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Introduction

Since the beginning of the industrial revolution, the indiscriminate consumption of fossil fuels has led to a
dramatic increase in the concentration of atmospheric carbon dioxide. Over the past few decades, the
concentration of atmospheric carbon dioxide has increased from 280 to 370 ppm and is expected to increase by
about 1.8 ppm each year. Carbon dioxide, such as light, appropriate temperature, water and nutrients, is one of
the essential nutrients needed by plants, which is currently less than required by plants. In general, plants need to
absorb water from the soil and carbon dioxide from the atmosphere and use it in photosynthesis, which This is
done by absorbing carbon dioxide through the through the pores. In general, stomatal properties have a major
influence on the response of plants to carbon dioxide treatment. Leaf morphology, including stomatal density,
may have a significant effect on the response of plants to carbon dioxide. There seems to be a great deal of
variation among plant species in terms of how stomata density changes with increasing CO, concentration. The
opening and closing of the stomata through carbon dioxide absorption, regulates the amount of water wasted
when adverse environmental conditions. In fact, increasing carbon dioxide in plants reduces stomatal
conductance and transpiration, increases water use efficiency, photosynthesis rate and higher light utilization
efficiency.

Materials and Methods

This study was conducted as a split plot experiment based on a completely randomized design with three
replications in the research greenhouse of Ferdowsi University of Mashhad. Treatments included three
concentrations of carbon dioxide (380 ppm as control, 700 and 1050 ppm) as the main plot and two species of
ornamental ficus (Benjamin and Elastic) as sub plots. At first, cuttings were rooted in boxes containing washed
sand infused with carbendazim for 8 weeks. After rooting, the cuttings were transferred to culture media
containing appropriate soil mixture and exposed to different concentrations of carbon dioxide for 16 weeks.
Were affected. Mean daily temperature of 25 and mean night temperature of 18 °C and 65% humidity were
considered equal for all treatments. Then, after the treatments, Stomatal traits were measured.

Results and Conclusion

The results showed that high concentrations of carbon dioxide can affect the anatomical traits of Ficus
ornamental species. In this study, the results obtained from the analysis of variance of the studied traits showed
that the effect of different concentrations of carbon dioxide was not significant only for the stomatal index, but
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for other traits studied in this study. The main effect of carbon dioxide concentration was significant at 1%
probability level. The results showed that the traits of stomata diameter in plant species and different
concentrations of carbon dioxide were significant at 5 and 1% probability levels, respectively. Also with
increasing the concentration of carbon dioxide the diameter of the stomatal decreased so that the highest stomatal
diameter was related to the concentration of 380 ppm and the lowest to the concentration of 1050 ppm. In fact,
increasing the concentration of carbon dioxide from the level of 380 to 1050 ppm led to a decrease of 19.91
percent in the diameter of the stomatal. Increasing the concentration of carbon dioxide in the environment of
plants, initially increases the slope of the concentration of carbon dioxide between the surrounding air and the
chamber under their stomata, and then more carbon dioxide through the pores leads to a decrease in the slope
due to the abundance of carbon dioxide in the chamber below the stomata, This action reduces the diameter of
the stomatal. As the concentration of carbon dioxide increased the stomatal cell density and stomatal area.
Among the high concentrations of carbon dioxide the concentration of 700 ppm affected most of the traits,
including stomatal diameter, stomatal area, epidermal cell density, stomach length and stomach width. though
there was no significant difference between high concentrations of carbon dioxide (700 and 1050 ppm).
According to the results of this study, it seems that anatomical traits are influenced by environmental factors and
are not recognized as a hereditary factor. Among the species, the elastica species showed the most reaction to

carbon dioxideal.

Conclusion

In general, clarifying the stomatal response to carbon dioxide concentration is important for understanding
the stomatal physiology and gas exchange between vegetation and the In general, stomatal properties have a
major influence on the response of plants to carbon dioxide treatment. Carbon dioxide at appropriate
concentrations can increase growth and also affect the stomach properties to allow the plant to adapt to
environmental conditions.

Keywords: Anatomical characteristics, Benjamin, Carbon dioxide, Elastica, Stomatal density
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Table 1- The ANOVA for the measured traits of two ornamental Ficus species
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Table 2- The effect of species and CO, on the measured traits of two ornamental Ficus species
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Means in the same column followed by the same letter were not significantly different based on Duncan’s multiple range test at
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Introduction

Carnation (Dianthus caryophyllus L.) is one of the most important cut flowers of the world. This flower is
sensitive to postharvest ethylene and water stress and has short vase life. The use of retardants or inhibitors
compounds of ethylene is an effective way to increase the postharvest life of carnation. Polyamines including
putrescine (diamine), spermidine (triamine) and spermine (tetraamine) as new groups of plant growth regulators
that are involved in various processes including increasing cell division, increasing enzyme biosynthesis,
regulation of different developmental stages, differentiation, flowering, embryogenesis, rooting and maturity.
These compounds exert their anti-aging properties by competing with ethylene production. Polyamines are low
molecular weight organic compounds with aliphatic nitrogen groups that have different hydrocarbon ringsand two
or more amino groups (positive charge agents). These organic compounds bind to cell membranes, nucleic acids,
and other macromolecules and are involved in chromatin formation, ion channel control, free radical
neutralization, and gene expression. Cell membrane strength and stability play an important role in increasing the
post-harvest life of horticultural crops. Putrescine is the major polyamine in plants, which is a precursor to the
synthesis of spermidine and spermine, and its positive effect on increasing the vase life of some cut flowers has
been reported. Vase life of cut flowers of chrysanthemum, rose and gladiolus was increased by application of
putrescine. The purpose of the present research was to increase the vase life of cut carnation flower using different
putrescine concentrations and application methods.

Materials and Methods

A factorial experiment based on completely randomized design with 10 treatments in 3 replicates, 30 plots
and 150 cut flowers was employed to investigate the effect of different concentrations of putrescine (0.01, 0.02
and 0.05 mM) and its application methods (continuous, pulse and spray) on vase life of cut carnation (Dianthus
caryophyllus L.) flowers. Some other traits such as water uptake, dry mater percentage, decrease of fresh weight,
the content of leaf chlorophyll and sepal carotenoid, POD and SOD enzymes activity, MDA, decrease of °Brix
(sucrose percentage in flower stalk, soluble sugar in stem end and sepal), ionic leakage, ethylene were also
measured. The statistical analysis of data was performed using SAS. The least significant difference (LSD) test at
P < 0.05 was used for comparisons of different means of various treatments.

Results and Discussion
Results showed that the maximum vase life was recorded in cut flowers treated with 0.02 mM putrescine as
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spray application. The lowest ethylene production, the highest water uptake and superoxide dismutase enzyme
activity was observed in 0.02 mM putrescine treatment. Some physiological parameters and enzymatic activity
were also evaluated. The control treatment generally yielded the minimum values for most of the observed traits.
Factors such as water stress, reduced carbohydrate levels, increased ethylene production, and the presence of
microorganisms play pivotal roles in reducing the vase life of cut flowers. Polyamines are key in counteracting
these stressors and delaying aging. They fulfill this role by fortifying the plasma membrane, suppressing the
activity of hydrolytic enzymes, and inhibiting ethylene synthesis. Additionally, polyamines bind to cell wall pectin,
safeguarding them from detrimental cell wall enzymes, including pectinase. They further impede flower
maturation by inhibiting the production of essential enzymes required for ethylene synthesis and by dampening
ethylene activity. Increasing polyamines by inhibiting lipid peroxidation is probably one of the mechanisms
responsible for the anti-aging effect of polyamines. Polyamines have antioxidant properties so they reduce the
number of oxygen free radicals and the permeability of plasma membranes by decreasing the activity of
lipoxygenase, thereby increasing the vase life and quality of flowers. The use of polyamines to increase the vase
life of some cut flowers has been reported, which the results of the present study are consistent with the results of
these studies. Treatment of 20 mg It spermine and 10 mg I-* putrescine had the greatest effect on increasing vase
life and reducing senescence of cut Alstroemeria flowers. Spermidine delayed the aging of carnation flowers. In
cut rose cv. ‘Doles Vita’ flowers, the use of polyamines increased vase life. Treatment of 2 mM spermidine was
the most suitable treatment to increase the vase life of cut carnation cv. ‘Red Corsa’ flowers. Cut rose flowers
treated with humicacid and putrescine had the highest vase life compared to the control. Polyamines increased the
vase life of cut gladiolus flowers by increasing the stability of plasma membranes. The addition of polyamines to
the carnation flower preservative solution reduced their aging and prevented the production of ethylene.
Polyamines appear to increase vase life in cut flowers by inhibiting ACC-synthase activity and reducing ethylene
production. SOD, POD and catalase (CAT) enzymes, as antioxidant compounds, protect plants against reactive
oxygen species and free radicals. Polyamines neutralize free radicals and are also involved in the synthesis of
enzymes. Binding of polyamines to proteins protects them from the damaging effects of reactive oxygen species
and free radicals. Treatment of 20 mg |-* spermine increased the activity of SOD enzyme in cut Alstroemeria
flowers. Concentrations of 10 and 20 mg I* putrescine and spermine significantly increased catalase activity.
Spermidine treatment significantly increased the activity of free radical scavenging enzymes such as SOD and
CAT. Putrescine in sunflower stimulated the catalase enzyme. At the first onset of senescence, antioxidant
enzymes such as POD increase in petal cells to reduce the damaging effects of reactive oxygen species.

Keywords: Climacteric flower, Ethylene, Polyamine, Postharvest longevity



Sl pale 4 5l
https://jhs.um.ac.ir

P T A

044N L o NEY 5l O osled TV A

6\.&0.45-\.& Wl s&ijjw;ﬁ AJ.'U\S —alises ‘5\.»,_)53)3)&;&»;1
(Dianthus caryophyllus L.) Sses oo 51 cdlad 5 5405 50

SLalS sl —"*“‘datﬂrm sals = bl b dew

\Foa/el/0 :A;éli)é @)U
VE Y 1 S5 b

VEeo/ov/NY g:’j.’.'\i G')U

CXVCLS

IS opl oy ()85 o jd (oYL 5,l a5 conl las (go pasls sla S oy Sate 51 S (Dianthus caryophyllus L.) Sswe
25 51 86 o2y pesls S JS (59 e Sl i ) il B b8 e g ol ol s il 31y ol G235 9 Ol 1,515
ool g 5l Bua sl Soue Cuibyy jl o yes GRl581 0 S50 aly (Lol i gosiS Cailes b odials wloS 5 5l ealiiel LCawl L]
ol gy 32518 Sl gy g Commer ign Y gacskee <[40 g 1oY o) pyolio Sl oalital b Cgses” 08 Stpn (g0l S LS jae 1ol
23 2 bdS jos lio ciaghy cul 3 a5 plosl JS 4515 V0 5 LSS Y 3 e Ve b 8ol Ml b (sl o Lielesl e g (e
Ol g BsandssnsTg o5l Gl w3l (g i Sy g5 oS5 15905915 (S 03lo a0y o5 (g il ol Dl ¢ 1S
Syl ©ygo @ iy Voo oo +[oV b oddjloss (god padls S )3 (j9) VF) (2brlS yoe (pyidin & 31 (LS S 43 (S o3l
VM) Gl Gl gy 5 039 55 3 el 3 1) 50 il YIVF) Gl (a8’ s el izmon Jlod ) a5 sanliie (o3 Joloce)
Seslsesed Sloiabls (B2 23,5 (5 09 p)5 2 3 el 2ls VY- ¥) sand spusygus o5l callad it g (5 0ig £)5 2 50 il
Culleb g 135598 30 (Sl (g00le o3 1Sy (5823 w0l il ¢ S pos Blao > B S B o)l 3)50 55 500 ser ] lled
A o dald (gony padls (sla S 5> (53] 258 BgemadtST g g lpnsSyy slow 5]

P i onls cwl b by glags S ol Jsiee Ol
o G2 2 ol s glalas ) sl GiE Gl gy
Lee Kamiab, 2016) 1,15 (slo}s slSsls oges 9 J5 cudily p
[(etal., 1997,
9 (0ol 5) cndm sl ol 63) iy Jols locpal Ly
Ay 50 ol g 102 09,5 S ol @ (65T, e

L3318 JS ety 3l s yos ool s bl g dS” glaojly

EPRY
wodlgls 5l Dianthus caryophyllus L. ele pb L Sk
Gl cadie sladlls L dls x> LS Caryophyllaceae

‘Jf O:).l sl QLQ@ doAg.);‘dé-LiB L;l.me R ke )‘\ uS’ Y
.(Hashemabadi, 2011) wib o (wlus jluw il & 4 1,551,

ool sl adgs 515U oy paslis s S (595 (fie &l s

Ayl sy oMol Sl oKy ey anly ¢ SLEL 05,5 oy luily § wdyl wlids )8 i s =¥ g ¥ )

https://doi.org/10.22067/jhs.2021.71518.1075

(Email: davoodhashemabadi@iaurasht.ac.ir  :Jstuwe sy —)


https://jhs.um.ac.ir/
mailto:davoodhashemabadi@iaurasht.ac.ir
https://doi.org/10.22067/jhs.2021.71518.1075
https://orcid.org/0000-0002-3583-561X

VoY sl o 0300d Y alr (53,958 qulivo 3 poe) Ll pole 4y s P Y

Y slaclale )8 a6 dald & a1y Jalore dlge Lials ws
S0 Bl Geepl Ysadee Vg e e SYse e VL
b VB o3l 5Vl clld rizmon Sa3 oibugs] saliSs,)
(Karimi et al., 2017) 15 ssalio ‘yow e yYao Lo V ks
B bl yos il pp S ke Yor 5100 lackals )5 s gy
2 olliel lawgy iali8l cplas sly jusliel 1y (g3ggld (g0l pasli
Sedaghathoor ) wi Jobs b 5 pl (Sdyeh (il g (w39
Gl Soue 5 (6w ooyl 58,500 (sadlles > (et al., 2020
(Lee etal., 1997) s> _gals' |, Hkil Wlgi g eyl Lok

Onioned § SSue (ol padld IS 6y )0 il Jib @295 L
oS Bl (ials sy o Lol 5 sl dlaze
Kandil et al., 2011; Kamiab, Lee et al., 1997) o ypas L
~Ub9) 5 e Jl gaualio g gy gl Llagh jlBan (2016
BIY "93;03" p_.é) gg}o.o Lgo..\.).)gbu: Lgl.be Mlbﬁ

W yigy g dlge

AL 3l
Dianthus ) ‘se’ o8, Sowe  oypasls b 5
R gl 51 Y JLs s (caryophyllus L., cv. Tempo
Sl Bl ol padls I8 dopd e dgds i s e
15 Wl Mels I8 3 sl 4y mgllack (ola J5 Bis L b s
oty loj] 4y AlolBM o pedlis cla IS gl 5 5 am il HLs|

plai ab Jitie ey sy ol ol olSitsls catlsy ) e
(VA JS5) 3385 13 b5 sl s 51> s 3

e 3 93 L plas aladl g LAUS (5 jLeoulel (50 923
8 o e Sty sl ) IS gesls
o9 (B glre) (el 9 b gy Gjgo 4 g W05 03>
Sl V¥ o o 5 cpully B9y 53 8,5 )13 o g slos
548 9 Ol (gl Jolomo 4y e idd 0313 )15 s gy (90
AT Jgl 59 5N oS gy gy ) 2503,5 Jitie (1S 0,800
23 0 0303 58 (e Sn sol> Jlme (93 (S e (L)

Syl Oy g0 Jolome S 0 9 S 59y Jgl 59 syl P9,

O3] (ol o Gal33) Alox ) Cilise (slasi] > aLS
(2o (@A Bl il (sge3 Jolye malalS w3l Siige
b oy 3,k 5l 9 (ANjum, 2011) wyls s ol o (oljads,
Kandil etal., ) uS’ o Jlasl 1y 395 (6 0o Cunols <Ll 0y
095 by o5 550 g b I slogsslS b el b (2011
S glaadls b o wes SSLD Siops sl
ol bl (Cute ol Jole) el 09,8 iz b g0 5 glite
o JyShocd s, 5 Sl g sl oo slité b JT oS5
s VS S oleg)S JS 3 5 2555 o S g
Lais b g 35l s by by J S o 0l o JSoaly 9,8 i
Hom yos ORIBD ) (ore Ui (ol gLt Ol 5 plSocil
Casiro and Marton, ) suS' o bl SLel oY game iy,
(o e ((2007;Kandil et al., 2011; Hashemabadi, 2012
5 O sl 3o (g3 st 45 sl oS 3 al e
Bl b S (S @bl jes GRIE1 )Y e e Cute S

Casl 0dd Go)5S Lpegyiadl 5 55 (S qsa95ly Ao o
Abbasi et al., 2017; Bregoli et al., 2002; Dastyaran and )

Hosseini Farahi, 2014; Galston and Kaur-Sawhney,
1990; Kandil et al., 2011; Sivaprakasam et al., 2009;

o ol b glgl b b Jel>e (Soleimany-Fard et al., 2014
el 9 Yok Y g ¥ ) (Slaclald )3 (s isy 9 (e )
MloygS 3" o) Soue g9y (Vseislee Vg ) o/ slacale
(IS oo oyt el Vg0 o ¥ eyl sl S0l (L
Wil Sl Clio Glise 9 Siid godle oy (Jolne
A5 ol Mg cn S g bl g (eSan gl elx Slse
Gded &S A5 asule yliie oyl (gadllae 4o (Kamiab, 2016)
adlae 50 Jglome i olise 0 4 ine LIl el Lol
PV gb &8 ol s Mg g o8 5y o s S )
Voo g Omain Yook V0L oddilos s S 0 obdS yes
0139 Ot empa ol Cusd & Spoge Sl 1) 2 p S o
Vol 3 Sy Jdg)ls clale 5 onpadls 5 Sis g 5
S Snger ol il g p S e ooy e Yse e
€9 4w il o, (Dastyaran and Hosseini Farahi, 2014)
YoV loclale ) (preppml 5 sl o ine) ol Sl
SSue o pasld JS g9y el Y b ©j50 4 Y50 e
W pg slew lacdale cden a8 by ol MooVl o8,
(Karimi etal., 2017) wal> i8] sals 4y coms 1y xS yos
s 5 (59 W L) @bdS pee cp i GYsb el el 2
ol Cesd &y s sy Y se ko ¥ L osd o gosy s
SPsne ysb 4 Voo oo VLY Clale ) ya sl 5 i gy



PoX b als (B (S pos g1 (o gy 0 )5 it (5l B9 9 yolie STohKed 3 (5,

9805 Jgde s Jokomo b ouwiy oS LB, 45 aui 0dld 41,8 ‘%403, oy SSuo (g0 wadlii s JS gols Cudild gy 5l L BUT - JSUS

(C) 225031 (g0 a8 L JS ¢(B) (xS Jglomo 1> SSume Il (5001 b L JS (A (oaans si5 Y90 oo +/+0 (a0l jlowd
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Introduction

Humic acid as an organic matter, made during chemical processes in the soil leads to improved root growth
and aerial part of the plant. It increases the penetration of elements in the plant and improves water permeability.
Zinc is involved in the maintenance of root cell membranes, the activation of antioxidant enzymes, and the
production of RNA and DNA. This study aimed to investigate the effect of applying humic acid and zinc sulfate
on some morphological and phytochemical traits of Salvia officinalis L.

Materials and Methods

In this regard, this experiment was conducted as a factorial based in a completely randomized design with
two factors (concentrations of 0, 1.5, 3 and 4.5 g/l humic acids and concentrations of 0, 3, 6 and 9 g/l zinc
sulfate) in five replications in 2021. The studied traits included plant height, stem diameter, fresh weight, and dry
weight, number of sub-branches, chlorophyll, carotenoids, phenols, flavonoids and essential oils. Seedlings of
the same size and age as sage were grown under equal. The properties of the soil used in the laboratory were
examined. Treatments were sprayed with humic acid 6% and zinc sulfate 34% in five steps, every two weeks.

Results and Discussion

Result showed that application of humic acid and zinc sulfate had no significant effect on plant height and
only their simultaneous use had a significant effect on this trait and the highest plant height was observed for
treatment of 1.5 g/l humic acid and 9 g/l zinc sulfate (66.50 cm). In stem diameter analysis, the use of humic acid
(p<0.01) and the application of zinc sulfate (p<0.05) and the interaction of these two treatments(p<0.05) affected
the stem diameter. According to the results, the highest stem diameter was 8.69 mm, which occurred in the
treatment of 4.5 g/l humic acid and 3 g/ zinc sulfate. Application of humic acid significantly (p < 0.01) affected
the fresh weight of the plant. Application of zinc sulfate also had a significant effect (p < 0.05) on fresh weight.
The effect of simultaneous use of humic acid and zinc sulfate on the fresh weight of this plant was significant at
the level of 1% probability and the highest fresh weight was 87.26 g.plant, which achieved at a concentration of
4.5 g/l humic acid and 6 g/l zinc sulfate. Compared to the control plant, it has increased by 12.56 grams. The
effect of humic acid on dry weight was significant at the level of 5% probability, while the effect of zinc sulfate
application on this trait was not significant. The combined use of humic acid and zinc sulfate was significant at
the 1% probability level. The maximum dry weight reached 29.73 grams per plant, achieved with a concentration
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of 4.5 grams per liter of humic acids and 3 grams per liter of zinc sulfate. Both humic acid and zinc sulfate
exhibited a significant effect (at the one percent level) on the number of branches. Furthermore, the combined
application of humic acid and zinc sulfate proved to be highly effective (p<0.01). The greatest number of sub-
branches was observed at the 1.5 grams per liter level of humic acid. Humic acid had a substantial impact on
chlorophyll a, b, total chlorophyll, and carotenoids (p< 0.01). Similarly, the application of zinc sulfate showed
significant effects on chlorophyll a, b, and carotenoids (p< 0.01), as well as on total chlorophyll (p< 0.05). In the
end, the simultaneous application of humic acid and zinc sulfate significantly influenced chlorophyll a, b, total
chlorophyll, and carotenoids (p<0.01). The most significant effects on photosynthetic pigments (carotenoids,
chlorophyll a, and total chlorophyll) were observed with concentrations of 4.5 grams/liter of humic acid and 6
grams/liter of zinc sulfate. The highest chlorophyll b content was obtained with the treatment of 3 grams/liter of
humic acid and 6 grams/liter of zinc sulfate. The effect of humic acid and zinc sulfate application as well as their
simultaneous use on the amount of phenols and flavonoids was significant at the level of 1% probability. The

highest amount of phenol was 0.372 (mg gallic acid per gram of fresh tissue) which was obtained at a
concentration of zero zinc sulfate and 3 g/l humic acid. The highest flavonoid content was 0.527 (mg quercin per
gram of fresh tissue) which was observed in the treatment of 4.5 g/l humic acids. The use of humic acid had
significant effect on the amount of essential oil. The percentage of essential oil reached the highest levels at the
concentrations of 1.5 and 3 g/l humic acids.

Conclusion

Based on the results, the use of humic acid alone and in combination with zinc sulfate, had the greatest effect
on most of the studied traits.

Keywords: Carotenoids, Flavonoids, Essential oils, chlorophyll, Salvia officinalis
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Table 1- Results of some physical and chemical properties of planting soil
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Table 2- ANOVA (mean squares) for some morphological traits of Salvia officinalis L. under different levels of humic acid
and zinc sulfate

Ol pandS 2abio N HECSH &gy £lis,l aBlw yhad FORYT) Sd 59 PES I RY)
Source of Variations (df) Plant height Stem diameter Fresh weight Dry weight No. of stem/Plant
““9“” *‘_“' 3 21.88" 32 54 *141.72 *18.97 #8318
Humic acid
2 lilgw 3 370 165 *63.61 16.82" #112.68
Zinc sulfate
Humic acidxZinc sulfate 9 **104.96 *1.69 *231.35 **32.67 **42.70
b 32 19.53 0.56 20.89 6.60 8.43
Error
Oy o o 795
C.V (%) ' 13.52 6.01 10.26 9.83
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*and : significant at p<0.01 and p<0.05, respectively and ":non-significant..
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Table 3- Some morphological traits of Salvia officinalis L. under different levels of humic acid and zinc sulfate

Seoged dpl (59, Ollgw gy S @lw i G P sy eSS o = L
Humic acid Zinc sulfate Plant height Stem diameter Fresh weight Dry weight No. of stem.Plant?
(gL (gL (cm) (mm) (g-plant™) (g-plant™)
0 50.66f 3.46fg 74.70def 22.66¢efg 20.33i
0 3 51.66ef 4.77de 71.80ef 25.30b-f 23.33hi
6 58.33b-e 2.76g 68.56gf 27.10a-d 32.00b-e
9 54.00ef 4.76de 80.56a-d 28.73ab 32.66bc
0 f-54.66b 5.91cd 62.50g 20.20g 37.66a
15 3 f-55.00b 5.79d 74.86def 22.06fg 36.66ab
6 61.66ab 5.57d 72.53¢f 23.53d-g 30.00c-f
9 66.50a 4.02¢f 76.83cde 23.86¢-g 27.66d-h
0 61.00ab 5.23de 72.00ef 24.10c-g 32.33bcd
3 53.00ef 4.89de 74.73def 24.26¢-g 33.00abc
8 6 f-55.33b 5.09de 87.06a 25.33b-f 31.33c-f
9 52.33¢ef 5.06de 83.43abc 28.83ab 27.33e-h
0 49.33f 7.89ab 86.23ab 26.76a-e 24.33ghi
3 50.00f 8.69a 79.30b-e 29.73a 28.33c-g
4.5 6 f-55.66b 7.76ab 87.26a 28.03abc 28.33c-g
9 59.66a-d 7.04bc 62.969 20.10g 27.00fgh

ol LSD 9051 51 okl b sy iy Jloin | o 53 )l ine M) 292 pis 0L ygim o )3 S o gy b B>
The common letter or letters in each column indicate no significant difference based on LSD test at 5% of probability level.
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Table 4- ANOVA (mean squares) for some phytochemical traits of Salvia officinalis L. under different levels of humic acid
and zinc sulfate

. @52 ; . . . . . s )
&l <ol S b addyls by Mgy, Jgd Adgighs ol
""')'33*3 Df) T.Ch.
S.0.V Ch. a Ch.b Carotenoids Phenol Flavonoids Essencial oil
Sewl
RS 3 0.202* 0.104** 0.020°* 0.014** 0.002** 0.006** 0.252*
Humic acid
9y Slilgus
Zinc 3 0.027° 0.061° 0.016* 0.011°* 0.010* 0.015* 0.076™
sulfate
Humic
acidxzinc 9 0.079* 0.070%* 0.011°* 0.016** 0.003** 0.006" 0.069"s
sulfate
s 32 0.008 0.006 0.009 0.008 0.0004 0.001 0.040
Error
Ol g gy
G 6.18 11.18 13.46 13.17 7.63 8.36 16.02
C.V. (%)

S sxe pis 5 8o B g o) V sl o )3 Hl pme i g NS # it
** and *: significant at p<0.01 and p<0.05, respectively and "non-significant.
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S9y Wy
Table 5- Average Comparison some phytochemical traits of Salvia officinalis L. under different levels of humic acid and
zinc sulfate
Syogadipw] Sy ©OlWgw S5 Jedg s a Jadg IS5 D Judg 15 Mg )
Humic acid Zinc sulfate Chlorophyll T. Chlorophyll a Chlorophyll b Carotenoids

-1

(gL (gL (mg.g* FW) (mg.g* FW) (mg.g* FW) i
0 0.640f 0.555def 0.137h 0.121def

0 3 0.796¢-f 0.624bcd 0.171gh 0.206¢

6 0.688ef 0.555cde 0.132h 0.107ef

9 0.643f 0.411f 0.232¢f 0.085f

0 0.827cde 0.496def 0.204fg 0.185¢

15 3 0.856cd 0.604b-e 0.252def 0.195¢

6 0.846cd 0.610hcd 0.125h 0.134de

9 0.792c-f 0.522def 0.270cde 0.205¢

0 0.746def 0.537def 0.209fg 0.270b

3 3 0.821cde 0.583b-e 0.237¢f 0.161cd

6 0.815cde 0.690bc 0.349a 0.166cd

9 0.919hc 0.622hcd 0.296hcd 0.166¢cd

0 0.919hc 0.709b 0.210fg 0.208¢c

455 3 1.027b 0.701b 0.326abc 0.296b

6 1.389a 1.114a 0.274cde 0.344a

9 0.785c-f 0.472¢f 0.312abc 0.111ef

ol LSD 9051 31 oolitasl b duoyd ey Jlosn] gedaw 53 )l gime S 393 pie S0LES (ygtw y2 ) Syidie By b B>
The same letter or letters of the columns indicate their insignificant difference based on LSD test at 5% of probability level.
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Introduction

The Rotabi grape cultivar holds significant importance in the Bavanat region of Fars province. There are two
distinct methods of pruning employed for this cultivar: Cane pruning and Spur pruning. These methods vary
primarily in the length of one-year-old wood that is preserved after pruning. Cane pruning involves retaining
long fruiting canes, typically those with more than 3 buds per cane. Conversely, Spur pruning utilizes shorter
canes, usually those with 1-2 buds. The common method of training Rotabi vines in Shiraz vineyards is in the
form of bush training. This method of vine training is compatible with spur pruning, in which the canes are
usually pruned into 2 to 3 buds. For this reason, there is not enough information about the response of this
cultivar to cane pruning. This study was conducted in order to determine the correct method of pruning Rotabi
vines based on scientific principles appropriate to its genetic characteristics.

Materials and Methods

This study was performed on 17-year-old vines of Rotabi cultivar in one of the vineyards of Shiraz of Fars
province (Iran). In this study, the response of this cultivar to two levels of pruning severity (light pruning with
formula 40 + 20 and severe with formula 20 + 20) and three levels of the number of the buds per cane (3, 6, and
9 buds) during three years in Shiraz region of Fars province (Iran) was evaluated. A factorial experiment based
on randomized complete block design was used with three blocks. Quantitative and qualitative characteristics
such as yield, average weight of cluster, average number of clusters/vine, titratable acidity (TA), pH of fruit
juice, TSS%, bud fruitfulness, the average weight and the number of berries/bunch was recorded.

Results and Discussion

Results showed that effects of pruning severity on yield, the number of bunch/vine, bunch weight, pH, bud
fruitfulness and berry weight was significant (p<0.01). Effect of cane length on yield, the number of bunch/vine,
bunch weight, bud fruitfulness and the number of berry/bunch was significant (p<0.01). but on berry weight, TA,
pH and TSS% of fruit juice was not significant. Interactions between pruning severity with buds per bearing unit
on yield, the number of bunch/vine, berry weight and the number of berry/bunch (p<0.01) and on TA (p<0.05)
was significant. The highest fruit production per hectare (yield) and the number of bunches per vine were
obtained in vines subjected to light pruning. However, in vines that underwent severe pruning, bud fruitfulness
and berry weight were greater than in lightly pruned vines. The most substantial yield was achieved with 6-bud
and 9-bud canes. Yet, the highest number of bunches was observed in vines with 3-bud and 6-bud canes. Bud
fruitfulness reached its peak in the 6-bud cane category, while it was at its lowest in the 3-bud cane group. The
number of berries was the same in the 3-bud and 9-bud cane treatments, and it exceeded the number of berries in
the 6-bud cane group. Notably, due to the interaction between pruning severity levels and the number of buds per
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cane, the highest yield was recorded in light pruned vines that underwent cane pruning, specifically in the groups
of light pruning with 6-bud canes and light pruning with 9-bud canes. The highest number of berries was
observed in light pruning with 9 buds. As a result of this study, it was found that by increasing the number of
buds/cane or in other words by increasing the cane length to 6 and 9 buds in this cultivar, the fruit yield/vine
increased, and but fruitfullness decreased. Increased yield in light pruning can be due to the increase in the
number of bunches/vine due to the increase in the number of buds in this type of pruning. Therefore, to increase
the yield of this cultivar, cane pruning + 9 buds/cane should be applied. This type of pruning is not compatible
with conventional pruning methods (spur pruning) in the cultivation area of this cultivar. Therefore, it is
necessary to develop training systems compatible with cane pruning (such as four-arm kniffin system) in these
areas.

