= ,\l.é 'J_r-) J\
| J J—J ZGls

¥ oyled YA Ll
(JJJJJ (J*‘J J r'

1Eer Jlo

b dgkxe wiU cox (Ziziphora clinopodioides Lam) 5955 0lS olbowsign (olgdg miles! (31 5u0 ol padS (o 39
sy o

P 5 (0055 hlw — (53258 e =33 (alo don

Solanum lycopersicum) 55,5495 sgm 45 Olhuo p1 Caiild g (yloj 9 S yaSwlduw! § b IS puandlS il Jglmo 431
4a) (cv. SV8320TD

292 SR y5 2oulo — o B )25 )5 551 pall —0ligSi dabls - LI 1,25

SOV gm0 303 (b 13 Golpid o3, (Phoenix dactylifera L.) sl sgm _olhomion Slhogad p s 5 otbowd S5 i1
Silaste ooy (silauan 13925 0,00 — A Jurowsl = olno dllyg5 - Pl jpaie

PVY s (00 g0k 33 (i 1315 (5 & (Mentha piperita L.) A5 Usi olS (S5 35)5 548 5 (o omigm (glogeuly
295 9005 — Se 10— Ly y32 18

Echium amoenum Fisch. &) iyl U3e8J5 clid SGj90g0 5899 )90 Slio p (2b;d Sul> 55bac il Jgloxe 5l
al 829 3 byl 3 (Mey
0l (sle dgrmo — Ldent doat - 6ol dsge — (B oy 59 42

gy 4L 89, (Prunus dulcis L) o3b isosme! cuigii Y5 (3Uaivgu 9 39094 ¢ g pieo Sluoguad (L)
Yoy GNYO

ol e —olgd by 0,51 - (5990 st duws

omo ©,3950 Wb Jglome 4 Zewly 4> (Allium ampeloperasum subsp. Persicum) Sl 0,5 5,Slos g duiy oy
vra g 5 L5
Ll 33 315 (LS el —3,3 (Ggmge (§3be — 0SS 32 3

YfY Sldwinns 49,5 bl pd 45 (Solanum tuberosum L.)
Sl Uao —  SueblS dilowws — 431 oo L ale — gioro b dongd

e Slag s 4l 595 U 85l Siw o lomigind g (B Uuicdy , Sl 31 (31 (69; (S gl slond il
PUo o — 63100 s 3155 6310 500 — OWE dgatms daw

VAR e et J¥ire w8l 13 oyl 0l oge (Narcissus tazetta) g\ ws o So590905d 9 b luicdy , s jadls JUj,
SR 5591,00 — a2l pue yow




SLEL pols @ g

(8319 Qb0 g poke)

26524

Sl g Lldal pgle oyl
73/10/19

1403 i) 4 o las

21/2015

olash olin gy~ cale daya 9

4;1|3J;1¢JL~.ZL_1

68/4/11

38 ula

aidl Al et cale™ da pldih da T il g5 cale ™ da ju (g1l @il el duls 1398 Jluw 3 s &yl g ds guan ulesl

(dguien (g g0 58 sl&ils) (BanS ) dis wass — slicl

(o g9 ol8EIS) How sLiad putigey ALl gle - ol

(oo g g ol&EIS) Huew sliad putigey SL2l o gle - Hluzils
(oo g ga s ol&EI) S sliad punigoy SLel asle - luzals
(o g9 olREIS) Hoew sLiad putigey ALl gle - ol
(oo g g ol&EIS) Hoew Sliad puutigey ALl o gle - Hluzils
(Olal Jais szl Sleb asle - ladils

(st oS s&zal) ©58)sm suaas -olil

LI 15551 1ae 5 (655 sliS dn 50 - ‘,Q.AJ:}:’

Oloal (s3mm L3 w53 5 Pl Slga S e Sty

(e (g 9958 olEIM) o (slidd ntigos Slaels o sle - alicd)
(et ol€5l) Lely asle - olic

(o165 oEtil) S o sle - ol

(OB rale lio 5 (s305LES pile sliils) L o sle -5 Luiils
(st (g o) (mols (LalS -l

(o165 o&tils) SLEls a sle - sbiaal

Karel sl sl€tils 3Lzl o sle 0508 ol

(sgetin (gom 395 S€83S) SIS Pal s S5 — sliel

(OIS 883M) Sacw (sludd (uusigo s (LSE - ol

(i (ru g8 olKuzils) LS (555 058 ol

3 S5 soul8 5 sDuslaS sl -ulinl

Sgdie g ,d o ity
saly Js Ls,

$ e e

e e295]

2w sule

oo b S

Sgane ) gul

Roe A

S Faso 8315 s
eoala wuly Sla
e ¢ gelia
Opeuno e I35 5550
e gaal,

dl b ole)

G dane ¢ Sl s
e (g5

ole ol

daclandd (A

dans ¢ g8

e (SIS
KINEYIIPRY->)

JJL" u":‘J:’ ‘u?d—a

NPT PR WPRRE Y - KR -1

:Jl::la‘ g:_\ahc
JSieus yuae
5‘):\:1.\‘)“

8787430 :plei FUEL pale ay puii = cole Ol pald A Jsd = (65,9l 0uSUiGIN1163 cimy Ggiwo 91775 gy o5 = Spuuiino 1 Sl

Jhorts4@um.ac.ir

S g s Gy

- Crl oudi dalad Jols dlis &y guo as Wttps://jhs.um.ac.ircube ju o jlads ool &Y Es

gl oo puliiie g Gala (Jlu yo o laci 4) dolilind &y e da d i (3



mailto:Jhorts4@um.ac.ir
https://jhs.um.ac.ir

629

641

657

677

695

707

729

747

765

779

Ql?)M

b ek Wl i (Ziziphora clinopodioides Lam.) Jg5s” ol™  oboaiign _olas-g (will O juo Of gk ) 9
Sk Lo

K5 oo S =S558 dma =33 (S5l e

Solanum lycopersicum cv. ) =5 4o g5 0gmm (A Dlao 9 Culild 3 Ol 9 00 590w Tl § Wy W7 ads”™ (00 Jaloxo 1
(Sv8320TD

gy K e = o i 1 a5 55 el = ol S5 aebls - s | a5

oau goi b 38°59l was o8 5 (Phoenix dactylifera L.) b & oga (2bonsiign Dlogas p Gwd 9 (lows K5 1
ST fammy (e = 1355 08 = (I Jomal = (olon A5 = (P poate

