 144.52+19.22 cde 19.77+0.40 d 11.99+0.37 e
Kashmiri 1
539,25 . 228.66+14.44 d 116.64+10.46 131.26+9.19 20.95+0.79 ¢ 17.33+0.22 b
Shahroudi
L . 130.91+5.64 h 98.54+5.67 d 125.85+23.00 e 11.91+0.26 i 11.10+0.67 f
Yaghouti
2 “S’MK 169.09+14.14 g 64.17+8.19 e 147.61+23.66 cde 20.52+0.42 ¢ 10.87+0.38 f
Kashmiri 2
@"“_“3 @b e 191.04+10.02 ef 120.15+5.73 be 161.87+28.41 bed 18.62+0.29 e 14.12+0.12d
Asgari daei Nasrallah
.L'L' o 249.66+16.28 ¢ 123.7445.24 ab 178.85+32.10 b 25.87+1.31a 14.64+1.77d
Rish baba
. sfme ol . 200.52+16.63 e 104.5+9.30 d 138.66+16.45 de 23.24+0.26 b 19.70+0.42 a
Siahe-Mahali
:;;Mari 178.37+11.51 fg 114.5+3.83 ¢ 136.24+15.01 de 17.01+0.10 f 14.11+0.31d
Ul g ol 271.64+11.08 ab 121.28+5.68 bc 171.56+18.98 bc 19.69+1.02 d 17.20+0.20 b

Siahe-Hasnabad
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Introduction

Cherry tomatoes (Solanum lycopersicum L.), an annual plant with significant economic value, are a popular
and nutritious fruit commonly used in salads. They are rich in essential nutrients such as sugars, acids, vitamins,
minerals, phenolic compounds, lycopene, and other carotenoids, making them a vital component of diets
worldwide. However, their climacteric nature causes a rapid decline in quality, resulting in physicochemical
changes such as softening and alterations in color. Due to their perishable nature, they have a short shelf life of
only 2 to 3 weeks. Therefore, it is crucial to explore methods for extending their freshness, for extending their
shelf life while maintaining their quality, both for local consumption and exportation.

Materials and Methods

This study aimed to investigate the impact of varying concentrations (0.025%, 0.05%, 0.075%, 0.1%, and
0.2%) of peppermint essential oil and solid lipid nanoparticles containing peppermint essential oil on the quality
of cherry tomato fruit (Solanum lycopersicum cv. Santiago F1). The research was conducted using a completely
randomized factorial design with three replications and sample of ten fruits per replication during a 28-day
storage period at 8 °C at the laboratories of the Faculty of Pharmacy at Mashhad University of Medical Sciences
and the Horticulture Science Laboratory at Ferdowsi University of Mashhad. On April 19, 2021, cherry tomatoes
were harvested from a greenhouse at commercial maturity when 75% of the fruit surface color had turned red.
Then the fruits were transferred to the horticultural science laboratory. The selection process focused on
uniformity of shape, size, color, and absence of external damage, pests, and diseases. Then they were immersed
in 1% sodium hypochlorite solution for 1 minute to disinfect the surface and afterwards rinsed with distilled
water. Finally, the fruits were placed in different coating solutions. Distilled water was used to treat control
fruits. The quality parameters studied included fruit juice percentage, juice density, soluble solids, fruit juice

©2025 The author(s). This is an open access article distributed under Creative Commons Attribution
B 4.0 International License (CC BY 4.0).
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acidity, fruit juice pH, total chlorophyll content, carotenoid levels, lycopene levels, anthocyanin content,
flavonoid levels, flavonol levels, and electrolyte leakage in the fruits.

Results and Discussion

The results of this study indicated that fruits treated with solid lipid nanoparticles containing peppermint
essential oil, particularly at a concentration of 0.2%, showed significantly higher levels of juice percentage
(approximately 85%), acidity (around 51%), total chlorophyll content, as well as anthocyanin, flavonoid and
flavonol content compared to those treated with free peppermint essential oil or the control group. However, the
amount of soluble solids (approximately 549%), juice density (about 75%), juice pH, and lycopene and carotenoid
content were found to be lower in comparison with those treated with free peppermint essential oil or the control
group. This indicates that the application of this coating may slow down the ripening process, thereby preserving
the fruit's color. This treatment also effectively reduced the amount of electrolyte leakage of fruit cell
membranes (about 56%). However, free peppermint essential oil treatment at 0.1% and 0.2% concentrations had
higher electrolyte leakage compared to the control group. This suggests that while peppermint essential oil can
have a positive effect on preserving fruit quality, using it at higher concentrations may cause tissue damage and
accelerate the softening process. These findings suggest that incorporating peppermint essential oil into solid
lipid nanoparticles can enhance the overall quality and nutritional value of fruits, making them a healthier option
for consumption. Additionally, the use of solid lipid nanoparticles may also help in controlling the release of
peppermint essential oil, leading to a more sustained effect on fruit preservation. Therefore, incorporating the
essential oil into solid lipid nanoparticles could be a more effective approach as it slows down the ripening
process and helps maintain overall fruit quality.

Conclusions

In conclusion, our study has demonstrated the potential of solid lipid nanoparticles containing peppermint
essential oil in preserving the quality and extending the shelf life of fruits. The use of these nanocapsules not
only maintained the color, TA, and soluble solids of fruits but also prevented tissue damage and delayed the
ripening process. This innovative approach could revolutionize fruit preservation methods and benefit both
producers and consumers by reducing food waste and ensuring continuous availability of fresh, high-quality
fruits. Further research on development of nanocapsules with different essential oils could open new horizons for
enhancing the shelf life of various fruits and other perishable food products.

Keywords: Cold storage, Electrolyte leakage, Juice density, Lycopene
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** * and ns: significant at the 1% and 5% probability levels, and non-significant, respectively
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Figure 1- The percentage of fruit juice (A) and the fruit juice density (B) in cherry tomatoes ‘Dutch Santiago’ coated with

peppermint oil (PEO) and formulations of solid lipid nanoparticles containing peppermint oil (PEO-SLN), over a storage
period of 28 days in a refrigerator at 8°C
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Figure 2- Soluble solids (A), acidity (B), and fruit juice pH (C) in cherry tomatoes ‘Dutch Santiago’ coated with peppermint

oil (PEO) and formulations of solid lipid nanoparticles containing peppermint oil (PEO-SLN), over a storage period of 28
days in a refrigerator at 8°C
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Figure 3- Total chlorophyll (A), carotenoids (B), and lycopene (C) content in cherry tomatoes ‘Dutch Santiago’ coated with

peppermint oil (PEO) and formulations of solid lipid nanoparticles containing peppermint oil (PEO-SLN), over a storage
period of 28 days in a refrigerator at 8°C
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Figure 4-) Anthocyanin (A), flavonoeid (B) and flavonol (C) content in cherry tomatoes ‘Dutch Santiago’ coated with

peppermint oil (PEO) and formulations of solid lipid nanoparticles containing peppermint oil (PEO-SLN), over a storage
period of 28 days in a refrigerator at 8°C
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Figure 5- Electrolyte leakage in cherry tomatoes ‘Dutch Santiago’ coated with peppermint oil (PEO) and formulations of
solid lipid nanoparticles containing peppermint oil (PEO-SLN), over a storage period of 28 days in a refrigerator at 8°C

o lesdeSiid b Shy & e ol badl )
3 cdibloe g ogee (ydamsy g il (e 5l JounS il
odléstew] ‘d*“?)" O"‘ é.sl.u Q»L»‘).» ..))]b uw]wl dhwi )gl).g
Sl oo (Jals gl Luilol (g9l> ol> (gad Sldglb wians
5 351 gty il glins uild TS I3 sl e (o,
—o.\;;f)ls.).:nl JWLJ ¢Q.3.] ).305){:— A3k o)'l.'i Lshao%p ConS lads
O ogme (5SS (s glooged (sl il lysa )

.A}bb&

&3 5wl
olSils 1 1, 555 1,05 Cilye o Mitan blo By
ard g o ssel 3 Saslus ly (FFVALY) dpde g,
ol @l S el gl ool lpl Gl Sl 2)9e limes
o8 LSy dogare (553 Al jl ooyt Jobs adllas

Ll

References

S 5 o
Gl slocdle isoyl by Gan b adlbs oyl
dglio )3 b gl uilil (gl dol> (sied Slp3gl sl jlos
oo ol Ol p A sy (b el il b
WM bl (lsme) plasdgn (olss (S b))
ogee ClgySIl il (e g (oS el (Jeigdl
ol @l )8 plnl guile Slisle 18; (WS (K axsS
Looddjlos S b Spdss o ob i adles
il s Lulel (ol tals o) Sldol (glagmiVgn
ol ol 28l oge0 &S (sl Sy YL loclale )3 054
 olessis] 9 Jpiod (adgos Sy elgime « S cogee
09)5 b aljl ygoas (Jild lins bl b o ylos lmoges I i
Lo oS oKy (Jopl s b s
e 535 oy AT g0ty Jald plin uilal pYL laclale
Ll lis aals 05,5 b awslie o g |y g5Vl culs xSl i

1.  Abiso, E., Satheesh, N., & Hailu, A. (2015). Effect of storage methods and ripening stages on postharvest quality
of tomato (Lycopersicom esculentum Mill) cv. Chali. Annals: Food Science & Technology, 16(1), 127-137.



frv

w31 & yg00 90 4 (Mentha x piperita L.) JLald elss uilw! 351 duanslio 50 g Jglbo,3 LS's

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Al-Dairi, M., Pathare, P.B., & Al-Yahyai, R. (2021). Chemical and nutritional quality changes of tomato during
postharvest transportation and storage. Journal of the Saudi Society of Agricultural Sciences, 20(6), 401-408.
https://doi.org/10.1016/j.jssas.2021.05.001

Alvarez-Hernandez, M.H., Martinez-Hernandez, G.B., Castillejo, N., Martinez, J.A., & Artés-Hernandez, F.
(2021). Development of an antifungal active packaging containing thymol and an ethylene scavenger. Validation
during  storage of cherry tomatoes. Food Packaging and  Shelf  Life, 29, 1-12.
https://doi.org/10.1016/j.fpsl.2021.100734

Ansarifar, E., & Moradinezhad, F. (2022). Encapsulation of thyme essential oil using electrospun zein fiber for
strawberry  preservation. Chemical and Biological Technologies in Agriculture, 9(2), 1-11.
https://doi.org/10.1186/s40538-021-00267-y

Atrash, S., Ramezanian, A., Rahemi, M., Ghalamfarsa, R.M., & Yahia, E. (2018). Antifungal effects of savory
essential oil, gum arabic, and hot water in Mexican lime fruits. HortScience, 53(4), 524-530.
https://doi.org/10.21273/HORTSCI12736-17

Bandian, L., Moghaddam, M., Bahreini, M., & Vakili-Ghartavol, M. (2024). Effects of Thymus vulgaris, Zataria
multiflora, Salvia verticillata, and e-polylysine on shelf-life extension of sweet basil leaves. International Journal
of Vegetable Science, 30(4), 450-469. https://doi.org/10.1080/19315260.2024.2379575

Baraiya, N.S., Rao, T.V.R., & Thakkar, V.R. (2014). Enhancement of storability and quality maintenance of
carambola (Averrhoa carambola L.) fruit by using composite edible coating. Fruits, 69(3), 195-205.
https://www.cabidigitallibrary.org/doi/10.1051/fruits/2014010

Buendia, L., Soto, S., Ros, M., Antolinos, V., Navarro, L., Sanchez, M. J., Martinez, G.B., & Ldpez, A. (2019).
Innovative cardboard active packaging with a coating including encapsulated essential oils to extend cherry tomato
shelf life. LWT- Food Science and Technology, 116, 108584. https://doi.org/10.1016/j.Iwt.2019.108584

Chen, Z., Wang, Z., Yang, Y., Li, M., & Xu, B. (2018). Abscisic acid and brassinolide combined application
synergistically enhances drought tolerance and photosynthesis of tall fescue under water stress. Scientia
Horticulturae, 228, 1-9. https://doi.org/10.1016/j.scienta.2017.10.004

Choi, H.G., & Park, K.S. (2023). Ripening process of tomato fruits postharvest: Impact of environmental
conditions on quality and chlorophyll a fluorescence characteristics. Horticulturae, 9(7), 812.

Cox, S.E., Stushnoff, C., & Sampson, D.A. (2003). Relationship of fruit color and light exposure to lycopene
content and antioxidant properties of tomato. Canadian Journal of Plant Science, 83(4), 913-919.

