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Introduction

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

Materials and Methods

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

Results and Discussion

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

Conclusion
Generally the application of Grow-More fertilizer 1 (20-20-20) with the consumption of zinc and iron
fertilizers can be a good strategy to improve the morpho-physiological and phytochemical characters of Agave
americana cv. Marginata especially the hecogenin and saponin amounts in water stress conditions. However the
use of superabsorbent nano-polymer in strenuous drought stress (75%) is more effective than other water stress
levels.

Keywords: Grow-more fertilizer, Hecogenin, Medicinal plant, Saponin
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0
20-20-20 1 20 5.9 3.9 10.2 20 20 0.1 0.1 0.05 0.05 0.0005
30-5-15 2 15 9.1 2 3.9 5 30 0.2 0.05 0.05 0.05 0.0005
36-12-12 3 12 3.8 4 4.2 12 36 0.2 0.1 0.05 0.05 0.0005
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Table 2- Physicochemical properties of the studied soil
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35 338085351 B {v 218 d8 3e . 48300
2L %58 3 3 =) %
v
(%) (ppm) (ds.m™)
2\;2; 146 292 252 456 766 0.4 134 011 017 009 003 16 47 2.2
2\;;; 155 309 248 443 711 015 187 0.6 011 0101 002 14 454 2.8
S sloxe dlge :TDS

TDS: Total Dissolved Solids
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Table 3- Characteristics of water used for irrigation

oS . . Joglomo dge Colan
b e s o 00 oS oy o ]
\‘(Jear ol cr Mg2* ca?* K* Na* S e N
HCOs (meq.lit))  (meq.litl) (meq.lit?) (meq.lit?) (meq.lit?) DS EC P
(meg.lit?) (mg.lith) (us.cm™)
2\;2; 3.42 0.91 1.43 2.28 0.16 0.763 247.93 387 8.11
VELY
2;24 3.55 0.88 141 2.14 0.17 0.788 255.1 399 8.09
JS Jshxs g :TDS
TDS: Total Dissolved Solids
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Continued table 3- Characteristics of water used for irrigation
Jlw Ol &89, Fie o0 o2l 38 g olyys
Year NO;- Zn Mn Cu Fe Cd SO COg*
(meqg.lit?)  (meg.lit?) (meg.lit?) (meq.lit!) (meqg.lit!) (meg.lit?) (meq.lit!) (meq.lit?)
2\;2; 23.67 0.001 0.001 0.001 0.009 0 0.001 0.21
VEY
2024 24.01 0 0 0.001 0.002 0 0.002 0.24
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5 (Wl ol el CARY-100 o) yiogidg gl oS
00,5 cdlyE aals oo lpeds doyd A gl I ookl b
+(Dere et al., 1998)

0)

Chl total (mg.kg Fw?) = (20.21 x A645) + (8.02 x
AB63)
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.(Ryan et al., 2001)
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.(Hackman et al., 2006)
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Introduction

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

Materials and Methods

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

Results and Discussion

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

Conclusion

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

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

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

Materials and Methods

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

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

Conclusion

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

Keywords: Cut flower, Nanoparticles, Peppermint essential oil, Thyme essential oil, Vase life
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Figure 1- Re-cutting of gerbera cut flowers 'Rosalyn' under water and treatment with nanosilver (10 mg.L™") and plant
essential oils
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During the short-term treatment, the vase solution was covered with a black plastic bag to prevent any adverse reaction of the
nanosilver with light.

O qoa by S5y S (5305 (5 aBlw (3,5 (SuSS b (Sawed € odl)’ o8, 1hny5 0 IS (6,15 e (58U L oM Y JSUS
Sl axds

Figure 2- Symptoms of the end of vase life in Gerbera cut flowers ‘Rosaly’ : scape bending or neck breakage, wilting,
discoloration or rolling of the ray florets
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Table 1- Effect of pulse and permanent treatments on mean vase life and total flower water content (WC) in cut gerbera

flowers ‘Rosalin’
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Table 2- The interaction effect of different treatments on mean vase life, total water content (WC), relative fresh weight
(RFW), and total soluble solids (TSS) of cut Gerbera flowers ‘Rosalin’

Aols dlgo S5 ols dgo S5

5 £ S ol 14 5 5 s
Tre;lto;ent L\sla.se |li':: ﬁ';tjiv;et’u JRSGF:;:e)ereL;ﬁ - Jo J6 J> b
Gy comemDo  wii Jowobnic 1ol
Distin(:; L&i?(élntro» 9.58 ¢fg 90.95 ab 0.83ab 3abc 2 ef*
Contzﬁ/sﬁr’éf; 499) 8.08i 86.15 ¢ 0.82ab 2.67 abc 2ef
Co;::glllﬁ:ipﬁ;‘i‘;lhtu:fo 7831] 91.29a 0.64 abc 2 bed 0.70h
z:mcl)‘;t/rc:;lé /L 'F)r‘m;i;eu;gl 8i 91.39a 0.66 abc 1d 0.70 h
Mg);tiﬁﬁgm 9.17 jk 9121a 0.46 ¢ 2.67 abc 0.70 h
. ﬂsfég s"g'ml‘;n“\t*rﬂll — 9.04 fgh 91.31la 0.65 abc 3abc 2.67 cd
. )s);fg?)m mzlﬁ:ufmﬁ 24'{;2)»&» 7k 85.02¢ 0.01d 1.67 cd 0.70h
v giﬁzgﬁ;f;[;lr;ﬁ;g - 8.08 91.09a 0.62 abc 3.67a 0.70 h
S (asc; ?S‘[‘Ji”/?ﬁ'y’m‘i‘éa““ o 8.92 gh 9097 0.64 abc 333b 233 de
(= » e)f_;; a(~ S)Osmﬁtf) ?,,leg \ngo&sw il 8.42 i 01154 070 abe b s
bl Sfigo\r;{ g ff)“fctgmll ld 9.83 def 90.54 ab 0.79 abc 2.83 abc 2 ef
(= s 'Z%BLB :ng )Lfﬁ?:;rg;i /( :;0 ;’K“ 8.58 hi 83.44 d 0.73 abc 333ab 0.80h
e giﬂ%(; mgfﬁ;&%ﬁ% ot 9.17 fgh 90.45 ab 0.65 abc 2.17 bed 0.80h
= P;?:(\l.og ;::Hlﬁ;d/ ::;‘;miLELow oo 9.83 def 90.73 ab 0.79 abc 3abc 2.33de
= Fﬁﬁ\(’igmf) 73‘.2@“20&‘“ - 8i 89.46 b 048¢ 2.33 abcd 0.70h
(*‘,L’; g n“f; f.)l))’,l*éﬁt/r: “ 9.67 efg 90.55 ab 0.77 abc 2.17 bed 1.67 fg
(ﬁs”(;’f,;;‘“;‘i’) ’,’ls“;’c):ogg: j;;“ 8.58 hi 82.68 d 0.49 be 3.33ab 3be
b N S*éﬁ;?fm’;;;ﬁnl‘;g - 1083¢ 90.81 ab 087a 2 bed 167fg
i rlloaice oy 1075¢ 90.56 ab 0.5 2 bed 1831g
(2 P’;“S;L{Efgglﬁ;l’//c‘f;ig“ ol 10.25 cde 90.42 ab 0.79 abc 317 ab 233 de
(ﬁifs)' fﬁu:g \I;')lﬁﬁgﬁt/rt;\f ¢ 11.92b 90.52 ab 0.89a 217 bed 183 fg
e e o) 050cd 1100 osa  sma 350
. lilJS{= éﬁ;l)_)éj*;:;p/eﬁtt;gu - l4a 91.36a 0.89a 2.50 abc 317ab
= &iﬁoxr%)g)ﬁ)iﬁhjigg ot 14.25a 9122a 0.89a 2.50 abc 2.33de
[ 22250k 1) plouglh ] i Se rild 10.33 cde 90.99 a 0.80 abc 2.83abc 2.67cd

NS (10 mg.L) / Clove EO

L85 g > sime 9ls [LSD (yg0il sumys K Jlain] ans y3 il gy gyl (gl g *
* Columns with similar letters are not significantly different according to the LSD test at p << 0.01.
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Figure 3- The effect of pulse treatments on the mean relative fresh weight (RFW) of flowers on days 2, 4, 6 and 8 of the
experiment in cut flowers of Gerbera 'Rosalin’
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Figure 4- The effect of permanent treatments on the mean relative fresh weight (RFW) of flowers on days 2, 4, 6 and 8 of the
experiment in cut flowers of Gerbera 'Rosalin’
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Figure 5- The effect of pulse treatments on the mean water uptake (WU) of flowers on days 2, 4, 6 and 8 of the experiment in
cut flowers of Gerbera 'Rosalin’

9 00) Schudlo sl b oadlos o JS 53 ciomin pg> )
O () 2 eSS V) osbeosl g (5 S Vet
GBS kS wiin jgy o bl s samlie Jobrs dals dlge e
S (S YIVe) )y p)Sides Ve jskasgil b oddjlas
Soyles (qwyp  Adg Jgle selx lge ylie YL
olel g (oS YV ) aop> jlee 58Ls pgd joy ) cdenidy
V) 2o Jle 58l wiia Goy ) g (0eSap VIAV) (2L ool
dge olzme iy (o MAY) (£L gl bl 5 (S
sy kS bjleg S ery (A JS3) amils 1) Joloee sol>
(o i 59y 33 AV Jgan) Ad )l gre lomis piis g el
U il b olyon i 5 2 (oo 00 Siinls sl (slojlos
o (S YIVY) (2L ptng] il g (S YIPY) Jald
2oy3 ez Lo bolyen il p e e Ve Sibdlo sl
Ve 50 shusgil S ¥) (L rtagl uilad 5 (S YIVY)
5 YWY L cipa) 2oy g 5L boolpen i) 5 p S ke
13 Gl iy s 1y Jlee als Slon lme eyt (s VST
Loolyor 3 o p)S e Ve yobusgili b oadlos (sl JS ot o,

olS 5l 3y Byl 5l olS lawgi sddbods o Lo yd AR g
B ey 4 D9h g0 oS goighid) el (555 03,5 o0 gyl
3959 b olyon 105 cunl jly j olS gadghidy Caspu ddl yidin
ol (Taiz & Zeiger, 2002) 15950 olS 5 g 55 Mol ol
Jelge b osdiyles oty sla IS 15 5y5 lime odelcanda gl
o plply ol YU Sl sl g 5olowgil (09,Shons
L&sd.?!.lf 9 48l uBL f&?v.wél 9 Dlﬁf ij J.)Lu ¢‘_5.M»; )J 3J9 su]
Coms (5t SIS pos olS ] Jlidey g 0392 5V (il o5)
(Y1+) ) Kan 5 o) ligiog b ezl ol 5l blag oo 4
2 (VW) ohen g slns Clisios g 5 onp L5 JS
In et al., 2010;) cuh cales sy L5 b S Sp
{(Tehranifar et al., 2013

(TSS) Jlas sola ol ga o) jas
9 Ui phda g pgd lajgy 0 GdeolisS (slales
Aot piin g p)la ped slojy) d Sleddy slo)les
P Y ) wily S8 Jaloe dels dlge lise  (s)ld sime



YY4 (P 9 Sl liacnl yalewgil uoaids 9 owoliaS (s jlowd (gldum Lo arfllan <], Ko g yuicio

TV 5 Y18 i) Gl L il 5 2 Sl 5051
il ) Jglore aal lge oliee 5Vl (S

70
60
v 50
N ° =@=Distilled water
275 e SA 50
) 3 mg.L-1
R
j, 2 3 SA 100 mg.L-1
3, —4=NS 5 mg.L-1
D20 —#—NS 10 mg.L-1
10
0
2 4 6 8
39
Day

Codlsy By Tas 00 J5 4 GialeTA 9 1€ oY e,y 40 (WL) a3 U ailje, O Lidls il o ©seslisS gbdlowi 51— JSUd
Figure 6- The effect of pulse treatments on mean daily water loss or transpiration (WL) ) of flowers on days 2, 4, 6 and 8 of
the experiment in cut flowers of Gerbera 'Rosalin’
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Figure 7- The effect of pulse treatments on mean total soluble solids (TSS) (Brix) of flowers on days 2, 4, 6 and 8 of the
experiment in cut flowers of Gerbera 'Rosalin’
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Figure 8- The effect of permanent treatments on mean total soluble solids (TSS) (Brix) of flowers on days 2, 4, 6 and 8 of the
experiment in cut flowers of Gerbera 'Rosalin’

Jagi 0 1) el ol e @il ol ish plas Jals
(F Jgi) cutly Jald Usi 5 (£ ooyl bl 5 shsgily

Mtd ST 5T Gilises ol 5 glsl (ells (g5 lalS
clabloe mudlgion > Jub (it Elgl ply 5o olS &S
5 005 ol Sssn Bl sl 5l lam Bl (g Jlb S 0
cage ool Bl WS e Sl S Jelss Oylus
STy OFgrier @35l Jols (3eaS] b ladisS hals
O35 4 1) (58T SIS0y Gsannd dpuSTysg il 0 o
5 YU ] b 38Ty Gisnm g A o i suSTy
Chang, 1984; Mortazavi et ) 5 o 4t b jlasTy sl
et §) S e JKool, cloaisS o logyl fal., 2007
w6 g | 5 Casla S 95 o > ey
A os (55 o Bgound JanS g w3l Aoz 51 lapus] 3]
oo 51 ol Cedled l bty s oo oy O3] (sloJ1S00]) soms
S (Mortazavi et al., 2007) &S o Clos 0S5 W5 5 5]
P s (bl (b QS e e
Spe [(Dorman et al, 2003) cuwl 2lS bl
s Suslel 0) b i M8 olSy Sles!
3 s ol | bl 4 cud byl olesd kLo
el 5 G lagn b eSlheS S o] e IS0,
Ghaderi ) cusl sl &Baw o 08 o3mS] gl JsSge 53,8
J(etal., 2011

dols dlge e a5 Wb odalie Liolesl opl 3 ( IS )ebas

OB g 9 a1 tomi p)lez ) U oyl pled 53 Jole
Salendlo pul) oS Sededs dlge g 8L 3l Ll il
b dslie 55 (GEL (gl oobl 5 S i bl gl
2 odes JSie S5 b Sili8l 1y Jeloee dels dlge Jlude wals
2 Jolbee sladiE mje5 dj90 0 Gledbl 3gS b 5 den
R ol Glisee (sla Jolo glgil 90 9 J5 calisee (slacdly
O dagl 3 4B jein o2y e ok IS (SIS (5303
s 5l eolael L g i a4 pB Ko g uSgue &S Cuwl
2B LS dgame |y oty g S5 yee &S Gl S Cppizmed aLS

5 Milo wyied il glp Lad pl S 00d o jeal sl
{(Van Doorn, 2001) uiS" Jes (g jeml Mo laicds loas

(SOD) 3 garns sl 53 o o 337 callas
ml cdld & b gl ptegh ol Job @l
o 9 <8l SRl e talojl 090 (o lgensd SpusTysu
23]l e oy il 39y 6l sine OS] Lo e
2 pS e Ve skeogl GleolisS jla )3 lgensd duSTysw
odnltio Jlald L g £l (pdpgl il sosily Jlai L ol e 2]
bosdyloss S5 1) ok S5 yos oyt &Sl 4 dgi L
Lo g (Bl sl (il behan j2) 52 oS ke Ve psbsgil



VY Bt 9 Skt lodnsl slowgil Sonsily g ©aeolisS b ylon (glaums lie axlllao oyl g picio

N5y w8y x5 0 JS )3 (TSS) Jglows sola Slge ol ae paNloe 1 iliSes (gl jlond Joliie 51 -Y Jou
Table 3- The interaction effect of different treatments on the mean total soluble solids (TSS) (Brix) in cut flowers of gerbera
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Table 4- The interaction effect of different treatments on the mean activity of superoxide dismutase (SOD) enzyme and
malondialdehyde (MDA) content in cut flowers of Gerbera ‘Rosalin’
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Introduction
Currently, salinity stress is one of the most important challenges in the agriculture and is the main growth
limiting factor of many plant species. Saline stress adversely affects the plant's physiological and biochemical
process which leads to a considerable reduction of plant growth and yield. Shallot (Allium hirtifolium Boiss.) is a
perennial plant from the Alliaceae family, which is one of the native and valuable plants of Iran and wildly
grows in the slopes of the Zagros Mountain range. The nutritional and medicinal value of shallots is due to the
presence of sulfur compounds, especially allicin in the bulbs.

Materials and Methods

The present study was conducted to investigate the effect of foliar application of salicylic acid on the changes
in growth, physiological and biochemical traits of shallot under different levels of salinity stress in a factorial
design based on a completely randomized design with three replications. The investigated treatments were four
levels of salinity (0, 30, 60 and 90 mM NacCl) and four levels of salicylic acid (0, 1, 1.5 and 2 mM). Distilled
water (control) and salicylic acid (1, 1.5 and 2 mM) were foliar sprayed on the whole plants at 4, 6 and 8 weeks
after sowing date. At the end of the growing season (beginning of yellowing of the leaves of the plants), growth,
physiological and biochemical traits were evaluated. Evaluation of lipid peroxidation, osmolality compounds and
activity of antioxidant enzymes was carried out in the leaves of treated plants and the amount of pyruvate and
allicin was measured in harvested shallot bulbs.

Results and Discussion

Various abiotic stresses restrict plant productivity, and many efforts have been made to reduce plant growth
inhibition by alleviating the disorder’s effects of these stresses. Exogenous application of plant growth regulators
has been reported as an economic procedure to improve plant resistance to environmental stresses. It has been
previously reported that salicylic acid as a signaling molecule alleviated the adverse effects of different stress
conditions. In this experiment, shallot resistance to saline conditions was enhanced by the foliar spray of
salicylic acid. The results showed a significant link between salicylic acid treatment and improvement of bulb
biomass under saline conditions. Lipid peroxidation regards to accumulation of malondialdehyde and hydrogen
peroxide increased with increasing salinity intensity. Also, saline stress significantly enhanced the proline and
glycine betaine content in stressed plants of shallot. The plant antioxidant activity induced under stress
conditions increased the total phenol content as well as the activity of catalase, peroxidase, ascorbate peroxidase
and superoxide dismutase enzymes. The pyruvate and allicin content of the shallot bulb increased with
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increasing salinity stress. The decreased in the photosynthetic pigments (total chlorophyll and carotenoids) led to
a decrease in plant growth with the intensification of stress level. So that the lowest leaf area, fresh and dry
weight of bulbs were obtained in severely salinity-stressed plants (90 mM NacCl). Foliar application of salicylic
acid increased the antioxidant compounds (total phenol, pyruvate and allicin) and the activity of antioxidant
enzymes (CAT, POX, APX and SOD) limited the accumulation of hydrogen peroxide and lipid peroxidation.
The accumulated osmolyte compounds proline and glycine betaine were decreased in treated plant with salicylic
acid. The treatment of salicylic acid considerably improved the chlorophyll and carotenoid content especially in
salinity-stressed plants. Thus the application of salicylic acid, especially at a concentration of 2 mM, reduced the
harmful effects of salinity stress on plant growth and bulb yield by increasing the photosynthetic pigments and
consequently photosynthetic efficiency. Also increased growth in the treated plants with salicylic acid has been
attributed to changes in the concentration of plant hormones, especially auxins and cytokinin’s (the most
important plant growth-stimulating hormones). Nevertheless, the growth reactions of treated plants to salicylic
acid are different depending on the used concentration, the plant species and the growth stage at the treatment
time.

Conclusion

In several studies, the effects of salicylic acid on plant growth enhancement under unfavorable environmental
condition attributed to salicylic acid-induced changes in plant biochemical and physiological processes. Based
on the obtained results, the salinity resistance of the shallot plant in response to salicylic acid is related to the
increased antioxidant capacity of the stressed plants, which leads to the improvement of the photosynthetic
pigments, and consequently plant growth and bulb biomass under saline condition. Although the present study
was performed in the glass greenhouse, the obtained findings showed that salicylic acid application could also be
a promising treatment for improving salinity tolerance of A. hirtifolium under field conditions.

Keywords: Allium hirtifolium, Salinity, Osmolality compounds, Antioxidant capacity



Sl pale 4yl
https://jhs.um.ac.ir

»..Cz"b;u’,cz»

YYV=Y0r .o O ¥+0 Ol oF ol oF s

oS S oyt SIS 3 (6H 98 4 Cwplie Gl Shedle donl S gl S

(Allium hirtifolium Boiss.) . 4

' e Slew —Olalias 385 —FUE gsla 5 op s

VRNV 123l 5 b

YRR/ oy b

CRVCLS

Caoglio ialil g olalSal, § el ooty bl o aLS (slotisS 31 ()l )3 Ay oA gioxe alse oot 3] Se 65
swge oS (6)9-5 d Caaglie (a8l oy Skl sl (3L Sl ST (yp San b pol gy Bl oo Cueal Bl (6598 4 Glals
dyge (sl i plosl Ve V=VF oY Jlo ;5 J1,S5 aw b (Bolas slacSel 2yl by o956 2, JB s (Allium hirtifolium Boiss.)
Vo g\ io) o Hla > Sepmdlos dal b (8L Jghoxo g (o 201 Y ga oo Ae 97+ F'v jdo) o Jlaz 53 6398 A5 Jols (o) 2
S & 6oty (8L il (gl e pobody jamge 0l D (s it aofiSS) 9 S e 69 g I L Bl e (Yoo dee Vg
Sl (Bh glone 9 08 Jlasl bajly culS o 1 ()98 slasd 2)5 f (Y50 e ) (6)58 W T cod GlalS )3 Sl iS5 5 s
lom 3l cld rizmen 5 Sy 5 ] (IS S8 (gand Gl 5 Jlie 10,8 plosl cllS 5l atin il 5 (25 laz > Sibadls
9t 4 Caoglia ]33l 55 Sl duas] L Jolbmo ¢ ol gulis poblys 15313 (s g o sine Ltal38l L85 ot L8l b ol s
o 5T el g (Gl 5 Sy oIS J18) (STl Sl 5 5k 5 a1 5l b b (2381 5oyl 5l 4 ghas 51 S0 pmge oS
5 0598 deSyy g Az s JlB (0 dgu ey ore ((Bgend ST pges 5 STy SlysSial GlaSTy GYBE) g 2l
Ol L Skl dal (8l Jgloxe & (2Sy 53 roge obST ()98 & Canglie «Juol> gt (ool 3)5 jrawge 3 W (ygasliensS]y
A (659 bl 53 ppeoge sl 3,Slas a5 g (S5ts Go3S) (ljee dguke 1 e & Al oo bl o oS sl b b

15T b )b i gonsl DS 5 (695 o 1505 (SW03 1y

oty polde s dlewgds & Cusl plox b she LSy
Sedl 3 1) Joho dang g ol W95 o0 (559 9 b
&9s s (Hosseini et al., 2021) wib e olS as) il
lesdon 9 (SOidnid (BLdCS) Sl oy o
ol 3l sgas0pll (Negrao et al., 2017) 55,5 o olS ;5 (g3
€9 «lomge] bulyd 4 da g b cilise GlalS g5y 5085 15
Dol o M) 5,k 5l )98 w5 (Solouki et al., 2023)
Clr el g s, b ate (Jobe bl (il (g
odle Wy cptuwgd olesly ials ol jo g op)S Sl
Desire & Arslan, ) s> o )3 5l cou 1) oS 5 Sis
GLbl Lsee (cpoml JLis (£)sd Lailyd j3 S ,sbay (2021

Aol
drogi (ged dgde )0 ke sl Jolse IS (g)ed
sladiss cuis ol Jb o a5 il e loa plp 5 (g5)0liS
2o e g oloypsS Bblie I o)l 13 1) (LS Cilise
S il by sl aaahie (o138 5L mel 9 Cansl 03l 1,3
@ Jooi Gl slaySaly o) gyonlil sl 03,8 axlge (s>
Ll e Cxenl bl (21 lalS 3 oS o] Jidas 5 (08
dawgs dons olS Wb, aSul 4 4> L (Saeidi et al.,, 2023)