Syeh S usmo 33 S D138 id 4 (Mentha piperita L.) Jad Us ol (159799 38 9 (o bowiign (SBGwh

035 3 gemam Gle ol = e 5 O 5S

(Echium amoenum Fisch. & Mey) 1 p! Obael 5 sLi <O 590a migd 190 Dlho p (b 1o <Kl oslas b Jglono 41
Soge o Bl pw 50

oly (e 3 mme ~Obdel ol = (5 ol @ gmn = S o) S50

GN15 g 4k 59, (Prunus dulcis L) plob sduam! cuwigil 36 obiogm 9 (S5909% (229) pao Dhogas b3
Sl ool by o STm g s 50 ol b

S gt D53630 (b Jodomo 4 Fewly 58 (Allium ampeloperasum subsp. Persicum) gl pfo s o Khos 9 ddy qwi g
Sogd W

Ll 3l 005 Sl pmedlde =35 G g sn Bolo = o STLasla 3

(Solanum —wo joumw 0u=E 333 Al gi 38 357 Lw § (MS) 5 g5l 9 il 150 CmiiS” trtmo Lidiio (Sl 1wy p
Slind 0935 Tl yé ya tuberosum L.)

Sl e = SLabIS dlaw = 53T e Lo e = (ghaee sl dangd

“log sined 42k (595955 03l Wi Slowiigisd § LISy Dlao 3 (B3 693 e gl sl 8T

B3Lo e m (650 0 e 3l 5 (G5l (Guge — D S gazea

Joiae Bl 53 Of 9l 09 (Narcissus tazetta) by iy S5aig 3 § SShbosu )y Sbasly b3

S e = Sl e e



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

Research Article
Vol. 38, No. 4, Winter 2024, p. 627-637

Study of Essential Oils Changes and some Biochemical Properties of Ziziphora
clinopodioides Lam. under Application of Salicylic Acid

S. Sadegifard'='!, M. Azizi"®'*, S. Karimi Zinkanlu'*®

1 and 2- Ph.D. Student and Professor, Department of Horticultural Science, Faculty of Agriculture, Ferdowsi University
of Mashhad, Mashhad, Iran, respectively

(*- Corresponding Author Email: azizi@um.ac.ir)

3- M.Sc. Graduated, Department of Horticultural Science, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran

How to cite this article:
Revised: 18-06-2017 Sadeqifard, S., Azizi, M., & Karimi Zinkanlu, S. (2024). Study of essential oils changes
: and some biochemical properties of Ziziphora clinopodioides Lam. under application of
. AccepFed. 03-10-2017 salicylic acid. Journal of Horticultural Science, 38(4), 627-637. (In Persian with English
Available Online: 03-10-2017 abstract). https://doi.org/10.22067/jhs.2021.59045.0

Received: 17-10-2016

Introduction

Growth regulators play a vital role in developmental stages of plants and their use can be improved the yield of
crops. One of the most important compounds that used as growth regulators in recent years is salicylic acid. The
application of salicylic acid in the activation of systemic acquired resistance, and metabolite synthesis and
antioxidant enzymes has been proved. Also, salicylic acid as a natural compound has potential to prevent ethylene
production and its effect. In order to evaluate the effect of salicylic acid in different concentration on yield and oils
content of Ziziphora, a split plot experiment with three replications during 2014-2015 in the field of Agricultural
Faculty of Shirvan and Ferdowsi University of Mashhad laboratories was conducted.

Materials and Methods

This research was conducted during 2014-2015 under field conditions in a split plot design in time, at Shirvan
Agricultural Research Station (latitude 40 °/ 37, longitude 93 °/ 57 and with a height of 1097 m above sea level)
and in laboratory Department of Horticultural Sciences, Ferdowsi University of Mashhad. Each plot had an area of 4
square meters in furrow planting way which the distance between rows were 50 cm and on rows 15 cm and were
carried out on 25 March 2014. Irrigation was carried out immediately after planting, and a second irrigation was
done 20 days later, once the seeds had germinated. Irrigation and weed control are also done manually once a week.
Salicylic acid (Sigma Aldrich, 99.5%) in the three phases of plant growth (The onset of vegetative growth,
throughout vegetative growth, and at the flowering stage), at concentrations (0, 102, 10 and 10% M) in three repeats
were sprayed. The first spraying (The onset of vegetative growth) was done on April 3, 2014, the second spraying
(throughout vegetative growth) on May 4, and the third (at the flowering stage) in early June 2014. The plants were
harvested on July 20. To measure the dry weight of the plants, the samples were dried in the shade for a week.
Essential oil content was determined using a 30-gram dry sample in 500 ml of water through hydro-distillation with
a Clevenger apparatus for 4 hours. For biochemical characteristics first samples extract were obtained. To prepare
extracts, dry samples were milled then one gram of each sample was transferred to the 50 ml Erlen and 10 ml of
80% methanol was added and shaken for 24 hours. After 24 hours the extract was filtered using filter paper then
used for measuring phenols, flavonoids and antioxidant activity. Phenol measurement: phenolic content was
measured using the Folin reagent. In 5.0 mL of each extract (10 milligrams per ml) 5.2 ml Folin reagent was added.
After five minutes, 300 ml of a molar sodium carbonate solution is added and maintained in a 40 °C bath for 30
minutes. The sample absorbance at 760 nm was measured by a spectrophotometer against the blank. Gallic acid was
used as the standard for calibration curve. Flavonoids measurement: Flavonoid content of the samples were
measured using aluminum chloride reagent. In 5.0 ml of methanol extract (10 milligrams per ml), 5.1 ml of

©2017 The author(s). This is an open access article distributed under Creative Commons Attribution
B 4.0 International License (CC BY 4.0).
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methanol, 1.0 ml of 10% aluminum chloride, 1.0 ml of a molar potassium acetate and 8.2 ml of distilled water was
added. The mixture kept in dark for 30 minutes and absorbance at a wavelength of 415 nm was read against the
blank. Quercetin was used as the standard for calibration curve evaluation. JMP statistical software was used to
analyze the data.