Dhital, R., Mora, N.B., Watson, D.G., Kohli, P., & Choudhary, R. (2018). Efficacy of limonene nano coatings on
post-harvest shelf life of strawberries. LWT - Food Science and Technology, 97, 124-134.
https://doi.org/10.1016/j.Iwt.2018.06.038

Dhital, R., Joshi, P., Becerra-Mora, N., Umagiliyage, A., Chai, T., Kohli, P., & Choudhary, R. (2017). Integrity of
edible nano-coatings and its effects on quality of strawberries subjected to simulated in-transit vibrations. LWT -
Food Science and Technology, 80, 257-264. https://doi.org/10.1016/j.lwt.2017.02.033

Dong, F., & Wang, X. (2018). Guar gum and ginseng extract coatings maintain the quality of sweet cherry. LWT -
Food Science and Technology, 89, 117-122. https://doi.org/10.1016/j.lwt.2017.10.035

Fagundes, C., Moraes, K., Pérez-Gago, M.B., Palou, L., Maraschin, M., & Monteiro, A. (2015). Effect of active
modified atmosphere and cold storage on the postharvest quality of cherry tomatoes. Postharvest Biology and
Technology, 109, 73-81. https://doi.org/10.1016/j.postharvbio.2015.05.017

Fazly Bazzaz, B., Khameneh, B., Namazi, N., Iranshahi, M., Davoodi, D., & Golmohammadzadeh, S. (2018).
Solid lipid nanoparticles carrying Eugenia caryophyllata essential oil: The novel nanoparticulate systems with
broad-spectrum  antimicrobial  activity.  Letters in  Applied  Microbiology, 66(6), 506-513.
https://doi.org/10.1111/lam.12886

Gonzalez-Locarno, M., Maza Pautt, Y., Albis, A., Lopez, E.F., & Grande Tovar, C.D. (2020). Assessment of
chitosan-rue (Ruta graveolens L.) essential oil-based coatings on refrigerated cape gooseberry (Physalis peruviana
L.) quality. Applied Sciences, 10(8), 2684. https://doi.org/10.3390/app10082684

Gutiérrez-Molina, J., Corona-Rangel, M.L., Ventura-Aguilar, R.l., Barrera-Necha, L.L., Bautista-Bafios, S., &
Correa-Pacheco, Z.N. (2021). Chitosan and Byrsonima crassifolia-based nanostructured coatings: Characterization
and effect on tomato preservation during refrigerated storage. Food Bioscience, 42, 101212.
https://doi.org/10.1016/j.fbi0.2021.101212

Hatami, M., Kalantari, S., & Delshad, M. (2012). Responses of different maturity stages of tomato fruit to
different storage conditions. In VIl International Postharvest Symposium. 1012, 857-864.
https://doi.org/10.17660/ActaHortic.2013.1012.116

Javanmardi, J., & Kubota, C. (2006). Variation of lycopene, antioxidant activity, total soluble solids and weight
loss of tomato during postharvest storage. Postharvest Biology and Technology, 41(2), 151-155.
https://doi.org/10.1016/j.postharvbio.2006.03.008


https://doi.org/10.1016/j.jssas.2021.05.001
https://doi.org/10.1016/j.fpsl.2021.100734
https://doi.org/10.1186/s40538-021-00267-y
https://doi.org/10.21273/HORTSCI12736-17
https://doi.org/10.1080/19315260.2024.2379575
https://www.cabidigitallibrary.org/doi/10.1051/fruits/2014010
https://doi.org/10.1016/j.lwt.2019.108584
https://doi.org/10.1016/j.scienta.2017.10.004
https://doi.org/10.1016/j.lwt.2018.06.038
https://doi.org/10.1016/j.lwt.2017.02.033
https://doi.org/10.1016/j.lwt.2017.10.035
https://doi.org/10.1016/j.postharvbio.2015.05.017
https://doi.org/10.1111/lam.12886
https://doi.org/10.3390/app10082684
https://doi.org/10.1016/j.fbio.2021.101212
https://doi.org/10.17660/ActaHortic.2013.1012.116
https://doi.org/10.1016/j.postharvbio.2006.03.008

) 23 SV PR Y PUVIR oL IRV ESH QPSS v o5 91 4993 ) Sl a s YYA
B oA ) [C33)] & 9P <’ [ Sl

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Jia, S., Zhang, N., Ji, H., Zhang, X., Dong, C., Yu, J., Yan, S., Chen, C., & Liang, L. (2022). Effects of
atmospheric cold plasma treatment on the storage quality and chlorophyll metabolism of postharvest tomato.
Foods, 11(24), 4088. https://doi.org/10.3390/foods11244088

Jodhani, K.A., & Nataraj, M. (2019). Edible coatings from plant-derived gums and clove essential oil improve
postharvest strawberry (Fragariax ananassa) shelf life and quality. Environmental and Experimental Botany, 17,
123-135.

Kim, D.O., Chun, O.K., Kim, Y.J., Moon, H.Y., & Lee, C.Y. (2003). Quantification of polyphenolics and their
antioxidant capacity in fresh plums. Journal of Agricultural and Food Chemistry, 51(22), 6509-6515.
https://doi.org/10.1021/jf0343074

Laein, S.S., Khanzadi, S., Hashemi, M., Gheybi, F., & Azizzadeh, M. (2022). Peppermint essential oil-loaded
solid lipid nanoparticle in gelatin coating: Characterization and antibacterial activity against foodborne pathogen
inoculated on rainbow trout (Oncorhynchus mykiss) fillet during refrigerated storage. Journal of Food Science,
87(7), 2920-2931. https://doi.org/10.1111/1750-3841.16221

Landi, L., Peralta-Ruiz, Y., Chaves-Lopez, C., & Romanazzi, G. (2021). Chitosan coating enriched with Ruta
graveolens L. essential oil reduces postharvest anthracnose of papaya (Carica papaya L.) and modulates defense-
related gene expression. Frontiers in Plant Science, 12, 2434. https://doi.org/10.3389/fpls.2021.765806

Li, B., Ding, Y., Tang, X., Wang, G., Wu, S., Li, X., Huang, X., Qu, T., Chen, J., & Tang, X. (2019). Effect of L-
arginine on maintaining storage quality of the white button mushroom (Agaricus bisporus). Food and Bioprocess
Technology, 12, 563-574. https://doi.org/10.1007/s11947-018-2232-0

Locali-Pereira, A.R., Guazi, J.S., Conti-Silva, A.C., & Nicoletti, V.R. (2021). Active packaging for postharvest
storage of cherry tomatoes: Different strategies for application of microencapsulated essential oil. Food Packaging
and Shelf Life, 29, 100723. https://doi.org/10.1016/j.fpsl.2021.100723

Mahendran, G., & Rahman, L.U. (2020). Ethnomedicinal, phytochemical and pharmacological updates on
Peppermint  (Menthax  piperita L.)—A review. Phytotherapy Research, 34(9), 2088-2139.
https://doi.org/10.1002/ptr.6664

Marandi, R.J., Hassani, A., Ghosta, Y., Abdollahi, A., Pirzad, A., & Sefidkon, F. (2011). Control of Penicillium
expansum and Botrytis cinerea on pear with Thymus kotschyanus, Ocimum basilicum and Rosmarinus officinalis
essential oils. Journal of Medicinal Plants Research, 5(4), 626-634.

Matabura, V., & Kibazohi, O. (2021). Physicochemical and sensory evaluation of mixed juices from banana,
pineapple and passion fruits during storage. Tanzania Journal of Science, 47(1), 332-343.

Migliori, C.A., Salvati, L., Di Cesare, L.F., Scalzo, R. L., & Parisi, M. (2017). Effects of preharvest applications of
natural antimicrobial products on tomato fruit decay and quality during long-term storage. Scientia Horticulturae,
222, 193-202. https://doi.org/10.1016/j.scienta.2017.04.030

Mirtalebi, M., Rajaei, A., Bahmaei, M., & Yari Khosroushahi, A. (2020). Storage Stability of wheat germ oil
encapsulated  within  nanostructured lipid carriers. Journal of Nanostructures, 10(2), 268-278.
https://doi.org/10.22052/INS.2020.02.007

Mohammadi, L., Khankahdani, H.H., Tanaka, F., & Tanaka, F. (2021). Postharvest shelf-life extension of button
mushroom (Agaricus bisporus L.) by Aloe vera gel coating enriched with basil essential oil. Environmental
Control in Biology, 59(2), 87-98. https://doi.org/10.2525/ecb.59.87

Munhuewyi, K. (2012). Postharvest losses and changes in quality of vegetables from retail to consumer: a case
study of tomato, cabbage and carrot. Doctoral Dissertation, Stellenbosch: Stellenbosch University. University of
Stellenbosch. South Africa. 144 pp.

Nadernejad, N., Ahmadimoghadam, A., Hossyinifard, J., & Poorseyedi, S. (2013). Effect of different rootstocks on
PAL activity and phenolic compounds in flowers, leaves, hulls and kernels of three pistachio (Pistacia vera L.)
cultivars. Trees, 27, 1681-1689.

Nair, M.S., Saxena, A., & Kaur, C. (2018). Effect of chitosan and alginate based coatings enriched with
pomegranate peel extract to extend the postharvest quality of guava (Psidium guajava L.). Food Chemistry, 240,
245-252. https://doi.org/10.1016/j.foodchem.2017.07.122

Nasseri, M., Golmohammadzadeh, S., Arouiee, H., Jaafari, M.R., & Neamati, H. (2016). Antifungal activity of
Zataria multiflora essential oil-loaded solid lipid nanoparticles in-vitro condition. Iranian Journal of Basic
Medical Sciences, 19(11), 1231-1237.

Nirupama, Pila, N.P., Gol, N.B., & Rao, T.R. (2010). Effect of post harvest treatments on physicochemical
characteristics and shelf life of tomato (Lycopersicon esculentum Mill.) fruits during storage. American-Eurasian
Journal of Agricultural and Environmental Sciences, 9(5), 470-479.

Oliveira de, K.A.R., da Conceicdo, M.L., de Oliveira, S.P.A., Lima M.D.S., de Sousa Galvio, M., Madruga, M.S.,
Magnani, M., & de Souza, E.L. (2020). Postharvest quality improvements in mango cultivar Tommy Atkins by


https://doi.org/10.3390/foods11244088
https://doi.org/10.1021/jf0343074
https://doi.org/10.1111/1750-3841.16221
https://doi.org/10.3389/fpls.2021.765806
https://doi.org/10.1007/s11947-018-2232-0
https://doi.org/10.1016/j.fpsl.2021.100723
https://doi.org/10.1002/ptr.6664
https://doi.org/10.1016/j.scienta.2017.04.030
https://doi.org/10.22052/JNS.2020.02.007
https://doi.org/10.2525/ecb.59.87
https://doi.org/10.1016/j.foodchem.2017.07.122

ra

w31 & yg00 90 4 (Mentha x piperita L.) JLald elss uilw! 351 duanslio 50 g Jglbo,3 LS's

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

chitosan coating with Mentha piperita L. essential oil. The Journal of Horticultural Science and Biotechnology,
95(2), 260-272.

Ortiz, C.M., Mauri, A.N., & Vicente, A.R. (2013). Use of soy protein based 1-methylcyclopropene-releasing pads
to extend the shelf life of tomato (Solanum lycopersicum L.) fruit. Innovative Food Science & Emerging
Technologies, 20, 281-287. https://doi.org/10.1016/j.ifset.2013.07.004

Park, M.H., Sangwanangkul, P., & Baek, D.R. (2018). Changes in carotenoid and chlorophyll content of black
tomatoes (Lycopersicone sculentum L.) during storage at various temperatures. Saudi Journal of Biological
Sciences, 25(1), 57-65. https://doi.org/10.1016/j.sjbs.2016.10.002

Passos Braga dos, S., Magnani, M., Madruga, M.S., de Souza Galvdo, M., de Medeiros, L.L., Batista A.U.D.,
Dias, R.T.A., Fernandes, L.R., de Medeiros, E.S., & de Souza E.L. (2020). Characterization of edible coatings
formulated with chitosan and Mentha essential oils and their use to preserve papaya (Carica papaya L.).
Innovative Food Science & Emerging Technologies, 65, 102472. https://doi.org/10.1016/j.ifset.2020.102472
Peralta-Ruiz, Y., Tovar, C.D.G., Sinning-Mangonez, A., Coronell, E.A., Marino, M.F., & Chaves-Lopez, C.
(2020). Reduction of postharvest quality loss and microbiological decay of tomato “Chonto”(Solanum
lycopersicum L.) using chitosan-e essential oil-based edible coatings under low-temperature storage. Polymers,
12(8), 1822-1842. https://doi.org/10.3390/polym12081822

Pérez-Soto, E., Badillo-Solis, K.I., Cenobio-Galindo, A.D.J., Ocampo-Ld&pez, J., Ludefia-Urquizo, F.E., Reyes-
Munguia, A., Pérez-Rios, S.R., & Campos-Montiel, R. (2021). Coating of tomatoes (Solanum lycopersicum L.)
employing nanoemulsions containing the bioactive compounds of cactus acid fruits: Quality and shelf life.
Processes, 9(12), 2173. https://doi.org./10.3390/pr9122173

Perumal, A.B., Nambiar, R.B., Sellamuthu, P.S., & Emmanuel, R.S. (2021). Use of modified atmosphere
packaging combined with essential oils for prolonging post-harvest shelf life of mango (cv. Banganapalli and cv.
Totapuri). LWT - Food Science and Technology, 148, 111662. https://doi.org/10.1016/j.lwt.2021.111662

Popova, M., Bankova, V., Butovska, D., Petkov, V., Nikolova-Damyanova, B., Sabatini, A. G., Marcazzan, G.L.,
& Bogdanov, S. (2004). Validated methods for the quantification of biologically active constituents of poplar-type
propolis. Phytochemical Analysis: An International Journal of Plant Chemical and Biochemical Techniques,
15(4), 235-240. https://doi.org./10.1002/pca. 777

Quinet, M., Angosto, T., Yuste-Lisbona, F.J., Blanchard-Gros, R., Bigot, S., Martinez, J.P., & Lutts, S. (2019).
Tomato  fruit  development and  metabolism.  Frontiers in  Plant  Science, 10, 1554
https://doi.org/10.3389/fpls.2019.01554

Rolle, L., Torchio, F., Giacosa, S., & Segade, S.R. (2015). Berry density and size as factors related to the
physicochemical characteristics of Muscat Hamburg table grapes (Vitis vinifera L.). Food Chemistry, 173, 105-
113. https://doi.org/10.1016/j.foodchem.2014.10.033

Shahkoomahally, S., & Ramezanian, A. (2015). Changes in physico-chemical properties related to quality of
kiwifruit (Actinidia deliciosa cv. Hayward) during cold storage. International Journal of Fruit Science, 15(2), 187-
197. https://doi.org/10.1080/15538362.2015.1017423

Sharma, P., Shehin, V.P., Kaur, N., & Vyas, P. (2019). Application of edible coatings on fresh and minimally
processed vegetables: A review. International Journal of Vegetable Science, 25(3), 295-314.
https://doi.org/10.1080/19315260.2018.1510863

Srinivasa, P., Baskaran, R., Ramesh, M., Harish Prashanth, K., & Tharanathan, R. (2002). Storage studies of
mango packed using biodegradable chitosan film. European Food Research and Technology, 215, 504-508 .
https://doi.org/10.1007/s00217-002-0591-1

Svetlichny, G., Kilkamp-Guerreiro, I., Cunha, S., Silva, F., Bueno, K., Pohlmann, A., Fuentefria, AM., &
Guterres, S. (2015). Solid lipid nanoparticles containing copaiba oil and allantoin: development and role of
nanoencapsulation on the antifungal activity. Die Pharmazie-An International Journal of Pharmaceutical
Sciences, 70(3), 155-164.

