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Introduction

Cut carnation flowers have high economic importance in the floriculture industry. The postharvest life of cut
ornamentals, including carnation, is important in determining their quality and consumer preference. High
production of ethylene is one of the most important factors that reduce the postharvest life of this flower. High
ethylene production causes the aging of some cut flowers. In order to increase the vase life of cut flowers, many
studies have been done and various preservative solutions have been introduced, and in some of these solutions,
disinfectants have also been used. One of the effective compounds in stopping or reducing ethylene production
are alcohols. Ethanol stops ethylene synthesis in cut carnation. Cut carnation is climacteric flower and sensitive
to high levels of ethylene. Therefore, the aim of this research was to investigate and compare the effect of
different amounts of propanol, butanol and pentanol on the vase life and quality improvement of cut carnation
flowers cultivar 'Nelson'.

Materials and Methods

In the present study, propanol, butanol and pentanol were used at the concentrations of 2, 4 and 6% for 24-
hour pulse, in order to reduce ethylene production and increase the vase life of cut carnation cultivar 'Nelson'
flowers. In February 2020, cut carnation flowers that were harvested at the commercial stage were prepared from
a greenhouse in Mahalat city and were immediately transferred to the Postharvest Laboratory, Faculty of
Agriculture, Islamic Azad University, Rasht Branch for treatment and evaluation of traits. This experiment was
conducted as a completely randomized design in 30 plots. For each treatment, 3 replications and 5 samples for
each replication and a total of 150 flower branches were considered. Some traits such as vase life, water
absorption, dry matter, petal protein, leaf chlorophyll, ethylene production, fresh weight loss, flower opening
index, Brix degree, lipid peroxidation and activity of antioxidant enzymes, peroxidase and superoxide dismutase
were measured. To evaluate the vase life of cut flowers, the main criterion is the turning of the petals inward and
the apparent wilting of the flowers. Data analysis was done using SAS statistical software and mean comparison
based on Duncan's multiple range test.

Results and Discussion
The results of variance analysis of the data showed that the effect of different amounts of propanol, butanol
and pentanol application was significant at 5% and 1% probability level on vase life and most of the traits
measured in cut carnation flowers. This research revealed that propanol had a more effective role in reducing

@ (3) Authors retain the copyright. This is an open access article distributed under Creative Commons
E Attribution 4.0 International License (CC BY 4.0).
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ethylene production and increasing the vase life than butanol and pentanol. The results showed that the longest
vase life (14.11 days) was observed in cut flowers treated with 2% propanol. This treatment also caused the
highest amount of water absorption, percentage of dry matter, petal protein and leaf chlorophyll, as well as the
lowest amount of ethylene production. The lowest vase life (8.91 days) was observed in control cut flowers. The
mean comparison of the different alcohol treatments showed that all treatments of propanol and butanol alcohols
in different concentrations increased the absorption of solution by cut flowers compared to the control.
Maintaining the water balance in cut flowers is one of the important factors in the vase life of cut flowers. The
content of water uptake by cut flowers depends on the hydraulic conductivity of the water channel in the stem
and the water potential difference between cut flower tissues and the preservative solution. The least plasma
membrane damage was caused in cut flowers treated with 2% propanol. This treatment also caused the highest
SOD activity. The short vase life of cut flowers is a global challenge, and efforts are being made to increase their
vase life by using appropriate compounds in the vase solution. One of these compounds are alcohols, which have
been used by some researchers in order to increase the vase life of various cut flowers. Alcohols are usually toxic
for cells in high concentrations. Propanol and butanol in low concentrations inhibited the synthesis of ethylene
and therefore increased the vase life of cut carnation flowers. These anti-ethylene compounds prevent the
senescence of the petals, which is usually associated with the browning of the petals. Alcohols in optimal
concentrations act as a signal and increase the vase life of cut flowers and improve their postharvest quality by
reducing lipid peroxidation and inducing the activity of antioxidant enzymes. Similar findings were reported in
cut alstroemeria, some carnation cultivars and chrysanthemum flowers.

Conclusion
The present study showed the positive effect of disinfectant and antimicrobial compounds on increasing the
vase life, some physiologic characters and antioxidants activity. This research revealed that propanol had more
effective role in reducing ethylene production and increasing the vase life than butanol and pentanol. The results
showed that the longest vase life was observed in cut carnation cv. Nelson flowers treated with 2% propanol.

Keywords: Ethylene, Flower senescence, postharvest life, Climacteric flower
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Figure 1- The arrangement of the treatment plots
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Table 3- The effect of different concentrations of evaluated treatments (propanol, butanol and pentanol) on vase life and
flower physiological traits of cut carnation ‘Nelson’ flower
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* Means with different letters on the same column are significantly different (P<0.05) based on Duncan’s multiple range test.
P: Propanol, B: Butanol and T: Pentanol.
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Table 4- ANOVA for the effect of different concentrations of evaluated treatments (propanol, butanol and pentanol) on the

content of malondialdehyde (MDA) and enzyme activity of superoxide dismutase (SOD) and peroxidase (POD) in cut
carnation ‘Nelson’ flower

CHJVET I W «d3l anyd 3anS T 50 ot 3 S T 33 gww WwWwles ool
S.0.V df POD SOD MDA
o 4 3.503" 164.706™ 4275.383™
Treatment
s 10 0.187 0.085 0.213
Error
Sl - 18.70 17.00 14.00
C.V. (%)

o3 ) Jlatsl el 3 o stmet
**: Significant at the 1% of probability level

oS 3 5ot 31 e 5 33 5llo ofiee 2 (Uit 5 it edgilin ) comispt 3590 (510l cilien SRS 310 Jgn
‘&M’ f°'§) MA b.\.g‘).adblw Jf » )‘M‘)} 9 }UMQ

Table 5- The effect of different concentrations of evaluated treatments (propanol, butanol and pentanol) on the content of

malondialdehyde (MDA) and enzyme activity of superoxide dismutase (SOD) and peroxidase (POD) cut carnation ‘Nelson’

o STy J{EPPVRELIX W JEPov w5l elle
Treatments POD (umol.g™ FW.min™) SOD (U.gt Fw) MDA (nmol.g™ FW)
2l 0.21%" 34.73° 67.91°
Control
P. (2%) 1.09° 49.82° 59.64°
B, (2%) 2.01% 40.16° 61.14°
B; (6%) 0.97° 29.34¢ 62.31°
T, (6%) 0.39° 27.86° 71.01°

)l o me gl (Sl (glaals Wi ygeil Lwlily duoyd gy Sl pdaw 53 iins e gy gl a5 olapSile ot ya 0 %
otz T g Jsilis B eJoils :P
* Means with different letters on the same column are significantly different (P<0.05) based on Duncan’s multiple range test.
P: Propanol, B: Butanol and T: Pentanol.
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Introduction

Apple (Malus domestica) belongs to the Rosacea family and is one of the most important fruit trees in
temperate regions. Apple fruit is a rich source of vitamins, sugars, organic acids, minerals, fibers, and bioactive
compounds and is widely cultivated due to its pleasant taste, aroma, and texture. Due to the rising need for food
and fiber per unit of land area, chemical fertilizers are becoming increasingly popular to increase yields from
small plots of land. Chemical fertilizers pose significant health risks and can damage the environment when used
excessively. As a result, research in this field increasingly focuses on identifying and evaluating more
sustainable alternatives. One promising approach involves the use of biostimulants, which can enhance the
effectiveness of conventional mineral fertilizers. Plant biostimulants contain some nutrients (marine plant
extracts, humic acids, amino acids and other natural products such as saponins and compost teas) that stimulate
plant growth, even when administered in small amounts. Foliar application of seaweed extracts at 0.2% recorded
maximum no. of fruits/tree, fruit weight, and yield/tree in valencia orange.

Materials and Methods

In order to investigate the effect of biofertilizers on growth, yield and leaf nutrient contents of apple under
climatic conditions of Zanjan, the experiment was carried out in a completely randomized block design with
three replicates in 2023. Different concentration of seaweed (Alg; 0.075 and 0.15%), amino acid (GF Amino; 0.1
and 0.2%), humic acid (HA; 0.3%), commercial fertilizer Homarang, (Homa fert; 0.5%), combined chemical
fertilizer (nitrogen, zinc and boron (Combinate fert; 1% urea, 0.3% zinc chelate and 0.1% boric acid)) and
distilled water as a control were sprayed on the trees at 40 days after full bloom stage until runoff using a
mechanical mist sprayer, and repeated three times with an 30 days interval until the physiological ripening of
fruits. The experiment was carried out on 10-year-old Red Delicious apple trees grafted on M9 rootstocks. Shoot
length, chlorophyll index, fruit drop percentage, yield efficiency, leaf area, leaf dry matter, leaf macro and micro
nutrient were measured. The analysis of variance (ANOVA) and least significant difference test (P< 0.05) used
to compare means within each sampling date. The Statistical analysis and standard error calculation were carried
out using SAS software (V. 9.3).

Results and Discussion
The results showed that the foliar application of bio and chemical fertilizers significantly increased growth
and fruit yield. So that, the highest increase in shoot length (39%) and leaf area (74.30%) compared to the
control was obtained with application of seaweed 0.075%. Also, seaweed 0.15%, amino acid 0.2%, humic acid
and amino acid 0.1% caused a significant increase in leaf area (42.02, 35.57, 22.27 and 16.20%, respectively)
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compared to the control. Foliar spray of seaweed, amino acid and chemical fertilizer increased chlorophyll index.
The highest increase in chlorophyll index (50%) compared to the control was obtained with application of
combined chemical fertilizer at 130 days after full bloom. These results are in agreement with the outcomes of
other experiments conducted with seaweed on apple and on other crops such as grapevine. Therefore, this
represents a further evidence of a possible role of seaweed extracts in the reduction of chlorophyll degradation
and in delaying leaf senescence. The highest amount of nitrogen (1.66%), potassium (1.03%) zinc (150 mg.g™
DW) and boron (82.5 mg.g™ DW) and the lowest amount of phosphorus (0.44%) were obtained with application
of combined chemical fertilizer. The highest value of iron was observed in leaf of trees treated with seaweed
0.15%, humic acid and commercial biofertilizer. Based on the results, it was observed that the amino acid,
seaweed and combined chemical fertilizer have the greatest effect in reducing fruit drop (36.97, 33.37, 29.07%,
respectively) compared to control) and increasing yield efficiency (respectively 2.75, 2.73 and 2.8 compared to
control with 0.22 fruits No.cm™? SCSA). These results partially are in agreement with another research performed
on apple, where the use of a similar seaweed extract (Ascophyllum nodosum) was found able to induce a higher
final yield. The hormonal components found in the extracts, particularly cytokinins, are assumed to be
responsible for the increased yield in plants treated with seaweed. Previous studies mentioned that the
application of biological fertilizers alone or in combination with the mineral fertilizers had positive influences on
the leaf plate area, mean fruit weight and fruit chemical composition.

Conclusion
According to the results of this research, the use of biofertilizers, especially seaweed (0.15%) and amino acid
(0.1%), are suitable and nature-friendly substitutes for chemical fertilizers and can play a significant role in
increasing growth indices and yield of apples.

Keywords: Amino acid, Chlorophyll index, Fruit drop, Yield efficiency, Seaweed
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Figure 1- The effect of foliar application of chemical fertilizer and biofertilizers on the shoot length of Red Delicious apple
(DMRT, p<0.05)
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Combinate fert: nitrogen, zinc and boron, Homafert: Homarang commercial fertilizer, HA: humic acid, Alg: seaweed and GF Amino:
amino acid
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Figure 2- The effect of foliar application of chemical fertilizer and biofertilizers on the leaf area of Red Delicious apple
(DMRT, p<0.05)
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Combinate fert: nitrogen, zinc and boron, Homafert: homarang commercial fertilizer, HA: humic acid, Alg: seaweed and GF Amino:
amino acid
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Figure 3- The effect of foliar application of chemical fertilizer and biofertilizers on the leaf chlorophyll index in three stages
70, 100, 130 days after full bloom (DAFB) in Red Delicious apple (Bars=*SE)
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Combinate fert: nitrogen, zinc and boron, Homafert: homarang commercial fertilizer, HA: humic acid, Alg: seaweed and GF Amino:
amino acid
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Figure 4- The effect of foliar application of chemical fertilizer and biofertilizers on the fruit drop percentage of of Red
Delicious apple (DMRT, p<0.05)
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Combinate fert: nitrogen, zinc and boron, Homafert: homarang commercial fertilizer, HA: humic acid, Alg: seaweed and GF Amino:
amino acid.
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Figure 5- The effect of foliar application of chemical fertilizer and biofertilizers on yield efficiency based on the fruit number
in shoot cross sectional area of Red Delicious apple (DMRT, p<0.05)
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Combinate fert: nitrogen, zinc and boron, Homafert: homarang commercial fertilizer, HA: humic acid, Alg: seaweed and GF Amino:
amino acid
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Table 2- The effect of foliar application of chemical fertilizer and bio-fertilizers on the leaf macro and micro nutrient
contents of Red Delicious apple

&y polis b paosS polis
Lo Macronutrient (%) Micronutrient (mg.kg'DW)
Treatments O3er ot oy o &9 e
N P K Fe Zn B
ald 1.48b 0.55 e 0.90 a 235 ab 100.5 ¢ 70 ab
Control
5 355 1.66 0.44 1.03a 235.60 ab 150 a 8250 a
Combinate fert
T+ Kyl 3¢5
1.34 . 81 245. 131
Homa fert 0.05% 34c 0.56 de 0.81b 5.50 a 3lab 66 b
Lol oY Seogats dunol
HA 0.03% 1.40 be 042f 0.79b 25450 a 107 ¢ 63 bc
Lol VD Sil> o)las
Alg 0.075% 1.42 be 0.65 ¢ 0.73 be 224.75 abc 94.50 ¢ 58 ¢
7o N0 Sids o )las
Alg 0.15% 1.49b 1.00 a 0.70 be 256.33a 99 ¢ 61 bc
Zoly Gl s aielapl
GF Amino 0.1% 1.46b 0.81b 0.66 bc 191 be 955¢c 67.50b
s
FolY Sl el 148b 0.62 cd 0.64 ¢ 180 ¢ 114.50 be 50.87 ¢

GF Amino 0.2%

Aol il :GF AMINO 5 L Sy AlG «Seogunionl HA (jloaa (5l 595 :HOomafert <4 5 c9, <)9,% ‘Combinate fert

Combinate fert: nitrogen, zinc and boron, Homafert: homarang commercial fertilizer, HA: humic acid, Alg: seaweed and GF Amino:
amino acid
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Table 3- Pearson’s correlation coefficients between leaf nutrient contents, growth and yield properties of Red Delicious apple

N P K B Fe zn LE DW SL chl FD YE
N 1
P -0.38 1
K 064  -045 1
B 051  -031 045 1
Fe 012 -0.29 -048 -0.10 1
Zn 047 -051* -048 0.36 -0.08 1
LE -035 043 -056 -0.39 -0.11 -0.40 1
DW -036 036 -041 -0.37 005 -049 048 1
SL 023 050 -023 001 -035 -043 046  0.30 1
Chl 064"  0.27 050 045 -021 048 -053 -027 0.28 1
FD  -040 -055* -010 0.04 011 -0.26 -050 0.007 -0.46 -0.50 1
YE 058 050 027 012 -021 028 045 -0.05 058 053 -0.90" 1

sl gy Srad > > iy Sl s )3 (gl sine 1 by S Jloin] a3 (gl gime
S ySdes ST IYE wgse gy 2oyd (FD (g IS jasli iChI wasls Job iSL « i 03l o ys :IDW (S py o (LE
**: significant at p<0.01 (2-tailed); *: significant at p<0.05 (2-tailed).
LE: Leaf area, DW: Dry weight, SL: Shoot length, Chl: Chlorophyll ratio, FD: Fruit drop percentage, YE: Yield efficiency.
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Introduction

The genus Salvia L. (Lamiaceae) is one of the most interesting plant genera with a variety of annual,
biennial, perennial and shrub forms. According to recent reports, there are 61 species of Salvia genus in Iran,
among which 18 species are endemic. The use of Salvia species dates back to ancient times, and they are now
being used for different purposes such as antimicrobial, anthelmintic, anti-inflammatory, tonic, carminative,
digestive, Alzheimer’s disease, antispasmodic as well as for traditional medicines and food industries. Compared
to crop plants, the breeding programs of medicinal plants are still in nascent stages due to high biological and
biochemical variations. Since breeding programs, especially in medicinal plants, are expensive, suitable mating
can help reduce the costs of breeding programs. Understanding the flowering biology, reproductive systems and
pollination mechanism is essential to management and protection of ecosystems and mating programs. Despite
the high diversity of Salvia genus in Iran, there is a paucity of studies on reproductive biology.

Materials and Methods

seeds of seven Salvia species including S. virgata (with four accessions), S. frigida, S. nemorosa, S.
atropatana, S. macrosiphon, S. sclarea, and S. syriaca were collected from different geographical regions. The
seeds were treated by various methods such as washing, cold treatment (stratification), scarification (sand and
sulfuric acid), Gibberellic acid (GA3) and KNO; to enhance germination. The seedlings were produced at the
greenhouse and after growing as high as 15 cm or reaching thel10-leaf stage, the seedlings were transferred to the
farm. Plants phenology and flowering duration were recorded in the second year. Furthermore, some flower
characteristics and pollinator were monitored. The Various pollination treatments were designed to investigate
the breeding system of Salvia species including open pollination, spontaneous autogamy, geitonogamy,
xenogamy, apomixis, and control. The self-incompatibility index (ISI) was calculated for each species in
different pollination treatment.

Results and Discussion
The germination study exhibited that washing seeds for 24 h and applying 250 ppm GA; exerted the highest
effect on seed germination. The seedlings in early growth stages required medium to high porosity (high
permeability to water and air) like natural habitat, but they were sensitive to dry and high EC at these stages. The
phenology studies were shown Salvia virgata (all accessions) and S. nemorosa flowered three months after
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cultivation and other species flowered in the second year. The results showed that all species had long flowering
periods ranging from 15 (S. atropatana) to 41 days (S. virgata). Increased flowering period led to the
enhancement of flower over-lapping and the sharing of the pollen among different plants or species. Two species
including S. atropatana and S. syriaca had heterostyly flowers (long-styled morph). The staminal-lever-
mechanism was observed in all species. The results of manual pollination indicated that open pollination
provided the best treatment with the highest average of seed set (73.63%) in all species. Salvia virgata (A;) with
a seed set of 90.3% was the best species, and S. syriaca with a seed set of 51.5% demonstrated the poorest
performance in open pollination system. The seed set in the xenogamy treatment of different species and
accessions was in the range of 10.2 (S. syriaca) to 32.5% (S. frigida). It was observed that seed set among
different species in geitonogamy and spontaneous autogamy varied widely from 2.60 - 17.30% and 2.98 -
12.18%, respectively. In treatments with a wide variety of pollen sources, the fruit set was higher, indicating that
the pollen limitation triggered low seed set.

Conclusion
Salvia species in the present study have a high potential for cultivation as medicinal and ornamental due to
suitable adaptability and long flowering period. Salvia species were relatively self-incompatible that intention to
the out-crossing and breeders can use in breeding programs as a valuable characteristic. The self-incompatible
and specific structure in flower and pollination are the reasons for the diversity of this taxa.