Results and Discussion

Based on the results, the application of salicylic acid significantly affected fresh and dry weight, plant height,
and phenol and flavonoid content (P < 0.01), but had no significant effect on essential oil percentage or yield. The
highest fresh weight (264.763 grams per square meter) and dry weight (93.11 grams per square meter) were
obtained with the application of 102 molar salicylic acid during vegetative growth, while the lowest fresh and dry
herb yields were observed in the control group. Maximum height of plants (29.01 cm) was related to 102 M salicylic
acid during vegetative growth and the lowest of plant height (23/24 cm) was related to control treatment at the time
of flowering. The highest amount of phenols (0.504 mg equivalents gallic acid per gram of dry weight) was detected
in plants treated with 10 M salicylic acid during vegetative growth and the lowest phenols (0.248 mg equivalents
gallic acid per gram of dry weight) was reported in 102M salicylic acid and during vegetative growth. The highest
amount of flavonoids (0.31 mg equivalent Quercetin per gram of dry weight) was obtained in 10 M salicylic acid
treatments during vegetative growth and the lowest of them (0.176 mg equivalent Quercetin per gram of dry weight)
was in 10¢ M salicylic acid treatment at the beginning of vegetative growth.

Conclusions
In conclusion the results showed that the highest amount of fresh and dry weight and plant height was under the
conditions of 102 M salicylic acid concentration and during vegetative growth and the best yield of essential oils,
phenols and flavonoids in during vegetative growth and 10M salicylic acid concentration was obtained.

Keywords: Essential oil, Growth regulator, Secondary metabolites
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Table 1- ANOVA for the effect of time and concentration of salicylic acid on some attributes in Ziziphora clinopodioides Lam.
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Figure 1- The fresh and dry herb weight of Ziziphora clinopodioides Lam. under different levels of salicylic acid

st S4 5 S3.52 S1 (slacdile)

(28l (o o iy Jlois] s 53 5SS (ygel bl s (SSlie dulie g 0391 (23S (e )3 9 (g 5y (e )3 esiingy 48, jLED
(S1, S2, S3, S4 show 102, 10, 10 M and zero (control) salicylic acid concentrations respectively and T1, T2, T3 are
salicylic acid application times at the beginning of vegetative growth, during vegetative growth and flowering time
respectively) (DMRT, p< 0.05)
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Figure 2- The plant height of Ziziphora clinopodioides Lam. under different levels of salicylic acid
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(S1, S2, S3, S4 show 1072, 10+, 10° M and zero (control) salicylic acid concentrations respectively and T1, T2, T3 are

salicylic acid application times at the beginning of vegetative growth, during vegetative growth and flowering time
respectively) (DMRT, p< 0.05)

SF oS (uilial 3,8hos 9 4003 g1 (ouilydglone loj g Sk ot CBLE 03l 31 Y Jgin
Table 2- The effect of application times and levels of salicylic acid on the essential oil content and yield of Ziziphora
clinopodioides Lam.

Loy owlwl ao (&0 %0 43 0,5 Jwo) (uilwl 3 Slos
Treatments Essential oil percentage (%) Essential oil yeild (mg.m-)

S1 1.16 2* 0922
Sl cdale S2 1.07 0.71%¢
Salicylic acid concentration S3 1.15% 0.75%
S4 0.922 0.56°¢
s Tl 1.082 0.712
- Mbwl 5,8 caliseo L_Sl‘bc:)]‘”} - T2 1.032 0.802
Different times to apply salicylic acid T3 1.122 0.692
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(S1, S2, S3, S4 show 102, 10*, 105 M and zero (control) concentrations of salicylic acid respectively and T1, T2, T3 are
salicylic acid application times at the beginning of vegetative growth, during vegetative growth and flowering time

respectively)

* In each column, the numbers with the same letters are not significant at the %35 of probability levels based on Duncan’s multiple

range test.
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Figure 3-The phenol changes of Ziziphora clinopodioides Lam. under different levels of salicylic acid
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(S1, S2, S3, S4 show102, 10*, 10 M and zero (control) salicylic acid concentrations respectively and T1, T2, T3 are

salicylic acid application times at the beginning of vegetative growth, during vegetative growth and flowering time
respectively) (DMRT, p<0.05)
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Figure 4- The flavonoid changes of Ziziphora clinopodioides Lam. under different levels of salicylic acid
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salicylic acid application times at the beginning of vegetative growth, during vegetative growth and flowering time
respectively) (DMRT, p<0.05)
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Introduction

Tomato (Solanum lycopersicum L.) belongs to the Solanaceae family, which is one of the most widely cultivated
and economically important vegetables in the world, which is an excellent source of ascorbic acid and has high
antioxidant capacity against oxidative damage caused by free radicals. Ascorbic acid (AsA) is a water-soluble
vitamin that plays a key physiological role in scavenging reactive oxygen species (ROS), and enzyme cofactor.
Ascorbic acid is antioxidant and anti-stress agent, and also acts as a signaling molecule in some plant physiological
processes and defense mechanisms. Positive roles of such antioxidants in scavenging or chelating the free radicals
and activating the natural resistance against different biotic and abiotic stresses have been reported in several fruit
trees. Calcium has a vital role for normal growth and development of plants due to an important role in balancing
membrane structures, increasing nutrient uptakes and activates of metabolic processes. Calcium plays a vital role in
maintains cell wall stability, integrity and determining the fruit quality. To our knowledge, however, little
information is available regarding the interaction effect of ascorbic acid and calcium chloride on tomato. Thus, the
aim of this study was to investigate the foliar application of ascorbic acid and calcium chloride on quality and
antioxidant capacity of tomato fruit.

Materials and Methods

To study the effect of foliar application of calcium chloride (Ca) and Ascorbic acid (AsA) on growth, yield and
fruit quality of tomato, the field experiment was carried out from June to September 2021 at Research farm of
faculty of Agriculture, at the University of Zanjan, Iran. Each treatment was carried out with three replicates.
Different concentrations of Ca (0, 0.3, 0.6 and 0.9 %) and AsA (0, 100, 200 and 300 mg.I"%) were sprayed three
times (0, 15, 30 days after full bloom). Fruits were harvested at two harvests stage (orange and red color) and
transferred to the laboratory on the same day. Flesh firmness was determined with penetrometer (model Mc Cormic
FT 32), using an 8 mm penetrating tip. Results were expressed in kg cm-2. The pH values of solutions were
monitored with pH meter. TSS was measured in the extract obtained from three fruit of each replicate with a digital
refractometer Atago PR-101 (Atago Co., Ltd., Tokyo, Japan) at 20°C. Total ascorbic acid content was expressed as
mg per 100 g of juice. Antioxidant activity was measured using the free radical scavenging activity (DPPH) and
calculated according to the following formula: RSA%= 100(Ac-As)/Ac. Statistical analyses were performed with
SPSS software package v. 20.0 for Windows, and means comparison were separated by Duncan’s multiple range
tests at p< 0.05.