Sl pode OLAES Ao a3 J S slalame 5 SIS 0uSingl —)

Ol @S (5l @ g Shisel «lisiog lojlo ¢S

Email: n.farhadi@areeo.ac.ir;  :Jog e oriwng—%)

(nasrin.farhadi88@gmail.com
https://doi.org/10.22067/jhs.2025.92108.1412


https://jhs.um.ac.ir/
mailto:n.farhadi@areeo.ac.ir
mailto:nasrin.farhadi88@gmail.com
https://doi.org/10.22067/jhs.2025.92108.1412
https://orcid.org/0000-0001-9921-7880

VFe0 (liali oF o los oF+ e (55,9l @abuo g pole) SLel pole @yl Y¥

srogo ol 030 Slse 5 (S T Sy (S g sl 3,Sbos
43,5 el (5598 5 Jlosl 4 STy 5
gy g9 2lge
olule T sl yal Jas

b b JopgSh ©yp0n WWYNEY Jlo 3 p5l iyl
e Sjly b el )5 aw 3 (Bolar LS glacssh 4l
0P25) 05 e 3 ol (nl srmb srollng) Sl s oS
942 TV ol Jsb g (Jload B> Y0 5 420 YO oldle>
@ ol B L (Fs8  Jl  03)5 And (B0 adBs N0
@ Gl oy bily Ol &yl ol g0 cale
Lowisd eSS o5 le aspd Hlhs gbd o ol 90 e
9 bl CawdSS g g by (S olus daily )59 (g eS05l]
pha o s e g0 (il 33,5 Jite <B4
Taw g 5 (e )5 Vse o A0 g B e ao) ()5
st (ynikeo ¥ 5 V0 5 i) Sl 3 s 31 oo
s il Jgbna 5 35 el logly S ol 51 (6350 o
OB Oy Gl w5 ¥ e e Ae g Ve e slalogs

L lass Jlas!
eyl g wlad jlas b (St Gl OV oo Jlosl sl
Al Clp pSolS o b oS a8 )S )15 exliil )90 e il VO
boye QIS YA 035 0 6 & dw Connd b a8 g Lawgie
bl 0o s Sl 50 OIS Sl 9 352 Jai 3)90 sl les

(FC) s sl ogame 1> Sty O yuilty (510085 5
2 ywge Sjly g odd 4B )5 A > (6598 calize gslaw )
S lAE uw S05 ALE s paw | gyie le Ve Ges
b laglals ulo g (5o p (rdosjimd +/0F) s ped Ol L sald
Codyls doyd Ver ey U3 )50 S it Jole
Moz woolel oloj 38> o pslaiods S5 o)l s )i
o D90 Swi slagle 5 0 Ol b odts cutS kS
S el sl Wkb (i e 9 el () bl 2
Colia b adlSen olie Jolo I jawge laamlS olie
Ay 0y9d Job )0 .0u0,5 eolatwl ey iy (gwd VE (S5 S
Cabbs o Ol 25 it cutS oAl S i L
N emSs gl b ol Wl o8 Jobe b (sl
lsgn lie Jobeo 51 ialefl sloasly (655 e 21331
Idoe g ol dwd (g ol b b <O jgy Vo yn alals

GHIFI L g M Gl OLS Aty sk & Cuns ady
ol @b Gl g A5 kb 3 LS 658 ol e
& e g 0303 )15 5ab cow |y sl slalid gyl 5 sl
slagg Jood > olS Ul pae g Blo 3 S geod
» iz LS (Kumar et al., 2022) 505 0 aidlzecss
92 4 g Mo ol 095 Sl Soliste (slaiiSly 5 L aprlse
Bl el G5 plp Wy Jeod g Clial &0
Shams & Khadivi, 2023; Zhao et al., ) 1S cuglis (5
36 =5 i 53,5 Jlb b aLS a5l ¢ ks (2021
(oIl ampl 5 ol p) Ghaslsl el Jols
OloS 5 zezs o (SKrypnik et al., 2022; Kumar et al., 2022)
Singh et al., 2022; Shams ) -5k M5 5 gy Aile I
DiiSly (soul L5 4 395 b Jsbw > (& Khadivi, 2023
omolio JSaly LS w5, sbrosisS pulais jl oslitel Aimd o Lis
cos GalS )y sadabul (Sjde s claeaio p als ¢lp
L) sosiS ool (o Sl dpol Al ()98 S5
o sgai 5 (Seigsnid slaanlp B 3 o cul alS
STy em5 o Judg 1S ol Gl s e il il
Nl ool pudplio 5 iy 5 ) SOET &
5l sk (Shanshan et al., 2023) sl id eS|
S iy s Gk 5 Sl dl b log alS sladiss
Sr9h OB 4 Cunglie GRlEl Cage oliendsn 5 (Sl
Tavasolee et al., 2024; Shirzadi & Bideshki, ) cul os
.(2018; Yousefvand et al., 2025
25 Allium  hirtifolium  Boiss. _eale pb b jwge
Ly oy ol dea 5l &5 cul Alliaceae odlgls | luas
095 ALl Aisly g &y ) (g gy g Wb Glnl )
5 »he b3l (Panahandeh et al., 2016) wo, o w1
S 3 O] ohigs (2585 LS5 329 Joar yrose 29>
5 v sbbrepe o ol Jb ) dbe e
gaw 32y 53 jpge olS w515 (@le 5l 6)lomn )3 Cuw b il
s & ohal s sladisS 1 g cul ssel ol codday
pbol o cpl;l (Farhadi & Alizadeh Salteh, 2017) s, .o
e llps 4 ol cpl iSly oy p el 0 Slids
Loyl Slolys caenl o] cusS bymus g bas (bl 3 cilise
Lulyd &) yowge olS iiSly Cals wabpbol (b ) p & w29
ot g2 el ity o 5 lalle wsjli o Giliis
p Sdewddlo soul algl Sbs)l Gua b Giaeh opl ol



YEV ol gy d Sl 55 (559 4 Cunglin (al531 51 Sorpmantlis gl 3l Jplixa 53150 5 (g5l 3

PS5 2 S 9sSwe ey adllas )90 sladigel (3l (pan S
(Grieve & Grattan, 1983) . solatwl S, S 459

Js Jad

Gyxo ) ool |y ppge obS 5y clodiges ;5 S i e
Solie ojlas ;3 (Singleton & Rossi, 1965) glS guuw— g8
sbe s San Voo 0 (6Seal o s A J3lis b edags
o 3 085 33y yhaie T L iz il o)l 5| Jols yoliisg,
oz 3 ot 23,5 6L STy bgbies a0 S om0 g o
A 03938] 5e8 Jolore 4y duoyd V/A lin)S muidu ( SS,U 4dB>
J5lde 0,5 (S0 jlul jogilh Ve )3 Ol adBd ¥l (e
oololy 036 iy )5 2 )0 SIE sl S e sy IS
23355 (6550318l SIS sl 5kl e

Ol

S pogid Sl gy (bl pwge sbajly )3 ] e
ze Job » lo pials 5 b nenlS e oS 5l eolal L
e 5 0d9 PS5 0 PSS e orlelp g 1B (S el yegil YYY
‘(Miron et al., 2002) 03,5 yl5s

&l g s

odliiw! L oo LSLD)L.: %) )l Ga>l~u uly&b u|9).u )].\o.a
A5 gySejlul (DNPH) cujliae b gyt 69 oS5
g, Sao VoV Il 30> il (Anthon & Barrett, 2003)
ol Jid g5 (0 Jsle g See Veve g ke O
O b 45 (Yoo 93 Sp)lS el ) G 53 )5 +/VD)
Ol 3 s )See Yo g 4B S 1) prsge slo 5l pasidio (g 0)las
Ol plon 50 dddd Vo ke 4 ladiges 35 adlsl eSUB 3
& o cpl lam Bas 0ol )8 o5 il a3 YV sled 3 )8
o 43,5 LAl Voo o179 i o iy ladiges 1 S, 50
2 yiegids Sl oKy bwg Cls e « ) s odaliv
2 J9e9sSee s g Slyyo Jlado 9 O3 Jogll ¥V oo Jsbo
b o by 03U g p)5 2

Olacas 4T (slaaa 351
9‘\/13’15) O\.&.:Mﬂg‘;ﬂ dh”rv-.’.}j cJlkd dﬁfo)'l.\.il le).g
e 2 b)'b' t_?).g P)f [0 ‘()wa Ju..u.S‘ RHW 9 )l_\wfl).»

e slos )3 (FIA plp PH L) Yoo deo Vev lind 5L 5l Lo
428 Vo Ode 4 ol ojlac b glpawl oS oo 4

2 b s 3 pilefl Job 3 35 e Jlosl (5595 slajles
YoV odgiome > aldS (glod 5 13,5 eolaiw] lalS Ay 090
P g pie Mo VoA (o g Casb) g 2S5 (Gl 42y
(sudy Slao (aig oSy (145 35 g9yd) Ly Juad sl
il edS L8 bl dyse plesdsn 9 (Seiglesd
slmpl cdld g lgewl OlLSH amd ogmelinsly
5 Sloyy o g 1b ploxl oadjleg GlalS Sy )3 sl

23,5 (650318 puwge ondaild p (clajly 55 Cpeand]

o)l e ol
Sy oo

e Sais g 5 g oSy e oS )] oadjlegs LS 5
4 s 5 o o] 5 g il udlo Sl g b (S0
Said oS Bl am o Ar glod b el 3 0 cels FA s
(Hossaini, 1994) 545 55 0,b9d 9 13,5

Rasdign 5 S1551 92528 Gl
il gal Oolass 5

B9y mwge obS Sy )3 Grdon e sySojlul sl
Byxo jl oolizwl L (Bates et al, 1973) o \Ken 5 uin
o dobre > (alS ojlas glpul b olal oy
Vol slidgy Jsloee 5 plnl wo)d dus dpl Siledlsdlgus
JeoME 2l Sl 9 cydp s Syre e O b Fods il
Veosboo b pyS o plas o el K Jolbs Jgboo b Ligle
old Dy g S5 10 alolB puw 9 <8 )5 148 oS Sl as o
5 03938 (Jelgs o 93 ol Jolore & pusy 3UT slod e
Ny B B 2l g g oad JeSuts B 9> Sl cnl 5 &S
& U ko) g 3l lagbre (lojen 3,5 (o595 58)
sbdgle 5 (LS ladiges (SBs 51 S ans (Va9
bwg yogl OV zgo Job o byl Cls g oad b )kl
3 il b g0 o gy ke 23,5 (650l yiagiby Sl
£S5 33 psS 95w G ygody g dulone odband 5yl (sla s>ie
w5 IS Sy 5 o3

OIS Sy ps5 10 4 (3l DS oS o)l ey
4 YO slod jd el Y¥ Gt 4 g bl yadie Oy Juo V-
Job o)las 5l sl deo <10 05 03> )18 1Sud (g9 315 le
G o plas 13 5 bl Jloyi 53 il el il o 5
bl 4y g o peoliy Sl 5 s o1V Cole 3 9 €85 )13
Y5O e Jsb 5 hobs Jsbre i e i alal LSl

Jade duwls (gly 50kl laieds pky 5105 ol egil



VFeb (liali oF o los oF+ e (55,9l @abio g pale) SLel pole @y pl YYY

hilergisd (Hlse)) S5 Ty podilys ol g5 ol Blee
1oy b ol 55 gmmrdtsnsS]yom 3] Calles S o eLosl
gy STy Jsloee y> 3l gy S5y S5 coilos
De ol land 3l ¢ ol ojlae Jolis (iSTy Jglore 9o
o9 )Sun VO podyilySshy i ¥ga oo WV (ygete Yoo lin
Yo yiSly ST elp &S de Ve e Br OluyS s g
BLal sl Jglee 4 Vg See o cngMogn iy )See
Cr pY sl ke plyieas mpl ol ol S S
o 05+ 3 padyi sh 55 sl Culos 203 B SE)
duslie o3l ojlae oty dald cladiges b aS 2ad 0 e
B> Sy ) g S e 3 (UNIL) sy oy ol 5

J(Giannopolitis & Ries, 1977) i )55

wiallsap gile 3 0590usa wans)

L ol s (i Sy zlocisl cas
9 10,5 St Sl Al 00 e 4 g gluiel Siwlg IS o
Sliw Bl e 10 Sl JSly Jolous & ol ojlas
S dt ey Lo Ko 5 (PHEY) Ypnidio Vo ol
488> V0 Gde 4 g ol wy)lias 13038 5l day il a8l ,Y g0
JewS Ty e s 0l (6 )l SS DS 5l 4 pd YO sled
OB 5 0is e > dsessSee bl gegl YA- 10 gy
(Velikova et al., 2000) ;5,5

ssdlloapgle hie ululy sded pomelinnslyy i
ojlas zlwl gy )5 duslxe JiiSTly Jolowe o odd LSis
day Jeols ojlas b edlaiw] dwlSiawlg IS 6 5 Joloe ;I BLS
Ml S 5o 53l A Sl JS 5 5 gl 4 S 5L
e D Jgloe b sy Liolesl sladlgd J310 0 ¥ @) con &
5 i 03> 4,8 2,5 Ol plas )3 adds Yo e 4 3,5 Slo ax )
OYY zoe Jsbo ) Jolbs Jsloo jo5 oo ©Ad 035 3
Feoe Pl ‘saoLao‘).a& dbo)‘i:) )JL» RPR TV DJJ‘? ).myb
3 350l e yglle laie 03,5 S e oyl 5l g b oilgd regil
Davey et al., ) 13 ()35 5 0ig o5 )3 Jgesil olslyy g

(2005
S e 939 slas jush

T Gl 4y oo 9 43,5 2l sciol oy A sl )3 adiges
sl slpe 50 4zl 455 S byl o Sl 3 el
ol S8 5l B T slos 55 5§ 6Sola plite 4
2 Basels)l5 g JS o)l e jlegidg il dlewg 4y 088

Sx5o)ul ly ol olas Glsisar gy oo o 5oyl
9y 6pSojl 5,5 oslitul ST 5T lag Bl culld
1 oolitel b a1 5T (el 51 b toeias jelaion; Jsloo
29800 Uhgy Bk o)l plgisa ol megdl ppw
Cd)5 ©yso (Bradford, 1976)

Jseke  ololyy VB sl el WG
203)5 ()l egil Y+ zge Jobo 53 ey 325 (g en S
225 b @l ojlas )3 dpr9e Y wpl () cal
)95 zgo Job 3 odle (pl o il e (g Am STy
SSoilul il cldld loj daly > Ll @oli g o
Yoo B pawly Gland Bl (g5l STy byl 39 o0
Dy o3l ojlas jlgSaa Ve g YWoa dea Vo (g hm AeST
Dol aps (85 5l )0 b eady g (g STy Gl
STy Joadee cay (egile 3 Joedee > YY)
Ofon P > (UNIL) adds o ) sadayips (jg)a
(Aebi, 1983) 1,55 duwlne

JSUS ol 5 o3lizsl b gy ml called 25amnST g
Bl | JiiSly 48 Lot JoSUBLE 1y olise Loboly 5
Sland j3L) (iSTly Joboro 4 or 3l ojlas g Sie Voo 38
a2 0 glos )3 (JsSLE Jslowo 5 (ot dpuSTy qonly
4 yogl TV zgo Jsb o ol a8 5l o5 ol
o] Clled g Ad b pregibg Sl olSiud bawg 4l A0 e
2 J?&O‘_;Lﬂ 2 “;/;) J;Llfl)a) Lf“’9“°l> G o )l oolawl L
—Gke > (UNit) adds 53 JoSUB15 Jgo e uns o (o il
.(Chance & Maehly, 1955) 15,5 ausle sy p)5

SbgSul b (¢S5l jolatads tjlomunST py L oSl
(Nakano & Asada, 1981) blul 5 L 39, 5| sy
oy Sae Voo dged a8l b ol cdlad iowiw A5 ool
FA- Jolis (iiSly bolbe sy jYgo oo Voo gy dSTyy
Al pidgSn Vee Vgaidee Voo land mauly 3L s See
5 Yseike Ve EDTA yilgSio Vee Voo o Ve SipgSasl
Lol Gls pn ials 03,8 plxl s 3l oylas yidg,Soo Yo
Calld ad ol Al VY e 4 ol YA zg0 Job j0 STy
pSGke o 5 eaduusT SlysSul Jseide ool w3l 09
Jsodie 0 YIA Li50ls s 3l oolitwl b adBy O > s p
2255 GBI el

P W | V. P31KE I ] 7V VUL X VWL 1 JUPv
SSlymg JB3 Mg Gl eloly SUgeudinnST g
oS il e STy bame 13 (gMgy) j5b alpwge (027)



VY ol gy i Sl 55 (559 4 Ceoglin (al531 51 Sorpmantlis gl 3l Jplixa 53150 5 (g5l 3

S 5 g 205 2 (58T Skl danl (25 )8
Polsy Q;J 205 Jlepll sl (55 e lS po sl
Bhdslone & (iSly )3 (y9d A Lo pwge olS S
sl sl Jials aeg JB et Sl aul
2 ebme Bl Yee Lo 9> clale b ojsdy Sihodlo sl
Oty ity ol M g ogn LSy e ials
6)9») L)w..: ol g0 bltf Lgl.ma_f)) )0 Aoy A5 9 N5
() Jgis) casls

=B latiSly cnpeee Sl Wgel Sl Gl
9 ) e i 4 (iSly ) (alS iz clads
Ui ol S (Zhao et al., 2021) sl e (wjps
bbb Sl clapsl s kb et
2055 g 0l guilinS] i blyd 0 Jolw slié o lapiuwgid
Shams & Khadivi, ) cul sbj g9 (i 4 plie pli)l )3 of
P ke OB 8l a5 WSles 5 g (2023
Lo Gl iS4 e g 0)b i 4 lalS iiSTly as s
b gSumgy Jlbo Sl odgn 2gdie olS Ay p 6yed GRS
bl (¢ jamsl wala 5 oyenST O slo ISl o0, Jlub i
(Singh et al., 2022) .S’ »

235 IS elS 5 i pS 2 Sk cwe ol
{Lichtenthaler, 1987)

Solel 323
b odls uibyly ajoc dmodly (g Jloy 51 luebl 51 o
ke duolie a5 pbool VY aswws SPSSlidle 5l eolal
0 Jlas! maw 3 Sl clasebsais 905l 51 odlazul b lajles

B )5 Cyguo duo yd

Siilgand Glus 5 (liee p Sebialles wadl jlasi J5)
Gogd (il Ol i 9o oLS
Jols 018 Sl dgend SLaS 5 (i (gl ol 2
ol ixe jsbods yrmge oS (S y > il S g g
Sl izmen g Sebamadls ool o 9 (6558 (A5 3L o
o il g1 3 ine SlS 5 el e e ) olie

et it ) 8l oS g oy i (Sod A
Sy Gl (55 el bl b b duolie )3 doyd VY/Se o Y4/PA

S99 QA Al ol CoU ypwige 8LS )3 Olgg 9 JS S b gondl ()50 32 Stbownd b sl 513 Jgo
Table 1- The effect of salicylic acid on the osmolytes, total phenol and pyrovat content of Allium hirtifolium under different
levels of salinity stress
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Salicylic acid Salinity stress Proline Glycine betaine Total phenol Pyrovat
(mM) (mM NacCl) (Hg.g" FW) (Hg.g™" DW) (mg.g* FW) (UM.g* FW)

0 0.352 k* 0.251h 0.653n 69.33m

0 30 0.378h 0.273 f 0.673 k 73.431

60 0.400 e 0.290 ¢ 0.691¢g 74.78 k

90 0.460 a 0.310a 0.711e 75.98¢g

0 0.351 k 0.247 i 0.662 m 69.39m

1 30 0.361j 0.261¢g 0.681 j 7491j
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* Values followed by the same letter in each trait have no significant difference based on DMRT test at the 5% of probability level.
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Figure 1- The effect salicylic acid on allicin content of A//lium hirtifolium bulb under different levels of salinity stress (DMRT,
p=<0.05)
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Table 2- The effect of salicylic acid on the antioxidant enzymes of Allium hirtifolium under different levels of salinity stress

Sl dsl (5905 S ;Y6 STy STy OlyeSl 3L gowmnsd STy g
Salicylic acid Salinity stress CAT POX APX SOD
(mM) (mM NaCl) (U.mg! protein) (U.mg'* protein) (U.mg! protein) (U.mg! protein)
0 0.465 i* 0.739ij 60.48 k 66.19 p
0 30 0.470h 0.742 h 63.94 68.30 |
60 0.473 gh 0.761 efg 69.04 f 70.89j
90 0.480 de 0.791 cd 73.50 e 79.17d
0 0.466 i 0.739ij 60.23 kI 67.34n
1 30 0.477 efg 0.759 fg 64.99i 70.04 k
60 0.475 fg 0.764 e 73.40¢€ 71.13i
90 0.482d 0.795¢ 74.67d 80.45¢
0 0.465i 0.741ij 60.28 kI 67.73m
15 30 0.478 def 0.763 ef 67.20 g 73.11¢g
' 60 0.479 de 0.787d 74.86 cd 76.54 f
90 0.493 ¢ 0.826 b 74.99 ¢ 83.99b
0 0.466 i 0.730 60.18 m 67.02 0
2 30 0.477 efg 0.756 g 66.01 h 72.43h
60 0.497 b 0.792 ¢ 75.32b 77.46¢€
90 0.513 a 0.848 a 83.52a 86.42 a

) oy gy sl pedans 3 5S1 geT 51 ool b gyl sine BB LSy gy b (sl Lo cotddunglio 09,5 5 Cabo o 55
* Values followed by the same letter in each trait have no significant difference basedon DMRT test at the 5% of probability level.
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Table 3- Theeffect of salicylic acid on the amount of lipid peroxidation and photosynthetic pigments of Allium hirtifolium
under different levels of salinity stress

05979 ST 5

Selndlos dpnel (5 yg0 AT sl oglle J5 by S Waigig, s
Salicylic acid Salinity stress Hydrogden Malondialdehyde  Total chlorophyll Carotenoids
(mM) (mM NacCl) pero_>§| N (nM.g* FW) (mg.g* FW) (mg.g FW)
(UM.g™ FW)

0 9.20 I* 20.10ij 4.49d 0.240c

0 30 13.41h 20.62 h 4.25f 0.221e

60 16.78 d 35.03 ¢ 3.90j 0.2011i

90 21.93a 56.91a 3.47m 0.190 k

0 9.11m 20.23ij 4.67b 0.254 b

1 30 12.42i 20.40 hi 4.474d 0.239¢

60 15.88 e 29.95f 3.99i 0.208 g

90 20.66 b 49.44 1 3.571 0.193j

0 8.18n 19.92 473 a 0.263 a

15 30 12.21k 20.45 hi 4.44 de 0.240c

' 60 15.63 f 29.86 f 4.10h 0.213f

90 20.66 b 46.87 ¢ 3.69 k 0.204 h

0 8.19n 20.10ij 4.60c 0.256 b

2 30 12.27 20.40 hi 441e 0.236d

60 14.82¢ 28.04 ¢ 4.15¢ 0.221e

90 19.30 ¢ 40.37d 3.72k 0.211f

...\J)L\} Ao )d iy Jla;bl C“““’ 5 L‘/&jl: Oyo)‘] )‘l odlitwl b d)bgbw RN ulm& g_é5)> L dl:a)l%: 0 2o 09; 9 Cluo yb D
* Values followed by the same letter in each trait have no significant difference based on DMRT at the 5% of probability level.