Keywords: Flower biology, Heterostyly, Open pollination, Self-incompatibility
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Figure 1- Comparison of important phenology steps of Salvia species at second year life after seedling transplantation
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Figure 2- Flower pictures in various Salvia species
S. sclarea :H S. macrosiphon :G &S. nemorosa :F S. virgata-A, :E S. virgata-A; :D S. virgata-A, :C S. virgata-A; :B S. frigida :A

(100x) S. NeMOrosa o5 ;> Sluy g9l 5l L 03,5 aily s I3l
A: S. frigida; B: S. virgata (A,); C: S. virgata (A,); D: S. virgata (As); E: S. virgata (A,); F: S. nemorosa; G: S. macrosiphon; H: S.
sclarea; I: The pollens release after anther maturation (100x, S. nemorosa)
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Figure 3- Exclusive mechanism of pollination in some Salvia species. Longitudinal sections of flower
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a: Longitudinal section of a flower, including: Nectar (ne), Filament (fi), Lower lever arm (la), Upper lever arm (ua), Upper lip (ul);
b: The pollinator has to push the lower lever arm backwards to reach the nectar. Thereby, the upper lever arms swing downwards and
deposit pollen (black) on its body; c: The pollinator visits another flower, pollen may be transferred to the stigma.
(Stébbe et al., 2016 ;I ol )
(The figure adapted from Stébbe et al., 2016)
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Table 2- Flower duration, adaptation and heterostyly rate of different Sa/via species at Mashhad weather condition

Eilw # o S o dold
SO Ty 5,93 £9p f o3t 5 yor Jsb Jsb
o Jo S5 51w asS 99w T abead N ] WS o G o2 - LS5l
‘“f Ratio of Flowerin B > Distance Sta;n;n Pistil
Species adaptability "M Date of start  Date of end between anther
duration . . . . length length
after a year (Day) flowering flowering tip and stigma (mm) (mm)
(%) Y surface (mm)
S. virgata (A;) 65.0+5.7 40.7£25 30 April 2017 10 June 2017 2.5+0.08 11.1+0.2 16.1+0.2
S. virgata (A,) 91.0+2.4 30.742.9 16 May 2017 16 June 2017 2.4+0.12 11.1+0.2 18.0+0.5
S. virgata (As) 65.3+2.5 22.7425 8 May 2017 31 May 2017 2.1+0.21 12.0+0.3 17.9+0.3
S. virgata (As) 74.7+2.1 26.0+2.2 10 May 2017 5 June 2017 2.1+0.08 12.0+0.2 17.2+0.3
S. frigida 323121 32.7£2.6 8 May 2017 10 June 2017 2.0+0.26 10.0+0.2 16.0+0.2
S. nemorosa 83.3+3.9 35.0#2.4 22 April 2017 31 May 2017 1.1+0.08 9.1+0.2 249405
S. atropatana 16.3x2.9 15.3+2.5 20 April 2017 5 May 2017 7.1+0.33 13.1+0.3 32.1+0.6
S. macrosiphon 33.3%£1.2 15.7¢0.5 20 May 2017 5 June 2017 0.5+0.05 11.0+0.3 28.1+0.2
S. sclarea 75.3+2.5 34.7+29 14 May 2017 18 June 2017 0.0.0+0 10.9+0.1 25.0+0.2
S. syriaca 25.0+4.1 35.3+1.2 26 April 2017 31 May 2017 5.2+0.37 9.0+0.3  20.9+0.5

bl Glpol 185 aw pSile bl
“ Values are means # SE of three replicates.
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/stigma
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Table 2- The effect of different hand pollination treatment on Sa/via seed set”

o151 Slidles Lo adgs o5 gl
Open pollination Spontaneous autogamy
J5 dlas JRARITN sy sy 5 dlas JRARTN &by o ely i
e s ylo L el - 2d ylow \ I
&S slos LSuis B ¥ Th LSl Jo8 Jol5 Aborted
Species Number of Max. seeds Full Aborted Number Max. seeds  Full seeds seeds
treated number seeds seeds of treated number (%) (%)
flowers (%) (%) flowers
S. virgata (A,) 38 152 90.3a* 5.9d 33 132 3.0d 1.5¢
S. virgata (A,) 52 208 66.6d 6.8d 35 140 12.2a 2.8f
S. virgata (As) 37 148 81.1b 9.4bc 70 280 6.8c 1.0g
S. virgata (As) 20 80 66.5d 8.7¢c 57 228 12.1a 13.3a
S. frigida 37 148 75.7¢ 11.5b 55 220 9.1b 3.2¢ef
S. nemorosa 44 176 67.2d 17.0a 42 168 6.8¢c 4.6d
S. atropatana 28 112 76.9¢c 8.6¢ 32 128 4.3d 4.0de
S. macrosiphon 32 128 88.5a 5.9¢ 35 140 8.3b 10.7b
S. sclarea 42 168 75.5¢ 7.2cd 30 120 11.7a 7.5¢
S. syriaca 55 220 51.5e 14.6a 42 168 3.4d 2.4f
B ELTEY
Geitonogamy Xenogamy
S. virgata (Ay) 22 88 17.3a 2.2f 22 88 26.8b 3.3c
S. virgata (A;) 15 60 17.2a 5.0c 15 60 17.7de 3.8b
S. virgata (As3) 31 124 2.6f 3.3d 26 104 24.0c 0.0g
S. virgata (A,) 24 96 15.2b 0.0g 24 96 23.3c 1.0f
S. frigida 15 60 3.2f 6.0b 15 60 32.5a 0.0g
S. nemorosa 25 100 2.6f 2.0f 25 100 14.5fg 1.5e
S. atropatana 36 144 13.5¢ 2.8e 20 80 15.3ef 2.7d
S. macrosiphon 40 160 11.2d 0.0g 28 112 18.2d 5.5a
S. sclarea 38 152 8.6e 0.0g 22 88 12.2gh 0.0g9
S. syriaca 35 140 2.8f 7.6a 18 72 10.2h 2.5d
G""S'ﬁ‘y‘ ISI LJ“"J'Q‘)’S )Uﬁ)
Apomixis Fertilization behavior
S. virgata (Ay) 22 88 0 0 0.65 Relatively self-incompatible
S. virgata (A,) 16 64 0 0 0.99 Relatively self-incompatible
S. virgata (As) 26 104 0 0 0.11 Severely self-incompatible
S. virgata (Az) 26 104 2.89 0 0.65 Relatively self-incompatible
S. frigida 31 124 0 0 0.10 Severely self-incompatible
S. nemorosa 27 108 0 0 0.18 Severely self-incompatible
S. atropatana 24 100 0 0 0.91 Relatively self-incompatible
S. macrosiphon 22 88 0 0 0.61 Relatively self-incompatible
S. sclarea 30 120 0 0 0.71 Relatively self-incompatible
S. syriaca 18 72 0 0 0.28 Relatively self-incompatible

A3l 05 LSD (9051 51 o3kl b (p= 0.05) (g)l5 sime M3l (gl S yiitio gy b dlsel s
* Numbers followed by the same letters are not significantly different (P <0.05) based on LSD test.

S. &5 » 1y Lawlya (Barrett et al., 2000) ) Ken 5 <)l
Lulps 4 ol oliee o sl HLbl g 3,8 5);5 brandegeei
9 S. atropatana 455 ¢ <ol adlae o 5 (St oo
el Loy Yu,u &5 5l Jewlgyin cla J5 4l )ls S. syriaca
oS Hpamc bl gladisS 5l (S L2855 Y 5l (S

Jole egar laslgym &bl asbe Jelg
olpls Wil o ol lon AMS @ 03,5 by JWEsl oliiSdgame

2- Pin

o Liélos )3 Lawgs JS gl a0 u35b 4 yocie ol31 Sliélos S

9 Jgme 250 e b S g GldlaS ol g

JSis aoyd AA) Hles (i 5 (Senol et al., 2017) S
53,8 By I3l Slibles,S S sclarea g3 ly 1, (44

odlgls 3 Liwlg a5l gdga0me (sla i)liS «pi) glaos jo

O:’.‘ (o yguad &S Juds Q.:“I 4yl ool oas 1) olel=s

2D s F) \L_é)ya;ﬁ)’ s B L alS sodlgls o i sy
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Introduction

Invasion of weeds is one of the major factors in the reduction of yield of agricultural crops in the field
conditions. The use of allelopathic plants is one of the methods for weed control. To date, numerous laboratory
and field techniques have been developed to evaluate allelopathy in various plant species. Recently,
advancements in allelopathy research have emerged with the introduction of innovative techniques and more
effective bioassays. Researchers have shown that many challenges in allelopathy studies can be addressed
through these improved methods. Traditional approaches have increasingly been replaced by newer technigues,
such as the Sandwich method, which allows the allelopathic properties of different plants to be evaluated in a
very short time using only a minimal amount of plant material.

Materials and Methods

Considering that there is a significant evidence of the presence of allelopathic compounds in invasive weeds
as well as medicinal plants, therefore, in the current research, the main focus was on these two groups of plants
for the selection. In this research, the allelopathic activity of 57 plant species (60 samples including leaf, stem,
seed, rhizome, flower, gum) of 18 families was investigated using the Sandwich method. In this method, plant
samples were first dried at 40 degrees Celsius and then weighed in three replicates with amounts of 10 and 50
mg. Special containers with 6 well were used for cultivation. The diameter of each well was 3 cm. In one row of
the wells, 10 mg and 50 mg of plant sample powder were placed in the other row. Then 5 ml of 0.5% agar
solution was added to the samples and after the agar cooled and coagulated, another 5 ml of agar solution was
added to each well. In this way, the plant sample was placed between two layers of agar. Then, in each well, 5
seeds of lettuce (Lactuca sativa) variety Great Lakes 366 were planted vertically on the agar surface. This variety
of lettuce has been selected as an indicator due to its high sensitivity to metabolites. Then the containers were
sealed and placed in an incubator with a temperature of 25 degrees Celsius in the dark conditions. After 3 days,
the percentage of seed germination was checked by measuring the length of lettuce radicle and hypocotyl. To
make it easier to compare plants, data clustering was performed using Minitab software.
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Results and Discussion

Using this method, 59 plant samples were placed into 10 distinct clusters. The similarity of plants in each
cluster was 85%. The findings revealed that the leaf residues of Anethum graveolens and a Cynara cardunculus
clustered together based on their allelopathic activity, demonstrating the most significant growth-inhibitory
effect at a concentration of 10 mg of the plant sample. The average percentage of inhibition of radicle and
hypocotyl growth of lettuce seedlings caused by these two plants was reported to be 94.95 and 87.65 percent,
respectively. Also, 13 plants including leaves of Chenopodium album, Prangos ferulacea, Lepidium draba,
Petroselinum crispum, Dianthus barbatus, Convolvulus arvensis, Narcissus tazetta, Heracleum persicum,
Onosma dichroantha, Stellaria media, Brassica cretica, Ipomoea purpurea and Apium graveolense Seeds were
placed in one cluster. This group also had significant growth inhibitory effects. Although their inhibitory effects
were always less than Anethum graveolens and a Cynara cardunculus. The average percentage of radicle and
hypocotyl growth inhibition in these plants with 10 mg of dry plant sample was 79.76 and 62.27, respectively.
This study demonstrated that both the leaf residue of Hypericum perforatum and Hypericum scabrum
significantly enhanced the growth of lettuce seedlings. Even minimal amounts (10 mg of the dried plant sample)
resulted in a remarkable increase in radicle growth by 14.65% and hypocotyl growth by 45.15%. Additionally, at
amount of 50 mg, Pistacia lentiscus gum demonstrated exceptional efficacy, enhancing radicle growth by an
impressive 90%. Among the plants studied in this study, Cupressus sempervirens leaf residues had an inhibitory
effect on radicle growth but stimulated hypocotyl growth. Centaurea behen leaf residues only produced a
growth-stimulating effect (43.3%) on hypocotyl growth at amount of 10 mg, and in other cases, they showed
allelopathic effects in the form of growth inhibition.

Conclusion
This study confirms the reliability of the sandwich method for identifying allelopathic plants and assessing
their properties. It efficiently evaluates a variety of plants with fewer samples and time. The results suggest that
plant residues could be used in organic farming to control weeds. Further research is necessary to identify the
specific allelopathic compounds involved.
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Figure 1- Dendrogram of cluster analysis by Average method for 59 plant samples with 85% similarity
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Introduction

Medicinal plants are very important in modern healthcare, and the demand for them continues to grow.
However, greenhouse production of medicinal plant transplants faces several challenges, including limited light
availability. LED lighting has been introduced as a solution to this problem. An LED lamp, or LED light bulb, is
an electric light used in fixtures that produces illumination through one or more light-emitting diodes (LEDs).
LED lamps have a lifespan many times longer than equivalent incandescent lamps, and are significantly
more efficient than most fluorescent lamps. Experiments revealed surprising performance and production of
vegetables and ornamental plants under LED light sources. Many plant species have been assessed in greenhouse
trials to make sure that the quality of biomass and biochemical ingredients of such plants is at least comparable
with those grown in field conditions. Plant performance of mint, basil, lentil, lettuce, cabbage, parsley, and carrot
was evaluated by assessing overall plant health, vigor, and the effectiveness of LED lighting in promoting
growth. Profuse flowering was also observed in selected ornamental species, including primula, marigold, and
stock.

Materials and Methods

In order to investigate the effect of supplementary LED light on the growth parameters and the amount of
active ingredient in Hypericum perforatum L. “Topaz” cultivar, a research was conducted as two independent
experiments. The research was set up in a completely randomized design with three replications. The first
experiment experienced the extended of day length with 4 hours at the end of the day (started from sunrise to
sunset). LED treatments were started at 10 cm height of the transplants. The second experiment examined the
light types. In this order the considered treatments consisted of four levels of red light (L), blue light (Ly),
combination of 67% red light and 33% blue light (L), white (L4), 100% natural light(Ls), with an intensity equal
to (200 fc). Measurement of traits in the first experiment was carried out at flowering stage. Shoots fresh and dry
weights, number of black nodes, days to flowering, leaf area, total chlorophyll, antioxidant activity, total phenol,
plant height and hypericine percentage were determined within both experiments.

Results and Discussion
The results showed that the simple effect of supplementary combination red and blue light (started from
sunrise to sunset) on growth, morphological, physiological and biochemical traits was significant at 1%
probability level. The highest plant dry weight was detected in L3 in the first and second harvests respectively
(8.63 g, 66.29 g). Also, the highest percentage of Hypericine in the first harvest was obtained for L3 (0.17%).
Measurement of the traits in the second experiment was carried out at the seedling stage. Results showed that the

Authors retain the copyright. This is an open access article distributed under Creative Commons
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simple effect of supplementary combination light (sun exposure and day length increased for 4 hours) had a
significant effect (p<0.01) on growth rate, physiological, morphological and biochemical properties. So that the
lowest number of days to flowering (early flowering) was obtained from L3 treatment (101 day), and the highest
percentage of Hypericin was related to Lj treatment (0.156%). Black node numbers and total phenol content
were increased by 27 and 53 % with supplementary light treatments respectively. Antioxidant activity was also
raised and enhanced from 33 % to 75 % with LED light application. Plant height and total chlorophyll content
were enhanced from 13 to 23 cm and 12 to 22 mg/g FW as well. Regarding studied traits and the obtained results
of the both experiments, the positive effect of applying LED light, red and blue on the growth and biochemical
properties, especially the Hypericine percentage and yield of St. John’s wort is quite evident. Different reactions
were observed in response to supplementary light treatments for St. John’s wort. Most of the enhancements
observed were mainly due to optimized photosynthesis activities and more metabolic production processes.

Conclusion
Regarding studied traits and the obtained results of the both experiments, the positive effect of applying LED
light, red and blue on the growth and biochemical properties, especially the Hypericine percentage and yield of
St. John’s wort is quite evident. It seems that a combination of red and blue light could be suggested for solving
the light limitations and increasing the medicinal plant production for future.

Keywords: Supplementry light, light quality, Hypericum perforatum, Hypericine
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Figure 5- Light quality effecct on the days to flowering of Hypericum perforatum (LSD, p<0.05)
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Figure 6- Light quality effect on the leaf black nodes number per plant of Hypericum perforatum (LSD, p<0.05)
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Figure 7- Black nodes in Hypericum perforatum leaf
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Figure 8- Light quality effect on the total chlorophyll content of Hypericum perforatum leaf (LSD, p<0.05)
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Figure 9- Light quality effect on the hypericin content of Hypericum perforatum leaf (LSD, p<0.05)
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Figure 10- Light quality effect on the transplant fresh aerial weight of Hypericum perforatum leaf (LSD, p<0.05)
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Figure 11- Light quality effect on the transplant stem and leaf dry weight of Hypericum perforatum leaf (LSD, p<0.05)
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Figure 12- Light quality effect on the transplant height of Hypericum perforatum leaf (LSD, p<0.05)
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Figure 13- Light quality effect on the number of leaf black nodes of Hypericum transplant (LSD, p<0.05)
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Figure 15- Light quality effect on the transplant antioxidant activity of Hypericum perforatum leaf (LSD, p<0.05)
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Figure 16- Light quality effect on the transplant hypericin percentage of Hypericum perforatum leaf (LSD, p<0.05)
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Introduction

Light plays a fundamental role in plant growth and development, significantly influencing photosynthesis
and overall plant yield. Various light characteristics, including intensity, quality, and duration, have critical
effects on plant biological processes. The light spectrum can significantly impact plant metabolism throughout
the growth period. The use of LED light not only provides the necessary wavelengths but also reduces energy
loss and allows precise control over the photosynthetic photon flux. LED lighting can be utilized to optimize
plant growth and yield in greenhouse and growth chamber environments. Blue and red light are the primary
wavelengths involved in carbon dioxide fixation and photosynthesis, exerting a significant influence on plant
growth (Cosgrove, 1981; Kasajima et al., 2008). Hyssopus officinalis, a perennial plant belonging to the
Lamiaceae family, is well known for its antimicrobial, antioxidant, and anti-inflammatory properties. This study
evaluates LED light as an alternative to natural sunlight in controlled environments. Previous research has shown
that changes in light quality can significantly affect growth parameters such as plant height, stem length, leaf
length and width, leaf area, and fresh and dry biomass. Optimizing light conditions can enhance plant production
in closed environments, offering economic and scientific potential for the cultivation of medicinal plants. The
objective of this research was to investigate the effects of different LED light spectra on the growth,
physiological, and morphological characteristics of Hyssopus officinalis.

Materials and Methods

To investigate the growth and physiological characteristics of Hyssopus officinalis, an experiment was
conducted using a completely randomized design with three replications and six LED light treatments. The seeds
were sourced from Glass Garden Company. The growing medium consisted of a mixture of 40% cocopeat, 40%
perlite, and 20% vermiculite to provide optimal conditions for plant growth . In the growth chamber, the light
treatments included white (control), 100% red, 100% blue, red:blue (70:30), red:blue (30:70), and red:blue
(50:50). White light served as the control treatment. The LED lamps used in this experiment were 24-watt wall
washers with different light spectra, covering wavelengths from 400 to 700 nm. The light intensity was set at 250
+ 10 umol photons.m2.s7!. The photoperiod was maintained at 16 hours of light and 8 hours of darkness, with
day and night temperatures of 25°C and 20°C, respectively. Following germination, the plants were irrigated
daily with a half-strength Hoagland nutrient solution. Once the plants reached the four-leaf stage, they were
supplied with a full-strength Hoagland solution every other day (20 g in 10 liters of distilled water) at a rate of
100 cc per pot. After five months, morphological and physiological parameters were evaluated. Measurements
included stem, root, and leaf length; leaf width; leaf area; root volume; internode length; number of lateral

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

https://doi.org/10.22067/jhs.2021.61538.0



mailto:nastari@tjamcaas.ac.ir
https://doi.org/10.22067/jhs.2025.90559.1387
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jhs.2021.61538.0
https://orcid.org/0009-0001-6691-8303
https://orcid.org/0000-0001-9336-7466
https://orcid.org/0000-0001-6400-9416
https://orcid.org/0000-0002-9490-2616

VFoF liw) oF o lod ¥ alr o((6555LiS @obloo g pole) SLEL pole 4y pis AYY

branches; fresh and dry weight of roots, stems, and leaves; total plant fresh and dry weight; and chlorophyll a,
chlorophyll b, total chlorophyll, and essential oil yield. Data analysis was performed using SAS statistical
software, and mean comparisons were conducted using the LSD test at a significance level of p < 0.05.