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution
EY 4.0 International License (CC BY 4.0).
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Results and Discussion

The results showed that fruit harvested at red color stage had higher vitamin C, total soluble solid (TSS), total
phenol, flavonoids contents and antioxidant capacity compared to fruit harvested at orange color stage. Foliar
application of AsA and Ca had significantly improved tomato fruit quality. The highest value of TSS (4.9 °B),
vitamin C (46.1 mg.100 ml?), total phenol and flavonoids contents and antioxidant capacity (36%) was achieved
with application of 300 mg.I* AsA and 0.9% Ca in fruit harvested at red color harvest time. The lowest value of pH
and highest TA was observed in red color fruit treated with 300 mg.I"* AsA and all Ca levels. Ca had significant
effect on fruit firmness, which the highest fruit firmness was obtained from 0.9% Ca. The fresh tomato is an
important source of ascorbic acid for human consumption. AsA significantly increased the amount of vitamin C in
the plum and sweet pepper fruits. Increasing vitamin C content in fruits after treatment with Ca could be related to
inhibiting action of calcium on the activities of ascorbic acid oxidase that use ascorbate as a substrate. The results
indicated that treatment of Ca produced fruits with higher firmness compared to control and other treatments.
Firmness and resistance to softening can be increased by the addition of Ca, due to interaction of calcium with
pectate acid in the cell wall to form calcium pectate and retarding polygalacturonase activity. Differences in the
percentage of TSS content at the time of harvest indicated the AsA and Ca effects on carbohydrate accumulation in
fruits, which had different potential on respiration rates and consequently storability of plants. The antioxidant
activity has positive correlation with total phenolic content, flavonoids and content of ascorbic acid.

Conclusions
The results of our research indicated that per-harvest foliar application of AsA and Ca improved fruit quality
attributes including vitamin C, fruit firmness, TSS and antioxidant activity. These results suggest that AsA and Ca
treatments, especially AsA 300 mg.I"t and Ca 0.9%, may be proposed to improve fruit quality.

Keywords: Antioxidant capacity, Fruit firmness, Phenolic compounds, Vitamin C
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Figure 1- The interaction effect of foliar spray of ascorbic acid (AsA) xcalcium chloride (Ca) on the fruit firmness of tomato

harvested at two red and orange stages (DMRT, p< 0.05)
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Table 2- ANOVA for the effect of foliar application of calcium chloride and ascorbic acid on the tomato fruit quality traits

harvested at two red and orange stages

Oy b0 @il ey g b i Jolxe ela dlge g ! Ol i LB !
S.0.V df Fruit firmness Total soluble solids pH Titratable acidity
Ssh 2 0.105 1.093 0.010 0.00003
Block
6‘“’5&“ b 3 4.415m 1.130™ 0.128™ 0.0006™
Ascorbic acid (AsA)
. 25 . 3 1.835™ 0.218" 0.042" 0.0008™
Calcium chloride (Ca)
Wb”;ol”} 1 56.779™ 4.463™ 0.235™ 0.026™
Harvest time (H)
AsA x Ca 9 3.061™ 0.785™ 0.038" 0.0015™
AsA x H 3 2.018™ 0.105" 0.016™ 0.0006™
CaxH 3 2.573" 0.503™ 0.004" 0.0011"
AsA xCaxH 9 1.103™ 0.234" 0.033™ 0.0018™
e 62 0.057 0.109 0.018 0.000022
Error
S s - 1.19 8.35 2.81 3.05
C.V. (%)

Jod K g auy Jlesinl pdaw (3 by ize g ¢g )l me pas ol Sy e g % NS
ns, *, **: non-significant and significant at 5 and 1% of probability levels, respectively.



PO . (K845 9F oguo (S Wlho el lo)y g Sl :.S.H)QS“T 9 oSy IS oL Jolxo 51yl K0n g s

oS oS b b cov S8465 g sluis cuaS
8ty loj 53 ogee () Alsyo 5 S o AS) (584255
b duslio ) Bud cudldy gsb Jgl doyo 3 a8 slasgee 3,
Jolee dols dlge cind cudld y JolS oduusy dls o )3 48" Sloogue
pbl sl )y p 4 a5 b (Kacjan et al., 2011) acsly (g S
S gyobdy Wl pxie Jolore dels dlge y eundS 31 0
2B oy 93w lendS ciby Gl gl A5 )1
Mespilus ) 15 JS5l ogee Jsbore dols dlgo yiul3sl 4 (o)l gxe
b Jsle (AkNtar et al., 2010) ol «uils (germanica L.
S 3 Sy b ohes oy fF w S eels Sy
Rab & Hag, ) i ogee IS Joloee ol dlge jlade (01581 g0
b (55,845 05 13 1 IS erdS o 48 ol 0y )55 (2012
Jel Lgﬁ sl 0ga0 Jf J9l>u Jual> .)|9A )lA.o.a » d)lb&:w
Sgo Jlade yialS el 090 U (1o ¥ 5 V/0) YL slaclale
LS Y S 55,8 (Mazumder et al., 2021) i Jgloro Sol>
Sge isli8l el (Lactuca sativa L.) als' j3 ¢yl ,5 p,5 V/0
S5l 5 5 s S Ll plS 1335 Jsloe sols
cel cdl opl g oad bohamg S uss 5 @ sl
Khani et al., ) 54 0 g jomw 5 ogeo Joloxo dols dlgo Lais
ol lows QL“’LS 09x0 J}bu Jol> .>|9.a ‘_;|9;'>u » gles .(2020
oD ) g S (Folite Jrudlly 4 39 Woges )3 Dl jamgs S
Cuol oas 0,155 (Barzegar et al., 2018) cuisls Wogro Slo,Lo!
Oyl i) 53 p S e Yoo cbale b SoypSlinl Jlos oS
iy gldodd Jalb ogee Joloo dals g dlge (slyime p 1y il
ol cel SopeSlil 3L Jgl=e (Fateh et al., 2019)
Mohammed, ) Wi cppwd Jald slaoge 13 Joboro ol dlge
b dsbeo b JS 45 5 Jsbeo dol> Slse lie (il (2013
(Pyrus communis L.) M (claoge 69y SitygSwoliml