Conclusion

While severe pruning led to higher bud fruitfulness, it resulted in lower fruit production per vine (yield)
compared to lightly pruned vines. One possible explanation for this difference is that light pruning retained more
buds compared to severe pruning. As a consequence, light pruning produced more bunches, ultimately yielding a
greater quantity of fruit compared to the severe pruning method. The highest yield (31.3 t/ha) and the highest
number of bunches/vine (103) was observed in light pruned vines. Also, the highest yield was obtained in 6-bud
and 9-bud canes (31.4 and 31.3 t/ha) respectively. Yield increased with increasing cane length to 6 or 9 buds.
Therefore, in order to achieve more yields in this cultivar, cane pruning of at least 6 buds should be applied. But
in the end, for better management of vines and the possibility of using standard vine training systems compatible
with cane pruning, preferably cane pruning with 9-bud/vine is recommended.

Keywords: Balanced pruning, Bud fruitfulness, Grapevine training, Light pruning
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Table 2- The effect of pruning severity on yield and quality of grape cv. Rotabi
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Figure 1- The effect of bud numbers /cane (DMRT, p<0.05) on the yield of grapevine cv. Rotabi
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Table 3- The effect of cane length on yield and quality of grape cv. Rotabi
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Means, in each column, followed by similar letter are not significantly different at 5% of probability level using Duncan-s Multiple
Range Test.
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Introduction

Medicinal plants have reservoirs rich in the active ingredients of many medicines. Medicinal plants have rich
reservoirs of essential active ingredients of many drugs. Considering the importance of medicinal plants,
especially in the pharmaceutical industry and their scarcity in nature, it is very important to study the various
agricultural aspects of these plants, considering the increasing spread of saline soils, to find a solution. It seems
necessary to prevent living and non-living environmental stresses or at least reduce them. One of these methods
is the use of symbiotic relationships between mycorrhizal fungi and host plants, which reduces the stress caused
by salinity. Due to the increasing expansion of saline soils, it seems necessary to find solutions that can prevent
or at least reduce the living and non-living environmental stresses. There are different ways to overcome these
tensions in different situations. Water salinization is one of the most important environmental limiting factors for
crop production, especially in arid and semi-arid regions of the world, since Iran is located in the arid region of
the world, given that salinity is one of the environmental factors. Are that have a strong effect on the growth and
activity of lemongrass; There are also vast resources of saline and semi-saline groundwater, although not
currently used and likely to be used in the future. Solutions to address abiotic stresses include the use of
biofertilizers. One of these methods is to use the symbiosis of fungi with host plants, which leads to a reduction
in salinity stress. The aim of this study was to investigate the effect of Arbuscular mycorrhizal fungi. On
vegetative and biochemical traits of lemongrass under salinity stress. Salinity is one of the most important factors
limiting the growth and production of crops. Fungi as a biological fertilizer can be useful in meeting the
nutritional needs of plants and reducing the effects of environmental stresses on plants.

Materials and Methods

The experiment was a factorial experiment in a completely randomized design with two factors of four
salinity levels (0, 5, 10 and 15 ds.m™* NaCl) and fungi (no inoculation and fungal inoculation). For inoculation of
Arbuscular mycorrhizal fungi with mixed potting soil was applied to the lemongrass. Plant height, root length,
fresh and dry weight of leaves, relative water content, catalase, peroxidase and polyphenol oxidase were
measured.

Results and Discussion

The results indicate that all studied traits were significantly affected by the interaction of mycorrhiza and
salinity stress. The application of mycorrhizal fungi in the presence of salinity stress due to the absorption of
nutrients and water led to improved growth of lemongrass. The results showed that under salinity stress of 150
mM plant height, root length, fresh and dry weight of leaves, relative water content, catalase, peroxidase and
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polyphenol oxidase enzymes in lemongrass inoculated with arbuscular fungus at 23.05, 32.69, 25.31, 48.14,
31.83, 30.33, 52.72 and 33.41% respectively, increased compared to the control (no inoculation). In general,
based on the results of this study, it can be concluded that the use of mycorrhizal fungi can increase the salinity
tolerance of lemongrass and cultivate it in saline soil.

Conclusion

In summary, the results of the present study showed that inoculation of the fungi can protect the lemongrass
plant against salinity stress. In addition, the effect of mycorrhizal fungi on lemongrass under salinity stress has
been investigated for the first time. According to the results obtained in this study, salinity reduced
morphological parameters and lemongrass as a reaction to salinity to maintain its status to increase the amount of
enzyme activity through the mechanism of osmotic regulation to stress conditions. Compromise and to some
extent deal with salinity. In the study, it was observed that inoculation with Arbuscular had a positive effect on
all measured traits. The application of mycorrhizal fungi in the presence of salinity stress due to the absorption of
nutrients and water led to improved growth of lemongrass. By examining all the measured traits, it can be
concluded that by using mycorrhizal fungi, the salinity resistance of lemongrass can be increased and cultivated
in saline soil. Arbuscular species seems to be more suitable for improving the growth of lemongrass in all
conditions.

Keywords: Catalase, Medicinal plants, Peroxidase, Relative leaf water content
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Table 1- ANOVA results for the effect of fungi and salinity on the activity of enzymes and vegetative traits of lemongrass

Olaryo u55ke
Sy @lie Mean squares
Source of 3 - .
Variations % > o Slyee | |
p . Sis ¢ i . YL a1y .
Gl ey wy el Sy adyy Jsb T s C)t | P;rwoxmgs Jsl 55 L
d.f Plant height Sy Leaf Root Relative atalase polyphenoloxidase
Leafdry  fresh length water
weight weight content
e
Fungi 2 92.56** 0.028** 0.10** 476.69** 897.002** 13.32** 7718.76** 166.12**
g
Salinity 3 174.85** 0.0012** 0.019** 199.84** 245.20** 3.23** 2627.86** 137.90**
S)pd X )
Sa}!&’:}'&’ x 6 4652%  0.0052%*  0.020%*  47.86** 12.03* 0.37** 91.64** 19.94%*
s
Error
24 13.92 0.0002 0.002 0.57 4.42 0.095 8.60 0.59
Oy g >
(4Y) (%) - 6.05 5.02 5.47 2.27 3.97 5.07 3.55 4.64
Aopd B g ) Jlein] pdaw )3 (gl dxe g (g re pis g T TS

ns, ** and * : non- significant, significant at the probability level of 1 and 5%, respectively.
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Table 2- Comparison of mean fungal and salinity stress interactions on growth characteristics of lemongrass

@ 3T Wy W)l adyy Jgb Sy P 09 S i 09
& . Salinity Plant height Root length Leaf fresh wight Leaf Dry wight
Fungi (ds.m?) (cm) (cm) @) (@)
0 67.00+0.47 ab 32.83+0.49d 0.91+0.037 cd 0.30+0.011¢
Control 5 61.33+0.63b cd 30.50+0.23 e 0.86+0.010 de 0.28+0.002 cd
10 55.85+0.45 cde 29.50+0.47 e 0.85+0.002 de 0.28+0.0005 cd
15 44.42+0.5 1f 26.00+0.47 f 0.79+0.0009 e 0.27+0.005d
0 71.37+0.49a 54.00+0.23 a 0.85+0.004 de 0.29+0.0071 cd
Arbuscular 5 65.56+0.55 ab 38.50+0.23b 0.98+0.004 bc 0.36+0.0019 b
10 58.88+0.40 cde 35.50+0.23 ¢ 1.21+0.05a 0.42+0.011a
15 54.66+0.27 ¢ 34.50+0.23 ¢ 0.99+0.02 b 0.40+0.013a

35,035 LSD 9051 3l o3kl b suoys gy Jloss! o ) (6 I sime 33! Jlans o 4> auliie Bg o (sl (sl Sl
Means with the same letters in each row do not have a significant difference at the 5% of probability level based on LSD test.
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Figure 1- The interaction effect of fungus and salinity stress on the relative water content of lemongrass in greenhouse
conditions
(LSD, p<0.05)
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Figure 2- The interaction effect of fungus and salinity stress on lemongrass catalase content under greenhouse conditions
(LSD, p<0.05)
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contents in greenhouse conditions
(LSD, p<0.05)
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Introduction

While grapes are considered as non-climacteric fruits, during the post-harvest stages, due to the softening of
the tissue, it is very prone to decay, which shortens its post-harvest life. Today, due to the desire of consumers to
use high quality food, the use of biodegradable films and coatings with antimicrobial properties, is a suitable
alternative to synthetic preservatives, in order to maintain food security and prevent wastage of significant
capital. Edible coatings are edible thin layers that are used to increase the shelf life and quality of fruits. This
material increases the quality and health of the product by creating a semi-permeable barrier to water vapor and
oxygen and carbon dioxide gases between the product and the environment, and to prevent anaerobic respiration,
it absorbs a certain amount of gases and to this Sequence increases product shelf life. One of the most important
ways to increase the shelf life and maintain the quality of agricultural products, especially fruits, is the use of
edible coatings on the crop surface. Chitosan is one of the most important natural derivatives of chitin, of which
about 50% of its acetyl’s groups have been removed. Due to the fact that Aloe vera gel has no taste and odor, can
be considered a good option as a cover for fruits after harvest and due to its elasticity and strength solution in
water, as a suitable layer on the product. Located and protects the fruit from mechanical damage and moisture

loss.

Material and Methods

In this study, 12-year-old mature grape trees of ‘Asgari’ cultivar in the scaffolding garden of Abestan region
of Khorramabad city in 1398 were studied. In the pre-harvest stage, chitosan was sprayed on the tree and in the
post-harvest stage, Aloe vera gel was applied by dipping the fruit in Aloe vera gel in the laboratory. After
treatment, the fruits were stored in the refrigerator at a temperature of 4 + 0.5 ° C and were examined at different
time stages for quantitative and qualitative characteristics of the fruit. 20 identical grape trees (in terms of fruit
size and load, with 50 to 70 annual branches in 8-14 buds) selected and grape clusters with different
concentrations of chitosan (control (distilled water), 2 and 3 Percentage of chitosan) at different stages of growth
(fruit set), 35 and 50 days later) were sprayed directly with 4 liters per vine, by hand sprayer (2 ml Tween 80%
was added as the active surfactant). For this stage, immediately after harvesting the grapes, take them to the
laboratory and immerse them in concentrations (zero, 25 and 33%) of Aloe vera gel for 10 to 20 seconds and
then in the air. They dried. Then, grape fruits weighing about 360-300 g in each experimental unit were stored
for 28 days at 4 ° C and examined. This study was performed as a factorial experiment (2 factors) in a
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completely randomized design with three replications. The first factor is the effect of the treatments studied in
seven levels including: control, 2% chitosan (CTS 2%), 3% chitosan (CTS 3%), chitosan 2% + Aloe vera gel
25% (AVG 25% + CTS 2%), chitosan 3% + Aloe vera gel 25% (AVG 25% + CTS 3%), 2% chitosan + 33%
Aloe vera gel (AVG 33% + CTS 2%), chitosan 3% + Aloe vera gel 33% (AVG 33% + CTS 3%) and the second
factor was storage time at five levels (zero, 7, 14, 21 and 28 days after harvest). Data analysis was performed
using SAS software and a significant difference between treatments for each trait with a minimum significant
difference at the probability level = 0.05 o was determined.

Results and Discussion

The results of analysis of variance showed that the effect of treatment and storage time on the desired traits
was significant at the level of one percent. Fruits treated with chitosan and Aloe vera gel had higher texture
firmness, taste index, phenolic content, antioxidant activity and titratable acids and caries index and pH were
lower than the control. The highest content of phenol, antioxidant, flavor index and titratable acidity in all five
measurement times belonged to 2% chitosan treatments with both concentrations of Aloe vera gel (25 and 33%)
and the lowest amount belonged to the control treatment. In control treatment, the percentage of caries index
increased during storage and in grapes treated with chitosan and Aloe vera gel, the caries process was slower and
the lowest rate of caries was observed in 2% chitosan treatment with aloe vera gel on the 14th day. In general, it
was observed that pre-harvest application of chitosan and post-harvest Aloe vera gel increase the post-harvest
life of ‘Asgari’ grapes and improve its quality traits. Chitosan creates a barrier with selective permeability to
oxygen and carbon dioxide gases, and by placing carbon dioxide at a higher level and reducing oxygen, it creates
a modified atmosphere around the fruit, which reduces respiration and ethylene production. As a result, it
reduces the aging process and reduces the consumption of organic acids and sugars and prevents the increase of
pH. Low pH prevents browning of the fruit due to the activity of catechins and chlorogenic acid enzymes. Aloe
vera gel coating maintains and increases the antioxidant capacity of the whole fruit by reducing fruit juice loss,
reducing respiration, reducing ethylene production and delaying aging.

Conclusion
The combined treatment of chitosan 2% and Aloe vera gel (25 and 33%) increased fruit firmness, titratable
acidity, taste index, total phenol content and antioxidant activity of grapes and reduced pH and caries index.
Application of these treatments increased the post-harvest life of ‘Asgari’ grapes by 14 days, so it can be stated
that the use of chitosan in the pre-harvest stage and the use of Aloe vera gel in the post-harvest stage as
biodegradable and natural compounds to increase Shelf life of ‘Asgari’ grape fruit is recommended.

Keywords: Antioxidant, Decay index, Natural coating, Total phenol content
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Table 1- Result of damage scale of berry
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Table 3- The interaction effect of CTS (chitosan) pre-harvest and AVG (Aloe vera L.) gel postharvest treatments xdifferent
storage times on the biochemical characteristics of Vitis vinifera L. cv. ‘Asgari’

S3lwo s jlans jo Slass
Days after storage (DAS)

tlhensise 539 s 0 7 14 21 28
Biochemical trait Treatment
Control 14.66"  16.89%nikimn 18 gbedefgh 18.632¢ 19.592
CTS 2% 16.73ijklmn 16.85hjklmn 17.28defghijk 17.95bcdefghi 18.78ab
CTS 3% 15.66MP  16.78ikimn 17 Q1fdhikim 17 7gbodefghii 18 5pabed
sbee el Slse CTS 2%+AVG 25%  16.33kmno 17 3gcdefghijk 17 7gbedefohii 18 pgbedef 18 gqabede
Total Soluble Solid (TSS) CTS 3%+AVG 25% 15.96Imno 16.46klmno 17.30defghijk 17.74bcdefg 18.10bfgh
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Figure 1- The application effect of chitosan (pre-harvest) and Aloe vera gel coating (postharvest) on decay index of Vitis
vinifera cv. Asgari
(LSD, p=<0.05)
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Figure 2- The application effect of chitosan (pre-harvest) and Aloe vera gel coating (postharvest) on total phenol content of
Vitis vinifera cv. Asgari
(LSD, p<0.05)
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Figure 3- The application effect of chitosan (pre-harvest) and Aloe vera gel coating (postharvest) on firmness of Vitis vinifera
cv. Asgari
(LSD, p<0.05)
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Figure 4- The application effect of chitosan (pre-harvest) and Aloe vera gel coating (postharvest) on antioxidant activity of
Vitis vinifera cv. ‘Asgari’
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Introduction

Date fruit (Phoenix dactylifera L.) is one of the oldest known fruit crops and is considered as an important
component of the diet in many Middle Eastern and North African countries. The fruit of date is nutritious, which
is incredibly rich in carbohydrates, minerals, dietary fibers and amino acids. Dates are one of the most important
tropical fruits that play an important role in the country's economy. Among the date palm cultivars in
Hormozgan province, Piyarom is one of the most commercial cultivars.

Recent studies by scientists have shown that the use of chemical compounds, in addition to environmental
hazards, will cause various diseases in consumers due to the residual transfer of toxins to their bodies. Therefore,
the management orientation of food preservation methods has moved towards reducing and eliminating
chemicals and determining suitable alternatives, so that a certain time frame was set for the removal of some of
the most important tobacco toxins.

In recent years, attention has been paid to aloe vera gel as a coating layer for fruits and vegetables to maintain
their storage quality, and because it has no smell or taste, eating it does not pose a problem for humans and it is
even good for health. L-arginine is one of the 20 major amino acids of living cells, which is a semi-essential
amino acid in the human body. L-arginine and D-arginine are natural forms of common isomers of this type of
amino acid.

The aim of the present investigation was the assess the effect of L-Arginine and Aloe vera gel edible coating
on maintaining the external properties and the quality of semi-dried date fruit cultivars including Piyarom during
storage.

Material and Method

The experiment was conducted as a factorial arrangement in a completely randomized design. The first
factor was including seven treatments consisting of control, L-Arginine (1, 2, and 8 mM) and Aloe vera gel (25,
50, and 75%) and the second factor included storing (sampling) time for 9 months. In every measurement, the
different attributes were evaluated such as weight loss percent; TSS; total acid; total phenol; flavonoid; color
indexes including L*, a*, and b*; and antioxidant capacity. The level of antioxidant activity was evaluated by
antioxidant agents by the method described by based on the trapping of free radicals of 2, 2-diphenyl 1-picryl
hydrazyl (DPPH). DPPH solution was well combined with the methanol extract by means of a vortex and was
incubated in the dark for 30 min. Then the absorption rate was read at 517 nm using a spectrophotometer. The
color was determined using a colorimeter (Minolta, CR-400, Japan) after different months of storage. All
measurements were done in triplicates. L* (100=white, O=black), a* (—green, +red) and b* (-blue, +yellow)
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values were obtained at 400-700 nm range. The assay of the total phenol content was performed by applying the
Folin—Ciocalteu colorimetric procedure. The total soluble solid (TSS) content of the fruit juice obtained for each
replicate was determined using a hand-held refractometer Atago (Atago Co. Japan) at 25 °C; the results are
expressed as % (‘Brix). Titratable acidity (TA) was measured by titrating diluted juice with 0.1 N NaOH to a
phenolphthalein end-point (pH 8.1-8.3). The results are expressed as citric acid %.

Results and Discussion

Based on the results, the treatments of Aloe vera gel and L-Arginine had significant effect on the quantitative
and qualitative traits of Piyarom date fruits during storage. Storing time had significant influence (p<0.01) on the
all parameters so that by passing storage time, the parameters including L*, a*, b*, a weight loss percent
significantly increased and the parameters such as phenol, flavonoid and antioxidant significantly decreased. In
the Piyarom cultivar, the treatments had significant effects on a*, b*, weight loss percent, phenol, flavonoid, and
antioxidant, but it had no significant influence on TSS and total acid, so that the highest a* and b* color indexes
was observed in the use of L-Arginine 1 mM, the greatest phenol and flavonoid in the application of L-Arginine
2 mM, the lowest weight loss percent in the use of Aloe vera gel 25 and 75%, respectively.

Conclusion

According to the results, 1 mM L-arginine treatment and 75% Aloe vera gel had a more effective role in
maintaining the storage quality of Piyarom dates. The use of these treatments requires more extensive research
on soft and dry dates.

Keywords: Edible coating, Quantitative attributes, Semi-dried date fruit, Storage
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Table 1- ANOVA for the effect of Aloe vera gel and L-arginine on quantitative and qualitative traits of Piarom dates during

storage
B
o S.0.V s .
- () (=]
ol N lowi x los . ) ) g0
Characteristics ‘fl“’ Jlos e el CV%
Time Treatment Timex Treatment Error
D.F=8 D.F=6 D.F=48 D.F=126
iy ol a0 37.36%* 5.24%% 0.221 0.37 21
Weight loss percentage
Jy 5812** 29.9* 21.1** 115 9.1
Phenol
w5y 178.8%* 7.6% 4.3%% 28 15.9
Flavonoids
oSl S 2407.7% 23.3* 15.1% 9.7 3.7
Antioxidants
TSS 43.4** 3.4m 2.8** 1.6 9.8
T
= B M 0.0188** 0.0002 s 0.0004* 0.0003 18.6
Titulable acid
L* 258.0** 9.3 5.8 7.8 13.8
a* 3.61** 6.73** 0.81m 0.083 16.5
b* 4.15** 5.562** 0.61m 0.93 20.5

Do B gV Jleisl e ) (g)b gxe (gyld gze pis i T

# @ NS
¢

ns **and ": non-significant, significant at p<0.01 and p<0.05, respectively.
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Figure 1- The effect of storage time (a) and treatment (b) on the percentage of weight loss of date palm ‘Piarom’

(LSD, p=<0.05).
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Table 2- The phenol of date palm ‘Piarom’ under the influence of treatments

Time (month) L-Argenine (mM) Aloe vera (%)
Control 1 2 5 25 50 75
1 a59,38C 369,54 a57.6° 367.04 359.38C 364.3°B a58.78C
2 a55,8BC b60.318 350,248 b55,54 a55,3B¢C b52.1¢ 361.4°
3 b43,38C cd42.4¢ b4g 578 €43.2A b42,5C ©45,7ABC b49.64
4 b43.08C 44 .47 b47.98 ©44.48C b41.1¢ b53,54 be47.08
5 b36.68 d38.34 41.178 41.478 b39.9AB 42.8A ©43.5%
6 424,94 €24.9° 424,94 425,54 €23.64 24,54 25,04
7 depp 34 depp 2A 423.14 de3.4A cd21.8A €22.14 dep1.3A
8 de19.8A ¢f19.74 de19.8~ €18.0A d17.4A €18.4A €19.48¢
9 €19.2A f18.5% €18.7A €19.2A cd19,5A €18.74 €18.6"
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Means that have at least one letter in common do not differ significantly at the 5% level of the LSD test. Uppercase letters are used to
compare rows (compare treatments at any time) and lowercase letters are used to compare columns (compare times per treatment).
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Table 3- Theflavonoid variation of date palm cv. Piaram under the influence of treatments at time

ol o3l Lhgeg!
Time ol L-Argenine Aloe vera
(month) Control (mM) (%)
1 2 5 25 50 75

1 12140 18.324 317.8878 316.8278 318.324 313.97¢P 315.598C
2 €8.008 12,53~ be11.14A be11.367 b10.79~ be10.57A8 bedg 9148
3 deg 00A bc10.23A cde10.76” cdeg 494 b10.217~ bedg 474 bc11.367
4 313.67~ b12. 77~ b12.70 b12.56~ b12.09~ 314.43A b12.57A
5 abe11 7748 bc11.27A8 bc11.3078 b12.407 b10.37A8 cdg 138 bed10.07AB
6 bed10,97AB cdeg 208 bc11.39A8 bed10,024B b10.6348 ab11,99A cdeg 76AB
7 cdeg_ogAB cd9_50AB cde9.93A def8.14AB C6.97B cd8.17AB de8.38AB
8 ¢7.614 de7 474 deg 264 ef7 2747 6.707 d6.854 de7 94A
9 4,038 °6.76" £7.85% f5.728 6.001B 47 27~ €7.12A
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Means that have at least one letter in common do not differ significantly at the 5% of probability level based on LSD test. Uppercase
letters are used to compare rows (compare treatments at the time) and lowercase letters are used to compare columns (compare times
per treatment).
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Table 4- The antioxidant contents of Pyaram dates under the influence of treatments in time

obj Ky owi-J! 1,949
Time Control L-Argenine (mM) Aloe vera (%)
(Months) 1 2 5 25 50 75

1 abggp, 1P 382,54 bg3,94 abgp, 24 cdg2,8A °g2.8" beg7 24
2 €85.58 bg9.6» abgg 5A abg7 8A 390,79 abgg 2A beg7 74
3 degg 74 begg.9A 92, 1ABC 390,54 abgg 6C adg3,0AB 394,17
4 a91.2A b91.0A 391,14 abg7,9A 479.48 abg,7A abg.9A
5 abcgp gAB bcg3.4AB bg5, 14 bg4.4A abegg BA cdg2 2B °g5.7A
6 bcd89.9AB cd987.5B ab87.5A b85.0AB abc85l3AB bc86.1A bCBB.gA
7 Cd985.8A cd87.3A ab87. 3A ab87. OA Cde83. 6A Cde86. 1A CdEBG. 2A
8 €84.8A 483.4A bg5, 14 bg5, 74 abegs BA g2.2A °g5.7A
9 50,98 °57.54 54,878 °56.74 °56.24 d54,7A8 957.0°

83 dualio clp S5 gy )l o b ()ls gxe MBI LSD 9031 3l oolitl bt ys & Jlots! grlaww 5> i S jitio By 5 gyl il oS oo Silie

ol @) 5 4 (o o 53 baglej dwglie) (gt aulie (sly So g5 B g (Gloj 12 53 byless dunlis)
Means that have at least one letter in common do not differ significantly at the 5% of probability level based on LSD test. Uppercase
letters are used to compare rows (compare treatments at any time) and lowercase letters are used to compare columns (compare times
per treatment).

e 5 )l Jol sbplej 53 s ssalie bl i )3 ixe
Ll S L i @l Ll aindls el mls | logs
6 Js2)
soban p)be 085 P TSS lime (35 ol @5 bl
e 2855 518 (65 loj 5 kb £ b o ()l e
23l (g o ne tal33l 6 )a S lss tal38l L TSS
Cdld b (il cloy ()l e Jsbo 0 TSS (]l
sl ool (lodid 4 oy Sl s it g 29550 5 ol sl
Slgome 5l cou Jalre tals dlge clyixe (Radi et al., 2017)

TSS
5 obe) blie Sl 36 cov p)ly sloyd TSS (5:50ke annlio
Lo oy ddy b (g5 gimo g5 A 2 A ol (Ao yd £O/Y)
o pyly cloys TSS Ol dulie 2l Olis ylej e 5
don P TSS e ggemme 0 &S 2l (LS loj 2 10 bajlows b
P me il i3l gl ols any o Slolsl o ol ) Lalos
0 Vaabin 8 5 ¥ (slm gt o el ol 4l 45 5l ol
Sl o5 g s gLsloj )3 Egamo )3 95 )l me (5]



VoY 3aals o 03lod YV alr (53,958 qulivn 3 pole) Sl pole 4 pdi  PVA

o3y i gy (sladises j3 IS Jalore dols dlge yiaS™ iul58l 551l
soSee A5y S5k o blis 4Y sl alaulsay Yieisl ons
o LS 5 g 8l alS s el Logs s
590 ;> (Hosseini et al., 2019) zuls b a5 s o oy, Lo b
G D50 ,d (Gohlani and Bisen, 2012) 4 > slo

cusly cillas 1ygegll b osd o3l yiigs

s pUle b obaeig S Ay cdoncl )0 Wil o ogee L3
ek Sl b olyon (550 5 Psbo ol o 5l LS
Jolore 2l dlge (glgime Algi o (655LiS Y guazme 53 9290
H9e 039 b GlS 5 e (Il w30 s 40, laoges
; edliwl (Zarbakhsh and Rastegar, 2019) was )38 YU

2L A ]y a8 Gulidl ecdly Lswgll S5 Gidss 5 0!

Oloj 93 Byl il Cod ol (Sloys (3403) TSS (yljwe -0 Jgo
Table 5- The amount of TSS of Pyaram dates under the influence of treatments in time

oles RCHIT 15
Time ol L-Argenine (mM) Aloe vera (%)

(Months) Control 1 5 5 25 50 75
1 bc54_7AB bcd48_lB ab56_0AB ab59.3A cd51.6AB b054.0AB b52.8AB
2 bc55_6A bc53_2AB ab55_6A ab50.8ABC de44.4c cde46.98C b54.8AB
3 cd4g8.8A bedgg 1A be51.64 240,38 deg5,5AB €39.38 d39.18
4 b57_4AB bcd52_7AB ab55_3AB ab51.98 ab60.4A bcd53.6AB b56.8AB
5 cdegg 7AB 46,048 bcgg,1AB b43,18 be53,9A degp, 58 cd43,68
6 begg,1A 354 .47 ab56,5A b48,9A cde50,0A bed53, 1A be50.14
7 bcd50_4AB d44_gBC c44. 1BC ab41. 90 €42. SBC ab056. OA bc4g. 3ABC
8 45,78 83,48 bc50,9AB b4p.78 b4Q,9AB @57 9A begs, 78
9 35.7A 362.54 362.7A °63.94 365,24 362.5" 365.3~

i3y dulie gl 55 o> 85 wb b (gl e SN LSD gl 5 solisiad b sy 0 Jlais] graus 53 iz S e B> Sy g il o laSile

a4 IS 4 (ot 2 )3 aglej duglie) (g duglie sy SasS By g (Oloj o ) bayles dunlie)
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(compare times per treatment).
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Figure 2- The effect of storage time on the color index, a *, b * L * of Piarom date palm
(LSD, p=0.05).
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(LSD, p=0.05).
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Introduction

Excessive use of chemical fertilizers threatens the environment and leads to production of unsafe food
products. Currently, the market share of organic vegetables is constantly increasing due to customer demand for
safer and healthier food. Therefore, it is necessary to find alternatives instead of using chemical fertilizers in
plant production.

Lettuce (Lactuca sativa L.), belongs to Asteraceae family is considered as one of the most popular salad
vegetables as a cool season crop. It is also one of the most important vegetables due to its rapid growth and
commercial value. Plant growth promoting bacteria promote plant growth directly by facilitating nutrient uptake
through fixing nitrogen, solubiliszation of phosphorus, production of hormones and iron uptake. Arbuscular
mycorrhizal fungi establish symbioses with plant roots which help to improve nutrient uptake by the host plant
and alter its physiology to withstand external abiotic factors and pathogens. Arbuscular mycorrhizal fungi
interactions with bacteria have been reported to enhance plant growth through phosphate solubilization, nitrogen
fixation, increased AMF spore germination and colonization of plant roots. The potential of co-inoculation of
these two organisms in promoting the growth of horticultural crops like tomato, strawberry, lettuce and spinach
have also been reported.

Materials and Methods

In order to compare the effect of growth-promoting bacteria, mycorrhiza fungi and chemical fertilizers on
morphological and physiological properties of lettuce (Lactuca sativa cv. New Red Fire), the experiment was
carried out in a completely randomized design with three replications. Experiment treatments consisted of 14
treatments including three levels of potassium solubilizing bacteria (Pseudomonas vancouverensis,
Pseudomonas koreensis, Pseudomonas vancouverensis + Pseudomonas koreensis) + 100% N and P, three levels
of phosphorus solubilizing bacteria (Pantoea agglomerans, Pseudomonas putida and Pseudomonas putida +
Pantoea agglomerans) + 100% N and K, and one level of potassium and phosphorus solubilizing combined
bacteria (Pantoea agglomerans+ Pseudomonas koreensis+ Pseudomonas putida+ Pseudomonas vancouverensis)
+ 100% N, mycorrhiza fungi combination of three Glomus species (G. mosseae, G. etunicatum and G.
intraradices) + 100% N and K and five chemical fertilizer levels (N100P100K100, N100P100K0, N100P0OK100,
N100P25K100 and N100P100K25) according to soil test results, and control treatment without bio-mineral
fertilizers.

The “New Red Fire” lettuce seeds were surface sterilized with 0.5% (v/v) sodium hypochlorite for 10 min,
and germinated at 20°C. After germination, seedlings of similar size were transplanted singly into pots
containing agricultural soil. Plants were grown under greenhouse condition of 60/70% (day/night) relative
humidity, 15/18 °C (day/night) temperature. After a growth period of 75 days, plants were removed from the
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pots. The root system was separated from the shoot and washed to remove adhered soil. Root and shoot fresh
weight, chlorophyll, vitamin C, anthocyanin, TA, TSS and nitrate contents were measured.