Py lls Jsho slie w0l sl sl cud )b 250 b 5 it aeSly e ialS ol iagh )

EooS yle 3 il Gjgod; & A8 oo Lais ded GowlinS]y 2 Sshedlo sl b oadylas GlolS )3 (e GgelieasTy
Naeem et al., ) wbpe ol s5allisooiglle 5 39 demSTyy 5 Doy oJS J8) GlnSInl oliSy e Gl e
KOche ) olylen 5 g5 LIS i oS0 b 512020 lamaslyy GYB) a1l szl callss 5 (cypm

Sl Hlow a4y (uiSTy )3 (gdad ameliansTyy ials” (al., 2021 Sebedls dol .ol (U g0md foawST y3gu 9 lapusyy bS]



VIV ol gy i Sl 55 (659 4 Ceoglin (1531 51 Sorbpmantlis gl 53l Jplixa 151500 5 (g5l 3

Lad i kil adlbad, LS 0 Sy aw DS pwge
OB g baulpd )3 adldy LS I pieS o) YYTOA ()55
OBLS S s y Sebodls ol b sl b 42 510y,
9> cdale 13 ohady Sl sl 3! Ll Dy D bre T ey
S90Sl G5 ©ad I b Sy g Gl 3 Ve ko
29t (6y9d b alRBI L yoge sl Sl 5 5 g (F o)
5 (p5 PUAY) 5 Ljg oS S pgbar 8l (ials (gl sine
o kld o asbas, gbls s sk (5 WYY Suas
0355 ) dgne 3> Sbendls dpl 28 05 Jols Vg0 Lo
Ly 35 2Ll ()00 (15 g S bl 9 j2 50 oo Sl
S5 5 5 0is S 3 Asle o i S5 il
e Sl cudly Slandlo il (8L Jsloxe 03,5 555k Sl
9 FIY Olieds e |y pmuge Sy SiS 5 5 0jg 2 ) U5
(¥ Jois) dan mals as s VY/OY

Cld ialS | Casl (San (£yod CoU pige A5 bl
Jub g olS Ol sl 5y oty Jolo Jgbo Sl g ot o
Gl a5 3L elpen Jobo o)l sg)ne sl By (0
Hosseini et al., ) wb o Lials Lylys opl > (gdie dlge g
2 S9d U5 ulyd )3 prge by SS9 5 (g al8 (2021
(5 st (Sloo3sS5y nlS soxs5 13 5 S b 2l | bl
@ oBSly 50 jewge Sl 035k dgike Sl iagh )3 el
SheSlsl cad )b Gl ddba Shdlo dl (34 gl
oS 3Slas g Ml oo (Gitwsl SrojSS) Hlde dge
Py o s Sehdlo sl Jlow @ GiSTg )3 5l 9 g e
OhSen o Jwgi (Saeidi et al., 2023) -, Sen 5 (s bawg
OSen 5 Syselslw 4 (Tavasolee et al, 2024)
2 Ay il cwl ol 555 (Sathiyamurthy et al., 2017)
bl  Ohed 4 Sl dwl b oddjleg olalS
O Feke) BossS s 5 bomST ohsd (LS slaggeyen
Shirzadi & ) cuol o 031y G (o5 aidy S oo (sl 50,90
sed 4 LS cu5, (sla STy ogmaryll (Bideshki, 2018
2 Ady Ao 5 BLS 465 wadoslaiwl clale 4 din Sluls
(Shama et al., 2016) wib o cglite jlous oyloj

Sl 90090 geos 5 JUsl il L bLs)l s Sl
sl e S5 cos b b Jsks 53 ol

oS (5 b 938 (5o 2S5 3 Slecwsllos swaad e 5!
G5 QAN Caad i 9o

A orzmen g Sl 2ol 9 (6)98 Bl Slope (0L
5 J5 Jido)lS) (optiwgt slooySsy Jde (gl gl e
9 J5 JB9)l5 e s lagine prge olS Sy 3 (aidgtis)
02558 5 8l inlS )95 gl I3 niS  sloiss IS
laasgSe)S 5 (55 (ijg £S5 0 poSee YY) S Jidg S e
O cod adbad, lS 5 (5 gjs S 0 pS ke VY
i e Salondlos gl lagi a3 ST 0 s (Yoo doo A+) s
RS Cod g G5 g GllS )3 1y beadess S S s lS
2 STy )3 (s tngid (slmojeSy il Ll et d9 (5595
9L &S SlalS g iy W15 cod (lalS ) (8L sl sles
o Wb Hled LAd G5 Cod Sl dewl Y50 Lo
Cnd Syl M35, g Judg S (glgizmn Aoy VV/+0 4 VIV
9 JS JB)lS ke als (1" Joaz) ainils oaits sles (lalS &
5 BaliSS) (6)55 OpgmeliensS] 4 013 AT GlalS ) laudsig)lS
dgde o> Cad bS] A5 donS 3 Jdg)lS e
Jido IS 4550 ¢ gy ol (Desire & Arslan, 2021)
$29 5 (BB GRS 4 S8y 53 Mg ISl aljél o o
Negrao et ) »3)5 o (sjtuwsd oSS, clale ials 4 e
5 okS o> s 390 b Sl 3wl Lo L(al,, 2017
il Gla il 5 (1 ) Shanslal ol Gl b
A LSS Jole glas 1Y Jgir) Slaes]
ol mi )3 5 (F Jpan) 435 oo cliblbno laned (gl
(Alam etal., 2022) 125 0 JialS |) el 4 ouis,lg

QA5 Sl yaeage oLiS audiy 53 Salsaalls sad jlass il
o5
Hise I et 5 Sebils 3l 5 9 (sloles
039 <5y ) byl 2090 sy Dliso (5l gime psbods L]
sl ols 3 b cou 1y g oS (b Sis g
S0 Slales b Cov jage 0 lb S e lajly
U5 Sl 5o 5 ol 3 5 o o 5 53 15 adlas
ol Sy gaw drgi JB 2alS 4 e (6)90 Gl g 0l

‘5)9.\.3&&3(“":' CWMW?BL;FJM)QW){‘S‘M Al ] 51 (pSGle duglio —F Joaa



VFed lili oF o o oFe e o559l @alioo g pole) SLEL pole 4y i YFA

S sdmlie ..\J..\w 9 Ja.u:y.o ‘)A-uj ]aJl).w )Y yrwge olﬁf u.:ww

Table 4- The mean comparison of the effect salicylic acid on growth traits of Allium hirtifolium under different levels of
salinity stress

St B e Lodrm e oo
LT Salinity stress  Bulb number Leaf area Bulb fresh weight Bu ry weight
Salicylic acid (mM) (mMyNaCI) (per plant) (cm?. plant?) (g. plant'l)g (g .plgint'l)g
0 1 498.33 b* 90.25 cd 32.06 ¢
0 30 1 449.00d 89.92d 29.20d
60 1 408.00 f 77.389 21.43¢g
90 1 331.00i 69.83 i 18.71 h
0 1 503.33b 94.02 ab 35.50 ab
1 30 1 443.00d 92.43 bc 31.25¢
60 1 409.00 f 77.16 9 23.28 f
90 1 335.33i 70.53 i 19.91 gh
0 1 520.00 a 95.61a 36.87 a
15 30 1 454.66 d 94.20 ab 34.60b
' 60 1 426.66 e 79.66 f 24.99 ef
90 1 348.66 h 73.43 h 21.24 ¢
0 1 515.66 a 93.36 ab 35.74 ab
2 30 1 474.33 ¢ 93.61 ab 34.20b
60 1 443.33d 81.92¢ 26.51e
90 1 383.00g 75.16 gh 23.79 f

) oy iy sl pedans 3 5S1 geT 51 ool b gyl sine BMIS] LSy gy b (sl Lo coldduglio 09, 5 Cabio o 55
* Values followed by the same letter in each trait have no significant difference based on DMRT at the 5% of probability level.
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Introduction

As an artificial light source, LED bulbs can help to grow better and faster greenhouse products. Meanwhile,
blue and red light are important for plant growth. The quality of light in terms of color and wavelength can affect
the morphological structure of the plants. Therefore, the use of additional lights in winter, when light exposure is
less than normal, can improve plant growth and flowering. It is also advisable to change the quality of light by
using artificial light sources in controlled environments such as greenhouses in order to change the quantity and
quality of agricultural products, especially fruits.

Materials and Methods

In this research, the effect of complementary light and nutrition (commercial Calfomyth solution containing
high calcium phosphorus and calcium elements along with micronutrient elements) as a pot experiment under
non-soil culture conditions in the greenhouse, in the form of split-based plots experiment A completely
randomized design with 3 light treatments including: natural light (control), 60% red light + 40% light blue and
90% red light + 10% blue light, and 2 nutritional treatments including: non-spraying with commercial fertilizer,
Calfomyth and spraying A concentration of 2,000 in 3 replicates was established and implemented. The traits
that were studied in this experimentare: 1- leaf number (count of leaves), 2- plant height by meter, with accuracy
0.01 m, 3- diameter with caliber with accuracy 0.01 mm, 4- Number of flowers (counting), 5- Time of flowering
until the product reaches (counting the number of days), 6- Performance: Whole and red ripe fruits were planted
and weighed separately from the total fruit weight Per plant was obtained in grams per plant. Statistical analysis
was performed using JMP8 software and comparison of means was done using LSD test at 1% and 5%
probability levels.

Results and Discussion

The results showed that the application of additional light on fruit yield, stem diameter and plant height, yield
time and leaf number (p<0.05) were significant. Spraying with Calfomyth could have a significant effect on stem
diameter and number of leaves. In the traits such as fruit yield, number of flowers and leaves, the interaction
effect of feeding and supplementary light was also significant. The highest elevation was observed for 60% red +
40% blue (25.38 m) and the lowest for light control treatment (20.72 m). Also, the shortest arrival time was 90%
red + 10% water treatment in 29 days and the maximum time to reach the product was 45 days. The highest
number of leaves belonged to 60% red + 40% blue treatment, as well as spraying with Calfomyth (118), the
highest number of flowers (50) was related to 90% red + 10% blue and Calfomyth treatment, and the smallest
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number ( 15) was related to control treatment. Also, the highest yield (3553 g of fruit per plant) was obtained in
Calfomyth treatment with 90% red + 10% blue treatment and the lowest yield (434 g fruit per plant) The control
was light and non-foliar treatment. Although light is an important source of photosynthesis, photosynthesis can
also be related to a series of optical regulators and optical sensors. Blue and red light cause different optical
sensors and expression of genes, each of which can have a positive or negative effect on plant growth and
development. Therefore, it can be concluded that the presence of both wavelengths (blue and red) is necessary
for conducting, and for this reason, more research is now focused on achieving an appropriate optical
composition.

Conclusion

In this research, all of the morphological traits examined in the tomato (Lycopersicon esculentum) plant were
subjected to additional exposure by LED bulbs, each of which had a special effect on their receptors in the plant.
Maximize growth and yield in the plant. As expected, blue light on vegetative traits and red light were more
effective on reproductive traits. It can be said that the existence of both wavelengths (blue and red) is essential
for the better and complete growth of the plant. In addition to the positive effect of wavelengths, the positive
effect of leaf spraying can also be observed, which, along with the neodymium, could improve growth. The
results of this study showed that the performance and growth under the cover of LED light (red and blue
combination) were superior to natural conditions. Therefore, it could be suggested that the use of these lamps, as
well as spraying with Calfomyth commercial fertilizer, could be feasible for better production in controlled
conditions (greenhouse). It seems that application of complementary lights with proper nutrition can improve the

performance and growth of tomato plants in greenhouse conditions.

Keywords: Calcium, Calfomyth, LED bulbs, Wavelengths
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bS5 230
Composition Values
(N) JS' 0

Total nitrogen (N)
(N) Gl 3o
Nitric nitrogen (N)
(N) csloysl 5920
Ureic nitrogen (N)
O 3 Jgbes (P20s) jid seuSliy
Phosphorus pentoxide (P20s) soluble in water
TSN EN (6F:10) [PUWNL W 1

Calcium oxide (CaO) soluble in water

3% wi/w equivalent to 4.2% W/V at 20 °C
1.7% wiw equivalent to 2.38% W/V at 20 °C
1.3% wiw equivalent to 1.82% W/V at 20 °C
23% wi/w equivalent to 32.2% W/V at 20 °C

5% wi/w equivalent to 7% W/V at 20 °C

Ol 5
Composition
ol p» Jobxe (B) )2

Boron (B) soluble in water

o 2 Jole (B) )%

Boron (B) soluble in water

solie
Values

0.1% wi/w equivalent to 0.14% W/V at 20 °C

0.1% wi/w equivalent to 0.14% W/V at 20 °C
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Table 2- The nutritional solution used in different growth stages of the tomato cv. Hybrid 240

i s b L Just b Jgl avigs b 093 4o U pg adgd bl U ey andgs
(ppm) Jol anigs P93 Ags P A P2 dudgs M35 0,93
Nutrition (ppm) leansplant to First cluster to Seco_nd cluster to Th!rd cluster to Fifth c_Iustgr to
first cluster second cluster third cluster fifth cluster termination
(N) 5o 70 80 100 120 150
(P) yaud 50 50 50 50 50
(K) oy 120 120 150 150 200
(Ca) pumds’ 150 150 150 150 150
(Mg) pos 500 40 40 40 50 50
(S) 3,555 50 50 50 60 60
(Fe) ol 2.8 2.8 2.8 2.8 2.8
(Cu) e 0.2 0.2 0.2 0.2 0.2
(Mn) 5. 0.8 0.8 0.8 0.8 0.8
(Zn) 5, 0.3 0.3 0.3 0.3 0.3
B) ) 0.7 0.7 0.7 0.7 0.7
(Mo) ;s 0.05 0.05 0.05 0.05 0.05
sl gl 0.7 0.9 1.3 1.5 1.5
Ec (dS.m-1)
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aS" 15,5 el (Dougher & Bugbee, 1998) 5L 4 b

j).g Maxs Cos ‘_’)Le.fb 9 }mlf dbfﬁ Jﬁ”lf Ol}t‘ 9 Sl
5 Sy Caalius omen Cal azil Gialiel T e jibe cou
39 2550 3o (Capsicum annuum L.) Jals oS ;5 o sl
W b b opl a (Schuerger et al., 1997) cél il
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Table 3- Analysis of variance (ANOVA) of the effect of supplemental lighting and nutrition on yield, total chlorophyll, days to
harvest, stem diameter, plant height, and leaf number of tomato cv. Hybrid 240

s i @R Spolan | by pl) | dleskd S sl b oloj oo g0 3,51
SMO V. &3l Leaf Plant Stem Flower Jyawe yuw) Fr"uit ield
o df number height diameter | number | pays to harvest y
‘l‘fl Jele sl 6 34.83" 4.98m™ 0.71m 46.5™ 2.33m 7163.0™
Main plot error
eSS 2 | 5447.05™ | 40.42" 252" 9.5 402.88™ 8993785"
Supplemental lighting
‘b'\” 1 2069.38™ 0.12" 2.71" 24.5™ 0.88™ 394586"
Nutrition
‘b'\” ot f’f 2 166.05" 4.44m 0.15™ 179.16" 0.87™ 874052"
Lighting x Nutrition
e Jele sl 6 22.17 2.9 0.24 13.27 2.55 181138

Sub-plot error

D Gxe e g doyd iy oy S Jlain] pdaw )3 I gime i gdy NS g s
** *and ns indicate significance at the 1%, 5% probability levels, and non-significance, respectively.
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Figure 1- The interaction effect of complementary light Xnutrition on leaf number of tomato cv. Hybrid 240 (LSD, p<0.05)
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Figure 2- The interaction effect of complementary light xnutrition on flower number of tomato cv. Hybrid 240 (LSD,
p=<0.05)
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Figure 3- The interaction effect of complementary light xnutritionon fresh fruit yield of tomato cv. Hybrid 240 (LSD,
p<0.05)
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Introduction

Basil (Ocimum basilicum L.), a warm-season herbaceous plant from the Lamiaceae family, is a valuable
medicinal and culinary herb widely used in pharmaceutical, cosmetic, and food industries. Its aromatic leaves
and mucilaginous seeds, beneficial for soothing sore throats, make it a significant crop in West Asia and the
Middle East. As global populations grow, greenhouse and urban farming, such as vertical farming systems, have
gained prominence to ensure year-round production (Massa, 2006). However, basil’s growth and productivity
are often limited during low-light conditions, particularly in colder seasons. To address this, artificial lighting,
particularly light-emitting diodes (LEDs), has emerged as a powerful tool due to their ability to deliver specific
wavelengths, high photoelectric conversion efficiency, and optimal photosynthetically active radiation (PAR)
efficiency (80-100%) (Darko et al., 2014). LEDs allow precise control over light quality and intensity,
enhancing plant biomass and secondary metabolite production. Additionally, ascorbic acid, a potent antioxidant,
plays a critical role in detoxifying reactive oxygen species (ROS) and improving plant growth under stress
conditions (Shigeoka et al., 2002). Previous studies have shown that specific light spectra, particularly red and
blue combinations, enhance terpenoid and phenolic content in basil (Rihan et al., 2020; Rafiei et al., 2023).
Similarly, foliar application of ascorbic acid has been reported to improve growth and mitigate environmental
stresses in various plants (Yadollahi et al., 2016; Esmailpour et al., 2023). This study investigates the combined
effects of LED light spectra and ascorbic acid foliar application on the morphophysiological and phytochemical
traits of basil under controlled conditions, aiming to optimize its production in low-light environments.

Materials and Methods

The experiment was conducted in the summer of 2024 at the Horticulture Laboratory of the University of
Agricultural Sciences and Natural Resources, Sari, Iran. A split-plot design based on a randomized complete
block with three replications was employed. The main factor consisted of four LED light treatments: three blue-
to-red ratios (75:25 [BBBR], 50:50 [BBRR], 25:75 [BRRR]) and full-spectrum white light (FFFF). Red light
was set at 660 nm, and blue light at 440 nm, with a photoperiod of 16 hours light and 8 hours darkness daily. The
sub-factor included two levels of ascorbic acid foliar application (0.5 g.L* weekly and no application). Basil
seeds were sown in plastic pots filled with a 1:1 mixture of perlite and cocopeat and fertilized using Hoagland’s
solution via fertigation. Morphophysiological traits, including stem diameter, number of lateral branches, leaf
count, fresh and dry shoot weight, root fresh and dry weight, and root volume, were measured. Phytochemical
traits, such as antioxidant activity (DPPH method, measured at 517 nm), total phenolic content (Folin-Ciocalteu
method, measured at 765 nm), and flavonoid content (aluminum chloride method, measured at 415 nm), were
assessed using a spectrophotometer (UV-1800PC, Shimadzu, Japan). Data were analyzed using analysis of
variance (ANOVA), and means were compared using appropriate statistical tests.
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Results and Discussion
The results demonstrated that the red-blue (75:25) light treatment significantly enhanced several
morphophysiological traits compared to full-spectrum light, increasing stem diameter by 8%, lateral branches by
26%, leaf count by 15%, fresh leaf weight by 39%, and dry shoot weight by 25%. Foliar application of ascorbic
acid further amplified these traits, with increases of 23%, 21%, 20%, 44%, and 31%, respectively. The
combination of red-blue (75:25) light and ascorbic acid resulted in the highest stem height, root dry weight, and
root volume, indicating a synergistic effect. These findings align with previous research showing that red light
promotes stem elongation and biomass accumulation through gibberellin synthesis, while blue light regulates
cellular expansion via cryptochromes (Hosseini et al., 2019; Kaiser et al., 2019). Ascorbic acid likely enhanced
growth by acting as a coenzyme in photosynthesis and hormone biosynthesis, increasing carbohydrate
production and nutrient uptake (Barkosky and Einhellig, 2003). For phytochemical traits, the red-blue (50:50)
light without ascorbic acid yielded the highest antioxidant activity, suggesting that balanced light spectra
stimulate defense mechanisms. The red-blue (75:25) light increased phenolic content by 12% and flavonoid
content by 28% compared to full-spectrum light, consistent with studies showing that blue light enhances
phenylpropanoid biosynthesis via phenylalanine ammonia-lyase (PAL) activation (Rafiei et al., 2023). However,
ascorbic acid did not significantly increase flavonoid content, possibly due to metabolic saturation or
suppression of defense responses at high antioxidant levels (Azoz et al., 2016). These results highlight the
importance of tailored light spectra and nutritional interventions for optimizing basil’s growth and secondary

metabolite production.

Conclusion
This study confirms that LED light spectra, particularly the red-blue (75:25) combination, significantly
improve basil’s morphophysiological traits, including stem diameter, leaf count, and biomass, under low-light
conditions. Foliar application of ascorbic acid enhances these effects, promoting root development and overall
plant growth. While specific light spectra alone can boost antioxidant activity and phenolic content, ascorbic
acid’s influence is more pronounced on growth than on flavonoid accumulation. These findings provide a
practical framework for optimizing basil production in controlled environments, such as greenhouses and
vertical farms, by integrating light quality management with ascorbic acid supplementation. This approach offers
a cost-effective strategy to enhance both the quantity and quality of basil, supporting sustainable agricultural

practices.
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Table 1- ANOVA (mean of squares) for the effect of light spectra and ascorbic acid on some morphophysiological traits of
basil (Ocimum basilicum)

G Aldolai Fojy  SEEo Fok . 099
é‘ g 4?;5— aBlw yhi il S g dlaas &g &g Ay, ais, Sis
Ol gt 83! _Stem Number Number Fresh Dry Root Rog)t EW.T5)
S.0.V df ~ diameter  of |ateral ~ Of leaves weight  weightof  fresh Root dr

: volume Lary
branches of plants plants weight weight

Bifk 2 0.602 2.041 2.791 12.980 0.056 0.160 0.030 0.001
skl
d)ﬁ 3 0.566 17.667™ 7.833"  20.385"  16.011" 0.678" 1.440™ 0.037"  0.008™
Light
spectra
ol slas
Main 6 0.358 1.792 5.024 8.429 0.107 0.286 0.042 0.001
error
Saol
Sepgsl 1 6.827™ 24 48.167"  26.460°  51.802" 0.570™  2.672™ 1™ 0.001™
Ascorbic
acid
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Sl X (g y53
Syl 3 0.294 " 0.333™ 1.167"  38.628™  4.250™ 0.049" 0.270°  0.039"  0.004™
Light x
ascorbic
acid
Eu:;r 0.138 0.375 1.542 2.250 0.016 0.046 0.042 0.0003
core
A 9.11 7.34 8.32 18.58 15.71 18.56 25.50 16.23
C.V (%)
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Table 2- The main effect of light spectra treatments on morphophysiological traits of basil (Ocimum basilicum)

ol 518 aBlw ylad AL sy S g dlaad ey 039 Wy S (39
Main Stem diameter Number of lateral Number of Fresh weight of plant  Dry weight of plant
factor (cm) branches leaves (9) (9)

BBRB 13.68"" 10.832 16.332 8.69% 1.19°
FFFF 4.10% 8.00° 13.83° 5.97° 0.40¢
RBRB 4.05% 7.00° 14.16° 7.76%® 0.70°
RRBR 443 7.50% 15.33% 9.84° 0.95°
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* Means within each column followed by the same letter are not significantly different based on Duncan’s multiple range test (p <
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Figure 1- Interaction effect of light spectra xascorbic acid on stem height of basil (Ocimum basilicum) (DMRT, p<0.05)
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Figure 2- Interaction effect of light spectraxascorbic acid on root fresh weight of basil basil (Ocimum basilicum)(DMRT, p<

0.05)
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Table 3- The main effect of ascorbic acid treatment on morphophysiological traits of basil (Ocimum basilicum)
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. . a3lw a3 S o ooy W)
RSl Stem diz;:zter Number of Nugber of Fresh weight  Dry weight of Root“i/owl-?:ne
Sub factor (cm) lateral leaf of plant plant (ml)

branches (9 (9)
rilisbs pas 3.53" 7.33° 13.5° 6.6° 0.66° 0.6°
Control
Hhsbe 4.6° 9.332 16.332 9.542 0.972 1.012
Treatment
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* Means within each column followed by the same letter are not significantly different based on Duncan’s multiple range
test (p<0.05)
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Table 4- ANOVA (mean of squares) for the effect of light spectra and ascorbic acid on some phytochemical traits of basil
(Ocimum basilicum)

O gt 2obio RS ST 5T Cud )b b8 i gigWd
S.0.vV df Antioxidant capacity Phenol Flavonoid
S
o+ 2 8.672 0.998 0.002
Block
29 Slaklo 3 18.491° 30.023" 0.243"
Light spectra
el slos 6 1.143 0.441 0.483
Main error
A 1 0.343" 0.131" 7.747"
Ascorbic acid
Sapgal 2ol X 090 sl 3 11.371 21.315™ 0.550"
Light x ascorbic acid
s
8 2.589 0.291 0.01
Erorr
el 2.05 11.68 5.27
CV (%)

ns % %
‘

Psime B pas g oy iy 9 S w3 ()P a0 g
* **and ": significant at p < 0.05 andp < 0.01, and non-significant, respectively
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Introduction

Cumin (Cuminum cyminum L.) is one of the most important domestic herbs in Iran and is one of the earliest
spices used by humans. Due to its characteristics such as short growing season, low water requirement, non-
interruption of growth season with other agricultural products as well as high economic justification for other
crops and export, it has found a special place in arid and semi-arid areas. Organic and chemical fertilizers are
necessary for each other and both types of fertilizers are needed to create favorable conditions to improve
quantitative and qualitative traits. Overuse of chemical fertilizers has caused several problems in agriculture
including changes in the soil structure, contamination of underground waters, and heavy metal toxicity.
Agricultural scientists suggest replacing chemical fertilizers with organic products to reduce negative effects on
the environment and soil properties. In recent years, neglecting the importance of organic matters to improve soil
fertility has led to an increase in chemical fertilizer use in Iran. Organic matter, due to its positive effects on soil,
is identified as one of the important pillars of soil productivity. However, more than 60 percent of agricultural
soils in Iran contain less than one percent of organic matter. Therefore, the objective of this study was to
investigate the influence of humic acid and potassium silicate on morphology parameters and the essential oil
yield of cumin.