Results and Discussion
The results showed that different light spectra had a significant effect on the growth and physiological
characteristics of the hyssop plant at the 5% and 1% probability levels. The highest fresh and dry weight of
shoot, root, and total plant was recorded under red light. The highest amounts of chlorophyll a (1.11 mg.g™~ fresh
weight) and chlorophyll b (1.89 mg.g™ fresh weight) were observed in plants grown under red: blue (70:30) and
red: blue (30:70) light combinations, respectively. The highest (1.10 mg.g™ fresh weight) and lowest (1.01 mg.g°
! fresh weight) of carotenoid content were found under the red: blue (70:30) and the red: blue (30:70) light
combinations, respectively. The maximum essential oil (1.71%) recorded under red: blue (30:70) combination.
The highest and the lowest antioxidant activity levels were recorded in the red: blue (50:50) and control light

treatments, respectively.

Conclusion

The results showed that different light spectra significantly influenced the morphological and physiological
characteristics of Hyssopus officinalis. Red light increased morphological and growth characteristics properties.
These findings suggested that optimizing light spectra can significantly affected the growth and development of
Hyssopus officinalis, and further studies could explore these mechanisms. The results of this study showed that
use of modern agricultural methods with artificial lighting systems improved the growth and physiological
indices of Hyssop (Hyssopus officinalis). The application of 100% red light and 30:70 red-blue light
combinations is recommended.

Keywords: Growth, Leaf area, Light quality, Total chlorophyll
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Figure 1- The effect of different LED light spectra on the growth characteristics include leaf fresh (LSD=1.80) and dry
(LSD=0.30) weights(I), stem fresh (LSD=1.56) and dry (LSD=0.64) weights (II), root fresh (LSD=0.37) and dry (LSD=0.09)

weights (I1I), shoot fresh (LSD=3.15) and dry (LSD=0.50) weights (IV), and total fresh (LSD=2.96) and dry (LSD=0.50)
weights of whole plant (V) of Hyssopus officinalis
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Figure 2- The effect of different LED light spectra on the Leaf area (LSD=37/56) of Hyssopus officinalis
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Table 4- ANOVA for the effect of different LED light treatments on the phytochemical characteristics of Hyssopus officinalis
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Figure 3- The effect of different LED light spectra on the photosynyhetic pigment contents: chlorophyll (LSD=0.30) a (I),
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Figure 4- The effect of different LED light spectra on the antioxidant activity (LSD=1.17) of Hyssopus officinalis
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Introduction

High nitrate concentration in vegetables is a major threat to human health. Selenium is an essential element
for human health due to its effect on plant growth and development and its presence in antioxidant systems. The
consumption of vegetables has been emphasized by nutritionists and is increasing due to their high nutritional
value, as well as the provision of fiber and antioxidant compounds. For this reason, many vegetables, especially
fresh vegetables, are considered to be essential as daily food for human. To solve the problem of nitrate
accumulation in crops, it is recommended to provide solutions such as: selenium element feeding or using
ammonia-based fertilizers. Selenium is essential as a cofactor for the formation of essential enzymes glutathione
peroxidases, which are present in all living tissues. This enzyme reduces cellular peroxides and prevents harmful
oxidation in the cell. Reactive oxygen species such as hydroperoxides and hydrogen peroxide are also
deactivated by these enzymes. On the other hand, calcium nitrate is one of the important fertilizers in agriculture,
which helps to improve the growth and quality of products, especially vegetables, due to its nitrogen and calcium
content. The use of calcium nitrate can help reduce problems such as fruit rot and increase plant resistance to
diseases and various types of stresses.

Materials and Methods

This research was conducted at the Chaharmahal and Bakhtiari Agricultural and Natural Resources Research
Center, Shahrekord, in 2022-2023. The experiment was conducted in a completely randomized block design
with 7 treatments in three replications. The treatments included sodium selenite at three levels (5.0, 1.0, and 1.5
mM) and calcium nitrate at three levels (5, 10, and 20 mM) and the control treatment. Each experimental unit
contained 3 plants. After foliar spraying and applying treatments with sodium selenite and calcium nitrate, plant
samples were collected and transferred to the laboratory. After two months of spinach growth (early July),
various plant growth parameters were evaluated, including fresh and dry weight of roots and shoots, leaf area,
plant height, and number of leaves. Several biochemical traits were also measured, such as chlorophyll a,
chlorophyll b, total chlorophyll, carotenoids, antioxidant capacity, total phenolic content, total flavonoid content,
nitrate content, nitrate reductase activity, and selenium concentration in the leaves. Data were analyzed using
analysis of variance (ANOVA) in the Statistical Analysis System (SAS) version 9.4 (SAS Institute Inc., Cary,
NC, USA). Mean comparisons were performed using Duncan’s multiple range test at a significance level of p <
0.05.

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

Based on the results, foliar application of sodium selenite and calcium nitrate had a significant effect on the
amount of chlorophylls a, b, total and carotenoids. The results showed an increase in the amount of chlorophyll
a, b and total and total carotenoid with increasing the amount of calcium nitrate. Also, the highest levels of
chlorophylls a, b and total and total carotenoids were obtained for the treatments of sodium selenium 1 and 1.5
mM. Moreover, the lowest amount of chlorophylls a, b and total and total carotenoids were obtained for the
control and 0.5 mM. The highest amount of total phenols, antioxidant activities were observed in the treatment
of 20 mM calcium nitrate and 1.5 mM sodium selenite. Also, the highest content of nitrate reductase enzyme
activity was obtained in the treatment of 20 mM calcium nitrate and 1.5 mM sodium selenite. The highest
amount of nitrate was obtained in the control treatment and the highest amount of selenium was obtained for the
treatment of 1.5 mM sodium selenite.

Conclusion

In this study, the effect of foliar application of sodium selenium and calcium nitrate on nitrate accumulation
in spinach was investigated. In general, the results of this research showed that although selenium is not an
essential element for plants, it can be used in different concentrations, especially in a concentration of 1.5 mM
with the concentration of calcium nitrate by 20 mM to increase chlorophyll pigments in leaves. According to the
results, foliar application of sodium selenite had a reducing effect on nitrate accumulation and an increasing
effect on nitrate reductase enzyme activity and selenium accumulation inside the spinach plant. Therefore, foliar
application of 1.5 mM sodium selenite is recommended for the production of spinach with the maximum amount
of antioxidant compounds, selenium and the minimum amount of nitrate accumulation which can be effective in
increasing the growth of the plant, and as a result, increasing amount of photosynthesis and carbon fixation,
which ultimately leads to increasing the growth rate of spinach.

Keywords: Antioxidant activity, Biochemical, Carotenoid, Nitrate reductase enzyme, Treatment
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Table 1- Physical and chemical properties of the soil at the experimental site
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Table 3— ANOVA for the effect of foliar application of sodium selenite and calcium nitrate on the content of
chlorophyll a, chlorophyll b, total chlorophyll, and total carotenoids of spinach plants
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Figure 1- Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the chlorophyll a content of spinach
plants (DMRT, p< 0.01)



FOO o Ul Oy g g ol raaedS g i i (S0 Jokxo il oo )50 g (oo 43

0.7

0.6

0.5

0.

SN

0.

w

Chlorophyll b (mg.g %)

0.

(5 0139 25 52 25 M0) D by, k8
N

0.

[y

25

(55 0139 05 52 015 o) JS Judg 5

Total chlorophyll (mg.g 1)

dow

bl MU,NM&—")WMU'WMM‘ Wl ) S Wl v w C

°

\

Y «/o ) V/e

(5¥90 ohwe) Cosdas a5 i oandS” il
Concentrations of calcium nitrate and sodium selenite (ML Molar)

ool LS b Judy IS (slgie 2 (NC) 1 yisi gl 3 (SC) Cibos w5y Jolomo 51— S5
Figure 2— Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the chlorophyll b content of spinach
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Figure 3— Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the chlorophyll b and total
chlorophyll contents of spinach plants (DMRT, p< 0.01)
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Figure 4-Effect of foliar application of sodium selenite (SC) and calcium nitrate(NC) on the total carotenoids content of
spinach plants (DMRT, p< 0.01)
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Table 4— ANOVA for the effect of foliar application of sodium selenite and calcium nitrate on the
content of total phenols, total flavonoids, and antioxidant activity of spinach plant
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Figure 5- Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the total phenol content of spinach
plants (DMRT, p< 0.01)
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Figure 6— Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the total flavonoid content of
spinach plants (DMRT, p< 0.01)
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Figure 7— Effect of foliar application of sodium selenite(SC) and calcium nitrate (NC) on the antioxidant activity of spinach
(DMRT, p=< 0.01)
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Table 5- ANOVA for the effect of foliar application of sodium selenite and calcium nitrate on the
activity of nitrate reductase enzyme in spinach plant
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Figure 8- Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the nitrate reductase activity in
spinach (DMRT, p< 0.01)
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Table 6— Results of variance of the effect of foliar application of sodium selenite and calcium nitrate on the
nitrate and selenium content of spinach plants
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Figure 9— Effect of foliar application of sodium selenite (SC) and calcium nitrate(NC) on the nitrate concentration of spinach
(DMRT, p< 0.01)
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Figure 10- Effect of foliar application of sodium selenite (SC) and calcium nitrate (NC) on the selenium concentration of
spinach (DMRT, p< 0.01)
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Introduction

Walnut is one of the most important economic crops in Iran and worldwide. Among the climatic factors that
influence the selection of suitable sites for walnut (Juglans regia) cultivation, spring frost is particularly
significant. Most of the walnut planting areas in Iran are mostly in the areas that have damaging colds in spring.
The largest area under walnut cultivation in Iran is concentrated in the mountain hills and heights of the Zagros
and Alborz mountain ranges. Every year, walnut production is limited by spring frosts, which, in addition to
reducing production, can also damage sensitive plant tissues. Frost damage is one of the cases that are subject to
compensation from the Agricultural Insurance Fund. Due to the high economic value of this product, an
accurate, fast and low-cost estimation is necessary to evaluate the damages caused by this phenomenon on the
walnut product. In this regard, in order to plan for the accurate calculation of the amount of compensation to the
insurer, the insurer needs comprehensive information, so that it can estimate the performance losses caused by
various factors. Remote sensing methods for frost monitoring using vegetation indicators are very efficient and
effective. Therefore, this research examines spring frost damage by providing a quantitative index.

Materials and Methods

In this research, frost damage of the Agricultural Insurance Fund was used for walnut trees. The damage
assessment was presented over a period of nine years. Vegetation index values extracted from Landsat and
Sentinel-2 images have been used to overcome adverse weather conditions. Each of the vegetation indicators has
different noises such as light changes during the day, wind speed, temperature, sun angle, etc. In order to smooth
the indices, Savitzky-Golay filter was used. This filter was calculated with window size 11 and degree 2. In this
filter, choosing the window size and degree is very important, because the small window size and degree cause
noise to remain in the data, and if the window size and degree are chosen large, they lead to the loss of
information related to vegetation indices. Meanwhile, choosing the reference year for comparison with other
years was of particular importance. According to the consistency of the filtered indicators and the damages
reported by the Agricultural Insurance Fund, the reference year was determined. The Spring Frost Damage Index
index was presented in each year using the filtered values of the relevant vegetation indices, between the
reference year and other years. In general, the enclosed area of the two curves between the intersection points at
the beginning and the end has indicated the values of the SFDI index in each year.

Results and Discussion
The relationship between Spring Frost Damage Index (SFDI) index and damages was done through 2nd

Authors retain the copyright. This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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degree polynomial model and linear regression. The status of the SFDI index compared to the estimates of the
agricultural insurance fund for all villages was investigated through two polynomial models of the 2nd degree
and linear regression. The accuracy of the regression model was evaluated with criteria such as: r, RMSE, P-
value. The value of r indicates how well a model can predict the value of the dependent variable in percentage
terms. The higher the value of r, the better the model. RMSE values indicate how well a regression model can
predict the value of the variable. The quantity P-value shows the significance of two independent and dependent
variables, and values less than 5% indicate the existence of a relationship between two variables at a significant
level of 95%. It is useful to calculate all three quantities for a given model, as each measure provides useful
information. Spring frost damage index based on Normalized Difference Vegetation Index vegetation index with
correlation coefficients of r = 0.927 and r = 0.823 were able to estimate the damage. Finally, the maps of spatial
distribution and spring frost damage showed a good fit with the damage reported by the Agricultural Insurance
Fund.

Conclusion
The SFDI index has demonstrated a positive role in assessing frost damage. The spatial distribution results of
the SFDI index further confirm its effectiveness, showing that as the index value increases, the percentage of
frost damage reported by the Agricultural Insurance Fund also rises. Overall, the findings indicate that this index
evaluates the impacts of spring frost accurately and efficiently and shows a strong correlation with reductions in
crop yield.

Keywords: Satellite images, Spring frost damage, Time series, Vegatation index
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Introduction

Almond is a commercial and important nut fruit known as Prunus dulcis, a species of Prunus of the Rosaceae
family. The nutritional value of almonds as well as the presence of oil, protein, fiber, minerals and biologically
active compounds have made almonds Nutrionally, industrially and medicinally important. In most traditional
orchards in Iran, almonds are propagated from seed, which has contributed to the high genetic diversity of this
species. The introduction and production of superior cultivars depends on the careful selection of plants, which
requires knowledge of the cultivars and their diversity. Cross-pollination in almond increases genetic diversity in
cultivated species. Creating an orchard by selecting grafted genotypes on suitable rootstocks for sustainable
cultivation of almonds is particularly important (Babadai et al., 2017). The aim of this research is to evaluate the
phenotypic diversity of 44 promising genotypes that were grafted on GF677 rootstock, using the vegetative,
quantitative and qualitative characteristics of nuts and kernels in order to select superior genotypes. A great
diversity was observed in the morphological and pomological characteristics of 60 almond genotypes by
Ardjmand et al. (Ardjmand et al., 2014). Many researches (Mousavi et al., 2010; Asgari & Khadivi 2021;
Heidari et al., 2022; Beigi & Khadivi, 2023) have been conducted on the selection of superior cultivars by
examining the morphological, nut and kernel characteristics.

Materials and Methods

In this research, 44 promising almond cultivars and genotypes on GF677 rootstock were investigated in terms
of various vegetative traits, nut and kernel characteristics. Experiment on 44 almond genotypes prepared from
Karaj and grafted on GF677 rootstock, in March to September 2024 in the form of randomized complete block
design in three replications at the almond research station in Saman region affiliated to the Chaharmahal and
Bakhtiari Agricultural and Natural Resources Research and Education Center was conducted on 5-year-old trees.
Vegetative traits of tree height, canopy length, canopy width, and branch length were measured by meter in the
garden, and rootstock diameter, scion diameter, and branch diameter were measured in the garden with calipers.
In order to measure nut and kernel traits, 100 fruits were harvested from each of the cultivars and genotypes, and
their green shell was separated and dried. Measurement of traits such as length, width, diameter of nut and kernel
was done by digital caliper and weight of nut and kernel was measured by digital scale with accuracy of 0.01.
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Coding of some traits was done based on almond descriptor (Gllcan, 1985) with some changes. The data
obtained from the experiment were analyzed using SAS software (version 3.1.9). To compare the means, LSD
least significant difference test was used at the 5% probability level.

Results and Discussion

The results of analysis of variance for the evaluation of vegetative traits showed that there was a significant
difference between promising cultivars and genotypes in terms of tree height, canopy length and canopy width,
one-year branch length, canopy length-to- canopy width ratio, and canopy height-to- canopy length ratio at the
1% probability level. The results of the analysis of variance showed that between all cultivars and genotypes
grafted on GF677 rootstock in terms of length, width, diameter and weight of nuts, length, width, weight and
diameter of kernel, shell thickness, double kernel, percentage of blank kernel, kernel color and shrinkage of
kernel, shell hardness, suture opening of the shell, percentage of kernel, kernel width/kernel length ratio, kernel
thickness/kernel length ratio, kernel thickness/kernel width ratio and kernel weight/nut weight ratio have
significant differences. Based on the obtained results, the genotypes 4-4, TS-11, H, 2-3-2, 2-0-4 according to the
valuable and commercial properties of almonds, including yield, kernel percentage, shell hardness, percentage of
blank kernel, kernel weight, suture opening of the shell, double kernel, shell thickness, kernel color and most
importantly late flower were genotypes with relative superiority in terms of nut and kernel traits. According to
the results, the 4-4 genotype grafted on the GF677 rootstock with yield of 750 gr, 51% kernel percentage, hard
shell, excellent seal suture opening of the shell, very light kernel color, late flowering, flowering on spurs and
one year old shoots, the low of double kernel and low percentage of blank kernel seems to be one of the
relatively good genotypes for Chaharmahal and Bakhtiari region. In the study of Mousavi et al., 2010, by
examining the quantitative and qualitative characteristics of 55 varieties and genotypes of almonds, reported that
all quantitative and qualitative traits in the genotypes have significant differences, which is in line with the
results of this research.

Conclusion

Based on the results of this study, significant variation in morphology, phenology, and pomology was
observed among 44 promising genotypes grafted onto GF677 rootstock. This variation is of great importance in
selecting superior cultivars that are adapted to environmental conditions, as well as in selecting high-yielding
genotypes. Chaharmahal and Bakhtiari province, with its specific climatic conditions, requires varieties that are
adapted to these conditions. The climatic conditions of this region include hot and dry summers and cold
winters, so varieties that are resistant to cold and drought should be selected, especially varieties whose
flowering date is such that they are safe from the risk of spring frost. Based on the obtained results, the
genotypes 4-4, TS-11, H, 2-3-2, 2-0-4 according to the valuable and commercial properties of almonds,
including yield, kernel percentage, shell hardness, percentage of blank kernel, kernel weight, suture opening of
the shell, double kernel, shell thickness, kernel color and most importantly late flower were genotypes with
relative superiority in terms of nut and kernel traits. According to the results, the 4-4 genotype grafted on the
GF677 rootstock with yield of 750 gr, 51% kernel percentage, hard shell, excellent seal suture opening of the
shell, very light kernel color, late flowering, flowering on spurs and one year old shoots, the low of double kernel
and low percentage of blank kernel seems to be one of the relatively good genotypes for Chaharmahal and
Bakhtiari region.