Results

The results showed that application of potassium and phosphorus solubilizing bacteria and mycorrhiza fungi
significantly increased plant growth compared to control plant. The highest fresh shoot weight (increase of
42.3%) and crown diameter (increase of 14.4%) was obtained with application of combined potassium and
phosphorus solubilizing bacteria treatment + 100% N fertilizer compared to control plants. Application of
Pseudomonas koreensis + 100% N and P resulted in the maximum content of anthocyanin (increase of 62.2%)
and total soluble solids (increase of 82.5%) compared to control plants. Ascorbic acid, a well-known antioxidant
and organic compound, is an essential vitamin can be obtained from fruits and vegetables. The highest vitamin C
content (32.3 mg 100 mL1) was observed at plant treated with N100P100K100 fertilizer. The maximum
titratable acidity content was obtained with application of Pseudomonas vancouverensis + 100% N and P, and
combined potassium and phosphorus solubilizing bacteria treatment +100% N fertilizer. The nitrate content is an
important quality index of leafy vegetables; low nitrate content is associated with enhanced quality. Application
of chemical fertilizers significantly increased nitrate accumulation compared to biofertilizers and control plants,
so that the minimum nitrate accumulation content was observed in control plant and combined potassium and
phosphorus solubilizing bacteria treatment + 100% N fertilizer (21.14 pg g*FW), respectively.

Conclusion

With continuous development of economy and society, people pay an increasing attention to the quality of
fruits and vegetables. Improving the crop yield means that attention must also be given to improving vegetables
quality, resulting in chemical fertilizer nutrition problem. To conclude, our study suggested that after the control
treatment (without using any chemical fertilizers), which had the lowest accumulation of nitrate, application of
growth-promoting bacteria and mycorrhizal fungi in combination with nitrogen fertilizer caused lower nitrate
accumulation than chemical fertilizers treatments. So, the use of combined and pure bacteria treatments and
mycorrhizal fungus treatment can be used to improve the growth, quality and antioxidant properties and increase
the concentration of nutrients and also reducing nitrate accumulation in lettuce.
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Table 2- ANOVA for the effect of biological and chemical fertilizers on some morphological and physiological traits of lettuce
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(DMRT, p=0.05).
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Introduction

To specify the diversity of pepper plant (Capsicum ssp.) population and the inheritance of fruit characteristics
for use in seed production breeding programs, there is a need for a diverse population in terms of the
characteristics affecting fruit yield. By a large variety of options available for each product, there is a greater
probability of selecting the best decision. A population's genetic variety may be used in several ways, including
selection and hybridization. Pepper is a plant belonging to the genus Capsicum and the family Solanaceae. It is
cultivated globally, particularly in tropical and subtropical regions. The genus Capsicum contains more than 30
wild and domestic species, which are classified according to flower structure, fruit, and the number of
chromosomes (2n= 24, 26).

Materials and Methods

To compare different pepper species based on fruit morphology, a greenhouse experiment was conducted
under hydroponic conditions in Zarandieh region, Markazi province, in a completely randomized design with
three repetitions in 2021. The seeds of 42 pepper genotypes from 7 species were obtained from Gene Bank of
Leibniz Institute of Plant Genetics and Crop Plant Research (IPK). Initially, the seeds were sown in dedicated
planting trays. Once the seedlings had grown six leaves, they were transplanted to the main greenhouse. Within
the greenhouse, the rows of cultivation were spaced 160 cm apart, with a 25 cm gap between individual plants.
Each genotype was represented by ten plants. Throughout the growing season, the plants were managed by
maintaining two branches and removing any surplus ones. In this research, the following characteristics were
evaluated: fruit production across three harvests, fruit weight, fruit length and diameter, fruit flesh thickness,
fruit flavor (spicy or sweet), unripe fruit color, and ripe fruit color. Descriptive statistics of evaluated trait,
including mean, minimum and maximum traits and the percentage of phenotypic and genotypic diversity
coefficients, heritability, and the analysis of variance and comparison of means, were used to analyze the data.

Results and Discussion

A diverse collection of pepper was evaluated due to the fruit morphological traits and significant differences
among different genotypes in terms of these traits. The average fruit weight of the assessed population was 26.54
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g. The minimum and maximum fruit weights of 152.70 and 0.13 g were related to genotypes 409 and 276,
respectively. Genotype 318, with an average weight of 144.20 g, was not significantly different from genotype
409. Both genotypes were of the species annuum, but were in two separate groups regarding fruit morphology.
The heritability rate of fruit weight was 93%, which is consistent with the results of Usman et al. (2014). Length,
diameter and length to diameter ratio (fruit morphology index) are the most important factors in marketing
pepper fruit. The mean fruit length, diameter and morphology index were 6.35, 2.57 cm and 3.04, respectively.
The highest fruit length was related to genotypes 296 and 318 at 26.33, 20.20 and 19 cm, while the lowest fruit
length was 0.70, related to genotype 277. The genotypes with the highest lengths were long pepper and Kapia
sweet pepper, respectively, and the genotypes with the shortest lengths tasted spicy. Genotypes 409, 200, 318,
326, 272 and 348 had the largest diameter with 6.50, 6.23, 5.80, 5.67, 5.60 and 5.30 cm, respectively. These
genotypes are bell, round, Kapia, triangular, triangular, round and sweet in terms of morphology. The smallest
fruit diameter belonged to genotype 293 (0.30 cm), and the nineteen genotypes with a diameter of less than 2 cm
did not differ significantly from 293. Twenty genotypes with the smallest fruit diameter have a pungent flavor
(Table 1). The range of the fruit morphology index was from 0.56 to 8.99. The lowest and highest values were
associated with genotypes 342 and 296, respectively (Table 3). The fruit of genotype 296 was sweet, whereas the
fruit of genotype 342 was spicy. The heritability of length, diameter and fruit morphology index were 0.97, 0.97
and 0.98%, respectively. The lowest and highest numbers of fruits per plant in each hand-harvest were 1 and 67
fruits, respectively, belonging to genotypes 342 and 326. However, regarding shallow length, diameter, pulp
thickness and, consequently, the low weight of the fruit in genotype 342, an almost low yield of this genotype
was obtained in three harvests (2742.67 kg/ha). In contrast, genotype 318, despite its small number of fruits per
hand-harvest (3 fruits per hand-harvest), had the highest fruit yield of 25379.20 kg Per hectare due to having
fruits with large size and pulp thickness and as a result of high fruit weight. The lowest yields related to
genotypes 276 and 293 belonged to C. frutescens L., with fruit yields of 17.60 and 44.00 kg/ha in three harvests.
However, there was no statistically significant difference among the performance of these genotypes and the
genotypes 277, 210, 282, 358, 261, 332, 394, 304, 311, 407, 321, 215, 427, 203, 342 and 200. The percentage of
phenotypic and genetic variations in fruit yield was 61, 55% and the heritability of fruit yield was 81%.

Conclusion

This study evaluated a diverse collection of different species of pepper with a wide range of appearance
traits. However, the most desirable and marketable characteristics of the fruit were obtained from genotypes
belonging to C. annuum. However, genotypes belonging to other species, which were not addressed due to the
high number of fruits per plant and resistance to pests and diseases, can play a complementary role in hybrid
seed production breeding programs. Based on the results, genotypes 318 (Kapia, yellow and sweet), 287 (long,
red and spicy), 348 (round, red and sweet), 272 (triangular, red and sweet), 309 (black, red and sweet) and 296
(long, red and sweet) could be introduced as cultivars after evaluating their compatibility, in terms of their high
yield, suitable size fruits and marketability. In addition, because to the substantial variety of the examined
population, breeding efforts might develop hybrid cultivars with unique traits.

Keywords: Broadscence heritability, Fruit yield, Morphological diversity, Pepper germplasm
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Table 1- Basic information of pepper genotypes used during the experiment

Ao o 45 b0 )b A y0 5 2900

Guigij oS u laso yguis _ ogae S o
Genotype ol Country of e Eruit colour at Fruit shape »0
Scientific name L i . : . Flavor
code origin Fruit colour at intermediate (unripe)
mature stage stage
200 C. annuum L. Italy Yellow Dark green Almost round Sweet
203 C. bagzitéjﬂuljump' unknown Orange Light green Elongate Hot
204 C.annuun L. India Red Dark green Blocky Sweet
208 C.annuum L. Hungary Red Light green Triangular Sweet
210 C. eximium hunz unknown Red Dark green Almost round Hot
215 C.annuum L. unknown Red Dark green Triangular Hot
221 C. annuum L. Hungary Red Dark green Elongate Hot
244 C. annuum L. Georgia Light red Dark green Triangular Sweet
256 C. chainense Jacq unknown Orange Dark green Campanulate Hot
259 C. frutescens L. Cuba Red Dark green Campanulate Hot
261 C. annuum L. Hungary Red Dark green Almost round Hot
272 C.annuum L. Hungary Red Light green Triangular Sweet
276 C. frutescens L. El Salvador Red Dark green Elongate Hot
277 C. chacoense Hunz. unknown Light red Dark green Capsule Hot
282 C. galapagoense Hunz unknown Red Dark green Elongate Hot
285 C.annuum L. Zambia Red Dark green Triangular Hot
287 per%ut;l?r?f?\t/kulj_.') Séjsbﬁgéug unknown Red Light green Elongate Hot
293 C. frutescens L. Angola Red Dark green Elongate Hot
296 C.annuum L. Spain Red Dark green Elongate Sweet
304 C.annuum L. Italy Red Dark green Triangular Hot
309 C.annuum L. unknown Red Green Blocky Sweet
311 C.annuum L. Yemen Yellow Dark green Triangular Hot
318 C.annuum L. unknown Yellow Dark green Triangular- Sweet
Elongate
321 C.annuum L. unknown Red Dark green Triangular Hot
324 C. chainense Jacq Yemen Orange Green Elongate Hot
326 C.annuum L. unknown Red Cream Triangular Sweet
327 C. baccatum Lsubsp. unknown Red Dark green Elongate Hot
Pendulum
332 C. baccatum Lsubsp. unknown Red Dark green Elongate Hot
Pendulum
333 C. annuum L. unknown Red Light green Elongate Hot
336 C. annuum L. unknown Yellow-Orange Green Blocky Sweet
342 C. annuum L. unknown Light red Cream Almost round Hot
344 C. annuum L. unknown Red Dark green Elongate Hot
348 C. annuum L. Russw}n Red Dark green Almost round Sweet
Federation
357 C. chainense Jacq unknown Orange Dark green Campanulate Hot
358 C. chacoense Hunz. unknown Light red Dark green Capsule Hot
361 C. annuum L. unknown Red Dark green Almost round Hot
368 C. annuum L. Hungary Cream Cream Triangular Hot
372 C. annuum L. unknown Yellow Dark green Triangular Hot
376 C. baccatum Lsubsp. unknown Red Light green Elongate Hot
Pendulum
394 C. frutescens L. El Salvador Red Dark green Triangular Hot
407 C. chainense Jacq unknown Red Dark green Campanulate Hot
409 C.annuum L. Germany Red Dark green Blocky Sweet
427 C.annuum L. Honduras Red Dark green Triangular Hot
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Table 4- The fruit morphological traits of pepper genotypes
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Genotype Fresh fruit lenath diameter Flesh Number of fruits per i ]

code weight Y thickness plant/harvest Fruit yield in three Fruit shape
(gg) (cm) (cm) (mm) harvest (kg.ha) index
200 57.33 4,53 6.23 7.00 4 3432.00 0.73
203 7.00 7.43 1.37 2.00 17 2618.00 5.44
208 66.93 9.43 4.57 4.00 5 11780.27 2.07
210 0.23 1.23 0.43 1.00 33 128.33 2.88
215 11.97 5.03 3.00 2.00 7 2106.13 1.68
221 17.17 7.90 1.97 2.10 4 4909.67 3.99
244 54.67 8.67 4.67 6.83 6 14432.00 1.86
256 9.67 5.50 3.10 2.00 16 6380.00 1.77
259 7.87 5.00 2.40 2.00 13 4326.67 2.08
261 2.83 2.10 2.07 4.00 17 623.33 1.02
272 58.33 6.17 5.60 5.00 10 19250.00 111
276 0.13 1.50 0.40 0.50 4 17.60 3.75
277 0.33 0.70 0.43 0.10 5 67.47 1.67
282 0.40 2.50 0.50 0.50 23 176.00 5.00
285 3.57 2.83 1.67 1.00 27 3923.33 1.70
287 12.20 9.00 2.00 2.00 33 24156.00 4.50
293 0.20 2.00 0.30 1.00 7 44.00 6.67
296 66.57 26.33 2.93 6.00 5 14644.67 8.99
304 2.73 3.00 1.07 1.00 13 1202.67 2.82
309 107.67 15.00 4,50 6.00 4 18949.33 3.34
311 2.00 4.00 0.50 0.50 13 1320.00 8.00
318 144.20 22.20 5.80 8.00 3 25379.20 3.83
321 417 2.73 2.33 2.00 10 1833.33 117
324 2.90 4.00 1.70 1.00 33 4466.00 2.35
326 76.00 8.00 5.67 6.00 1 5016.00 141
327 4.20 6.00 1.30 1.00 23 4620.00 4.62
332 1.93 4.67 1.60 1.00 10 850.67 2.94
333 66.67 15.33 3.03 6.00 3 11733.33 5.04
336 53.00 8.17 4.67 5.00 2 4664.00 1.75
342 0.73 1.00 1.80 0.30 67 2742.67 0.56
344 7.10 11.33 1.87 2.03 27 11715.00 6.06
348 49.23 4.20 5.30 7.23 13 22745.80 0.79
357 9.23 4.63 3.00 2.00 17 7922.20 1.54
358 0.17 1.21 0.40 0.10 23 183.33 3.02
361 9.50 2.83 2.40 5.00 17 7942.00 1.18
368 13.77 4.57 2.57 2.33 12 4660.33 1.65
372 8.03 6.60 2.80 4.00 13 5125.27 2.36
376 10.80 11.00 1.50 1.00 23 14256.00 7.33
394 3.13 1.50 0.60 0.90 9 1034.00 2.50
407 3.13 3.00 1.80 6.00 22 1377.20 1.67
409 152.70 9.00 6.50 6.60 2 10078.20 1.38
427 4.20 5.00 1.50 1.00 13 2310.00 3.33
LSD 12.67 1.98 1.75 0.70 13.27 3790.76 1.55
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Figure 1- The fruit photos of evaluating peper genotypes
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Introduction

Tomato is a self-pollinated crop and has a high potential for heterosis production. Tomato has a wide range
of diversity in terms of vegetative and fruit traits. Therefore, learning information about the genetics of the
tomato plant and the inheritance of its various traits to the next generation will help plant breeders to use
appropriate breeding methods to improve them. One of the methods that is used to know the genetic structure of
plants, identify parental lines and determine their combining ability is line x tester analysis. Line x tester
analysis provides information about general and specific combining of parents and can be useful in estimating
different types of gene effects such as additive and non-additive effects. In most of the developed countries,
many researches have been done in relation to hybrid production and combining ability among tomato lines, and
sometimes the inferred results are different from each other. In Iran, few studies have been done about crossing
cultivars and their hybrids, and most of the seeds used by farmers are imported from other countries. Therefore,
this study intends to evaluate genetic variance components, general and specific combining ability of some
quantitative traits in a number of tomato lines and testers and their hybrids by using line x tester analysis.

Materials and Methods

This research was conducted in Sari Agricultural Sciences and Natural Resources University, Mazandaran
Province, Iran in 2022. Two modified cultivars SC and V as lines and three modified cultivars L, R and MZ as
testers were crossed with each other to create F1 hybrids. Six F1 genotypes and their parents (11 treatments in
total) were cultivated in the farm in a randomized complete block design with three replications. The evaluated
traits included the number of days to the first flowering, earliness, number of fruits per plant, fruit weight per
plant (g), fruit yield (g), fruit length and width (cm). In order to analyze the variance of the experimental design
to search for diversity between treatments, to separate the effects of treatments into their components based on
line x tester analysis, to mean comparison with Duncan's test, and also to calculate the general and specific
combining ability, R statistical software was used. Also, in order to calculate additive and non-additive
variances, Singh and Chaudhary's method was used.

Results and Discussion

The results of line x tester variance analysis showed that the mean squares of parents and testers were
significant for all traits except fruit length and width, and the mean squares of crosses and lines were significant
for all traits except fruit length. The effect of line x tester was significant for all traits except the number of fruits
per plant and fruit length. The line of SC to improve the number of days to first flowering, earliness, plant
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height, fruit weight per plant, and fruit width, and the line of V to improve the number of fruit per plant were the
best general combiners with testers. The tester of L for improve all traits except yield, and the tester of MZ for
improve plant height were the best general combiners with the maternal lines. Among the crosses, the SCxL
cross for improve earliness and fruit width, and the SCxR and VVxMZ crosses for improve plant height and fruit
weight per plant, respectively, were favorable specific combiners. The mean comparison of the genotypes for
some important traits showed that among the parental cultivars, the line of SC and among the crosses, the SCxL
genotype had the lowest means for the number of days to first flowering and earliness. Also, the line of SC for
the number of fruits per plant and the SCxL genotype for fruit weight per plant, yield and fruit width had the
highest means. Also, the estimation of additive and non-additive variances indicated that in plant height and fruit
weight per plant traits, additive variance plays the main role. While for the traits of the number of days to first
flowering, earliness and yield, the contribution of non-additive variance was more than the additive variance.

Conclusion

According to the results obtained from this study, in future projects it is recommended to use parents that
have significant general combining ability (GCA) for traits. Because such parents easily transfer the trait to their
next generation. In this way, the line of SC was a good general combiner for the number of days to first
flowering, earliness, plant height, fruit weight per plant and fruit width, and the line of VV was a good general
combiner for the number of fruits per plant. Among the testers, the tester of L was a good general combiner for
improve the number of days to first flowering, earliness, number of fruits per plant, fruit weight per plant, and
fruit width, and the tester of MZ recorded a high GCA for the plant height. Also, for the improvement of
earliness and fruit width, the SCxL cross and for plant height and fruit weight per plant, SCxR and VxMZ
crosses were favorable specific combiner. Mean comparison of genotypes showed that the SCxL cross is
superior to its parents for the number of days to first flowering, earliness, fruit weight per plant, fruit yield, and
fruit length and width. The traits of plant height and fruit weight per plant are more affected by additive variance,
so the best breeding method to improve plant height and fruit weight per plant is selection from among the
segregating population. The traits of number of days to first flowering, earliness and yield were affected by non-
additive variance, so hybrid production is recommended to improve the mentioned traits.

Keywords: Additive variance, Line, Non-additive variance, Tester, Tomato
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Table 2- Mean comparison of morphological traits evaluated of tomato parents and hybrids.

] ] N
o9l U g, dlass Sy ) By pemestan T O OISOV o dgwe L5
- Noi &gy ¥ . 90 U2 1S
Xy P95 Plant Number of : . Fruit .
Number of days  Earliness  height fruits per Fruit Yield length Fruit
to first flowerix (cm) plant weight (@/plant (cm) width(em)
g (9/pant)
95.15¢% 134.50¢% 117.91¢ 22.91@ 31.769 733.39¢ 3.74b 4.294
95,50abcd 135.364% 134.752 8.08¢ 56.94¢f 457.39¢ 4.03° 4,99pcd
99, 25abcd 138.25¢ 124.50b¢ 17.91b 52.46f 935.69° 3.81° 4,72bcd
103.672 143.08% 127.08° 7.41¢ 58.24¢f 430.714 4.45b 4.80pcd
97.58bcd 140.12b¢ 119.00¢ 7.91¢ 95.24b 752.51°¢ 4.13° 5.38®
SCL X 92.00¢ 133.508 112.088 11.58¢ 107.842 1249.392 5.292 5.972
e 97410 14250%° 95,589 8.16° 86.79° 707.61° 5.79° 5.24%c
Sl\ﬁzx 101.2580¢ 142.33abc 116.80¢% 9.25de 91.78bc 847.83bc 5.83¢2 5.23abe
V xL 99.16abcd 146.002 106.66f 12.16° 62.87¢ 764.32¢ 5.778 4.52cd
V xR 96.41¢de 141.8680¢ 78.16" 9.41d 54.80f 515.704 5.33¢2 4.70pcd
\I\/llz 102.80% 146.502 120.39¢ 10.91¢d 75.124 818.66° 5.778 4,564

b oo adllan ol 5> edlatwl 3yg0 (gla ¥ A8 odiad lis Cadsce n_§5)>a
2 abbreviated characters showing line codes used in this study



VAL Loyl 5o oo8 Olio (5 5 g iy i Gcubil s (Suiif (wilyly 61521 b))l daiir JS 9 SLS

LYl peges (s pdocaS 5 cablB b olacpY g oad pbxl jus
s3] S U5 59 s lio (gl o adlls (glo s
sl 0dd ()15 (5805 53 3 Slos g ogse ()] g £l

9 BIS Gdgl b gy ol o (gl L s oy (s
o> S e 33 Hae g ite GCA (5 b (ow)29)
oialS (sly adllae 3)50 Gla Y b (oges 0gd oS 5yt
9 Cte GCA (5t L L jid (ionen 091 59530 Clio
9o 035 S i (e o) S Jlein ] e 53 50 ine
VP 9 459 0 0ge (g i ) ogae dal i uljdl (4l
i) o (glyy b b MZ 25 oS ol o 5 1l 51 55
Cdo ol e g 092 53 xe g e GCA (i )b 9
sogos 0Xgd S 5 j5 R pud 0,5 )18 a5 3)90 Ml
LSl Jgan) 395 adlllae 3)90 o I plaS g (sl (29
a3 33l lize ol 31 L )3l 5 ol 4 YL GCA
(S5 35 s Sl i 00 L 5 2980 031>
Saleem ) )San 5 pues g3y ;o (LONE €t Al 2022) Conl
sobaiedy yws X Y (SB5 40 5l ealazwl L (et al., 2009
(P ) Sy )i Wyl cwlie (plly olulis
o s 5 oY s s 3 (53 ime 5 Y1 GCA il
odnliio 3, Slas g 050 (459 gy gl )l 2AS U jo, iy Claw
Doyl adllas guls b gued 45 K240

Gadly (o0 a8 piacas i culils
0Ligd S 5 oy pike & (g (Lol el laylna 1 (S
(298 S pinS § Cbl d e itun (ol (Jho gl
oY o3l )3 GCA (6,505l oy 51 adl e clls (GCA)
O ) gl g Gl Al S Ul b pulsi oo 25
3590 LW cplly lgicas & gl (ol g I ST oS
|y & b sixe GCA Liio el cully 51 oo el § 51,8 adllas
aS g yub gl Mg 0 gllas Wl lgieds Wilgh o s lis
335 g 8ly o2latsl 3)90 395 o0 A5 ylaide Cdio dgug pslaieds
3 51SC (gy0le Y (sl asllles )3 (Choukan, 2008)
5 e GCA (n i (s9)39) 9 (25 (ilgl U jg) dlaws clio
OV gpbe oY & cuns |y dop K Jleis! mdaw 5o 5 b
oL S 5 Al e SC Y 1 (¥ Jgia) ol bzl g5
L o395 (2L Mg sl addllas 390 sl jins b (093 (o90e
Ol 81 1= SC (1Y oman Al a8 (2AIS'L g, ol
(sl 02gd oS )5 J5 0gae (125 9 L2 )3 s (g Ay £l
olidl gl 30V gl pY cal yobs adllas olayiws b
g0 Sl yiad L (095 0igd S 5 g2 )3 ogae 2 ko
9251 g ladllae ) clsio jobods (¥ Jgio) 39 adlllae
clbld 5,91 jglateas a5 (Akram et al., 2019) .)),LSen
X oY (S5 420 5l edlatul b s g (nY (9315 g pdcaS 5

Soud X (¥ 415 ol g1 oy 2 3590 Ol i 51 aslllas 390 (N8 s5 0] (GCA) (sogos (g iy 5 palio -Y Jour
Table 2- General combining ability (GCA) of the rice varieties for studied traits using line x tester analysis
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Introduction

Confronting the crisis of water scarcity and the looming challenge of dwindling water resources is
undeniably a grave concern. Consequently, the focus of agricultural science researchers has shifted towards the
utilization of wastewater. One of the notable advantages of incorporating wastewater in agriculture is the
potential to curtail the expenses associated with procuring irrigation water and employing chemical fertilizers.

Materials and Methods

Sari has a longitude and latitude of 53°01" E and 36°33' N, respectively, and its weather conditions are humid
according to De-marten's climate classification. Its elevation is 21 above sea level and average annual
temperature and precipitation, arel7.9 °C and 650 mm, respectively). In order to evaluate the effect of water
stress and urban wastewater on the concentration of heavy metals, yield and some characteristics of basil, an
experiment in a factorial format based on a completely randomized design with experimental treatments
including; The first factor is the source of irrigation (1I): [treated wastewater (TWW) and well water (WW)], and
the second factor is water stress (S): [the lowest stress (S1, S2), medium stress (S3, S4) and severe stress (S5,
S6)] were performed in three replications at the research farm of Sari University of Agricultural Sciences and
Natural Resources (SANRU), Iran. Finally, the obtained data were analyzed using ANOVA of SASg,, and the
SNK post hoc test was employed to compare treatment means.

Results and Discussion

Based on the findings, Irrigation with wastewater increased plant height, stem diameter, fresh and dry weight
compared to irrigation with well water. So that the highest plant height, stem diameter, wet and dry weight were
related to irrigation with wastewater with 44.3 cm, 3.1 mm, 8.5 and 3.3 g, respectively. Also, the effect of using
treated wastewater on chlorophyll a, chlorophyll b, total chlorophyll and carotenoids was significant (P < 0.01).
while it did not have significant effect on flavonoid, phenol and antioxidant activity. In the lowest stress,
especially the S1 level, the amount of chlorophyll a, chlorophyll b, total chlorophyll, carotenoid, flavonoid,
phenol and antioxidant activity compared to the S6 level decreased by 63.3, 32.8, 40.7, 45.8, 46.3, 55.5, and
9.8%, respectively. while the highest amount of plant height, fresh weight, dry weight and stem diameter at the
S1 level was observed with 48.6 cm, 11.5 g, 3.51 g and 3.4 mm, respectively. The result shown that the Pb and
Cd concentration in basil under irrigation with wastewater was 3.4 and 2.5 mg.kg?, respectively, which
increased by 13 and 9% compared to well water. Water stress affected the Pb and Cd concentration, but the Cr
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and Ni concentration did not change significantly. The highest Pb and Cd concentration was related to high
stress level S5 and medium stress level S4 and the lowest level was observed in the lowest stress levels (S1 and
S2). Also, the results showed that the Pb and Cd concentration was affected by the interaction effect of irrigation
source and water stress. Thus, the highest Pb concentration was observed in irrigation with wastewater and water
stress levels S4 and S5 with 3.41 and 3.40 mg.kg™, respectively, and the lowest was related to irrigation with
well water and water stress level S1 with 2.2 mg.kg™. The highest Cd concentration was related to irrigation with
wastewater and stress levels S4 and S5 with 2.6 and 2.5 mg/kg, respectively, and the lowest amount were
observed in well water irrigation and stress levels S1 and S2, with 1.51 and 1.50 mg.kg™, respectively. while the
Cr and Ni concentrations did not significant.

Conclusion

Based on the findings of this research, irrigation with treated wastewater and application of water stress had
significant effect on the morphological and phytochemical characteristics of basil. while the use of treated
wastewater was ineffective on the biochemical characteristics of basil and only water stress conditions affected
their levels. The Pb and Cd concentration in basil increased under the influence of irrigation with wastewater and
water stress levels. But this increase was lower than the standards authorized reported by the researchers and did
not cause much concern. the results shown that the water stress levels S4 and S5 can be considered appropriate
in water efficiency and recommend the use of treated wastewater in basil irrigation considering the authorized
standards.