Materials and Methods

In order to investigate the effect of humic acid and potassium silicate on the growth and yield of Birjand
cumin, a factorial experiment was conducted in a randomized complete block design with replication in the
research field of the Faculty of Agriculture, Birjand University in 2023. The first factor included humic acid at
three levels (0, 5, and 10 kg.ha') and the second factor was potassium silicate at three levels (0, 2, and 4 per
thousand). Humic acid fertilizer was applied with irrigation water at the three-leaf stage, tillering and after fruit
formation of cumin. Potassium silicate fertilizer was applied as a foliar spray at the three-leaf stage, tillering and
after fruit formation of cumin. After the crop ripened, the plant height, number of lateral shoots per plant,
number of umbels per plant, number of umbels per umbel, number of seeds per umbel, 1000-seed weight, seed
yield, percentage and yield of essential oil were measured.

Results and Discussion
The results of variance analysis showed that the use of potassium silicate and humic acid had a significant
effect on the vegetative (plant height, number of lateral shoots), reproductive (humber of umbels per plant,
number of umbels per umbel, number of seeds per umbel, 1000 weight seed and seed yield) and essential oil
characteristics of cumin, such that the highest plant height (15.27 cm) and the number of lateral shoots (3.77)

Authors retain the copyright. This is an open access article distributed under Creative Commons
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were obtained from the use of 2 per thousand potassium silicate and the highest fresh and dry plant weight was
obtained from the use of 4 per thousand potassium silicate. The results of the interaction of treatments showed
that the highest 1000-seed weight, seed yield and essential oil yield were obtained from the use of 4 per thousand
potassium silicate and 10 kg.ha* humic acid, and the highest plant height, number of umbels and number of
seeds per umbel were obtained from the use of 2 per thousand potassium silicate and 5 kg.ha* humic acid.

Conclusion
In general, the results indicated a positive effect of potassium silicate and humic acid on cumin yield and
yield components. Therefore, according to the findings of this study, it seems that simultaneous use of potassium

silicate (4 per thousand) and humic acid (10 kg.ha') can be used to improve the seed yield and essential oil of
cumin.

Keywords: Chemical fertilizer, Medicinal plant, Organic fertilizer, Silica
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Table 2- ANOVA (mean of squares) for the effect of humic acid and potassium silicate on vegetative traits of cumin

Ol sk galio Golfary  wppl,  GFR Sl e P 0jo Ly Suid (s
S.ov df Plant height Lateral shoot Plant' fresh Plant dry weight
number weight
1SS . .
4 _’g . 2 239" 0.25™ 65682.85 35951.16
Replication
Potassium silicate 2 5.73" 1.81™ 826706.72"" 45537.44 ™
(PS)
&“’W’ o 2 2.39m 0.92 245584.08 ** 134700.13 **
Humic acid (HA)
PSxHA 4 8.42™ 0.25" 17967.35 ™ 9798.07 "
= 16 1.15 0.25 1.18 6326.47
Error
Syt e - 7.49 15.62 6.76 10.11
CV (%)

Jopd K5 g deoyd gy Jlein] o 53 )5 gime g 0 bmeyes cudpay s g

ns

ns, "and™: non-significant, and significant at 5% and 1% levels of probability, respectively.
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Table 3- Simple effect of potassium silicate and humic acid on vegetative traits of cumin

W gyl dig 3 LBl dg ol We S O
Plant height Lateral shoot Plant fresh Plant dry
(cm) number in plant weight (g) weight (g)
Potassium silicate (In thousand)
13.77 % 3.00° 740.00 © 547.6°
2 15.272 3777 1104.20° 817.53°
4 14.05" 3.00° 1341.73° 993.832
Sooged du
Humic acid (kg.ha™)

0 13.77¢ 2.88° 921.48° 682.22 P
5 14.61° 3.447 1020.49 ® 755.31°
10 14727 3.447 1243.95° 920.992

B (I gime glds luoyd iy Jlen] laws 5> Sl (glaaldnin 903l 3l edlitul b gty p3 S pie By gyl (ola ke
* Mean followed by similar letters in each column, are not significantly different based on Duncan’s multiple range test (p<0.05).
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(Abdel-Latif et al., 2019; Abd Allah et al., 2021)

g3 SiA 9 550158

Saoged Sl 00l 31 aS ol Lo Wosld il ylg 4320 auls
SS9 5 iy ¢ e Sy Sl aw ) Sl maly
55 i 2 St w8 e Mite 1 g )b Sy
pySShS Vo b o a5 by s gl (¥ Jsdn) ol Wiy S
o) By SIS 5 5 )y POk e Seagen dpl JlSa )
e B jl Gg SWS 9 5 (g (n POk D M2y 039 Jew
(7 o) 48 Jols @il mrlsy l2 5

o3y 5o 5 dizjes I Gl S| Senged Aol 5T
g by Cepw GRIEL g bagsigls At Sleyy
oRlPl g e jolie Gl S8 coge oluag S
(Nardi et al., 558 0 oLS olga slaplil § ady; 03g5Caum;
By e Slyme Gl Bk 5l Seeger el 2002)
(Ayas & Gulser, sas o il3al ]y 5,Slee o Sy ol glas)|
Seogd Sl o cppVl & cusl ks 3l .2005)
2lia o5V g (lalS cp il 4 e (10,0 ) 005 tale]]

a5 g o £ 8 dAld ulaas
el 03l 1 I gime y5b 5 (Sl bnodls uillg 45505 gl
Flog gy (258 LS A p Ollew mawly 5 Shogen
¥ Jgi) cbls y83e 4adls p (glosine b olass lize
Gl d VEIVY il58l Canw Seogud Sl p,55LS Ve 5 0 (8 puno
A L5 e o 5 e A dald 4 Cud dg o8 a3LE Sl
sl s 4y Sl slty Jl3p )3 93 Bpao I Wiy > £
Sy ol 5 Slos 5 4y 580 ygbods Siogen sl 30)8 (Y Jgi2)
oz 51 2lie slge (g3Ladll 5 S &S 2 el o O 1B Bk
Sy ebS a8y el pogMle amd oo (LI 5,565 5 jaud «)jg ks
5 3] o b g ol (o b 5 ol polie s b
My Giledld cole g nFgn e elid nddel
Ayas) yulsS 5 wbl .(Ulukan, 2008) 1S’ o <S5 ,56 0395
0355 j g7 Saogud Juuwl 45" 053,87 (5155 (& Gulser, 2005
Gk 5l 1y (Spinacia oleracea) zliawl olS sl slaasls 4
3o pilBl Sy Gl Gl 9 Gies g il
@y g Gl Shogd Sl @y yie )3 p)5 b 3 )8
(Nassif et al., 2023) 1 Glialuw olS Sis 59 9 48l Sl
=R B S (Spogp Sl S > i) (S S gle
il (b Jsbro pae) L & S 20> WIE Iy o 5
L umll (Varnaseri Ghandali et al., 2020) b
S Sy » Cute Ol Sl (LU urmden j9h> )3 (FHwgd
353Vl 5 (s fitogid laoxy CLIE oS (s Lol
b s el progMle sl S 528" Slid s Selns) o231
s b g sk sl oSl 5 sl il
imns U3l 3900 (Meena et al., 2014) 53,5 o olS gl
oS Suigdsnsd Cumdg csie dlgo g Ol Jli] s b gl



Vo8 oobaasli oY ojled oFe al (55 yslisS aolio g pole) Sl pole 4yl YAA

(Heidari & Khahlil, 2014) JJs 5 ,u> (et al., 2016
JyueS 3135 2 (5313 gtn 13 Sagat sl Jlos 457 25005 3155
ol ;> .cusly (Hisbiscus sabdariffa L.) by sl> o ag
Byas «Seogud Spwl jl odlitwl hg) ;0 a5 A asuie dilialuw
s ol izl g olS 0 ,Shes syt b Ssogan Al st
(Aiyafar et al., 2015)

prslly Bpae | gyi IS Gy 3 38 Sl ot
P Ak Ey) Selaolas g (1) e i) GGk
b sl (Ayyat & Abdel-Mola, 2020) us Jols ()
G2 > J5 ol Ol ol yid 53 oS o Bl cudin
(Attia & Elbohy, 2019) s> )38l sals & cuws 1) K5
& g 0 5 S ol plio a8 Cesl 013 )l
Wl 3hass calins i cabis Jsbo (255 BB ssbas el oly0n
58 ot Jald b duglie (o 1) paiS &l Verr y5g caliw )
e 3,30)8" Cpaioman L(Jeer €t Al 2021) winly yiol38) el
2 &b ol g mpesie 5 diww Sl il 3 Slas inli8l cely
(White et al., 2017) 1 pAiS alguw

S yia glass

Seogd deal 00l 31 &S 2l L laodly uslsylg & 5005 gl
Digime Sz ol Spoget dyl 9 SlGls oy Jliie Sl
590 b gme jSe Ladli y OlSlaw el ool I Lol L34
s pyoie & b Gl byles blize S gols (F Jsaz)
pis 9 Spogd ol JUSa )5 )55l iy Hlow 4 boguye Sy
Al SIS 55 ) 56lS 7y Hles b S 39 Sl prwly Sjae
ool oine M) Sl oy Jlio 50 93 5 Siagen
B Jss) cusls

5 Mk lapSleS LS5 4 orie S 5 Sagen Sl
I (a5 Iaisiingsy b Jsbro 5 sl slo uSliaS
, (Nardi et al., 2002) 595 0 (59, 9 oyl Wlo (5 polic Ll
6390k 9 35 Jlosl pgye0 pAS (g9) Soged duusl ciliio o]
L1y olS (gt Cullsd cud i opod 4 2 (a1 ) Al
[Delfine et al., 2005) sl> )38l oSuummgy wo il 3,Slas yiul38l
3 g S s sine Sl o Sgngeds ol 53l Jlons
Pr i 45 (s i b 5 Sles g JomsS 3 Aild dlawd gy
dol Cand a4 ) pS e Foo clbile ISk olas
pAS &by g olga pluil 3 puwly clale (Vafaahd et al., 2024)
1y ol il B 315 0lol LS 4y o8 bl ol 3l rmadons )7L
Ahmad ) 25 YL edg5cumj g )Slos cely g 1S Laas oS 1
J(etal., 2016

dl g plo g aald b duslie ) (ald olS SUis 5 5 ()9
hSen o Lls (Hafez, 2018) > ond Liuloil Seogen
-J! s (Cucumis sativus L.) ,Ls ¢, (Shehata et al., 2012)
ML )50 4o (EI-Ghamry et al,, 2009) . \Kea 5 (5y0b
ol bl oS 5155 1, olée gbs (Vicia faba L.)
A0S Smger ol 08 ey |y gy A lao
ol (Abdel-Mawgoud et al., 2007) .)Kan 5 555 50llass
S5 ot S B 20 b Smged el 38 o 538
CulS g )3 o byt St 5 sy (S Rl g0 5
3l ol iy yial58l oammd s Gl ySon yal ) S o Lis)
ORI L ly 355 BB b g |y olagy My Gl
ond 3 g s Wulp GulEl g dlive el el
EL Sayed & EL) sb gy olS udy Lilibl g o0
9 Guyb I ) Kis e Slge eSilew (Morsy, 2012
sl So b bis -V e )3 st cov g5k
ol laljl 4 pocie oS g a5 ¢ Jidg)lS 9 Cuwdlyg IS
Bayanati et al., 2023; Rastogi et al., 2021; ) 35 0 )5
Ol b ol 0p8d cud ls 8l - 4 (Silva et al., 2012
Yin et) ady; > SOPIP slogs oisas cpstlsST 05 ol o
(Liu et al., 2014) aiy, SJg)lx colia ilidl 4 (al., 2013
oyl ls s 5 lSilow pawli pligig V00 B Ver Gymn
Chalki et al., ) sl ;81 1, (Tagetes erecta L.) ¢ ax> J5
Sl @byl b (Mahdavi et al., 2018) ,\SKen 5 (5940 -(2022
5 oS STy » (Vonides o g jao) o (o8l Jslone
oSl SYsadhe S Clle 3 a5 Wdges plgis gl S
g2 2ald I 5 olS 3 ohame S 5 alee plul S

digs y3 yia alasd

My Ol pawly 51 &S b LS eadpls] gla o)y
Seoget Sl 9 Sl ol Jlite 51092 5l ine 590 53 yix
0aLE p Sengen ol 03l 3 Lol 3gy S5 ime y5She adlis
Jlite J 5k awlie @l (¥ Jsi2) 595 sPine j55e
Vo slos as by dige 50 yix i oy 5 i &S 3 LS Wayleys
350 OlSles liy Sl )3 93 5 Saged Sl S )3 )5l
(8 Jg)

by plis (Carum carvi L) oluw o5 oL jo ylddse gols
Soged ool 355 Bpae jl g pn > yiz S (ke &
Lol Cawd 4 VFIYO L 395 B puan pas I o] dluss o 50S 5 VW/FY
Nourihoseini ) waly jlis ili8l asys YY L el 4 i o



YA e 095 bl g 0 Sas (i Gl as Ly Olow puwliy 9 Srogud duwl 3l gy 1 0oy K00 g 8,3 Sl

o 035 (bl Olieo 2 Ol oy 9 Syogus sl 395 31 (Ol o (0lko) (il sl @525 —€ Jgo

Table 4- ANOVA (mean of squares) for the effect of humic acid and potassium silicate on reproductive traits of cumin

3y dlass Slass 3 &> dlaas BBEIRST) <l
o @ & S S ails ; o ’
C"M &b p Pd > r» &> a,SJ.o.c w*-“**" w*-“**"
SOV &35! Numberof  Number  Number of 1000- Seedyield  Essential  Essential
df umbel in of seed in seed oil (%) oil vield
plant umbellet umbellet weight ° y
"’SJ . 2 3.00"M 0.03 ™ 233" 0.009 578.04 " 0.0389 ™ 0.0164
Replication
Potassium silicate 2 15.44 ™ 0.03m 8.77™ 1.186 ** 17444.6 ™ 0.4237 ™ 0.0619 ™
(PS)
Seogu dpuol o o - o
el 2 4.33m™ 5.59 277" 0.008 ™ 23434.3 1.3944 0.2374
Humic acid (HA)
PSxHA 4 9.11" 3.98™ 455" 1.070 ™ 12600.5 ™ 0.5192 ™ 0.0407 ™
. 16 241 0.82 1.16 0.008 165.02 0.0403 0.0072
Error
Syt o - 22.93 16.27 10.34 3.91 5.20 14.72 24.47
CV (%)

Mo pd S5 g doyd gy Jlein] e 3 )by xe g I dre e a4

ns

"s *and™: non-significant, and significant at 5% and 1% levels of probability, respectively.
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Table 5- The interaction effect of potassium silicatexhumic acid on the studied traits in cumin
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* Mean followed by similar letters in each column, are not significantly different based on Duncan’ multiple range test (p<0.05).

Al G b Seoger dul e p )5S Ve g L
oMl & s o0 a5 &y gy () ladaidl 4 a2 L ol pli
Vo) S ol 5 (2 0 Jlaz) Sk by S lojen
g b Slas 4 uedsy 290l NlFoe (BB )3 2SS

25 51,5 ooliial 3)90 jaw 0325 (sl

References

8 5 4o
oy 9 Sraged Spual 298" Cilisea ggla )3 Glolejl ol
355 slajlos &5 31> (LS o 0 bl 9 3 Shes py DS
Jals b (o) bme OB WS 5 L ool Oygods law ST 4
&S oysbds BAs (£503l0l Dy50 Claws D el g Al

el 552 )3 sl B Lol g (iugy Sluoguad o pidn

1. AbdAllah, A. M., Mohamed, T. S., Mohamed, M. S., & Noreldin, T. (2021). Alleviation of water deficiency effect
by application of potassium silicate to faba bean intercropped with sugar beet in sandy soil. Zagazig Journal of

Agricultural Research, 48(1), 1-18.

2. Abdel-Latif, A. A, Ibrahim, N. M., & Ismail, S. A. (2019). Effect of foliar application of potassium silicate and
some postharvest treatments on growth, productivity and storability of Garlic. Arab Universities Journal of

Agricultural Sciences, 27(1), 761-773.

3. Abdel-Mawgoud, A. M. R., EL-Greudy, N. H. M., Helmy, Y. I., & Singer, S. M. (2007). Responses of tomato
plants different rates of humic based fertilizer and NPK fertilization. Journal of Applied Sciences Research, 3, 169-

174.

4. Abou-Baker, N. H., Abd-Eladl, M., & Abbas, M. M. (2011). Use of silicate and different cultivation practices in
alleviating salt stress effect on bean plants. Australian Journal of Basic and Applied Sciences, 5(9), 769-781.



VEeB oyl oY oylo Fo ol (65 gLl @ubuo g pole) SLEL pole s piis  YAY

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

Agarie, S., Hanaoka, N., Ueno, O., Miyazaki, A., Kubota, F., Agata, W., & Kaufman, P. B. (1998). Effects of
silicon on tolerance to water deficit and heat stress in rice plants (Oryza sativa L.), monitored by electrolyte
leakage. Plant Production Science, 1(2), 96-103. https://doi.org/10.1626/pps.1.96

Ahmad, M., El-Saeid, M. H., Akram, M. A., Ahmad, H. R., Haroon, H., & Hussain, A. (2016). Silicon
fertilization—a tool to boost up drought tolerance in wheat (Triticum aestivum L.) crop for better yield. Journal of
Plant Nutrition, 39(9), 1283-1291. https://doi.org/10.1080/01904167.2015.1105262

Aiyafar, S., Poudineh, H. M., & Forouzandeh, M. (2015). Effect of humic acid on qualitative and quantitative
characteristics and essential oil of black cumin (Nigella sativa L.) under water deficit stress. DAV International
Journal of Science, 4(2), 90-102.

Akbarinia, A., Ghalavand, A., Sefidkan, F., Rezaei, M. B., & Sharifi Ashourabadi, A. (2004). Study on the effect
of different rates of chemical fertilizer, manure and mixure of them on seed yield and main, compositions of
essential oil of ajowan (Trachyspermum copticum). Pajouhesh & Sazandegi, 61(1), 32-41.

Alavi Asl, S. A., Majidian, M., Modares Sanavy, S. A. M., & Esfahani, M. (2023). Effect of wood vinegar and
humic acid on morphological and biochemical traits, antioxidant enzymes, and essential oil of peppermint (Mentha
piperita L.) under water deficit stress conditions. Iranian Journal of Field Crop Science, 54(3), 163-176. (In
Persian). https://doi.org/10.22059/1JFCS.2023.356625.654990

Al-Taai, S. H. H. (2021). The effect of fertilizer uses on environmental pollution: A review. Review of
International Geographical Education Online, 11(5), 3620-3529.

Amtmann, A., Hammond, J. P., Armengaud, P., & White P. J. (2006). Nutrient sensing and signalling in plants:
potassium and phosphorus. Advances in Botanical Research, 43, 209-257. https://doi.org/10.1016/S0065-
2296(05)43005-0

Avriafar, S., & Forouzandeh, M. (2017). Evaluation of humic acid application on biochemical composition and
yield of black cumin under limited irrigation condition. Bulletin de la Société Royale des Sciences de Liége, 86, 13.
Artyszak, A. (2018). Efect of silicon fertilization on crop yield quantity and quality—a literature review in Europe.
Plants, 7, 54. https://doi.org/10.3390/plants7030054

Artyszak, A., & Kucin'ska, K. (2016). Silicon nutrition and crop improvement: Recent advances and future
perspective. In Silicon in Plants. D. K. Tripathi, V. P. Singh, P. Ahmad, D. K. Chauhan & S. M. Prasad (Eds.).
CRC Press: London, UK. New York, NY, USA. pp. 297-319.

Attia, K. E., & Elbohy, N. F. (2019). The influence of spraying with potassium silicate and irrigation with saline
water in sandy soil on Calendula officinalis L. The Future Journal of Biology, 2, 39-56.

Ayas, H., & Gulser F. (2005). The effect of sulfur and humic acid on yield components and macronutrient contents
of spinach (Spinacia oleracea Var. Spinoza). Journal of Biological Science, 5(6), 801-804.
https://doi.org/10.3923/jbs.2005.801.804

Ayyat, A. M., & Abdel-Mola, M. A. M. (2020). Response of Tagetes patula plants to foliar application of
potassium silicate and seaweed extract under various irrigation intervals. Scientific Journal of flowers and
Ornamental Plants, 7(4), 513-526.

Babarabie, M., Zarei, H., Badeli, S., Danyaei, A., & Ghobadi, F. (2020). Humic acid and folic acid application
improve marketable traits of cut tuberose (Polianthes tuberosa). Journal of Plant Physiology and Breeding, 10(1),
85-91. https://doi.org/10.22034/JPPB.2020.12526

Badran, F. S., & Safwat, M. S. (2004). Response of fennel plants to organic manure and bio-fertilizers in
replacement of chemical fertilization. Egyptian Journal of Agricultural Research, 82, 247.

Barghamadi, K., & Najafi, S. (2015). Effect of different levels of nitroxin and humic acid on quantitative
properties and essential oil of ajowan (Carum copticum (L.) C. B. Clarke). Journal of Horticultural Science, 29(3),
321-341. https://doi.org/10.22067/jhorts4.v0i0.22523

Bayanati, M., Mohammad Al-Tawaha, A. R., Bayanati, M., Rasouli, M., & Asgari Lajayer, B. (2023). Conferring
drought and salinity stress tolerance in horticultural crops by Si application. Silicon, 15(14), 5833-5843.
https://doi.org/10.1007/s12633-023-02489-1

Bayati, P., Karimmojeni, H., & Razmjoo, J. (2020). Changes in essential oil yield and fatty acid contents in black
cumin (Nigella sativa L.) genotypes in response to drought stress. Industrial Crops and Products, 155(1), 112764.
https://doi.org/10.1016/j.indcrop.2020.112764

Befrozfar, M. R., Habibi, D., Asgharzadeh, A., Sadeghi-Shoae, M., & Tookallo, M. (2013). Vermicompost, plant
growth promoting bacteria and humic acid can affect the growth and essence of basil (Ocimum basilicum L.).
Annual Biological Research, 4, 8-12.