Taheri, A., Behnamian, M., Dezhsetan, S., & Karimirad, R. (2020). Shelf life extension of bell pepper by
application of chitosan nanoparticles containing Heracleum persicum fruit essential oil. Postharvest Biology and
Technology, 170, 111313. https://doi.org/10.1016/j.postharvbio.2020.111313

Tigist, M., Workneh, T.S., & Woldetsadik, K. (2013). Effects of variety on the quality of tomato stored under
ambient conditions. Journal of Food Science and Technology, 50, 477-486. https://doi.org/10.1007/s13197-011-
0378-0

Vakili-Ghartavol, M., Arouiee, H., Golmohammadzadeh, S., & Naseri, M. (2022). Antifungal activity of Menthax
Piperita L. essential oil. Acta Scientiarum Polonorum Hortorum Cultus, 21(1), 143-152.
https://doi.org/10.24326/asphc.2022.1.12


https://doi.org/10.1016/j.ifset.2013.07.004
https://doi.org/10.1016/j.sjbs.2016.10.002
https://doi.org/10.1016/j.ifset.2020.102472
https://doi.org/10.3390/polym12081822
https://doi.org./10.3390/pr9122173
https://doi.org/10.1016/j.lwt.2021.111662
https://doi.org./10.1002/pca.777
https://doi.org/10.3389/fpls.2019.01554
https://doi.org/10.1016/j.foodchem.2014.10.033
https://doi.org/10.1080/15538362.2015.1017423
https://doi.org/10.1080/19315260.2018.1510863
https://doi.org/10.1007/s00217-002-0591-1
https://doi.org/10.1016/j.postharvbio.2020.111313
https://doi.org/10.1007/s13197-011-0378-0
https://doi.org/10.1007/s13197-011-0378-0
https://doi.org/10.24326/asphc.2022.1.12

1FF 30l F oylod ¥R als (55,9l @uluo g pale) GSLel pole @ 26 FY»

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Vakili-Ghartavol, M., Arouiee, H., Golmohammadzadeh, S., Naseri, M., & Bandian, L. (2024a). Edible coatings
based on solid lipid nanoparticles containing essential oil to improve antimicrobial activity, shelf-life, and quality
of strawberries. Journal of Stored Products Research, 106, 102262. https://doi.org/10.1016/j.jspr.2024.102262
Vakili-Ghartavol, M., Arouiee, H., Golmohammadzadeh, S., Naseri, M., & Bandian, L. (2024b). Influence of
encapsulated peppermint essential oil on postharvest quality of Solanum lycopersicum cv. Santiago F1.
International Journal of Vegetable Science, 30(3), 311-333. https://doi.org/10.1080/19315260.2024.2369857
Vakili-Ghartavol, M., Arouiee, H., Golmohammadzadeh, S., & Naseri, M. (2024c). Improving antifungal effect of
peppermint  essential  oil.  Acta  Scientiarum  Polonorum  Hortorum  Cultus, 23(2), 29-42.
https://doi.org/10.24326/asphc.2024.5334

Vats, S., Bansal, R., Rana, N., Kumawat, S., Bhatt, V., Jadhav, P., Kale, V., Sathe, A., Sonah, H., Jugdaohsingh,
R., Sharma, T.R., & Jugdaohsingh, R. (2022). Unexplored nutritive potential of tomato to combat global
malnutrition. Critical Reviews in Food Science  and Nutrition, 62(4), 1003-1034.
https://doi.org/10.1080/10408398.2020.1832954

Veloso, R.A., Pereira, T., Ferreira, D.S., Debona, D., Wagner, R., & Aguiar, D.S. (2018). Enzymatic activity in
essential oil-treated and pathogen-inoculated corn plants. Journal of Agricultural Science, 10(10), 171-177.
https://doi.org/10.5539/jas.v10n10p171

Wang, J., Fang, X.M., Mujumdar, A., Qian, J.Y., Zhang, Q., Yang, X.H., Liu, Y.H., Gao, Z.J., & Xiao, H.W.
(2017). Effect of high-humidity hot air impingement blanching (HHAIB) on drying and quality of red pepper
(Capsicum annuum L.). Food Chemistry, 220, 145-152. https://doi.org/10.1016/j.foodchem.2018.03.123

Wang, S.Y., & Chen, C.T. (2010). Effect of allyl isothiocyanate on antioxidant enzyme activities, flavonoids and
post-harvest fruit quality of blueberries (Vaccinium corymbosum L., cv. Duke). Food Chemistry, 122(4), 1153-
1158. https://doi.org/10.1016/j.foodchem.2010.03.106

Wang, K., Kang, S., Li, F., Wang, X., Xiao, Y., Wang, J., & Xu, H. (2022). Relationship between fruit density and
physicochemical properties and bioactive composition of mulberry at harvest. Journal of Food Composition and
Analysis, 106, 104322. https://doi.org/10.1016/j.jfca.2021.104322

Wani, S.M., Gull, A, Ahad, T., Malik, A., Ganaie, T.A., Masoodi, F.A., & Gani, A. (2021). Effect of gum Arabic,
xanthan and carrageenan coatings containing antimicrobial agent on postharvest quality of strawberry: Assessing
the physicochemical, enzyme activity and bioactive properties. International Journal of Biological
Macromolecules, 183, 2100-2108. https://doi.org/10.1016/j.ijbiomac.2021.06.008

Wojtowicz, A., Zalewska-Korona, M., Jablonska-Rys, E., Skalicka-Wozniak, K., & Oniszczuk, A. (2018).
Chemical characteristics and physical properties of functional snacks enriched with powdered tomato. Polish
Journal of Food and Nutrition Sciences, 68(3), 251-261.

Yan, J., Zhang, J., Hu, C., Deng, L., & Ritenour, M.A. (2020). Use of carvacrol and thymol in shellac coating to
control stem-end rot on ‘Ruby Red’grapefruit and maintain fruit quality during simulated storage and marketing.
Scientia Horticulturae, 272, 109606. https://doi.org/10.1016/j.scienta.2020.109606

Yuan, W., Teo, C.H.M., & Yuk, H.G. (2019). Combined antibacterial activities of essential oil compounds against
Escherichia coli 0O157: H7 and their application potential on fresh-cut lettuce. Food Control, 96, 112-118.
https://doi.org/10.1016/j.foodcont.2018.09.005

Zambrano-Zaragoza, M., Mercado-Silva, E., Ramirez-Zamorano, P., Cornejo-Villegas, M., Gutiérrez-Cortez, E.,
& Quintanar-Guerrero, D. (2013). Use of solid lipid nanoparticles (SLNs) in edible coatings to increase guava
(Psidium guajava L.) shelf-life. Food Research International, 51(2), 946-953.
https://doi.org/10.1016/j.foodres.2013.02.012

Zhao, D., Shen, L., Fan, B., Liu, K., Yu, M., Zheng, Y., Ding, Y., & Sheng, J. (2009). Physiological and genetic
properties of tomato fruits from 2 cultivars differing in chilling tolerance at cold storage. Journal of Food Science,
74(5), 348-352. https://doi.org/10.1111/j.1750-3841.2009.01156.x


https://doi.org/10.1016/j.jspr.2024.102262
https://doi.org/10.1080/19315260.2024.2369857
https://doi.org/10.24326/asphc.2024.5334
https://doi.org/10.1080/10408398.2020.1832954
https://doi.org/10.5539/jas.v10n10p171
https://doi.org/10.1016/j.foodchem.2018.03.123
https://doi.org/10.1016/j.foodchem.2010.03.106
https://doi.org/10.1016/j.jfca.2021.104322
https://doi.org/10.1016/j.ijbiomac.2021.06.008
https://doi.org/10.1016/j.scienta.2020.109606
https://doi.org/10.1016/j.foodcont.2018.09.005
https://doi.org/10.1016/j.foodres.2013.02.012
https://doi.org/10.1111/j.1750-3841.2009.01156.x

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

Research Article
Vol. 39, No. 3, Fall 2025, p. 441-454

Response of Yield and Yield Components of Table Grape cv. Yaghooti ( Vitis
vinifera L.) to Deficit Irrigation at Different Growth Stages

M. Fazeli Rostampour t%*
1- Horticultural Crops Research Department, Sistan Agricultural and Natural Resources Research and Education

Center, AREEOQ, Zabol, Iran
(*- Corresponding author's Email: M.fazeli@areeo.ac.irr)

Revised: 26 January 2025 Fazeli Rostampour, M. (2025). Response of yield and yield components of table
Accepted: 15 February 2025 grape cv. Yaghooti (Vitis vinifera L.) to deficit irrigation at different growth stages.
Available Online: 15 February  Journal of Horticultural Science, 39(3), 441-454. (in Persian with English abstract).
2025 https://doi.org/10.22067/jhs.2025.90206.1382

Introduction

Yaghooti grape is the oldest grape variety in Iran and is the most important horticultural product in the Sistan
region, which is cultivated in more than 90% of the vineyards of this region. The issue of water scarcity in Sistan
has become a serious threat to grape production in recent years, forcing local grape growers to manage this
problem by reducing the volume and frequency of irrigation. Proper irrigation management, which involves
determining the optimal timing and the required amount of irrigation for grapevines, is of particular importance.
Therefore, the purpose of this research is to investigate the physiological response of Yaghooti grapes to lack of
water in different stages of growth in order to achieve the highest yield and also increase the production and
income of gardeners in Sistan region.

Materials and Methods

This experiment was conducted as strip-split plot design based on randomized complete block design with
three replications at the Zahak Research Station from 2019 to 2023. The experimental treatments included an
irrigation regime of control (full irrigation), irrigation after 35% soil moisture deficiency, and irrigation after
70% soil moisture deficiency. These treatments were applied to horizontal plots and while the irrigation stages
including from bud burst to flowering, from flowering to fruit color change, from berry color variation to
harvest, and from harvest to leaf fall, were assigned to vertical plots. The traits including the relative leaf water
content, leaf area, proline, soluble sugars, relative permeability of leaf cell membrane, canopy temperature and
chlorophyll index were measured one week before flowering, cluster color change, fruit harvest and leaf color
change. The row spacing was three meters, and the vine spacing within rows was two meters. Irrigation
scheduling was determined based on the treatments using a TDR moisture meter. After full maturity (uniform
ruby color of the cluster with a Brix above 17), the trait of cluster length was measured using a ruler and the
cluster width and berry diameter were measured using a caliper. The traits of cluster number and number of
berries per cluster were counted and cluster axis weight (average weight of three cluster axes per plant), fresh
berry weight (average weight of 10 berries per cluster), cluster weight (average weight of four clusters per plant)
and yield (average yield of three plants per plot) were measured using an OHAUS digital scale with an accuracy
of 0.01 g (Gatti et al., 2012). For statistical analysis, after ensuring the normality of the data, analysis of variance
was performed using SAS software version 9.4 and using the GLM procedure. Composite variance analysis
related to the three years was performed when the Bartlett test confirmed the homogeneity of variances.

©2025 The author(s). This is an open access article distributed under Creative Commons Attribution
Ev 4.0 International License (CC BY 4.0).
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Results and Discussion

Deficit irrigation resulted in a reduction in cluster rachis weight, cluster length, cluster width, number of
berries per cluster, berry diameter, berry weight, cluster weight, number of clusters per vine, and fruit yield,
along with an increased rate of yield reduction. Reducing the water availability for grapevines led to a decrease
in the traits affecting fruit yield. This reduction varied for each trait depending on the specific stage of deficit
irrigation. For all traits, deficit irrigation applied during the flowering to veraison stage was the most sensitive to
irrigation reduction. The highest (6500 kg) and lowest (1111 kg) fruit yields were obtained under full irrigation
and irrigation after 70% depletion of available water during the flowering to veraison stage, respectively. The
highest fruit yield under deficit irrigation was observed during the fruit harvest to leaf fall stage. Across all
deficit irrigation regimes, the lowest fruit yield was associated with the flowering to veraison stage. Irrigation
after 35% depletion of available water during the stages of bud break to flowering, flowering to veraison,
veraison to fruit harvest, and fruit harvest to leaf fall resulted in yield reductions of 32.8%, 43.2%, 8.8%, and
5.6%, respectively, compared to full irrigation at the corresponding stages. Irrigation after 70% depletion of
available water during the same stages caused yield reductions of 73.7%, 82.8%, 36%, and 24.5%, respectively,
compared to full irrigation (Table 3). Although the effect of year on fruit yield was not significant, there was a
reduction of 7.3% and 12% in the second and third years compared to the first year, respectively (Table 4). A
multiple linear regression analysis was performed for the fruit yield of Yaghooti grape. The traits influencing the
predictive equation for yield (Yield) included cluster length (CL), cluster width (CWi), cluster weight (CWe),
and the number of clusters per vine (C/V), as shown in Model 1.

Model 1) Yield = 3481 + 126 CL — 68 CWi + 14 CWe + 185 C/V

The highest (82.7%) and lowest (4.8%) fruit yield reduction rates were observed under irrigation after 35%
depletion of available water during the flowering to veraison stage and irrigation after 70% depletion of available
water during the fruit harvest to leaf fall stage, respectively. The highest rate of fruit yield reduction occurred
when deficit irrigation was applied during the flowering to veraison stage. Conversely, the lowest rate of fruit
yield reduction was observed when deficit irrigation was applied during the fruit harvest to leaf fall stage.

Discussion

The results showed that fruit yield responded differently to deficit irrigation. Deficit irrigation during the bud
break to flowering and flowering to veraison stages had the greatest impact on reducing fruit yield, with the
effect being more pronounced during the flowering to veraison stage. However, the impact of deficit irrigation
during the veraison to fruit harvest and fruit harvest to leaf fall stages on yield was less compared to the bud
break to flowering and flowering to veraison stages. The lowest fruit yield and the highest rate of yield reduction
were observed under irrigation after 70% depletion of available water during the flowering to veraison stage,
amounting to 1111 kg.ha* and a yield reduction rate of 82.7%, respectively. The results showed that irrigation
after 35% soil moisture deficiency during the stages of bud burst to flowering, from flowering to fruit color
change, from berry color variation to harvest and from harvest to leaf fall reduced fruit yield by 27.9, 38, 7.1,
and 4.1 percent compared to full irrigation in the corresponding stages, respectively. In general, by reducing the
irrigation rate in the stages from berry color variation to harvest by 35% soil moisture deficiency, water
consumption can be saved and yield is not significantly reduced.