Keywords: Flowering time, Pomology, Superior genotype, Vegetative rootstock, Yield
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Table 1- Promising almond genotypes used in this study
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Table 2- Traits, abbreviation, unit and measurement method in the investigated almond genotypes

. . Codle -
8 ylows Cho " sy & 3503151 dlwg
Number Attribute 2 o Unit Measurement method
Abbreviation
1 2 ) H cm e
Tree height Meter
2 CE by g6 Job CL cm o
Canopy length Meter
3 B hds gl oye CcW cm o
Canopy width Meter
4 4l b3 RD mm S
Rootstock diameter Calliper
5 S Nge s SD mm S
Scion diameter Calliper
6 @la Jsb BL om -
Branch length Meter
7 ol k2 BD mm wrsf
Branch diameter Calliper
8 Cép s gl pose a4 Jsb s CL/CW ) 8 g gl poye & 8 b gb g
Canopy length/crown width ratio Canopy length/canopy width
9 CE 0 by g6 Jsb 4 gl Cus TH/CL } CE > Sy g6 Jsb 4 <) gl
Tree height/canopy length ratio Tree height/canopy length
10 eSS g NL mm S
Nut length Calliper
11 g S 2y NW mm S
Nut width Calliper
12 ogpa Sl Cualod NTH mm S
Nut thickness Calliper
13 °9f-"°‘—§":55 09 NWT g JL"’E'A d?)‘):
Nut weight Digital scale
14 059 KWT g Jboud ol
Kernel weight Digital scale
15 e s KL mm S
Kernel length Calliper
16 Fo 08 KW mm g
Kernel width Calliper
17 ol KTH mm S
Kernel thickness Calliper
18 (NR1) ograsiis Jsbo oy (5,8 o NW/NL _ oSS Job & ograSid 100
Nut width/nut length ratio Nut width/nut length
19 (NR2) ogpocSeis Jobo & cnliins s NTH/NL i sgracSuid Job & 0guecSuld Caslsis
Nut thickness/nut length ratio Nut thickness/nut length
20 (NR3) sgocSiis (6,0 4y calbes o NTH/NW ) 0900 SuiS (45 )E 4 dgraSuid el
Nut thickness/nut width ratio Nut thickness/nut width
21 g dhag, Sl STH mm S
Shell thickness Calliper
=0 b =V dawgio =0 (S =V ¢ o5l8g> A8 =)
22 ststos> DK code 3bj ks
Double kernel 1= no double kernel, 3 = little, 5 =
moderate, 7 = high, 9 = very high
Bio diges 10 Sgr (glajae dlaws
@ 909 )2 S 9 Sjre
23 S 22 PBK % The number of blank kernel in a 100

Percentage of blank kernel

kernels
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Continue table 2- Traits, abbreviation, unit and measurement method in the investigated almond genotypes
. . Codle 3
8 lows Cdwo " asly S 503100 duwg
Number Attribute $) o Unit Measuring instrument
Abbreviation
24 e EY) KClI code oy L;Lé = 0y =V ‘]““’9:“" =0 gy =V by LS"" =)
Kernel color 1=very light, 3=light, 5=medium, 7=dark, 9=very dark
25 o SaSse sk code TS Y st (SaS5 =D o (SaSop =Y (Saye 86 =)
Shrinkage of kernel 1=no shrinkage, 3 = slightly wrinkled, 5 = intermediate, 7 = wrinkled
26 S5 Gy H code S RS = s 4 =D s =Y s 5 )
Shell hardness 1=very hard, 3=hard, 5=semi-hard, 7=thin, 9=papery
27 Syl (59) SIS 9. SOS code }lf:a ‘)L' Ao=Y =)
Suture opening of the shell 1= excellent seal (no openings), 3= open (about 2 mm), 5= very wide
28 xe duopd PK % 0900 Sl DAs Mo ) jxe DAs Mo (39
Percentage of kernel Weight of 100 kernels /weight of 100 nuts
(KR1) jio Jobo 4 (2 ) s y s
29 . KW/KL _ » J?lo L re o ye
Kernel Wldtrt;{:?rnel length Kernel width/kernel length
(KR2) o Jobo & coolses s o e s e b
30 Kernel thickness/kernel KTH/KL - - .9b o
length ratio Kernel thickness/kernel length
(KR3) 520 (556 4 Coolbus Cuns . e e
wl?uo
31 i i i KTH/KW - P o2 e
Thickness/kernel width ratio Kernel thickness/kernel width
kernel
0950 SiS (g 2 S0 (g Caped
KNR 05 SLS ()9 4 20 ()
32 (KENR) KWTNWT - St g & 5 0y
Kernel weight/nut weight Kernel weight/nut weight
ratio
33 3, os g wialel soly o 0gie SIS (g (ke
Yeild Mean nut weight per experimental unit
9> =V gl ) ol (59 e =V {23 (o) oSy 55 (g9 i =)
Bk le (bl o) Hgel 9 4515
34 Bearing habit (flowering code 1=most flower buds on one year old branche (shoot type),
hanit) 2=most flower buds on spurs(spure type),
3= flower buds both on one year old branche and spurs ( mixed type)
U lawgio =5 cawgio =0 cawgio U095 =¥ gj =V wgj U dgj (s =Y g5 (L =)
¢ s 20 b =0 0 (LS U o =A =Y g
35 “MJ_S o code - - _ - ; ;
Flowering date 1=extremely early, 2=very early, 3=early, 4=early/intermediate,
5=intermediate, 6=intermediate/late, 7=late, 8= very late,
9=extremely late
s o 23 =0 =V dawgio =0 04 =Y @) S =)
36 ) O code 1=extremely early, 3=early, 5= medium, 7=late,

Maturity date

9= extremely late

Y Jsiz) 2l 242 Cutn § Galisie pdlie (gl plB)] L]
Blzee (slacuis) 3 (hig) Slho (1Nke auglie @S el
Wlo aingy Olao ioli8l e glite GFETT a4l (59 00bXgun
ol slocisy By > 51 Jsb 5 g6 Jib iy gl

S5 s Sy il oUWy 0 GFBT7 wl (o) olddigy
(Picaetal., 2021) wib s

gy ol
om &S b s gy Olae 2Ll wibyly wies mls

Job @b pye 9 Job iy )l a5l pisul slacuss)
b Jobo 4 el Cuns 5 26 (25 4 Jsb s by 3L5

O sl dgrg oy K Jlin] e (gl pxe gles
Ol gl wwyp 3yse Slas  gal sxmd Ll gl



PAY

VPP oo oF o)l ¥4 alr (65,0L8S @alio g pale) (Ll pole 4 20

K1aAnoadsar ‘sjaad) Arjiqeqoad ay) Jo 941 pue 946 Ayl Je JuBdIUIS :
* el o g ol oo <0 72 cComr € B oo

s . ; . ; ; ; ; (%) AD
¢¢l 61°¢l 81 CLT 96l ol 1€°€T orel 961 oo (o
10117]
Se0°0 8810°0 [y 43 el ¥6°68 6576 SII8I1 YL'ST8 0'81CI 98 -1
adKyjouon
*%C80°0 *xSV0°0 S9°LE *xS'CCS ySTL £7°68 *x¥0°600C *xV1'STLI *x06'850C 34 (vt
. . . 3}201d
#%C00°0 20000 S yas #xVOLIT1 LTTLL 18°96C €0 ILEL LY €101 crelll (4 ¢
P3ud| ppim Ado
Adoued/)ysy  ued/YI3uUI| i
I J3joureIp ISud| uong J3)owreip PIpIM ISud| S0y 991
NI, Adoue) youeag youeag ~ 39035100y Adoue) Adoue) : JP
0 92 30 a2 Foer . Fad et —
fa 7% e e PP e AR ¥ 92 g2 TEE T e = e
e (Con3 v aaasmB-1\1 ol : e e
il - S ki ‘<
saaenbs jo uedy
Ans™? ol

39035300.1/ /945 Y} uo pajjess sadL)ouds puowije suisiuoad p Jo sjea) 9AREIIZA Y} 10§ VAONY -€ 148 L
S0 (- ol §F e ome (6 33 (b ehS |oriey® Qe Ferera (657 Qv L1040



PAD . (g Oluogas el (Prunus dulCis L) sleb gisuosel sl gl bl colySon g sgwen

GF677 a3y (59, @Iok (Adunal caigiy €€ (oalng) Slino —€ Jgun
Table 4- The vegetative traits of 44 promising almond genotypes grafted on the GF677 rootstock
cappls, EUJE glohe Slosb
Canopy Canopy Branch

i 55 TV ooy @ dsb Comd U Jsb 4 gl ) Comd

Tree height ; Canopy Tree height/canopy
Genotype (cm) I(zgr%t)h Vgé(rjr? I?Qr%t)h length/canopy width length
H 192.33a-e* 171.33a-f  175.67a-e 41.5¢-j 0.99¢-g 1.13b-i
D 156.67a-e 187a-c 164.33a-f 60.9a-d 1.14b-d 0.85hi
TS-21 184.67a-e 152.67b-i 132.33b-f 38.03e-k 1.17b-d 1.22a-h
4-14 165a-e 160.67a-i 195.67a-c 34.03e-k 0.85e-g 1.06d-i
TS-14 223.67a 162.67a-h 142.67b-f 40.97d-j 1.16b-d 1.38a-e
A8 149.67b-e 105.33hi 101f 31.23f-k 1.06¢c-g 1.45a-c
B8 197a-e 178a-e 197.67ab 21.2i-k 0.9d-g 1.11b-i
Saba 165.33a-e 139c-i 141.33b-f 38.97d-k 0.99¢c-g 1.19a-i
2-3-2 126.33e 159.67a-i 146.33b-f 28.5f-k 1.09¢c-g 0.82i
TS-11 208.67ab 160.33a-i  174.33a-e  46.53b-h 0.92d-g 1.3a-f
TS-22 182.33a-¢ 141.33b-i  144.67b-f  49.83b-g 0.97c-g 1.33a-f
3-1-15 210.33ab 150.67b-i 152.67a-f  50.93b-f 1.04c-g 1.37a-e
13-40 147.67b-e 134c-i 120d-f 20.73jk 1.12b-e 1.16b-i
TS1 154.67a-e 133.67c-i 161.67a-f  22.63i-k 0.83g 1.16b-i
8-35 131de 111.67g-i 103.67f 30f-k 1.09¢-g 1.22a-h
16-30 176.33a-¢e 199ab 140b-f 49.6b-g 1.42a 0.89¢g-i
85 146.67b-e 132c-i 119.33d-f 25.6h-k 1.12b-e 1.15b-i
100-1-5 190.67a-e 173.33a-f  127.33c-f 35.5e-k 1.37ab 1.1b-i
35 157.67a-e 146.67b-i 149b-f 26.4h-k 0.99c-g 1.08c-i
B6 223a 181.33a-d 165a-f 63.2a-c 1.11b-f 1.23a-h
2-29 207.33ab 155a-i 140b-f 41.43c+j 1.17b-d 1.33a-f
100-1-1 197.33a-e 171.67a-f  159.67a-f 38.5e-k 1.08c-g 1.13b-i
2-0-4 165.67a-e 128.67c-i 127c-f 53.9b-e 1.05c-g 1.32a-f
4-4 161.67a-e 121.33e-i 117.33ef 28.57f-k 1.03c-g 1.37a-e
TS-6 203.33a-c 211a 219a 78.3a 0.97c-g 0.96f-i
3-1-4 170a-e 166a-g 156.67a-f 55.1b-e 1.08c-g 1.02e-i
Fragnes 157.67a-e 118.33f-i 123.33d-f 39.1d-k 0.97c-g 1.33a-f
17-FM 211.67ab 152.67b-i 155a-f 45.37b-h 0.99¢c-g 1.38a-e
TS-18 211ab 166.67a-g 151.67a-f 63a-c 1.12b-e 1.28a-f
D2 205.33ab 143.33b-i  142.67b-f  33.97e-k 1.01c-g 1.47ab
Aydin 184.67a-e 146b-i 151.67a-f 67ab 0.96¢-g 1.27a-f
TS-30 167.33a-e 148.33b-i 153a-f 45.73b-h 0.97c-g 1.15b-i
1306 211.33ab 137.33c-i 115.33ef 43.13c+j 1.21a-c 1.55a
AH2 198.33a-d 186a-c 167.67a-f 46.77b-h 1.11b-g 1.06d-i
721 171a-e 141.67b-i 140.33b-f 49.63b-g 1.03c-g 1.21a-h
108 186.33a-¢ 158a-i 189a-d 35.13e-k 0.85e-g 1.15b-i
Azar 160.67a-e 151.33b-i 149b-f 28.23g-k 1.02c-g 1.07d-i
Araz 170.33a-e 163.33a-h 157.67a-f 35.17e-k 1.03c-g 1.05d-i
Yalda 156.33a-¢e 137.67c-i 133b-f 34.83e-k 1.05¢c-g 1.15b-i
Aydin(2) 186.33a-e 140.67b-i 171a-f 37e-k 0.83fg 1.34a-f
Shamshiri 132.67c-e 103.67i 121.67d-f 18.07k 0.9d-g 1.3a-f
AY 160.67a-e 114.67f-i 117.67ef 43.43c-i 0.98c-g 1.41a-d
AN2 144b-e 123.67d-i 105.67ef 29.73f-k 1.14b-d 1.27a-g
AN4 214.67ab 151.67b-i 167a-f 34.1e-k 0.93c-g 1.42a-d
g ST ol 56.64 46.64 55.78 17.93 0.22 03
LSD 5%

25,055l i gl o yd iy Jlesn] grdaw ;5 LSD g0l (bl cdiil o Syt Byn o Bl ) 48 (oim p 50 (ol pwSibie
* Means, in each column, followed by at least one letter in common are not significantly different at the 5% of probability level-using

LSD Test.
L;Lmﬁsy’j 5 OT u))a«o.f 9 TS-6 Gy EU J9]o O3 i 3- 1306 A17-FM TS-18 :AN4 TS-14 .B6 ‘_;Lm%}yj
TS-6 du%yj .(\‘ Js.\;) Mo odalie A8 9 Shamshiri 2- L;Lm%.sgj § Sy &Lé.';)l ON i D2 3 2-29 TS-11 1-15

oy 5 6l Jdb iy D g B6 TS-18 Aydin (f Jsis) azils |, glis,) oy yzeS Shamshiri o 8-35 3-2
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Co g (1=210) Jo jlad (1=+17) 320 (20 b ()3 dme g it
rop Ky Jlaisl gl > (1=10) sge S5 Jgb 4 (o
B b gyl dne g Cute (Sed jre (2)e () JS) B Las
gaw 53 (1=/0) oge Sis Job & (5)e Cuni g (1=+/0) jia
e g g it Slio () S) oy ol soyy K Jless]
Oy Wbl oo (BLBCS) S ingh 3 (e (aLE @l
5 Jpae olisn ool Ll il o gl 55 oppnSits
And e ol ook Slias cgylol wile EL oS o e
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Continued table 6- Mean comparison of some nut , kernel and yield traits of 44 genotypes of almond grafted on GF677

U (5SSle
Averages
e . & g s ool G 4 ool s O
TP o do)d y iy o SWS (359 4 s Slos
Genotype  percentage ot o dgb & P02 > :
of kernel Kernel Kernel Kernel 9+ Yield
(%) width/kernel  thickness/kern  thickness/kernel Kernel @)
length ratio el length ratio width ratio weight/nut
weight ratio
H 60.1 b-d* 0.76 ab 0.4a-g 0.55 ¢-j 0.7 a-c 696.7 c-f
D 39.3fj 0.68 a-g 0.44 a-d 0.68 b-d 0.5¢cj 131.7 m-p
TS-21 30.6 j-0 053 f 0.23 gh 0.44 ij 0.31] 890 a-c
4-14 27.8 k-0 0.7 af 0.37 a-h 0.55 -] 0.38 g+ 393.3 g-|
TS-14 28.8 k-0 0.56 e-i 0.44 a-c 0.84a 0.39 g-j 321.7i-0
A8 317i-0 0.55 e-i 0.25 f-h 0.45 h-j 0.32] 365 h-m
B8 44.8 e-g 0.62 a-i 0.37 a-h 0.62 b-h 0.57 b-h 125 m-p
Saba 34.3 i 0.52 g-j 0.25e-h 0.5e-j 0.35 h-j 80.4 op
232 45.7 f 0.51 g-j 0.26 e-h 0.51 d-j 0.46 d-j 95.3 op
TS-11 24m-0 0.77 ab 0.46 ab 0.65 b-g 0.4 f 975 ab
TS-22 52.7 c-e 0.49 h-j 0.35a-h 0.74 ab 0.64 b-e 58 p
3-1-15 62.4b 0.72 a-e 0.38 a-h 0.55c-j 0.72 ab 428.4 g-1
13-40 27k-0 0.63 a-i 0.39 a-h 0.66 b-e 0.43 e-j 425 g-l
TS1 33.6i-m 0.58 d-i 0.3 b-h 0.51 d-j 0.34 ij 341.7 i-n
8-35 35.5 g-k 0.78 ab 0.49a 0.68 b-d 0.46 d-j 601.7 d-h
16-30 28.1 k-0 0.53 f.j 0.25 f-h 0.48 f-j 0.28] 2217 j-p
85 30.3j-0 0.7 a-f 0.41 a-f 0.62 b-h 0.4 1 341.7 i-n
100-1-5 35.7 gk 0.68 a-g 0.42 a-f 0.65 b-g 0.48 d-j 631.7 d-g
35 314i-0 0.56 e-i 0.26 e-h 0.47 h-j 0.31] 195 k-p
B6 30.3j-0 0.76 a-c 0.38 a-h 0.52 c-j 0.43 e-j 1050 a
2-29 44e-h 0.63 a-i 0.27 c-h 0.43] 0.74 ab 380 h-1
100-1-1 31.6 -0 0.8a 0.42 a-f 0.56 c-j 0.44 e-j 183.3 I-p
2-0-4 779a 0.58 c-i 0.38 a-h 0.68 b-d 0.88a 511.7 e-i
4-4 51de 0.62 a-i 0.28 c-h 0.44 ij 0.57 b-h 753.3 b-e
TS-6 31.8i-0 0.64 a-h 0.4a-g 0.65 b-f 0.42 e-j 308.4 i-0
3-1-4 56.7 b-d 0.64 a-h 0.42 a-f 0.69 bc 0.67 b-d 425 g-l
Fragnes 525 c-e 0.61 b-i 0.36 a-h 0.6 b-j 0.59 b-g 410 g-l
17-FM 23.5n0 0.68 a-g 0.36 a-h 0.56 c-j 0.33] 778.3 b-d
TS-18 40.7 f-i 05gj 0.27 d-h 053¢ 0.41 f-j 1183 n-p
D2 449 e-g 0.62 a-i 0.28 c-h 0.45 h-j 0.45 e-j 750 b-e
Aydin 24810 0.52 f-j 0.31 b-h 0.6 b-j 0.35 h-j 686.7 c-f
TS-30 28.2 k-0 0.67 a-h 0.4a-g 0.62 b-h 0.4 1 728.3 c-e
1306 26.9 k-0 0.56 e-i 0.25 e-h 0.46 h-j 0.27 816.7 a-d
AH2 34.6 h-l 0.68 a-g 0.43 a-e 0.66 b-e 0.45 e-j 699.3 c-e
721 61.4 bc 0.51 g-j 0.3 b-h 0.6 b-j 0.62 b-f 343.3i-n
108 35.4 gk 0.54 - 0.29 b-h 0.54 ¢-j 0.36 h-j 451.7 f-]
Azar 36.1 g-k 0.57 e-i 0.31 b-h 0.55 ¢ 0.36 h-j 5233 e
Araz 56b-d 0.45 ij 0.25 f-h 0.55 c-j 0.56 b-i 406.7 g-l
Yalda 295 j-0 05gj 0.24 gh 0.47 g-j 0.3] 4033 g-l
Aydin(2) 2230 0.75 ad 0.42 af 0.6 b-j 0.34 ij 4367 g-k
Shamshiri 33.2i-n 0.53 f-j 0.26 e-h 0.49 e-j 0.33] 741.7 b-e
AY 30.4 j-0 0.58 c-i 0.26 e-h 0.44 ij 0.31] 118.7 n-p
AN2 28.4 k-0 0.37] 0.22h 0.56 C-j 0.38 g-j 201 k-p
AN4 23.6 M-0 0.66 a-h 0.39 a-h 0.61 b-i 0.39 g-j 426.7 g-|
LSD 5% 8.13 0.14 0.13 0.13 0.18 245.16