Keywords: Antioxidant activity, Cadmium, Plant height, Sever stress, Total chlorophyll
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Table 1- The maximum authorized standards for the use of wastewater for agricultural purposes based on the IRNDOE,

WHO and FAO (Alizadegan et al., 2022b), and the characteristics of the wastewater and well water used and the
characteristics of the experimental soil

b Ss pH NTU TDS TSS EC TP COD N Ca Na Mg Pb Cd
Characteristics (ds.m) (mg.I™) (ng.It)
TWW) Gl 8.1 2.9 663 27 1.06 49 17 05 100 58 181 0.13 0.01
ol>
7.2 9.9 629.3 16 0.78 2.2 11.1 0.5 60 69 16.1 0.06 0.001
(Ww)
Ol Ceilaze g o 50 100 200 100 0.05 1
(IRNDOE) e i i ) ) ) :
e el
6-8.5 - - . - - - - - .
(WHO, 1992) 450 0.7 0.01 5
5918 sbg)lg>
(FAO, 20086) 6-8.5 - 450 - 0.7 - - - - - 0.01 5
- - &_J. l5 Q 3
. oSl Joske I oS e B yid ol Js o
Bos R & Sl . R i Absorbable .
cél T Electrical Organic Organic hosph Potassium Total
Depth Acidity i phosphorus :
(cm) Texture H conductivity matter carbon P) (K) nitrogen
P (ds.m) OM (%)  OC (%) m )(N)
(opm) (Ppm)
se Sand- 7.2 0.55 1.72 0.52 4 146 0.1
Soil loam
S F’:A.)ls Ji-“ P)s
0-20 Lead Cadmium Nickel Chrome
Pb cd (Ni) (Cr)
(mgkg?)  (mg.kg?) (mg kgt (mg.kg?)
1.12 0.05 0.04 0.02

EC (&les aul> slse :TSS (Total Suspended Soluble) . Jsloxs asl> slse :TDS (Total Dissolved Solid) «= 505 :NTU (Nephelometric Turbidity Unit)
wlond 2ls> 5..51:COD (Chemical Oxygen Demand) . Js' ,a..s :TP (Total Phosphorous) « S xSUl colas (Electrical Conductivity)
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Table 2- The different levels of water stress in the experimental treatments during the period of basil growth season
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O S
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)
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)
)
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Chlorophyll 2 (mg/g.f.w)=12.7(A663)-2.69(A645)xv/1000xw (V)
Chlorophyll b (mng/g.f-w)=12.9(A645 )-2.69(A663)xv/1000xw (V)

Chlorophsll a*b (mg/g.f.w)=20.2(A645)-8.02(A663)x v/1000 xw (V)
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Table 3- The ANOVA results for the effect of irrigation water source and water stress on the morphological characteristics of

basil
Olagyo (ibe
FCAJOVES 37 oS DRSS Mean squares
S.0v df ols gl ¥ 039 SUiS 39 Swid 03l wuoyd a8l ylad
Plant height Fresh weight Dry weight Dry matter Stem diameter
Sl e 1 104.38** 4.818* 0.49** 44.667ns 0.5878**
Water source (W.S)
o3 5 149.9491** 26.2046** 0.3849** 441.1249** 0.6478**
Stress (S)
W.S xS 5 6.5176ns 0.0784ns 0.0526ns 17.0284ns 0.1057ns
s
24 96.3133 26.027 1.267 1254.4734 1.2467
(Error
S s - 46 12.6 71 136 75
CV(%)

bl o ()13 gxe pas 9 O O paw ) )b e gl oaimd Ui s Sy NS g 4

, “and ™ significant at p<0.01 , p<0.05 and non-significant, respectively.
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Table 4- The effect of irrigation water source and water stress on the morphological characteristics of
basil

(Morphological characteristics) 3599390 S S39

SLid : b woyd
w . ol £ | 5 o 03 " 4Bl b8
N e J L EI Plant height  Fresh weight wEi;)rqt o Stem diameter
reatment eve ry matter
cm mm
(em) (@) ©) (%) (mm)
 aie (TWW) Cluy 44.3a 8.5a 3.3a 42a 3.1a
Water source (WW) ol> 40.9b 7.8b 3.1b 39.8b 2.8b
S1 48.6a 11.5a 351la 26.5¢ 3.40a
; S2 46.8ab 9.7b 3.50ab 35.6b 3.30a
<l ois S3 41.1b 7.1c 3.20b 43.4ab 2.90bc
Water stress S4 45¢ 8c 3.10b 44.2ab 3.03b
S5 37.9d 6.8dc 3b 44.7a 2.71c
S6 36.2d 5.8d 2.8¢c 5la 2.70c
255 SNK 9051 31 03kl b duoyd V Jlais] gaws )3 I iize gl S e g yn gyl dlael gt o )
In each column, the numbers with similar letters are not significantly different based on SNK test (p<0.05)
S1: 12hr (125ml), S2: 24hr (250m), S3: 48hr (250ml), S4: 72hr (500ml), S5: 72hr (250ml), S6: 48hr (125ml)
u..m(P < 001).)9.’ )bu“"“’ )Lu.u.i c).u ul?o) DL.S Lsswsu ‘f*l:\*j‘,:\:\g GLA‘_;}:'}

yii s g d)LJ J zeio iz Slas ol i jwbylg & 500 Py
Sy 355, 5 JS Ldo S b Ldgyl @ Jdg)lS lise 0 (S

B Joda) g jby gime cglas (glyls louy olS

@ J9)l8 i p )bl Of wte b i ly 4 jos @l
gl gl Lo oS Sy A9, S Lido)lS D LidglS
Gl S5 ol 3 o LA 56 (P < 0.01) 95 13 ine o
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Table 5- The ANOVA results for the effect of irrigation water source and water stress on the phytochemical characteristics of

basil
e K a R R e
S Gy S b s S U5 b i5 2555,
S.0.V df Py Chlorophyll b Total Chlorophyll Carotenoid
Sl e 1 0.2178%* 0.0336%* 0.0576%* 0.0386%*
(W. S) Water source
o 5 0.1163%* 0.0535%* 0.2384%* 0.0092%*
Stress (S)
Xl e 5 0.0091%* 0.0124%* 0.0362%* 0.0036%*
W.SxS
s
24 0.0363 0.015 0.0245 0.0089
Error
N et 48 33 19 6.4
C.V (%)
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Mo Uy ST 25 aas g ol o by oyl Loyl &y Loy o e
o gste Jolize 310 JS5) 592 03 013y 25 2 p S e <17
€8 3 1y oy 1855)5 9 IS Jedg)lS i ol G55 9 o)l
235,89 JS Jdg)lS e (e oS (5ygbdy 00l 1,8 156
9 VAY L (e 5y SB s (a5 s 5 ol b (gyll Llps o
L Ladl s 2S5 45 oanlito ol ()i )5 1 p ) e </
9 MV L 5y ST S5 (508 s g 0l T L ()l Ll
395 d0)S 0jg prS p S ishee /T 9 VAT Ly <YV
YV i) wals olassl

S G ey bl g3 el SGjgde b sl
A Jbg S clale @ly o) Gso oligS b g Gde 3y Cunl S
Canlo b (SIS bl gl ol a5 28L (a5955) 9 b ido)lS
Lol ) i yad Laas SUlgy sdimd olis g 3,15 Ol dgue8
Sloime iol5-81 (Razmi et al., 2013) w_sb o Sis i
2 ok (#8> Foly So o5 b (lugad) 4 cunl (Sas Lidg S
Slgze ialS g 00l Cuws Gl il slacdale il
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2 P ezmen 5 PSII (g5sid i d (S 316
Faroogi, ) sl cuws Judo,lS siwgn Jotme (slaps 1 cullad
yob a Csl San imad i 36 oyl ode (2021
el b a8 Bl JbgJS slaJsSlso 311, o o (6
porio el (s o8 355 0950 Ja5] 0525 5 O sl
(Yang et al., 2015) 35 oLS Jud5,lS" slgizee o 55 &

, “and ": significant at p<0.01 and p<0.05, and non-significant, respectively.
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Figure 1- The interaction effect of irrigation water source xdifferent levels of
water stress on the chlorophyll a, b, total chlorophyll and carotenoid contents in basil (SNK, p<0.01)
S1: 12hr (125ml), S2: 24hr (250m), S3: 48hr (250ml), S4: 72hr (500ml), S5: 72hr (250ml), S6: 48hr (125ml)

9 obrJlades Sl Laiagis Sl (S p @l b plagh ool @l
AiNioet) 4,Ken g 50 ¢l {(Al-Yasi et al., 2020) |, Kex
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(Jadg)lS" uinwyold JialS”  JIs (Hajihashemi et al., 2020)
gl L solel il )3 (jmmgid (Soalis) 5 s jrogis

biasdi g slaS g
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Table 6- The results of ANOVA for the effect of irrigation water source and water stress on the biochemical characteristics of

basil
Oyt 2o &35l deyn Jis Migighd Ol 51
S.0.V df Phenol Flavonoid Antioxidant
Sl g 1 4.5298ns 75.778ns 9.5481ns
Water source (W. S)
O 5 643.2915** 651.5782** 69.0017*
(S)Stress
OB X )lel ae 5 0.7468ns 51.4523ns 2.5813ns
W.S xS
s
24 65.2844 1601.0336 88.1881
Error
Sy o po ) 3.1 13.1 A
C.V(%)

bl e ()l gz Ggldl pas g Moy B g ) Zokaw ) I me Cglas odimd LS i iay NS g e
™, “and ™ significant at p<0.01 and p<0.05, and non-significant, respectively.
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Figure 2- The effect of thedifferent levels of water stress on the Flavonoid, phenol and antioxidant activity in basil (SNK,
p<0.01)
S1: 12hr (125ml), S2: 24hr (250m), S3: 48hr (250ml), S4: 72hr (500ml), S5: 72hr (250ml), S6: 48hr (125ml)
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Table 7- The results of ANOVA for the effect of irrigation water source and water stress on the heavy metals of basil

5 g ol am s (Pb) o (Cd) poredls (Ni_) S (Cr) ey
Lead Cadmium Nickel Chrome
SOV of (ppm) (ppm) (ppm) (ppm)
(Water Source) s bl aso 9.009%* 11.0002%* 44.5136%* 0.25ns
( Stress) i 5 6.9112* 7.3036%* 65.2316ns 0.7544ns
(W.S x S) L5 % (6,l] i 50 7.4260%* 5.0116** 52.1502ns 1.8846ns
(Error) s 24 1.2630 0.4283 1.6041 01675
S w2 8.6 8.4 6.5 7.6
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and " significant at p<0.01 , p<0.05 and non-significant, respectively.
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Figure 3- The interaction effect of irrigation water source xdifferent levels of water stress on the heavy metals concentration

in basil (TWW: Treated wastewater and WW: Well water) (SNK, p<0.01)
S1: 12hr (125ml), S2: 24hr (250m), S3: 48hr (250ml), S4: 72hr (500ml), S5: 72hr (250ml), S6: 48hr (125ml)
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Introduction

Pepper is a rich source of essential vitamins and minerals. Like tomatoes, pepper plays an important role in
preventing heart diseases due to its high amount of antioxidants. Fruit vield is a complex trait that is not only
controlled by several genes, but also greatly influenced by the environment. On the other hand, fruit yield is
affected by a large number of other traits and their interaction. Therefore, it is very important for plant breeders
to know the relationships between these traits and their interaction effects. The path coefficient analysis is a
method that clarifies the relationships between traits and their direct and indirect effects on fruit yield. In this
method, the correlation coefficient between two attributes is divided into components that measure direct and
indirect effects. Considering the limited studies regarding the evaluation of relationships between fruit vield and
other traits affecting fruit yield in pepper, this research was conducted with the aim of identifying these
important relationships and evaluating their direct and indirect effects in Iranian pepper populations.

Materials and Methods

In order to carry out this research, the seeds of 30 Iranian pepper accessions were collected directly from the
farmers. The experiment was conducted in the form of pot cultivation in the research greenhouse of the Faculty
of Agriculture of Urmia University in a completely randomized design with five replications during 2015-2016.
After the flowering stage, the desired traits were estimated. Variance analysis was estimated, after examining the
basic hypotheses of variance analysis by SAS9.4, as well as the genotypic and phenotypic correlation between
traits based on the restricted maximum likelihood (REML) procedure in the SAS9.4 software. Step-by-step
regression analysis was used to determine the traits with the most variation justified the fruit yield. The Durbin-
Watson test was performed to investigate the independence of experimental errors. Analysis of path coefficients
was performed based on the results of stepwise regression and genotypic correlation of traits in the R V.4.0.5.

Results and Discussion

In order to understand the relationships between traits and use them in breeding programs, the phenotypic
correlation was estimated. In this study based on the results of phenotypic correlation, leaf width and leaf length
(0.651), single fruit weight and fruit circumference (0.784), fruit circumference and fruit diameter (0.625) and
pulp weight and fruit diameter (0.610), showed positive and significant correlation. The purpose of estimating
genotypic correlation coefficient is to determine relationships in conditions which in environmental factors are
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not involved. In the investigation of genotypic correlation, a positive, strong and significant relationship between
fruit yield and pulp weight (0.907), fruit circumference (0.891), fruit diameter (0.697), single fruit weight (0.646)
and around the plant (0.381) were observed. Given that most of these traits are factors contributing to fruit yield,
the presence of such positive and significant genotypic correlation coefficients is reasonable. It can be inferred
that pepper accessions with higher fruit characteristics, encompassing factors such as plant density and
branching, are likely to exhibit higher fruit yields as well. It's important to note that correlation coefficients are
mathematical tools used to measure the linear relationship between two variables. Their significance lies in their
mathematical interpretation, and as such, they alone do not provide sufficient proof of a cause-and-effect
relationship. Utilizing the results of stepwise regression, less impactful traits or those with minimal effects were
eliminated from the model. As a result, seven key traits were identified as the most influential factors affecting
fruit yield: pulp weight, plant density, fruit diameter, fruit count, plant height, total seed weight, and branch
count.The first characteristic was pulp weight, which was included in the model and explained 78.8% of the fruit
yield changes between genotypes. The second characteristic (around the plant) along with pulp weight explained
80.9% of the fruit yield variations. Fruit diameter, together with the previous two characteristics, explained
81.5% of fruit yield variations. In total, the traits included in the model for fruit vield justified 84.6% of the total
changes in fruit yield in 30 pepper accessions. In order to better understanding and more accurately interpret of
the results, as well as to know the direct and indirect effects and the effect of the traits that were entered into the
model through stepwise regression, the path coefficient analysis method was used in this research. Fruit diameter
(0.709) and pulp weight (0.289) respectively showed the most positive and direct effect on fruit vield. Fruit pulp
weight through fruit diameter had the most positive indirect effect (0.595) on fruit yield. Around the plant
showed an indirect positive effect on fruit yield through pulp weight (0.157), fruit diameter (0.392) and number
of branches (0.080).

Conclusion

In the present study, the trait of fruit diameter had a positive, strong and significant genotypic correlation
(0.697) with fruit yield, and it also showed a positive direct effect (0.709) on fruit yield, these two coefficients
can be considered equal, Approximately. Therefore, direct selection based on fruit diameter proves to be a
valuable strategy for enhancing fruit yield. The magnitude of residual effects serves as an indicator of the
model's accuracy in path analysis. When this value is substantial, it may be advisable to incorporate additional
causal variables into the model. In the current study, the residual effects value (0.213) affirms the model's
optimal accuracy.This research highlights the effectiveness of employing stepwise multivariate regression and
path coefficient analysis to gain a deeper understanding of the fundamental relationships between traits. It
underscores that relying solely on correlation relationships is insufficient for comprehensively justifying the
associations between these traits.

Keywords: Fruit yield, Path coefficient analysis, Pepper, Stepwise regression
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Table 1- Characteristics of the collection areas of 30 Iranian pepper (Capsicum annuum L.) populations used in this study
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install.packages("devtools')
library(devtools)
install.packages("'nime")
library(nlme)
install_github("reyzaguirre/st4gi")
a<-choose.files()
b<-read.table(a,header=T)
install.packages("st4gi")
library(st4gi)
install.packages("agricolae™)
library(agricolae)

corr.x<- matrix(c())

corr.x

corr.y<- matrix(c())

corr.y

install.packages("fastmap")
install.packages("agricolae™)
library(agricolae)
path.analysis(corr.x,corr.y)

Direct and indirect effect path coefficients
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Table 2- Genotypic (above diagonal) and phenotypic (below diagonal) correlation coefficient of yield and yield-related traits
in 30 Iranian pepper (Capsicum annuum L.) populations

NB L Lw PL PH AP NF SEW  FY FL FD FC PW
NEB 1 011%  007® 002%™ 04917  0487°  0365°  009° 0223° 0.18% 0152 0097  0269"
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ns *and ™ Non-significant, significant at 5% and 1% of probability level, respectively. NB: Number of branches; LL: Leaf length
(cm); LW: Leaf width (cm); PL: Petiole length (cm); PH: Plant height (cm); AP: Round surrounding of bush (mm); NF: Number of

fruits; SFW: Single fruit weight (g); FY: Fruit yield (g); FL: Fruit length (cm); FD: Fruit diameter (cm); FC: Fruit circumference
(cm); PW: Pulp weight (g); TSW: Total seed weight (g).
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Table 3- Stepwise regression analysis of fruit yield as dependent and other morphological traits as independent variables in
30 Iranian pepper (Capsicum annuum L.) populations
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PW 2.59 0.680 0.790 0.790 0.788 515.27*
AP -9.57 0.084 0.022 0.812 0.809 15.70™
FD -8.58 0.281 0.007 0.819 0.815 5.49™
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NB -19.63 -0.088 0.005 0.854 0.846 461"

Durbin-Watson=1.738
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ns *and *: Non-significant, and significant at 5% and 1% of probability level, respectively. PW: Pulp weight (g); AP: Round

surrounding of bush (mm); FD: Fruit diameter (cm); NF: Number of fruits; PH: Plant height (cm); TSW: Total seed weight (g); NB:
Number of branches
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Table 4- The results of path analysis using stepwise regression to determine the morphological characteristics affecting fruit
yield in 30 Iranian pepper (Capsicum annuum L.) populations
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ns *and *: Non-significant, and significant at 5% and 1% of probability level, respectively.
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Figure 1- Path analysis diagram of morphological characteristics affecting fruit yield in 30 Iranian pepper (Capsicum
annuum L.) populations
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Introduction

Iran is undoubtedly one of the most important and potential areas of fruit production in the world due to
having diverse climatic zones and also the existence of different cultivars and rich germplasm for many
horticultural products. Meanwhile, cherries are very important because of their good taste, high nutritional value
and short ripening period. Despite the relatively high production, Iran ranks 46" among cherry exporting
countries, which can be attributed to the non-uniformity of cultivars in orchards and mixed cultivation of several
cultivars, lack of attention to the incompatibility of cherries and the lack of suitable pollinizer, the drought, the
lack of availability of cultivars and rootstocks suitable for climate and soil changes, pest damage, etc. At present,
in Khorasan-Razavi province, Takdane cherry trees have not yield well, which experts have sometimes attributed
to self-incompatibility or lack of proper pollinizer. The gardener spends a lot of money to build a orchard that is
not profitable; Therefore, instead of cutting down the trees, it is suggested to do grafting and in one turn, to
replace the cultivars of your orchards with cultivars suitable for the region, which have good yield, quantitative
and qualitative characteristics, and are self-fertile. Top-working is a new approach to increasing the productivity
of old orchards, rejuvenating and changing their varieties. With this aim, a research was conducted in Razavi
Khorasan province over three years.

Matherial and Methods

This project was carried out in three regions of Chenaran, Neishabur and Torghabeh Shandiz and included
three independent experiments. After the growth of scion, the degree of adaptation and percentage of grafting
success, vegetative growth of scion, beginning of fruiting, yield, and economic evaluation were investigated. In
the first experiment, in order to determine the type of grafting and the cultivar on the success and percentage of
grafting, a factorial experiment was used in the form of a randomized complete block design in three replications
and each replication included 3 transplants. The first factor was grafting type in two levels (bark grafting and
cleft grafing) and the second factor was cultivar in three levels (Stella, Sweetheart and Sunburst). In the second
experiment, the evaluation of the effect of tree age and type of grafting on success percentage of grafting was
carried out. In order to carry out this stage of the factorial experiment, two factors were used. The first factor was
tree age at two levels (10 and 20 years) and the second factor was the type of graft (bark grafting and cleft
grafing) used. In the third experiment, the effect of nurse branch and cultivar on the percentage of grafting
success was investigated. This stage was a two factorial experiment where the first factor was the presence or
absence of the nurse branch and the second factor was the cultivar in three levels (Stella, Sunburst, Sweetheart),
used.
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Result and Discussion

The results of first experiment showed that the Sunburst cultivar with the highest percentage (86.8%) and the
Stella cultivar had the lowest percentage (64.3%) of grafting success. This result is consistent with the reports of
Soleimani et al. (2008) who found that the success percentage of different cultivars were significantly different
from each other. Also, cleft grafting had a higher percentage than bark grafting. Therefore, cleft grafting was
more successful at 65% than bark grafting at 13%. These results are consistent with the findings of
Mahmouzadeh (2012), who reported that the cleft graft had a higher percentage of success other than bark
grafting.

The results of second experiment showed that as the age of the tree increased, the percentage of grafting
decreased greatly. The grafting percentage was about 68% in young trees and 8% in trees over 25 years old.
Based on this, it is not recommended to perform branch grafting in old trees. The results of third experiment
showed that the maintenance of the nurse branch in the cherry tree does not have a significant effect on grafting.
The grafting percentage was about 78% in trees without nurse branches and about 63% in trees with nurse
branches. Based on this, it is not recommended to keep the nurse branch in the cherry branch.

Analysis of variance of the simple and mutual effects of year and branching location on grafting percentage
of cherry trees was significant at 1% level and it was found that the percentage of grafting was higher in the
second year than the first year due to the skills of transplanters. Also, the percentage of graftng success in
Torghabeh and Shandiz, was higher than Chenaran and Neishabur. These results are in agreement with the
findings of Mng'omba et al. (2010) who reported that grafting success largely depends on the skill of the
transplanters, is consistent.

Conclusion

In general, Top-working in sweet cherry trees is recommended in order to change the variety of the orchard
and also, improve the productivity of the orchard.

Keywords: Bark grafting, Cleft grafting, Compatibilty, Grafting success, Juveinility, Takdane cultivar
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Table 1- ANOVA (mean squares) for the effect of grafting type and cultivar on the grafting success rate of sweet cherry

cultivars
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Figure 1- The effect of grafting type on the grafting success rate of sweet cherry trees
(DMRT, p<0.05)
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Figure 2- The grafting type (left: cleft grafting, right: bark grafting) on the grafting success rate of sweet cherry trees
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Figure 3- The effect of cultivar on the grafting success rate of sweet cherry trees_(means of continuous two years)
(DMRT, p<0.05)
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(DMRT, p<0.05)
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Figure 7- Flowering and fruiting in the second year after top working of sweet cherry trees
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Table 2- ANOVA (mean squares) for the effect of year and place on the grafting success rate of sweet cherry cultivars
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(DMRT, p<0.05).
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Table 3- ANOVA (mean squares) for the effect of tree age and grafting type on the grafting success rate of sweet cherry

cultivars
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Introduction

Jujube (Ziziphus jujuba Mill.) as one of the invaluable medicinal plants, is widely used in the pharmaceutical
industry due to its vitamins, mucilage, antioxidants, alkaloids and phenolic compounds. South Khorasan
province is the most important area of jujube fruit production in Iran. Optimum supply of nutrients in fruit trees
can increase fruit quality. Calcium is one of the most important elements that can affect quantity, quality,
storability and marketability of many horticultural crops. Due to the relatively high amount of lime in the
agricultural soils of South Khorasan province, the amount of calcium in these soils is almost high. However, due
to low mobility of calcium from soil to plant, calcium deficiency is common in horticultural plants. Also,
potassium is required for cellular osmotic and ionic balances, electrochemical processes, neutralization of
organic acids, regulation of stomatal function, cell division, enzyme activation, protein synthesis, as well as the
synthesis and translocation of sugars. Foliar spraying is an effective way to supply nutrients needed by plants,
especially in calcareous soils with high pH. In this method, nutrients are directly available to different parts of
the plant in a short period of time. Studies have shown that leaf feeding with calcium and potassium can be
useful for increasing the qualitative characteristics of fruit in most products, especially in arid and semi-arid
regions. Nevertheless, little information is available regarding the foliar application of this element on jujube
plant. Hence, the current research was aimed to investigate the effects of foliar application of calcium chloride
and potassium sulfate on physicochemical properties and quality of fresh jujube fruit.

Materials and Methods

In order to investigate the effect of foliar application of calcium chloride and potassium sulfate on the
physical and biochemical properties of the fruit of the jujube plant, two separate factorial experiment was
conducted in the form of a randomized complete block design in three replications in two areas of Siojan and
Mazhan, Khosef city in 2022. Experimental treatments included calcium chloride (0, 0.5 and 1%) and potassium
sulfate (0, 0.1 and 0.3%). Fresh fruit was harvested at a crisp mature (white-red) stage mid in August. Data were
analysed using SAS software (ver. 9.4) and comparison of means was made with LSD test at 1 and 5%
probability.

Results and Discussion

The results of analysis of variance showed that calcium chloride foliar application in Siojan garden had
significant effect on the physical and biochemical characteristics of jujube fruit. So that the highest fresh weight
(4.07 gr), dry weight (1.89 gr), length (29.11 mm), diameter (21.52 mm) and texture firmness (18.81 N/cm?) of
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fruit were obtained from the level of 0.5% calcium chloride. Also, the foliar spraying treatment with 0.5%
calcium chloride had the highest amount of carotenoid and total phenol in the fruit. The highest amount of
calcium and potassium in the fruit was obtained from the level of 1% calcium chloride. The effect of foliar
application of calcium chloride on physical and biochemical properties of jujube fruit in Mazhan garden was
significant. In Mazhan garden, the highest fresh weight (3.9 gr), dry weight (1.37 gr), length (28.41 mm),
diameter (20.91 mm) and texture firmness (18.61 N/cm?) of fruit were obtained from foliar application of 0.5%
calcium chloride. The highest amount of carotenoids (0.443 mg/100 g of fresh weight) and phenol (9.53 mg of
gallic acid per 100 g of fresh weight) in Mazhan garden was obtained from the level of 0.5% calcium chloride.
The content of calcium and potassium of jujube fruit in Mazhan region was maximized with the application of
1% calcium chloride. The results showed that the application of potassium sulfate in Siojan garden had an
significant effect on the physical and biochemical characteristics of the fruit. The highest fresh weight (3.63 gr)
and dry fruit weight (1.89 gr), length and diameter and texture firmness of fruit was obtained from the level of
0.3% potassium sulfate. Also, the highest amount of biochemical indices of jujube fruit in Siojan garden was
obtained from the level of 0.3% potassium sulfate. The interaction effect of foliar application of calcium chloride
and potassium sulfate on fresh and dry fruit weight, fruit length and carotenoids of fruit in Siojan garden was
significant. In Mazhan garden, the fresh and dry weight of fruit, amount of carotenoids and total phenol of fruit
were affected by the interaction effect of experimental treatments, and the highest level of these characteristics
was obtained from the level of 0.5% calcium chloride and 0.3% potassium sulfate.

Conclusion

The results of foliar spraying of calcium chloride and potassium sulfate in both studied orchards showed that
these treatments, both solely and in combination, had a positive and significant effect on various characteristics
of jujube fruit. So the highest physical and biochemical characteristics of the fruit were obtained from the
simultaneous application of 0.5% calcium chloride and 0.3% potassium sulfate. Therefore, Based on the results
of this research, foliar spraying 0.5% calcium chloride and 0.3% potassium sulfate can have an effective role in
increasing the quantity and quality of jujube fruit.

Keywords: Foliar nutrition, Nutrients, Quality, Yield
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Table 2- Physical and chemical characteristics of soil in the experimental sites

Siojan- gyl gaw
) Colia Uﬂ oslo ) .
J_L& Ges Sk wb s Organic andS’ ey Shwd QI9r
Soil depth Soil s matter Ca_1 K . P . (E\l
(cm) texture (ds.m) (%) (mg.I™ (mg.kg™) (mg.kg?) (%)
0-40 09 9.57 0.58 22.1 280 8.02 0.029
40-80 s (o) 11.7 0.33 26.4 250 6.5 0.016
Mazhan- ;L
. Colia Josle . N
J_ls GBos Sk wb Sl Organic < dS aelty Y 39r
Soil depth Soil c matter Ca_1 K . P . (!\1
(cm) texture (dSm) (%) (mg.1") (mg.kg™h) (mg.kg?) (%)
0-40 09 2 0.42 5.45 270 7.9 0.021
40-80 s o) 6.5 0.18 14.29 220 6.12 0.009

odS 3 IS e s iy cpl 43 bl ol 1Y (2010
Y 5 Y o) oty Sl s 4 (303 ) 0 i)
0P L) by Slilgw 3557 a8 485l )3 Clie gl (a0
deST o)y pleend &S 5351 Gimagy (nl )3 (Bpas (10> WA
OXY 5,5 51 (103 Y o3l L) oS 205 355 5 o)
3,5 4 15 5ol sasie YU
CS 0 dw ol )1 ya uwloﬂ sl by JBls 4 olp
JRRAESLYN Leos 5 S5l o 3 VY IS bl odg
2 peelS )8 (8L sl Glles il QL GlL IS

8 glaSol sk aly p Jo)eSh ©jpon Hiagh ol
)l Jold adlllan 5)90 (slanjlos b plosil )15 dw b (B3l
ULOJH 9 (A_Ao).) ) 9 -0 c()_bﬁ.o uT) A.bl.w) E.Ew dw D M
O )ygod (M)n) Ay 9 A c()Ja.O.A u]) AAL») C.Ia.w dw yd WLD
e 2 VL 5 clie (yye & g b il 5l ol
2 oty Sllgus g S )18 Bl Jgloee Zsbaws e o]
9V U o Cpo |y S 0,8 G pne e 13871 a8 0gue s o
u.:9_> G:l_?.: 9 .,\3.)9.3 oald )‘)5 oy [ l.s).o..o O W“""L" ul.ojs.w
Liu, « Ghesmati et al., 2017) 1555] cuwdds digoj ol o 1,



VoY 3aals o 03od PV alr (53,958 qulivn 3 pole) Sl pole 4 pdi YV

o9 Sd 9 009

P clis ogee SIS g 5 )y pibly 4325 @l elul
38 o3l S 5 o (g foisinn oot ofile 5 s £ 53
PlptaSen o (F 5 ¥ Jgio) €85 )18 puly Sldgw 5 ends
35 ie i 5 B 5 o 3 35 el Slidg 5 sl 1,18
9 oS A )1 0oy /B (3L Jgloea (¥ 9 T J9i2) 392 )l gine
F 055 dod Ve F g WY Lol Canw ol Sldlgas dus > /Y
95 0l9 she Mg VA Gl g plagew EL 13 0gme SIS 4
(A g Y Jgaa) ad sl 4 o lile EL 45 naee Sis

Ghesmati et al., ) o}lSen 5 od by 2o b
it g S 3,J5 elacSas by sl Jsle 05 L5 I35 (2017
o) 00 0y (1Nles 3 Sy ine J1 (30)3 Vg +/0) S
Saly (gl me BMA] el diges b b jlew plad 5 cuily Glie
b7 S) 5 sl o8 lie agee iy LI 35 cixe gl
Al-Yousuf and ) a5, ()55 padS 5,187 5L Jgloee 31 5o
Yiain] ogse 05l )3 pandS 4,18 25 (Al-Masudey, 2007
Otali 80 o] QB L g ogre 4 Sy 5l ol gy S Jlisl Loy
oy (305 polie g ddy) (Jolow sl (1590 Saddn
(Rounhi et al., 2015) »4.

s (99 ] 0ge0 D) pow 9 pod dl>po (bl (S 2 p)8
OhSen g 5350y .(INglese et al., 2002) wis ogu0 035 ()59 Sgupe
Ol g pawliy slaSas 55,5 45,155 (Resterpo et al., 2008)
Db g ogee oIl (I8l el (liy )18 5 ety

Singh, ) 55 aaled i ogee o3l Liul3al ail yuin S o
(2002

o530 sl 9 Jgb

gL 93 ya Clis ogea ylab g Jsbo Shalofl pl @l & 405 L

5 S 2018 b Jo e e 3L ot () sine yoboy

9 meeedS )18 blie 51L(F 5 ¥ o) 8,5 )8 pslty Slilgus
(V' Jga) 4 ) gime lagew EL )3 09s0 Job 2 by Slilges

1- Bambawi
2- Zaitooni

G5 3 S g i 93 (b oge gl Ay 4l pe
G 52 ipgd Cug 9 (5 pled dl> ol an 59, Vo) VN YIVE
Sldas b pbol (S plos 4> po jl dmy 55, ¥+) V¥ V<YV
G 9 K g g 93 (b el il 3L Joloxe
dos jg) Br) ogmse S5y et £9pd dloye L lojen AFV/-Y/VO
L glejom OV F1A o)l 53 ipgd Cugs g (5 plos al> o
S (S5 plos s po 1 am jg) #B) 0900 @ oo 10 plosl al 5o
ot 3 JB ol g Ll 55 ol s (B Jslne by
5 oS g 10 plonl 5 g plod (A s b g L]
Sl ol (6585 dlsyo 3 9 VF eV olo Doy Yo 2oyl 40 Waoges
Gl gy J) g Loges 05 Cudlyyy C8 )3 b Cilises (olbCanud
535 0ig Jolb oge (Sujed Sliogad 5 it slRislel 4
Lo Shy (rize g oge CBb (i g jlab ¢ Jgb (Sis
5 medS (S 58 ctiiteol Jg-lome sl Slgn Jol ot
A5 6350l Clis ogee iy

(LINEAR, 49-923) Jlioe> LulsS bawss ogpe lab o Jsbo
L (KB120-3N, Germany) JLious (59315 b ogee 5 (459
039 e S bl (ko 9 10,5 (g pSojlul p)S o0 0N >
S (g 5 ySojlul S 00 dplne 0ge jad g Jsbo 5
Celio VY G 0,8 5l a0 Ve (slod b sl 3 050 (cloogee
o) bawgi 050 o (Doleh et al., 2010) sus s
e e 90 S's5 Ly (FHT 200, Extech CO., USA) jiog,i
Wb )5S @y el y (1998 e 2 9 A5 ploxl

i) yiog S 48y il edlawl L Jgdome dols dlge (g S0l
5 4oy e o (RF10, 0-32° Brix, Extech Co., USA)
Metller ) Jisus yio PH olKiws dlowg 4 ogee o (gl as p
[0 35455yl G A5 el (Toledo, Switzerland
9035 bole oy A gl il oo Ve bl 0j6 0ge 5l p )5
Gl g odd out il y5d Yoo v 10 ddBD O Cdedy Juols Joloe
oS> gy y2ogls FVe ¢ SEVIY SYSIA lazgo Job ,
e s g (Lichtenthaler, 1987) s dl,8 jiogud g xSl
S osliiwl boge JS' Jgib plise 8 Ol 5 039 )5 Ve S
b S0l ptegidg yiSeul Alwgasy g 9w (58 Bye
Voo 3 SIB ul p)5 e cs 5 5 (Chuah et al., 2008)
S ploguSlaS (o) d malS (je A )15 5 g S
g b (5 S 0jlal yiog i oald ol b eesliy 9 (gl 55)
(Lietal., 2007) a5 ol 2 3 p,5 oo &0

o y:Silee dusliio s SAS 9.4 (o)l Jl58le 15 Lauwgs (g lol U]
3 plgl 1013 0 Jleis] e > LSD 05l b