Keywords: Cluster length, Cluster/vine, Cluster weight, Cluster width
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Table 2- ANOVA for the cluster axes weight, cluster length, cluster width, berry number in cluster, berry diameter, berry
weight, cluster weight, cluster number per vine, fruit yield and yield lose rate of grapevine cv. Yaghooti affected by deficit

irrigation in different growth stages

©layo (aSSlke
Mean squares
&be )’ i J . A oy ol
Ot g3l P oo i gy desks O OP e
SOV df  ws SSS WS py Bery P e s
Cluster ~ Cluster  Cluster No.per  diameter Berry  Cluster  cjyster uityie
axes length  width cluster weight  weight  No. per
weight vine
b 2 0.41" 13.26™ 80.51™ 29078" 0.61" 0.005™  18785"  13.78™ 3481955™
Year (Y)
)')i’:é““ 6 149 078 237 5162 262 003 3212 20547 1453066
. ‘5)_L'”I 72.72™ 340597 46.417™  143215™ 23.98™ 0.24™ 156968 250.65™  112454340™
Irrigation (1)

YxI 4 0.41™ 2.11m™ 0.91™ 10887" 0.57™ 0.03™ 3551 45.97" 2849726"
YxI(r) 12 0.65 1.81 1.00 3807 1.50 0.02 1137 12.72 956465
Stagfs)““"’ 1067 5758~ 1158™ 38677 313"  005™ 45790 7374 27619913

Y xS 6 0.75™ 1.06M 1.17m 2458™ 0.05™ 0.004"s 796" 21.64" 673774
Y xS(r) 18 0.30 1.43 0.59 860 0.25 0.003 179 8.91 270314
IxS 6 2.46™ 19.56™  2.90™ 9550™ 0.81™ 0.01™  15160™  26.80" 7875704
Y x1xS 12 0.71m 0.65" 2.04™ 682 0.10™ 0.002"  650™ 11.28™ 517360"
Y x1xS(r) 36 0.43 1.37 0.66 574 0.19 0.003 497 8.29 286212
e - 10.91 7.49 9.92 9.29 5.34 5.47 9.49 14.55 11.09
CV (%)
ik oge) 0.84 0.38 0.07 0.09 0.29 0.42 0.25 0.54 0.77

Bartllet test
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") *and **: non-significant, and significant at 0.05 and 0.01 of probability levels; respectively
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Table 3- The interaction effect of deficit irrigation regime xapplication stages on the cluster axes weight, cluster length,

cluster width, berry number in cluster, berry diameter, berry weight, cluster weight, cluster per vine, fruit yield and yield
lose rate of grapevine cv. Yaghooti

i ) ) slaxy ol &y
25 WRON b e amolam . 09 039 L d8es
, aiigp L T T e P s 3Sdos
Lo A 0 wg> dwgs dwgr 3 g » g> . bgwo
So Cluster erry SU . Bga0
. Stage axes Cluster Cluster  Berry  giameter Berry  Cluster Fruit )
Irrigation weiaht length  width  No. per (mm)  Weight  weight Cluster  yijeld Fruit
regim (gg) (cm) (cm) cluster @) @) No.per (kg.hat) Yield lose
vine rate
S1 7.44F 18.612 9.312 325.232 8.92¢ 1.082 295.91*  22.25° 6500° -
| S2 743 18.572 9.31° 301.50% 8.89° 1.07® 294.75% 22.16% 64672 -
! Ss 7.49 18.59° 9.40° 307.35° 8.90° 1.06 295.31° 22.25% 6486° -
Sa 7.50 18.63° 9.38° 323.23* 8.93 1.07 296.07° 22.26% 6492° -
S1 5.42° 15.06° 7.84% 233.08° 7.89° 0.93° 221.71° 19.05° 43719 32.47¢
| Sz 4.93° 14.25° 7.30% 224.83° 7.49% 0.88° 196.88¢  18.60™ 3670° 43.46°
2 S3 6.34° 16.58° 8.67%® 302.922 8.38° 0.99° 274.49%  21.62% 5915° 8.86"
S4 6.83%® 17.36 9.03° 316.51° 8.78% 1.04®  28546° 21.36®  6127® 4.85°
S1 4,03 10.58¢ 6.54¢ 141.21° 6.99° 0.89° 100.61° 16.15° 1706 73.45°
| S2 3.54¢ 9.33° 5.23° 128.28° 6.89° 0.85° 90.86° 12.49¢ 11119 82.66°
3 S3 5.35¢ 14.52¢ 8.06™ 243.42° 7.31% 0.93¢ 210.66%  19.72% 4152¢% 35.35%
S4 5.58° 15.40°  8.00°  246.17° 7.91° 1.01°  255.99°  19.60®  4903° 23.56°

Mt 2oy gy Jlein] pdaw )3 55 me W] 131 SUly (glaiels w9051 (wlilp didl oo dlie By ()l g o (3 S Sla Sk %
* Means composed of same letters in each column are not significantly different according to Duncan’s multiple range test (p<0.05)
O o d Ve a1 e sslli13 5 O ao )3 YO s 51 Ly 65kl t12 639550 T 5L o> Voo el bl :la
11: Control or full irrigation, I2: Irrigation after 35% depletion of available water, and I3: Irrigation after 70% depletion of available
water
Sy o5y b ogee Caildyy :54 5 0500 il p b ddgd ) s S8 cddigd S5y yuun B (23 5 :S2 ¢ 23 S b il aSs :S1
S1: Bud break to flowering, Sz: Flowering to fruit color change, Ss: Fruit color change to harvest, and S4: Harvest to leaf fall

T 3, 9813, Shes g Slio 1 1 Jlw 1€ Jgan
Table 4- Effect of year on some traits and yield of grapevine cv. Yaghouti

Ol
Traits
Year awigs Job Mgk (B8 dwigh )3 d dlasd gk 039 o900 3, 8M0s s Sl LS ¢
Cluster length  Cluster width Berry No. per Cluster weight Fruit yield Fruit vield lose rate
(cm) (cm) cluster (9) (kg.vinet) y
F;Jrgs‘t 16.25%" 9.812 280.35? 259.022 5155.62 26.68°
Fs 15.58° 7.98° 267.20%® 232.06% 4780.72 38.809%
Second
foe 15.04¢ 6.85°¢ 225.89° 213.59° 4538.3? 48.76°
Third

A a2y gy Jloin] gans )3 I3 xe BMEST B (S5l (glaeld six g0l bl pr caidly oo aliie o (gl s &S oo pSilke giw o > 3
* In each column means with same letters are not significantly different according to Duncan’s multiple range test (p<<0.05)
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Introduction

Strawberry is a widely consumed fruit with high nutritional value, which the consumption plays an effective
role in reducing human chronic diseases. Strawberry fruit is a source of secondary metabolites with antioxidant
activity which influence nutritional value and quality attributes of this fruit. However, strawberry is a perishable
fruit with a short shelf-life and high amount of this fruit is wasted during post-harvest periods which leads to
economic, food and nutritional losses. In the last decade, the use of safe and natural elicitors in order to extend
the shelf-life and improve the marketability of strawberry fruit has been increasing. Brassinosteroids (BRs) are
plant growth regulators that modulate molecular, physiological, and biochemical responses in plant organs.
Exogenous 24- Epibrassinolide (24-EBL) as a natural analog of BRs, has multiple effects on horticultural crops.
Exogenous application of 24-EBL improves postharvest quality, antioxidant compounds and extends the shelf
life of fruits and vegetables. Furthermore, 24-EBL has a significant effect on improving the sensory properties
and marketability of stored crops. Therefore, this study was conducted to determine the effect of postharvest
application of 24-EBL on bioactive compounds concentrations, antioxidant capacity and marketability of
strawberry fruits.

Material and Methods

Strawberry fruits (Fragaria x ananasa cv. Monterey) were harvested from a commercial greenhouse in the
fully red color stage and immediately transferred to the laboratory. Healthy and uniform strawberries were
selected and divided in three groups. Strawberry fruits were immersed in the 24-EBL solutions for 3 minutes.
Strawberry fruits were dried completely at room condition and then were packed in polyethylene boxes
(20x15x12 cm) and stored for 10 days at 1+1 °C. Control samples were treated with distilled water for same
duration. After 10 d storage at low temperature, strawberry fruits were kept at room temperature for 24 hours to
simulate the commercial situations, and then sampling was done to evaluate quality traits and marketability,
biochemical compounds, phenylalanine ammonialyase and tyrosine ammonialyase enzymes activity and total
antioxidant activity. In this study, the experiment was conducted as completely randomized design with three
replications.

Results and Discussion
Due to the high perishability and short shelf life of harvested strawberry fruits, it is necessary to investigate
new methods. The use of safe and natural elicitors in order to improve the quality and marketability of the fruit
may also result in an increase in the fruit nutritional value. The results showed that postharvest application of 24-
EBL (1 and 3 uM) increased total phenolic content (16.5 % and 19.5 %), total flavonoids (5.5 % and 9 %) and

©2025 The author(s). This is an open access article distributed under Creative Commons Attribution
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total anthocyanins (12 % and 17 %) compared to control, respectively. Moreover, the activities of phenylalanine
ammonialyase (PAL) and tyrosine ammonialyase (TAL), as important enzymes of the phenylpropanoid pathway
increased in response to 24-EBL treatment. According to correlation coefficient analysis, there was a significant
correlation among the phenolic compounds concentrations, PAL and TAL enzymes activity. Increaing the
phenolic compounds, flavonoide and total anthocyanins content in response to 24-EBL treatment improved total
antioxidant activity of strawberry fruits. Phenolics and flavonoids play important roles in increasing stress
tolerance in crops and show a remarkably high scavenging activity toward reactive oxygen species. In addition
to the positive effect of 24-EBL in enhancing secondary metabolites and antioxidant activity, which leads to
improve the nutritional value of strawberry fruit, it also improved the sensory properties and marketability of the
fruit. Treated berries with different concentrations of 24-EBL had lower titratable acidity, more total soluble
solid, better taste and firmness compared to the control ones. These indices influenced the sensory properties and
marketability of strawberries. These findings suggest that postharvest application of 24-EBL, especially at 3 uM,
most effective to improve the postharvest quality and extend the shelf life of strawberry fruits. This research
provided a new understanding regarding the impact of 24-EBL on increasing bioactive compounds and
improving antioxidant activity of strawberry fruit and elucidated the effect of BRs on improving marketability of
strawberry fruit.

Conclusion
The findings of this study indicate that postharvest application of 24- Epibrassinolide increse secondary
metabolite content and nutritional value of stored strawberry fruits. Inceasing the secondary metabolite by
antioxidant activity can also influence the sensory properties and marketability of strawberries. The mentioned
results could be clear signs that 24- Epibrassinolide is a promising agent for extend the shelf life of strawberry
fruits, as well as for improving their nutritional value.
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Table 1- Evaluation the marketability of strawberry fruit based on quality indicators such as color, shriving intensity, decay,
firmness, taste and aroma (Kelly ef al, 2016)

S5 sl I S b madg g (B3040

G Yl 1Y s Y *Jgd BB Y o f S0
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3B Sy oy sl
i JolS (55, B YTY
. by Sy b oo o 035 30,8 104y sl . . .
) St T ko o gv:;:i o vt JoS 508 by 3 JoIS 308 by a8
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Shriveling Extremely wilted and  Severe shriveling,  Shriveling evident, Minorﬂsi ns of Field-fresh fruit,
dry fruit is shriveled fruit and calyx fnor sig and calyx appear
; - . shriveling, calyx
and calyx is show evident signs slightly wilted very fresh and
wilted and dry of moisture loss ghtly turgid
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P sisel Jol (Sapws b b lawgio 03, 4 75 S by S T 5 b)) pasee B Sl g o jho
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Table 2- ANOVA for the effect of 24- Epibrassinolide application on the evaluated traits of strawberry cv. Monterey fruit

©layo abe
Mean squares
a Colld i
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Sl il — : s _— awSlgsl oV s gl GRS
SOV sl g e IS adgighe R el RETI )L:lesoi
O Js SWligel ;
df Total Total Total ) Tyrosme
phenols  flavonoides  anthocyanins Total Phenylalanine ammonia
antioxidant ~ ammonia-lyase lyase
activity
24’\?;: klfagz:;;;de 2 2201.8** 34.30** 240.2** 101.9** 32484156** 942478**
El::; 6 86.8 0.21 17.0 241 1111100 12191
u‘g:; (:;’)w 3.85 0.65 6.31 2.80 5.89 1.58
0
Slasye (ke
A Mean squares
N @l B 4l . .
S.0.vV df pH ) - J9l>ua J.ol> Jl}o W"‘a L)‘>L“’ (S LSM_;)‘)[{
U’fi_” AHJ TSS Taste Firmness Markrtability
24 Ep'brass"nol'de 2 0.0053* 0.0012* 0.820** 24.09** 0.0017** 0.194**
- Epi inoli
(Error)las 6 0.0005 0.0002 0.009 0.27 0.0001 0.0
‘“'g\“’/ E;;;‘” 0.72 4.98 2.11 3.08 8.51 0.0
0
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" and : significant at p <0.01 and p <0.05, respectively
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Figure 1- Effect of 24- Epibrassiolide on total phenols (a), total flavonoids (b) and total anthocyanins (c) of strawberry cv.
(Monterey fruit at the end of storage period (DMRT, p<0.01)
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Figure 2- Effect of 24- Epibrassinolide on the phenylalanine ammonia-lyase (PAL) and tyrosine ammonia-lyase (TAL)
activities of strawberry cv. Monterey fruit at the end of storage period (DMRT, p<0.01)
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Figure 3- Effect of 24- Epibrassinolide on total antioxidant activity of strawberry cv. Monterey fruit at the end of storage
period (DMRT, p<0.01)
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Table 3- Correlation coefficient among marketability (Mark), total phenols (TPs), total flavonoids (TFs), total anthocyanin

(TAs), total antioxidant activity (TAA), phenylalanine ammonia-lyase (PAL), tyrosine ammonia-lyase (TAL), pH, total
acidity (TA), total soluble solids (TSS), taste index and firmness of strawberry cv. Monterey fruit

Mark TPs TFs TAs TAA PAL TAL pH TA TSS Taste  Firmness

Mark 1

TPs 0.93™ 1

TFs 0.98™ 0.91™ 1

TAs 0.90™ 0.87" 0.84" 1

TAA 0.96™ 0.89™ 0.97" 0.85™ 1

PAL 0.95™ 0.85™ 0.91™ 0.84™ 0.89™ 1

TAL 0.92 0.83™ 0.89™ 0.85™ 0.90™ 0.93" 1

pH 0.75° 076" 0.67° 078" 0.62 0.76° 0.59™ 1

TA -0.80™ -0.59™ -0.79™ -0.70° -0.74" -0.81" -0.74" -0.65" 1

TSS 0.85™ 0.92™ 0.80*" 0.84™ 0.80™ 0.81™ 074" 087" -0.53® 1

Taste 0.96™ 0.89™ 0.92° 0.89™ 0.89™ 0.94™ 0.86™ 087" -0.83" 0.90" 1

Firmness 0.86™ 0.75° 0.90™ 0.64™ 0.88™ 0.84™ 076" 053 -0.81™ 0.58™ 0.79" 1
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: non-significant, significant at p<0.07 and p<0.05, respectively
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Introduction

The most significant reduction of the commercial value and quality of leafy crops, such as lettuce, is
primarily caused by weeds. The most common weeds in lettuce fields include Lambs quarters (Chenopodium
album L.), Redroot pigweed (Amaranthus retroflexus L.), and wild mustard (Sinapis arvensis L.). Although
using chemical inputs is considered a successful method in weed control, the risk of accumulating chemical
contamination in plants and reducing human health by using these products increased the idea of using safe and
environmentally friendly methods. Cover crops are an environmentally friendly strategy for controlling weeds in
agricultural fields, offering numerous environmental benefits. Rye (Secale cereale L.) and chickling pea
(Lathyrus sativus) are well-known worldwide cover crops. Many studies have mentioned them for their ability to
control weeds, improve soil conditions, and release nutrients. Also, hand-weeding is known as one of the simple
but expensive weed control methods. In our study, we aimed to explore how rye and chickling pea cover crop
residues, when used in monoculture and intercropping systems, can help reduce the need for hand-weeding and
improve the yield of Iceberg lettuce, considering the importance of weed control in leafy products.