25,15 5l5 gxe @9ls duoyd iy Jlets] a5 LSD 9051 wlaly il o S jte By Sy JBlis o) 48 gty 50 (ol pwSibie
* Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level-using
LSD Test.
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Figure 1- Heat map of the correlation between the measured vegetative, nut and kernel traits of 44 almond genotypes grafted on the GF677 rootstock



PAD o (imgy wlwogas wlely (Prunus dulcis L) elol sicosel sbew 955 b5yl colySKad 5 (sguogo

Al ol Jus o5 el 5 SLadlos S sl (el Ign
» @dlbs oyl bl b sllae (Khadivi-Khub & Osati, 2016)
3-1- 1306 A17-FM TS-18 AN4 TS-14 B6 clacuiy;
5 Jsb oyt «cd> glis)) oy ynie D2 4 2-29 TS-11 (15
TS-6 g o 6ls Job cpydin 9 2l cand @ gl oye
“Shy i)l ook onl J) Jobs @l b Bilas A5 ssalie
Pl slcisss 9 pB)l G £55 w53 Jhe g ogee K3 sl
3-1-15 slacuis; wdealcuwdd gls wlsly o)l (ol Coucal
G5 g L)) Clusgas 4 dagi L 3-1-4 5 Araz H 721
9300 30 (39 (S gy (S cjio Lo)d 3)Sles ol ploly
3 e 9 3o S5y a9z gy jlad (glBgd (g (5) SIS
oo St i 5 o 5 b by (S0 don
GF677 4y (g9 odddign 4-4 Cigii @l b illas L0y 520 g
Cungy ot Cawgy «duoyd B) jxo doyd 0,5 YO+ 3 Slas (ol
Ol 9 S gy B jre SOy ity SIS 5 550 )
5 Jowlee dihio lp 0B Sowisi I S oS 2585
I ol @l (yp g Jlod @ dag b sy S5 4 il
TS- 3-1-4 721 A-4 Araz108 2-0-4 b wig; adlas -yl
Fr S Jlied (op 390 lao Jl 1 3-1-15 5 22

g oo (S yme

&3Sl

5 OlSdegn jl Coles Balio e I dlie (WS
Wladss lojlw «gyald o Oladss pole ylig «youlS lyolid
5 SgliS bjgel g Clidos 350 «(55liS @y 9 bjoe]
3 bl Sladss oKl § kit 5 o)y b @l
oyled) (6355 by 039 jl (i plowl 3 Caclus 5 (Jlo (s
il oo (6l Ruls 9 (19,48 (F+V- VAR i)l

&8l o,
ilie ol sS4 15 e pokel lie ) 55,5
5,15 e ) Ll b s, s

References

L (Mousavi et al., 2020) (,ISen 5 (ggugo Lidgl )

9 w5 YO Jhe g oge S (oulidcs) Cluogad ()
Syge lho il acaig) 5 B o 03b) £ bl i)
59,0l pByl a8 oy L dslllae pl 2l 5 A odblie aoyp
Neo0guld daly ((Suysery it & D9 umli T 2g,all Y
AIM2 el glae53ls 5 ¥ osgmls (gl Y 3550ls
S olas Yl IAHNL 3 AHYU AHN2 GM1 AIM1
OWer 5 agle adlas 5 il (s 55p jhe g e
bl o3, Yl Sjolgeq sla S3g (Melhaoui et al., 2019)
Oy yskaieds (Fournat 4 Marcona [Ferraduel JFerragnes)
@l 85 15 qwyp 390 GiSThe By ) oliin o)
o Ferraduel [Ferragnes o8, aw 45 sl ol gl imgs
as” Marconawhich o8, Ll cbsg 320 doyd ¥Y (glyl> Fournat
dallas ;0 Dy jre o yd Yo=Y gl conl JeKis 4 oluos
oy 3| o= (Dejampour etal., 2017) o, Ken 5 0 32
9 Pl bl g g o8) TV Jhe 5 ogme SWiS Sluogad
ois) 9 P IV e doyd 9 G gy b slacsi)

LA e 168 e Ao yd g (293 Cawgy b sl

S 5 o
daw > ey JB e iagh ool Sl Jol b elul
Sl gl Y n s 9 Sided (ulidesn,
Bl g5 oyl 45 A5 saalie GF677 al (55, s1dlisy
sl Gl froen o (Jacee Lulyd b 5lo 5 55 pB)
boplese g Jrolez gliwl )l (o0l comnl Vi 5 Slos L
Ly ol b S ol o) ol 055 ol lgmect Loyl
9 P75 sl Jold aibate (pl (ol Lulyd igd )5k
S ] Bl ooly) ol el S sloylias; g St
25 )b S Byl pogadar 5 (SuiS g Lopw 4 pylie oS
2 il glol o ojles (Sojleyw yled 5l aST Wil slaSa by
85 alr goi i alo)S S 5 el b Jdda JS 0o pB)
2l 3 @S dero Iy eem a5 3)b Sl i ol
lod dogl J5 00 5 oy 50 oizeen e o)l slopw

1. Ardjmand, A., Piri, S., Imani, A., & Piri, S. (2014). Evaluation of morphological and pomological diversity of 62

almond  cultivars and  superior
https://doi.org/10.22034/jon.2014.515696

genotypes

in Iran. Journal of Nuts, 46, 39-50.

2. Arteaga, N., & Socias i Company, R. (2001). Heritability of fruit and kernel traits in almond. In 111 International
Symposium on Pistachios and Almonds, 591 (pp. 269-274).


https://doi.org/10.22034/jon.2014.515696

VFoF oyl oF o lods ¥ aler (655l @alio g pole) SLEL pole 4 pis P45

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Asgari, K., & Khadivi, A. (2021). Morphological and pomological characterizations of almond (Prunus
amygdalus L.) genotypes to choose the late-blooming superiors. Euphytica, 217(3), 42.
https://doi.org/10.1007/s10681-021-02777-0

Ayaz, Z., Zainab, B., Khan, S., Abbasi, A.M., Elshikh, M.S., Munir, A., Al-Ghamdi, A.A., Alajmi, A.H.,
Alsubaie, Q.D., & Mustafa, A.E.Z.M. (2020). In silico authentication of amygdalin as a potent anticancer
compound in the bitter kernels of family Rosaceae. Saudi Journal of Biological Sciences, 27(9), 2444-2451.
https://doi.org/10.1016/j.sjbs.2020.06.041

Babadai, R., Mousavi, S.A., & Mehrdad, J. (2017). Guide to Almond Production. Islamic Azad University
Khorasgan Publications, Khorasgan, Iran. (In Persian).

Barreca, D., Nabavi, S.M., Sureda, A., Rasekhian, M., Raciti, R., Silva, A.S., Annunziata, G., Arnone, A., Tenore,
G.C., & Siintar, 1. (2020). Almonds (Prunus dulcis Mill. DA webb): A source of nutrients and health-promoting
compounds. Nutrients, 12(3), 672. https://doi.org/10.3390/nu12030672

Beigi, F., & Khadivi, A. (2023). Selection of superior late blooming almond (Prunus dulcis [Mill.] DA Webb)
genotypes using morphological characterizations. Food Science & Nutrition, 11(7), 3844-3857.
https://doi.org/10.1002/fsn3.3370

Colic, S., Rakonjac, V., Zec, G., Nikolic, D., & Aksic, M.F. (2012). Morphological and biochemical evaluation of
selected almond [Prunus dulcis (Mill.) DA Webb] genotypes in northern Serbia. Turkish Journal of Agriculture
and Forestry, 36(4), 429-438. https://doi.org/10.3906/tar-1103-50

De Nettancourt, D. (2001). Incompatibility and Incongruity in Wild and cultivated Plants (Vol. 3). Springer
Science & Business Media. https://doi.org/10.1007/978-3-662-04502-2

Dejampour, J., Zarrinbal, M., Fathi, H., & Mousavizadeh, S.A. (2017). Fruit characteristics of some almond
cultivars and genotypes of northwest of Iran. Seed and Plant Journal, 33(2), 195-213. (In Persian with English
abstract). https://doi.org/10.22092/spij.2017.115550

Dicenta, F., & Garcia, J. (1992). Phenotypical correlations among some traits in almond. Journal of Genetics &
Breeding, 46(3), 241-246.

Estaji, A., Ebadi, A., Fattahi, M.M., & Alifar, M. (2013). Evaluation of fifty almond genotypes characteristics
obtained from crossing between some superior Iranian genotypes and ‘Tuono’cultivar. Journal of Plant
Production Research, 20(2), 253-270. (In Persian). https://dor.isc.ac/dor/20.1001.1.23222050.1392.20.2.13.8
FAOQ. (2023). FAOSTAT database results. https://Fao.stat.org/stat.org/stat/almond

Gouta, H., Ksia, E., Ayachi, M., & Martinez-Gomez, P. (2019). Agronomical evaluation of local Tunisian almond
cultivars and their breeding prospects. European Journal of Horticultural Science, 84(2), 73-84.
https://doi.org/10.17660/eJHS.2019/84.2.3

Gradziel, T.M., & Martinez-Gomez, P. (2002). Shell seal breakdown in almond is associated with the site of
secondary ovule abortion. Journal of the American Society for Horticultural Science, 127(1), 69-74.
https://doi.org/10.21273/JASHS.127.1.69

Gulcan, R. (1985). Descriptors list for almond (Prunus amygdalus; Revised). International Board for Plant Genetic
Resources (IBPGR).

Heidari, P., Sanaeizadeh, S., Rezaei, M., & Khadivi, A. (2022). Phenotypical and pomological characterization of
non-irrigated almond (Prunus dulcis Mill.) trees to select superior genotypes. Erwerbs-Obstbau, 64(3), 333-343.
https://doi.org/10.1007/s10341-022-00653-2

Imani, A., Ghoreyshi, H., Mohamadi Torkashvand, A., Azizi-Nazhad, R., & Ebrahimi, R. (2022). Evaluation of
morphological and pomological characteristics and yield of almond cultivars and promising genotypes. lranian
Journal of Horticultural Science and Technology, 23(2), 277-290. (In Persian with English abstract).
https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.2.7.7

Janick, J., & Moore, J.N. (1996). Fruit Breeding, Tree and Tropical Fruits (Vol. 1). John Wiley & Sons.

Kavandi, M., & Imani, A. (2009). Selection of Superior Genotypes of almond (Prunus dulcis Miller). Seed and
Plant Journal, 25(3), 385-399. https://doi.org/10.22092/spij.2017.110989

Kester, D.E., Hansche, P.E., Beres, V., & Asay, R.N. (1977). Variance components and heritability of nut and
kernel traits in almondl. Journal of the American Society for Horticultural Science, 102(3), 264-266.
https://doi.org/10.21273/JASHS.102.3.264

Khadivi-Khub, A., & Etemadi-Khah, A. (2015). Phenotypic diversity and relationships between morphological
traits in selected almond (Prunus amygdalus) germplasm. Agroforestry Systems, 89, 205-216.
https://doi.org/10.1007/s10457-014-9754-x

Khadivi-Khub, A., & Osati, E. (2016). Evaluation of self-compatiblity, flowering time and morphological
variables in some almond genotypes to choose superiors. Plant Production Technology, 8(1), 103-124. (In Persian
with English abstract). https://doi.org/10.22084/ppt.2016.1764


https://doi.org/10.1016/j.sjbs.2020.06.041
https://doi.org/10.3906/tar-1103-50
https://doi.org/10.1007/978-3-662-04502-2
https://doi.org/10.22092/spij.2017.115550
https://dor.isc.ac/dor/20.1001.1.23222050.1392.20.2.13.8
https://fao.stat.org/stat.org/stat/almond
https://doi.org/10.17660/eJHS.2019/84.2.3
https://doi.org/10.21273/JASHS.127.1.69
https://doi.org/10.1007/s10341-022-00653-2
https://dor.isc.ac/dor/20.1001.1.16807154.1401.23.2.7.7
https://doi.org/10.22092/spij.2017.110989

2"

i 9y Sluoguas wlwly (Prunus dulcis L) slol Gisose! bewisil byl oyl )5 g (somge

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Khadivi, A., Mirheidari, F., & Moradi, Y. (2022). Prunus arabica (Olivier) Meikle, an important genetic resource
for breeding of almond: Morphological and pomological characterizations. Genetic Resources and Crop
Evolution, 69(5), 1717-1730. https://doi.org/10.1007/s10722-022-01361-2

Kodad, O., & Socias i Company, R. (2008). Variability of oil content and of major fatty acid composition in
almond (Prunus amygdalus Batsch) and its relationship with kernel quality. Journal of Agricultural and Food
Chemistry, 56(11), 4096-4101. https://doi.org/10.1021/jf8001679

Lansari, A., lezzoni, A.F., & Kester, D.E. (1994). Morphological variation within collections of Moroccan almond
clones and Mediterranean and North American cultivars. Euphytica, 78, 27-41.
https://doi.org/10.1007/BF00021395

Melhaoui, R., Addi, M., Houmy, N., Abid, M., Mihamou, A., Serghini-Caid, H., Sindic, M., & Elamrani, A.
(2019). Pomological characterization of main almond cultivars from the North Eastern Morocco. International
Journal of Fruit Science, 19(4), 413-422. https://doi.org/10.1080/15538362.2018.1552232

Momenpour, A., Ebady, A., & Imani, A. (2011). Investigation of Vegetative and reproductive traits and their
correlation in progeny obtained from crossing between cultivars Touno and Shahrood 12 of almond. Journal of
Horticultural Science, 25(2), 218-233. https://doi.org/10.22067/jhorts4.v1390i0.10000

Mousavi, S.A., Ghasemnezhad, M., Tatari, M., & Eskandari, S. (2020). Evaluation of phenotypic diversity of nut
and kernel characteristics in some almond cultivars and promising genotypes. Research in Pomology, 5(1), 139-
151. (In Persian with English abstract). https://rip.urmia.ac.ir/article_120954.html

Mousavi, S.A., Moghadam, M.R.F., Zamani, Z., & Eimani, A. (2010). Evaluation of quantitative and qualitative
characteristics of some almond cultivars and genotypes. Iranian Journal of Horticultural Science, 41(2), 119-131.
(In Persian with English abstract)

Mousavi, S.A., Vatankhah, A., & Imani, A. (2024). Evaluation of important vegetative, phenological and
pomological characteristics of 36 promising almond (Prunus dulcis L.) genotypes on GN15 vegetative rootstock.
Journal of Horticultural Science, 38(4). (In Persian with English abstract)

Pica, A.L., Silvestri, C., & Cristofori, V. (2021). Evaluation of Phenological and agronomical traits of different
almond grafting combinations under testing in Central Italy. Agriculture, 11(12), 1252.
https://doi.org/10.3390/agriculture11121252

Ranjbar, A., & Imani, A. (2022). Grafting commercial cultivars of almonds on accurate rootstocks mitigates
adverse effects of drought stress. Scientia Horticulturae, 293, 110-725.
https://doi.org/10.1016/j.scienta.2021.110725

Sorkheh, K., Shiran, B., Kiani, S., Amirbakhtiar, N., Mousavi, S., Rouhi, V., Mohammady, D.S., Gradziel, T.M.,
Malysheva-Otto, L.V., & Martinez-Gémez, P. (2009). Discriminating ability of molecular markers and
morphological characterization in the establishment of genetic relationships in cultivated genotypes of almond and
related wild species. Journal of Forestry Research, 20(3), 183-194. https://doi.org/10.1007/s11676-009-0036-9
Talhouk, S., Lubani, R., Baalbaki, R., Zurayk, R., AlKhatib, A., Parmaksizian, L., & Jaradat, A. (2000).
Phenotypic diversity and morphological characterization of Amygdalus L. species in Lebanon. Genetic Resources
and Crop Evolution, 47, 93-104. https://doi.org/10.1023/A:1008763021129

Torkman, H., Imani, A., Talaii, A.R., & Mosavi, S. (2021). Genetic diversity and heritability of fruit traits and oil
content in selected almond progenies and their parents. Journal of Nuts, 2(12), 75-88.
https://doi.org/10.22034/jon.2021.1872988.1062

Vargas, F., Romero, M., Clavé, J., Alegre, S., & Miarnau, X. (2014). Variedades de almendro IRTA Institut de
Recerca i Tecnologia Agroalimentaries, Tarragona, Spain.

Zahedi, M., Rasouli, M., Imani, A., Khademi, O., & Jari, S.K. (2023). Evaluation of quantitative, qualitative, and
biochemical traits of almond offspring from controlled reciprocal crosses between ‘Mamaei’ and ‘Marcona’
cultivars. Erwerbs-Obstbau, 65(5), 1525-1543. https://doi.org/10.1007/s10341-023-00900-0

Zahedi, S.M., Abdelrahman, M., Hosseini, M.S., Yousefi, R., & Tran, L.S.P. (2020). Physical and biochemical
properties of 10 wild almond (Amygdalus scoparia) accessions naturally grown in Iran. Food Bioscience, 37,
100721. https://doi.org/10.1016/j.fhi0.2020.100721


https://doi.org/10.1007/s10722-022-01361-2
https://doi.org/10.1007/BF00021395
https://doi.org/10.1080/15538362.2018.1552232
https://doi.org/10.22067/jhorts4.v1390i0.10000
https://rip.urmia.ac.ir/article_120954.html
https://doi.org/10.1023/A:1008763021129
https://doi.org/10.22034/jon.2021.1872988.1062
https://doi.org/10.1007/s10341-023-00900-0
https://doi.org/10.1016/j.fbio.2020.100721

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

Research Article
Vol. 39, No. 4, Winter 2026, p. 699-714

The Improvement of Germination, Growth and Biochemical Indices of
Echium amoenum Fisch & Mey. under Different Light Qualities

R. Nabipour Sanjbod"='*, E. Chamani*'**, Y. Pourbeyrami Hir='*

1- Department of Horticultural Sciences and Landscape Designing, Faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili, Ardabil, Iran
(*- Corresponding author's Email: echamani@uma.ac.ir)

Received: 08 January 2025 How to cite this article:

Revised: 29 May 2025 Nabipour Sanjbod, R., Chamani, E., & Pourbeyrami Hir, Y. (2026). The improvement
Accepted: 09 June 2025 of germination, growth, and biochemical indices of Echium amoenum Fisch & Mey.
Available Online: 09 June under different light qualities. Journal of Horticultural Science, 39(3), 699-714. (In
2025 Persian with English abstract). https://doi.org/10.22067/jhs.2025.91567.1404
Introduction

Medicinal plants, as a valuable source of herbal medicines and bioactive compounds, are rapidly declining
due to uncontrolled collection from nature. Echium amoenum Fisch & Mey belongs to the Boraginaceae family
and has a special place in Iranian traditional medicine. This plant is native to Iran and has been used to treat
many infectious and inflammatory diseases, as well as modern diseases related to stress and anxiety, for many
years. However, low germination percentage and uneven germination are some of the obstacles to the growth
and propagation of this valuable medicinal plant. Recently, it has been reported that LED light sources have
significantly increased the germination of some medicinal species. The response of plants to light spectra
depends on the plant species. However, blue and red light are more useful because green plant tissues more
readily absorb them. Considering the medicinal importance of E. amoenum, the present study was conducted to
improve the germination and growth characteristics under LED treatments.