Bhatt, J., Kumar, S., Patel, S., & Solanki, R. (2017). Sequence-related am-plified polymorphism (SRAP) markers
based genetic diversity analysis of cumin genotypes. Annals of Agrarian Science, 15(4), 434-438.
https://doi.org/10.1016/j.aasci.2017.09.001


https://doi.org/10.1626/pps.1.96
https://doi.org/10.1080/01904167.2015.1105262
https://doi.org/10.22059/IJFCS.2023.356625.654990
https://doi.org/10.1016/S0065-2296(05)43005-0
https://doi.org/10.1016/S0065-2296(05)43005-0
https://doi.org/10.3390/plants7030054
https://doi.org/10.3923/jbs.2005.801.804
https://doi.org/10.22034/JPPB.2020.12526
https://doi.org/10.22067/jhorts4.v0i0.22523
https://doi.org/10.1007/s12633-023-02489-1
https://doi.org/10.1016/j.indcrop.2020.112764
https://doi.org/10.1016/j.aasci.2017.09.001

Yar

v o 0,335 uilinl 9 0 Ko iy GBS Ly lw iy 9 Srogud duwl w3l ury 1 0oy K0d 98,3 Sl

25.

26.

27.

28.

Celik, H., Katkat, A. V., Asik, B. B., & Turan, M. A. (2011). Effect of foliar applied humic acid to dry weight and
mineral nutrient uptake of maize under calcareous soil conditions. Communications in Soil Science and Plant
Analysis, 42(1), 29-38. https://doi.org/10.1080/00103624.2011.528490

Chalki, A. B., Shoor, M., Kakhki, S. F. F., & Abedi, B. (2022). Evaluation of potassium silicate applying to reduce
adverse effects of salinity on marigold plant (Tagetes erecta L.'hana’). Journal of Plants Ornamental, 12(2), 57-
166.

Chen, Y., & Aviad, T. (1990). Effect of humic substances on plant growth. In: P. MacCarthy, C. E. Clapp, R. L.
Malcolm & P. R. Bloom (Eds.). Humic Substances in Soil and Crop Sciences: Selected Readings. pp. 161-187.
American Society of Agronomy, Inc. Soil Science Society of America, Inc., USA.

Cooke, J., & Leishman, M. R. (2016). Consistent alleviation of abiotic stress with silicon addition: A meta-
analysis. Functional Ecology, 30(8), 1340-1357. https://doi.org/10.1111/1365-2435.12713

29. Dar, J. S., Cheema, M. A., Rehmani, M. I. A., Khuhro, S., Rajput, S., Virk, A. L., & Hessini, K. (2021). Potassium

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

fertilization improves growth, yield and seed quality of sunflower (Helianthus annuus L.) under drought stress at
different growth stages. Plos One, 16(9), €0256075. https://doi.org/10.1371/journal.pone.0256075

Delfine, S., Tognetti, R., Desiderio, E., & Alvino, A. (2005). Effect of foliar application of N and humic acids on
growth and yield of durum wheat. Agronomy for Sustainable Development, 25, 183-191.
https://doi.org/10.1051/agro:2005017

El-Banna, H., & Fouda, K. (2018). Effect of mineral, organic, biofertilizers and humic acid on vegetative growth
and fruit yield quality of caraway plants (Carum carvi L.). Journal of Soil Sciences and Agricultural Engineering,
9(5), 237-241.

El-Bassiouny, H. S. M., Bakry, B. A., Attia, A. A. E. M., & Abd Allah, M. M. (2014). Physiological role of humic
acid and nicotinamide on improving plant growth, yield, and mineral nutrient of wheat (Triticum durum) grown
under newly reclaimed sandy soil. Agricultural Sciences, 05, 687-700. https://doi.org/10.4236/as.2014.58072
El-Ghamry, A. M., Abdel-Hai, K. M., & Ghoneen, K. M. (2009). Amino and humic acids promote growth, yield
and disease resistance of faba bean cultivated in clayey soil. Australian Journal of Basic and Applied Sciences,
3(2), 731-739.

El-Leithy, A. S. I., Abdallah, S. A. S., & Ali, M. A. M. (2019). Effect of soil application with nitrogen levels and
potassium silicate foliar spray on growth and yield of black cumin (Nigella sativa L.). SINAI Journal of Applied
Sciences, 8(2), 185-198.

El-Samie, A., El-Aref, K. A. O., El-Said, M. A. A., & Ahmed, H. A. (2022). Impact of foliar spraying with
potassium silicate and planting dates on the productivity and quality of canola plants (Brassica napus L.). Archives
of Agriculture Sciences Journal, 5(3), 29-40.

El-Sayed, H. E. A., & El Morsy, A. H. A. (2012). Response of productivity and storability of garlic (Allium
sativum L.) to some potassium levels and foliar spray with mepiquat chloride (PIX). International Research
Journal of Agriculture Science and Soil Science, 2(7), 298-305.

Eyheraguibel, B., Silvestre, J., & Morard, P. (2008). Effects of humic substances derived from organic waste
enhancement on the growth and mineral nutrition of maize. Bioresource Technology, 99(5), 10-25.
https://doi.org/10.1016/j.biortech.2007.08.082

Farahani, H., Sajedi, N. A., Madani, H., Changizi, M., & Naeini, M. R. (2021). Effect of potassium silicate on
water use efficiency, quantitative traits and essential oil yield of damask rose (Rosa damascena Miller) under
water deficit stress. Iranian Journal of Horticultural Science, 52(1), 171-182. (In Persian).
https://doi.org/10.22059/ijhs.2020.289865.1727

Farouk, S., & Omar, M. M. (2020). Sweet basil growth, physiological and ultrastructural modification, and
oxidative defense system under water deficit and silicon forms treatment. Journal of Plant Growth
Regulation, 39(3), 1307-1331. https://doi.org/10.1007/s00344-020-10071-x

Fuentes, M., Baigorri, R., Gonzélez-Gaitano, G., & Garcia-Mina, J. M. (2018). New methodology to assess the
quantity and quality of humic substances in organic materials and commercial products for agriculture. Journal of
Soils Sediments, 18, 1389-1399. https://doi.org/10.1007/s11368-016-1514-2

Gugata, M., Sikorska, A., Zarzecka, K., Kapela, K., & Mystkowska, I. (2017). The effect of sowing method and
biostimulators on autumn development and overwintering of winter rape. Acta Scientiarum Polonorum
Agricultura, 16, 111-120.

Hafez, Y. (2018). Effect of humic acid soil application and foliar spray of some nutrient elements on growth, yield
and chemical composition of Lepidium sativum plant. Journal of Productivity and Development, 23(3), 607-625.
Hakim, Y., Khan, A., Shinwari, Z., Kim, D., Waceas, M., Kamran, M., & Junglee, 1. (2012). Silicon treatment to
rice (Oryza sativa L. cv “Gopumbyeo”) plants during different growth periods and its effects on growth and grain
yield. Pakistan Journal of Botany, 44(3), 891-897.


https://doi.org/10.1080/00103624.2011.528490
https://doi.org/10.1080/00103624.2011.528490
https://doi.org/10.1111/1365-2435.12713
https://doi.org/10.1371/journal.pone.0256075
https://doi.org/10.1051/agro:2005017
https://doi.org/10.4236/as.2014.58072
https://doi.org/10.1016/j.biortech.2007.08.082
https://doi.org/10.22059/ijhs.2020.289865.1727
https://doi.org/10.1007/s00344-020-10071-x
https://doi.org/10.1007/s11368-016-1514-2

Vo8 ooboaali oY ojled Fe al (55 yslisS aolio g pole) SLEl pole 4y pis  YAF

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

Harper, S. M., kerven, G. L., Edwards, D. G., & Ostatek Boczyski, Z. (2000). Characterizyion on fulvic and humic
acids from leavesof eucalyptus comaldulensis and from decomposed hey. Soil Biochemistry, 32, 1331-1336.
https://doi.org/10.1016/S0038-0717(00)00021-3

Hassan, A. A. (2019). Effects of irrigation water salinity and humic acid treatments on caraway plants. Journal of
Plant Production, 10(7), 523-528.

Heidari, M., & Khabhlil, S. (2014). Effect of humic acid and phosphorus fertilizer on seed and flower yield,
photosynthetic pigments and mineral elements concentration in sour tea (Hisbiscus sabdariffa L.). Iranian Journal
of Field Crop Science, 45(2), 191-199. (In Persian). https://dor.isc.ac/dor/20.1001.1.20084811.1393.45.2.3.2
Jafari, S., Sattari, R., & Ghavamzadeh, S. (2017). Evaluation of the effect of 50 and 100 mg doses of Cuminum
cyminum essential oil on glycemic indices, insulin resistance and serum inflam-matory factors on patients with
diabetes type Il: A double-blind randomized placebo-controlled clinical trial. Journal of Traditional and
Complementary Medicine, 7(3), 332-338. https://doi.org/10.1016/j.jtcme.2016.08.004

Jeer, M., Yele, Y., Sharma, K. C., & Prakash, N. B. (2021). Exogenous application of different silicon sources and
potassium reduces pink stem borer damage and improves photosynthesis, yield and related parameters in
wheat. Silicon, 13(3), 901-910. https://doi.org/10.1007/s12633-020-00481-7

Kalandyk, A., Waligorski, P., & Dubert, F. (2014). Application of biostimulators in alleviation of effects of
drought and other environmental stresses in common soybean (Glycine max. L. Merr.). Episteme, 22, 267-274.
Khaled, H., & Fawy, H. A. (2011). Effect of different levels of humic acids on the nutrient content, plant growth,
and soil properties under conditions of salinity. Soil Water Research, 6(1), 21-29. https://doi.org/10.17221/4/2010-
SWR

Korndorfer, G. H., & Lepsch, I. (2001). Effect of silicon on plant growth and crop yield. Studies in Plant Science,
8, 133-147. https://doi.org/10.1016/S0928-3420(01)80011-2

Laskosky, J. D., Mante, A. A., Zvomuya, F., Amarakoon, I., & Leskiw, L. (2020). A bioassay of long-term
stockpiled salvaged soil amended with biochar, peat, and humalite. Agrosystems, Geosciences & Environment, 3,
1-11. https://doi.org/10.1002/agg2.20068

Li, S, Li, J., Zhang, B., Li, D., Li, G., & Li, Y. (2017). Effect of different organic fertilizers application on growth
and environmental risk of nitrate under a vegetable field. Scientific Reports, 7(1), 1-9.
https://doi.org/10.1038/s41598-017-17219-y

Liu, P, Yin, L., Deng, X., Wang, S., Tanaka, K., & Zhang, S. (2014). Aquaporin-mediated increase in root
hydraulic conductance is involved in silicon-induced improved root water uptake under osmotic stress in Sorghum
bicolor L. Journal of Experimental Botany, 65(17), 4747-4756. https://doi.org/10.1093/jxb/eru220

Mahdavi, M., Esmaielpour, B., & Fatemi, H. (2018). Effect of silicon nutrition on growth and physiology of
spearmint (Mentha spicata) under cadmium stress condition. Iranian Journal of Horticultural Sciences, 49(1),
185- 198. (In Persian). https://doi.org/10.22059/ijhs.2017.218536.1110

Mahmood, F., Khan, I., Ashraf, U., Shahzad, T., Hussain, S., Shahid, M., Abid, M., & Ullah, S. (2017). Effects of
organic and inorganic manures on maize and their residual impact on soil physico-chemical properties. Journal of
soil Science Plant Nutrition, 17(1), 22-32. https://doi.org/10.4067/s0718-95162017005000002

Massoud, H. Y., Farag, A. A., EI-Gamal, S., & El-Nabawy, S. A. (2024). Effect of different drip irrigation rates
and potassium silicate spray on growth and essential oil production of french basil. Journal of Plant
Production, 15(1), 1-9. https://doi.org/10.21608/JPP.2024.254953.1292

Mattson, N. S., & Leatherwood, W. R. (2010). Potassium silicate drenches increase leaf silicon content and affect
morphological traits of several floriculture crops grown in a peat-based substrate. Horticulture Science, 45(1), 43-
47. https://doi.org/10.21273/HORTSCI.45.1.43

Meena, V. D., Dotaniya, M. L., Coumar, V., Rajendiran, S., Ajay, Kundu, S., & Subba Rao, A. (2014). A case for
silicon fertilization to improve crop yields in tropical soils. Proceedings of the National Academy of Sciences,
India Section b: Biological Sciences, 84(3), 505-518. https://doi.org/10.1007/s40011-013-0270-y

Mohamadnia, R., Rezaei Nejad, A., & Bahrami Nejad, S. (2018). Effect of irrigation interval and silicon on some
morpho-physiological and biochemical properties of basil (Ocimum basilicum L.). Iranian Journal of Horticultural
Science, 49(1), 37-45. (In Persian). https://doi.org/10.22059/1JHS.2017.217636.1109

Mohammad, M. H., Meawad, A. A. A., EI-Mogy, E. E. A. M., & Abdelkader, M. (2019). Growth, yield
components and chemical constituents of Stevia rebaudiana Bert. as affected by humic acid and NPK fertilization
rates. Zagazig Journal of Agricultural Research, 46(1), 13-26.

Mohammadi, G. R., Chatrnour, S., Jalali-Honarmand, S., & Kahrizi D. (2015). The effects of planting arrangement
and phosphate biofertilizer on soybean under different weed interference periods. Acta Agriculturae Slovenica,
105(2), 313-322. https://doi.org/10.14720/aas.2015.105.2.14

Moraditochaee, M. (2012). Effects of humic acid foliar spraying and nitrogen fertilizer management on the yield of
peanut (Arachis hypogaea L.) in Iran. Journal of Agricultural and Biological Science, 7(4), 289-293.


https://doi.org/10.1016/S0038-0717(00)00021-3
https://dor.isc.ac/dor/20.1001.1.20084811.1393.45.2.3.2
https://doi.org/10.1016/j.jtcme.2016.08.004
https://doi.org/10.1007/s12633-020-00481-7
https://doi.org/10.17221/4/2010-SWR
https://doi.org/10.17221/4/2010-SWR
https://doi.org/10.1016/S0928-3420(01)80011-2
https://doi.org/10.1002/agg2.20068
https://doi.org/10.1038/s41598-017-17219-y
https://doi.org/10.1093/jxb/eru220
https://doi.org/10.22059/ijhs.2017.218536.1110
https://doi.org/10.4067/s0718-95162017005000002
https://doi.org/10.21608/JPP.2024.254953.1292
https://doi.org/10.21273/HORTSCI.45.1.43
https://doi.org/10.21273/HORTSCI.45.1.43
https://doi.org/10.1007/s40011-013-0270-y
https://doi.org/10.22059/IJHS.2017.217636.1109
https://doi.org/10.14720/aas.2015.105.2.14

Yao

v o 0,335 uilinl 9 0 Ko iy GBS Ly lw iy 9 Srogud duwl w3l ury 1 0oy K0d 98,3 Sl

63.
64.
65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

Naderi, S., Pizzeghello, D., Muscolo, A., & Vianello, A. (2002). Physiological effects of humic substances on
higher plants. Soil Biology and Biochemistry, 34, 1527-1536. https://doi.org/10.1016/S0038-0717(02)00174-8
Nardi, S., Ertani, A., & Francioso, O. (2017). Soil-root cross-talking: The role of humic substances. Journal of
Plant Nutrition and Soil Science, 180, 5-13. https://doi.org/10.1002/jpIn.201600348

Nardi, S., Pizzeghello, D., Muscolo, A., & Vianello, A. (2002). Physiological effects of humic substances on
higher plants. Soil Biology and Biochemistry, 34, 1527-1536. https://doi.org/10.1016/S0038-0717(02)00174-8
Nardi, S., Schiavon, M., & Francioso, O. (2021). Chemical structure and biological activity of humic substances
define their role as plant growth promoters. Molecules, 26, 2256. https://doi.org/10.3390/molecules26082256
Nasiri Dehsorkhi, A., Makarian, H., Vernaseri Qandali, V., & Salari, N. (2018). The effect of humic acid and
vermicompost application on yield and yield components of Cumin cyminum L. Journal of Crop Applied
Research, 31(1), 93-113. (In Persian).

Nassif, A. H., Abd, R. M., & Al-Zubaidi, N. A. J. (2023). Improving the growth of black cumin (Nigella sativa L.)
by humic acid and Trichodermia harzianum as biofertilizer. Modern Phytomorphology, 17, 37-40.

Noorgholipour, F., Samavat, S., & Tehrani, M. (2010). The necessity of combined use of chemical and organic
fertilizers in sustainable agricultural systems. The First Congress on Fertilizer Challenges in Iran: Half a Century
of Fertilizer Use, Tehran, Iran. (in Persian)

Nourihoseini, S. M., Khorassani, R., Astaraei, A. R., Rezvani Moghadam, P., Zabihi, H. R., (2016). Effect of
different fertilizer resources and humic acid on some morphological criteria, yield and antioxidant activity of black
zira seed (Bunium persicum Boiss.). Applied Field Crops Research, 29(4), 88-105. (In Persian).

Osman, M. E., Mohsen, A. A., Elfeky, S. S., & Mohamed, W. (2017). Response of salt-stressed wheat (Triticum
aestivum L.) to potassium humate treatment and potassium silicate foliar application. Egyptian Journal of
Botany, 57(7th International Conf.), 85-102.

Pujos, A., & Morard, P. (1997). Effects of potassium deficiency on tomato growth and mineral nutrition at the
early production stage. Plant and Soil, 189(2), 189-196. https://doi.org/10.1023/A:1004263304657

Rahghoshahi, M., Panahi Kord Laghari, K., & Rahimi, M. (2022). Study on humic acid and algae effects on grain
yield and agronomical characteristics of cumin (Cuminum cyminum L.) under drought stress conditions. Iranian
Journal of Medicinal and Aromatic Plants Research, 38(2), 286-300. (In
Persian). https://doi.org/10.22092/ijmapr.2022.356393.3079

Rastogi, A., Yadav, S., Hussain, S., Kataria, S., Hajihashemi, S., Kumari, P., & Brestic, M. (2021). Does silicon
really matter for the photosynthetic machinery in plants...?. Plant Physiology and Biochemistry, 169, 40-48.
https://doi.org/10.1016/j.plaphy.2021.11.004

Rivandi, H., Rezvan, S., Jami Moeini, M., Sinaki, J. M., Damavandi, A., & Sanjani, S. (2020). Evaluation of
quantity and quality yield of cumin (Cuminum cyminum L.) Ecotypes in different planting date under Sabzevar
climatic conditions. Journal of Agroecology, 12(2), 227-240. https://doi.org/10.22067/jag.v12i2.78488

Rubio, V., Bustos, R., Irigoyen, M. L., Cardona-Lopez, X., Rojas-Triana, M., & Paz-Ares, J. (2009). Plant
hormones and nutrient signaling. Plant Molecular Biology, 69(4), 361-73. https://doi.org/10.1007/s11103-008-
9380-y

Sarhan, M. G. R., & Shehata, A. M. (2023). Evaluating the impact of biochar and foliar application of potassium
silicate on the growth and productivity of ajwain (Trachyspermum ammi L.) plant under water stress in the newly
reclaimed soil conditions. Egyptian Journal of Horticulture, 50(2), 247-263.

Shah, Z. H., Rehman, H. M., Akhtar, T., Alsamadany, H., Hamooh, B. T., Mujtaba, T., Daur, 1., Al Zahrani, Y.,
Alzahrani, H. A. S, Ali, S., Yang, S. H., & Chung, G. (2018). Humic substances: Determining potential molecular
regulatory processes in plants. Frontiers in Plant Science, 9, 1-12. https://doi.org/10.3389/fpls.2018.00263
Shashidhar, H. E., Chandrashekhar, N., Narayanaswamy, C., Mehendra, A. C., & Prakash, N. B. (2008). Calcium
silicate as silicon source and its interaction with nitrogen in aerobic rice. Silicon in Agriculture: 4th International
Conference 26-31 Oct., South Africa, 93.

Shehata, S. A., Fawzy, Z. F., & El-Ramady, H. R. (2012). Response of cucumber plants to foliar application of
chitosan and yeast under greenhouse conditions. Australian Journal of Basic and Applied Sciences, 6(4), 63-71.
Sible, C. N., Seebauer, J. R., & Below, F. E. (2021). Plant biostimulants: A categorical review, their implications
for row crop production, and relation to soil health indicators. Agronomy, 11,  1297.
https://doi.org/10.3390/agronomy11071297

Silva, O. N., Lobato, A. K. S., Avila, F. W., Costa, R. C. L., Oliveira Neto, C. F., Santos Filho, B. G., & Andrade,
I. P. (2012). Silicon-induced increase in chlorophyll is modulated by the leaf water potential in two water-deficient
tomato cultivars. Plant Soil Environmental, 58(11), 481-486. https://doi.org/10.17221/213/2012-PSE

Sohrabi Rinani, R., Rezvani Moghaddam, P., Ghorbani, R., & Astaraei, A. (2021). Effect of organic, biological
and chemical fertilizers on yield, yield components and oil yield of black seed (Nigella sativa L.). Journal of
Agroecology, 13(1), 23-38. https://doi.org/10.22067/jag.v12i1.22652


https://doi.org/10.1016/S0038-0717(02)00174-8
https://doi.org/10.1002/jpln.201600348
https://doi.org/10.1016/S0038-0717(02)00174-8
https://doi.org/10.3390/molecules26082256
https://doi.org/10.1023/A:1004263304657
https://doi.org/10.22092/ijmapr.2022.356393.3079
https://doi.org/10.1016/j.plaphy.2021.11.004
https://doi.org/10.22067/jag.v12i2.78488
https://doi.org/10.1007/s11103-008-9380-y
https://doi.org/10.1007/s11103-008-9380-y
https://doi.org/10.3389/fpls.2018.00263
https://doi.org/10.3390/agronomy11071297
https://doi.org/10.17221/213/2012-PSE
https://doi.org/10.22067/jag.v12i1.22652

Vo8 (bl oY ojled oFe ol «(55ysLisS aslio 5 pole) SLEL pole & pis 4P

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

Szczerba, M., Britto, D., & Kronzucher, H. (2009). K* transport in plants: Physiology and molecular biology.
Journal of Plant Physiology, 166, 447-466. https://doi.org/10.1016/j.jplph.2008.12.009

Talebi, M., Moghaddam, M., & Pirbalouti, A. G. (2018). Methyl jasmonate effects on volatile oil compounds and
antioxidant activity of leaf extract of two basil cultivars under salinity stress. Acta Physiologiae Plantarum, 40(2),
34-40. https://doi.org/10.1007/s11738-018-2611-1

Talebi, S., Majd, A., Mirzai, M., Jafari, S., & Abedini, M. (2015). The study of potassium silicate effects on
qualitative and quantitative performance of potato (Solanum tuberosum L.). Biological Forum-An International
Journal, 7(2), 1021-1026.

Tesfay, S. Z., Bertling, I., & Bower, J. P. (2011). Effects of postharvest potassium silicate application on phenolics
and other anti-oxidant systems aligned to avocado fruit quality. Postharvest biology and Technology, 60(2), 92-99.
https://doi.org/10.1016/j.postharvbio.2010.12.011

Ulukan, H. (2008). Effect of soil-applied humic acid at different sowing times on some yield components in wheat
hybrids. International Journal of Botany, 4(3), 164-175. https://doi.org/10.3923/ijb.2008.164.175

Vafaahd, F., Khalesro, S., Zareei, S., & Heidari, G. (2024). Response of black cumin (Nigella sativa L.) to
digested fertilizer and humic acid in the sustainable agricultural system. Journal of Agricultural Science and
Sustainable Production, 33(4), 99-112. (In Persian). https://doi.org/10.22034/saps.2022.51374.2867

Varnaseri Ghandali, V., Nasiri Dehsorkhi, A., Makarian, H., & Haghighat jou, P. (2020). Effects of vermicompost
and humic acid application on the uptake of macro-elements, seed, and essential oil yield of cumin (Cuminum
cyminum L.). Iranian Journal of Medicinal and Aromatic Plants Research, 35(6), 950-966. (In Persian).
https://doi.org/10.22092/ijmapr.2019.125423.2521

Wang, M., Zheng, Q., Shen, Q., & Guo, S. (2013). The critical role of potassium in plant stress
response. International Journal of Molecular Sciences, 14(4), 7370-7390. https://doi.org/10.3390/ijms14047370
White, B., Tubana, B. S., Babu, T., Mascagni Jr, H., Agostinho, F., Datnoff, L. E., & Harrison, S. (2017). Effect of
silicate slag  application on wheat grown under two nitrogen rates. Plants, 6(4), 47.
https://doi.org/10.3390/plants6040047

Xie, Z., Song, F., Xu, H., Shao, H., & Song, R. (2014). Effects of silicon on photosynthetic characteristics of maize
(Zea mays L.) on alluvial soil. The Scientific World Journal, 2014(1), 718716.
https://doi.org/10.1155/2014/718716

Yang, F., Tang, C., & Antonietti, M. (2021). Natural and artificial humic substances to manage minerals, ions,
water, and soil microorganisms. Chemical Society Reviews Journal, 50, 6221-6239.