Materials and Methods

In the spring of 2020, an experiment was conducted using a factorial design base of RCBD with three
replications. The experimental treatments included monoculture and intercropping of rye (Secale cereal L.), and
chickling pea (Lathyrus sativus) cover crops, control (without cover crops), and additionally, different levels of
hand-weeding were implemented (once, twice, and no hand-weeding). The amount of seed used for the rye and
chickling pea monoculture was 100 and 25 kg.ha™, respectively. For intercropping, 50% of the recommended
seed was used. F1 Iceberg lettuce (Bruma Rz.) seeds were planted in a mixture of peat moss and perlite in a 1:5
ratio. Due to the short growing season in Ardabil (20°48' E and 19°38' N), the growth of cover crops was
terminated 67 days after the sowing date using paraquat. Then, lettuce seedlings were transplanted manually by
25 x 25 cm inter-row spacing. Hand weeding was conducted at three different stages: once 15 days after
transplanting, twice at 15 and 30 days after transplanting, and not at all at the time of lettuce harvest. In this
experiment, in addition to investigating the dry weight of cover crops and weeds, weed control efficiency index
and fresh yield and lettuce yield components such as number of leaves, plant height, crown diameter, and head
diameter were measured.

©2025 The author(s). This is an open access article distributed under Creative Commons Attribution
By 4.0 International License (CC BY 4.0).
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Results and Discussion

The results indicated that the highest dry weight of cover crops was obtained from the rye monoculture
(530.59 + 30.15 g.m?), followed by intercropping (400.21.43 + 10.37 g.m?). The lowest dry weight of
Chenopodium album L. and Anchusa italica Retz. weeds (0 g.m2) were recorded in intercropping with one- and
two-times hand-weeding. The dry weight of Sinapis arvensis L. in intercropping once, twice, and without hand-
weeding, rye and chickling pea monoculture without hand-weeding was 0 g.m?2. The lowest total weed dry
weight was found in the intercropping of cover crops with once hand-weeding. The highest weed control
efficiency indexes (100, 86.95, and 87.72) were observed with intercropping by once and twice hand-weeding,
and chickling pea monoculture without hand-weeding. The highest yield of Iceberg lettuce (3.70 + 0.82 kg.m?)
was achieved by intercropped cover crops without hand-weeding. The maximum number of leaves (21.55 + 2.69
and 21.44 + 1.01), crown diameter (4.15+ 0.13 and 4.18 £ 0.23 cm), and head diameter (20. 22.12 + 2 and 22.65
+2.22 cm, respectively) were obtained from the chickling pea monoculture and intercropping.

Conclusion

The effectiveness of using cover crop residues for weed control depends largely on the quantity of their dry
weight. In the treatments without hand weeding, the rye monoculture and intercropping reduced the dry weight
of weeds. The presence of cover crop residues reduced weed growth, although hand-weeding was still a more
effective method of weed control in vegetables. However, the results highlighted the impact of cover crop dry
weight on reducing hand-weeding for lettuce. In terms of increasing the yield of iceberg lettuce, rye
intercropping, and chickling pea were favorable for the Ardabil region's climatic conditions.
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[ERCIN T ] WERTS Nitroaen Organic Calcium > Cla silt sand G pH
Potassium  Phosphorus 9 C carbonate Texture Y EC
(mg.kg™) (%) (%) (ds.m?)

202 8.2 0.06 0.6

Loam 23 42 35 2.6 7.8
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Table 2- Climatic information of the experimental site in year 2020 .

ool Oyl da g (ple
Precipitation Temperature means
(mm) 0
o) 29.5 124
21 April-21 May
"e 13.0 17.6
22 May-21 June
» 0.1 18.8
22 June-22 July
3o 0.0 19.7
23 July-22 August
IR 188 16.3

23 August-22 September

S ] (5905 45 j30 53 5B SIS g (igy GBLS SWiS (yj9 (il ylg 42520 Eli-3 Jgua
Table 3- ANOVA results for dry weight of cover crops and weeds in the Iceberg lettuce field

O s gl 633l 4, spgladle SLis gy LS WS (3
S.0.vV df Dry weight of weeds Dry weight of cover crops
ok 2 226.04"™ 281.17™
Block
Y OLmL,'f o *x
3 265426.02 155464.55
Cover crops
el sl 6 409.46 347.09
Error
Sleets ey 7.16 6.30
CV (%)

(b e pas g do ) S il e j3 (g1 Gz o 4y NS g s
** and ns: significant at 1% of probability level, and non- significant, respectively.
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LSD5% cover crop biomass =37.22
LSD5% weed biomass = 40.42
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Dry weight of cover crops Dry weight of weeds
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Dry weight
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Figure 1- Dry weight variations of cover crops and weeds in the Iceberg lettuce field
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Figure 2-The interaction effect of the cover crops residues x hand-weeding on the iceberg lettuce yield
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Table 6- ANOVA results for the Iceberg lettuce fresh yield by using cover crops residues and hand-weeding

Ol yunts 2alio NS 9215 5, Slos b hS b b WSy lass digs gl
. Crown Head Number of .
S.0.v df Lettuce yield - . Plant height
diameter diameter leaves
S 2 0.020" 0.011ns 21.20m 1.51n 4.08"
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Y OLmL,'f . ok ok ok wox
3 3.676 0.54 220.20 40.87 60.51
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Hand weeding
S X by GlalS
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weeding
i)l bt 22 0.065 0.045 8.79 3.57 6.62
Error
el - 11.02 5.34 16.22 10.39 1331
CV (%)
(b e pas g do ) S il e j3 (g1 Gz o 54y NS g s
** and ns: significant at 1% of probability level, and non- significant, respectively.
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Table 7- The effect of cover crops on some traits of Iceberg lettuce
iy GBS Sy O A gb s S5y slass 5t €]
) . Crown diameter Head diameter Plant height
Cover crop mixtures (cm) (cm) Number of leaves (cm)
sl 3.68+0.32 12.43+4.89 16.33+3.90 15.43+2.68
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ye
. ’l> 4.15+0.13 22.1242.20 21.4441.01 17.59+1.37
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LSDso 0.20 2.89 2.51 1.84
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Introduction

Pistachio is one of Iran's main horticultural products, known for its high nutritional and economic value. The
evaluation and identification of genetic diversity are crucial for breeding programs and the introduction of
promising pistachio cultivars. Selecting seedlings obtained from pistachio tree crossings based on desirable traits
can significantly impact the pistachio production industry. Evaluating genetic diversity based on pomological
and morphological characteristics is a fast and effective method for identifying suitable pistachio genotypes. The
traditional orchard of Qazvin, with a history spanning over a thousand years and covering an area of 2,780
hectares, now extends across the southern, western, and eastern halves of the city. In recent years, pistachio
planting in the Qazvin orchard has commonly been done through seeds, leading to the development of diverse,
and sometimes highly valuable, mother genotypes in this ancient orchard. Identifying and evaluating suitable
maternal genotypes for cultivation expansion or the replacement of unsuitable trees is one of the goals of
sustainable orchard development in the Baghestan region. The aim of this research is to identify and evaluate the
morphological and pomological characteristics of 24 promising maternal pistachio genotypes for the first time in
a section of the Qazvin traditional orchard.

Materials and Methods

This research was conducted with the aim of identifying and coding 24 promising maternal pistachio
genotypes in an area of approximately 20 hectares of the traditional orchard in Qazvin during the years 1401 and
1402. From each tree, three branches on the southern side were selected as replicates, and three samples from
each branch were used as observations for data collection. Several phenological and morphological
characteristics, including both fruit-related and vegetative traits, were measured in the studied trees based on the
International Pistachio Descriptor (IPGRI, 1997). The research followed a nested experimental design with three
replications per nest, and the comparison of mean data was performed using Duncan's multiple range test at a 5%
significance level, with the assistance of SAS 9.2 software. Multivariate analyses, including correlation, cluster
analysis, and principal component analysis, were carried out using Statistica 18.8 software.

Results and Discussion
Based on the results of the mean comparison, the SiC genotype had the longest total leaf length, including the
petiole, while the TaD genotype had the shortest. Regarding total leaf width with petiole, the largest and smallest
values were observed in the SiC and AbC genotypes, respectively. Additionally, the SiC genotype showed the

©2025 The author(s). This is an open access article distributed under Creative Commons Attribution
B 4.0 International License (CC BY 4.0).
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largest length and width of the terminal leaflet, while the smallest values for these traits were observed in the
TaD genotype. Among the studied genotypes, the BrA genotype had the highest ratio of terminal leaflet length to
width, and the SiC genotype had the lowest. Previous reports indicate that leaf dimensions have a direct
correlation with traits such as kernel weight. Leaves are the most important organs for light absorption and
photosynthesis, and an increase in leaf area enhances the production of photosynthetic products, which
ultimately supports fruit growth. The SiAl genotype had the largest nut length, while the AbC genotype had the
smallest. The largest nut width was found in the SiB genotype, and the smallest in the TaG genotype, with a
difference of about 28.81%. For nut thickness, the SiB genotype had the largest, and the AbD genotype had the
smallest, with a difference of approximately 30.17%. In terms of the kernel, the SiAl genotype had the largest
length and width, while the AbC genotype had the smallest. The SiC1 genotype had the largest kernel thickness,
while the smallest was observed in the TaC genotype. Previous research on promising Iranian pistachio
genotypes reported nut lengths ranging from 16.6 to 23.68 mm and nut widths from 10.46 to 13.7 mm. For blank
nut percentage, the TaC genotype had the highest, and the SiA6 genotype had the lowest. The highest splitting
percentage was observed in the SiC genotype, while the AbD genotype had the lowest. Based on the quantitative
traits studied, the genotypes were clustered into three groups at a distance of 150 units, with each group
containing two subgroups. Plot analysis using the two main components of quantitative traits divided the
genotypes into four categories with similar components. The first principal component accounted for 40.26% of
the total variance, while the second component explained 18.85%. One of the most important qualitative traits in
pistachio research is flowering time, as pistachios are dioecious plants, and female flowers can only receive
pollen for four days. Breeding programs must identify male genotypes with an extended flowering period to
increase production and reduce the percentage of blank nuts.

Conclusion

In our recent evaluation of 24 maternal pistachio genotypes from the traditional orchard in Qazvin, we found
some promising results that can benefit for orchard growers. The SiAl genotype stood out for having the largest
kernel length, width, and thickness, making it a great choice for maximizing nut size. It also has a high splitting
percentage of 70% or more, which means growers can expect better harvests with less labor. Another genotype
to consider is the SiC, which features large, three-lobed leaves and the biggest leaf surface area among the
studied genotypes. This can enhance photosynthesis, potentially leading to healthier trees and better yields. Plus,
SiC ranks high for splitting percentage and kernel quality. These two genotypes-SiAl and SiC-are recommended
as excellent options for breeding programs and boosting orchard's productivity

Keywords: Cluster analysis, Genetic diversity, Quantitative and qualitative traits, Principal components
analysis
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1 ‘SIAL’ (36.238705, 49.993998) 13 ‘TakE’ (36.249776, 50.032356)
2 ‘SIA2’ (36.238773, 49.993831) 14 ‘TaF’ (36.251958, 50.033624)
3 ‘SIA3’ (36.238755, 49.993694) 15 ‘TaG’ (36.252472, 50.032689)
4 ‘SiA4’ (36.238757, 49.993729) 16 ‘AbA’ (36.242203, 49.980606)
5 ‘SIA5’ (36.23869, 49.993674) 17 ‘AbB’ (36.242928, 49.980013)
6 ‘SIA6’ (36.238643, 49.993668) 18 ‘AbC’ (36.244546, 49.979738)
7 ‘SiB’ (36.239329, 49.994815) 19 ‘AbD’ (36.243393, 49.980534)
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Figure 1- The leaf length (a) and width (b) traits in the studied pistachio genotypes (DMRT, p<0.01)
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Table 3- Mean + standard error (SD) of quantitative traits measured according to the international description in different