(Hafez et al., 2010) cusl oas )55

(TA) 0930l 33 L35 sl g (PH) isacad
Ol 9 IS eeadS 5 S ySslinl (bl Jolrs ,31 S
dub%& uy_w‘).u; J_;ls .L_wl 9 AI.»A._wl ul)_m g 1) M‘Qﬁ
5 ) slrogee )3 bl Glie dmd oo Ui (K jpen oS
olals o Jg sl gyl dme Golds sniis Hlows sl K550,
33 Al e o IS ndS g S ygSliml b oads 5L Jolxe
P9t joy8 liogse S| i (5l Hme yobodny Sy 2L ogse
Jslas s jzalS 1 ogae il lime S ygSanl ] (5L Jglxe
Sl s £ AL ) ol Siyiad (Slaages 5250

A2 o9 e (S S Shg Jl (e w0gee C8L (St
cilisen oo > (1S dlgs (S g (oS Syt b g
Jabo »> (Esfahani et al., 2018) > ls pudi e bl )l Sauw,
5 359558 (o slmp 5T cdled Jidaas oge (st ¢
5 Jed 30,1 (Sabir & Agar, 2011) wb e ialS 550855
21y 3 0ad il py (5842 65 laogee 2 IS el s
i 45 0y (L 55058 b 631G, dlsyo i Eoby cilises
e 9 C8b el S5)50)8 b (g5IIS) dls po jlogee L
ol Gl 8l ogn bl (i ol el il 138l
3940 § (st Lialidl 4 S 56 (Tolasa et al., 2021)
o g JSts 3 yaie (ul b o ogee (Sajd Slogead
5 o oslgsd (5l Bl e ok sLité plSoxial 5 Jpbo
medlS 313 090 cBgS i ime b (Su35 bls)l wlie
Folw 0)lgd Pl (gl Sl i 3 S SIS 504,
00 ()35 S 515> bl plSoinl i8] 5 Canl (g9 8
5, (Cooper et al., 2007; Singh et al., 2007) ¢!
Prunus ) oo o5 o 8l hw Laas el duopd 93 4 IS puundlS
U (El-Shazly et al., 2013) . (persica cv. Swelling
Rubio et ) cowl sais 5,155 Jald ogue  tiw (iol38] 15 puadS
Barzegar et al., ) ol,LSe2 5 , 5, bl olsly (al., 2009
5 (2 > p S oo Yo ) SapysSlipul (55, (2018
ly lacads Jalb og o il tw o id )3 p,5 V/0) GUSY gundS
(Liu et al., 2014) 4}l Sen 5 5 ( pizmon Ndiidy dgupo
s S jobots SeopSslinml Voo oo Fr o &8 siidly >
Prunus salicina Lindley. cv. )¢l og o bw _ials
o @ly3l 8 ol o sl &Il 186 4y 1, (Sanhuali
Sste (e g 030 A5 p 5 I AL 4 3 Syl
Ol GEaLS e el (San Bl ) g S
ST slaJiusly i (sl b Jphs cud s 2581 e g
8l Bogeo (pudlS GEALS g (S

Jatos sola ulge

Slge (slgie 1 (5 I sx0 3B 42 IS prnlS g SrysSsl sl 3,18
slooge @ulis dodag LV Jodo) Cudl 090 Jobro ol
9 MBI (g e Jolore Sal> dlge 55 )05 Al o 3 00d Cubly
el Sl ey ot b Kyl 5 2 IS ilS 515
S 4 S oty Y JS5) 4l (L 0o Jpbns
2oy A S g ot 3y S e Ve e S Sl
Aol dlgs Hlade do > YV (ol 8l el (K)50,8 (slooguo
A5 Aals b dwslie )3 oge IS Jslxe



VF¥ lnnn oF o5lod KA aler (63,9LaS @luo g pole) (SLLL pole 4 25

#¥5

Sl 5550505 (glmogeo )3 i) 13 p S e Voo S peSsla]
e o L agso b dmalie 13 1oy YYD |y cygmalyiss LB

(Y USs) ol LialS s s +/8 IS S g e Sy gSnliul

) S’ s ol g 2 53 £S5 e Yoo SiygSagul
2 Ol JoB el lie S (W US8) 18 Jools
SS9 35— ()5 slomogens | ity S50 5 sLnogse
o 00> I3 ogre gl 25 B gl (50 Sy g5l

(53,50 8) il 2 e
Harvest time (red color)

Harvest time (orangecolor) _ ¢ 5 6 -
=Ca0% = 2% s = Ca0%
42 354 Ca0.3%
Ca0.3% 495 3a :
=Ca0.6% 3 _if,,’ 3g 3 =Ca0.6%
mCa09% 2 "J(ﬁ ‘\_:—;F 2 mCa09%
' 1 M\ 1
0 0

AsA 0 AsA 100AsA 200AsA 300

S yg5owTunn!
Ascorbic acid (mg.I1)

AsA 0 AsA 100 AsA 200 AsA 300
S 95w utnw!
Ascorbic acid (mg.I%)

9 7005 dlo yo 93 ;3 0 Canifd (K5 yhenS (5050 Jolono ol Slga y2 2 S adS xSt pSmilinl ouily Jlone lite 51 -Y S5

K2,

Figure 2- The interaction effect of foliar spray of ascorbic acid (AsA) x calcium chloride (Ca) on the total soluble solids (TSS)
content of tomato fruits harvested at two red and orange stages (DMRT, p<0.05)
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Figure 3- The interaction effect of foliar spraying of ascorbic acid (AsA) xcalcium chloride (Ca) on pH and titratable acidity
(TA) of tomato fruits harvested at two red and orange stages (DMRT, p< 0.05)
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Table 3- ANOVA for the effect of foliar application of calcium chloride and ascorbic acid on some qualitative traits of tomato
fruits harvested at two red and orange stages