=

i olis 090 (2 louign 9 (59 b Oluogas p pwwly Ollgw 9 pundS W 5 b Jodxo 13U ()02 g (guos]

yvo

*KjaAnoadsal ‘8oualaglip WLIIIIUBIS-UOU PUR 04G ‘T 10 [9A3] 1UBIIJIUBIS 1U8SaIdal SU PUB .y ‘x

S s € s P (6 el 3K o5 6 oD o oo < B € AR oo Mg
. . . . . . . . . : : (%) ‘A0
09'9 6T°ET or'9 TE'8 96°¢ LE°L 56 81’8 GE'9 10T T9°0T - ot | (cfm)
TE!
00€0 €070 88€°0 T000 ¥90°0 9¢'T 1G°C 8G°¢ 81°¢ 8200 JXAN) 91 -

(%) YOS %(%) ¢ 108D

«9¢0°0 «600°0 «080°0 L0000 €00  ¥P00 0820 «0€9°0 W07, L.00T°0 L1770 14

D e e
. . . . . . . . . . (%) YOS
AN 970 .96°C L9100 V€O L.CL'S w62 8'9€ ~7CC ~0090  L9€T A -
. . : : . . . . : : (%) ¢ 1080
LS6'T 5960 “7C'8 1800 1,920 L0€9 -8 TE 0'LS w97 2990 96 A P g
. . . . . . . . . : : uopedl|day
u€06°0 ,2CS°0 J10°¢ L7000 9000 SE'S 096 «ub6'8 ~L€C wCS00  a92V0 Z (¢
(M4 6 001/
(ow) — (/Bw) T e (M W sSL  (uop) (U o (ww) ®6)  (6) ybram
wnisenod  wnioped 6 ootT/Bw) Jaewelp  yibusg 1p UoljeLIeA JO 92IN0S
Bw) jouayd G s b ssauwII4 wbiem A1g  yseu4
Hnu4 Hnu4 Splousue) 14 1.4 i (e (o R (o
ey . [elol . Al Ger o) 3 . S0 o¥e (0L o360 g
e 6o Mﬁ..)b_ 6o mlmﬁ MA) b?{mm}; Sl o ij o

uapJeb uelols ul a1eyIns
winissejod pue 3pliojyd wniofed Jo uonedijdde aeijo) Jo 19948 ay1 4epun 1nuy agninl jo santadoad reatwisyd pue [eaisAyd souellea Jo sisAjeuy -€ ajqeL

o6 - 05t 6 oD soboim RS 6 v o o o g gl g € b mm Iqev of 43 v H {0



\AZ4

VoY 3l o3lod Y il (53,958 qulivn 3 pole) Sl pole &y p

‘KjaAnoadsal ‘8oualagyip 1URdIIUBIS-UOU PUR 04G ‘T 10 |9A3] JULI1JIUBIS 1U8SaIdal SU PUB .y ‘x
SU s & 5 77 LD ol 3 o € oS <€ oo oo 0 € B2 cCor o

. . . . . . . . . . . (%) ‘A2
509 L6'6 oT’L 7’8 LL'S 00'6 9.9 989 8¢'6 89°0T vLYT - ot (e (el
Z1e0 ¢50°0 ¥5€°0 60000 8v1'0 G180 8T'1T 9T 99°¢ 9100 €ve0 97 ;Mq;su
: : : : : : . : : . . (%)
6700 «S00°0 SPT .£00°0 «uG¢0°0 6200 w€TE0 «092°0 «uBL'T L6500 L6LL°0 14 1052 x(%) ¢ [98D)
DT e
807 «~7€0 ~CB6'S 93100 €000 sul¥2’0 ~09°L VA L €9 7120 -3T°C [4 (%) OS2
T e
_ _ _ _ _ _ _ . . (%) 10D
W76'C W3L7°0 ~B87CT «180°0 ++866°0 wETT ~8'9¢ ~B6T e LET ~0VC0 W8T [4 s
uoneoljdey
u99€°0 wSCT'0 V8¢ 000 610 V'8¢ 997, 069 «09'9 su¢00°0 «u620°0 4 ¢
(M4
(1/6w) (M4 (ww) (ww)
wnisenod (1/Bu) 6 00T/ proe B 0oT/Bw) (%) sSL (z WoN) Japwelp yibus| (6) (6) 1yBram 1p UoITeLIBA JO 92IN0S
wnioed yni4  1jeb Bw) o< (v Sssau4 wbram A1q  ysaud
un.4 o splouspe) e Gev o nni4 nni4 ) (e (6 R
o g 6o JOUBYd [e0 L i - - GO e 6O o |
J..—Q!.P_ 6o ﬂ««_) MJ\J bﬁ?«uw)s mq_.« o Qﬁm_) 6o

uspJeb ueyze
ul 81e4INs winisselod pue spLIOJYd wiNIded Jo uonedidde Jeijoy o 198443 syl 49pun 3nJy agnin( jo senuadoad [eatwsyd pue [ealsAyd saueliea Jo sisAjeuy - ajgeL

b 3- ol e sobofm RS € iR o e pon g e € b mn e o€ 4 90



=

i olis 090 (2 louign 9 (59 b Oluogas p pwwly Ollgw 9 pundS W 5 b Jodxo 13U ()02 g (guos]

vy

‘astuo
paseq [aA3] A1Iqegold 94G Te 1sIaLp AjURdLiIUBIS 10U aJe JaNa| aWes 8yl YA SUBSL SYUBLWIRa] J9ZI[1La) 8U) JO YIea Ul pue uwinjod yoes uj

o€ 7l mE0 6 oC ol B P @ 05 A |9 el B < v o K e (A7 g o R (o7 @ oo e e

eGy 0T ©99'¢C eZ0T eTEV'O B €S9 e 999 eT9'8T eT16'0C eTy'8C e68'T BEOE €0
q8.L'6 gegy'¢ € 08’6 g 16€0 gegy'9 Qe y.°GT q.69T qT0'6T qec qGg9'T B y9'E T0
3606 qe¢e q80'6 IPPE0 qT1¢9 q/0'ST 26T 3/89T I¥'8T Aer'T qT16'¢C 0
(%) YOS
3«30 33..&
eyT0T ©9/°C qG.'6 q/0t'0 e 679 e 2997 qT1.9T 06,87 qc¢L'T¢ 9891 qoce T
B 166 qeve € 9907 eELVO e 67’9 e 76'ST e18'8T B 2G'TC eTT'6¢ ©68'T e/0YV S0
qS¢'6 ITT'¢C 26/'8 26820 q6T9 qs6'vT 290°4T 69T 3¢0'6T 36€T 36/°¢ 0
(M4
(1/Bw) (1/Bw) (ww) (B)
wnisenod  wnpopeo  .00%/ PR (M 00T/0u) sst TN puep W s (g (%) 2 108D
n i 211eb Bw) splouaye) o e ) ssauuI4 " yibusj uni4 £ BIaM USaJ g i
g MM oueyd ol geeker O i A A S L
...ﬁq!éq.‘mo M_.iz.aq.‘mo m&_)&) ’ : .m..qﬁ«olma m«ﬂqd.#vJ 60«

uapJeb uefols ur ynuy agninf jo sanusdoad [eatwayd pue [eaisAyd uo a1eyIns wnisselod pue apLIOjYd WiNIoed uoesijdde Jeljoy Jo 19843 -G s|geL
06 0 1€ A 5 g € b e K sobon o RS § e oo s of 47 0



VYA

VoY 3l o3lod Y il (53,958 qulivn 3 pole) Sl pole &y p

"dS] uo paseq [aAs] AljIgeqold 04G Te 1usIaIp Ajjuedljiubis 10U aJe Ja11a] sWes ayl YIIM SUBaLW SjusLuleal] Jazl|1ua) ay) JO Yoes Ul pue uwnjod yaes uj
o€ @l b 6 oLl B | oS 605 AP |9 <vig” B < v 9 K o (40 qg of o o g <o ey e

e 0T egyz e/T'6 e T0V'0 ©g89'9 e gTST © 9897 ®/T°0C egee eGET e6LE €0
0968 qeene aTy'8 aT19E0 ©99'9 © G0'GT ©g8z'9T q.£87 48502 aTeT eIye 10
av.8 4602 26G°, IYTE0 ©G59'9 e 58T 090°GT asy'LT 98621 0T az8e 0

(%) YOS?H

b el
©Z8'6 BEST q9v'8 a./€0 ©9/'9 e 2197 05297 e g8l a+50¢ asTT avee 1
a1e6 a.22 BES'H e ey 0 e 69 qTsT A © 80°02 /52 e/e'T e6'E S0
0,98 q.02 29T, 95520 a629 9/8°€T 2921 qTT’.l 96291 9507 2617 0

(1/6w) (1/6w) (M4 6001/ (ww)
wnisenod  wnioed  pioe o1eh Huw) (md 6 0o1/0w) (%) ssL (z W) Japwelp (W) (6) 6) (%) 2 108D
: - U SPIOUBLED <y s : Sssauw4 ; yibusj unu4  ybiam AuQ ! ..
uni4 uni4 Jouayd [elo (i Alc Gov i uni4 ; - WhIeM ysald  gear g
i) o o SPeey e o4 [ o HO e 6o«
k| o g e o s g’ oo {8y
uapJeb

ueyze| ul ynay agninf jo senuadoad [eatwsyd pue [eaisAyd uo ayey|ns winisselod pue aplaojyd wnidjed uoiyedijdde aeijoy Jo 19843 -9 8|qeL
S8 L | xR gl g € b e K sovbo i g AT € oo 0¥ s of 73 o0



Yva  Lole 090 (ot lonign 9 (S 3d Sleogas by Olilguw g pudS 0y 5 00 Jolxo ,..JL R e PrRved)

Cbl (i Glie cp it Glgm Eb D paly Sl 4o
e 058 L8 o g (@0 po Bl 2 (9598 YY) 0e
2B Jgiz) el 1) S de Cdo (mye o lo 2 (9595 10)
5 (are ;e Bl 1o (998 VIN) Cnyidin i iy o3l EL
bgrye 090 €8l (b (@ye o sl p (198 VO/+F) (328
7 Jgi) 292 30L5 5 sy Slilgus b0 /T (slalows 4,
ubLion 9 Ua.o_mﬁ WL")] CJL) ) o,\ib)f u»)l)f 0940 cab
- Sad bl Jelore b ixe yil Sl (Ghesmati et al., 2018)
Cdly (Hha Olie (il g 09 Sl ogee (b (cornlS (sl
5505 dulojl 53 i Juols doyd +/0 muandS 1S Lo 5l 0gee
236 Clie ogee L (b (ol Bl o ol 255" (SBL Jglne 5
Yousefi et ) o,Len 9 2w .(Zeraatgar et al., 2018) .
g ylids > peudS Uy il ol oS w387 5,155 (al., 2015
sl il el Jpame cuilyy jl L calise sla e
Ol Lo ey 25300 £ pSler 08y 31155 oge Cuslies
..\_ui)s u.))f JJS).) M C»v:)l.))-" )l B Ju.‘? )){)K as A 0
Souty) cusl 3o oame (tw inlil 5 uals LialS wawe (S,
9 Lf‘?l-“" D)‘H.) rﬁ&o—w] qv_w.lf u».CJ RY e (et al., 1995
FSi Bk Sl eedS g sl slid (kg plonad] Lads
ok o)lnd ol 3 Sl ax 0y sk 0)led b eSS
Fallahi et al., ) cwl $5 0 cdl plSouul 5 2o )38l
slaog, 5 g Laclewd 3l Koo b pudS 150 e (1979
o 43l gl (o SS9 g9 ardgind OMS')S
(Vissente et al., 2005) 35 0 slic plorusl 5 55l00

Taha et al., ) Wiy de0 1) dgme (ool sl LS5 5
Calvert and Smith, ) J&, soe dbw y eewly 3l (2014
odd 5,55 50 (Chapagain et al., 2003) 55,5 4565 4 (1972

Sl b Gl el il o Gimg cpl a3 a5 ol
(5,9) Soitilgyrn JLid i 4 bypye malty (2L Jglxe
cel ol owinen J(Lester et al., 2010) wsb o Joho
d9di s (ol 0)ld 53 S Bl g 0gee 4 a3 JU] g

J(Abdel-Hafeez et al., 2010)

Jao wola vl ge
251 byl 5l Sl e uibyly 4556 5l osel Canday guls
uL&byﬁJslm.\nlb- Dlio)awlu UMWQMJJAbeL»
o imen 1 omedS 35,18 03l S1(1 J312) o g
Joscs) coils (o)l e il lile Eb s Olis ogee Joloe als
i by gime bjlows ilie j3l 5 pueolty Ollgus odlw y3l ki ya (¥

- e YOIVE) ogi0 Jsbo oyt 45 ol L5 blize il b
G PNVIR USSR I | GRS L S VRN VSR R /A T Fyg [N N (VN
2 (e VOIAD) 090 Jobo (3328 5 (g €L 53 mamliy
(Y Jois) wis saline aald oy

- oo | 5le £l 53 (e e VYOV oge Job o
ol dsle (7 Jgiz) dol oty S’ 2,18 003 /0 L
=Gl VYY) 0gee Jsbo cn pider &1 ot by Sllgs o> Y
9 Olrgew £l )3 ogse jhad cp iy (7 Jga2) 28 Jile b 5> (2
oL Y /e A g VVOY oS a ) i
ELs 53 0ge a8 (3 ieS g a8 IS Aoyd <10 (L Jgle
Wl jles Sl (e lee WY 9 VY s 5 ) il 9 ol g
e el ol (5 50 J3n) ey (b Jsbro p)
3 o9sm 18 (i 45 3l 5 gty Sl (3l Jsl
s byye (oo VIOV gl 5 (sincon Y13) g
(7 90 Jgix) 592 by Sldlgus a0 )3 <Y Jlos

Solhjo, ) ¢ o ol b islejl opl 5 odel cowdey guls
Ol w doyd /YO b Jslxe 3)S" Ly a5 3)b cdsllas (2015
o 090 J3b Jial3 8l G oS )15 003 410 5 el
Hegazi et al., ) l,Lea 5 (b 25 0 1ald jlas 4 o
D352 o0 5> (5 2 b sl o 53505 S 35 (2011
dald 4 Coud (o)l xe yabod s 1y 050 lad g Job el b
poeslly Al S50 0900 25y Lal)B )3 ndS g ool 0> 2381
e o L5 iz 9 Il e 1 155 3k
690 b)_gJ.o.c 9 ol uwb_‘il Cow umbf Ay dLmoA;SM.\é.b"
s ]38l 5 )b 5l welS” (Lalonde et al., 2003) g oo
5 b gl ely Johoo g5 & o JLisl J oSl 5 Joko
s9s0 (b sk el Wlgs oo sl (5l 9 93,5 o0 ok A3,
ys=2> o ( Marshner, 2012¢ Sharafzadeh et al., 2008) 4.
g Fimgid 121 50 Lagl ;81U & deg b IS g Slilg sl
ol g s 31 a3l g 39000 cacl Wl o LS9 L
e ol 40 a5 (Solhjo, 2015) 53,5 sgue ges g Aby dul,d )
23,5 (oo Slis ogee Jsbo ]33l &

0930 CLy deu
st 1 prly Sl g a8 )17 (8L Jgle 03l 51
YAAYY o g $ 30 090 Bl (aw (yl5ae oy i &S A
(a2e stosibe 2 o395 WIV) Of3le g (@20 yio sl 2 (5
Obrgmo €L 5> ol (25508 g eandS 1)1 0> +/0 e 4 bgype
= 09598 VIVE) (lile 5 (@e yte sl 1o (19590 1O/ +7)
Yl (F 90 Joix) 29 a0l jlas 4 bgye (@pe ol



VoY 3aaly o300 Y alr (53,958 qulivn 3 pole) Ll pole 4y pdi YAS

et elS 215 ook 1105 e B3 {1 Jpi2) 39 e
sl 42> i (F i) 05 )l ine ogee Ol (gomsl 42>
9 aelS 118 ($/¥) )3 +/0 9 ) Hlows )3 logaw EL ogee
as ) Sl (0 Jgis) el cundt aals jled )3 ($/V4) oy yieS
iy doyd /Y daws I (FOF) (ylguw Eb 4D ogme o (gl
Aol Cwddss Jals Hlad )3 (F/YY) (ot 43 )d o yieS g awlis
Ol 4 090 O gl 423 0 5V of3le EL 5 (0 Jgi)
\ )Wb&ng}_‘obwﬂ&fl{u\w}) ~/(b )Lo.gp?/‘\\‘
(5 Jgs) cuslss sylol s e OS] as )

doas )l s JoS)ge cudyd (puSid (0 53 (Jobw o0 PH
Oty b > Blge Bl aial ol (08 3031 g Loy
PH Liol58l ol JLos 4 g assul olie 55 ialS 6 7,LS ogao
oS 1 ,IS 56 (Azam et al., 2006) a3 o ¢y ogx0 A 5
S )bLS_';M Ao yd I JLM‘ (":.‘a_u) Bol )l_)l 090 pH ul)_a.a »
el oS 1L Liogso 3 PH olise LinlS sl aS g poboas
©lsS (63 ) B9% 4o )3 g il (B OlsT Wy s
oS > aial (clasuwl g la gy dadudsind plgd wgme yiuw,
ey 130 5Ll o 3B 4 1y ogre e 5 gl 4o )3 5 39800
2 S olapile o banlp (ilul b 4 b edS w0
MW‘ uw])ﬁ‘ )1 d)j9l> p&b W ° dls)}" 0gu0 (ydumw ) 4\1>).a
ceilae bo Lol ol L 45 (Rouhi et al., 2015) 545 o0 0ga
Sl

U335 56l aliie (ol > (Nojavan, 2015) ol s
roliy Slgas 31 )5V los s bogape PH (o ki 45755
Wl jlas 4o borpe PH (p 58 5 69y Sl ) pp SV 4
Ol 38l 1y PH el ool 381 a8 Canl odid (i)l55 piomad g
BBl 3,958 085 )95l 13 1) gl s BB el Zobaw 9 a3
ey 45 313 3425 55 5,158 (Morris et al., 1983) sas .o
A3 e il Bl el Gl Sy S5 0900 (1950 41 2L iy
Delgado et al., ) 35 0 PH iol38l 4 yoie o2 32,k o0l 3l g
(2006

Al g yls
Hlowzes (PS4/)) peoly g 5 eadS 215 0l 3l
3y9 £l 93y 090 1355 (lise p (PS++0) bajles Jilite
2 090 3595 (lise cn 5VL (Y 5 ¥ o) A )l dne adlllas
EAY) Ghile g (036 Cijg £S5 Ve oS e +1OYY) (lagen EL

2- Ziziphus spina-christi

(123 VPIEY) (g EL )3 Jglone dal> Slge 3yt (¥ Jo2)
g 3l Candds S 1S 1o )3 ) lawd 53 (10 )3 VENY) lile
Ol 5 (4o )3 VF/A0) b gew b )0 Jaloro dal> dlgo oy jieS
Ll (5 90 Jgin) o ssaliie sald e ;5 (o) VW/AY)
L > Joome aola dlge 1y el Clilgu 1 (S0ke duslie
dols g o i (o) VPIFF) fp it &S o LS g
Slosi 3 sle (3053 VO/Y) (S g 8> /Tl > Jole
(0 Jgis) tel cunday (yao) anlis

dlos i (Ghesmati et al., 2018) -, Se g  owd
9 ) S )15 osd Jlad gloogie )3 Iy Clis ogee Joloxe dol>
ol (slaogre )3 Jodone delx dlge line (oS g 20> +/0
3 35 s 090 Jsbona el Slgo 2 i 3,5 G155
Azadi Bougar ) sel cundds medS 1,15 00,5 /0 5L Jgloxe
Jolone dols 3lge (is158) Cuw oS .(and Gharaghani, 2017
(Mao et 3950 Gl ogen (5)55 o) CuieS 9 (e Jl381 9
&y ose 995 9 35y Jsbo 13 &5 (aliesd yuiS (ke A1, 2014)
Jotoe dals dlge Cuwl Jolowe dals dlge (glgivte 1> ot wad o
otal 381 ol b SRl Bl s dlyo B M ogre JSU5 o ]
Oli=e (Azam et al., 2006) cwl yiiuw g0 5y dls po 3l
Slge limse o jiwstd bl b osiius b)) Jslxe dols dlge
315 09 a5 gl 4 laaid JLasl iwgs 5l ol
=5 sl i1 5 Yleisl oyl by (Khoshghalb et al., 2013)
Siiaogts ise o 5 & 5 418l GBI JedlS e S 3018
2 S piar Sl S dlge geos 4 axie Coled 53 g 0dd piy
- oo 0350 43 o] Blgo 5l (£ iy o oo Blaie 4 65 ogue
Sy oo Jolome dals dlge clale )38l el 05 digh 4 &S A,
(Salukha et al., 1974)
Jols dlge il 5 e ple Gilejl ol @b b
Tehranifar and ) Ul ol 31 0 Jslxe
Hafez and El-) J&, o (Mohammaditabar, 2009
dol> dlge e mul38l cde 55,8 5,055 1, (Metwally, 2007
Bl Rl a8l s ol & Sl by ) 3 Jobne
Gl by (i ed i3 oo Rl ) Srangid G maliy
dgo e ial3sl el Wl o 43 (6535 )b g 3ST Wgl (615 ,L
.(Tehranifar and Mohammaditabar, 2009) 54 Jsloee sol>

03:\.497‘5.;.‘““ fda 4o

5 el 0018 03l (31 s e WU Sl bS] ol
&l_» ul_».c 090 u] LSM‘ 4_?-).) - (pS‘/‘a) rv-A—WL-’ uLOJ}w

1- Fruit Set



YA Lole 090 (ot lonign 9 (S 3d Sleogas by Olilguw g pudS 0y 5 00 Jolxo ,..JL R e PrRved)

595 (15 iy poS Voo > SIB al o, 5 (Lo V4/A9) S
£S5 Vee 53 SIS el )5 Lo 0/3+) IS Jgib ol 558
(A Jgiz) dol cosday anli o )3 (5 039
st el lsgal VIt ol il 58b b S
Slompl ol g 86 b S izean 2980 J3id OS5
o b S5 sl sl Jans] s 5 asesly
o 2 g 039 atuly S e &y oyl sl iiSTy 25
55 (Teixeira et al., 2006) siwn )i 151 Jod ©luS 5 zesw
b Jelore &S sl 0ol lis Cliass Sy gl bl s
Cls 3 g SlSy i Gl e S 3K
Sharma et ) “ids> Jbg,” o8, cuw (Ghesmati et al., 2018)
5 (Khalili and Naseri, 2016) "5 5," 8, JuLs al., 2013
24 0 (Ramezanian et al., 2009) ,ul

Ol ety slas Cov (Jgid Gl 5 aljl cde 390 5
ol jdl el aons 3 g old iulial ]y olS ) bty oS S
o (Bl ()8 et Cledy g 09 o0 (s igd Slge Mg
b (J9 SlaS 5 Gl comge SeoSd dl e
ey &8 ol ol coll 505 )b 51 (Nguyen et al., 2010)
s 33 638 31 8 SWlgel Wi 3 clleb 1381
smse Gl i LS 5 ol ol Asilgy Juid
sl iagh b imeh opl 5l Jols gl (Soares et al., 2005)
9 Jo—8 ClS 5 Gl lali—8l b (e iy
Inglese et al., ) ;o0 5 el ;o 1,0 JS ol 5
y5—l g (Anttonen et al., 2006) 55,8 <5 (1996
Zangeneh and ¢Nojavan, 2015¢Mohammed et al., 1993)
sl guned (Rasouli, 2017

0920 psuliy 9 paculs
ol Olagw g paanlS 0 IS Gpno b S 0l ol ol
S e peboan EL 93 yp Clis 050 malty § pudS (e
oy 9 meenlS l5e 2 Bjlod Jlite il ST cdly o8l
Lo Sibe duglie gl (F 51 Jgi2) Cudlts (5l sxe 56 0500
P ke VIVE) (larga 1 )3 ol (e VL &5 0> (L
el 208 0053 Y s 51 (5 53 )5 e V) 3o g (3 5o
9 (= 5 S e YINY) (g 1 53 S e (528
90 Jgdn) tol oy aalis jlad 31 (2 ) p)5 e Y/4V) (5o
2 o9 el (s VL (S0ke duslie ol 4 425 b (7
Fo=d 2 )5S Hee YIYA 9 VIFF i 5 ) (file 9 g EL
b oa3ls ol Oliee (n oS g mawly Sl do)d +/Y o
e 3 (2 )3 £S5 (e YIo4 5 VIV s 5 ) il 5 (lo g

5 el )18 o3 /0 e )3 (035 0yjg p)S Ver eSS ke
L2 )3 090 595 (e (250 g el Sllgu 8oy +/Y
IVY) Gfile 5 (o35 Cjg pr5 Ve e S /YY) (o g
V Jsiz) a5 esmlio sals las ) (036 ijg p)5 Voo p S o
A

!y p L (Ghesmati et al., 2018) -, Sen g o
Olie ilidl el pudSh IS o yd < /0 cldale b bl Jeloxe
Ol Lilidl el JUary cciby jl Ju8 azan g0 ewwlS
= 09)e (Barry and Van Wyk, 2004) 54 o 0900 0355 )8
ielS )15 5T o (58 a8 035518 (slgime (I3l ¢
5 359, S (Kazemi, 2014) cowl sads (555  piisee bawes
) 0gse S5 45 Miwd (g3t (l603ST) dlos I Judg,lS
U L padS o 8ly )3 098 0 18595 e (I3l 5 b IS
3o il 33l 1) ogne 4595 (liee (59, Fiw e ) Cuo
(Singh et al., 2012; Barry and Roux, 2010)

Khosravi, Meshizi ) jsdeic pw g (¢ judo (g md guls
aS ol i b (g5, o (and Sarcheshmehpour, 2015
oy 9 a8 S 5 b gy (5L Jglone 933, 0900 235518
A Cund o P AY 5 ¥V i s |y WS )8 jlade Hlia 0 Y 4 )
Iy ogse (9 8Ly Hlade LI585 cpdiore (S ol (iol58l aals
J(Jifon and Lester, 2007) wals (5,155 polty b Jgloxo

Js Jgid
g g el 2 IS 03l 1 Galesl ol b 4 g L
b b sine g b Clis ogee IS J9id  (PSH/+Y) iy
o3l 31 35 o e €l 3 s ogee IS 58 (Y Jsi2)
Lajloss Jolite 31 g (PS03 ) el ©ldlgs 5 ousdS™ 018
1 0l acglio (¥ Jgiz) €85 )8 (p=+/-0)
o> Ui logas EL )3 a0 JS' J9id 2 dS 2)JS7 (8L Jgla
PSS sl 0y (Ao Vo I5F) plogaw EL SS9 0yt
Ol (23S g a8 2518 00> 0 o )3 (5 g9 )5 Ve
e 33 (5 0jg 5 Vee > SIE dl 5 oo AVD) ST J5id
EL0 p s Sl o Liol331 L (8 Jogan) ol cowday anlis
ol Ol oyt 45 5 psboas A 039331 IS Jsid (s 2 g
SBW3 s> /) s L 4 sal Cundts o pd + /Y las
9 aedlS 1,18 o )3 ¢ /0 Cyama (B o) sl g)lal s xe
Jgi8 Olise oyt & poie Of3le EL 5 mawly Slilgw o)y /Y



VoY 3aaly o o3od Y alr (55,958 qulivn 3 pole) Sl pole apdi  VAY

Sl pelS gl (355 ey Sy qeplS Gl 4l S
-Jyl}u 9) C)"] )] .J.MSUA Canilow Ogao A UT Jl.o.ul )l 9 °'>9’°‘3 u.).>
Loogre 53 maadS ydin (oIl 4 ot 0gm0 (59 oS (L
Wojcik et al., ) o sl o S5 Oy o 555 oolatul 4 Cows
5;1)5 oy oo ka3 4y (Wang et al., 2013) uiS' o Wl slaasjy,
Gl 355 Gl g ladijey calan (I3l sl 5l ety
. IS e il s gl ol »
e G153 sl ol bl 31 5 (3 Jgboe 3550
Jbe; (Kadir, 2005 ;Moor et al., 2006) 35 o0 0500 maswlis

é] Ca

o 1y og o bty o\l5—wo op i iy (Zivdar, 2015)
Odee 08) g 090 3 Yl 3 )5 ) el Slilgur (8L Jlons
el Sl ol Cage puly Clilgw (S 22870, 3]
—aw 5 (Sarikhani and Pouya, 2014) <l o8, 555l )

3yl lgsan Lialojl ol ot b a8 w5 (Solhjo, 2015)

(£ 90 Jgio) ab oamlie aalis

090 mely (lise el 25 Bpae o al391 L
e b Of3le 9 lrgaw EL 93y )3 48 (59t ab 0338
oy ol gaw EL 5 Bl el conday dod Ve I Caduo
(5 90 Jois) cidlis dgmg (gylol l5 cime BMiS] o yd +/ 4 )
2 090 ely (lise (i 45 21 LS I (3 S0Le Al ol
ol Canddy pawlty Sligu Juoyd /Y Cyme jl iulol EL g3 p2
F90 Jg2)

it 33 pndS il 5 lS 20,85 8l Jolone i
Lo slass (slrogee )3 el (liae (il 9 Conl 003 (5155
(Ghesmati et al., 2018) 45,5 555 4o > V puaalS” 3,1
Soi bond (3 Jslre Sl i35 &S 00l (355 o egMe
reelS” (Slge 9 & (alig (n g gee (g e onndS sl
Al-Yousif and Al-Masudey, ) sl sals 4 Cowd (6 5uin
5 01 plol Mgyl cliss 51 olS 515 55 s’ Jli] (2007
50550y Culd)y 1D g Cuwl 5y & diunly Al 4 g S Hlon 1Y

Olrgmw EL 5 Qls o0 Cluogad i euwlly Ollgw x panddS 1 IS (Wl Jglono oo 51 -V Jga
Table 7- The interaction effect of the calcium chloride xpotassium sulfate foliar application on the properties of jujube
fruit in Siojan garden

oS’ 3y 15 pawly Ol g PO S (39 o290 Job Sigid )5
CaCl; K2SO0, Fresh weight Dry weight Fruit Length Cartenoid
(%) (%) (@) (9) (mm) (mg.100 g FW)
0 2.24¢ 1.09¢ 15.85¢ 0.203f
0 0.1 2.97¢ 1.34% 18.10¢ 0.316°
0.3 3.06° 1.74% 23.10° 0.336%
0 3.38¢ 1.54% 23.02¢ 0.423
0.5 0.1 4.07° 1.87° 28.56" 0.473%
0.3 4.75° 2.25° 35.742 0.523%
0 3.12¢ 1,620 16.444 0.406°
1 0.1 3.58b° 1.73% 22.36° 383
0.3 3.07° 1.69% 26.38" 0.433

A o sine 303 0 Jlois] s )3 LSD (g0l (slios 1 S yite i S Jilis (sl (slauSilio g0 0 55
In each column means with the same letter are not significantly different at 5% of probability level based on LSD.