Materials and Methods

This study was conducted at the University of Mohaghegh Ardabili in 2024. E. amoenum seeds were
purchased from Pakan Bazr Company. After surface disinfection, the seeds were placed in Petri dishes
containing wet filter paper and transferred to light chambers. Germination indices (germination percentage,
speed of germination, mean daily germination, germination energy, seed efficiency, seedling efficiency, seedling
vigor index, coefficient of velocity of germination, daily germination speed) were recorded for up to 21 days.
Morphological indices (fresh weight of seedling, dry weight of seedling, shoot length, root length, percentage of
root dry weight, percentage of shoot dry weight) were measured in 7-day-old seedlings. Then seedlings were
transferred to the growing medium (peat moss and perlite), and the pots were placed in the same light chambers.
After 4 weeks, biochemical indices (photosynthetic pigment content, total carbohydrate content, total protein
content, and total phenol content) were evaluated. The experiment was conducted based on a completely
randomized design with 4 treatments and 4 replications. The 4 light treatments included 100% white LED light
(W), 100% blue LED light (B), 100% red LED light (R), and a combination of blue and red LED light (50:50,
BR). The data were analyzed using SPSS Inc. version 16. Means were compared using Duncan's multiple range
test at a 5% probability level. Graphs were drawn using Excel software.

Results and Discussion
The results of the present study revealed that red light (R) treatment significantly improved germination
percentage, germination speed, mean daily germination, germination energy, seed efficiency, seedling efficiency,
seedling vigor index, coefficient of velocity of germination, and blue light (B) application reduced the
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germination of E. amoenum seeds. Similarly, E. amoenum growth characteristics, including fresh weight, dry
weight, seedling length, root length, percentage of root dry weight, and percentage of shoot dry weight, increased
under the positive effect of red LED light (R). Also, the blue light (B) application did not indicate any positive
effect on growth indices. In biochemical indices, the application of a combination of blue and red light (BR)
resulted in a significant increase in the content of photosynthetic pigments, total carbohydrate content, total
protein content, and total phenol content. In addition, blue LED light (B) had a negative effect on biochemical
indices compared to other treatments. In general, light quality changes can affect photosynthesis and energy
production efficiency. Blue and red light are known to be the most effective wavelengths for plants, and their
absorption peaks correspond to the absorption peaks of photosynthetic pigments. Therefore, their application
alone and in combination can effectively increase the efficiency of photosynthesis, the synthesis of
photosynthetic pigments, and the biosynthesis of macromolecules including carbohydrates and proteins. In
addition, applying blue and red light increases phenolic compounds by increasing the production of enzymes
related to plant secondary metabolism.

Conclusion
The observations of the present study showed that the seeds of E. amoenum are considered in the group of
plant species that require light or are photoblastic positive. Hence, the application of red LED (R) can be
considered an effective treatment to improve and increase the germination and growth characteristics of E.
amoenum plant at the seedling stage. In the later stages of plant growth, the response of E. amoenum to light
qualities was different. The combination of blue and red light (BR) was considered an effective treatment to
increase the content of photosynthetic pigments, total carbohydrates, total proteins, and total phenols.
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(A) white light (wavelength 420-680 nm), (B) blue light (wavelength 460-470 nm), (C) red light (wavelength 620-630 nm), and
(D) blue and red light combination (with a ratio of 50:50) chambers.
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Table 1- ANOVA for the effect of light qualities on the germination characteristics of Echium amoenum

Olazyo (ele
" Mean of squares
" a4 = - . .
é"? 5 .;i 2,3 s g o &3 Lol <) Erra e S
< ;5 $) s B} & . .y
e $2) e e u")‘a,? e I Prayny .. ) u")“-"ﬁ?
S.0.vV df il Fiales . Pyl Seed o N A o .
GP SG ) GE efficiency ~ Seedling SV il il
MDG efficiency CVG DGS
29 CudsS
Light 3 3030.33**  11.02** 1.93** 0.40** 3235.66**  2601.57**  3835.14** 0.002* 9.19**
quality
Eu:r; 12 61.66 0.20 0.03 0.01 47.66 246.52 85.71 0.0006 0.42
oyl
ol i 20.00 21.55 20.05 31.20 18.78 19.77 35.75 13.90 37.14
CV (%)

b e oyd gy 9 G prdaw 5 bnjlesd I ime BB eaimd LS ca gy T g *

*

(558lg> ey i CVG Gy ay (23ls SV Gjaley 6550 :GE ailys; 5ailes ke :MDG ( jailgy cae o :SG ( Sjdilsn 1oy :GP

ljg,y Sidler ey :DGS
** and *: significant at the 1% and 5% of probability levels, respectively.
GP: germination percentage, SG: speed of germination, MDG: mean daily germination, GE: germination energy, SVI:
seedling vigor index, CVG: coefficient of velocity of germination, DGS: daily germination speed.
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Figure 2- The effect of light qualities on the germination characteristics of Echium amoenum
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(A) germination percentage (GP), (B) speed of germination (SG), (C) mean daily germination (MDG), (D) germination energy
(GE), (E) seed efficiency, (F) seedling efficiency, (G) seedling vigor index (SVI), (H) coefficient of velocity of germination
(CVG), (1) daily germination speed (DGS). (Error bars represent mean + SE (n=4); DMRT, p < 0.05).
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Figure 3- Seven-day-old seedlings of Echium amoenum
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Seedlings grown under white (A), blue (B), red (C) and a combination of blue and red (D) lights.
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Table 2- ANOVA for the effect of light qualities on the growth characteristics of Echium amoenum

©la e (05ke
ol oo a0 Mean of squares
Sl & i 3oy Suid Suis o3lo o yd Sis o3ko duoyd
SOV &lj! r o 09 al. Job  ady, Jsb J ) )
df JLdls JLdls SL RL aduly asdilw
FW DW RDW SDW
,”; . 3 0.0063** 0.0018** 4.64** 25.22** 6.53** 3.30**
Light quality
s 12 0.00008 0.000008 0.10 0.29 0.025 0.050
Error
Sl o 9.36 10.02 18.22 17.02 9.55 18.52
CV (%)

3l e oy g 9 S e 5 Uyl I e M oximd L5 o oy ¢ g*F
LBl Sis odle dopd :SDW sy y Siid o3le duoyd RDW ey Jsbo RL bl Jobo :SL ¢ Jleils Siss 59 DW Jlasls 5 559 FW
**and *: significant at the 1% and 5% of probability levels, respectively.
FW: fresh weight, DW: dry weight, SL: seedling length, RL: root length, RDW: root dry weight, SDW: shoot dry weight.
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Figure 4- The effect of light qualities on the germination characteristics of Echium amoenum
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(A) fresh weight, (B) dry weight, (C) seedling length, (D) root length, (E) root dry weight, (F) shoot dry weight.
(Error bars represent mean + SE (n=4); DMRT, p < 0.05).
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Figure 5- The effect of light qualities on the seedling length and root length
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seedlings grown under white(A), blue(B), red (C) and a combination of blue and red (D) lights.
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Figure 6- The effect of light qualities on the biochemical characteristics of Echium amoenum
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(A) photosynthetic pigments, (B) total carbohydrates, (C) total protein, (D) total phenol. (Error bars represent mean + SE (n=4).
DMRT, p <0.05).
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Table 3- ANOVA for the effect of light qualities on the biochemical characteristics of Echium amoenum

©la e n0be
Mean of squares

Ol gty 2slio w3l anyd
S.0.V df a by i5 b Judg 5 Mg, JSOLaag S Sowben Jsd
CHLa CHL b CAR TC TP TPH
P S 3 10508.867% 7335 g71%%  152.816%%  7756.520%%  73718%* 62527
Light quality
- 12 75336 550.326 8.695 23,554 1.493 1.489
Error
Al 1.62 8.54 2.39 3.74 5.50 8.09
CV (%)

Bl o oy iy 5 S e 50 byjlen I gime AR b i Cud ey * 5

KKk

** and *: significant at the 1% and 5% of probability levels, respectively.
CHL a: chlorophyll a, CHL b: chlorophyll b, CAR: carotenoid, TC: total carbohydrates, TP: total protein, TPH: total phenol.
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Introduction

The limited amount of organic matter in most potato-growing soils in the country reduces their biological
activity and limits the availability and absorption of some nutrients by plants (Khatar et al., 2017). One of the
most effective management strategies in this field is to maintain and enhance soil organic matter, as improving
the physical and chemical conditions of the soil can greatly help increase yield and achieve sustainable
agriculture. Given the limitations and high costs of livestock and poultry manure, which are key components of
organic fertilizers in the country, efforts should focus on new organic sources such as blood meal, as blood meal
is used in smaller amounts per unit area while providing higher nitrogen content to plants.Blood meal is also
known as a growth stimulant due to its high amino acid content (Ciavatta et al., 1997; Bhunia et al., 2021). So
far, limited studies have been conducted in the world to investigate the effects of blood meal for important
agricultural products. Furthermore, there are very few experiments to investigate the effects of blood meal
especially under irrigation deficit conditions. Therefore, this project aims to investigate the effects of using blood
meal as a nitrogen-rich organic fertilizer under stress conditions on growth traits, as well as the quality and
quantity of potato production in the country.

Materials and Methods

This research was conducted as a factorial experiment based on randomized complete block design at the
Hamedan Agricultural and Natural Resources Research and Education Center (Ekbatan Agricultural Research
Station). In this study, two potato cultivars, Bamba and Sante, were considered as the first factor at two levels.
The irrigation water amount was examined at three levels (100, 75, and 50 percent of Cumulative
Evapotranspiration from Class A Evaporation Pan). Additionally, fertilizer treatments at three levels; chemical
fertilizer, poultry manure, and blood powder were considered as the other two factors. The application of
chemical fertilizers, used as the control treatment, was based on soil test results. This treatment involved the use
of 120 kg of pure nitrogen from a urea source (260 kg of urea fertilizer per hectare), along with 150 kg of triple
superphosphate, 100 kg of potassium sulfate, and two applications of complete micro-fertilizers: one at the
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flowering stage and another two weeks later. One third of urea fertilizer was applied at the planting, and the
other two splits were applied as a top dress (the first application at the full coverage stage and the second
application at the beginning of tuberization).It is worth mentioning that complete micro fertilizer injection was
also performed in two simultaneous times in the blood meal and chicken manure treatments. The drip irrigation
system was conducted as a tape type, and was placed at a depth of five to six centimeters on the ridge at the time
of planting the tubers. The growth stage traits measured included: the time necessary to achieve 50%
germination, date of full emergence, date of full coverage, number and length of stolons, leaf area index, fresh
and dry weight of roots and stems, and finally, chlorophyll content, with the chlorophyll content being measured
using the Gross method (Gross, 1999). At harvest time, the total yield was calculated and the tubers produced
were separated into three sizes: seed, large, and small. Tuber dry matter percentage and water use efficiency
were also measured. The resulting data were statistically analyzed using SAS 9.1 software, and treatment means
were compared using Duncan's multiple range test with a five percent probability level.

Results and Discussion

The analysis of variance results showed that the main effects of irrigation levels and fertilizer treatment types
were significant on all growth traits and yield. The effect of potato cultivar was also significant for most growth
traits (except for leaf area index and chlorophyll content) as well as for yield. Interaction effect of irrigation
levels and fertilizer treatment types were significant on other growing traits, including the time to reach full
coverage, plant height at flowering time, number and length of stolons, chlorophyll content, leaf area index and
fresh and dry weight of roots and stems. The main effects of cultivar and irrigation treatment were significant at
the 1% level (p<0.01) on tuber size and water use efficiency. The tuber dry matter percentage was not
statistically affected by cultivar at the 5% level, but irrigation treatment had a significant effect on tuber dry
matter percentage at the 5% level (p<0.05). The type of fertilizer was significant on the average number of tubers
in all three sizes, as well as water use efficiency at the 1% level (p<0.01) and on yield and percentage of tuber
dry matter at the 5% level (p<0.05).None of the two-way interactions of cultivar x irrigation levels, cultivar x
fertilizer type, and three-way interactions of cultivar x irrigation levels x fertilizer type were significant in tuber
size, total yield, tuber dry matter percentage, and water use efficiency. However, the interaction effect of
irrigation levels x fertilizer type was significant on tuber production in all three sizes, as well as tuber dry matter,
total yield, and water use efficiency. An increase in the ratio of nitrogen to phosphorus leads to a relative
increase in stolon length. While the opposite ratio leads to a decrease in stolon length. Establishing a
proportional and balanced amount of these two elements and providing sufficient amounts of them depending on
the nutritional needs of the potato leads to an increase in the number of stolons (Jackson, 1999). Recent research
has demonstrated that chicken manure and blood meal are capable of significantly reducing stolon length and
increasing their number under stress conditions. It seems that both of these types of organic fertilizers (blood
meal and chicken manure) provide the potato plant with a balanced access of nitrogen to phosphorus under stress
conditions, and by relatively increasing the stolon length and helping to increase its number, delay the potato
plant's tuberization stage and achieve maximum storage capacity. Increased plant growth rate and faster canopy
formation as a result of blood meal consumption, especially under deficit irrigation conditions, can be due to the
low carbon to nitrogen ratio and zero lignin to nitrogen ratio, which results in faster mineralization and
consequently more nitrogen provision in blood meal and increased nitrogen uptake efficiency in the plant. The
increase in the number of tubers per plant in potato is positively correlated with the delay in entering flowering
time and the increase in leaf area and stem growth in the stolon production stage before the start of tuberization
(Menzel, 1985). In this study, blood meal had a positive effect on the fresh and dry weight of potato stems and
roots, and also increased growth rate and created complete coverage in the stolon production stage. Therefore,
blood meal had a positive effect on the number of tubers and ultimately the total yield. The results of this study
demonstrated that under severe stress conditions, the use of blood meal positively impacted the number of tubers
and total yield compared to chemical fertilizers (control) in deficit irrigation treatments. This was achieved by
releasing amino acids and aiding in nutrient absorption. As a result, in conditions of severe stress, the use of
blood meal regulates the effects of water stress and partially compensates adverse effects of deficit irrigation.

Conclusion
Overall, the results of this experiment indicated that using chicken manure and blood meal significantly
enhanced the vegetative growth and yield of potatoes compared to chemical fertilizers. Moreover, under deficit
irrigation conditions, these organic fertilizers proved to be more effective than chemical fertilizers. Therefore,
the use of these two organic fertilizers, especially blood meal, can help mitigate yield reduction under water
stress conditions.

Keywords: Fertilizer treatment, Growing Index, Reduction of water consumption, Sustainability of
production
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Table 1-Physico-chemical properties of the soil before planting
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Table 3-The main effects of cultivar, irrigation levels, chemical fertilizer, chicken manure and blood meal treatments on

potato growth traits
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ime to fifty <ivler Overlanpin Height of olS Stolon
Treatments percent Complete timrép g plant in Stolon lenath
germination germination flowering time  number g
per plant
‘sl
= 12.66 b* 18.33b 38.33b 53.33b 8.7a 9.68b
Sante
o 1433 2033a 43382 57.63b 6.8 11.56a
Banba
BTy
100% water 13.35a 19.75 a 40.00 b 55.38a 7.28 a 11.36 a
requirement
I BA7YA
75% water 12.66 a 18.33a 43.71a 52.37b 7.44 a 10.09 ab
requirement
&l oel
50% water 13.33a 18.66 a 4573 a 50.45¢ 6.24b 9.51b
requirement
(4203) (ol 555
Chemical 12.33a 1833a  4444a 53.69 ¢ 641b  10.12b
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Ere S
Chicken 13.00 a 18.33 a 43.39 ab 56.35 b 7.29a 11.09a
manure
09> 29 13.66 a 19.05a 42.29b 55.72 b 7.28 a 10.56 a
Blood meal
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% Means with the same letters in each column of the related main factor did not differ significantly at the 5% of probability level
based on Duncan’s multiple range test
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Table 4- The interaction effect of irrigation levels xchemical fertilizer, chicken manure, and blood meal treatments on the
potato growth traits
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B)led FIIE 00T iy el iy P37 A sl
Treatments Time to fifty Complete Overlapping Height of Stolon Stolon
percent S - plantin number per
Germination germination time flowering time plant length
stliosd 358 X (Tl N
1007, water requirement 12.66 a* 18.00 b 38.33gh 53.40 b 7.16 ab 11.20 a
x chemical fertilizer
Er 258 X N
1007, water requirement 13.33a 18.66 ab 41.70 efg 56.33 a 7.58 ab 1152 a
x chicken manure
o pe X e
1007, water requirement 12.66 a 18.66 ab 40.00 9 56.40 a 7.16 ab 11.36a
x blood meal
corbeow 28 X T 55 VoY,
757, water requirement 12.66 a 19.00 ab 46.66 b 48.56 d 6.86 b 11.11a
x chemical fertilizer
e 08 X 15 var
757, water requirement 1333 a 19.33 ab 42.27 ef 53.98 b 7.65ab 11.32a
x chicken manure
o9 e X 5l Yol
757, water requirement 13.16 a 19.00 ab 42.22 ef 53.92b 7.82a 10.27b
x blood meal
lowd 38 X T 5l ae7
507, water requirement 1333 a 18.66 ab 48.33a 45.86 e 521c 8.05¢
x chemical fertilizer
Ereds X ol
507, water requirement 12.66 a 19.66 a 44.22 cd 52.88 ¢ 6.65b 10.45b
x chicken manure
o9 e X 5l 00l
507, water requirement 13.00 a 19.00 ab 44.66 cd 52.62c 6.86 b 10.05b

x blood meal
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* The means with similar letters in each column did not have a significant difference at the 5% of probability level based on
Duncan’s multiple range test
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Table 5- The main effects of cultivar, irrigation levels, chemical fertilizer, chicken manure and blood meal treatments on the
potato growth traits

o JbgslS glie TR ORLS Wl 5y BleSid o Ay 5 0jy Ay Sl o
Treatm;znts Chlorophyll S Shoot fresh Shoot dry Root fresh Root dry
(mg.g™) Leaf area index  Weight (g) weight (g) weight (g) weight (g)
¢ L»’
“” 197a 3.97a 643.25 b 91.31b 254.34 b 24.23b
Sante
b 2.03a 412 a 652.34 97.12a 259.12 a 25.64
Banba
ol Jo e 2.09 a 4.08 a 650.60 a 94.61a 250.32 a 21422
100% water requirement
1 5Ls va/.
! SV i 195a 3.80Db 615.53 b 89.12 b 243.84 Db 21.02 a
75% water requirement
(R VA
w0 . 19a 3.58¢c 581.88 ¢ 81.16¢ 229.01c 19.23 b
50% water requirement
(20L8) (lomsd 259 1.85¢ 358 b 603.81 85.28 b 228.89 b 18.92 b
Chemical fertilizer (control)
e 1.99 b 3.94a 621.44 b 89.71b 247.04 a 21.88a
Chicken manure
O 29 2.22a 3.93a 622.76 ab 91.78 a 247.98 a 21.64 a
Blood meal

B, Sl glasals win ygel 3l odlisl b s y> iy Jlos] oy 4l xe M3 abogsye Lol Jolo I iw y 50 aliie g b (slo Sl *
% Means with the same letters in each column of the related main factor did not differ significantly at the 5% of probability level
based on Duncan’s multiple range test
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Table 6- The interaction effect of irrigation levels xchemical fertilizer, chicken manure, and blood meal treatments on the
potato growth traits