genotypes of Qazvin traditional orchard of pistachio

gy S Spopeye  Spdid kIS o SIS b il S p 2ye @ Job Comd 4ild Jgb
Genotype code LW LL TLW TLL TLL/W NL
‘AbA’ 180.10+£5.39 197.21+1.23 61.17+£2.97 99.10+2.94 1.61+0.04 16.93+0.23
‘AbB’ 126.77+3.88 153.45+10.27 50.26+2.72 74.86+2.68 1.48+0.04 17.59+0.20
‘AbC’ 126.22+4.89 167.99+9.88 56.69+2.04 76.17+2.04 1.34+0.8 12.73+0.23
‘AbD’ 149.77+4.56 176.663.89 54.83+1.22 85.24+3.63 1.54+0.06 16.69+0.14
‘AbE’ 179.32+2.90 203.99+4.00 57.97+0.93 105.98+0.98 1.82+0.04 15.49+0.20
‘BaA’ 147.93+4.97 167.669.05 54.97+4.01 80.23+2.16 1.46+0.07 16.45+0.15
‘BrA’ 160.22+8.19 188.44+4.53 48.41+1.84 97.07+2.42 2.000.08 17.07+0.24
‘KaA’ 159.44+4.64 176.22+4.22 50.59+0.09 85.40+1.64 1.68+0.03 17.07£0.53
‘QaA’ 151.88+1.69 199.83+8.63 56.62+2.06 88.27+1.66 1.55+0.03 17.53+0.36
‘SIAL’ 163.44+3.72 186.66%5.79 55.86+0.87 98.87+4.55 1.76x0.10 21.48+0.08
‘SiA2° 137.00+2.64 165.22+5.38 51.77+0.61 82.23+1.32 1.58+0.03 16.37+0.19
‘SiA3’ 137.33+7.34 178.77+6.23 49.49+1.90 80.66+4.55 1.62+0.04 16.44+0.11
‘SiA4 152.66+5.21 185.77+3.97 49.20+1.63 86.28+3.33 1.75+0.06 17.52+0.35
‘SiA5® 155.55+18.23 181.55+10.11 62.87+7.64 93.63+12.10 1.48+0.01 18.14+0.11
‘SiA6’° 187.66+12.99 185.88+3.72 69.31+2.70 97.99+8.88 1.41+0.10 18.04+0.08
‘SiB’ 169.77+251 186.77+6.15 59.31+3.23 112.04+9.93 1.91+0.26 19.29+0.13
‘SiC’ 229.99+11.78 220.55+2.70 99.87+5.10 130.77+4.79 1.30+0.03 19.36+0.14
‘TaA’ 169.33+3.67 195.55+6.72 63.900.14 95.95+2.28 1.49+0.03 19.34+0.08
‘TaB’ 146.99+0.69 183.99+4.84 51.24+0.93 87.91+1.68 1.71+0.02 16.460.09
‘TaC’ 158.21+4.14 153.33+3.28 63.31+2.89 90.16+3.58 1.42+0.04 15.65+0.44
‘TaD’ 131.00+2.30 136.00£2.30 45.51+1.96 72.09+1.01 1.58+0.08 15.59+0.07
‘TakE’ 165.11+8.45 180.55+4.18 55.80+1.81 97.83+0.69 1.75+0.04 18.15+0.05
‘TaF’ 175.88+6.73 203.99+7.57 55.64+2.78 103.41+3.09 1.86+0.10 19.23+0.19
‘TaG’ 159.44+1.54 183.77+3.63 55.63+1.09 98.64+3.44 1.77+0.02 14.75+0.12

NL « olasl a8 Jobl el 455 1 o ye TLLIW o lail 4 Job TLL ¢ olol 055 58 TLW oS0 b Sy Jsb iLL (S pad b Sps e LW

&l Jobo ¢

LW: leaf width (mm), LL: leaf length (mm), TLW: terminal leaflet width (mm), TLL: terminal leaflet length (mm),

TLL/W: terminal leaflet length/width ratio, NL: nut length (mm)
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Continued table 3- Mean + standard error (SD) of quantitative traits measured according to the international description in
different genotypes of Qazvin traditional orchard of pistachio

Cuigij 98 Wiy po,e Al Cwls  dildVer 39 R Vee 59 SIS jRedas Ve a4 SUES Al Y e r 459 Comd
Genotype Code NWi NT NW KwW KIN
‘AbA’ 10.18+0.19 8.95+0.19 70.52+1.70 34.55+1.12 48.93+0.74
‘AbB’ 10.50+0.20 9.18+0.06 72.88+2.23 39.55+0.90 54.28+0.44
‘AbC’ 9.66+0.31 8.34+0.16 51.19+3.00 23.69+1.85 46.17£1.12
‘AbD’ 9.690.22 8.100.08 62.75£0.25  30.75+0.52 48.18+0.11
‘AbE’ 9.880.20 9.610.06 67.88+0.88  35.11+0.58 51.71#0.57
‘BaA’ 10.16+0.11  9.870.12 73.9941.02  36.99+0.33 49.99+0.25
‘BrA’ 10.83+0.17  10.54+0.04  88.51+1.68  43.44x0.78 49.070.39
‘KaA’ 10.84+0.23 9.57+0.12 76.77+2.12 42.13+0.41 54.97+1.97
‘QaA’ 10.54+0.08  10.37+0.12 78.63x£1.37 44.25+0.90 56.27+0.82
‘SiAl’ 13.04+0.08  11.51+0.38  128.16x1.44  68.88+2.12 53.72+1.17
‘SiA2’ 10.30+0.08 9.55+0.17 75.87+2.19 38.11+1.06 50.24+0.89
‘SiA3’ 10.39+0.05 8.91+0.12 67.74+1.87 34.47+0.46 50.9440.75
‘SiA4® 10.54+0.23  9.970.09 81.3843.90  40.00+2.08 49.15+1.02
‘SiA5° 11.36+0.12  10.11+0.09  68.76+7.99  44.77+0.94 66.91+8.01
‘SiA6’° 11.15#0.03  10.96+0.09  94.66+1.64  49.61+0.38 52.42+0.61
‘SiB’ 13.04+0.13  11.61+0.55  119.77+3.37  66.91+2.14 55.85+0.37
Sic’ 10.28+0.18  9.58+0.23 84.33£3.17  48.33+3.17 57.300.30
‘TaA’ 10.09+0.08 8.94+0.02 78.60+1.97 40.69+1.40 51.74+0.63
‘TaB’ 9.90+0.10 9.86+0.18 76.30+1.35  37.800.65 49.54+0.47
‘TaC’ 9.66+0.07 8.31+0.09 59.52+2.64 31.44+2.35 52.68+1.86
‘TaD’ 10.09+0.21 8.34+0.10 65.19+0.90 31.19+1.25 47.81£1.40
‘TaE’ 10.77+0.14 9.23+0.10 77.08+2.62 41.27+0.14 53.67+1.94
‘TaF’ 11.2940.15  10.42+0.08  135.06+2.40  51.10+0.72 37.87+1.11
‘TaG’ 9.28+0.05 9.26+0.15 57.86+0.27  31.22+0.40 53.950.60

Fhedde Voo 4 Sutd il dae Voo g o KN Gae Voo 50 KW cils Voo 50 INW il calses :(NT cails i, :NWi
NWi: nut width (mm), NT: nut thickness (mm), NW: 100 nut weight (g), KW: 100 kernel weight (g), K/N:
kernel/nut DW (%)
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oyl yeeMe (Neyshaburi et al., 2021; Rezaei et al., 2019)
B APY G opjpdl 22 (uop 50 Saaigy » SlS aop
Loy (Boualem et al., 2015) s 03 (pesS Loy AD/YD
5 e Slio ml (S oyd olyen & Jldy jee G 9 Sl
(Chao et al., Wil e 4 Mol sbasky » 18,50
ol opdyS s 0 b oagycplil 1997, Rezaei et al, 2019)
Slsies 1y ‘SiAL 4 SiAs” ¢SIC’ clacwis lyie «lio
Nl soasliyy 3 Aly plsicar 5 3903 (Syme diay iy pB)

21> 518 eolatwl 550 dim
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odbswyy SCwiP] p Cho pl Loyl S adlas 390
wias 4485 g (Rezaei et al., 2019) ,Ken 5 Lo, bwys
bt go8y jho 45) 9 G515 (b o 29108 g Litdlod S pas
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Continued table 3- Mean + standard error (SD) of quantitative traits measured according to the international description in
different genotypes of Qazvin traditional orchard of pistachio

i & o Jsb P oy o Cwls SIS w3 SR
Genotype code KL Kwi KT SN BN
‘AbA’ 14.36+0.08 8.08+0.41 6.74+0.06 44.50+3.78 20.00+0.76
‘AbB’ 14.45+0.24 8.60+0.17 7.28+0.09 64.50£3.32 12.00£1.32
‘AbC’ 10.70+0.29 7.14+0.39 6.65+.017 47.00+2.92 12.50£1.15
‘AbD’ 14.1840.11 8.00+£0.04 6.27+0.18 26.00+2.02 15.50+2.56
‘AbE’ 13.86+0.31 8.07+£0.13 6.91+0.09 53.50+3.05 14.50+2.51
‘BaA’ 14.30£0.11 8.11+0.16 7.58+0.04 60.50+3.51 17.50+5.13
‘BrA’ 14.63+0.39 8.06+0.08 8.16+0.11 60.50£1.32 19.00+4.64
‘KaA’ 15.16+0.50 8.03+0.15 7.36+0.16 76.50£3.32 9.50+2.02
‘QaA’ 15.10£0.23 8.72+0.18 8.18+0.11 61.50+2.29 12.00+1.80
‘SiAT’ 18.97+0.15 10.25+0.22 8.56+0.14 75.50+5.00 14.50+2.56
‘SiA2’ 14.11+0.10 8.30+0.11 7.43+0.14 77.50£3.12 11.50£1.32
‘SiA3’ 14.20+0.07 8.39+0.02 7.21+0.20 73.50£1.80 14.00£2.17
‘SiA4’ 14.88+0.24 8.231£0.17 7.89+0.15 71.00+1.80 13.00+1.04
‘SiAS’ 15.33£0.06 8.26+0.16 7.54+0.17 46.00+3.40 19.00+1.80
‘SiA6’ 15.7940.13 8.48+0.23 8.47+£0.25 78.00+5.22 8.50+1.52
‘SiB’ 16.73+0.31 9.75+0.13 8.55+0.33 54.50£3.21 14.50£1.15
‘SiC’ 16.37+0.09 7.62+0.21 7.55+0.19 81.00£3.50 13.00£1.32
‘TaA’ 16.02+0.05 7.861£0.11 6.85+0.04 76.00+1.60 12.50+2.46
‘TaB’ 14.10£0.18 8.05+£0.19 7.86+£0.17 66.00+1.80 13.50+2.17
‘TaC’ 13.23+0.41 7.63+0.11 6.39+0.25 64.50£3.96 21.00£3.01
‘TaD’ 13.20+0.09 7.90+0.18 6.79+0.09 59.00£2.78 10.00£1.04
‘TaE’ 14.97+0.15 7.94+0.05 7.37£0.10 80.50+1.80 11.00+1.32
‘TaF’ 16.34+0.26 8.41+0.24 7.94+0.15 52.50+2.51 16.50+2.56
‘TaG’ 12.4040.17 7.40£0.11 7.261£0.11 59.50+6.60 14.50+1.80

S8 doyd BN ¢ Jlaid a5 )3 SN re cuolons (KT a0 (o0 KW oo Job :KL
KL: Kernel Length (mm), KWi: Kernel Width (mm), KT: Kernel Thickness (mm), SN: Split nuts (%),BN: Blank nuts (%)
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Figure 2- The nut length (a) and width (b) in the studied pistachio genotypes (DMRT, p<0.01)
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Figure 3- Clustering of pistachio genotypes studied in Qazvin traditional orchard based on quantitative traits studied
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Figure 4- Distribution of the studied genotypes of pistachio based on principal component analysis of quantitative traits
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The names of the genotypes with similar colors indicate that they were collected from an orchard with a close geographical distance.
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Figure 5- Frequency of qualitative traits of terminal leaflet shape (TLS) (a) and size (TLSi) (b) in the studied pistachio
genotypes in Qazvin Traditional Orchard
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Figure 6- Frequency of qualitative traits, including branching habit (a), growth habit (b), and flowering time (c) in the
studied pistachio genotypes in Qazvin traditional orchard
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Introduction

The success of breeding programs depends on the existence of diversity in germplasms in terms of the
desired trait or traits. Collecting superior watermelons and examining their characteristics provides valuable
resources to researchers for breeding programs. Watermelon (Citrullus lanatus (Thund) Matsum and Nakai)
(Citrullus lanatus) has great diversity in terms of shape, fruit size, fruit skin pattern, fruit flesh color, seed length
and width, and number, the seed in the fruit as well as the quality of the fruit is among its cultivars and varieties,
therefore it seems that by examining the native cultivars it is possible to find desirable traits and use them in
future commercial cultivars for breeding processes. Iran is the most important producer of watermelon seeds.
These nuts not only meet the needs of the domestic market, but are also one of the export items, especially to
Arab countries. Limited breeding efforts have been made globally on nutty watermelons. However, developing
high-yielding and high-quality cultivars can improve water use efficiency and enhance export potential and
foreign exchange earnings. In many central and eastern provinces of the country, nutty watermelons are
commonly cultivated as a second or dry-season crop. Unlike edible watermelons, the yield in nutty watermelon
cultivation is measured by the quantity of dry seeds produced, rather than the fresh weight of the fruit, as the
seeds are harvested for use as snacks. The primary breeding objective for nutty watermelons is seed yield. Other
key traits targeted for improvement include larger seed size, a higher kernel-to-hull ratio, and softer seed texture.
Therefore, due to the fact that it is necessary to investigate the cultivated landraces in each region, the genetic
diversity and capabilities of each for genetic modification and improvement should be determined. This research
investigates the genetic diversity of the indigenous s of Iran through the investigation of morpho-physiological
traits.

Materials and Methods

In order to evaluate genetic diversity and eliminate weak and low-quality landraces in the first generation and
to investigate genetic improvement in the second generation of 10 Iranian watermelon (Citrullus lanatus (Thund)
Matsum and Nakai) landraces by examining growth and seed-related traits, a two-year study was conducted in
Farouj County. Seeds of the landraces Jabani (4 lanrace), Sanbak (4 landrace), and Kalaleh (2 landrace) from
Jovin, Kashan, and Gorgan were separated and collected based on fruit skin color and seed-related traits. Direct
seed sowing was carried out in Farouj County lands using drip irrigation with a tape. Evaluation of 10 local
breeds was carried out in the first year (first generation) in a randomized complete block design with 3
replications and 10 samples per experimental unit. Then, inter-cultivar and intra-cultivar selection was carried
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out among the 10 local breeds with regard to uniformity and especially data on key seed-related traits, including
seed yield and kernel-to-seed percentage. The 4 selected landraces from the first year were evaluated again in the
second year (second generation) in a randomized complete block design with 3 replications and 10 samples in
the experimental unit.

Results and Discussion

Data analysis of the selected landraces in the first and second years was performed as a split plot analysis of
variance. The study of morpho-physiological and functional changes of different watermelon s in the first
generation showed that the s of Stigma 1 and 2 and Jabani 1 and 3 were superior to the other landraces in terms
of growth traits and fruit yield, but in the second generation, Jabani 1 had the best fruit yield in terms of weight
and fruit flesh percentage and can be used as mother s for the improvement of nut watermelon. Also, in the first
generation, the study of traits determining seed quality and quantity such as thousand-seed weight, percentage of
kernel weight to seed, length, width and diameter, and seed coat thickness showed that Jabani 1 and 3 were the
most desirable landraces. In the second year, the Jabani 1 and 3 landraces had the highest seed quantity and
quality and were suitable for cultivation as nut watermelons. Comparison of the two generations of each of the
selected landraces showed that most of the fruit and seed traits improved under the influence of generation, and
the second generation produced heavier fruits with higher seed yield. Also, this improvement in fruit traits in
Jabani 1 and improvement in seed traits in Kalaleh 1 was more significant than in others.