Yin, L., Wang, S., Li, J., Tanaka, K., & Oka, M. (2013). Application of silicon improves salt tolerance through
ameliorating osmotic and ionic stresses in the seedling of Sorghum bicolor. Acta Physiologiae Plantarum, 35,
3099-3107. https://doi.org/10.1007/s11738-013-1343-5

Zadegan, K., Monem, R., & Pazoki, A. (2023). Silicon dioxide nanoparticles improved vyield, biochemical
attributes, and fatty acid profile of cowpea (Vigha unguiculata [L.] Walp) under different irrigation
regimes. Journal of Soil Science and Plant Nutrition, 23(3), 3197-3208. https://doi.org/10.1007/s42729-023-
01297-1

Zahoor, R., Dong, H., Abid, M., Zhao, W., Wang, Y., & Zhou Z. (2017). Potassium fertilizer improves drought
stress alleviation potential in cotton by enhancing photosynthesis and carbohydrate metabolism. Environmental &
Experimental Botany, 137, 73-83. https://doi.org/10.1016/j.envexpbot.2017.02.002


https://doi.org/10.1016/j.jplph.2008.12.009
https://doi.org/10.1007/s11738-018-2611-1
https://doi.org/10.1016/j.postharvbio.2010.12.011
https://doi.org/10.3923/ijb.2008.164.175
https://doi.org/10.22034/saps.2022.51374.2867
https://doi.org/10.22092/ijmapr.2019.125423.2521
https://doi.org/10.3390/ijms14047370
https://doi.org/10.3390/plants6040047
https://doi.org/10.1155/2014/718716
https://doi.org/10.1007/s11738-013-1343-5
https://doi.org/10.1007/s42729-023-01297-1
https://doi.org/10.1007/s42729-023-01297-1
https://doi.org/10.1016/j.envexpbot.2017.02.002

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

Research Article
Vol. 40, No. 2, Summer 2026, p. 297-316

Effect of Seedling Tray Cell Volume and Light Quality on Growth,
Photosynthetic Parameters and Quality of Onion (A//ium cepa L.) Seedling

F. Ghaemizadeh¥ ™™ F. Dashti*

1- Department of Horticultural Sciences, Faculty of Agriculture, Bu-Ali Sina University, Hamedan, Iran
(*- Corresponding author's Email: f.ghaemizadeh@basu.ac.ir)

How to cite this article:

Ghaemizadeh, F., & Dashti, F. (2026). Effect of seedling tray cell volume and
light quality on growth, photosynthetic parameters and quality of onion
(Allium cepa L.) seedling. Journal of Horticultural Science, 40(2), 297-316.
(In Persian). https://doi.org/10.22067/jhs.2025.93976.1435

Received: 08 June 2025

Revised: 15 September 2025
Accepted: 27 September 2025
Available Online: 27 September 2025

Introduction

Onion (Allium cepa L.) is a vegetable with great nutritional value. In recent years, the cultivation of onion
seedlings has expanded due to the rising production costs and limited water resources. The growth of high-
quality seedlings is crucial for achieving optimal and high crop yield. Light quality is a significant factor
influencing seedling quality, as it markedly affects the morphological and photosynthetic responses of plants.
Currently, LED lights are employed in growth chambers to enhance seedling development. Another important
factor influencing seedling growth is the cell volume of the seedling tray. Larger cells offer a more suitable
environment for the optimal growth of seedlings; however, increasing the volume of the seedling tray may
impose spatial constraints for producers. The aim of this study is to evaluate the effect of various tray cell
volumes in combination with different light conditions to improve the growth and quality characteristics of
onion (Allium cepa L.) seedlings.

Materials and Methods

To this end, an experiment was conducted in a factorial design comprising two levels of cell volume (28 cc
and 18 cc) and three levels of light composition (75% red: 25% blue, 50% red: 50% blue and 25% red: 75%
blue), with three replications, using the Azar Shahr onion cultivar (red and long-day onion). Seed were cultured
in the growing substrates (2 coco peat: 4 perlite). After the emergence of the first true leaf (with a leaf length of
approximately 5 centimeters), the plants were transferred to a growth chamber equipped with LED lamps and
subjected to light treatments for a duration of 45 days. Ultimately, after the seedlings were removed from the
growth chamber, various growth parameters were measured, including seedling height, length of the longest true
leaf, root length, Pesodostem diameter and length, fresh and dry weight, photosynthetic pigments (chlorophyll a,
chlorophyll b, total chlorophyll, carotenoid), Fv/Fm, photosynthesis rate, stomatal conductance, sub-stomatal
CO; concentration, transpiration rate, total carbohydrate content and total phenolic content. At the end of the
experiment, data analysis was performed using SAS software (version: 9.1).

Results and Discussion

According to the results, in the 18 cc cell compared to the 28 cc cell and at all light treatment, seedling
length, length of the longest leaf and Pseudostem length increased and root length, fresh and dry weight
decreased. However, in the 18cc cell, using a 75% red: 25% blue light treatment resulted in the highest quality
seedlings with a length of 25.5 cm, Pseudostem diameter (2.13 mm), Pseudostem length (3.4 mm) and dry
weight (34 mg). At all light levels, cell volume reduction resulted in a decrease in photosynthetic pigments
(amount of chlorophyll a, chlorophyll b, total chlorophyll, carotenoid), Fv/Fm, a decrease in substomatal carbon
dioxide, photosynthetic rate, soluble carbohydrates and phenol content. However, the highest levels of these
parameters were observed in the small cell, in the 75% red: 25% blue light treatment. At all it seems that, using a
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smaller cell volume reduces the root's access to oxygen, water and nutrients, leading to reduced root growth and
some seedling quality parameters. Also, reducing the cell volume increases the number of plants per tray. This
increased density reduces the seedling's access to the appropriate light treatment. However, using an appropriate
light treatment can improve growth and physiological parameters. Overall, in the smaller cell with high planting
density, the use of the 75% red: 25% blue light combination can lead to improved growth and increased seedling
quality. Under red light treatment, plants have smaller stomata and can more effectively control the process of
stomatal opening and closing. In this light, in addition to the entry of carbon dioxide, a smaller amount of water
is lost, which also increases water consumption efficiency. Therefore, combining red and blue light can offset the
negative effects of red and blue light and increase the rate of photosynthesis. However, the response of different
plant species to different ratios of red to blue light may vary.

Conclusion
In conclusion, our findings indicate that utilizing trays with smaller cell volumes (which allows for higher
planting densities) can be economically beneficial and space-efficient. However, to ensure optimal onion
seedling quality, it is crucial to implement a light composition of 75% red and 25% blue during the growth
period.

Keywords: Carbohydrate, LED, Photosystem |1 efficiency, Red onion cv. Azar Shahr
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Table 1- ANOVA for the effect of cell tray volume and light quality on growth parameter of red onion cv. Azar Shahr

transplant
©layo e
- an - Mean of squares o
s &L r . e 4% «© P
<3 .. S Job  adyy Job (g5lne dilw Job . r 0N Sid s
S.0.Vv Ui il 09
) Blade Root Pseudostem = Fresh -
Seedling  |ength length length Pseudostem  yyeight Dry weight
length diameter
25 CodsS
Light quality 2 35.7"" 18™ 1.98™ 0.023" 455" 51800™ 55.21"
(@)
i Jobo o>
AL 1 0.001 18™ 0.0001" 0.008" 480.5™ 16200™ 0.5m
Cell tray
volume (b)
axb 2 40.95™ 73" 21.66™ 0.0005™ 96.5 15000™ 480.5™
riales] ol 12 0.192 0.25 0.072 0.004 0.25 858.5 17.4
Error
e ; 17 2.8 5.8 3.3 15 5 111
CV (%)

o0 S Jless] g 50 Iy gime BMST 2 I gme BB pus NS
ns and ™ non- significant and significant at p<0.01 respectively.
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Table 1- ANOVA for the effect of cell tray volume and light quality of seedling tray on photosynthetic pigments, phenol and
carbohydrate of red onion cv. Azar Shahr transplant
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ns and ™*: non- significant and significant at p<0.01 respectively.
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Figure 1- Photosynthetic pigments content in the red onion cv. Azar Shahr transplant grown under interaction effect of
different light spectra xdifferent cell volume of seedling tray (DMRT, p < 0.01)
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Figure 2- The interaction effect of different light spectra xdifferent cell volume of seedling tray on Fv/Fm of the red onion cv.
Azar Shahr transplant (p < 0.01)
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Figure 3- The interaction effect of different light spectra xcell volume of seedling tray on sub-stomatal CO; concentration,
transpiration rate, stomatal conductance and photosynthesis rate of the red onion cv. Azar Shahr transplant (p < 0.01)
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Figure 4- The interaction effect of different light spectra xcell volume of seedling tray on total soluble carbohydrates content
and total phenolic content of the red onion cv. Azar Shahr transplant (DMRT, p < 0.01)
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Introduction

Cut tuberose flowers face challenges such as reduced vase life and postharvest quality deterioration. This
problem is mainly caused by various factors such as dehydration, vascular blockage due to bacterial growth,
ethylene accumulation and oxidative stress, which lead to a reduction in the postharvest lifespan of flowers. To
address these challenges, the use of chemical and natural compounds has been considered an effective method to
extend postharvest longevity and maintain the quality of cut flowers. Aluminum sulfate helps to preserve the
freshness of cut flowers by reducing microbial growth, improving water uptake and preventing vascular
blockage. The use of aluminum sulfate in vase solutions has shown to increase of the postharvest lifespan in
certain cut flowers, such as roses, gardenias and lisianthus. Plant essential oils (containing phenol), possess
antioxidant, antibacterial and antifungal properties. They can inhibit microbial growth in vase solutions and
prevent cellular damage caused by reactive oxygen species (ROS) or free radicals. The positive effects of certain
essential oils on extending the vase life of some cut flowers, including gerberas, roses and alstroemerias, have
been reported. Cobalt chloride prevents vascular blockage caused by bacterial agents in stems and maintains a
high-water flow rate, leading to improved water uptake by cut flowers. This salt can also extend vase life by
inhibiting ethylene production, preventing its accumulation and reducing respiration. The beneficial effect of
cobalt chloride on increasing the vase life of some ornamental cut flowers, including roses, carnations, tuberoses,
gladiolus and chrysanthemums, has been reported. 8-Hydroxyquinoline sulfate (8-HQS) is an inhibitor of
ethylene production and reduces respiration rate. In cut flowers such as dendrobium, gerbera and gladiolus, 8-
HQS extended the vase life by preventing microbial growth, reducing respiration rate and enhancing water
absorption. This study aimed to investigate the effects of aluminum sulfate, Eryngium spp. essential oil, cobalt
chloride and 8-HQS on the postharvest longevity of cut tuberose flowers (Polianthes tuberosa).

Materials and Methods

Cut tuberose (Polianthes tuberosa) flowers were obtained from a commercial producer in Tehran Province.
To standardize the stem length, all flowers were recut at a 60 cm distance under water and immediately
transported to the postharvest laboratory at the Faculty of Agriculture, Islamic Azad University, Rasht Branch, to
prevent dehydration. Upon arrival, the flowers were placed in distilled water to maintain hydration. For the
experiment, five cut flowers were placed in each 2-liter plastic vase and then treated with specific concentrations
of the experimental factors. The study was conducted based on a completely randomized block design with three
replications. The effects of different concentrations of aluminum sulfate (50, 100 and 150 mg.L1), Eryngium
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essential oil (10, 20 and 40%), cobalt chloride (200, 300 and 400 mg.L"1) and 8-HQS (100, 200 and 400 mg.L™?)
on cut flowers parameters such as vase life, water uptake, fresh weight loss, chlorophyll content,
malondialdehyde (MDA) as an indicator of lipid peroxidation, bacterial colony count and antioxidant enzyme
activity were evaluated. Thus, the present experiment consisted of 12 treatments, 3 replications and 5 flower
stems per replication, totaling 36 experimental units (plots). Treatments were applied permanently, with each
treatment prepared based on a 500 mL volume in the plastic vase. Data were subjected to analysis of variance
(ANOVA) and means were compared by the LSD at P < 0.05 using the SAS ver. 9.2 software.

Results and Discussion

The results showed that treatment with aluminum sulfate significantly increased vase life and prevented fresh
weight loss. Aluminum sulfate improved water uptake and preserved chlorophyll content, thereby enhancing the
longevity of the flowers. Eryngium essential oil also had a positive effect on maintaining flower quality due to its
antimicrobial and antioxidant properties. Results of the variance analysis showed that treatments with aluminum
sulfate, Eryngium essential oil, cobalt chloride and 8-HQS significantly increased the vase life of tuberose cut
flowers (P < 0.01). The effect of treatments was significant for most traits. The longest vase life (12 and 11.50
days) was observed in aluminum sulfate at 100 and 50 mg.L™, respectively, while the control treatment had a
vase life of only 8 days. The highest water uptake was observed in treatments with aluminum sulfate (100 mg.L"
1), 8-HQS (200 mg.Lt) and Eryngium essential oil (10 mg.L1). The control treatment had the highest bacterial
population at the stem base (33 CFU.mL"!) and vase solution (73 CFU.mL™). 8-HQS (400 mg.L!) showed the
lowest bacterial population at the stem base (4 CFU.mL™1). Just some treatments were selected for measurement
of enzymes activity. Among the selected treatments, Eryngium essential oil (20 mg.L™?) exhibited the highest
peroxidase (POD) enzyme activity, while the control treatment (0.07 pmol.g™ fresh weight) had the lowest. The
control treatment (9.47 umol.g* fresh weight/min) showed the highest catalase (CAT) enzyme activity, while
cobalt chloride (300 mg.L, 1.84 pmol/g fresh weight.min) had the lowest. Aluminum sulfate can partially
reduce ethylene production and respiration rate in cut flowers. It primarily acts as an antimicrobial agent,
indirectly extending vase life. Some studies suggest aluminum may moderately reduce lipid peroxidation in cell
membranes. The aluminum ion may interact with cell walls, enhancing tissue rigidity and delaying wilting.
Studies on roses, peonies and gladiolus confirmed that aluminum sulfate delays senescence by inhibiting
microbial growth, preventing bacterial blockage and improving water uptake. Plant essential oils (e.g., in
tuberose, chrysanthemum, gerbera, gladiolus and carnation) extend postharvest life due to their antimicrobial and
antioxidant properties, reducing microbial load in vase solutions and ethylene production. 8-HQS, as a
disinfectant, extended vase life in peonies, dendrobium and gladiolus by inhibiting bacteria, enhancing water
uptake, delaying senescence, suppressing ethylene and reducing respiration rate. Increased POD activity in
treated flowers indicates enhanced antioxidant defense, crucial for neutralizing free radicals and mitigating
oxidative stress. Reduced CAT activity in treated tuberose flowers may result from lower ROS production, direct
inhibition of enzyme activity, hormonal/metabolic signaling changes and delayed oxidative stress and
senescence.

Conclusion
These findings suggest that the use of these compounds particularly aluminum sulfate at the concentration of
100 and 50 mg.L"* can be an effective method to improve the postharvest longevity and quality of cut tuberose
flowers.

Keywords: Antioxidant activity, Lipid peroxidation, Ornamentals quality, Vase life, Water uptake
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Figure 1- Postharvest room containing cut tuberose (Polianthes tuberosa) flowers put in vase pots filled with aluminum

sulfate, Eryngium essential oil, cobalt chloride and 8-hydroxyquinoline sulfate (A); healthy cut tuberose flower in
vase solution (B); wilted cut tuberose flower (C)
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Table 1- ANOVA for the effect of different concentrations of aluminum sulfate, Eryngium essential oil, cobalt chloride and 8-
hydroxyquinoline sulfate on vase life and some physiologic parameters of cut tuberose (Polianthes tuberosa) flower
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R Y . Sis g R P S
w5 s il S o A5 TOB s, Sas ol sl
sov b : Decrease Dry Decrease ok :
g . . Petal - P Petal Water  Vase
df Bacterial ~ Bacterial carotenoid of material of fresh Brix ! uptake life
colony in  colony at chlorophyll ~ Percentage  weight protein P
vase the end index content
solution of stem
Trel:t)rL;ints 12 951.3* 302** 0.269** 0.957ns 94.11* 79.9* 0.666ns  56.3**  0.039**  7.11**
Elrbrj)r 26 430.6 102.2 0.001 112 77.946 21.4 1.011 0.81 0.011 1.25
apd
Ol ypss - 91.7 68.8 6.91 36.4 26.3 19.0 45.3 2.92 7.18 115
C.V. (%)

G sine pie g 2o yd S g gty Jloin] s )3 5 ixe i 4y NS o FF X
*,** and ns: significant at the probability levels of 5% and 1%, and non-significant, respectively
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Table 2- ANOVA for the effect of different concentrations of aluminum sulfate, Eryngium essential oil, cobalt chloride and 8-
hydroxyquinoline sulfate on the content of MDA and activity of POD and CAT of cut tuberose (Polianthes tuberosa) flower

s ol PR G oy oSty o3l addigogdle
S.0V df CAT POD MDA

Loy Lous 4 27.89%* 0.011** 12.186*

Treatments
s 10 3.73 0.001 5.07

Error

Oy p - 31.68 25.22 12.97
C.V. (%)

Lo )> 5 g gy Jloo] aw 53 o dre i gay K g F
* and **: significant at the probability levels of 5% and 1%, respectively
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Table 3- The effect of different concentrations of aluminum sulfate, Eryngium essential oil, cobalt chloride and 8-
hydroxyquinoline sulfate on vase life and some physiologic parameters of cut tuberose (Polianthes tuberosa) flower

S eI |
S0 L ‘.. Olpe
“f"s ’ “‘5;35 L ’f‘s ol Lials osle 039 ool ey o
) S Jglome a8l (slo S5 . < i . a3 S Water S yos
;Lo Bacterial  Bacterial Petal 985 > S5 ?tir Vase Iif
Treatments  colony in colonyat  carotenoid  Decrease of Dry Decrease "“‘S'_"’"’ Petal up Ia © age e
vase the end of (g chlorophyll  material of fresh °Brix protein (Ign V\? (day)
solution  stem (Log FW.) index (%) weight (9) content W)
(Log 10 10 (%)
CFU.ml* CFU.ml*
A 11.33e 12.00d 0.55e 3.21a 42.04a 18.88cd 2.63a 30.10g 1.52a-e 11.50ab
A, 11.00e 6.67e 0.97a 2.13a 37.69b 17.53d 2.65a 38.07a 1.69a 12.00a
As 35.00b 13.33d 0.25j 3.57a 32.94bc 26.96a-d 2.13a 28.02m 1.57a-e 9.50b-d
C: 19.00d 17.67c 0.27i 3.66a 32.86bc 29.42a-c 2.78a 28.501 0.66f 8.00de
C, 22.00c 15.67c 0.23k 2.86a 27.66d 19.99b-d 2.12a 29.10j 1.53a-e 10.66a-c
Cs 18.00de 12.67d 0.40g 2.67a 31.61c 27.00a-d 1.95a 31.10d 1.40de 9.00c-e
E: 40.00b 32.00a 0.41f 2.40a 34.21bc 25.47a-d 1.99a 30.08h 1.63a-e 9.00c-e
E, 13.67e 10.33de 0.65d 2.15a 34.83b 22.36b-d 2.20a 33.10b 1.51a-e 10.50a-c
Es 36.67b 24.00b 0.85b 2.99a 40.68a 21.55b-d 1.57a 32.60c 1.42c-e 10.50a-c
Hi 5.67f 7.67e 0.75¢c 3.01a 31.04c 30.19ab 2.61a 31.07e 1.58a-e 10.00a-d
H, 7.00ef 6.67e 0.35h 3.98a 37.96b 23.29b-d 2.64a 30.75f 1.65a-c 10.66a-c
Hs 2.00g 4.00f 0.201 2.29% 32.23c 18.94cd 2.36a 29.83i 1.46b-e 7.16f
C;:t:ol 73.00a 33.00a 0.07m 2.89a 27.42d 34.93a 1.20a 29.05k 1.38e 8.00de

Amd o 3L 1y LSD (905l bawgs suop> gy Jloinl gedaws )3 15 ixe OS] dgmng piie ¢ ygiw pr S o by y>
PeSheFor g¥ee ¥or clacdale )3 cdlS 5,18 C 50 :Ca 9 Co C1 4yl 3 p )5 oo V00 9 Vo e B clacbile )5 posiogll Clilgw cus oy :A3 g Az At
g Voo Ver lackale » Clilgw (gideS (wSgyhd—A cuipay:Ha g Ha Hi ) 3 p 8 Lo ¥r g Ve Ve clacdale > Glag wilel cuipay :E3 9 E2 (E1 ¢ d
S )3 pS e ¥ee
Means followed by the same letter within each column shows no significant differences at 5% probability level by LSD test.

A, Az and As: aluminum sulfate at the concentrations of 50, 100 and 150 mg.L™?, respectively; Ci, C, and Cs: cobalt
chloride at the concentrations of 200, 300 and 400 mg.L %, respectively; E;, Ez and Es: Eryngium essential oil at the
concentrations of 10, 20 and 40 mg.L™, respectively; Hi, Hz and Hs: 8-hydroxyquinoline sulfate at the concentrations of
100, 200 and 400 mg.L*, respectively.
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Table 4- The effect of different concentrations of aluminum sulfate, Eryngium essential oil, cobalt chloride and 8-
hydroxyquinoline sulfate on the content of MDA and activity of POD and CAT in cut tuberose (Polianthes tuberosa) flower

o YU o357 ol o2 351 SR
Treatments CAT POD MDA
(umol.g? F.W.min") (umol.g* F.W.) (nmol.g* F.W.)
Aals 9.47a 0.07b 18.92a
Control
Az 2.53bc 0.11b 18.06ab
Cz 1.84c 0.19a 16.69ab
H2 3.83bc 0.09b 14.10b
E> 5.57b 0.20a 18.87a
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Means followed by the same letter within each column shows no significant differences at 5% probability level by LSD test.

A2: aluminum sulfate at the concentrations of 100 mg.L™; C2: cobalt chloride at the concentrations of 300 mg.L%; H2: 8-
hydroxyquinoline sulfate at the concentrations 200 mg.L%; E2: Eryngium essential oil at the concentrations of 20 mg.L .
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Introduction

Onion (Allium cepa L.) is one of the most important vegetables in Iran and is cultivated in 51.499 hectares.
The cultivated area of this crop in the short-day southern regions is 25.964 hectares, which is equivalent to more
than 50% of the cultivated onion area in Iran. Commercial short-day onion cultivars are cultivated in most of
these regions, so a large amount of currency is spent to import short-day onion seed. In addition, the increase in
the currency rate in recent years has increased the cost of onion production in short-day southern regions.
Therefore, it is very important to produce and introduce short-day onion cultivars. This research was conducted
to produce half-sib families through open pollination among nine superior onion cultivars. The best half-sib
families were selected in terms of bulb yield and storability.