Olile gl )3 Slis o Sluogas 1 pally Sllgu X S 39 15 (Ll Jglowe il 51-A Jga
Table 8- The interaction effect of the calcium chloride xpotassium sulfate foliar application on the properties of jujube fruit
in Mazhan garden

oS 15 ey Ol g 5039 SuS (359 Mg I8 S5 Iy
CaCl, K2SO4 Fresh weight Dry weight Cartenoid Total phenol
(%) (%) (9) (9) (mg.100 g FW) (mg galic acid.100 g* FW)
0 2.07¢ 0.86¢ 0.173f 5.90¢
0 0.1 2.92¢ 1.04% 0.286° 7.484
0.3 3.81® 1.24%¢ 0.306% 8.03«
0 3.48% 1.28° 0.393% 8.49°cd
0.5 0.1 3.420¢ 1.24%¢ 0.443% 9.12°
0.3 4.342 1.60% 0.493% 10.99°
0 2.884 0.984 0.376° 8.260«
1 0.1 3.90% 1.36° 0.353¢ 8.62°¢
0.3 3.24 1.20% 0.403" 8.50°

Wi Y gize 2o yd O Jlois] pdaw LSD L')yoﬂ Slao g Syiio B S Blis gyl gla Sk gt o )
In each column means with the same letter are not significantly different at 5% of probability level based on LSD.
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Introduction

Given the economic importance of growing flowers and plants in the world, the use of new technologies and
methods in the improvement of ornamental plants in order to market them can play a significant role in
marketing of these products and their trade in the international markets. Marigold (Tagetes spp.), is an annual
and essential plant that is cultivated as an ornamental plant in many parts of the world (Neher, 1968). But in
recent years, marigolds have been used as a commercial source of essential oils, biological compounds, pigments
and cosmetics (Anonymous, 1976), control of malaria mosquitoes (Wanzala and Ogoma, 2013), antihypertensive,
anti-inflammatory, antidepressant, antimicrobial, antimicrobial (Senatore and Feo, 1999), and control of
nematode (Prasad et al., 1992). Anther or microspore culture is known to be an effective method for producing
haploid plants (Henry and De Baizer, 1980). Hybrid seed production requires pure line (as a parent), and the
double haploid method can reduce the production period of pure lines to 5-6 years. Production of hybrid seeds in
this valuable plant is of great importance, and the double haploid method can be important in this regard.

Materials and Methods

In the anther culture of marigold, a culture medium containing 0.2 mg/l of Naphthalene acetic acid and 1 mg
/I of 6-Benzylaminopurine was used. In this study, the effect of genotype, bud size and mannitol on androgenesis

induction of marigold anthers was evaluated during two separate experiments. A factorial experiment was
conducted in a completely randomized design with two factors including genotype at 5 levels (T1, Tz, T3, Ta, Ts)
and bud size at three levels (3-5, 5-10 and 10-15 mm) for first experiment. The second experiment was also
performed as a factorial in a completely randomized design with 3 replications. In the recent experiment, the first
factor included the method of mannitol application and the second factor included the different concentrations of
mannitol (0.1, 0.2, 0.3, 0.4 and 0.5 M). The factor of application method was in 2 levels: 1: adding different
concentrations of mannitol to the solid culture medium and 2: pre-treating the anthers with the liquid culture
medium containing different concentrations of mannitol for 24 hours. The T4 genotype was used in the second
experiment.

Results

In the first experiment, the effect of different bud sizes and 5 different genotypes on callus formation, mean
number of shoot per anther, mean number of shoot per callus and percentage of complete plant regeneration in
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anther culture of marigold were studied. The results of this experiment showed that buds with the length of 5-10
mm have anthers which their microspores are at the proper growth and development stage for callogenesis and
shoot production. The T3 and T4 genotypes, (both of them belonging to French species, Tagetes patula),
produced the highest percentage of plant regeneration among the various cultivars. In the second experiment, we
explored the impact of mannitol treatment on androgenic traits in marigold anther culture. Specifically, we
examined two concentrations: 0.1 M and 0.2 M mannitol, both applied in the form of solid culture medium.
Additionally, we investigated two concentrations, 0.0 M and 0.2 M mannitol, when applied as a pre-treatment in
a liquid medium containing mannitol. These treatments yielded the highest percentage of callus formation. While
the pre-treatment of anthers with a liquid culture medium containing 0.5 M mannitol led to the highest mean
number of shoot per anther and the mean number of shoots per callus. Also, the pre-treatment with liquid
medium containing 0.2 M mannitol showed the highest percentage of complete plant regeneration.

Conclusion

Results showed that in marigold, buds with the size of 5-10 mm contained microspores with mid-uninucleate
stage to early bi-nucleate stage showed the highest response to the induction of androgenesis. Also, Tz and T4
genotypes belong to the French species showed the highest response to the regeneration. In another experiment,
the pre-treatment of anthers with 0.2 and 0.5 M mannitol by using mannitol in a liquid culture medium for 24
hours, respectively showed the highest percentage of complete plant regeneration and the highest mean number
of shoot per callus and anther. Chromosome counting results showed that 3 out of 5 examined plants were
dihaploid and had 24 chromosomes in their root tip cells, while examined mother plants were tetraploid and
showed 48 chromosomes in their root tip cells.

Keywords: Androgenesis, Anther culture, Haploid, Mannitol, Marigold
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Table 1- Characterizations of used marigold genotypes in
the experiments

s o5, e 9 a5
Code Genotype/Cultivar Species
T1 Vectra T. erecta
T2 * T. patula
Ts Tangerine T. patula
Ta Carmen T. patula
Ts * T. erecta

Al oo polrel uigi) Clasuine g 0dg F2 s *
*: It is F2 generation and the genotype characteristics are
unknown.

JaeY 39 5 53 sy |5 shais Jgie 1S

4By VO Gis & 2o yd YO (VIV) i Co S gud )0 brasus
ST By Y e do )l b @l pe ¥ e g D Sghedid
oSl oSl S g 0 (8800 0k Dy g iyl jaie
Selogs Bl 48 (ggoban g 03] gy adS S35 51,
Lo 69y 5 9 5wl 02 Ao 5l i (ol Sl 0)lg
1) 3 pS s +IY (ool MS S Lo 51 (s yies IS Sl
s geosr i 0 )5 e Vg el Sl (U (990
O9d MS ciS bnomo | o290 citSly Cgr 9 009295
Ol ad Cae b 9)90 (aliend Slge 4S9 Al oolisul (190 )90
olyom a0l S Blw a0 ¥ slod ;0 Sl am b jiud oy
A e ol 0B (e Ay g JB)S )15 5o, B e 0 (SO0
Sl J31 (gloygpwg)Sae (905 9 05y s yo (yund Cax



VoY Sl ¥ o)lad PV b ((55,9L08 aalio 5 pole) SLlls pole 4ot VAY

S ja Laguglls g9y g3 Blesgs 2B g (o glls Jasiis
A S sl

wxé o)l 4 bgyye cbSlay (e J5 Sl cuiS s
2 U Sle gl S5 dlo o 13 I3l (sl 519 Sio oS cslie
ST 50 .0 0ald )8 S lae (g9 lidgy (ol (gldtun
25,5 sdalidie 5 wallS aaa ¥ JIY dg0s | dn ladiges 3o,
$9) = LadBlugs o 15 wellS 51 aw atan ¥ agds (V) SCS)
Sgas Cpizred (F) o Y=V V=) ola JS5) W sl b yegllS
=) sle JS5) wsel s JolS lalS « Sl oS 1 aws ole ¢
(A) V=) 5-Y @

L ol S b B 5o 55 90 0 tolol
4...2\'.».9 a)’b._}] 9 (T5 9 T4 T3> ‘Tl) CJG‘“ b G )93'5@ 93
..\.JB P‘D'dl ()..».OL;L:-A \'_\a 9 &—\' ‘\“—&) Cla&: dw )J

ol el gy 9 Jssle 51 gy 3 el

L 3oL St o 53 s i 4 ilef
55 5 gt Jlasl gy Jobis o 55516 5 55 ool 5 ¥
£’/Y s’/\ s).é._ao) C.la_w & )J JWLO k.ﬁk}u dlbm Jolu) ng.)
a.‘a_w Y ).) JWL_A JLo.Cl wg) )?5'3 ..)9.} ()Yyo ~/& 9 '/\G c'/‘"
5 ol S e 4 Jgile cilie slacale o, 45L3)
il gLaccbile ool ple catS Lee b IacSlun Jlesiyias
248 Ta cwiss 3 Linlejl ol ) g (el Y Sto 0 Jgiilo
.Ju:’ o.)l.élw‘ c)y )lJ)’&).j

S J Sluy CllS 3 0lS 235k 9 Blwgi slml ol g8 -) U
Sl S 3 ool sy JolS HlS (A gV 2 & o wgllS gy » o 3wl sladilug (F o ¥ o el Caunts (slauglls ()
Figure 1- Callogenesis, shoot formation and plant regeneration in anther culture of marigold
1) The obtained calli. 2, 3 and 4) Shoots created on calli. 5, 6, 7 and 8) - Complete plants regenerated from anther cultures.
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Table 2- ANOVA for the effect of genotype and bud size on androgenic traits in the anther culture of marigold

Ol o (5o
Mean squares

d
A RN - ] 2 615l 4 ablgs Slaws &5 & dBlwgs dlass
SOV 33! LR oS 135k S P
e df Callogenesis Plant regeneration : R ade
(%) (%) Number of Number of
shoot per anther shoot per callus
SEP)
Genotype 4 65.581%%* 7.846%%* 0.125%*+ 0.228%**
(©)
aié ol
Bud size 2 5.583%* 2.807* 0.039* 0.067*
(BS)
GxBS 8 4.469** 1.891* 0.031* 0.059**
el sl 30 0.891 0.710 0.011 0.013
Error
St 12.39 51.08 12.92 13.87
CV (%)

e g el N elooN Join] maw )3 ) gxe oy g *T
, " and *: significant at p< 0.001, p<0.01 and p<0.05, respectively.
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Figure 2- 1) The most suitable size of the bud for anther culture (5-10 mm), 2) Suitable florets and anthers of marigold for
anther culture, 3) Microspores in the mid-uninucleate stage to early binucleate stage (magnification: 40x)
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Figure 3- The interaction effect of different genotypes xbud sizes on 1) The callogenesis percentage (p<0.01) and 2) The
number of shoot per anther in anther culture of marigold
(DMRT, p=0.05).
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Figure 4- The interaction effect of genotypes xbud sizes on 1) The number of shoot per callus (p<0.01) and 2) regeneration
percentage of complete plant in anther culture of marigold
(DMRT, p<0.05).
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Table 3- Analysis of variance of the effect of different levels of mannitol on androgenic traits in anther culture of marigold
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Figure 5- The interaction effects of mannitol treatment method (Including method 1: Use of mannitol in the culture medium
and method 2: Pre-treatment of anthers with liquid media containing mannitol for 24 hours) xmannitol concentration on the

callogenesis percentage and number of shoot per anther
(DMRT, p=0.001).
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Introduction

Low temperature storage is the most important method used to preserve harvested products. Keeping
products at low temperatures, above the freezing point up to 10 degrees Celsius, can cause frost damage in fruits
and vegetables, especially tropical and subtropical products. The use of heat treatments as safe, organic and
alternative physical methods is increasing, these treatments are used to maintain the quality after harvesting and
also to prevent frostbite of garden products. Also, one of the recommended methods to reduce fruit waste is to
increase the calcium concentration of the fruit by using calcium solutions. Calcium is one of the most important
mineral elements that is involved in determining the quality of the fruit and its shelf life. Studies conducted on
the use of nano fertilizers in some species of fruit trees has shown their potential role in improving the yield of
the product and the physical and chemical properties of the fruitThis study was conducted to investigate the
effect of postharvest treatments of calcium chloride and nano chelated calcium fertilizers on chilling injury and
physiological characteristics of local orange fruits stored at 2 £0.5° C and 85% relative humidity for 60 to 120
days.

Materials and Methods

In this research, orange fruits of the local cultivar Citrus sinensis at the stage of commercial maturity based
on the taste index (10TSS/TA=) were prepared from Darab city of Fars province and transferred to the
Physiology Laboratory of Horticultural Sciences Department of Shiraz University. Then the fruits were
disinfected with 2% sodium hypochlorite and washed with distilled water. Treatments included calcium chloride
and nano chelated calcium fertilizers at different concentrations of zero, 3 and 6 dissolved in cold water (20°C)
and hot water at 45 °C for 25 and 15 min, respectively. Sampling was done on days 60 and 120. To simulate
shelf life conditions, before measuring the parameters, the fruits were kept at laboratory temperature for two
days. In this research, the changes in fruit tissue firmness, freezing index, weight loss percentage, soluble solids,
total acidity, ascorbic acid, ion leakage, potassium ion leakage, malondialdehyde, calcium content of fruit skin
and flesh, fruit color, catalase enzymes and peroxidase were measured. Data analysis was done using SAS
software version 4.9 and comparison of averages was done by LSD test at 5% probability level.

Results and Discussion

1, 4 and 5- Professor and Ph.D. Student in Horticultural Sciences, Faculty of Agriculture, Shiraz University, Shiraz,
respectively.

(*- Corresponding Author Email: rahemi@shirazu.ac.ir)

2 and 3- Ph.D. in Department of Research and Development, Sodour Ahrar Shargh Company, Tehran, Iran
https://doi.org/10.22067/jhs.2023.79650.1209


https://
https://jhs.um.ac.ir/
https://jhs.um.ac.ir/
https://jhs.um.ac.ir/
https://orcid.org/0000-0001-9286-6968
https://doi.org/10.22067/jhs.2023.79650.1209
mailto:rahemi@shirazu.ac.ir
https://doi.org/10.22067/jhs.2023.79650.1209

AY wTMlSJ;WJSuMSyL o,S,M..\;,IS "e)ng C}.&‘éxﬂﬂéﬂ)wﬁ'hob&o.hsw‘)

There was a significant difference between nano chelated calcium and calcium chloride in calcium
enrichment in pulp and fruit skin Calcium chloride and nano chelated calcium treatments dissolved in hot water
reduced weight loss, soluble solids content, acidity, ascorbic acid, ion leakage and malondialdehyde and the
activity of the antioxidant enzymes catalase and peroxidase. Nano chelated calcium increased calcium content by
44% in fruit skin and up to 41% in fruit pulp compared to calcium chloride. Nano chelated calcium 3 and 6 %
showed more stability in fruit weight (159 and 400%, respectively) compared to calcium chloride after two
months of storage. After 60 and 120 days of storage, the content of ascorbic acid in fruits treated with 6 nano
chelated calcium was 73% higher than calcium chloride. Nano chelated calcium 3 % compared to calcium
chloride prevented 39.6 of potassium ion leakage during 60 days of storage. The amount of ascorbic acid in the
3% and 6% nano calcium treatment and the tissue hardness in the 3% nano calcium chelate treatment after two
months of storage were estimated to be higher than the control and calcium chloride. Calcium nano chelate 6%
improved the calcium content of fruit flesh and skin due to increased permeability. Warm water pretreatment
with calcium compounds is an efficient and recommendable treatment for the preservation of orange fruits in
cold storage conditions due to the improvement and reduction of the severity of the increase in indicators related
to the occurrence of frost damage in the skin of fruits.

Conclusion

One of the primary concerns during storage is the loss of fruit weight. Calcium nano chelate, in comparison
to the control and calcium chloride treatments, exhibited the least weight loss over the two months of storage.
This is attributed to the critical role of calcium in influencing the shelf life of fruits. It was observed that
immersing fruits in calcium compounds dissolved in hot water and utilizing 6% nano chelated calcium had a
significant positive impact on enhancing and preserving the quality of orange fruits during cold storage.

Keywords: Antioxidant enzymes, Chilling indices, Electrolyte leakage, Weight loss



Sl pale 4 5l

https://jhs.um.ac.ir T

ANV=AVE L o VEY 5ul O oles TV U

ol S8 S S SU 35S 5 S WS p 5 DT il 51 g 30,8 S
Slils o 0y W 0 g Sloslsl es Rl 5 (Sa5le
"85 g 3l s =T ol gl | s OIS e s =T el e

VA 13l 5 b

VRN /Y 1 S5 b

CRVCES

Ol a5 (Sile s ol (IS pglaie 4y (5l 5 criaa (Su3id sl Bg) Oyt 4 predS oo & (2lo)S (sla ko ] o3lizl
Eobls oo 68) JB 5 (So3glsnsed SS9 5 (Sleym 2 aeelS EMEHL g anelS 22)J8 bl 51 g sloslons 31 g3 ] 3
MolS 5l LB > )58l yguoty yinlojl i gy 9y VYo BFe Codo s o yd AD o Cugloy g wgmmibio a3 )d <Y/ (clod ;> ¢ o)l
YO e dn (18L3) Lwgedo 403 Yo dp Ol 1 035 o ¥ ho la clalé b pedS S5 g mundS 0,187 Jolis gl 5g:516 o8 dolas
S 5 oS Gla Sy Sl ey 051 39y We 559y £ Slo)lil loj pgd 55518 5 4ied> V0 Codo &y pogrends 42,3 K0 )5 Ol g aid>
dely dlse ¢39O Cod 1 1l A a8 s 2alE L duglio 13 25 O olyed 4 predS S 5 el 1218 sloylos N0 )2
A8 o it gl 135 STy g VIS lannSTT (el 3T el g aamill (60 glle 5 gy ks el S pgSd cdizban ¢ Jolce
5 orelST OIS 6L 250h 000 gy 53 900 gl g LogyS ke 5 (alidg) (I3l qoamelS iz Lo s £)5 Ol L ol jo S S 5
2 el A I8 diglie )3 S OIS 56 48 (g pgbody b 03 ()l ine SgliS 0gee Cungy 9 CubS D predS (il S )3 S 1S
A Coms (5 )Ll ole 93 0 Mo )3 £ o ¥ pundS EMS L b S (500 yitiy Lais 9o Juo )3 ¥V U ogro CulisS )3 g duopd ¥F U ogue Cauwgy
5 il NS U L osd jlowd (slmogae )3 ol S yoSaol (30 5,8 Sl ogue 59y (6 bS5 dopd Fovo 9 VOA o 5y oS g IS
olo 93 (b 13 el )15 &) G 203 ¥ ol S 5305 ol el IS5l ey 0 )3 VB (6 )0l ol e g 93 1 am b0y
olyod dy Lo 8 L Y puadS M U slajlon 50 Wroges (5y9dbse 13,5 astie 35 (6 S ol mawlts a0 s oy YA/E B (o)Ll
Al 423l ol 5B 3y Slalsl Jgbo y3 e Jyy (slogee CudS Lais g 390 )3 Sl ey b oS Ol oo sl

ETYROR-ER PURETNCEE 25 PYWRRUCH R Joge KWL e BPI PN YR W Cp{F Y31

Habibi and ) cowl diwg 5590 buo dido caliseo Sy
9ol A S 5 edaw b Glyly liw s (Ramezanian, 2017
55l e e Jgmame (5 )i WYl i s 9 )l 407
21 Jgl sy (JLin 3y (e ) a3 jl o 9 <3S 5 o
Jsb w8, 51 Glyls liw o 5o J&y cadld 518 04l Lywo)lb il
ol JUisg 2Ly 503 Laly 5 oo o) 5 el 03 3L
Ahmadi et al., ) 3,5 o ;)8 OB yas 3y50 & Cuwl jliaw o
Olye a3l Cugby sl s 4 o Jy plos Ly )5 (2018

doddo

050 WY gaze 'y yege | S (Citrus sinensis) J&
9 pb oy lae | > & 4 (Topuz et al., 2005) cul 5,5 sla

23Stily (SLely pole 095 (658> agal il g skl i -0 5 F
Sy oSl «(559la8
e o — )
A6 38 Il sgte i il €8 b )5 Y 5 ¥
https://doi.org/10.22067/jhs.2023.79650.1209

(Email: rahemi@shirazu.ac.ir


https://
https://jhs.um.ac.ir/
https://orcid.org/0000-0001-9286-6968
mailto:rahemi@shirazu.ac.ir
https://doi.org/10.22067/jhs.2023.79650.1209

AY wTd&lS)’WJSuMSyL o,f,MAg‘)JS‘p;gT Cold g 31 g 852,55 51yl Sop g (0]

9 oLble <y (Supanjani et al., 2005) xib pge sl Ll
Sogdbss 45" 3ol olis (Path manaban et al., 1995) |,Kea
T g ol 20,15 0003 ¥ Jplone )3 JUy 5 55 g (slaoseo
Slrogre 4 Cuni ) )Ll yos quualdS Gl S p S5k 53 05
O g Jald > Cugley ol cuwd Gl blds p> g0l Liul38l aali
..)9.: )IJ.M

3y90 Y qaze (gly (slewd sladgS 5,8 Bls | ials
05 IS5 sl 488 15 131 sl JLo 53 33051 (5o 25
(@it a5yl sl 9 oyl Jily y Dliios o ST 48 ol
Gl o S yeio oli 0l ou Joi eyl g ciS
=8y 9l nle )0 ¢ iy (Thiruvengadam et al., 2018)
YL DS g ol d 10 398 sl 9395 laigewYge 6
o= 3 eolawl ds ST il oay sy b9 g |y (gdse dlge s
oS 13 &5 153 (BLS Cangons o Cunl (e (Gl5iSS
3 oad plool wliagss (Thiruvengadam et al., 2018) squ
oS 5 (Sujd o155 5 Jasme 3)Shos S50 )3 1) el esilly
5 =29, (Zagzog and Gad, 2017) cwl sl lis 0g—so
S ot 0,087 a8 65,8 5,55 (Ranjbar et al., 2018) Ko
F o yos 9 (25 Sluogad (il cuw S $U 095 cudly
.)){)l_{ A4S Cwl odd u»)l)f )i.)..) w_ﬁ9)) BEl S C;uf)‘.)):.
..\_w)l_s‘ 0G0 L;‘))P 6)_3' Q@L{w IV-“"K yb ‘_gl.fb);
Oz and Ulukanli, ) ;I 4 LS4l (Davarpanah et al., 2018)
A L*) O SOy e padS IS jlas &S 5,87 5155 (2013
otnlS 4y oxie 503, S L 1) sl SiyoSul Sl 5 (07
ol 0l ool 33 05 (o) 0548 Cus yuu

o935 (Ramezanian et al., 2010) f,)LSan 5 lilide,
RIS P I PRI L S VRN L3 T W POv S 1 D T YW VA S
YL o b olan (558 ] g5 s clld g skt 030
Schirra ) o\ Ken g 1y ool olas 1y IS Jib g sl S yoSao]
S9y €1 Glgp 5 Ol ()l slales plssl U (et al., 2004
P a0 pyS Ol (69 dbge o wiilyy Sgs sla iy
Iy (Sdilopw el YA Cido a4 a0 YV €l (glon 5 adBd ¥ )loj
sled g e 131wy p b (Klimezak et al., 2007) Ko
(oo & o ay pwgauhs 4> )3 YA 5 YA A slalod) (5,105
3 sials s 4 Sl sl cud b o gals a8 w8 sl
9 99— U_o.s (Op—ad Ll 019 Jf J.AB 9 .qu‘ &4)95\.»1 )IJ&A
Hlows Ul sbrogee 155,84l (Taghipour et al., 2019) -, Sen
uulbl_{ [y u)L‘o)L.’I )I JJ ‘UAJ?:M.LM) 4>, ¥o P)f u] Lol
9 Cwl 045 )Lo.u Cod dl.mo%.n ) uw’blf 9 L;A)LQ).M) wi

(S g 3y Sl dy g g o By o]l ogie Ol g 0300
Ol ey e ciwd jl e a1y g8 (gdae dlge g SAiiS
U yxe yD yiddias Lnog e D9d o el LS po CuaS )0 Ol
(Deng et al., 2015) xais Ll 3 g 428 )5 51,8 o panslS g o

by lae Gluls YL s yd g b ogee ol cuds
o) 4 ysb a3l o ol LS pe Cato ol @Mt ]
S (e 59Lo o 0 Mg Jgare pow S5l (a5 5lde
OblS jglate 4 Ll CuiS Sou0 9 b ogue Cowgy plSoial il 38
sbaly )9 00 Wlali8l Gln Fge (P8 Jpaze Sl o)
M e oy yoteo 3 (SUpanjani et al., 2005) Lib o o
S3lores sl (39 Sl By Slo)lil gl catlyy Sl g
o Penicillium italicum) po iy 7,8 ;1 (36 (Saws 590 9
Uibls ) ol sley (Zeng et al., 2010) col (P. digitatum
ol Fgo sl (Sdewgy G939 (i 51 (230) 0 o> a5
J& 5, sl ooleiiny (slos (Kahramano™ glu, 2017)
51,8 (Kader and Arpaia, 2002) cosl [uguuls a2 0 AL D (o
ol sLte o GYgb el ol slod (B me 3 (85
el JUb (58] SLoasS 55 o 42 48 ey o gl
(Lado et al., 2016)

ebe (So38 sl by) lyie 4 2le)S slajles j oolil
CopieS Lad jolate &y baylass ol sl Galjdl 4 gy (S0le
Fl Y gae (Sdjleys jor 5l 655l 35 g cudlp )
; Mirdehghan, et al., Mirdehghan et al., 2007) 1> 5,5
b5 s a b py 5Ol a sl wle)S L5 (2006
38 o i a5l e Jleb a2 J 5 b oy
sl iy il omizmen (Atrash et al., 2018;Yun et al., 2013)
0940 M clhle uw‘)ﬂ drogee lals uu.thlf d‘)’. 04 doo gy
olie Cp st 3l (S S sl oS Ml 1 o0l b
o ‘_’j Bk loj g ogee CutsS pus 50 &S Cawl Jdxe
sl ) sl (Marschner, 1995;Gooderzi, 2017) 5l
a0 )b edge oy cwlel (i85 olewdly Lie 5 (Jslo o)lgsd
JeS )5 Slog)S a4 (SIS GAgs 5k ) Lyl el o
d9aS ) 950 gl ()l el g oy gV sl
gl (9)3 4 b JgSTy I (il (Slacy yange Cudi ol
OB s Colod 53 9 i Gline Gl & ot & 0ad iy
loobay onlpls 0sd (o0 023 (b6 (slboges ST )5 ol 2gaS
33 il 38l 5 oy g e |y ogee madlS gl S8 4 g oS



A wTMlS)’WJSuMSyL o,f,M..\g‘)JS‘p)ng Cold g 31 g 852,55 51yl Sop g (0]

2 S ymatiged 903y ploxl 4o )3 AD (s Cugh) g (g
Sl yos bulyd (giluded sl 085 plxl WWe o 50 lajy)
slod 3 55y 90 ae ay L 05 e b 23l (6,505ll 5l L8
09 CuBly (T sl yets Gimgly ol o S )8 olStyles]
Jodowe aale (slmosle yjg (EalS 20 ((S3jlopw Sl
A sy g o i, s bl S 5 4530
Sl g0 S5) 0900 CBS g gy rdS Hlako il (g
b 6,0l STy o YIS

T 3l o 9 U8 Wogee (g (ialS wo > (6 Sojlul 4l
ogeo 459 il Loy i alaly 5l edlaiwl b g Sad pje8 HLol 5]
.(Rahman et al., 2016) . awls

Ealaafioges o glam s LB s age 15 IS

e el e e = % 100

[

sz 15 0

0w jl o9 (TSS) JS Joloro ol dlge g S ojll (4l
198 il ATAGO-BI33475 o Jion> g oSz
b ole dopd 4 Jgloee dals ole jlade e g i odlatwl pl5
.(Ramezanian et al., 2009)

ol Jloyi +/Y e b (gl 5 gy & (TA) JS e
o0 ol il e O lai yo sloogeo Sl pslate cpl (sl 0 (655
5 oy /N 330 Jsbowe o] 4 5 4055 (s idisben Voo iy S
Cablaoly (8o dgw Hlade A 03558] zu,d5 4 MY PH & i,
Varasteh ) ai eslawl 3 Jae,d 5 IS dt sl dpulne gly A
[(etal., 2012

e e o i My S F A 0100

A5 anad (%) =

e e

TA-) gl oSt 5l 030l Ly agre bl i ko
ol g 51 Lo (5508l (sl b (s psSo3lul (XT2,UK
A5 olal p)5 Ve (53088 (5950 9 S yte e YO lad 4 rdae
8 203 Ve b (b 03,8 (sl (N) (598 o oY (900
(Njombolwana et al., 2013) s 5,55 baoge

Jiagibg 1Sl olSE b j1 o3litasl Ly tyas] Sy ysSas] ltio
o ac | yide e Voo Ll s (555l (Dynamica, UK)
AL b g s aseel o yd Y sl S paudlio i Lo Ve b ogas
st o AL 5l i e ) e 0 1S, 2S5l i
Lrgad byl yud )3 jidgSie 00 clale b Joidganlg IS (6
aseel Ll Coled p g ool IS s 4 il oaimy oSS
Syl SpgSl Cale s ouilss 2096 D10 g0 Jbo )3 25T
s iz glacclale loas ams o)kl aoxie leslatwl b
(AOAC, 2000) 15 deuolno dgus] S5l

5 oge Congy (gl Slacund g et g pSeill sl
aty 292 L (pr5 ) (g 4) shecsdes Vor a8 4 SN+ B

S 0 slod (slmogee 150 (63 ppglle (slgizme 5 JS 2 5
5 Sly sl 155 5 ol oaal Cawds Anli (slaoges |
IS el Wl o 0be)S Jlog (Wang et al., 2006) l,Ken
Slodio dy Coglio ol Layjly gsed 5l s S le il
33y (gliud yae daingi g 0ge (i) 3 3 ((Sojlo
S5 ol 1) (Sdjleyw Sl & ol gy 4 oliwd (plpln
9 Iyl 6l yae i3l o W55 oo cad LinlS o Jguaoma
oy ey 9 Sl €l 5l w Jolye (et S So Slo)l
0)93 3> il 5l ey gl jl (g ol> (gl canlio o
g 2,8 &S od90 (pl @ 42y b Abloo (908 Slo)l]
2 2l les 9 3980 Slolil )93 13 CudS S99l
2208 @ gely Gl Jg il oo ptebae (58 gy So
(Cplplis s oy ) Slajlsl Jobo )y Woges 53 wa b 93
olyan d (2lo)S (slaloss 15U ooy Lo}y (nl plosl I Ban
9 Sloy Jidsd y5lale o rlS OUSHL 5 S )18
o ogras 423 ¥ (glod 3 Jgb piSiily J CodeS” o8]
0352 1A (s Cpshoy )3 (SLajll jl ey 59, VY- 95+ e

o

W yg; 9 dlge

ool bl (o’ 8y I (sLaoges simgk cxl 52

— &yl g5y ads e 4> Citrus sinensis cv. Darab local
bl Ol s 0 5 (TSSITASY ) psbs s ol
oS iily Ll pode sy (siglsn s oBtlofl 4y g 4 )b
a0 ¥ i Sl g Ly Livogre uges sl e 1y
o= 9 eolal 3550 (ol jlowd A5 s yhadie Ol b g olojuS
b le Ly eads 0L 5 ponds 0,85 Jols fingsy
a2 Vo) b glod poyw ol Jodow dopd £ 5 duo)d
Sdo 4y gader 45 )3 ¥ 5 Ul g 4iBd YO o & (o gumnds
M S a0y (panlS” GLS 5 9dn) sl jlaus 5 4dBd V0
S9) 23)5 At (3-8 )l jeno ol (> S8 ] S
Jlosl 5l umg Loogeo 05 plosl (5)lesd 4355 g a0l (sloogee
M8 lpn Jols polate 4 glygw VP b (St oS 3 jlos
okt LS 2o B 13 g 50 4 o] (ol i 5
SLBEBIE | S S 5 edS 20,85 Jols Jyl 5516 5
YO o 4 (A0L5) gl 430 Ve Ol 13 a0 8 5 ¥ ho
P93 9 Lb o 4idd VO e 4y wgrmiho 43 )3 YO p,5 Ol g adds
o090 A) JLSS g las Ve L gy W 570 Slojll e
Py satate an (JLiy 090 T v ggoome 13) (£903 (lgie
a2V Sl gled o e GY5 b Jloylsl o ayles



A # wTd&lS)’WJSuMSyL o,f,MAg‘)JS‘p;gT Cold g 31 g 852,55 51yl Sop g (0]