Sl esdd glie gl ey Gowley sl Js b (S 3 b
S.0.V df Vitamin C Flavonoid Total phenol Antioxidant capacity
Ssh 2 32.75 0.055 8.59 11.19
Block
Tl x o . o
Syl 3 198.86 3.38 16.64 105.21
Ascorbic acid (AsA)
. 250 . 3 155.11™ 371" 35.82" 56.02™
Calcium chloride (Ca)
by oloj 1 57.36™ 8.70™ 25.48" 3.027™
Harvest time
A2 ol > Syl 9 175.68" 5.087" 28.70™ 32.40"
AsA x Ca
ey ploj X SeppgSulins] 3 54.81" 2.23™ 44.66™ 16.43"
AsA x harvest time
ety plejx el 3 1.73" 0.157" 6.27" 35.70"
Ca x harvest time
el oloj X 2y Ml SopgSialie 9 91.44" 6.76™ 24,91 53.42"
AsA x Ca x harvesting time
“’\'fl of uls 62 2.53 0.074 0.827 2.032
Main plot error
s s - 5.30 7.99 4.85 6.0007

C.V. (%)

2oy K5 g gug Jlesinl e (0 ) gime g o6yl i pie i ey e g2, NS
ns, *, **: non-significant and significant at 5 and 1% probability levels, respectively.
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Figure 4- The effect of foliar spraying of ascorbic acid (AsA) and calcium chloride (Ca) on vitamin C content of tomato fruits
harvested at two red and orange stages (DMRT, p<0.05)
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Figure 5- The interaction effect of foliar spraying of ascorbic acid (AsA) xcalcium chloride (Ca) on the total phenol and
flavonoid contents of tomato fruits harvested at two red and orange stages (DMRT, p<0.05)



Vo o) F oyl FA slr (55,905 qalis 3 pale) Ll pole 4y p80 0

(S55028,6) cadlyyy o
Harvest time (orange color)
40 9,
mCa0% 30 3
Ca03% 20 °
mCa0.6 % 10 \},
mCa09% 0y

AsA0 AsA 100 AsA 200 AsA 300

S 595w o
Ascorbic acid (mg.L?)

Antioxidant capacity (%)

(SS)5058) il lo
Harvest time (red color)

<
o S 40 -
% >
32 30 -
= 8 . 2t N mCa0%
Y8y | Lm
g Ca03%
\}xjg 10 - mCa0.6%
Y % 9 mCa0.9%

< AsA 0 AsA 100 AsA 200 AsA 300

S S

Ascorbic acid (mg.L1)
9 300 Ao 3o 93 55 D) Cadld yy (3 g5 (cL0guo liawnST 5T Cud s 0 WS S % Sy jeSwlianw! il Jgloo Juliie H51 -5 JSUS

S 2,
Figure 6- The interaction effect of foliar spraying of ascorbic acid (AsA) xcalcium chloride (Ca) on the antioxidant capacity
of tomato fruits harvested at two red and orange stages (DMRT, p<0.05)
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Introduction

The date palm (Phoenix dactylifera L.) tree tolerate high temperatures, drought and salinity more than other fruit
crop, that is why date palm tree is named the tree of life in the desert. Date palm (Phoenix dactiylifera) is one of the
fruit tree crops that is cultivated in arid region of Middle East and North Africa having a significant role on the
economy of many countries in these regions. Fruit thinning is one of the major operation for improving the quality
of dates as also for other fruit trees. Quality of dates is improved by increasing fruit weight and size and regulating
date palm production by reducing the magnitude of year to year production affecting the date palm. Date palm
orchard operations include all operations that are repeated annually to produce date fruit. Alternate bearing is
common phenomenon in date palms. The thinning is one of the main methods that often helps to solve this problem.
The main purpose of thinning is to create a suitable balance and often to increase the leaf to cluster ratio. It is
creating a balance between vegetative growth and flowering and reducing the possibility of aging in the alternate
bearing. Fruit thinning is one of the necessary operations that affects the growth, quality, fruit yield and regulation
of the alternate bearing of the tree. The thinning process is performed manually, mechanically and chemically.
Therefore, choosing a thinning method that saves time and money is necessary for date palms, especially in critical
situations. The purpose of this experiment was to investigate the effects of manual and chemical thinning on the
qualitative characteristics of date fruit at different stages of development for the Khadrawi cultivar.

Materials and Methods

An experiment was carried out as factorial experiment based on randomized complete block design with 3
replications at Shahid Chamran University of Ahvaz in 2022 and 2023. The Experimental factors included: hand
thinning (No hand thinning, removal of 33%, removal of 25% of the total number of strands) and chemical thinning
(zero, 50 and 100 mg per liter of naphthalene acetic acid). Chemical and strand thinning were done in the Hubabok
stage (about 4 weeks after pollination) and the Kimri stage (12 to 13 weeks after pollination), respectively. In two
consecutive years, the fruits were transferred to the plant physiology laboratory of the Department of Horticultural
Sciences, Faculty of Agriculture, Shahid Chamran University of Ahvaz. The qualitative traits such as total soluble
solids (%), pH, total acidity (%), taste index, antioxidant activity (%), total phenol (mg.g* FW), total soluble tannin
(mg.g™ FW), ascorbic acid (mg.g* FW), poly-galacturonase enzymes (U.g™* FW), methyl pectin esterase (U.g™
FW), cellulase (U.g™* FW) and invertase (U.g* FW) and the percentage of reducing (%), non-reducing (%) and total
sugars (%) were measured.

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
B 4.0 International License (CC BY 4.0).
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Results and Discussion

The results of this experiment showed that in the Tamar Stage, the interaction of hand and chemical thinning
improved the qualitative characteristics of the fruit and on the characteristics of soluble total tannin,
polygalactronase activity, pectin-methylesterase and reducing and total sugars, and the effect of hand thinning on
total and percentage phenol and Non-reducing sugar and chemical thinning had a significant effect on ascorbic acid
and cellulase enzyme. The results showed that there was upward trend in amount of total soluble solids, pH, total
acidity, taste index, poly-galactronase, pectin-methyl-esterase, cellulase and invertase enzymes and the reducing and
total sugars from the Kimri to Tamar stage. Also, there was downward trend in amount of total phenol, total soluble
tannin content, ascorbic acid, and non-reducing sugar percentage from the Kimri stage to the Tamar.