Conclusion

The evaluation of morpho-physiological and functional traits in the first generation of various watermelon
cultivars revealed that Kalaleh 1 and 2, along with Jabani 1 and 3, outperformed the others in terms of growth
performance and fruit yield. However, in the second generation, Jabani 1 demonstrated the highest fruit yield,
particularly in terms of fruit weight and flesh percentage, making it a strong candidate for use as a maternal
parent in nutty watermelon breeding programs. Additionally, the assessment of seed quality and quantity traits—
such as thousand-seed weight, kernel-to-seed ratio, seed length, width, diameter, and shell thickness—in the first
generation indicated that Jabani 1 and 3 were the most desirable cultivars. In the second year, Jabani 1 and 3
exhibited the highest seed quantity and quality, making them well-suited for cultivation as nutty watermelons. A
comparison between the two generations of each selected cultivar revealed that most fruit and seed traits
improved in the second generation, which produced heavier fruits with enhanced seed yield. Notably,
improvements in fruit-related traits were most significant in Jabani 1, while enhancements in seed-related traits
were more pronounced in Kalaleh 1 compared to the other cultivars.

Keywords: Fruit, Genetic diversity, Genetic improvement, Seed, Yield
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13/55 Jsb 4 gyl b 4 S oS yguopd iyl 1y laails
oles sy 1y iy oy 3SagS o Lo 813 Loye 5 o o
S g o2)e & Job Comd Gl Cwlius Has I e bl
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2 AN e 3P oS e sladlp eled il cungy
3 iz 1y (e e 0/39 sg00 uSikie) aild Camvgy o 5S3b

A oanlie 4 Sbls 50 4y Cungs oy prewsud blio

Js piube 3T J gl Jlew Hu His cilis guad L sl yo ilius
Slio > b ol (2 Jgaz) (uilbly 42528 L blsyl
Culis g )k poye 9 Job @b @ 3 g Moy ljlia
Ol (g pxe M) woyd S il maw )4 Cuse
b
9 I bl 4 byyye wllin oj5 cn VL 3 Jgio ol
D9 oS 5 g (n5 1004 3286 e) 3 A
(2,5 160 Slo) WS 5 "ot Jme sladlps p> aiy,lza
L3 bl e a5 b @ jhe 559 doyd 3y90 1 ol dgauie
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Tablel- Characteristics of selected populations

355 ob o
Gy, o o 3 Sluogas So9laen
Row [ andrace Characteristics Landrace Place of
Name collection
1 T B S5y eSS e Sl bglad b S5 e 0e0 dine ) O
1 Jabanil”  Fruit background color is dark green with pale green stripes, seed color is red Juvin
2 Z bk 32850 S5y 6Ky )l bgas 1l L S5 0500 die) T O
2 Jabani2’ Fruit background color is bold with a halo of bold stripes, seed color is red Juvin
3 3 b 328 4SS (g )lg bolad (g SiyeS o ogee i) Sy s>
3 Jabani3’ Fruit background color is pale green without stripes, seed color is red Juvin
4 4 ol P8 S5y Sy e S)lg bad b S5jeS s 000 dine ) g
4 Jabani4’ Fruit background color is pale green with dark green stripes, seed color is red Juvin
5 [ St s ) Sy e (6l glad b SipeS o 050 e ) ol
5 Sonbak Fruit background color is pale gretta)?a\évklth dark green stripes, seed color is Kashan
6 7L S s ) Sl 9 S oo )l bgad b e ogee diej S, hals
6 Sonbak2' Green fruit background color Wlthct(j)?gI: and thin green stripes, black seed Kashan
7 3 s e )by S5 G (51aS) b S5 o oge dine Sy okl
7 ‘Sonbak3 Fruit background color is pale green with green veins, seed color is black Kashan
8 £ o )1 S5y @8 g 9 (il bgbad g Ky s o diej ) s
bék . The background color of the fruit is dark green, without stripes or veins, the Y h
8 Sorbzk4 .seed color is black Kashan
9 T aos i )y STy S8 jaw Sb bglas Sl sl b Sy o o9 e oS
; ., Fruit background color is pale green with a halo of thin pale green lines, seed
9 Kalalehl . ; Gorgan
color is white
10 Zays Ak S5y €Sy Jew b ()l g b (g frw diej ) oS
10 ‘Kalaleh2’ Olive green background with narrow dark green stripes, white seed color Gorgan
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Table 1- ANOVA (mean squares) for the characteristics of the watermelon landraces seeds

"é 0 V df ’ The weight of one  The percentage of kernel Seed Seed The thickness of
" thousand seeds weight to the whole seed length width the seed coat
B‘i)’é*k 2 0.83" 0.13™ 060  0.15% 0.00004"
L"‘b; 0 9 14709.66** 31.25** 19.60** 7.53*%* 0.013**
andrace
s
Error 18 394.7 0.15 0.23 0.32 0.00007
“‘C’“\”‘/‘ (“0‘/”)“ 9.12 0.86 2.95 5.94 1.90
. 0,

il oo dopd S Jlein ] s j3 (613 xe g g5 gixe et 0 dimd LS ol ey

k& NS
9

"sand **: non- significant, and significant at the 1% of probability level, respectively

Figure 1- Comparison of seed appearance characteristics of selected watermelon landraces

oyt (pyS kS 2119) 2 S’ oo 3135 .l dgpaia 17 NS
onieS (p )55k OMT) Z a3 g o510 oS oo 9 oS (5
CubgS Lopd (pyieS &S (Sypeyd ol LS 1) oge sS4
T bl e o155 4 bgsype S )3 o5 5T/6 im 0ge 5,Sloc
P20 L2 AN (asli cpl Jade (pyieS a5 Sygu0)d g
LTSl 5o 50 o0Slee adls 350 55 el s @ S
5 0155 Sike L Z St g 5 Slae (3L S 5 5 1/4]

b 1y, 0 Sles cp el Se 4o

9! olale T J gl Jlw 0930 3 ySlas b dasi po cildeo

wlgsin (alisee oo sdlp wore (63,Sles Slaw 3y50 y
Lo)d g CubeS g Cusgy (g Lawgie g 1)y bawgle
SNl 20> Sy Jloinl gaw )3 o900 9 54 3Slas g ogue S
(A Jsiz) azztls (5o sino

Gold calisee e gladli o wigy 2 ogee dawi awgie
2 (p S5k 3/14) 50 o 5Sis (4 Jgaz) ol (i (5o sine
1/36) 1 A" el blio 5 sl s90in 2 S g I S
AP ) ogee Cawgy (N I3 1y ogse (n S (p Sk
9 & S 3 oge Cungy S 5 8 by T L lxe
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Table 2- The seed characteristics of the watermelon landraces

. aldyl5 39 ald &1 2o (59 w2y s Job M2l Gy Culbs
> e weight of one e percentage of kerne ; ee e thickness 0
e 3135 Th ht of Th flernel o ® jongth  Seed  The thickness of
Landrace thousand seeds weight to the whole seed (mm)g width the seed coat
(@) (%) (mm) (mm)
‘Sl b;kl’ 179.5¢" 50.02 14.56¢% 8.63cd 0.40%
on
SZ b;k2’ 157.9¢ 48.9% 13.86¢¢ 7.09¢ 0.38¢°
on
§osa 171.6° 48/3° 15.12¢ 8,13¢dcd 0.37¢
‘Sonbak3’
b s 149.3¢ 46.6° 13.55¢ 8.35¢ 0.39¢
‘Sonbak4’
Lt 328.6° 45.2° 2013 1173 0.51b
Jabanil
Z He 270.6" 416° 1834 1117 0.46°
Jabani2’
3 St 310.4° 39.6' 19.99  1150° 0.50°
Jabani3’
4 @LB 275.2° 44 5 18.38° 10.47% 0.572
Jabani4*
Taus 158.2¢ 44.6¢ 15.01°¢ 8.61% 0.42¢
‘Kalaleh1’
el | 161.5° 45.6% 14.70% 9.30% 0.39¢
‘Kalaleh2

(LSD, p=<<0.05) 5,155 (5 I3 sxo cigl5 tuo > gy Jlois] o ;3 LSD (01 pololpy ctidly o S yiio By S5 g s o8 ooy uSibo w0 0 *
* In each column, the means that have at least one letter in common are not significantly different based on the LSD test at the five
percent probability level. (LSD, p<<0.05).

Wlgia (oo G135 0900 3 Shes Glho (Glasyo (188le) (il ylg 42525 -4 Jgo

Table 3- ANOVA (mean squares) for the fruit yield traits of watermelon landraces

3laxi bwwgio

buwglo

039 bwgie

039 bwgie

KW 3 Slos
25 2l @ Ag N0 0940 ) Dga0 Caws a0 CoigS . = :
gove vy ¥ Ry 9200 0 09 b % ¥0 dgwe CenigS ogwo 339 3 ,Slos
SOV J Average Average Average Average . . Seed vield
df : - - Fruit flesh Fruit y
number of fruit weight of fruit flesh ercentage ield
fruits per plant weight fruit peel weight p g y
e 2 0.9* 0.34m 0.15™ 0.09™ 55.90* 0.024™  0.000009 "
Block
sloee Ol
9 0.2m 13.1** 0.18** 0.70** 196.24**  371.27** 0.22**
Lanrace
(159
18 0.19 0.27 0.05 0.01 10.23 0.38 0.001
Error
cops
Ol yusis 36.32 21.84 21.58 7.40 5.73 1.66 3.1
CV (%)

il oo Juoyd S Jlosn ] prdaws 53 I3 me 5 c(g )l sixo el o1imd LS il 4y KK NS
" and **: non- significant, and significant at the 1% of probability level, respectively
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Table 4- Comparison of the average traits related to the fruit yield of watermelon landraces

3axi buwgie o359 bawsio 359 g — ;
) . - = KWEIN-) )SL]LQ‘ .
I Y L R e R A it e TN
‘ Average i Average Average o9 ~ Seed yield
Average fruit / i ’ Eruit
Landrace number of weight (kg) weight of fruit flesh  Fruit flesh ield rattlo_l
fruits per fruit peel weight (percentage) ( toyn ha) (ton.ha™)
plant (kg) (kg) )
! ‘Stnb;kl’ 1.66% 3.15° 1.13% 2,02 63.93° 52,8 0.75¢
2 ‘Sinb;kz’ 13% 3.14 0.95® 2.19° 69.942 42.33° 0.55¢
3 ‘Sinb;k? 1.33 2.3 0.87%® 1.498b¢ 63.3° 31.60° 0.715¢
4 ‘Stnb;k4’ 1.66° 173® 0.68" 1.05° 61.00 28,8019 0.53¢
° Jlat:;:; 2 2.88° 135 1.53%c 53.3b° 57.60° 1.418
6 ‘JZELBZ 1.332 2.31% 1.17% 1.14% 49.9¢ 31.70¢ 103
abani
! Jgat:;:; 1.66° 277 1422 1.35%¢ 49.25°¢ 41,519 1.15b
8 “]4 Efblir 1.332 2.352 1.13% 1.230c 52.00b° 30.53¢f 0.97¢
abani
S ‘K(l)ljlﬁl’ 2 1.36° 0.69° 0.67 49.40° 29,428 0.95¢
‘KZI‘\JIM;Z 1.662 179ab Og?ab 0.82¢ 45.80¢ 2600h 093¢
olale

(LSD, p<0.05) 35,55 (syls gixo Coglés duoyd gy Jloin] grdaw ;3 LSD (9051 (wluolys el so S jtio By 5 > Jilis oS ooy Sl a0 0 *
* In each column, the means that have at least one letter in common are not significantly different based on the LSD test at the five
percent probability level. (LSD, p<<0.05).

(1400) 093 Jlow alajl 53 algaids 0235 2 oxe Sadl35 4o laoguas (€l po (8lie) il g 2525 -6 Jgan
Table 5- ANOVA (mean squaress) for the seed characteristics of selected watermelon landraces in the second year

experiment (2022)
- 4, a3 o W13 4y 320 (39 Moyd Jsb e el Gy Cualiud
S galio r The weight of : PR IEY prY prY
S.0V 3l one thousand Kernel to seed i
e df weight percentage Seed Seed ~Seed The thickness of
seeds length width  diameter the seed coat
sk 2 11.22 0.09m 0.16™ 0.003m 0.01m 0.0001"s
Block
sl 315 3 26655.23** 26.28** 23.20** 8.37** 0.67** 0.08**
Lanrace
s
6 6.1 0.50 0.11 0.18 0.01 0.0002
Error
e b 0.98 151 1.89 3.96 3.61 0.12
CV (%)

Al e 2oy S Jloin ! pdaws 1 (655 dme 5 (5 ixe g sk LS o FFg NS
s and **: non- significant and significant at the 1% of probability level, respectively
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CubgS o)> ogun CubsS ()jg Lawgie g Cungy ()9 bawgio
@a.w ) 4)]9..\,«.127 lises A_':‘b“' dllb.)])) ).3.). 9 0gao .))5\14)& «0guo
(8 Jgiz) azaly (ol ino B3NS s> S (gllas Jlozs]

some S a5l e sbadlp e b b mlbs il
(PS5 eks 3/14) bgs0 (S bl deng (gD Gxe OS]
(e,55ks 15) 7 WM™ Jlie o as oamlie 1 SLb o
wloee gl )0 bare Cawgy (T S (Bl 1y g (S
Loy g CasS (yig oy (pySshS 180) T bl ol s 4,
|y osse CubS i e (p )55k 0/80) 7 DS g o9 S
T bl )3 ogme CussS Moy pyieS &S Sygepd ol i
S )3 5 62/8 Sile (im ogue 3,Shas (YL 05 oanliie
ol Jako ol & Ghge s o T Gl o 313 4 by yo
90 a3 Jobs HiSa 5 20060 L 2 AW 5 jesls
9 o S 5 U3 LT SLb 55,0 5 Skee asls
Al )y 5y Sles oy jieS HlSa > o5 0/90 L 2 NS

ol olale 3T pgs Jlaw 5 53y Bilas guad b Lo o cilieo

JUo 3 b 4 bygje Sluoguad slaedly uibjly 4558 Jgao
99 bl paws p3 e 335 a5 a0 L Jgl iales] pgd
Slao oles i b gme b Cliv ol old p oy
Lo)d g ogee CubsS (g bawgie jrds pod Jus )3 (ow)p 390
O gl e G Sy o)y g S
osbly el ey Wlgi oo amdpe L5 & iy (g pSeuite
Al ity IS g (i3S 8 Con laedg g,