L 29 58 o 51 m 9 008 Sgude o o8 s a3 ¥ (gl o
Jae (6 yid oo VO (Sloogss S 2 g atdly p jleows Sl orlitl
a0 ¥ oled )0 aidy ;90 WWere L dddo)r Gdo s g0l
St 94235 B> (ag) oo (s 05 Jguds yl S b
23,3 o3kl e 3l cullad liae (cam sla s S o1l

lSen 5 Luizd (o, VB ] clled jee (55031
O+ gy o=l Lwlawly A edlawl (Dhindsa et al., 1981)
5o oo st oo S0 b gl il esless 51 iy e
10 5 (PH =7) oty i 3L Jyo o8+ Joli o8 YIS
2 ol @i G 08 bglsee g (59, euS1yy Jgo ee
yogid xSl ol8wd Ly 4By S e 4y yiogil Ve zgo Jobo
ool b b 8B (5 y9uiS sl Visible-T60UV o)
bl 50550 oy b il 4y didy ) Gla sy Sl luly
23,5 dpwloe aLS

oo 5> SiiSly ale oSy wpl culled toxs (ol
lid 8Lyl oo VIV ol jlapusTyy (sl il (oo ¥ (2o
Vg« 17 JSLE g Seed e+ (PH= V), ¥ 50 oo YO s
Bilas yidgySin Voo g 3 ¥5a) /Y ((oyendnnsSTy yidg)Sied « e
Pl Yoz Jobo 3 (iiSly Jodone il youii 392 o0 3
44,8 I u» ..\>19 u]).u.«u u.ul.u)‘)J ‘_;o.:)j pu.n:.‘) A d)jb)l.bl
Chance and ) 15,5 acul>e alS bl 55 p,5 o ljl
.(Maehly, 1955

CRA00/AP Jas ) w55, oS b boges K3y ,asls
e B) A by b (a2 LT Ojge 4 (0l el
5 (Hue®) pLé agly g 4 (o pSoslasl (ol —62)5) b* g (00
A dwboe p5 glage 3l o3kl (Log)S) STy pogls e
(Gimenez et al., 2016)

Hue' = Arctan —Chroma = a7 +b?
o

(sese) QmolinnSTy Jpame olsis ) wladl o3 pglle JiSits
3,8 L 4 (Heath and Packer, 1968) , <, g coun yog, 40
C)t’.‘ d‘ﬁ. A s uiuf]a oo 03bo Oly.e 4 ol &)91,.:)[;9»
oS, s calw Epoch Juse) jus ) codig e ol jl jglaie
L a0y .\,{LasJﬂ «©> L'”jl.e L;|9::.>m LA olawl K.s),o] &9»
3 o5 b g sioc il Ny oo 10D 5els i 3l o2
OFY > Ll (gade Hlde I jagil Fe v jd oud olgs (sdae lide
A5 S 036 ()39 ) 3 0> JgegySee s g dule yilogil
eSS ogme CuisS g Cuwgy pundS ke (650300 (s

A ogmdos 413 YO+ (glod )0 (0900 Cuuwgy) diges | o aigs ydg
Y sl a8 i) e 0 )5 ol 4 bus S

o Vo 0 add ) Gl 4 Cungy bdST L aib p S Zy g
Y sl ;i e Ve 515 53 e 5 4t s o 52
Coe o b S gy 58,5 )8 csl Yl g 28,57 51,8 Y g
bowg Jodoe (ECL) gl (S oSl coli o cddy8s 43 590 Voo
Ja—e) Metrohm S, sl el s oSy by
e A (6 555051] g euiS” <L (644 Conductometer
Sdo &y (gmdus 4231+ 25 O plo> )3 adigal (55l Jolono
Lod o g baw oo (glod po (8,5 518 51 .85 )13 4d,80 O
(EC2) anpil (S yiSUl culin saome (655031l b baseo b (405
Wang ) i auolxe pj Jgoyd 3l edlitwl b Je culd o pd yliue

(etal., 2014

adsl 5L 280 eslia (ECL)
ECloq) = % 100
il 50,280 s las (EC2)

15 ol Ggr et gl 45 48] e qurliy (152 i sl

Flame photometer Model PFP7, oS jl 93 plosl
5 Aol Cts (5 ySoll (sly il oS il JENWAY

s iy g S s ailn A5 o3l ity gy JS
Lurie and ) ad duwlxe JS" Culd jl (sdio)d G ygo 4 pawlis (50
(Klein, 1991

s s et am e = wdal s/ IS s X 100

S maiges saglej Sl o 2 53 Bogre (S3jlepw aSLs
NS g gy sloasd () glaogie (28)5 )8 ()52 3)90
ol 0ad Bad )l (S3jloy I (3L g palls sl
aSIoliar L qoodo) V dodio (y94) youo Cygo 4 (S3jlo
ool (550l ab (iiog S (108) ¥ g (Lawgia)V (o8 sy
S3lo s ol 45T lmogie S Egarme i I (Sdjlo
i 9 3e] Cawd 4 5lesd oy 0gae JS p Wiledly L5 (o yalls
b Ao o) Jged Sl edlatwl Ly (Sojlepn adls
.(Sapitnitskaya et al., 2006)

E(‘;..‘J.Lr:;_' d_?-}.} >( u- a L_‘:—.';'C Ej___c ..‘l..'\_u_a

4% L%‘.\t'j___c JS- alaas

T SLaps 3T callad Gl Siga (S0 Luas
sl 3 9 HYGLS Sl

Aot S diged p)S +/0 datl ¢ cou 3l 0ylac zl Sl <l

A mle ieps 0 1y ol ol aspa —A glod jo 0nd (6)lSS

3,8 Jitle sie e ¥ (sloisiisySeo 4 5 oagls JolS 15b

a5 8Ll o]y el Slind gl Bl 1) e ¥ uges

WWorerpm b aids V0 Sde 4 Juols Joloe Wi w559 (295



AY wTd&lS)’WJSuMSyL o,f,MAg‘)JS‘p;gT Cold g 31 g 852,55 51yl Sop g (0]

Olie o2l ) (86 0yl g il p Foml 4B Y 6l
A2 V0 lame lod 5 0ad o slaoge 4 Cund Cugh,
oS SLLS 5 L olyen  slod jlows izils ol yor 4y ywgmdan
G5 9 e 5153 090 (9 8L AL 1eS 3 (690 S

Syl

Jolas wsla ul go
(10L2) £)5° T g 3y o Jloss o 31> (5 gy ol gl
S gl Slojlal (b 5> Jy 090 ol ol dge
Sl dlge ol 38l cuwe p,5 Ol Hlawd Cuild 2935 slasd 80y oy
olej LiiSan 3LV U)ol 0 oyl oy Jloee
Joe sal> dlgo 2 pralS LS 5 aliee glaclalé 5 o)Ll
2 (200 AAY) Jolore dols dlge o yiaS a8 oy lis &5y ooue
>S5 L olyan doyd ¥ apendlS S5l jlogs y> Sl bl olo ¥
940 VOIYY i pas) Joloe dals lge oy yiiiins g dol s
2 eSO S 0,18 g 2,5 Ol sl Hlad )3 (Ao p> VO/VY
S, L Sloylil (b y3 () Jgis) el oty Sloylsl ole ¥ L
5 s 213 s Gl Jslowe Al Slso 28 g lo)S o
2 Llg o pandS” 487 103 S saalitie (Al et al., 2013a) -, Sen
doid wslo (luS 5 L dlaily 13 oS 0gpe udldp 5l ey S £
D 5L 0gee b 4 g b et g b ylwgil vt
20,8 4bs (Rivera-Lopez et al., 2005) Ko g 529! )52,
ol o oM .l oo il loylil b 53 0gee TSS lje o5
TSS by jl Uid oandS sl L 0 jlogi (glaads Jals cloogue
Aminietal.,) sxsl Sle,ll (b s aald oge 4 Cod (6 S
aS 15,8 5,155 (Torres et al., 2017) o)) Ken 9 )5 (2016
g 55 sl 4l LS a4 pamdS 3,5 b oge TSS
S U IS a5 Widga5 3,135 (AKhtar et al., 2010) 4, Sen
Ly (igly Sl oge Jglore dalx Slga (liee i 5y sine S
e Jobyd Jadoe dels dlge jlade iul3sl 48" 15,8 lo .Cow!
ojluas (8 baglis g by Blo (Jy jgyien o 4 LS (Sl
Sgo s sl olo)S Lo &5 o3l ylis cliios A5l ogue
Klein and ) 555 o cuw ;5 Sl slasol 5 Joloe ol
sk Joloee Sels dlge i3l 155105 clasge 4o (LuUrie, 1994
Awlid 4358 e 0 &) Jalore (loaid @ wwlds o Jbd 4
= 35592 9 S o5 o)l B stes xie g Esb I iy
9039 351,30 LS po 0gu0 358 00 0900 (1 (32 b casew &S 3L,
b atwlis Jas Jds 4o Wl ol Jslne dels dlge il 38l
Slgo !5l &S sy o laias ]l (Rapisarda et al., 2008)
Kelebek ) 03¢5 ogue Wl s cawd 5 Loy Wy 55 Joloe del>

a5y ) ke B0 S Sy g0 e Ol b g 03958l o
o5t bawgs pandS Hlaie Ly A 0l i i ¢ o3> 4 g
Sl ool el jlade plos bl (g puSojlal ol Gl
wsSly (Meyers et al., 2003) ai jo)l55 Sid 59 0,5 olS
Lo 10 S5lie dugldo 9 A/ a5ws SAS lsle 5 5l eoliwl b Waosls

b plool 70 il pdaws ;5 LSD (9051 Lawgs

053 phals

2L £ 8 Ol g3 Ol o o o> olts gl ool @l
Lol el s925 (159 (2 53 )l sine ©ols Slo)lsl (b >
A edalde (6l dxe Goles el & s Calizre (gl jlowd o
ClS iz by cdale 5 Sl )bl ploj piSeny ) Jgi2)
Bl ogee (1jg Al (loj CusIS L oS oy (Lt (1 Jgia) el
Y33 (S VAY) (59 LidlS doyd (i yieS &S (g ysb 4y 29y o2l
£S5 ol Lol yad 4oy ¥ el e Lo 53 byl olo
Soss 50 (3o yd VFIFY) (59 oialS soyd o b g dal oy
Sholslole 9 Jobo y3 )5 Ol L olyen 003 S IS
2 I xe 15l madS b olyen olod Jlas () Joun) del ey
Wald Ly anglio 3 Sloylil jo) We (b 3 (g il de
podlS 10518 o ) s 28 DT b oS Ml el
o=l g3 el 03,5 (6 pS el s Cugby ol s a5 LI L
A28 5 5 bl laleds ) ogee (s R (e (o9t
o sloogse ply iy 399> 9l dw 5l Gl (oo s oS
Gl cuw 9 oy Sl W il 0358 paandS” ML b o
LaalS (Ranjbar et al., 2020) 55 0 3V (g s yiiSTy oy
38l e Ll (Splite clad g 5y il Jdd 4 g
ploil 5 (S )L S a5 Ll 1 (Shafiee et al., 2010)
Cewd 3l g YU plSoniwl dy oo i8S o Lot 1) 0gue Cauwgy Lite
ABd o LS | 0gs0 (udiT 9 3980 090 Sl oS Cugboy (31
.(Ranjbar et al., 2018)

by S 16,8 ol (Valero et al., 2002) )Sea 4 9/
il Joste 0355 3l b Jlab oo 5l dbogee (2lo)S Jloss
($599° el b 45" 698 o0 Sl Gy JenS 5o b Sy slaog)S
0155 43355 (g3 &) B sk yits Conglio Csly g 00 fuato
Joss sod) lbogss o 13,8 ol (g X35 o Jho o323
Gl me jobo 4 adBd Vo Do ) wgaaiio 453 FO O b oas
Lamikanraand ) ;jeusly o 1,180 3,8 (6,5sl> 55 HialS jl
0l 0,5 sla b 5,8 jg dbbge W0, 45155 (Watson, 2004
3o VO S SLSY Jgdoe 10 wgembio a3 0 ¥ (sled o



AA wTd&lS)’WJSuMSyL o,f,MAg‘)JS‘p;gT Cold g 31 g 852,55 51yl Sop g (0]

@S Ol 2o Y OW b o (piman ol 03g) Aals oy
wgeo CAb (thw ais 1D pendS 48 ol jlos l yies Mo YV U
2,5 pedS 9 5l oola ol U plSouwl oo ol 035" Jos
2 eedS 028 > 4 Glo)lsl lej 3 5 cadbyy ploj 3 S
Slg3 o pandS” (Hirschi, 2004) cul Jslo slie ;> b3 sl
oo g AiS dbul pandS GLS 5 03,8 abu) Joled S ol b
29 0ge0 (Jolw 0)lgsd b iuli8l g Jol oyled jlidlu baas o
oy el a1y olags 3l culd wanlsS” (Lee et al., 2003)
9 peudS'5i Hles (Chuni et al., 2010) wiS' o walais 1) K95 o0
1y s 5YL plSoxl aals 4 Cons 28 T b oljon S 1y JS
g ol 9 Glydeil i dea) b 4 ] S &S Dyl
Ol = S )18 ST ol ) A3l (LS sl ol
5 b (Hussain et al., 2012) cewl osds ()15 o400 b
45 5,5 iy ola 040 3)50 ,> (Sidhi et al., 2010) ., Sen
090 bl plSotinl baas g ad p 5 bl el pandS 5l oolatwl
Eel pandS GluS 5 b olyan olod jlad e o Sloyldl Lo jo
D9 e ogen (b o (PLEI HSL &,

saeal S oSl

olej cabdS b g cudly 293 g )b me Golas Slo Jlil (b o sl
bl las 5l as ol lis ials jlad 90 50 Al S yeSs]
g Sl o (iiSen yy 3l o sl paly oyl gme ogles
95 (b )3 g I gixe ] S jeSnl  calisee gla o cdale
33 S o A 10R) dl S oSl Jlade o yitio Sloylil ol
ol Kol (elgizmo 303 Gyl 51V Jgdn )al oy p,5 O
dl_lb)Lo.u ‘UK )910 LY L] 09 Jals )Lo.J » L)] u‘).m )J.])J. Y/A
ol 03,8 oo (5 clmogae ,d duwl SoygSwl i ialjl
aS 45,8 5138 (Veltman et al., 2000) ,LSea ¢ opeity
9B yae d il by cdiedlye p 505 a0 Cuns & peling
Adb e dn s dn el (S gewlinsT s 4 Sleyll
JL sle 65 5 0l31 (la JISGal, Jlas 517 cnl b g 290 o
iy slig oMl baas 4 5 03,8 (605 el> slig 4y 5]
S yoSnl bl pudss nslans sl 585 &lg )3 g A8 0 S8
5 i 5 o 65 sl Syl dpl 05 31 5 03,8 b

1ol Sl Sgat s sl M5 Jlas S (et al., 2009
Sz £559 ooy Ol WG g el EalS b el D Jglome

S o S el Jodome sl lg s isl58l 5l g edly ials'
.(Dong and Wang, 2018)

Js diasal
2L £ 8 Ol g3 Ol o o o> Olt8 gl ool @l
Ot 3 85 o Lol (b 3 S o500 JS it
5 Sl gloj (tiSenpy 1LV Jgio) culissgzg slass 93 2
Poine ol LB izl S’ Gilies o oy il
2 (Joyd <IVAP) at sl Jlade oy i Sleylil ole 40 (b 3 g
e dal Cawds )5 Ol b olyods 2o )3 & pundS WS gL Lo
2 Sloylilole ¥ )3 (1o yd </OVY 4 +/OFY i ) Al sl Hlade
EM G5 90y g p)5 Ol b olyon duoyd & pundS 1,18 sl o
b () Jgin) del oot 3w O L ol jen 20 )08 S
58 L anin! ials g ol olis Lials anal jlade oLl
by anil ials ol LAl 4 sled Hle 5 pedS LS
Ghafir et ) sib s ol (id s & Sl o Sle,ll
Hlas slaogee ;0 dbdwl gy baas oSy o Llaiay (al., 2009
Jd s Sloylsl (b jd g cudlyy loj 50 pudS MS L L o
45 039 g ol 3 Bl Gpae (EalS g (i dwgp Al
Cordenusi ) il awsls & (ol g 9 pabs (g9 it 51 Wlg5 0
b5 phaw) Il pA L 4L o S i s (et al., 2003
Gyl iy sl 00 Aol (il (e 9 Gl M5 GRals
OHLSed 5 ) LiSoe amd o alS 1) i bl at sl <l sy
OhlSer 5 bl g 5-1a 0500 ,> (Manganaris et al., 2007)
dS 5,8 a8 055 S 5158 oI5 eame o (IShag et al., 2009)
Jals > an sl ¢ Byl S e b |y atawl Sloylsl p&in po
Amini et ) ol o il el p 8 muadS el lawgs oy i

(al., 2016

0930 Gy by
s 1 il (ol Sl 5 Ao gl iKan e
e oy ey Sloylil ol ¥V o ¥ (b 10 g 4l xe 0gm0 Ly
ML Hlows 1> (90 OV/VA o FAUVA ol say) oo il ibw
a5 51 aSel sty ogaades 43 )3 ¥ Ol b olyon 2o )3 ¥ S
ST L olyad 2o )d & munndS 0,18 Jlad b (60 xe glis (6ol
s YF/AY i pd) b Hlade o pieS bl wgembw 450 ¥O
9 9 ole ez (b oy ol 1aL5 lass )3 ogee L (g YAA-
il shw Gl claly cpl 3 () Jgan) el vy Sloylsl ol



A9 wTd&lS)’WJSuMSyL o,f,MAg‘)JS‘p;gT Cold g 31 g 852,55 51yl Sop g (0]

Ladoetal.,)sply o ygo (S3jlopw slaailis ool 51 i
o= il &S Gl 0 00l i Slalllas 1 (o)l 55 .(2016
[Bitencourt et al., 1999) s> ials' |,

Sajbe s il

10l 255 Ol g 3y Ol e o ol (5 gy ool gl
e gl Sl jlsl (b p> Sy ogse (S35lepw paSlS
 (S33loy o> (pyidin g Cubl 2929 slas 93 52 (0 ()10
Glisee glaylogs clals 5 loylal oloj iSamys il ol Lt
oS Slajlil ol ¥ (L 53 39 )l dine (Sdjloy (a3 lS
Jlasd 53 (doyde[+AY 5 +/+BY i) (Sajle s o lslade
(Y Jsia) sl Cassy p)5 Ol Lolyon 403 & 5 ¥ gl S50

s 9 0ld glaylag ) (Sdjloyu (a3l Jle plyis &
Vel G B g sl WY 3l Gl B e 5 & qundS” )18 (6l Lo
¥ ol M | 03 lawi (glboges 5 (S3jleyes Ladls il
MU o diasly e 53 b 6 yiS0jl0l 8 T 3 duoy
2 prmelS 201 lojlos 1 e eplp ¥ 5l U edo 3 7 S
g5k 4 sl 03,8 Joe (JB y sloges (Sdjlojw paSLS ials
Slaoge g 8l ials (Sloylil 0)9 53 (Sdjloyuw yadld (S
090 &) Copmd Sy (SOjlo s S (6 xe yobods ol
ol gy ol o elaisly gl oy s osd laws (glo
(Lado et al., 2016) 355 o rgmro dgs0 Cawgy 4D (Sl
o, ,Ul slaosee (Rabiei and Rahmani, 2013) Sl g (20,
I g aids d Gae dy grad a3 ¥0 p,5 I L1y Ghgue
Mol ¥ Gasdy g log dil O Cdo &y gsudis 45,0 00 p 5
aS 0505 5)li5 9 00,8 Ll gmdis da 3 ¥ glod b oy Ll
doyd Wl (laog e dn s p)5 Ol b osd Hlows (sla ogue
MRS58 5o 9 A8l (65268 (S3jlogus capul g (159 S0l
lSan 5 Silg 292 5t pugrad 425 ¥0 p5 Ol Yo cute
UialS Cuw p,5 O Hla a5 05,8 3,155 (Wang et al., 2012)
590 51 rmg g0 04 jlasd slmoge (53l ol (50
o Jlosl b csliin jobody s wgombio a3 0 ¥ (slod o Sloyll
015 )il gy ) (slbogs 13 (Silo s ol 30 p)5 G
Sapitnitskaya et al., ) <8l jialS gl 400 ¥ (gled j
Gl 48 Ed 00l i ))i5 930 59l ngs0 g9y syt 1o (2006
Gk 3l S )yl enlai ol b (S55le pus 0 odnliie (W3)e
Chaplin et al., ) ¢l yials pwlS o IS M3 cod S0
(1980

&)y abos 4 Ldees byl S (Shafii et al., 2010) ), Sen
paadS” goln gl an 3 ¥O glod 0 (0,805 slrogie
Las ass o bas sald 4 cans 65V o o |y & el
o L sl Syl ity b glily ) imgs ol ol

D) (pomed prulS OIS 5L

paeulis 093 Cols 5 (93 ol
25U £S5 Ol e g el dg3g b gme gl Slo)lil (b )
5 Syl oloj uiSen,s Sl acdly Ses Cids po gyt
Sl 30 (Ao FVA 9 YAIVA ) (g Cuds jlade oy S
Aol oty Dy ol b olyod 2o )3 & pundS 0,18 g3 0 O aals
9 do)d Y M uMSyl) dLQ:)Lo«J 5@[&)1.&‘ oo ¥ Bol .(\ Jﬁb)
Y)'Iui‘..z_g94_ao)b\c 5! U s S 6?)?%)]’[.}0‘)0.% Aoy &
P S il @S sl Gage wald sbajlog I piin o
)_:P)_?9.>)_wu])1_wuud\s.)b UL"" C)L) Ll 04 LQD%A
5 Cdld Dy g I ixe glas Jlo Jlil b > pewlt e cuds
Sy B liy (92 Sl 2 (ke U 3y Ol e
oy (9= Sl o e sl jlogs clale 5 Slojll (e
oaolly oy Gt e oy Sloylil olo ¥ (b j3 gy b me
f)j u] l_’ O‘).A).b o) 5 [V‘—“‘lf A))K )Lo.u )2 (J.Aa).) °k\°/\\")
slo ¥ )5 (300 FY/AA) sl (yg0 s Jlade oy yieS el Gy
o )losd 53 presliy 32 Sl 30 cpoas ol 3 () Jgi) ol
RSPV IV WIRWESLY S PRONE PR WSS R PR OSSOV L SR VIN 4
P LS asld S i ol odd (555 ST M 56
Marangoni et) b e el coodw g (5 ldes line b))
s g e il cuts loylil sloj cose is1581 L (al., 1996
Ol ) mendS LS 5 5 p)8 ST b e Gl 5 paeilty 02
Mirdehghan) esly g ;liad yuo dg degaiio o yas Ll oyl s
HUl sy o Se s sl uss (6451 (and Rahemi, 2010
SLaslsl b > a8 558 IS |y i 555 S 9 o e

u.:l_»))l LSI)" U.Lol ua.’>L» e PP Sl Lol 031 (JL"‘"’ u,.&lf
Olysa (IS sba g cunl (glaisly slid (o)l g cndpdshs
Only gbed 3 0l o5 (Sdjloyu (lise sl e ;RIS
Loy a5 eyl 958! .(Wang et al., 2014) 54 0 odlawl
ey L sl g e Gil38l 1) sd amolinsTy Slgs oo
3 o s Gl g Lie 6pdsdois il olise cnl il



A\ wTd&lfl:Muwyb o,f,MAg‘)JS“e;gT C}.&‘éxﬂﬁéﬂ)uﬁ'ho‘)&mﬁ:sw‘)

Ol o’ 18, JUS ) om0 Oluogad (S g g S Blie 51yl 9 (Slojlil loj e YiiSe 1 - g
Table 1- The interaction effect between the duration of storage and different calcium treatments on some fruit characteristics
of sweet orange cv. Mahali Darab

O oials M gl cdl e Sapgool gy it O, Sl

. PR ©
Sesd ;’or; o Weight Joloe Total Tissue KW lonic LG
Treatment (mont%) Loss TSS acidity firmness Ascorbic leakage Potassium
() (%) (@) (Newton's) acid (%) leakage
(%)
"5y Ol dalis .
7 Y 6.38b-e 12.43d-f 0.742b 29.80 fg 28.42 h 39.79i 86.62 ¢
Control cold water
¥ 4.88fg 13.63cd 0.721 bc 24979 21.15i 65.93 bc 67.23 k
Y,a)f ui Jals
g Y 7.00b 14.66a-c 0.737b 35.68 c-f 38.27 gh 48.24 f-h 83.48d
Control warm water
¥ 4.86fg 15.33a 0.630d 34.51 d-f 27.66 k 48.10 f-h 63.67 |
2y 20 )3 Y rnlS 3y 15
Calcium chloride 3% Y 6.17b-e 15.10ab 0.633d 33.55 ef 50.64 fg 48.10 f-h 80.31 fg
cold water
¥ 5.32e-g 15.73a 0.623 de 35.31 ¢-f 47.78 ¢ 70.01a 72.68 ij
P ol ho) ¥ s 318
Calcium chloride 3% Y 4.269 12.80de 0.677c 42.40 be 78.32ab 48.76 fg 77.74h
warm water
¥ 5.42d-f 13.70b-d 0.593 ¢ 39.01 b-f 74.16 b 57.60d 82.63de
Sy Sl 203 5 S 3y 15
Calcium chloride 6% Y 6.27b-e 12.00ef 0.613 bc 40.01 b-e 69.77d 41.891i 80.97 fg
cold water
¥ 5.40ef 15.56a 0573 f 36.73 c-f 64.21d 59.55 d 90.97 b
P ol ho)> 5 ulS 318
Calcium chloride 6% Y 14.47a 10.36g 0.713 bc 45.85 ab 79.07 ab 48.83 f-h 94.13 a
warm water
¥ 5.96b-f 15.83a 0.567 f 4551 ab 75.16hc 69.86 a 72.49 ij
a3 ¥ S €M
Calcium nanochelate 3% A 2.38h 11.96ef 0.662 ¢ 41.66 b-d 61.24 de 51.30 e 57.50 m
cold water
¥ 5.67c-f 11.06fg 0.594 e 39.78 b-e 55.01le 69.11a 62.98 |
O 2o ¥ S US43
P Y 1.93h 10.36g 0.740 b 52.28a 80.59 a 46.15 h 79.75g
Calcium nanochelate 3%
warm water
¥ 6.60bc 8.80h 0.580 ef 49.78 a 75.71bc 63.58 ¢ 81.58 ef
O do )3 5 S US4
o Y 2.80h 11.90ef 0.633d 39.68 b-e 76.65 ab 49.69 ef 80.04 g
Calcium nanochelate 6%
cold water
¥ 6.88b 12.80de 0.583 f 38.89 b-f 66.09d 68.58 a 66.65 k
O 2o )3 5 S &ML
R Y 2.90h 11.40e-g 0.786 a 39.79 b-e 78.18 ab 47.05 gh 71.86j
Calcium nanochelate 6%
warm water
¥ 6.53b-d 10.30g 0.693 ¢ 41.95 be 76.15b 66.11 b 73.59i

Ly gylo dxe iglas LSD (yg0jl 5l oolitesl b duoyd & Jlostn] prbans )3 cdisinds aolio glacd o (glls a8 playSilo cygtw p 4
g 453 ¥0 )5 OT=Y ¢ pogundis 43 Yo 3y Ol =)
In each column, the means that have similar letters are not significantly different at the 5% of probability level based on LSD test.
1 = Cold water 20 degrees Celsius; 2= Hot water 45 degrees Celsius.
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Table 2- The interaction ofeffect the storage during different calcium treatments on some fruit characteristics of sweet orange cv. Mahali Darab

o o Jois o253 0-1g)jlapnS T 2 ol 2507 65 lle
) - - o 2913 .
Sl e - ’ "0 R 53 kB L* : LogsS P55 2 3 J309,5)
Treatment Storage 3l Catalase (5 el Chroma (o35 3
(month) (%) (%) r’ Hue® ”). 039
Peroxidase Malondialdehyde
"5y ol anls . 71.934
Y 0,617 ab 0.436 ef 0.290 ghi 51.252 defg 56.972 cdefgh 0.0525 ¢
Control cold water cde
¥ 0.641a 0.253i 0.239 hi 54.820 def 7352(:78 50.186 cdef 0.0439 gh
a8 ol aals
P ¥ 0.585 be 0.277 hi 0.285 ghi 50.642¢efgh  51.395f 51.967 ghij 0.0568 b
Control warm water
¥ 0633ab  0.385efg 0.213 hi 49.933 efgh 7%2;’1 55.310 defghi 0.0428 h
Clao )3 ¥ padS )8
3y ¥ 0,583 be 0.351fgh 0.619d 52.933 efgh 72'335 58.017 cdefg 0.0594 b
Calcium chloride 3% coe
cold water
¥ 0,550 cd 0717 ¢ 0.756 ¢ 61.975ab 716332 67.729a 0.0482 de
Ol 2o )3 ¥ oS’ 25,I8
5 ¥ 0516d 0.301 ghi 0.421 ef s50.767efgh 2% 57.243 cdefgh 0.0456 efg
Calcium chloride 3% a
warm water
¥ 0513d 0571¢ 1,019 ab 63.743a 74850 68.090 a 0.0440 gh
Ol )3 & S 15,
3y ¥ 05184 0.318 ghi 0.385 efg 50.287 efgh 7%05’8 53.530 efghij 0.0537 ¢
Calcium chloride 6% Cf
cold water
¥ 0.116 gh 0.437 ef 0.942b 61.050 abc 720'5821 64.721 ab 0.0485 d
Ol )3 & oS 10,8
S v 0,549 cd 0.446 ¢ 0.459¢ a3721gh 324 54303 defghij 0.0571b
b
Calcium chloride 6% c
warm water
¥ 0.166 efg 1532a 0.952b 56.712 bed 75'566 60.166 bed 0.0467 def
2o ¥ S WS g
- Y 0212e 0.301 ghi 0.165i 49.262 fgh 71333 51.074 hij 0.0571b
Calcium nanochelate cde
3% cold water
¥ 0.202 ef 0.768 ¢ 0.430 ef 64.500 a 74;)04 62.584 abc 0.0485 d
2o ¥ S WS g
£ Y 0.152 g 0.961b 0.643 cd 48.862 gh 71('1194 52.877 fghij 0.0591 b
Calcium nanochelate e
3% warm water
¥ 0.051i 1.015b 1.106 ab 61.120 ab 720'3946 59.888 bode 0.0479 de
Lo F S WS g
3y Y 0.16lefg  0.297 ghi 0.323 fgh 45.077h 71’592 48.954 ij 0.0517 ¢
Calcium nanochelate cde
6% cold water
¥ 0.116 gh 0.981b 0.455 ef 56.957 bed 70'9977 48.463 ] 0.0451 fgh
Lo F S WS g
P o v 0.133 gh 0.749 ¢ 101 ab 52.883 defg 74'%50 52.002 ghij 0.0637a
Calcium nanochelate a
6% warm water
¥ 0.083 hi 0971b 1137a 55.253 cde 7%;:9 48.019 ] 0.0424 h

L5 (g3 gime iglis LSD g0 5l ookl b suoyd & Jlazs] gans 13 caiians aliie (slacd > (slls &5 ola puSilio (ot 0
P 42 3F0 25 LTSY ¢ ugadi a3 Ve sy T =)
In each column, the means that have similar letters are not significantly different at the 5% of probability level based on LSD test.
1 = Cold water 20 degrees Celsius; 2= Hot water 45 degrees Celsius
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Table 3- The interaction effect of the storage durationx different calcium treatments on the amount of calcium in the flesh
and skin of the fruit (mg.g* dry weight)

)Lw,‘,‘ Lssl")l‘.‘;l wgf oS Cwwgy oS
Treatr;1en t Calcium content  Calcium content
Storage(month) of fruit flesh of fruit skin
\ 1 &
S0 o aald Y 15226] 21113]
Control cold water
¥ 11533.3k 15227k
Y & T -
P ol als Y 19400i 21667
Control warm water
¥ 13133.3k 21517j
ol .
dp0 2o ¥ el )15 Y 22561.7h 24550hi
Calcium chloride 3% cold water
¥ 19643.7i 22417ij
s S
72l 202 ¥ peds 8 Y 22761.7gh 26433f-h
Calcium chloride 3% warm water
¥ 24816.7f 24903hi
dp0 2o P el )5 Y 23730fh 28917ef
Calcium chloride 6% cold water
¥ 25500f 24483hi
PE N dopF pls )8 Y 24620fg 32767d
Calcium chloride 6% warm water
¥ 25050f 26083gh
P aep Y ls S Y 25650ef 35570¢
Calcium nanochelate 3% cold water
¥ 27800d 28312e-g
5 aop Y S S Y 29946.7¢ 37750bc
Calcium nanochelate 3% warm water
¥ 27566.7de 30233de
Sy 2l 203 7 pds S5 Y 33916.7b 42867a
Calcium nanochelate 6% cold water
¥ 29333.7cd 37013bc
PF 2o s G Y 36756.7a 44183a
Calcium nanochelate 6% warm water
¥ 36756.7a 39683b

L5155 o) ixe glis LSD (9051 51 ookl b buoy> & Jloss] graws 3 ettt lie slacdys (gl 45 ola ySile gt j2 )

ww»,;% P;J:Y ‘u.:y.mlw Ve D)MJATJT:\

In each column, the means that have similar letters are not significantly different at the 5% of probability level based on LSD test.