Conclusions

The Khadrawi date variety has short strands, which results in a significant density of fruits on the strands of a
cluster, which leads to large changes between fruits in most of the biochemical properties and has a negative effect
on marketability. Fruit thinning is one of the most important agronomic practices in groves, as it enhances the
quality characteristics of the fruit. Although hand thinning is more expensive, time-consuming, and relatively more
difficult than chemical thinning, our findings showed that the quality of date fruit from the Khadrawi cultivar
improved with the removal of 25% of the total number of strands and with chemical thinning using 100 mg/liter of
naphthalene acetic acid. These treatments are recommended for palm growers.

Keywords: Cellulose, Invertase, Naphthalene acetic acid, Pectin-methyl-esterase, Poly-galactronase
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Table 2- The interaction effect of hand xchemical thinning of the fruit of Khadravi cultivar in kimiri stage on the indices of
the percentage of soluble solids, fruit pH, total fruit acidity, fruit flavor, antioxidant activity, Total phenol, amount of soluble
tannin and ascorbic acid and in the first and second years

. "
S s o] . il ]
) . . 3lg0 - S s Culled Js s S =
Jo S gled L pH SR s Total e S
a (Hand b ’ 5 Total o prb < S « i o Vitamin
Year A 90 phenolic
thinning)  (Chemical =~ J#o acidity TSSITA  Antioxidant (mg.g?) Soluble c
thinning) ~ TSS (%) activity (%) ' tannin - (mg.g?)
(%) (mg.g™)
0 0 28.67a~ 6.22ab  256a  11.28a 68.65a 0.14d 5.3a 6.9
0 1 29a 6.8 2562  11.48a 69.84a 0.15cd  7.05 7.4a
0 2 29a 609 245  11.86a 60.32a 0.17bcd  7.44a 6.93a
1 0 28.67a 6.093de 256a  11.19 54.76a 0.19ab  7.47a 6.87a
1 1 1 2867a 6.12de 2.56a  11.19a 59.5a 0.168bcd  5.76a 6.97a
1 2 27.67a 623 245  11.28a 60.72 02la  6.17a 7.3a
2 0 29a  6.27a 267a  10.92a 58.7a 0.18bc  6.82a 7.03a
2 1 2867a 6.14dc  2.67a  10.79 61.1a 0.19ab  6.93a 6.93a
2 2 28.67a 623  2.56a  11.19a 60.32a 0.19ab  6.23a 7.1a
0 0 17d  6.62d 2450  6.950c 70.2a 0.15d  6.7cd  7.3bcd
0 1 19c  6.66d 288 659 73.8 015d  642d  7.07cd
0 2 21ab  6.66d 277a  7.58bc 60.3a 0.15d  6.36d 6.9d
1 0 20bc  6.77bc  2.77a  7.24bc 58.7a 02b  7.87bc  7.17cd
2 1 1 2a  674c 245  8.96a 59.5a 02b 1059  7.7abed
1 2 20.3abc  6.74c  2.88a  7.06hc 55.5a 02b 11542  7.8abc
2 0 21ab  6.86a 277a  7.61b 58.7a 0.18¢ 85b  7.6abcd
2 1 21ab  6.84a 267ab  7.89% 61.1a 0.19bc  8.4b 8.1ab
2 2 21ab  6.83b 288  7.29bc 6l.1a 0.22a  11.16a 8.2a

) e b 6yl gxe M3 LSD (g0l 51 ookl b duoyd gy Jloin] rlaws 5 editands S o by S5 sl JBlos a5 ol Silee ygian pb )3
In each column, means with at least one common letter do not show significant difference at the 5% of probability level based on
LSD test.
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Table 3- The interaction effect of hand xchemical thinning of the fruit of Khadravi cultivar in kimiri stage on the indices of

the poly-galactronase, pectin-methyl-esterase, cellulase and invertase enzymes and reducing, non-reducing and total sugars in
the first and second years

S5 _ o3 o o1 ~ ~ 3
ey S . ot Mf,‘ oy o1 w5 w2 5! el W8 sl pé Js ws
Jlw el 2 boans Uy psYE il S 3 ghaw 3G, o0l R i Non.
. 3 U9 educing Non- Total
vear &(Hand b Polygalac ~ Pectin methyl - ° sugars . sugars
thinning)  (Chemical  turonase esterase ellulase —Invertase 9 reducing 9
e ‘ ° (U.g?h) (U.g?) (%) sugars (%)
thinning) (U.gh (U.gh (%)
0 0 20.5abc* 4.8a 9.1a 14.32a 12.43bc 21.98a 33.3abc
0 1 24.2a 4.7a 2.6de 11.7ab 10.78c 18.46a 33.28abc
0 2 18.7bc 4.8a 2.6de 10.4ab 13.27b 22.29% 34.43abc
1 0 24.49a 4.8a 1.3e 11.7ab 14.39ab 21.6a 33.8abc
1 1 1 21.7ab 3.8b 1.7e 13.02a 16.36a 20.55a 35.47a
1 2 24.01a 4.8a 2.6de 7.8b 12.27bc 20.66a 33.17bc
2 0 22.5ab 4.8a 6.5b 7.8b 12.44bc 21.63a 34.6ab
2 1 15.8¢c 4.7a 3.9cd 11.7ab 12.93bc 19.07a 32.34c
2 2 19.29ahc 4.7a 5.2bc 7.8b 12.58hc 20.22a 33.52abc
0 0 15.21bc 4c 3.9bc 14.75a 12.37c 21.13a 32.62ab
0 1 15.26bc 4.5bc 5.2ab 13.45ab 10.46d 18.14a 32.62ab
0 2 16.4b 4.8ab 2.6C 10.42de 11.26¢d 20.21a 30.99b
1 0 17.8ab 5.2a 3.9bc 9.12e 10.32d 21.16a 32.62ab
2 1 1 12.1c 5.3a 3.9bc 12.65bc 18.13a 20.21a 34.44a
1 2 17.64ab 4.5bc 2.6¢ 12.59bc 13.86b 20.56a 31.48b
2 0 16.32bc 4.2¢c 6.5a 11.28cd 11.26¢d 22.02a 33.17ab
2 1 21.53a 4.3bc 2.6¢ 14.32a 11.26¢d 17.87a 31.48b
2 2 18.57ab 4.8ab 3.9bc 10.42de 10.95d 22.66a 34.44a
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* In each column, means with at least one common letter do not show significant difference at the 5% of probability level based on
LSD test.
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Table 4- The interaction effect of hand xchemical thinning of the fruit of Khadravi cultivar in khalal stage on the indices of
the percentage of soluble solids, fruit pH, total fruit acidity, fruit flavor, antioxidant activity, Total phenol, amount of soluble