@ Lo Jd9 S ()50 ;” s Bl ¥ o9 45‘: P by i m‘m
Treatments Chlorop_ilwyll L ﬁf Sho_ot fresh Rogt fresh -
(mg.g™) eaf area weight (g) Shoot dry weight (g) Root dry
index weight (g) weight (g)
tliasd 355 X ol Sl Ve
1007 water requirement x 2.03a 4.15a 653.14c 100.00abc 258.50bc 24.27def
chemical fertilizer
035 X gl i Vel
1007 water requirement x 2.03a 4.19b 655.01bc 93.59def 263.60a 25.68abc
chicken manure
o8 P X ol Ve
1007, water requirement 2.13a 4.10bc 675.73a 104.92a 261.88ab 25.56bcd
x blood meal
olbowds 368 X T 5L Vo
757 water requirement x 1.90bc 3.8le 614.45de 88.71fg 241.67e 23.35f
chemical fertilizer
355 X a3l Vol
757, water requirement x 2.02ab 4.11bc 661.21bc 95.73cde 259.75hc 26.25abc
chicken manure
o8> PeX e Vol
757, water requirement 2.17a 4.08bc 658.72bc 97.73bcd 261.0labc  26.22abc
x blood meal
o 355 X (i 0+
507 water requirement x 1.66d 3.19f 656.87g 82.06¢g 219.60f 21.08¢g
chemical fertilizer
Ere s X ol
507, water requirement x 1.85¢ 3.84de 603.97ef 87.58fg 249.35d 25.16¢cde
chicken manure
o Pe X il o
507, water requirement 2.05a 3.7% 596.98f 87.73fg 249.91e 24.08ef

x blood meal

)5 Sl glatels Wi 05T 5l ealisul b doyd gy Jlossl pda )3 I3 xe GMB] ygi ya 1 aldie g > b (sl Sile™
* The means with similar letters in each column did not have a significant difference at the 5% of probability level based on
Duncan’s multiple range test
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Table 5-The main effects of cultivar, irrigation levels, chemical fertilizer, chicken manure, and blood meal treatments on the
tuber size, total yield, tuber dry matter percentage and water use efficiency of potato

Sy 008 3laxs

Coldyd 0u€ Buad 53y, 0uf dluws o3l wuoy e 1,8
W, Lows St Q050 4D &0 350 JS 5 Ses 2aE S ol
Treatments See:lizt:ber Larg tuber size  Small tubersize ~ Total yield  Tuberdry ~ Water use
(number per (number per (number per (ton.ha™) matter efficiency
m) m’) m?) (%) (kg.m?)
‘ol
34.96 a* 10.52 b 5.02b 39.82b 19.87 a 14.65a
Sante
‘ul;
i 32.84b 12.31a 7.85a 45.23 a 20.52 a 12.38b
Banba
@T )L_, Ve .Z
100% water 32.23a 13.65a 571c 46.68 a 20.69 a 9.56 c
requirement
I BA7.YA
75% water 30.53b 10.81b 7.85h 39.27b 20.48 a 11.02b
requirement
Y24
50% water 26.34c¢c 9.46 c 9.58 a 3451b 19.24b 14.27 a
requirement
(10L3) (plosd 358
Chemical fertilizer 28.01c 9.52hb 9.08 a 38.53b 19.66 b 11.03 b
(control)
s 30.70a 11.89a 6.84D 4121a 2043 11.95a
Chicken manure
OF 2% 31.39a 1250 a 7.23b 40.73 a 20.31a 11.87a

Blood meal

)05 5SSl (glaely sin g0l 3l ool b doyd gy Jlossl pdaw )3 I gixe M) dbgyye ol Jole 5l giw o 50 aliie g b (slappSile *
*Means with the same letters in each column of the related main factor did not differ significantly at the 5% of probability level
based on Duncan’s multiple range test

b pogdle (1 g Bpan e )3 Ailes Gy 1y 3,Skas
IS cute STl cunymm Jpame 1> S glie b
oS sl e olyer SB 4 bagwlgial 5 I cladgsl Lisl58l b
Sk g SB (Soigdan clld obg g slal 4 oxie 395 e
2958 (6 i Bblie el > (lejeu Jpae Mg

23,5 e

S 5 oS
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Table 9- The interaction effect of irrigation levels xchemical fertilizer, chicken manure, and blood meal treatments on the
tuber size, total yield, and tuber dry matter percentage and water use efficiency of potato

Sy 038 3lass Cadyd A€ Blard o, 0u€ dlawd odle Loy “f""’ls
W, Lows Se"“ 7o &P &P K °)$_"°‘ 2l Suis S
eedtuber . tubersize  Smalltuber  Total yield Tuber dr Water
Treatments size 9 > ton.ha™) y use
(number per (numbéer per size (nurrzlber ( matter efficiency
m?) m°) per m) (%0) (kg.m?)
o 058 X ol 5LV -+
1007. water requirement x 32.65ab* 12.56b 6.00d 44.35b 20.31a 9.32e
chemical fertilizer
R o N R R
1007. water requirement x 33.42a 14.15a 5.50d 47.71a 20.85a 9.65e
chicken manure
05 P X @l ke
100y. water requirement 33.61a 14.23a 5.64d 46.98a 20.91a 9.72e
x blood meal
oloods 595 X T L5 VoY,
757. water requirement x 28.81c 8.67e 9.58b 36.27d 20.45a 10.23d
chemical fertilizer
SEro oS X ol 5L vy
757/ water requirement X 31.54b 11.21bc 6.66d 40.65¢ 20.61a 11.46¢
chicken manure
05> X 2l 5k VO
75/ water requirement 31.25b 12.56b 7.33d 39.62¢ 20.38a 11.37c
x Blood meal
oty 355 X b_ﬂ JINEARY
50/, water requirement X 22.58d 7.350f 11.68a 31.67f 18.24c 13.56b
chemical fertilizer
e 055 X 2l 5k 00,
507. water requirement x 27.51c 10.32d 8.36¢ 35.28e 19.85b 14.74a
chicken manure
05 P X @l kol
507 water requirement 29.31c 10.71d 8.72¢ 35.59% 19.65b 14.52a
x blood meal

)05 S5l (glaels Wiz 9031 5l o3l b doyd gy Jlessl pdaw )3 I5 xe BOMB] gt ya 0 aliie By b (slo Sl *

* The means with similar letters in each column did not have a significant difference at the 5% of probability level based on

Duncan’s multiple range test
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Introduction

Plant materials contain many bioactive compounds such as alkaloids, flavonoids, terpenoids, phenolic
compounds, etc., which can be used to prepare health products, cosmetics, medicines, food additives, etc., and
have great importance for improving human health and quality of life (Ahmadian et al., 2023). In recent years,
the extraction of bioactive compounds from plant materials has attracted much attention. Extracting these active
compounds is a challenging task because they are usually present in small amounts in plants and special
techniques and methods are required for their successful isolation (Qin et al., 2022). Bioactive substances are
usually found inside or between plant cells. The main resistance factor to the diffusion of bioactive substances
into the solvent during extraction is the plant cell wall (Zhao et al., 2014). In order to improve extraction
efficiency, pretreatments are usually performed before the extraction operation to destroy cell wall structure,
increase cell wall permeability, and promote release of active substances (ljod et al., 2022). Cold plasma has
shown a wide application prospect in food processing, pharmaceutical and health care, environmental protection,
biomedicine, and many other fields due to its many advantages such as low temperature, high efficiency, low
energy consumption, and environmental compatibility (Melotti et al., 2021). When cold plasma is applied to
plant materials, it can destroy the cell wall structure and increase the surface hydrophilicity of the materials,
thereby improving the extraction efficiency (Keshavarzi et al., 2020). Therefore, it can be widely used as a pre-
extraction treatment. Nevertheless, there is no comprehensive study on DBD cold plasma pretreatment
technology to enhance the extraction of bioactive compounds from plant materials, which is suitable for
researchers to continue their research. Therefore, the present study aimed to investigate the effect of cold plasma
pretreatment on the extraction rate of active compounds from Origanum vulgare.

Materials and Methods

Oregano seeds were sown in the medicinal plant farm of Jahrom University in October 2023, and aerial parts
of the plant was harvested in May 2024 at the flowering stage and dried in shade. After drying, the samples were
subjected to DBD cold plasma pretreatment, with air as the carrier gas and different voltages and times. Then,
essential oil extraction and extraction were performed on the pretreated samples, and some of the active
substances such as essential oil content, total phenolic compounds, flavones and flavonols, total flavonoids,
tannin contents, antioxidant activity, and total carbohydrates were measured. In this study, a factorial experiment
was conducted in a completely randomized design with 3 replications. The first factor included time at three
levels (0, 3, and 6 minutes) and the second factor included voltage at two levels (20 and 30 kV). For the
pretreatment of the samples for essential oil extraction, 30 g of dried marjoram plant were hand-cut and crushed
for each treatment, and then 30 ml of water was added to them, and then they were placed in a plasma device.
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After the treatments, the samples were extracted. Plasma pretreatment was applied to investigate its effect on the
phytochemical compounds in the extract, as follows: the plant samples were powdered using an electric grinder,
and then five g of the powdered sample was weighed for each treatment and 25 ml of 70% methanol solvent was
added to them. After the powdered samples were completely mixed with the solvent, they were placed in a
plasma device for plasma pretreatment. After the treatments, the samples were extracted.

Results and Discussion

The findings of this study showed that a voltage of 30 kV for 3 minutes was more effective in extracting the
non-volatile active substances of oregano and led to an increase in all of their measured traits compared to the
control treatment. Also, the lowest amount of active substances measured in this study was observed in the 30
kV treatment for 6 minutes. According to the results obtained from this study, it can be concluded that the
duration of plasma pretreatment has a greater effect than the output voltage on the extraction of non-volatile
active ingredients. So that in this study, using a voltage of 30 kV for 3 minutes led to an increase in the active
substances of oregano, while using the same voltage for 6 minutes led to the opposite result. Although the effect
of plasma pretreatment on the extraction of essential oil was not significant. However, the highest amount of
essential oil was measured in the control treatment and the lowest amount was in the 30 kV voltage treatment for
3 minutes, indicating the destruction of essential oil glands and loss of essential oil at this voltage. At present, the
mechanism of cold plasma treatment to improve the extraction efficiency of active substances is not fully
understood, but it is generally believed that it can be attributed to two possible mechanisms: the decomposition
of cell wall structure and increase of surface hydrophilicity. Disruption of plant cell wall structure can reduce
diffusion resistance of active substances, thereby promoting their release. Meanwhile, increase of surface
hydrophilicity of materials facilitates the dissolution and diffusion of hydrophilic active substances, thereby
improving the extraction efficiency (Bao et al., 2020a; 2020b).

Conclusion
The findings of this study showed that a voltage of 30 kV for 3 minutes was more effective than other
treatments in extracting non-volatile active ingredients of oregano and led to an increase in all measured traits
compared to the control treatment. While the effect of plasma treatments on the extraction rate of essential oil
was not significant.

Keywords: Antioxidant activity, Essential oil, Extract, Phenolic compounds, Voltage



SLEl pale 4 pis
https://jhs.um.ac.ir

»..Cz"b;u’,cz»

VY O0-VEA P Need g_)L:.w.A_) & b)Lo-: Jya .U.;-

s (Origanum vulgare) s g3 p 09,15 oS o 550 3140 Glj.ér:..c! Ol 2L
(DBD) G 63 daw adsits slowd Lo i b

#Y

VEOY/VY/YO 18 55 g sl

YFeF/0Y/Y gJ:'}.'.'L.’- @)U

LRV

'I’)_,}l &S o 2ol (aLS dlge il o gl el anT s 5 1) Mo 4 Sl ; dlge JLisil ply 53 Lol cuaglio ¢ oS Jobo o)l ksl

o 3 g Je |y (ol ol Jlb b 5o psboas Slgi oo 45 3948 o0 oalitl g5l 1 S Jlesiie ()9l o plgiedr 3 pm (slowdly
S8l s il slosdly Jladiiey 56 oy yslteds (345 ol 53 kS S g HB oy |y o850 dlge gl Skl e
L (dolas MolS’ 25l LB 5 oy & jgmty oiulojl (Origanum vulgare) ogss;ye (o)) olS o530 dlge o5l oljse 5 (DBD)
g 9 (dgoleS Yo 9 Ve o 93 53 SWg Jols pgd Jale g (4ddd (A g 4w i) gaw 4w )3 loj Jolis Jgl Jale 2035 2] )15 4w
25 JS SlikngS 5 ol (Gl ml el (JS b SlS 5 dnadighs da J5igho g gD cpuilal e Jols onsisSojlul o 5o
Plse p5 e V- AFR) S (i G853 (St igas 25 )3 (i 395 Jolae )5 (e VOVIYY) LodSgigDo jlade oy yidi o 3l oLt glis
WA oanlitie 4 885 dw Cdedsy cgohS Yo 5y 50 5455550 0ylas ) (Moyd AY/SD) SlaST 5l culld 5 (i j9 p)5 p S aml
oS ¥ 3g )3 (8o s FANVY) lagesS] sl clled g (5,5 oo SYIY) S i S 5 op 5 sl AMY) tgsiods oliee 3 yieS a5 Jlo
JBA) (2 y5S g 1m0y +IV) cp i Sl 295 oz uilisl gl lise 2 lawsdly Jloss st 5B b (5 S03l0l alB> 1S ey
o8y Cewwd jl g uolwl glmod e oy sdimd lis oS A sdalie dddd dw Cdeds clgglS Ve 5y 5 dald > cui iy sl e (1o

Jald ds o )3 e 0550 dlao ]38l 4 e 4B dw Gdedy gl Ve 5Wg oS 0y L e cpl sl g SWe cpl o ol
Sl yialS Ty i858 0,550 dlge AlBd b Cdedy cgglS Ve jlews &S Jbsyd s

5y e lipunST T led o jlas (L8 oS 5 ¢ il 108 g Wdoj1g

S > Ste QA &5 38 g YU o)l B3 L (egtie
(Xietal, 2024) 55 sl Wyl ol S5j cuisS 5 codl
w2y (2l Slge I ( JUb Slse glienl gl lagle
Sy b Sl 5 ol il el 03,5 L 358 4 1y oL
5 5513 gy ol )3 (o5 jlieds Ygano |5 sl 30 2l S
gl srelcuibse (siloliz gl ool lagiy) 9 BSESS &
Wle tws glypawl sl s, (Qin et al., 2022) cuwl L
9 03 9,00 b il p)S WS S g (bt (ulig>
99l Wgo Goile wile o ghl slagby, (S
W sl gl 3 o35S jobas oye 5 Slu 598 Jlow
Ray et al., 2023; Tan et al., 2022;) wloai oslatwl lals
’\Jw Jkdcuwj dlse (Tran et al., 2023; Wang et al., 2023

Aodbo
Wl Jubcan; olSy 5l gl sl (2lS ol
4 St 0 g (Ji5 SLS 5 dndsy 5 dmasygMe s Sl
gyl o)l (il SYgame sy gl 5l Glgie
9 ol dgup sl 5 0,8 oolatwl oyt o slie gla 438l
Wb Sy @b Cenl I plul (S5 ciaS
b ; oluS 5 gl plpls (Ahmadian et al., 2023)

Y game Gl o g Conl jIaye5 oYU Cucal 51 aLS dlge

Il s oSS 35LaS 0uSails o SLiL psle 035 -
(Email: s.mohtashami@jahromu.ac.ir  : Jseus soius g —%)
https://doi.org/10.22067/jhs.2025.92105.1415


mailto:s.mohtashami@jahromu.ac.ir
https://doi.org/10.22067/jhs.2025.92105.1415
https://orcid.org/0000-0001-6744-9716

VP lno) oF o,lods A als «((65)9LiS @obvo g pole) SLel pole 4 s YYA

9 Om Ol b &S 9 odlitl Sl b (5 gl oS 5
o509 W3 dadg xSl 5l (6 4 YU 5y Hlae S Jlesl g 598Ul
ey ol sbuie ime I S wgdie Wy Ll
-Jsliie &y |, DBD &5 il o bjl5 I aswy ciubs b )55k
9 4 ol ) Lowdly Cunl 03,8 Jas Lowdl Wy @uie (5
Sy Slowsdly 38 e (3) (o 3 ol Slowsdhy 9
o5 b S35 o i S sled o5 3900 GbI (olowdl &
bl 4 4595 L (Birania et al., 2022) sl 561 slos 51 5YL
Lo b (655l 55l 08 B e b plosily by slod o ¢
dgo 6518 13 1y (slod 528 3,8 jlluder 550 (glawdly
9 (Sbplun) umjlasme jl cblis (il g 29)5 (2l
(Melotti et al., 2021) cul o3y L baie; 51 (o)l
Slgien gd e Jlosl (BUS dlge (59) 3y slowdly & (oUn
) dlge (e (wogdl g 0 o 3l 1y ke ol sl
My dee ) glpel ol e g e Sl
Glosyins jsbay Wlg o cnlply (Keshavarzi et al., 2020)
Jb 55 g eolitul glsal Sldes 5l U8 Jles S plgisa
Vitis ) 5o i jlas im0 Cuidge b dpw slowdly cpils
Bg; (Solanum lycopersicum)  S5,84>55 4l (vinifera
5 (Camellia sinensis) ;. sl S (Hyssopus officinalis)
o bl cpligtl dasgggde do s b sl lp ope
Ly ol 03,58 anwgi jlpdis a5 Conl oad o3l 0 e ¢ g9,
Keshavarzi et al.,Bao et al., 2020a; 2020b;) 25 o i
.(2020; Ahmadian et al., 2023

okelis odlgls 51 alS (Origanum vulgare) sy
“el g 90l S ez les pwlpw > &S sl (Lamiaceae)
s cdeds oS cpl 2,8 o 148 odlaiiwl 3y90 Cgze Hluu odiad
Thymus ) (2L crdasl & 4d (o2lss b sed S5 005
-oasl cssie ()b lyea o 3l (i b 5 5 035 (vullgaris
- o ol Glael [isupll g odno (gsho e il it o]
ok il (S5elsSle,ld wliiss 4> (Mozaffarian, 1998) s
WJyess cyuasly Jdoay o956 pe calisee (gladisS a8 Cuwl 04 03l
sbedld b Jb clsy 1 K Br oy Jesll
sten SlaSlaml 5 wgpsis (2Bas (sShas
.(Morshedloo et al., 2018)

63918 58l L Byl ) asle oy 09T aSa) 4 205 L
s Jud Slge gyl (l3al 5 DBD 3y clawdl o
“Ui AU oy B L Sl y )5 2929 LS Slge ]

ol Canglio Jole 550 3y S (sla sk i b 31
o)lged gl Job 3 Pl Jlbcun slge jLisl ply
olesly dae yokaieds (Zhao et al., 2014) cusl LS Jso
~on Pl glyseal Slles 8 Vgane (olajlosiisiey 5l
s o523 (53585 031 o J 1y s > 5L b 55
(ljod et al., 2022) s9 Jud slgo jliml cel 5 2> Liljel |,
(Sl 3,5 Ol Jolis Baos b jlowisiun gl slos yslid
Szl oy oS e Vb i glugSes
Ghazanfari ) cusl opé 5 ,lu )bxdil (oo 3] cogd o c299,500
Joopll sl o slbcadsime s plaS,a 4 (et al., 2023
ool SsS s Voem (Slle Clul )y 0l b
a3 o liel 1y glsanl Gllas g (gilwlis (g)ladsy oS g oboas
cbanls 5 YU s gjlepSes Jlesl (Tan etal., 2020)
Cuol YU Hlid Cod 5t digjn 5 009 Hladd diwemdes b diwge
Sewinie 9 b (SOl olue (Huang et al., 2023)
G S les IS jobay |y (BLS Slge Klgi e Sgul
WS dgime Cato 1) gl gy 08 > oren
Sy 999,k Sl i sl (Ghazanfari et al., 2023)
(Regan et al., 2023) cusl Y jhus Sl & olas il
Al gy g YU Slles abia (b 09d 5 & sleste
g ajay e pl s e (Bassey etal., 2022) cul SYb
Jbu el (Zhang et al., 2023) col wlus oo baylyls
5 S Oliass 4l &S cusl YU clod 5 YU HLis Lols
(Huang et al., 2023) a»> o il 1) Slles sboasis
sly ole g oolaill Gaw Jlesin 6ygls o dmwg (nlple
W PR SN K
don W5ke) 13 55 S ol &S cul odle s LoDl
S350 03z 53 B b ol ysboy (068 9 0155 psele <39 %
Cuto glagyg il glaggSl) oyl @b 5l (bslsee a5
5 Sl 5 Sy Gl el (b 5
Ahmadian etal.,) 5,5 o » 2 1) Jianls slaygisd Cpuicren
5 mlo aels b oled b ol b el Jdoa L (2023
Birania et ) 54 o0 4l 55 ool "o )lan Cundy” lgieas
- 455 LigyS Al des j Lilike o sy, (al., 2022
ool lowdly 5 299,50k (Slowdly M5 ugd s (S xSl
'S Sllss e ad5S )3 )l 292 lewdly Mg sy 2923y
65 &Y Sy by 45 39580 93 1y Ysans lewdly (DBD)
) ety dliies (S5 5 3000 Sl Wloss Ly pa 5l Ky S