1 = Cold water 20 degrees Celsius; 2= Hot water 45 degrees Celsius.
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Background and objectives

Light is the main environmental factor for plant growth and development. Different attributes of light such
as intensity, quality and duration affect plant growth and productivity. Light spectrum of growing environment is
a determinant factor for plant growth and photosynthesis. The photosynthetic reactions are directly affected by
various light parameters including its spectrum and intensity. Photosystem I and Il (PSI and PSII) in the electron
transport chain of photosynthetic apparatus are involved in converting solar energy to chemical compounds in
plants. It has been found that the PSII is sensitive to light quality. Using The OJIP test, we can investigate the
efficiency of various biological phases of the electron transport system. Light sources such as metal-halide,
fluorescent, high-pressure sodium, neon lamps and light-emitting diode (LED) can be used for production of
plants in closed environments instead of sunlight. Manipulation of the light spectrum of the lamps could trigger
potential benefits by enhancing plant growth. Nowadays, by using the LED technology, it is possible to study the
physiological effect of different light spectra for optimization of growth conditions and for increase the
production of plants in controlled environments. This research was conducted to investigate photosynthetic
apparatus, growth parameters, stomatal characteristics, transpiration rate and essential oil content of Salvia
officinalis under different light spectra.

Materials and Methods

In this study, the effects of different light spectra were implemented and performed as a pot experiment
using soilless media in the plant growth chamber based on a completely randomized design with 6 lighting
spectra including White, Blue, Red and three combinations of R and B lights (R30:B70, R50:B50 and R70:B30)
with three replications. The light intensity in all growth chambers was adjusted to photosynthetic photon flux
density (PPFD) of 250 £10 umol m2s* and light spectrum were monitored using a sekonic light meter (Sekonic
C-7000, Japan). Growth condition was set at 14/10 h day/night cycles, 25/22°C day/night temperatures and 40%
relative humidity. Three month following plant growth under different light spectra, the plants were evaluated
for their growth parameters, stomatal characteristics (stomatal length, stomatal width, pore length or aperture)
transpiration rate (E), relative water content (RWC), photosynthetic apparatus (evaluation of OJIP) and essential
oil content. Data analysis of variance (ANOVA) was performed using IBM SAS software (Version 9.1) and the
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differences between means were assessed using Duncan’s multiple range tests at p< 0.05.

Results

The results showed that the stomata characteristics, photosynthetic performance, growth characteristics and
essential oil content of Salvia officinalis were affected by different light spectra. Increasing the ratio of red light
especially combined Red and Blue lights (R70:B30) led to the improvement of growth characteristics. Transient
induction of chlorophyll fluorescence showed that the highest fluorescence intensities at all OJIP steps were
detected in Red light. The lowest F./Fo and F./Frn were obtained in plants grown under Red light. Occurrence of
leaf epinasty and decrease in F./Fn indicative of phenomenon of red light syndrome in the plants under Red
treatment. Red light caused a reduction in performance index per absorbed light efficiency of (Plags) and
increase in quantum energy dissipation (®Dy), light absorption (ABS/RC) and electron trapping (TRo/RC) per
reaction center. The highest F./Fo, F\/Fm and Plags were obtained under combination of Red and Rlue light. The
highest ®E, was also detected in combination of Red and Blue light. The narrow and large stomatal apertures
were detected under Red and Blue light, respectively. The highest transpiration rate was achieved in plants
grown under Blue light LED. Increasing the ratio of Red light resulted in reduction in transpiration rate and
improvement of leaf capacity to control water loss via reducing the opening of stomata. The highest amount of
essential oil (1/75% v/w) was achieved in plants exposed to combination of Red:Blue light spectra (R70:B30).

Conclusion

light spectrum during plant growth can change plant metabolism, LED can be used in favor of producing
good-quality food in controlled environment agriculture due to their ease of application, waveband manipulation
and limited heat production. Our result showed that photosynthetic apparatus, growth parameters, stomatal
characteristics, transpiration rate, relative water content and essential oil content of plants were considerably
influenced by light spectra. Using OJIP test confirmed that plants grown under monochromatic Red and Blue
lights were less efficient to successfully transfer the excitons and most of the absorbed energy by the
photosystems was dissipated as heat. In conclusion, combined Red and Blue lights (especially R70:B30) caused
favorable growth, photosynthetic functionality and maximum essential oil content of Salvia officinalis.
Therefore, combination of R and B lights (R70:B30) should be considered for production of Salvia officinalis
under artificial light systems during commercial controlled environment production of plants.

Keywords: Essential oil, Growth, Light quality, OJIP, Photosynthesis, Sage plant
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Figure 1- Light spectra of blue (B), red (R), red 50 and blue 50 (R50:B50), red 70 and blue 30 (R70:B30), red 30 and blue 70
(R30:B70) and white (W) lighting environments measured at plant level in the growth chambers
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Figure 2- The fresh and dry weights of the arial part (A), root (B), leaf (C), and stem (D) of Salvia officinalis grown

under different light spectra with same intensity
(DMRT, p<0.05).
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Figure 3- The intensity of chlorophyll a fluorescence during different steps of OJIP (Fo; 50us, Fj; 2ms, Fy; 60ms and Fp,; 1s)
curve in the Salvia officinalis grown under different light spectra with same intensity
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Figure 4- Chlorophyll a fluorescence of the OJIP-test including A) Fo;, B) F3; C) Fi;D) Fm: and E) Fy; in the Salvia
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officinalis grown under different light spectra with same intensity
(DMRT, p<0.05).
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Figure 5- Chlorophyll a fluorescence of the OJIP-test including A) Fv/Fm and B) Fv/FO0 in the Salvia officinalis grown under
different light spectra with same intensity
(DMRT, p<0.05).
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(DMRT, p<0.05).
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Figure 9- Leaf transpiration rate (E; A) and relative water content (RWC; B) in the Salvia officinalis grown under
different light spectra with same intensity
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Introduction

The diverse and magnificent plant kingdom of the world is widely known for its medicinal importance.
Natural substances obtained from medicinal plants and their plant extracts are used for the treatment of a lot of
diseases in human pathology as well as plant pathology. Therefore, it is important to understand the relationship
between medicinal plant species and their environment in terms of producing optimal secondary metabolites.
Salvia officinalis L., which belongs to Lamiaceae family, as the main herb in the world is cultivated in many
countries. Essential oil from S. officinalis aerial parts is used as raw material in pharmaceutical and cosmetics
industries. It has been known that different harvest times have a great effect on both quality and quantity of
essential metabolites. Furthermore, the drying process, which is one of the post-harvest processes, is very
expensive, but if it is done correctly, it significantly increases the efficiency and components of the essential oil
after harvesting. In large-scale agriculture, S. officinalis raw materials needs a lot of space and high cost for
drying process due to the large volume of material at harvest time. In this case, if it is possible to directly extract
the essential oil with the desired quantity and quality from the fresh plant, the production cost will be
significantly reduced from the economic point of view. For these reasons, it is necessary to determine optimum
harvesting time(s) and plant material kinds affecting essential oil quantity and quality. The purpose of this study
was to evaluate the yield and quality of valuable medicinal plant essential oil of S. officinalis in different
harvesting times of fresh and dried plants throughout the year in Fars province to determine the yield and quality
of essential oil.

Materials and Methods

For these purposes, aerial parts of S. officinalis in full flowering stage were collected from selected plants
from a 3-year farm located in Saadatshahr city of Fars province. A factorial experiment based on a completely
randomized blocks design with three replications and two factors include three different harvesting times (5™ of
May, 26™ of July and 5™ of November, 2020) and two types of plant materials (fresh and dry) was performed in
the farm. The essential oils of different S. officinalis samples were extracted by hydro-distillation using
Clevenger apparatus and with three replications. The yields were calculated based on dry weight and the oils
were analyzed by a combination of GC-FID and GC-MS techniques, to check for chemical variability based on
British Pharmacopoeia. At the end of the experiment, data analysis was performed using SAS software (version:
9.4). The means were compared by Duncan's multi-range test at a statistical level of 1%.

Results and Discussion

The results of the current study revealed that the essential oil content of S. officinalis aerial parts harvested at
different times and plant materials ranged from 0.19% to 1.18% (w/w). It was found that the interaction effects
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of harvesting times and plant materials on the essential oil yield was significant at the 1% probability level, and
the comparison of the average interaction effects of harvesting times and plant materials showed that the highest
essential oil yield of S. officinalis was related to the second harvesting time (26" of July, 2020) and the dry plant
material (1.18 % w/w). Meanwhile, the lowest yield of essential oil (0.19% w/w) was obtained in the first
harvesting time (5™ of May, 2020) and in fresh plant material. 34 different constituents have been identified in
which 22 compounds were common. Monoterpene hydrocarbons were the main group of compounds in all
studied plant samples. The key compounds of essential oil were 1,8-cineol, a-thujone, S-pinene and camphor.
The comparison of the average interaction effects of harvesting times and plant materials on the main
compounds of the essential oil demonstrated that the interaction effects on a-thujone and camphor constituents
were significant at the 1% probability level and for S-pinene were were significant at the 5% probability level.
The results of this research showed that the yield of essential oil in dry plant materials was higher than in fresh
plant materials and different harvesting times had a significant effect on the quantitative and qualitative
performance of essential oil.

Conclusion

Eventually, the results obtained from this study showed that the quantity and quality of essential oil in S.
officinalis were influenced by the different harvesting times and plant materials. In order to achieve the
maximum quantity and quality of essential oil in this species, the best type of plant materials was dry plant
material and the best harvesting times was the summer harvesting in the full flowering stage. Due to the fact that
the performance of essential oil at different harvesting times fluctuates in terms of quantity and quality during
the growing season, it is necessary to have the essential oil certificated from each harvest in order to successfully
enter the market.

Keywords: Drying, Essential oil, Monoterpene hydrocarbons, Yield
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Table 1- Information related to geographic and climatic features of the experiment site
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264 6.6 37.4 19.4 30005 53°05' 1770
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Figure 1- S. officinalis farm used in the research in the vegetative growth stage
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Table 2- Some physico-chemical characteristics of the soil at the test site
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Gl S S S 5595 g et e Sl g, A el o IR S e
pH EE: Jalze ocC Sand  Clay Silt PR P K Fe Zn Mn Cu
¢ CCE (%) ) (%) (%) (%) (ppm)  (ppm)  (ppm)  (ppm)  (PpmM)  (PPM)
(dS/m) (%) (%) Tex.
8.50 1.41 3160 013 127 1000 49.00 41.00 Si.C 1530 54600 1554  0.63 9.75 2.75
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Figure 2- S. officinalis farm used in the research in the flowering stage
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Table 3- ANOVA (mean square) of the effect of different times and plant materials on the percentage of essential oil of Salvia

officinalis
Ol o &3l 42y Sla o il E-value PrSE
S.0.V df Mean squares
Sk 2 0.0053* 6.62 0.0147
Block
s ooy 1 1.7422%* 2153.85 <0.0001
Type of plant material (PM)
A 2 0.17907** 221.38 <0.0001
Harvest time (HT)
2 0.02117** 26.17 0.0001
PMxHT
oiebesl slas 10 0.0008 ~ ~
Error
s o p ; 4.67
CV (%) - -

Doyd 05 ) Jlais] pdaw )3 ()l dme (g0 gixe pis Sy T g

#® @@ NS
¢

ns, ™ and *: non-significant, and significant at p<0.01 and p<0.05, respectively.
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Table 4- ANOVA (mean square) of the effect of different harvest times and the type of the plant materials on the major
compounds identified in Salvia officinalis essential oil

i3 aolie a8 Slaspe (ke
< ’:; 3’ &l Mean squares
= df 1,8-cineole a-thujone camphor B-pinene
Sk 2 1.029ns 8.26™ 1.961" 4.275™
Block
kS osle g5 5.93"s 2533.29" 44211 14.724"
Type of plant material (PM)
by clej 250.29" 281.95™ 537.647™ 156.427™
Harvest time (HT)
PMxHT 2 10.79ns 162.45™ 22.561" 9.887"
ofslejl st 10 5.12 5.92 1.519 2.172
Error
oS 2 14.98 27.44 10.05 27.99
CV (%)

Do B gV Jlein maw )3 (g)b gixe ()3 gxe pis i T g

#  #E NS
¢

ns **and ": non-significant, and significant at p<0.01 and p<0.05, respectively.

bl 0351 (5o (a8 dgn glod (392 (b 4 4295 b olo
Jab 4 095 Liolo dldy o ay pgd (e 50wl 0l o>
035 iy 50 (bl 033 ()l5a0 g a8l isl58l lom glod ¢ liwsls
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Iy e &8l pd il disly ialS Wgy (bl 033l e
J_:Su_n J.Jy L;)I.of u.wu'l.u)l Q\}.;.,o u*’l* dl.mc:)lp 4> 5 lS
Millan et al., 2019)
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Table 5- The yield of medicinal S. officinalis essential oil in different treatments of harvesting times and fresh and dry plant
materials

(39 /539) vy (bl 033l (o
Average efficiency of essential oil percentage (weight/weight)

B ook g3 sl cdls, pg> il Py Cubly
Type of plant material (a8 ¥/15) S (wﬂi\j/.ha/ -0) : T(:_“ﬁ;/r;/\/ \a)t
. econd harves ird harves
First harvest 05.05.2020 26.07.2020 05.11.2020
o3l
) 0.19¢ 0.432 0.26°
Fresh
s
; 0.80° 1.18? 0.77°
Dried

A3l Sl (claialy wix 05T gy 0 Y Jlein] gaw )3 I3 dxe IS pogie 4 w3, b yd dliiagsd gy
* Means with different letters in each row are significantly different at 1% of probability level based on Duncan's multiple range test.
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Table 6- The interaction effects of harvesting time x the type of theplant material on the essential compounds of Salvia
officinalis plant

9 2L 0l £ bS5

Cwild p Cug Compounds

. Humulene _— Bornyl  Terpinen o- -
Ty‘éﬁé’fh‘;ﬁ”etsﬂ?ﬁfe”a' Manool epoxide 11 Viridifiorol acetai/e -4Fiol Borneol  Camphor Thujone Pinene
Jol cuiily yy =03 ol
Fresh plant- First 1.53? 0.38° 5.49° 0.01° 0.25° 3.10° 1.88° 2.02d 8.7¢
harvest
ped Cubldys —o3l oS
Fresh plant- 1.48? 0.27 3.25¢ 2.46° 0.42b 5.37¢ 16.44P 44 2.3¢
Second harvest
pow C,u;')b)g —a)‘l';' al,,f
Fresh plant- Third 3.222 0.972 4.08° 0.10° 0.24¢ 1.28° 13.76° 5.3 1.9
harvest
Jol cuslyy — s olS
Dried plant- First 3.742 0.22° 8.312 0.12° 0.25° 4,782 0.83¢ 14.7¢ 13.52
harvest
pgd Cudld yy —Siis oS
Dried plant- 1.572 0.28° 3.33¢ 1.842 0.23¢ 3.62° 20.272 29.08° 2.8¢
Second harvest
P Cudld - Kis olS
Dried plant- Third 0.82° 0.46° 2.24¢° 0.55° 0.562 1.78¢ 20.38% 38.62 2.13¢

harvest

AL e Sl glatels wix 05l gy 0 A Y Jlain] gaw )3 o dxe BB pogde 4 wsd) b 0 dliapd g
* Means with different letters in each row are significantly different at 1% of probability level based on Duncan's multiple range test.
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Introduction

Rose is one of the important cut flowers, which has different types. Extending the vase life of rose-cut
flowers is very important in the floriculture industry. Every year, due to the lack of proper storage conditions
after harvesting, the efficiency of rose production decreases. Therefore, always using materials that help increase
the shelf life of cut flowers is valuable. Today, substances that improve the quality of cut flowers are very
important. They include materials such as calcium and silver. Nanoparticles are materials with sizes smaller than
100 nanometers. On the other hand, the important role of calcium and silver in improving quality of the cut
flowers is interesting for scientists. In this research, the effect of pre-harvest application of calcium nanoparticles
along with the post-harvest application of silver nanoparticles on the morpho-physiological characteristics of
rose cut flowers (CV: Classic Cezanne) was investigated.

Material and Methods

The current research was carried out during the year 2021 in a commercial rose production greenhouse in
Nazarabad city. calcium nanoparticles with different concentrations (0, 5 and 10 mg.L) were sprayed on rose
bushes every ten days (two months before harvest). After harvesting the flowers and transferring them to the
laboratory, silver nanoparticles were added to the flower preservation solution at different concentrations (0, 5
and 10 mg.L™?). After harvesting, the traits (vase life, flower diameter, fresh weight, vase solution uptake, total
protein, malondialdehyde and superoxide dismutase) were evaluated on the treated flowers (on days 0, 4, 8 and
12). Experiment was performed as factorial based on completely randomized design, included 9 treatments with
3 replications.

Results and Discussion

Based on the results of analysis of variance of treatment with calcium nanoparticles and silver nanoparticles
for the quality of shelf life at the 1% level of Duncan's test, it showed a significant difference. Also, based on the
results, the highest amount of vase life is related to the treatment of calcium nanoparticles with a concentration
of 10 mg.L"* with the silver nanoparticle treatment in the time after harvesting was at concentrations of 5 and 10
mg (11 days) and the lowest amount was related to the control treatment (7 days).Vase life increased under the
effect of treatment with calcium nanoparticles and silver nanoparticles (10 mg.L?) and caused an increase of 4
days compared to the control (0 mg.L) The treatments decreased the amount of malondialdehyde and also
increased the relative amount of absorbed solution, total protein and superoxide dismutase enzyme. Based on the
results of this study, calcium and silver nanoparticles improved qualitative traits. The simultaneous treatment of
calcium and silver nanoparticles (concentration 10 mg.L ) compared to the control (0 mg.L?) caused an increase

1, 2 and 3- Ph.D. and Associate Professors, Department of Horticultural Sciences, Faculty of Agriculture, University of
Zanjan, Zanjan, Iran, respectively.
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(14%) in flower diameter, fresh weight (12%), vase solution uptake (46%), superoxide dismutase (21%) and
malondialdehyde reduction (37%). Two other important findings emerged from this work: (1) The nanoparticles
used in this experiment caused the activation of the enzyme antioxidant system in the treatments (2) The
simultaneous treatment of nanoparticles calcium before harvesting and silver nanoparticles treatment after
harvesting by activating the antioxidant enzyme system and maintaining the ability to absorb the solution
increased the vase life of rose cut flowers. In general, the treatment with calcium nanoparticles at a concentration
of 10 mg. L before harvesting and the treatment with silver nanoparticles at a concentration of 10 mg.L™ after
harvesting were the most effective treatments in most traits.

Conclusion

Calcium is one of the most effective factors in increasing the vase life of rose cut flowers. Treatments
containing calcium increase absorption of vase solution uptake. The treatment of calcium nanoparticles increases
the total protein and superoxide enzyme compared to the control, so that the simultaneous use of silver and
calcium nanoparticles increases the vase life of rose-cut flowers compared to the control. Calcium probably
activated a chain of reactions by activating the message transmission system and caused the expression of genes
involved in the antioxidant system of the samples. silver nanoparticles by affecting the absorption of vase
solution uptake and reducing the amount of malondialdehyde and increasing the total protein and superoxide
dismutase enzyme compared to the control, increase the vase life of cut flowers. According to the results
obtained from the present research, it can be concluded that use of calcium nanoparticles with silver
nanoparticles had great effects on most of traits in compared to control treatment. The use of calcium
nanoparticles with silver nanoparticles improves the vase life conditions by increasing water uptake and
consequently increasing the relative fresh weight.

Keywords: Antioxidant enzymes, Postharvest, Vase life
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Introduction

Borage (Borago officinalis L.) is a valuable annual medicinal herb suitable for cultivation in many countries,
including Iran. Borage is considered as a native of both Europe and Asia. Several species around the world fall
under the denomination of “borage”. The presence of the y-linolenic acid in the seeds of borage makes borage
distinctively important mainly for the nutraceutical and pharmaceutical research. y-Linolenic acid is an omega -6
polyunsaturated fatty acid which cannot be synthesized in the body and hence falls into the category of essential
fatty acids (Evesh et al., 2019).

Chemical fertilizer is an indispensable abiotic factor in agricultural production, especially nitrogen fertilizer.
However, in order to improve the yield, people fertilize a lot, which not only wastes resources, but also brings a
series of serious problems to the environment, such as greenhouse gas emissions, soil fertility degradation and
water resources pollution. Therefore, developing new fertilizers, improving crop nutrient utilization efficiency,
replacing chemical fertilizers and reducing environmental pollution is an important direction of agricultural
sustainable developme (Zhang et al ., 2020).

Biochar is a carbon rich product formed by pyrolysis of agricultural and forestry wastes under limited air
availability. It is generally alkaline in nature, with the characteristics of rich carbon content, large specific
surface area and strong adsorption. Biochar addition can reduce soil bulk density and increase porosity, pH,
water holding capacity and nutrient content. Additionally, the unique physical properties of biochar can also
promote the colonization and growth of some specific microorganisms, which may participate in the
mineralization of biochar and promote nutrient cycling. Therefore, biochar has been widely used on improving
soil quality and increasing crop productivity. Biochar has a positive effect on root structure and nutrient
absorption of plant. Several studies have shown biochar can significantly increase the root length, root biomass,
root surface area and specific root length. The study also found that biochar significantly increased the number
of plant root tips, the most active part of root, and then increased the ability of plants to absorb nutrients from

soil (Zhang et al, 2020).

Materials and Methods
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In order to evaluate the effect of damask rose waste (DRW), walnut green skin waste (WGW) and cow
manure biochars on biochemical, physiological and yield characteristics of European borage, an experiment was
carried out based on a completely randomized design at the greenhouse conditions in Faculty of Agriculture,
Shahid Bahonar University of Kerman. The experimental treatments contain: without of biochar (control),
biochars of cow manure (0.75%, 1.25%, 2.5% and 5% w/w), walnut green skin biochar (WGW) (0.75%, 1.25%,
2.5% and 5% w/w) and damask rose waste biochar (DRW) (0.75, 1.25, 2.5 and 5% w/w). The physicochemical
properties of the biochars and soil were analyzed. Five seeds were planted in three-kilogram pots at a depth of
1.5 to 2 cm. The greenhouse was maintained at an average temperature of 25 °C during the day and 20 °C at
night, with a relative humidity level of 60%. Upon concluding the experiment, various biochemical,
physiological, and functional characteristics of European borage were assessed and measured.

Results and Discussion

The results showed that DRW (60%) and WGW (13%) biochars had the highest and lowest amount of stable
organic carbon, respectively. The investigated treatments significantly (p< 0.01) affected the biochemical,
physiological and performance traits of European borage. Application of DRW and manure biochars caused a
significant (p < 0.01) increase in yield and photosynthetic pigments of European borage compared to the control.
Applying WGW biochar at the level of 2.5% increased the shoot dry weight of the plant by 119% compared to
the control treatment. Application of 1.25% of cow manure biochar also increased the shoot dry weight by
29.7%. WGW biochar applying not only had no positive effect on the growth and yield of the European borage,
but also lead the decreasing growth and prevent flower production of borage. The highest CAT activity related to
applying 2.5% of DRW biochar and 1.25% of manure biochar. Application of WGW in concentration of 0.75%
significantly increased the proline contents. Using biochar improves soil fertility.

Conclusion

In general, applying DRW biochar in concentration of 2.5% and cow manure biochar in concentration of
1.25% were the most suitable treatments.

Keywords: Catalase, Electrical conductivity, Medicinal plant, Proline, Pyrolysis
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Table 3- ANOVA (Mean square) for some morphological traits of Borage as affected by different types of biochar

s i @ 5 olas £ s il glis | R L wit) 5 039
e 151 : - Avrial fresh weight Root fresh weigh
SOV @3 Flower number Leaf number g Root length g g

df Arial shoot

length

o - - - - o -

12 1823.0 336.4 611.7 2235 278.9 36.63

Treatment

s

26 5.69 0.711 5.93 4,58 1.09 0.039
Error

Sy 58 - 11.93 4.40 12.36 10.38 9.18 6.49
C.V. (%)

Eodsime pis g Moy K g guy e 5D (61 gre 0amd (L S 4 NS

** ‘*

ns = Non-significant. * and **= Significant at 5% and 1% of probability levels.
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Table 4- Some characteristics of the Borago officinalis plant as affected by different types of biochar

s R i e A ek B T
rial lengt oot lengtl rial fresh weig oot fresh weig
Treatment Flower number  Leaf number
(cm) (cm) )] @
Sz Cok e 31c 24¢ 30cd 15.5¢ 14.1b 4.12¢
Control
15% § dl&
0-75% 3050 5 A5 o5 35¢ 26¢ 27ed 13d 10.25¢ 1.67f
Damask rose waste 0.75%
1.25% § d&
S giama J5 i g 60a 24¢ 37ab 23b 30a 9b
Damask rose waste 1.25%
2.5% $ dlis
S saame J5 i g 77a 40a 4la 33a 30.9a 12.43a
Damask rose waste 2.5%
0, z
5% o J5 alis g 1rd 32b 30cd 10e 14.8bc 1.78f
Damask rose waste 5%
0.75% c5l5 355 ,lses
Cow manure 0.75% 32¢ 24c 28d 5gh 7.57d 3.63d
1.25% 5l5 355 o 52 18.99h
Cow manure 1.25% 42b 29b 33ch 16¢ ’ 8.29b
2.5% o5 555 Jlsw 20d
Cow manure 2.5% 18d 24e 10e 10.48¢ 1.58f
5% slS 355 g
Cow manure 5% Og 17d 8f 15cd 7.63d 2.42e
0.75%3,5 510 Cosgy Jlge:
Walnut shell 0.75% Og 25¢c 38ab l4cd 12.86¢ 4.25¢
1.25%53)5 s Cangy g
Walnut shell 1.25% 0Og 12f 8f 8ee 3.25¢ 0.83g
2.5%33 )5 s Cusgy Jlagm
Walnut shell 2.5% Og 11f 4fg Tof 3.23e 0.53g
5%93)5 juus gy jlrom
Walnut shell 5% Og 0g 0Oh 1] of 1]

Al e oSSy (glaiebais Qyo)‘-l ool g 203 0 Jleis] o (3 (gl e BMB] gl gt o > Spiie Bgy )y sl Sile
Column means with the same letter are not significantly different by Duncan’s multiple range test (p< 0.05)
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Table 5- ANOVA (Mean square) for some morphological traits of Borage as affected by different types of biochar

P o Susel sl . aeds 5 . ; 935,
Sl WS T ] oian ofsr Chlorophyll bads 5 ‘JST‘J‘:’I’K Carotenoid

S.0.V & CAT Iy el Protein Prolin a Chlorophyll ota

df APX GP Chlorophy

o 11 0.0675** 0.909** 0.0372** 898.06** 35.0084** 50.019** 1.860** 107/084** 0.669
Treatment

Eu 24 0.000609 0.015 0.00044 4.69 0.199 0.55 0.119 1.248 0.057

rror

o po 6.45

Ol i - 9.133 6.754 5.944 6.55 10.34 8.63 10.72 9.45
C.V. (%)

G e pls g Mo yd G 5 s gdaws )d (610 ixe skimd LS i) 4 NS § KKK

ns = Non-significant. * and **= Significant at 5% and 1% of probability levels
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Table 6- Some biochemical characteristics of European borage as affected by different biochar treatments

ul{”&wi _ . & .
P Jsus e o aJudg 5 Jndg 5 IS Undy 5
3 STy oI 9% Chlorophyll  Chlorophyll Total
o CAT JowSly  Protein  Proline b
APX ) i a Chlorophyll
Treatment GP (mg.g (umol.g
IFw)

1FW)

Mg,
Carotenoid

(U.mgprot) (mg.g*FW)

Control 0.135ch 1.53de 0.563a 30e 1.2g 6.35fe 2.01d 8.36¢ef 3.54d
Damask rose
waste0.75%
U5 Al g 0.198ef 1.88¢ 0.452b 42c 1.29 8.32d 2.68¢ 11d 2.77e

0.75% csome

Damask rose
waste 1.25%
J5 Al g 0.189¢f 1.63d 0.364d 36d 1.79 10.32c 3.21c 13.53c 2.2f

1.25% g3oe

Damask rose
waste 2.5%
J5 A s s 0.47b 1.17g 0.154g 50b 1.29 14.43b 5.014b 19.44b 2.52¢f

2.5% 300
Damask rose

waste 5%
55 Al s 0.218ed 1.47fde 0.302e 69a 1.02g 17.2a 8.32a 25.5a 2.2f

S%JAW
Cow manure

0.75%
565 g 0.123h 1.235fge 0.432bc 26f 3.2f 7.32de 3.01c 10.33de 3.2d

0.75% 545
Cow manure
1.25%

&5 355 )l
1.25%
Cow manure
2.5%
&5 355 g
2.5%
Cow manure

5% 0.288c 2.29b 0.410c 33d 9.3b 7.6de 1.86de 9.46fde 6.11a
5% (555 355 Jlrgn
Walnut shell
0.75%
S Cagy g
0.75%4>,5
Walnut shell
1.25%
S Cagy g
1.25%4>,5
Walnut shell
2.5%
S Canogy g
2.5%4,5

0.6477a 1.25fg 0.296e 42c 3.6F 10.7¢c 4.56b 15.27¢ 2.3f

0.172gf 2.02c 0.365d 35¢ 7.8¢c 8.32d 2.62¢c 10.94d 4.2c

0.290c 2.85a 0.432bc 189 10.6a 5.149f 2.96¢ 8.1f 6.3a

0.256¢d 2.50b 0.260f 8h 6d 4.21h 1.36f 2.57q 5.3b

0.256¢d 2.42b 0.24f 8h 5e 3.22h 1g 4.229 4c

Al e oSSl glaield i 094)‘-] ool g 2030 Jleas] hw Sl sxe BB glyls g o 1 S yidio By (gl)b o 1Sl
Column means with the same letter are not significantly different by Duncan’s multiple range test (p< 0.05)

oo 5l a8 2,5 0 )13 (il Jelge 13 ot oo 52 29290 e S B (3L e (ol Hlul (S A o 4 g
Olie Cp i (oo J5 &l (Khadem et al., 2017) »wSB (Elesti and Garakhlou, 2014) 15" SaS olS 4455
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