Materials and Methods

This project was carried out in Isfahan and Khuzestan during three crop years (2020-2023). During two crop
years of 2020-2022, a polycross genetic design was carried out among nine short-day onion cultivars (Sahar,
Paliz, Saba, Savanasweet, Goldeneye, Duster, Impriaterize, Primavera, and Texas Early Grano) in the Isfahan
location (Dastgerd Agriculture Research Station), and half-sib families were produced. The progenies of half-sib
families along with their parents were evaluated in a randomized complete block design (RCBD) with 18
treatments and three replications in Khuzestan location (Behbahan Agriculture Research Station) during the crop
year of 2022-2023. Seeds were sown in the nursery in early October, and seedlings were transplanted (at the
two- or three-leaf stage) in late September. The earliest bulb time was estimated using the bulb ratio and
statistical technique of cusums. The studied traits included leaf number and height, bolting percentage, bulb
yield, days to maturity, mean bulb weight, mean bulb diameter and height, skin number, total soluble solids, dry
matter, and bulb storage losses. Bulbs were harvested when 50-80% of the foliage top had fallen and collapsed.
To calculate dry matter content of the bulb, 10 bulbs were randomly selected from each plot and their weight
was determined. After drying complete samples in the oven (65 C) and fixing weights (about 72 h), samples
were weighed again, and dry matter was calculated. After harvesting and curing, bulbs were stored under
uncontrolled storage conditions (no heating, cooling, or ventilation systems), and after 3 months, postharvest
bulb storage losses were determined. The results were analyzed using SPSS v.26. software. Means of significant
differences among treatments were determined at the 0.05 probability level using Duncan’s test. Correlation
coefficients among traits were calculated using the Pearson method.
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Results and Discussion

Bulbing occurred in the studied genotypes in a photoperiod of less than 13 h; therefore, all progenies and
their parents were short-day genotypes. Palize cultivar produced the highest yield. The difference in bulb yield
among this cultivar and Sahar, Saba, Savana sweet, and Goldeneye cultivars and Saba and Texas Early Grano
half-sib families was not significant. The doubling bulb was not observed in the studied genotypes. The highest
bulb dry matter percentage was found in Texas Early Grano cultivar. The decrease in the percentage of bulb dry
matter in the Saba cultivar and Savanasweet half-sib families was not significant compared with the Texas Early
Grano cultivar. The highest skin number was recorded in the Texas Early Grano cultivar. The decrease in the
number of skins in Sahar, Primavera, and Saba cultivars was not significant as compared with that in Texas
Early Grano cultivar. The lowest bulb storage losses were observed in Sahar cultivar. The differences in this trait
among Paliz, Primavera, and Texas Early Grano cultivars and Paliz, Savanasweet, Duster, Primavera, and Texas
Early Grano half-sib families were not significant in comparison to Sahar cultivar. The correlation coefficients
among bulb yield with leaf number and height, mean bulb weight and diameter were positive and significant at
1% probability level. Differences in days to maturity were not significant in all genotypes; therefore, final
progeny selection was made with emphasis on bulb yield and storage losses. According to these results and
comparison of days to maturity, yield and bulb storage losses in progenies half -sib with maternal parent and parents' mean
the half-sib, progenies of Saba, Daster, and Texas Early Grano were selected.

Conclusion
The results showed that Texas Early Grano, Saba, and Duster half-sib families with high bulb yields (from
65.18 to 68.29 t.ha!) and good storability (storage bulb losses from 11.79% to 15.41%) are promising genotypes
for introducing as short-day indigenous onion cultivars.
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Table 1- Soil physical and chemical properties on the site of experimental field
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LS 5 few S oloj o casl S5 oyl okt s

0 Ld 93 cpl b 035 (03T g SIS Fu)b (a0 Egene
Gl > ey cnpdlghie olS (i co B g g e
Pl Jl oedlly 0 G phagh ool 3 s Fow JSU
~ ST o8y 53 4y YD 5 el WY oy Jsb b ny)8
2 48> ¥4 g ol VY gy Jobo b 03,98 VY )b b Tgil)S
g S Sul 4 a0 g LY Jgio) 23,5 IS5 © plienl” o,
o8y o @9 JSts celo WY1 a8 g,y Jgb )3 ) S5
Darabi & Ghenevati Moghadam, ) 53,5 o ¢guore oligS 59,
S8 b bwg o5 455 len dg05 (5 pSaon g o0 (2020
Sl ol Al o o650, plB) ol el ok il oS s
P 38 osS5e, 52 aine (Darabi, 2020) s )i b

oUsS 59, 5t RGudigij »d Eomw SIS oy Job 9 &2,U-Y Uy
Table 2- Bulbing date and day length during bulbing in short-day onion genotypes

9 Cow JSWd )b 59, Jsb i) Cow ISid &0 oy Jsb
Genotype Bulbing date Day length Genotype Bulbing date Day length
) ’ L')ﬁ3)5)é A 12:40 ‘dl O“\K’ d)‘hl?w O’ubﬁ)é a 12:41
Sahar 27 Mar. ' Golden eye half-sib 28 Mar. ’
‘)7‘“'" d)“bl?&“"tj L')?~J)5)é A 12:41 ‘J'."‘“’b’ Oi))?)é N 12:46
Sahar half-sib 28 Mar. Duster 30 Mar.
‘)‘JL” L')‘~J)5)é ) 12:46 ‘).'.'...;b’ dﬁl?&w Ly"))”é W 12:46
Paliz 30 Mar. Golden eye half-sib 30 Mar.
S s pplysans 022298 )Y 12:49 e o229 A 12:40
Paliz half-sib 1 Apr. Imprateriz 27 Mar.
‘Lt'é’ Oi))B)é 4 12:41 ‘).'.'.):"I)':f"'?.l’ Lﬁ)‘z’l?i“ﬁj C)’..Dﬁ)é A 12:40
Saba 28 Mar. Imperateriz half-sib 27 Mar.
‘L?“é’ d)‘“lyw O’~‘>)5)é A 12:41 ‘l)9l‘°i)f.'~’ C)’u)}?}é N 12:46
Paliz half-sib 28 Mar. ' Primavera 30 Mar. '
‘“"'59“’ Ul5l“” Oi))B)é v 12:38 ‘1)51‘".‘.)117 Lﬁ)‘z’]?i“ﬁj C)?.)ﬁ)é W 12:49
Savanasweet 26 Mar. Primavera half-sib 1Apr.
Savanasweet half-sib 25 Mar. ' Texas Early Grano 27 Mar. '
‘dl OAK’ 298 12:51 ‘yl)?gé)lu"l}i."’ 6)“1954"‘?. EEITTRN 12:46
Golden eye 2 Apr. Texas Early Grano half-sib 30 Mar.
RATIRN KR PC AN N IR SV RV B T B SO B S Olus guad

L Kalor 29 400 gmo o) S Jin! maw (0 Cdo (pl g
buwg sl pByl 0 Sy olaws o b bxe MBS 3939 guls oy
5 (Aweke & Diriba-Shiferaw, 2024) laui-ls > 4 Sl
odd iyl (Choudhary et al., 2022) .,Ken 5 (g)lbds>
Eomlydans Jealh 5 “me’ 08y 3 o ol el g
P Y Jgi) 285 )l ixe 5150 08 b dulio 53 “ 55,5 | I3
e P8yl Gl e (slaslins S (So (Sdwy U S 05
Uil Oaa Ced iy b Giee g 1p; il e

ek ol @l )l Syl g )] 4 (S S e

2 e$) Bl Jy 098 )b gme Sy gli)l g LSS gl as ol L
a4 Sy el wShe w05 b dre dop K v o Cds ()
dunglio > s 08y )0 Sy lis)| SialS g by “5l o8,
PS4 A yp ol 3 (1 J9i2) M B ee o) cnl L
Darabi,) olyl> de yuxie o il YY/F+ B OY/AL 51 Sy glas)
VWIE-L 50/5e 5 )y pByl ly |y Sy glis,) (2020
OO Olite 4 Gl e ) O] ppl e 3908 )13 e ol
Lulpd )> SWSl 5 (inghy 95 cnl 3 (eyn 290 lacss)



VFe0 (liali oF o los oF+ e (559l @abio g pole) SLel pole @yl ¥Ye

OF 36 e b bawgs by Seas o 3 il 3 Ses
Aragie et al., ) s)b calls pils adllas guls b oS cul odds
sy 1y 3 Slas Sl 5L o3, .(2023; Miruts et al., 2021
o7 s pB)l & G o)l 0, 8kes Gil3al Jy 0500
5 b’ ol ol 5 fl U7 5 fage Ll
3S0as g Wl e (1 Jsin) 25 Jogine ‘515 S
Sla) Sy gaw yadld g9 YU 4 plgie ) lacasyl cnl
LV Jgaz) obs o joi5e lagadsis o (S gl
Slyaeng Sl falil 5 ol b oasls tll
28 asls Ll Fom Lot 550L5 380 5 a5 s ity
(Darabi, 2016b) <ol sl jilidl 5 Slee a5 o
5 ot > Lo 05y 38ke o9 Vo @l ol b Kinlen
9 wbe o (Darabi, 2020) hb lbwy cwpa kaol
Llyy o) el 0 3,155 (Abbasi et al., 2025) ) San
Sy eyl golaw b 5, Slas dlayly a5 3505 astiie 8 (Siuon
S Jleio] a0 5 St (I=2/0RY 5 =4/ FFQ s pay)
oher 5 bilo @ls pl b Kalen ol oo o cxe woyo
Jein! pdaws 3 4l xe 5 cuze byl 55 (Manel et al., 2024)
Pi3ged )15 S iyl g Slass g 3 )Sdes (o ]y woys S

Ois 2 S5 epadel il 3Slee (Soye Sl
A0 pS15 g b Sygo 53 g e Cund 4 Fgw bugie
NP Egw bawgie 0jg 8L Cos fly 2 Sles @il Glles
Sygbas b oaalio 5o gl (nl > labaly iz 05 (o
 Jgae oyt S 547 08y ) Egw 0y bawsie Sl
5 b Ulgle” Lo’ o’ pl)) 033,5 sanlie gei S
o355 5 25Skas 5 1 S SIS SIS s pplisans Juob
M8 09)S cnl 3 58 Egw bawgie (g sl I idg 43,5 (3)
OrreS &S Tl o) 4 g Esw (jy bawgie eSS
G (Y Jodo) ab odalie g b olad] s 4 ) 5 Slee
ghw ) 5 Cute o bawgio (g b 3 Slos (Ston (> (00
@l opl b Kabea (I=4/YNY) 29 4 bz doyy & Jlozs
L (Anantha Raddy et al., 2022) .,Ken 5 (o3l,Lsbl
wlye Zow ()jg bwgle 9 3 Ses o HPdre g Cute (Stor
A0S

M > Cubge oSyl A Vb 3Slee by
25 8 g Ty b dlax Sl g5 Slrogad plu bl 4l w3gs
b obaggw Yoons 0l 0l S pan dido b Billao g S
Darabi & ) Sgb o 03> zun 5 ey Sl Fe—FA) lawgio lad
.(Khajehzadeh, 2022

csby jl oliglas” b dle Sl (Bp 3 Sy b salss
oS 2905 st (uib)ly 48 @l S o0 Y3 Bpo Joae
b cwsls I jgy olaws wais Jbd dze Cuto (pl p cadgi} o LSS 3
Joi5) 39 yusiio VIV U Y+ oy odddalllas slacuSeiy 10 (ydum,
23,5 015 59y VY lewte oadgdal jly (Suwy 0j93 (Y
Cewss) seighidy 0)9d Job 4 Cows a5 (Darabi, 2016b)
b egose nl e adlioe SV (Aagh (pl ) esdadlas
S 35 Capnd ot oxdp ol Sl 392 oy @ Ol
Gl ) seigdisy 090 o e (Cramer, 2003) ol S cpols oy
G55 39) VOV 5 VPN gy Ll SliT g sy (slagd
s gl ol 5> 909y 0)93 (loj o 4y Cuas &S D900
o) g olite yogdle ) B! ol el canl olisS
Olujg )3 5l ST 485 0,93 (392 (SYob 4 B om e o) 0590
(Darabi, 2009) aly s dls po pl 3 Led 398 ol Judoa
IS (o by psgy (a3 5) T Sudy
2 A8l )9S Oy 0jal CutS ) jlo Mg ere OIS
ol xg bl Jl g 0ad s g S gaw Sy Sy
S5 Sy p ae Jolo sz g ol (29500 wlS
Ogliste M) Jabd (Jame Lulpd g 08) & ey (23S Sy Ol
g @90 Jb dme Cans opl p ,1,SS 31 (Darabi, 2020) wsb .
Darabi ) sz 5 o) dox jl calises ldie lawgs a5 ylocen
Powied Sl oy cpl  edd 555 (& Yaghubi, 2022
IAF) Lo 18,7 & Kidgs duoyd (p pidiy A D dxe Cidio ]
Glddes ol 3 Caw opl Lials cdh sl (ao)
2 (s 1) “SEIIASS 5 (1o o) olm
390 Sy b > Sidyy i b gine Lo’ 08 L auglis
dw opl 50 Sy lise &S 2500 a2 g8 LU S sdaline adllas
Blis 13 ey iS55 ogsimgh b ol b Aulis 3 i
wopiliz il (Domda BB 5 52U lu )9S iz obsS o)
Y00 U YIVY l jeuiS Coin e slrodg 0 Sy doyd
Caol odds (5,155 MO B A/AY 51 Shayly w8, VO 13 5 duoyd
.(Darabi, 2020; Darabi & Ghenevati Moghadam, 2020)
2 9 @laBl pre padld et maw a1y )3 g 3 Slee
ol 2SS Stk cnl 3 Ml Sl W el Bun &l
Jloiol gaw )3 ggw 3 )Slos g Sl (g s )l dre o
S 3900 S Gl alple A b Mo S
S Mt Slite 15 bl 5 5y oy 290 Sl
Ggldy ol Cud eyl (SWB) S5 4 Jlye |) cde

1- Bolting
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Table 3- Leaf number and height, days to maturity and bulb yield in short-day oniongenotypes

i} Sy S dland Oy U 59, Eow 355os
Ge;n“ot o Leaf height Leaf Days to maturity Bulb yield
yp (cm) number (day) (t.ha?)
S)z:;;r 69.47+ 2.50 ab* 11.20+0.53 abc 210+1.53 a 70.50+8.80 abc
77 d)hl?i_@ 57.20+1.70 def 9.33+0.50 de 210+1.73 a 56.16+8.50 cde
Sahar half-sib
P)"JI‘? 73.40+2.90 a 12.37+0.75a 211+1.73 79.31+8.80 a
aliz
A s plydaed 53.87+1.70 f 8.87+0.81 f 21142.08 2 57.51+2.5 bed
Paliz half-sib
SL;;a 63.10+0.70 b-e 10.33+0.61 bcd 209+0 a 69.2746.50 a-d
ko dﬂl?dfg 63.73%4.00 bcd 10.07+0.64 b-e 211+1.16a 66.46+4.70 a-d
Sabahalf-sib
g Uyl 63.4046.30 b-e 10.60+0.80bcd 209+0a a 71.83+2.20 ab
Savanasweet
S Ublo” cppldaad 60604070 cf  10.07+1.36b-e 21140582 74.22+3.40 bed
Savanasweet half-sib
(3 ’l . =%
sl oS 59.07+2.80 def 10.60+0.35 bcd 210+1.73 a 66.46+12.80 a-d
Golden eye
! AT g pplydacs 62.20+1.70b-e  10.07+0.31 b-e 210¢1.53a  60.44+4.40 bed
Golden eye half-sib
sl 55.53+ 3.40 ef 10.13+£1.08 b-e 211+2.00 a 55.19+4.50 d
Duster
<y . .
Al plgp e 62.73+1.30 b-e 9.80+0.53 cde 209+0 a 65.18+5.30 bed
Golden eye half-sib
e 63.60+2.00bcd  9.47+0.99 cde 209+0a 63.00+1.30 bed
Imprateriz
e .d)ﬁlyw 61.07+6.30 c-f 10.60+0.35 bcd 210+1.73 a 63.30+3.9 bed
Imprateriz half-sib
l_”l“’""” 57.87+4.50 def 9.60+0.60 cde 209+0.0.58 a 63.19+1.60 bcd
Primavera
l)_jlﬁ'{)')’ d)mb&%.é 64.13+3.60 bcd 10.05%£1.13 b-e 212+0.58 a 61.29+9.50 bcd
Primavera half-sib
PSS 60.40 £6.90 c-f 10.70+0.64 bc 211+0.58 a 63.83+9.60 bcd
Texas Early Grano
S DS s pplgpdas
67.60+7.40 bcd 11.37£1.22 ab 211+1.73 a 68.29+7.60 a-d

Texas Early Grano half-
sib

505 0oy g s o 53 (61 gime O] 5SSl (claiels iz yg0] bl cdiiann S e By Sy 55 JBlus S gt b (sla 5 Sibie
* Means followed by similar letters in each column are not significantly different at 5% probablity level using Duncan's Multiple
Range Test.

g bawgio b Vo Slee b obales 5w iy b wlie

Oy #SIe wilen &S g bty cidly oladl ags 4 ) (g ynden
ol 5 1 cdly Gl LT o8y a0 G kb nyiie Eow
9 ‘A,ujs.w L’I5Lu, “L.a.o, c‘).’>r.w, ‘Dlﬁ)l l) pﬁ) d‘ JMOI o
SIS spplaes sl 5 SIS SIS

Ohlen 5 Sllwg> saail b gols ol - (F Jgi2) 285 )5 dxe
o8yl oy o a5 4 5y Jles e (Hosmani et al., 2010)
M5 65ok5 s5itegd ge A Sy e pa3ls by o
Gk il coles jo oS ool 8 (gloyudd pluil 4y 1) dlge oyl S oo
28 aled 3 Sl g Egw (g Gl carge Egw yhaS il



VFeb (liali oF ojlos oF+ wlar (55,9l @abio g pale) SLel pole @y pli Y

A3l ge 008 (e g e sl O syl 5 B9 JSS s
&) odljarlss g b G @l L ogues
O S gime OB 35 imgy opl > (Khajehzadeh, 2022
bgiye g eli)] onyiiin 03,5 odnlie adlllas 3)50 slacusy);
Ulslo” Lo & o™ 08 13 Egm )] Sl 5“5l 08,
ol aes sladesld o “PIS IS gl e
155 Joigne LT 08y b dumlie > S S35 g ¢yl
¥ Jg)

s b Fow jlad e do ) SO Jloin] mdaws 50 (g1 xe g Coo
g a8 b 3Sos o (1=2/00% 5 /YWY i) Sy el
5 &5 b8 om aPine 5 Cute el 3925 )b 3925 (1=+/0VD)
(Mousavizadeh., 2019) odlj cgwge lawg Sy glis)l g slaxs
P9 Cute j Eow bawgle (g 9y dlasly ol 0 oamlie 5
—dlaly i dgng g (F=+/0YA) )b bz doyy S§ Jlein] prdaws
(Manel et al., )Ken 5 blo g Fow jhad g 59 o !
2 S sl Llolss 5 Sy Fae gl canl 0 3155 55 2024)

oUsS 59, jle seaiaij )3 (03,5 pad g Eom g g B (9 -F Jga
Table 4- Bulb weight, diameter and height and neck diameter in short-day onion genotypes

5 Eow 039 Com k8 Eom EW) 03,5 8
Ge"'n"ot o Bulb weight Bulb diameter Bulb height Neck diameter
P @ (mm) (cm) (mm)
S;’;; . 242.80+20.00 ab*  80.02+5.10 ab 67.98+8.10 a 7.87+0.07 ef
P SRl e 185. 40+10.30 d 65.29+5.00 d 62.79+4.00 a-d  10.85+1.30 abc
Sahar half-sib
P{:I‘;Z 254.80+32.00 a 85.17+19.00 a 69.74+2.50 a 9.72+0.7 bed
A pples 196.38+8.50 cd 65.18+4.00 d 61.06+2.80 hed 9.95+0 a-d
Paliz half-sib
S:;a 3238.60+10.8ab  79.07+2.50abc  67.32%5.70 abc 7.6920.30 ef
bo plybans 198.60+8.30 cd 76.51+2.90 be 62.02£3.20bcd  9.71+0.20 bed
Saba half-sib
Sy Ughs 227.00+4.90 abc 79.80+2.00 ab 66.97+4.40 abc  11.12+0.60 ab
Savanasweet
‘Cdgu Llgl |93 dous
g gl 5 p2lib a0 195.90+14.50 cd 72.02+4.00cd  61.15+250bcd  9.02+1.60 de
Savanasweet half-sib
3 “ . =9
ol o 213.70+28.80 bcd  77.04+5.20 be 57.32+550 bcd  10.39+1.00 a-d
_Golden eye
ol s paleos 195.80+13.30 cd 75.99+2.40 be 60.52+1.60 bcd  10.09+0.60 a-d
Golden eye half-sib
- 180.40+29.00 d 65.98+4.50 d 61.50+1.10 hed 11.57+0a
Duster
el s pplaes 201.50+5.80 cd 76.45+2.270bc  62.41+250a-d  9.38+1.20cd
Golden eye half-sib
<. ‘ "
FII 192.30+7.00 cd 75.23+2.700 bc ~ 62.02+4.10bcd  10.96+1.40 ab
Imprateriz
rAbrel s pplghans 108.70+16.00cd  75.60+2.40bc  61.4842.70bcd  10.39+1.40 a-d
Imprateriz half-sib
Dilos 192.20+13.80 cd 75.17+1.76 be 64.87+3.40a-d  11.10+0.70 ab
Primavera
Dl 52l ams 203.44+2350cd  77.38#3.80bc  59.90+1.40cd  10.18+0.90 a-d
Primavera half-sib
A IS 1005042420 cd  76.94#590bc  67.9243.10ab  7.30:0.60 f
Texas Early Grano
AIMA 2l oo 2250046.70abc  79.91#440ab  66.71+1.80abc  9.03+0.10 de

Texas Early Grano half-sib

Range Test.