) T bl bgye byl g 0oVl T Jgio Gillas
162/1) Z a¥S™ 1> wbsylza 59 cpyieS 5 0392 (p,5 345 iy
e S35 4l 4 Sin g s S 3 sl e ( 15
45 Sike b g s (ol Sas 51 775 3 bl T bl
e Sl peda Lol x|y ey 4y jie (39 Lopd (npmly 2oy
95 4 |y (hoys BL/03) wls & 500 159 Joy> cp VL 1T WS
sogke 2035 Jgbo (5S0be) T bl (ol s 51 ol ol
S gy il |y ke 2585 (reike 1244 o5
02 xSl g o e 14140 Jsbo (:Silo 4y 590 L 7 DT
e Sl 55,5 ol |y sl (555 iake O/38
) ssds o pcaelies o5 g o fmaed i Z AT T ol
M Casgy (s &S duy e Gl 4 b plad] a4
ol dgptie 3 bl e 31355 5 (20 Lo 0/98)

(1400) o5 Jw (siulo;l 43 dilguin oo (315 ald Clwogad b b po Olho -7 Jgi>
(2022) Table 6- The seed characteristics of watermelon landraces in the second year experiment

Slaa bawgie 039 e Oj9 Moy
L iy P ogm &>, 3 aild 4 Adeb ot HRCele d Cuy Cwlbe
oo 15 Average The weight Kernel to Seed Seed Seed The thickness of
Landrace  pumber of of one seed weight length width diameter the seed coat
fruits per thousand percentage (mm) (mm) (mm) (mm)
plant seeds (g) (%)
L @.L'F’ 22 345.70° 45.43° 20.352 12.442 3.3%2 0.86°
‘Jabanil’
3 S b b b b b
o 1.662 320.18 45.13 19.22 11.81 2.80 0.98?
Jabani3
L 28 180.20° 51.032 15.93¢ 9.17¢ 2.68° 0.6¢
‘Kolaleh1”
2 ) 1.332 162.18¢ 44.83° 14.40¢ 9.38° 2.23° 0.80°
‘Kolaleh2

(LSD, p<0.05).5)85 (s )b s coglis b p> gty Jloin] gdaws 3 LSD 9051 (wlool s caicisly o S jitio o 5 3 Jilis &S loncnSilo (ygiw y2
* In each column, the means that have at least one letter in common are not significantly different based on the LSD test at the five
percent probability level. (LSD, p<<0.05)
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Table 7- ANOVA (mean squares) for the fruit yield traits of selected watermelon landraces in the second year experiment

(2022)
o Mand bwgie i bwgie (59 hawge (359 lawge o3 5 Slos
v . - ) - .- o N . = .
i @bie i Ay )3 oo 29+ Sy Cawyy B9 SN cbes oo dShes g
SOV s Average Average Average Average Fruit flesh Fruityield  seed
df number of fruit weight of fruit flesh ercentage ield
fruits per plant weight fruit peel weight p g Y!
S5k 2 0.25m 0.004ns 0.02ns 0.03"s 58.19"s 0.10" 0.001"s
Block
sl 33 3 0.30M™ 1.34** 0.33** 0.52** 120.97* 980.50**  0.13**
Landrace
e 6 0.13m 0.05 0.02 0.01 14.40 0.16 0.001
Error
oS 15.88 9.85 14.00 7.93 6.86 0.91 2.87
C.V (%)
Al e 30> K g g Jlein] gaw 3 (65 xe ()3 e b odimd Ui ol sy FFFNS
ns *and **: non- significant, and significant at the 5% and 1% of probability levels, respectively
(1400) 95 Jw (siulo;l 15 dilguind 84335 w1 Joxo (S35 13 dgae 3,Sos Clhwo -9 Jgun
(2022) Table 8- The fruit yield traits of selected watermelon landraces in the second year experiment
daxs bawgh *y39 Jawgh . . . “ nE
i FEOHTIE s bugie Oj9 bawgie  CudeS oy sose 3
dig S0 ° . -t s 2o 3 Slos :
Ssly - o900 Cuwgy  dgro CunigS o Fraityield 2o
Average Average A A Eruit flesh Ity Seed yield
Lanrace  number of fruit Average verage ruit fles yield hat
fruits per weight weight of fruit ~ fruit flesh ~ percentage (ton.hah) (ton.ha™)
i 0,
plant (kq) peel (kg) weight (kg) (%)
L @L'\_? 2 3.142 1.342 1.80° 57.4720 62.8 1.398
‘Jabanil’
3 b b b b b
. 1.662 2.43 1.272 1.16 47.75 44.40° 111
Jabani3
. Lo , 22 2.04 0.76° 1.28° 62.722 46.80 1.01°
Kolaleh1
24 ) 1.332 1.50° 0.70° 0.80° 53,2420 20.60¢ 0.90¢
‘Kolaleh2

(LSD, p<0.05).5,5 (gl size coglis duo > gty Jloin| o )3 LSD 9051 (ol b oo S o By 5 0 Jilis oS locpSilio (gt o p0*

*In each column, the means that have at least one letter in common are not significantly different based on the LSD test at the five
percent probability level. (LSD, p<<0.05)
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CksS 20 3 48 bl o gine 585 5y 2ye g 4 & o g
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Table 9- Analysis of variance (mean squares) of traits related to seed characteristics of generations of watermelon landraces

35 ol wp WOk gy, Fepjgmey  phuldd e kb )k cwy cele
Pl i The weight of i
SOV ;! one thousand Kernel to seed Seed Seed Seed The thickness of
o df seeds weight percentage length width diameter the seed coat
Gen::z: tion 1 492.23"™ 41.63** 0.002" 0.36* 0.009" 0.26"¢
ohol 05 o> 93.12 0.05 0.26 0.008 0.009 0.66
Main plot error
L‘;l:: r:f . 3 50211.6** 30.50** 49.56** 13.7** 0.94** 18.60**
e 35 X Jus
Generation x 3 67.30 22.76** 0.77* 0.17m 0.05** 0.76™
Lanrace
o ol 14 290.8 0.33 0.19 0.10 0.008 0.32
Minor error
UC‘:)A:/” (“0;;9 6.88 1.2 2.49 2.98 3.20 4.94
. 0,

kk Kk

Wil oo Ao yd S g oy iy Jleis ] e D 5 dime > e pE pagbeds o Sy KT NS
ns, * and **: non- significant and significant at the 5% and 1% of probability levels, respectivel
9 g p y p y

9
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Figure 2- The seed characteristics in watermelon landraces (LSD, p<0.05)
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Table 10- The interaction effects of generation xlandrace on the seed characteristics of watermelon

i Joxe 3135 il &1 jhe (yj9 )3 s dsb o Sl
Gereration Landrace  [<ernel toseed weight percentage  Seed length Seed diameter
(mm) (mm)
It 46.15"" 20.13° 3.21%
‘Jabanil’
3 S 39.58° 19.99° 2,950
1 Jus Jabani3’
Generation 1 Ty 44.60° 15.01%¢ 2.63%
‘Kolaleh1’
7 JYS 45.56P 14.70b¢ 2.47¢f
‘Kolaleh2’
vaen. 339°
jl Efu:, 4543b 20.532
abani
o 2.80‘1
- j3 Eflel_} 45.13 19.23
; abani
- ) X 2.680‘19
Generation 2 ‘K(l) I;JIB; ) 51.032 15.93¢
s 2.3f
olale

b sme Cglis doy> gy Jlein] gaws )3 LSD (9051 (bl caidily oo S o s 5 3 Jlis oS ol SSle ygiw ya 3
(LSD, p<0.05)..5,l
* In each column, the means that have at least one letter in common are not significantly different based
on the LSD test at the five percent probability level. (LSD, p<<0.05)

039 025 S 5 gl s 3 TN o (3US5) ol oluais]
039 2050 00 51 [t pod Jus 4 s g el | oge S
10 pSola b pgd Juus 3 T aMS™ Jlos ccuily (5208 ogn0 cisS
ol olaid] 3¢5 4y ogue CdgSuo) slp |y A oyll gy oy
o & bgipe (103 AIAA) (a3l o) ke o sl S Sl
30 e ogae cusgS Moy > (gylel ol g0 pgd Juus y> Z NS
023l ol 10,5 30 3905 b pgd Jus g 99 39800 1 IS Lo
ity pgd Jus » 1 GLle Jlas (3D JSt) b Ll |,
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Figure 3- The interaction effect of generation xlandrace on the number of fruit per plant (A), the fruit weight (B), the fruit
flesh weight (C), fruit flesh percentage (D), and fruit yield (E) of the selected watermelon landraces (LSD, p<0.05)
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Figure 4- The effect of landrace on the weight of fruit peel (A) and seed yield (B) of watermelon landraces (LSD, p<0.05)
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Table 12- The correlation coefficients between some studied traits for watermelon landraces
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Introduction

Soil amendment materials exhibit a wide range of properties and influence soil physicochemical
characteristics in various ways. Among these, biochar has attracted significant attention for its potential to
improve acid soils, remediate pollutants, enhance soil fertility, sequester carbon, and contribute to climate
change mitigation. Biochar is a porous carbon-rich material comprised chiefly of aromatic carbons and/or
heteroatoms. Biochar is a product obtained from biological waste, particularly agricultural biomass waste which
is thermally degraded using a process called pyrolysis, in the absence of oxygen. Biochar is useful as 1) a fuel
source (charcoal) for renewable energy and 2) for carbon sequestering to the soil preventing the release of carbon
dioxide to the atmosphere, 3) as a waste recycling method, 4) as a soil amendment to improve the soil structure,
texture, water holding capacity and other physicochemical properties thus improving the soil fertility, 5) plant
growth promotion due to the nutrients supplied by biochar when used as manure and 6) plant disease
management by either directly (antagonism) or indirectly (induced systemic resistance) in plants. Sulfur (S) is an
important component of many amino acids such as methionine and cysteine in plants. The balance update of
sulfur decreases the speed of oxidative processes with an improvement reduction mechanism. It also plays a
critical role in the improvement of wheat productivity through better grain production. Sulfur is very important
for the efficacious use of nitrogen especially in the formation of protein contents. Without sulfur, the optimum
activity of nitrogen regarding protein content biosynthesis cannot be achieved in terms of yield. Application of
nano fertilizers and reduction of the size of the material to the nanoscale leads to an increase in the surface mass
ratio of the particles, and as a result, an abundant amount of nutrient ions is absorbed slowly and steadily for a
long period. Satureja hortensis L. which is a medicinal plant of the Lamiaceae (Labiatae) family is widely grown
in France, Hungary, Spain and Iran. The essential oil of Satureja hortensis L. finds application in food products
due to its antimicrobial and antioxidant properties. Traditionally, it was utilized as a stomachic, stimulant,
expectorant, aphrodisiac and carminative treatment of various kinds of infectious illnesses.

Material and Methods
In order to investigate the effects of different levels of biochar and common sulfur and nona-fertilizer of
sulfur on some morphological and physiological characteristics of Satureja hortensis L., an experiment was done
at the Research Field of University of Gonabad during the years 2020-2021 and 2021-2022. A split plot
experiment based on a randomized complete block design with three replications was conducted. Biochar at

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
BY 4.0 International License (CC BY 4.0).
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three levels (5, 10 and 20 t.ha* and control) and two sulfur nutritional treatments (common sulfur, nano-fertilizer
of sulfur and control) were used as main and subplots, respectively. Plant height, lateral branch number, leaf
area, stem diameter, dry shoot weight, dry matter yield, carbohydrate content, chlorophyll a, chlorophyll b and
total chlorophyll were recorded.

Results and Discussion

The results showed that in both of two cropping years, the highest plant height (with 41 and 39 cmin the first
and second cropping year, respectively) and lateral branch number (with 28 and 30 in the first and second
cropping year, respectively) obtained in combined application treatment of 20 t.ha! biochar and spraying of
nano-fertilizer of sulfur and in both two cropping years, use of common sulfur and spraying nano-fertilizer of
sulfur at higher levels of biochar (10 and 20 t.ha) resulted in the production of more leaf area and stem diameter
than the application of these sulfur nutritional inputs at lower levels of biochar. The results of the interaction
effects of biochar application and nutritional treatment in the 2018-2019 crop year showed that with increasing
biochar amounts to 10 t.ha?, the positive effects of common sulfur and nanosulfur on improving essential oil
content were more noticeable, so the highest amount of essential oil (2.40%) was obtained in the treatment of
simultaneous application of 10 t.ha* of biochar and soil application of common sulfur. In both years, the highest
amount of essential oil (2.10 and 2.13% in the first and second year, respectively) was obtained in 10 t.ha*
biochar. The highest influence of sulfur nutritional treatments on chlorophyll a, chlorophyll b and total
chlorophyll appeared when they were used simultaneously with biochar, for example, chlorophyll a content in
conditions of spraying of nano-fertilizer of sulfur with the application of 5, 10 and 20 t.ha! biochar was 42, 54
and 72% in the first cropping year, respectively and 43, 54 and 73% in the second cropping year, respectively,
more than amount of these traits in conditions of separate spraying of nano-fertilizer of sulfur.

Conclusion
In general, based on the results of this research, it seems that the combined consumption of biochar with
common sulfur and nano-fertilizer of sulfur, while improving the quantitative characteristics of Satureja
hortensis L. can lead to the improvement of its physiological characteristics and the production of free of
chemical substances in this valuable medicinal plant.
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Table 1- Meteorological information of research area
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Table 2- Soil characteristics of experimental farm and used biochar
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Figure 1- Some stages of the research "*The effect of different amounts of biochar on the quantitative and qualitative traits of

Satureja hortensis L. under the conditions of sulfur and sulfur nanofertilizer application”". (a): Planting stage, (b): Weeding
stage, (c): Measurement of qualitative characteristics, (d): Measurement of quantitative characteristics, (e): Farm before
harvest, (f): Spraying of nano-sulfure fertilizer.
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