1- Dielectric barrier discharge (DBD)



Y4 5T o (Origanum vulgar) (s me 29,08 oL 0 §o Slge gl ysiw! oliwo (b 5l « soiizne

Jlos] e i ble Do b Jolf oty 0355 sloiges
sl jI w88 )13 Lewdly oiwd jd el Hlasd i
Jals sladiges ;0 b pll ladiges 51 JolS" (550 las db oy
4 xS ilsl g sySojlas gl I s)lesin S8mn oen

ol os

SaSejlas

Wojdylo etal., ) o)Kea 5 Jising (hg)ds sySo)jlas
mdigad I plaSym &y pslaie (py b Pl Sy puaie |y (2007
P03 Ve Jolie P sl (oo YO e 0ddjlosi i sl
Wged 4 S 1S @ S b old (650 lac) )5 4Ll
293V 59 b Sed gy p Sl VY e 4y g (w8 plodl alS
Car oblcwndd olas e g BAD oS 'adds
C)S 30 o0 b Sauty ol I3 Al Ve e 4y 36
poxl Caa ojlas plyedr 5 ad b joldgy mle (i 4
i 5S03l)) olberdstd sloShy 4 baye gl
IS ShngrS (U (lie (JS w5959 daJgigMs g bayedl
A5 031 )18 4y (ST Bl Cllab o IS b S

2 53 99 9 Lagy 938 () 330 (5 S0 sl
b9y olelp bgede 5 Mo (e spSolul
olys b (Popovaet al., 2004) )\SKen g g0 lawss oidadl)]
obas 5l yd oo 93 Gliee bl 3 & ©jp0 (a3 ploxil (S
ol 4 Jglie gl deo Vo plie g atdly iged o ) ondans
4 do)d gy ) pastiegll il e G e e 5 A5 LS
okl e 00 e 4 Jolio b coles 53 g w38 wilal
SIS oo (glod 5 ()L 0 ddBd Ve e & ladiges A
Ol 28 08lg3 sl YYO g0 Jobo 3 ol das s 9 23,5
e Joges pess) stesS Sl eluly LS5 o

2 dlea (Cilises clacdale 5 5,lakl

Lausl 53 938 ()l 30 (5 S sl
ohe) plelp g ClS 5 e drsbxe 5 olulid
S olws L (Menichini et al., 2009) ,Ken 5 u> o
3 o 3)5 4Ll do s gy oy e gilg)Sea Yoo o 4
pososl] g So £e e eyt s (0,5 L3N 3l B oy
Ll loj 5l addy yind cubdS 5l o g b adlsl loyd Ve IS

1-rpm

2 3990 0% dlge I (S gl el Gl g 3jw slawdly jles
b Pl (g pe olS

LS9, 9 dlge

@l QLS as)te )3 VPV olojre > (D955 oS 5
438> OY g a0 YA 10,0 liwl oo yes b i) ppa ol
805 S (b gl ) i) s VAT (lilin e
as o b CBolas VY ole cuiigudyl o olS Liug) oS cuidy
25 30,5 plosl S (g yia 5l V+ g3 o 51 JaS 308
5 e 0 Kb (FoY OC) olSityloj] clod o gl Lyl
o A o g gy g ) i K
Job> B Glgisa lgn a5 g ygbar i8S 1,8 DBD 5y slowdly
Sldiges I uow b odlaiwl Golite slale; g 5We I g D
dge 5l (B g 28 pll pSo)las g (5 puilul oddlei st
Ol «JS 25592 daJgigdhs 5 laygMhe aiile olS () 055a
5 Sl cdld J5 8 ol s S clues S (b
2355 5ol bl e

Lacadly jlasi sy
Sopslisd S adsd Dy (slowdly olKuwd I Gudos opl yd
Enhanced s« SislS <5 5) ol ysiS céls (DBD)
b ol 5 sica lon oS sysbdy 0 odlizul (Tech-18A
9 siaSle 93 (398Ul alols «lgghS ¥ g Ve GUy (25
A8 o3kl )50 Wadiges jlos Cug B> i g dw o ()oj
(4> (b g dw ydeo) ghaw 4w ) Gloj Jols Jol )95 .c8)8
Jlosl 292 (ool Vo g Vo) o 93 535Uy Jols pgs 59516 4
LSy g il glie ol S oy ca Lol Slog iy
o & Ojge ph b pbnl ojlas )3 dg2se (oleandgid
Yo Olise e o sl cpill gzl pslaiods Lol Slosiieg
g BAD 35 SosS llad 4 Cund b hopdjye Suid olS )5
ind D e g 13,5 Ll bl 4 O ) e Yo
255 5 S gl adiged (13,5 gy ) Wb 03y 1,8 LoDl
ot (9 LoDy Lulyd (piomen 5 (08 39 Jedday eill yidin
Gl L bl Ghgya bdiged Sl S peslel dajlas Jles!
Caa boodly Sl Jlael a8 ploxl o6ls olSiiws alewgas
Coge o ojlas )3 29250 (plerigld Sl ol Al s
9 235 g Nl (B Ol dhogy (LS sladiges o 25
VO g 4 (g 0ddydgr dged p)S gy (i Jlowd 2 (sl e
4ol 5 e 03,8 Lol ] 4 oy Ve Jgilie Mo i) e



VFoF oyl oF o losds ¥4 wler «((65)9bis” @oluo g poke) SLel pole @y pis V¥

Ll Jolowe dy dopd Vo Gl )S i ydgySo Voo v a8 du
Ca (bS] S olKiwd lawgy Wil ST 4l Vel a9 0
S Gde 4y diges o L OlS 5 ad lis 5 STy JelS plool
e ol 2 35 ) (Sl bulyd g BBT slod )3 el
oS I eolaiwl b yiegil VEA zge Job 0 adises ol
slaodls Jas (Wojdylo et al., 2007) ws silgs yiogidg S|
e muy b SIBsl il glackle 4 Gl I Jols
o p5 ke gt @l 5 23,5 plosl SIS sl 3 sl

5 Gl SWES Gjg )5 5> SIB

Saeas) 5T enallad ol jae (5 S jlail
olS Gl ] cdld L)l cea il laby,
-0 o9e3l 3l ookl pgusyo (sl sbe, S (S ) sy 29l
bawgs oldduog gy i cinlesl ol 3 .a8b 0 DPPHT £l
4 A8 odlatwl s Sl L (Oke et al., 2009) 4, Ken 5 S
T & dged b slaojlac I g Sue Ve jlade Tl slaie (nen
2 S alsl wop ofee¥ clale L DPPH Jol>wo i) e
a5 Bl e mlySen Vo wlar oty aald Jsbeo
03y S8 ey iSSl Ss Ay 4l gy e 4 b Jgloxe
pbsl caa (SU balpd g basee (glod ;0 4iBs Yo Gde 5 L0
DIV zge Jsbo > da il cules )3 9 Bud (5)leS STy
s olael dsya )T C8lE ey Sl oK lawgl iegil
olac jed SlhawSl ol clld sxmaols Wil Bl
dolee V dblee I ooliel b Sl 5T clld oy il o

ST 5T cled aoyy = (")
(4ol Cds dae— dges ds dae) [aald Cds dae x Voo
it ) Al

a JEsl 51 e ol jled i sladiges 4y o638 uilwl s

g 45 Bl Ol o e YO+ liess stk 000 ol

3 o el dw Odods Ol b ol (59,40 y556lS ol bawgs

o33b 13,5 pbul uilul zleinl s Lulps )3 oytel g 4

VIW) Sj5 o> Gygods gl Sid yjg (wloly (bl
S dplre (St digad p)5 Vee )3yl o

4- 2,2- diphenyl picrylhydrazyl

2 8 Al Jlo Sy g st o 93 IS poiadll 38
obiloy yid oo Vo o 4 ylatio Of 5l osliiul b Jgle ol el
Wolps 50 00,8 il el OVr zae Job jd o dlael g ud
b s il chclilé & G Job slaosly s
ke ool g 5 05 pll (s 58 3Jtie] i

055 Ol SIS ()jg p)S )3 (i 5 Jolee

CRb yalle (g %0 Hlun

—odsly Spre I bdses 3 BB jlie e lp
Broadhurst & ) 5e g Cusygmdgy bwg 45 'S0 IS0l
Bee Jlade bl > ) eolatwl wusl sl &1l (Jones, 1978
Byro yid (oo dw Ao g A5 Al Wiges o o)las I sy S
ke Ver > elsly 25 ¥ Sy e doyd slea) bl
sididhe VO i (e 03,5 bolseo Mol 5 adlsl (Jgilio
Jol8 @ygoas g al 03938l (LB lagle 4 S50 1500
29 Sl 4By VO Gl & ol Jgloe 10,8 bl
Bev zgo Job ,d wls dlael ()] 5l s g (o)l U1 lod
ka5 005 pSejlal yregly pSewl olKud bwg ylegil
oy LTSl Gl claclile 4 Gl j) Jobs (claodls
oSSBT oleo )5 oo Ojgods gl g ad pbl o)l poxie
3,8 ol SWES (jg p)S

ds @l jaas g3 58 ¢ yaSe jlaal

2 ojlas 1 g Sue Ve oo slanid (5 pSojlul
Wl adiges 4 9,5 CByme yid oo s s b ALBD p diged
Sl ples ) ladigas cpols 15 aids Vo 5l L coles > 8
255 e e e 9 85 )18 0 Ol 31 ladiged (ben
ui.ilcﬂ ool 52 0 kel Jolore aps s .8 )3 pldl yegil Y
A Plao 05 o g0ty gl 5 18 odlisal ol 555
(Yemm & Willis, 1954) 1,55 Lo Sis g5 )5 53

Js L aluas )5 Ol jae (5 yaSo jladl
s Gyma 5l oolizal b badiges 5 b oluS 5 (g pSol
FlgsSae Voo Olire diged 2 by cul )3 45 bl " 9IS g
9 23)5 bole Mol doyd B+ g8 yidg o Yoo Ly ojlae )
J a9 05 aLol Jglons 4y shatie Ol yidgSue Voo line

1- Vanillin-HCL
2- Catechin
3- Folin-Ciocalteu



Y¥Y 5T co (Origanum vulgar) (s me 29,08 oL 0 5o dlge gl ysiw! oliwn (b 5l « soiizne

S dre BB 1l g dadd dw Gdedy ClgelS Ve slajlos b
Ty s pSoke V) ol oeieS S il
Sl gz 3 () JS8) 2035 Juols aids (i Sodedy ClgghS
5 oM olire (258 (el o0 o9l o] i) lalegs ool
Dles 3 (S5 0 o5 2 S 5o +IFA) I Jyisl
(P she +IVA) Ol Cydin &S Jlop> A osmliio adBS i
IVE) als b gyl pxe cgls S gy ddBd dw oy 4 bgsye
ke I 5 WY) S5l Ol (S Bl (oS ke
@l wloly 29 gghs ¥ g Ve 5y 4 boe s (p)5
23y ooy lite Sl g (loj ol Sl euibly 4o I ol
Moigine W o3l S a5 Jop3 gr 3dne JS 439igM e
S5 g Jlde ptde (S pl () Jgi2) 298
Ky > (5 Sgei 05 3 imisS Joln o5 s YOYIFY)
Olise oy eSS a8 o pd b odmliie didd dw Cidody CgglS Y-
Cowd & 4B b Gdody CgolS Yo 5y 5o (p)5 oo AMY)
JS 259556 s oyt ol ool Sl 3 () JS5) el
VoTIVE) plie oS 5 4> 4o olej o (pS ke YY)

15 o18lite i8> (25 oo 3 (5 e

Laoals Jalas 3o g s lel g b
gl a3 gloj 1 sl 4958) JoysSlh ©ygon lefl
Yoo Vo) e 92 50 Sy ipgd ySlE g (4o (LD g dw i)
ST 20,8 1 1S5 s b ol elS” 5o JB o (dgoles
rSils dulio g A 43 (IMP) el 13305, 31 oolizal L Lnosls
plsl oy gy Jliol o )3 (S5 (ygel 5l eolisal L ol

lowdy Caliseo (gla3ly 5 loj Yo dne pil orims Lt ol
Bl 5 0 Jeadia &8 0l o 0dd g pSeilul Glaw gl

Sl 0l

JS 925390 9 Lad 393 9 Lagy 93 ol j2e
5 59 5 oloj ool il a8 oly lis Wedly uib,lg LT mols
Jsix) 45 Joigine agiso 5 aoygd olse 2 gl blize !
5 Los (i 2 buwdly 5Wy o Gloj Jlite S wyp 3 ()
P35 2 O Jolae o35 e < IAY) Gl it da 939D
48" 05 bl 4B dw Clody gelS Ve 5Ly 40 (Kid diges

Origanum ) (5925550 obS' (s2luansbgns (S 5519 2 Lowsdly ilie S5W9 5 oloj 0 (lasyo uilo) uilyly 42325 Y g
(vulgare

Table 1- ANOVA (mean of squares) for the effect of time and different plasma voltages on the biochemical properties of
Origanum vulgare

s P 9093*‘? WP ol ey s 5 cdld w2y
- NPRE B RRYE Js o o S TV N
S.0V Flavoneand  Total Tannin - coponvdrate  phenol  Antioxidant - Essential
df flavonol flavonoid  content activity oil percent
TCiJrLr’ie 2 0.17** 27718** 4.55%* 13135.5** 1893.72** 1648.12** 0.02**
3Hs 1 0.02** 148.8ns 0.54** 450ns 27.68* 9.45ns 0.001ns
Voltage
3% s 0.01%  21325% 021  2183ns  202.32%% 6803  0.0002ns
Time x voltage
St e - 22.09 2231 21.07 24.28 18.06 19.49 8.04

CV (%)

(P e pis 5 doyd K o iy el e )0 5 dze Cudgay NS g s
*, ** and ns: Significant at 5% and 1% of probability levels, and non-significant, respectively.

YIEY) olise opyieS oS Jboys csls j15 aals o 5 aw g
b oS 05 odmlie addy b Ceds CgolS Yo 5Wg )3 (p)5 e
LS )8 09,5 Sy )3 akES S Gdedy CgshS Y Gy Jlag
el onis oygl o gobs) odle ISl pwyp o (Y JS)
9 (P ¥/48) i oo & bgryo oyl liee otk

Js ©lyasn s 58 5 (A0 sl
5 ool Sl 4l ulyls s 5 Jobs @l el
S92 g gy jlendgl il (U e p Bajles lite
2 oS Jolae 25 (e FIVY) U Gl i () Jgi2)
S0l ARBS dus ety oS Yo 5Ly > (St wiges p,S



VP lno) oF o,lods A als «((65)9LiS @obvo g pole) SLel pole 4 s \ARI

Yo 3ty o b a5 ol cnyide (35 cnl 53 () o)
2 SIB sl Jolee p)5 Lo VAFA) dids dw Sdedy CgalS
Sdody CaglS Ve 5y ol Sl s o 0 osmlie (S 39 25
mosko SYNN) e cpiaS il 3 (5,5 Lo AYYF) B s
US2) 55 (oo i s ey g ¥ Sy 5 (o5
aw loj o(anl onis 03,90 o o) edle SISl oy o (F
LS5 gl il 5 e plos 4 Cons CaglS ¥+ 5y 5 iy

K392 5 e (L

0.90 -
0.80 - a
0.70 -
0.60 -
0.50 -

0.40 o

Jogdld g yad
Flavone and flavonol
(mg equivalnt quercetin.gt)

0.30 -

0.20 -

0.10 1

0.00 -

) Jols s elly 39 (5 e YIVE) Closls ¥ 3y
Moidze 5 ldang S Gl 2 oloj o3l 1k (pib)ly 4528
Olie (npeS g o (oloj ol Jl gy 3 () Joa2) 25
i ia (p S ke WAV g oS oo YWAV:) S Sy S
Jald & Cowd &S Dy dBEY i g 4aBd dw oy 4 bgye

Y JSs) wsly gyl xe A5

has) 3T cullad 9 Js 8 Slas 5 ()l e
Jlie 5 ool IS e puilyly aios ol @l eluly
292 ) gine (Jib S8 liee 2 Loy il (slajlg g ol

a "0min m3min = 6min A
a a

20 KV

275 -
250 -
225 - b b
200 -
175 4
150
125
100
75 -
50 -
25 -

JS adgighs
Total flavonoid
(mg equivalnt quercetin.gt)

=0min ®m3min = 6 min a

30 KV

w

20 KV

5Ws 30 KV
Voltage

LowsMly ilizeo (g5Ug x (ylo Jiliie il Codi (B9 50 (29,0 oS (B) JS sigighld 5 (A) Lo Jgigh g bacyghld (yf5e0 53 yaed —Y JSUud
Figure 1- Changes in flavones and flavonols (A) and total flavonoid (B) contents in Origanum vulgare influenced by time
xplasma voltage interaction (Tukey, p<0.05)
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Figure 2- The interaction effect of time xdifferent plasma voltages in tannin content variation in Origanum vulgare
(Tukey, p=<0.05)
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Figure 3- The effect of plasma time on the total carbohydrate (A) and essential oil percentage (B) in Origanum vulgare
(Tukey, p=<0.05)
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Figure 4- The interaction effect of time xplasma voltages on the total phenols (A)and antioxidant activity (B) in Origanum
vulgare extract (Tukey, p<0.05)

¥ JS) bl 39 (6l sine OV

A Gdody oS Ve 5y oS 0y L imeh opl slaasdly
Pre 9 35 5% (S )8t 0 dlge gliul 3 ddids
A5l 4 cans gl ondgpSojlul Glas als il 4
2 35l 3 oadigySojlal o8%e dlge (fie (S (izmen
@l @ gl )S Job did b Sled cgglS Y lags
o Lol Lo i pll loj Cote ¢ 3ai pl 3l ol ey
iy 0% dlse gliinl o i Sl (295 Wy olie @
3y

ol () 30
Ay 3ty ool Sl as by (lis uibly 4 jo0 1 Jols gl
395 e il Glise Lol cilie (jlg 5 (o Jilite
Jlite glax STV Joao) 035 e ploj odle Sl Laié o
g8 Joggine il gl Gl p ol Sl e
(22> /BN 5 V) il Gliee cnyieS y cnytie Jlocnll
A ol 4ldd dw Cdedy ClgalS ¥r 5y 5 dald > i ey
ol Glie i gloj ol I gy )3 wizmen (0 JSK)
B> i 9w SBole) g 035 Jol> (wald) Hho oo



VYO .. ;5T coi (Origanum vulgar) (hgmsme 29,08 oL 0 5o Slge gl ysiw! oliwn (b 5l « soiizne

0.80 -

a

ol Gyl

Essential oil content (% v/w)
o
S
o

o
)
o

o
=
o

a Omin ®3min “6min g

o
o
S

20 KV

3% 30KV
Voltage

b9 70 08 uilest (w0 2 Lowsdly 55 x (yle e 31 -0 JS
Figure 5- The interaction effect of time xplasma voltage on the essential oil percentage in Origanum vulgare (Tukey, p<0.05)
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