505 gyl dme MBS Mo > gy Jlosn] a1 S5l (glaely Wi g0l bl cditnn S jiie G S JBlis oS g n sla  Sile
* Means followed by similar letters in each column are not significantly different at 5% of probablity level using Duncan's Multiple
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w5y V0 1) ow Siis o3lo suop> (<Aminpour et al., 2012)
JB M| &S Wvged (5,155 ANYE B /5 o So)ls bS5,
D)l addllas dyg0 lacaisi) o S ool woyd b gldlas o
ey JB e 4 oligSo) (g slaody 3 Cdo nl Jy
o3lo o> a5 (ygby ccanl yider By obgSig) pB)l & o
U NOA G j9dS g (o o9 RS ) Eow SuiS

(Darabi & Khajehzadeh, 2022) 55 yx0 0,5 V¥/A1

Eym 05 g ol Slgm 2oy s gy ctalefl ) 5
L Salor g dg Fow Sid odlo doypd Slpsd W)y b aliie
Simson (Aminpour et al., 2012) -,\Son g 55 0l ()15
o o (= I¥F0) o pd S Jleis] e )3 (g)ld ixe 5 Cuto
Py Fow S odle Ao pd Ailes 10,5 sanlin Jole g0
39 SEIIASS o3y 4 Lo JS Jolors sl Slge i
5 Loy e (SlodS Guleel pB)l 0 Clio il el
9 Dolery il udgw Uglo b o pplpbans sbafuols
395, ine PSS 08, b awlie »» glS Dl IS

6 Jgs=)

sle L

025 Wl sl Sl o 53 w390 (Slopdd plil S o Egw
2k Slals e bl cwl powlio 503 oo 4 o
e Dl oK Bk jlaslce 3bj Hlen §rme)S Gble
=l gygp0 Jlo Job pled )3 )13k & Egw adse poil Joa
2 098 @SS )l ) Egw (IS5 de (9 Vb Jdsey
ey bl 3 ke Sl b daly o (ool Glidod il
Wl & gl eyl .(Darabi, 2018) cusl 48,5 &0
Lol les e a8 35l By o] )3 (eoamio Jolge g 039 odumes
I B) dpze )3 ol geigddy 0j9d Job )3 e Jelye 4
sloanl s g ety 5l an ol b b by Jolse fcutlsy
(Petropoulos et al., 2017) 3505 (gdnpumnds S5elg b
o 08) Ll (Sloylil poe GRalEN 53 aAlsye (gl cpl
3929 )bl poe Sl 5l 5ky P8 G ()l e BB 1§
ot Slio il e cuslio Sloylil (el pl)) don 5 dzils
g S ()5 JhE lgie witen 5o Ul pee o Sl
AU 1) Zow (405 5 Fow Suid 03bo doyd gy sy Cwolus
(Petropoulos et al., 2017) >,

035 a8 298 o0 Cguine (2ol wre Slaal I (35 jlad
ulf.\u.fd).\m Ys.o.m 9 03y C?“’ d.\.wu)‘)b 0 ke Olas )I
O A (pl gl Aimd oo gy ) Ay (35 L olajly
29 &y 090 % isslen Jelse 2959 5l 6 Sole el (95
(Darabi, 2018) 1 aslss o loylil caols Lil33l s
,» «(Ratan et al., 2017) o, Kan o o6l S5l b Sinlen
5> S Jlasl s 53 53,5 5 1 oy S 35 b
by “SS IS 08) & ()5 b (a8 g1 ) ine
bulpd 5 i) & e (35 a8 sl g2 yuite Jie e VV/OY
«(Darabi, 2021) )l .casl 015 L5)l5 slite slisl  sasld
WINY B AVS o obisSsey Sl)ly pbl el |y 0,5 skad
WD 6 VIV (s S igy (sopr sl sl 5 sl
(Darabi, 2024) 305 5,135 o e

sS4 ol (Se 5 ()5 SuiS Cavy lbaY sl
Crl Sloslsl GRaljdl s 13 g Egw Cluls Jials )3 5o Jalse
By (sl slouds g 2l SiS Cuny el Jpaes
bl s i 5l g S o b bgls 5 U dedo
(Darabi, 3, o)l cnols ) ol b 5 138 o (S ol
Gl 2SS S S dge patiiie uil)ly 40 @l 2018)
2 gy 385y iy Sl g gy ol )l gee i
4 bgyye Cawgy Al (g g D I gime o > S Jlain] e
o8y > Cusgy s (g Y g g5 TGS IS o8,
ol b,l55 5 (Darabi, 2024) s L ©gil,5 J,l pel3S57
Pyl g w8y ol o b dme MBI Chs pl Yl el
T e e
B Jods ) s o liio

shs alis
G g 039 by CusS whe Jolos I Eow St 0dle oy
L) Jpasmo ol Slojlil caols g loodjglp sy 5o (aliun
Al adlas 3590 slacuip) o SHST (3ais (pl 3 WS (o
Qo> oy B e doyd S il maw (0 Cie ]
oy Sl oy (gl S I ST 68y 4 bape S odlo
o8y L duglio )3 g Ulsle” (g mlisdas ol o St o3l
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Table 5- Skin number bulb, dry matteramount, total soluble solid, and
storage bulb losses in short-day onion genotypes

g Cowgy Sy E?T:) (‘:“‘" adlo _I"_St"‘fj:‘j :L’I 15;"’ Bal‘; &b Qll*ﬂ"‘é
: . ulb dry meter otal bulb soluble ulb storage losses
Genotype Skin number (%) solid (°Brix) (%)
s);r:; r 2.730.12 abc*  7.77+0.41 bed 8.10:0.36 abc 9.74+2.00 f
13 b l . .
e’ 8 plgidas 2.57+0.06 cd 6.83+0.49 def 7.60+0.96 abc 14.74+2.00 cde
Sahar half-sib
P}z;JIl;z 2.60+0.20 bed 6.75+0.44 def 8.23+0.25 bc 14.37+1.90 c-f
A sl 2.27+0.12 ef 6.87+0.67 def 7.70+0.36 abc 11.82+1.50 def
Paliz half-sib
SL;;a 2.80+0.10 ab 7.97+0.39 abc 7.10+0.36 ¢ 11.91+1.60 def
[3 b l . .
Lo )plybaed 2.60+0 bed 7.3140.69 c-f 7.67+0.76 abc 15.41+2.00 cde
Paliz half-sib
g gl 213012 f 26.56+0.42 ef 7.1040.61 ¢ 35.31+1.30 a
Savanasweet
g Ul g pnlyS e 2.60+0 bed 8.54+0.75 ab 7.67+0.75 ahc 14.02+2.50 c-f
Savanasweet half-sib
[3 ’l . =9
ol o8 2.40+0. 10 de 6.70+0.53 ef 7.67+0.61 abc 23.60+2.70 b
Golden eye
! AT gpplydacs 2.20%0.10 ef 6.77+0.12 def 7.40%0.53 bc 16.99+2.40 ¢
Golden eye half-sib
[3 " I b
- 2.07+0.12 f 6.4620.39 f 6.93+0.12 ¢ 27.29+3.40 b
Duster
Al g Rl 2.57+0.15 cd 7.47+0.47 c-f 7.7320. 64 abc 11.79+2.70 def
Golden eye half-sib
g 2.53+0.12 cd 6.91+0.45 def 8.6020.50 ab 16.23+3.70 cd
Imprateriz
2l s plp e 2.53+0.23 cd 6.79+0.61 def 7.03+0.81 ¢ 16. 99+2.40 ¢
Imprateriz half-sib
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Table 6- Differences of maturity day, yield and bulb storage losses in progenies half —sib of short-day onion with maternal

parent and parents mean

Sy &6 5 Sos Eow &)Wl Clals
Sl Ao Days to maturity _ Yield _ Bulb storage losses _
Progenies half -sib &3 Jly ol eSSl sk Vi o2l (ke spldly oy (Sbke
Maternal Parents Maternal Parents Maternal Parents
parent mean parent mean parent mean
77 0 0.22 -14.34 -10.74 5 -3.25
Sahar
‘).JLJ’
i 0 1.22 -21.62 -9.32 -2.55 -6.17
Paliz
ko 2 1.22 -2.81 -0.44 3.50 -2.58
Saba
‘d" L‘)Alf’
2 1.22 -12.61 -7.68 -21.29 -3.97
Golden eye
‘Coguo Ulals”
0 0.22 -6.02 -6.46 -6.61 -1
Savanasweet
sl -1 0.22 9.99 -1.72 -15.52 -6.22
Duster
"""ﬂ"‘“"’*“_ 1 0.22 0.30 -3.6 0.76 -1
Imprateriz
bsles2 3 2.22 -1.90 -5.61 -0.04 -5.44
Primavera
HS DN 0 1.22 4.46 1.39 3.1 412
Texas Early Grano
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Introduction

Melon (Cucumis melo L., Cucurbitaceae family) is an important commercial fruit crop that is extensively
grown throughout the world due to its generally very good adaptation to climate and soil. The quality of melon
fruits represents a combination of a wide range of physical characteristics (fruit size, shape, texture, firmness,
etc.) and chemical compositions (acidity, sugars, vitamins, phenolic compounds, etc.), which are very important
for consumer acceptability and marketability. On the other side, high-quality fruit must be achieved in the field
because after harvesting time all fruit attributes can only be preserved, not improved. Hence, harvesting time
plays an essential role in determining quality and marketability as well as storage life of melon fruits. Moreover,
the accurate determination of harvesting time and ripening stages of melon fruit have widespread application to
improve its management. Despite the increasing consumption and the cultivation of various melon accessions in
different regions of Iran, the physical characteristics and chemical compositions of some fruit melon accessions
(particularly lesser-known accessions) during fruit ripening have not yet been evaluated in detail. With this
background, the specific objectives of the study were, primarily, to monitor and compare the changes of
physicochemical traits, total phenolics and antioxidant activity of two Iranian melon accessions (‘Chaghercheh’
and ‘Zamcheh”) during the ripening process and, secondly, to determine the optimal harvesting time to achieve
maximum fruit quality and marketability.

Materials and Methods

In order to evaluate the influence of ripening process on quantitative and qualitative fruit properties of two
lesser-known melon accessions (‘Chaghercheh’ and ‘Zamcheh’) have grown in Gonbad Kavous, the experiment
was conducted according to a factorial design based on a completely randomized design with 4 replicates (five
fruits per replication) during two years (2023-2024). The developing fruits were hand-harvested at five different
developing stages from 10 days after fruit set up to fruit ripening (hamely, 10, 20, 30, 40, and 50 days after fruit
set) during June and July. Data from two years were combined and analyzed by Statistical Analysis System
(SAS) software using analysis of variance and differences among means were determined for significance at P <
0.05 using Tukey’s test. Pearson correlation analysis was performed to identify the relationship between the
different physical and chemical characteristics.
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Results and Discussion

The findings of this experiment confirmed that there were significant differences among the different harvest
times in all measured factors for both accessions. The fresh weight and dimensions of fruit, thickness and
percentage of pulp increased throughout fruit ripening and reached to the maximum values at last harvesting
stage, while fruit firmness, peel thickness, percentages of peel and seed showed a descending trend in the same
period. At full maturation stage, the both melon accessions exhibited the highest total soluble solids and pH,
along with the lowest titratable acidity, resulting in the highest maturity index. As the ripening proceeded, levels
of ascorbic acid, total phenolics, and antioxidant activity incremented, and reaching the peaks on 30th day after
fruit set, but afterward mentioned factors reduced dramatically until the end of the harvesting period. Also,
significant differences of all measured parameters were statistically detected among two melon accessions. At
full maturation stage, the fruit fresh weight, fruit firmness, total soluble solids, titratable acidity, ascorbic acid,
total phenolics, and antioxidant activity were varied from 2438.12 (‘Zamcheh’) to 2941.17 g (‘Chaghercheh’),
14.02 (‘Zamcheh’) to 20.66 N (‘Chaghercheh’), 13.17 (‘Chaghercheh’) to 15.23 °Brix (‘Zamcheh’), 0.59
(‘Zamcheh’) to 0.79 mg.100 g! FW (‘Chaghercheh’), 17.80 (‘Zamcheh’) to 19.47 mg.100 g? FW
(‘Chaghercheh’), 21.34 (‘Zamcheh’) to 22.48 mg.100 g FW (‘Chaghercheh’), and 22.26 (‘Zamcheh’) to
24.08% (‘Chaghercheh’), respectively. Also, the antioxidant activity was positively correlated with total
phenolics (r = 0.936) and ascorbic acid (r = 0.869).

Conclusion

Overall, the data of this study revealed the degree of maturity and the variety are main parameters controlling
the gquantitative and qualitative characteristics of melon fruit. The both accessions showed identical evolution
trends throughout their growth and development. The period between 40 and 50 days after fruit set seemed to be
the most active time of fruit ripening in both accessions, which growers can maximize marketability, nutritional
value and quality of melon fruit by choosing the ideal harvest. In general, the both accessions are potential
source of bioactive compounds and antioxidant activity that can be regarded as an important nutrient for dietary
and health of human.
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Figure 1- The two melon accessions studied, namely ‘Zamcheh’ (right) and ‘Chaghercheh’ (left)
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Table 1- Physical and chemical characteristics of the soil on experimental site

o) oY awlo S Colas Sl
Clay (%) Lay (%) Sand (%) EC (dS.m™) pH
28 64 8 3.1 7.2
sigui s dlge (IS IS o395 o BB Hhud o B prly
Neutralizing Organic Total Acceptable Acceptable
agents (%) carbon (%)  nitrogen (%) phosphorus (ppm)  potassium (ppm)
8.5 144 0.14 134 356

5l oolazul b (PH) (gaum! 4555 (AOAC, 2002) s by 5 (50
Model Metrohm 780, Herisau,) Jows e pH

Joloes dols dlge s 5l palo a3l .1y3,5 s (Switzerland
b Al (gl i B 4 dl

aacs) ST callad g S P58 oS 98] wal

Model Cecil ) ™ yogidg Suunl 51 o3l b K98l sl
yogl OV zge Jsb o (CE2041, Cambridge, UK
P25 Ve 5 (SepgSl awl) £ o g0t @l 5 45031
oigyd JS J8 (Rahman et al,, 2007) sus oo 5 059
3 (SISsl) S ks Sygots @l 5 st T 9IS prndsd
culls (Singleton et al., 1999) > )5 awslore 5 59 p)5 Voo
by jiagh DYV gge Jgb 53 °DPPH gy (Slnms] 5]
(Model Cecil CE2041, Cambridge, UK) yiogids S|
(Ismail et al., 2009) 1 (¢ ,:50;l!

Solel 3alla]

b bolas Ml b by gl ygon Gibejl ol
Lol (VFer=3¥-¥) Jlo 93 (b (155 52 53 ogee i) )5 e

7- Spectrophotometer
8- Folin-Ciocalteu
9- 1,1-diphenyl-2-pycrylhydrazyl (DPPH)

552538 Glio gund

A5 eySoilal Jlomd soil5 5l oslatul b Wogee 5 (3
9 Gy Calid oy (31 0y Jlad g Jsb wogee jlad g Jsbo
Model Mitutoyo,) Jlzwd udsS dlusgds 050 S Cuslousd
o L) (o iag iy Lawgi g L (b 3,5 <5 (Japan
@l g om ome il Bb sl 2 (eike cutn
51 o (Ghanbarian et al., 2007) sad ol (fas O)god
039 % 0l Comd g 050 )y g CbS gy (nis 5 silwbis
PBAS (S 0gee )h g CubsS gy Mo )d Oygods ogee b (JS
M3 g cudsS 5l ame (g iy 3l ookl b CudsS gl doy>
b 5 4 ooy B 0)S il 4oy V0 gled jd (el o ool
(AOAC, 2002) 135 dpuls

ol a3 oG gl i Bl dsascd Jglas sl ol g
pab gadld o
s ¥ yagstys, 5 eslisul b Jgbors sl Slge (s
bl p sl 9 oess (Model Erma RHB-32, Tokyo, Japan)
03la ol b yguenwl i BB sl jlade a5 wSS p 4o yo
(Model GMK' 855, South Korea) Jlizud gicwiwl
3 Ver 3 (Sepbdal) pS e Cpgor s g (5 Sl

5- Penetrometer
6- Refractometer



Vo8 ooboasli oY ojled oFe al (55 yslisS aoliw g pole) SLEl pole syl YOF

Ogte sodg b 53 0500 Jlad &y Jobo S g 5a8 (Jobo ¢ g
Miccolis & Saltveit, 1991; ) ail o ogm0 seigdidy 0)9d b
Villanueva et al., 2004; Ghanbarian et al., 2007;
5 Jols gl b S (Ahmed, 2009; Koubala et al., 2016

0)9 b sle g5 90 daodly b millas A5 0 Glo 3
Wby LS 395 ) (GageSiw AD) sy soxie wgee galgld,
(McCollum et al., 1988) | ,Kon 5 pollS o (sla yo)li5 L &S
@ olpe b ogme dlul g 5 09 3 pRIE cul 2l Slgden 5o
Wogeo )3 (sdie dlge geoS (izped g W sho (5 Jsko g
.(Ghanbarian et al., 2007; Koubala et al., 2016) sls cuus
3V iswon 2595 Ggke 0395 93 (Sl re BB Y Jga> 3l
b cudls d92g 090 jlad & Jobo s g jlad (Jobo <5 (459 sl
b 4 Job s g JlB (Jsb o 0y nie @l @ g
aayly oS il e o oplpll b sdalde ‘ax Bl 6358 43 b
Oben 5 (il 3)l> 3529 090 Sl g 0gme (g (S0P
b o Job 5 39 il o5 asiily Hlebl (Pontes et al., 2021)
bas o)l (Si ol 0355 £ 4 sl ogpe Jlab 4y Jobo C

S cdlles s pl uls

0355 5 (oo aiy) cudlyy o Jolis ()2 3550 (sl Jole 00,8
oo g w35 (el Jlo 93 slatlejl (slaodls w39, (o395 9)
A7V aowus SAS lsle s 5l eolatwl b g ebid oS5 006 L
g Jel gaw 3 (S§ eyt LagSile dglio o U
dasl) ololid (ly gwpm Swen | Grizp AD pbsl oy

e e a
0395 93 ogpe Jlad & Job Cus g slad (Jsb 5 (g Sl
slodly .l oads Bl Y Joas o w5y calisee Jolpo (o sl
Soisina jobodr 0395 93 y2 )3 ogea 5 ()jg &S B> (LI (B
YAVIEN ) assaly 53 45 s oty il Gl gedsdy 90 b
(,5) YAEVAY & $YV/DY ) “anj3la” 55 4 (5)5) YEYANY &
Jol olej dw (b ogee Jlad 5 Jobo w035 93 ym p> .8l ol
b ol 5l o S by abl Gl (line joba iy,
Osed ML (6ot (LialBl X9y Cudlp 0yey (LU
N9y ogee by Sl b 0dgi 93 pn )3 ogre jlad 4 Job Cons
Lodgs g3 yo ) ogee S ¢ bl cpl o by ol 0g5 5l il
@l b gt 35 @ 0kl bl ogee by iy
Glp rplie cladig)y d93g 5l (Sl W3] Clidss ) sdelcuwda

9k 0397 9 Bgwe (stuw 5 dgn0 plad 4y Job Commad 0gp0 lad gm0 Job cdgme 35 (339 2 ey Sl 3T Y Jgo
Table 2- Effect of ripening process on fruit fresh weight (FW), fruit length (FL), fruit diameter (FD), fruit length/diameter
(FL/D), and fruit firmness (FF) of two melon accessions
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Accessions Days after fruit set FW (9) FL (mm) FD (mm) FL/D FF (N)

10 47151428.74™ 142.50+7.70° 81564511  1.79+0.18%  41.71%2.20°
s 20 1266.61432.67° 18153+8.95° 124.35+7.19%  1.46+0.10°  39.72+1.95%
ey 30 2158.62+44.09¢ 2255145812 167.9545.69%¢  1.34+0.08  35.43+3.13c
Chagherche 40 2698.06£39.55" 238.80+8.158 181.49+6.82%  1.32+40.13"  29.25+2 55
50 2041.17429.70° 244.36+8.66° 180.78+8.728  1.28+0.00"  20.66+2.12¢
10 297.41428.05 95586319  76.83+5.46"  1.25+0.15%  35.48+3.04%¢
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50 2438.12422.64° 190.05+8.63" 164.26+6.97%¢  1.16+0.08¢  14.02+2.10f
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Data of two years were combined.
*Means of 40 fruits in each column followed by different letters are significantly different (P < 0.05) based on Tukey test; + SD.

);L.: d‘)’. uf.).w:) 0y9d u_lo 0940 p&l) u“°‘“’ )lbu.bw L?“*‘QL{
Miccolis & Saltveit, ) cul o (555 55 osle slrody

ogee CBl it «Cuwl oad 03 LIS Y Jodn )3 &S el lan

wdl LialS (o)l bz jsbods gedadddy 0)90 (b 0355 93 & 40
54 ,Bla” 3 g (oew) VF/oY 4 YO/YA I “amal” )3 oS (g)0bas



FOO o ysho 0395 35 0gue (S 9 oS Slogas (o) T8 T ) 0d 99,8 Silewkus

P B ()3 gneyed (ol gy Cutlyyy 0)93 GLL U Gl
Gy b 0395 93y )3 )hy (J313 o) jlad 4y Job Cos ¢ Jlle
3 ol ls (7 Jgi2) 2l Gl 395 1 (oials’ Ky, ogee 1)
2 939y 0)93 (o ogre CubeS Cualis oS by (Ui s
Colus &S Jbp bl ilidl o)y gxe jebay 035 90
b Sl nl (1 Jgaz) ety () me (0l gy congy
HE ogee S5 | g 595 ¥ 610 Sl ogee 5aigads) adgl ol
A iy (o s gy O 5l g S I3 09 a2y
ORIl Jdad ) dlo g 4 ey Ol ol & o0
Jodz 55 a8 jobo led il Sl 508 (slaylej 3 o0 My sy
9 k8 gk Jlai ) () 3)90 0355 93 (o sl 023 3l (L3 ¥
Cwlus g Cavgy Calis ol (J31 0pis Jld 4 Job Cos
Oy &S (gysbds (bl D935 (g3 e MBI oo CuiisS
Pontes et) o, Kan g uigs b odalie ‘as Bl )5 layl olise
b 5 ks LB15 eyin b 5 Jsb a5 wols oLt (al., 2021
Clite ()3 s yobor (sle (sloodg (r oge CuBeS Cualus

Ob calles aio5 ol ol b as g

1991; Ghanbarian et al., 2007; Beaulieu & Lea, 2007,
Nishiyama et al., ) ;l,\Ken ¢ Ll (Chisari et al., 2008
oo S asls j (So ogme Bl i 45wl bl (2007
il Sl ogee Sl )3 (6350 (A oS sl ogee CudeS g ()
Aty 2 ol 6)S CeblE b)) nizen g ediS S pas
sk o)les o8y o 5l o ey 2218 E9yd L laogie
Chisari ) | ,\Ken 5 (6)luus dimd o Cawd jl 1) 08w 0o
0)93 b ysle g b py S W8S as (et al., 2008
2ile Joho 0ylg23 oS 3505 clayes 351 3, Shos 4o ) geigli,
3 ol @l onizes ool Syl ke (550 5 S VIELY
gl ogee CEL (e S5 Sl (pyp 3)90 (oo 0395 93 (&S
a8l 3 ol ol et 4 (ygoas il S (5l sixe
srasl b adlae ol 5l Jols glaosly (Y Jga2) 25,5 <l
Miccolis & Saltveit, ) cogdls 5 udsSoo lawgs ol y,l55
s (Ghanbarian et al., 2007) .,Kea 5 (l,d (1991
)b cayllas (Chisari et al., 2008) |)\Kon 5 5yl
0395 93 b 3 yhy (b opis Jlad g Job F Ji> s 3o
B 5] 39y Vo BV ) 4yl ol piges oloj as (b
o 0 ,SD Slas oS Jbyd bl (ol58] g)ls dxe jobods (om0

Croldud g Caligs Caoldud ¢ piy (515 058 Jhad as Job Comd cpiy (515 038 ka8 () dy J315 058 Job g oy y Ly ,JU—Y‘ Jous
Oglo 8345 95 Cuwgy
Table 3- Effect of ripening process on seed cavity length (SCL), seed cavity diameter (SCD), seed cavity length/diameter
(SCL/D), pulp thickness (PT), and peel thickness (PeT) of two melon accessions

Wodgs ogao ST Gl ey B3, (S ays Job  JSId o0 yhd shd/ Jsb CudgS Collus  Cuwgy Culs

Accessions Days after fruit set SCL (mm) SCT (mm) SCL/D PT (mm) PeT (mm)
10 118.41+2.08°  50.75¢4.10°  1.08+0.08°  20.86+1.920 2.87+0.04°

R 20 138.70+2.92¢  82.89+4.88%  1.67+0.08%  39.72+1.74°  2.77+0.05%
A 30 174.73+2.470  114.88+5.423% 1524007  4921+1.87  2.70+0.03
Chagherche 40 182.44+2.50%  124.58+6.12% 1462007 53.32+1.42%  2.68+0.05
50 189.30+2.787  131.38+5.90° 1.44+0.08"  5531+1.69°  2.64+0.02b

10 69.46+2.899 54234239 1.34+0.07%°  19.71#1.919  2.50%0.04

ol 20 93.3043.100  78.81+4.62¢F  1.214#0.09°  38.17+1.50°  2.35+0.03%
L 30 127.76+3.01%  94.9645.34% 135008  48.78+2.00®  2.27+0.04¢'
Zamcheh 40 133.75+2.69  103.8245.87b 1.30+0.06%  52.72+1.83®  2.21+0.05¢'
50 136.46+3.08<  106.17+6.04"  128+0.08°  54.05+1.62 2.18+0.03"
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Data of two years were combined.
*Means of 40 fruits in each column followed by different letters are significantly different (P < 0.05) based on Tukey test; + SD.
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Figure 2- Effect of ripening process on total soluble solids of two melon accessions (Tukey, P< 0.05) (bars = +SD)
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Figure 8- Effect of ripening process on antioxidant activity of two melon accessions (Tukey, P < 0.05) (bars = +SD)
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Figure 9- Heat map of Pearson’s correlation coefficients among physical and chemical characteristics of two melon accessions
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