tannin and ascorbic acid in the first and second years

. o3
S5 dlge Syl 0B i o R
s . e e clad S T
Jw et : pH 9 ShawSt Gl Total Jolxo wIF
vear &(Hand b Jsl=e Total om0 C phenalic Vitamin
thinning)  (Chemical acidit Antioxidant 2y Soluble c
gl TSS Y TSSI activity %)  (MY.97) i
thinning) (%) y (o tannin - (mg g7
g (%) 0 TA (ma.g) 9.9
0 0 37b* 6.9¢c 1.92a 19.44b 38.8a 0.085d 5.8def 6.13d
0 1 37.3b 6.92¢c 1.7a 19.47b 46.8a 0.12bcd  6.86abc 6.7abc
0 2 33c 7.27a 1.6a 25ab 40.5a 0.13ab 7.31a 6.53bc
1 0 39% 7.1b 1.81a 19.93b 46a 0.14ab 6.46bcd 6.37cd
1 1 1 36bc 7.25a 1.7a 21.73b 47.62a 0.12bcd  6.16cde 6.57abc
1 2 37b 6.92¢c 1.6a 30.017a 48.4a 0.17a 7.18ab 6.9a
2 0 46.67a 7.24a 1.6a 21.14b 48.02a 0.13bc 6.56abc 6.8ab
2 1 33c 7.13b 1.92a  24.48ab 47.62a 0.088cd 5.47¢f 6.7abc
2 2 47a 6.86¢ 1.38a  29.16ab 47.62a 0.086d 5.06f 6.8ab
0 0 40e 7.15b 1.38a  33.48ab 42.8a 0.117ab 5.6cd 6.1a
0 1 46b 7.18b 1.6a 26.25b 42.5a 0.115ab  7.15abc 6.3a
0 2 42de 7.2b 1.38a 36.45a 38.1a 0.13ab 8.2a 6.2a
1 0 50a 7.196b 1.38a  33.64ab 40.1a 0.12ab 7.5ab 6.3a
2 1 1 46b 7.16b 1.28a 35ab 43.25a 0.12ab 6.44bc 6.23a
1 2 43bc 7.32a 1.38a  29.94ab 45.2a 0.169a 7.9ab 6.47a
2 0 41de 7.16b 1.28a 37.62a 43.6a 0.115ab 6.44bc 6.47a
2 1 46b 7.12b 1.6a 28.99ab 46.8a 0.104b 4.8d 6.47a
2 2 45hc 7.11b 1.92a 19.44b 41.7a 0.094b 3.05e 6.43a

W o b gyl xe MBI LSD (yg05] 51 ookl b oy iy Jloin] s 5 ettt S o By 5 (sl JBlus a5 ey Siloo ygian y )
* In each column, means with at least one common letter do not show significant difference at the 5% of probability level based on
LSD test.
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Table 5- The interaction effect of hand xchemical thinning of the fruit of Khadravi cultivar in khalal stage on the indices of

the poly-galactronase, pectin-methyl-esterase, cellulase and invertase enzymes and reducing, non-reducing and total sugars in
the first and second years

S P oS my

s S L St o o251 o251 ol WB slalpd B 5 aid

Jlo & s Ly SYE )"'_“"',‘J"“ Yol ;U9 Reducing Non- Total
Year ter‘] (Hand b Polygalac  Pectinmethyl o' " 50 sugars  reducing  sugars
inning) (Chemical  turonase esterase (U.g9) U.gY) (%) sugars (%) (%)

thinning) (U.gh (U.gh

0 0 31.2a* 9.7a 10.4c 98.1b 16.4bc 25.15b 43.3c

0 1 32.4a 9.7a 9.5¢c 114.7a 15.7¢c 31.45a 48.42ab

0 2 31.25a 9.7a 15.6a 106.7ab 22.7a 22.9b 44.1c

1 0 24.7a 9a 16.9a 116.4a 18.3b 27.8ab 47.1b

1 1 1 31.25a 9a 11.7bc 106.7ab 16.34bc 26.67ab 43.5¢c

1 2 30.6a 9.3a 10.4c 98.1b 15.4c 27.8ab 47.25ab

2 0 32.1a 9.7a 11.3bc 96.35b 22.6a 31.44a 48.7ab

2 1 30.1a 9.3a 14.3ab 108.1ab 21.7a 32.7a 49.05a

2 2 32.1a 9a 14.3ab 78.1c 16.4bc 27.6ab 47.6ab

0 0 29.8ab 9.3a 11.7c 93.3b 17.74c 23.8ab 43.2ab

0 1 29.6ab 9ab 12.15¢ 101.1ab 16.5¢c 31.3a 47.78a

0 2 29.6ab 8.7ab 11.7c 97.2ab 22.6a 17.9b 41.37b

1 0 28.4ab 9ab 12.15¢ 91.15b 17.74c 24.7ab 44.34ab

2 1 1 26.1ab 8.7ab 18.2ab 92.8b 16.55¢ 23.4ab 40.4b
1 2 30.4ab 8.7ab 11.7c 102.8ab 16.15¢c 25.2ab 44.8ab

2 0 30.6a 9.7a 18.6a 92.8b 21.02ab 29.9a 47.78a

2 1 25.8b 8b 10.4c 87.6b 21.02ab 30.8a 47.78a

2 2 30.7a 9ab 16.1b 113.8a 17.92bc 26.3a 43.2ab

) e b 6yl gxe M3 LSD (g0l 51 ookl b duoyd gy Jloin] rlaws 5 editands S o by S5 sl JBlos a5 ol Silee oygian yb 3
* In each column, means with at least one common letter do not show significant difference at the 5% of probability level based on
LSD test.
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Introduction
Urban agriculture, as one of the basic features of urban planning, helps to increase the quality of urban life due to
its cultural, economic and social benefits. However, pollution with heavy metals in cities causes the accumulation of
these metals in different parts of planted plants and also the risk of consuming them for food in urban green spaces.

Materials and Methods
This study was conducted to assess the amount of heavy metal absorption and its effect on some biochemical and
physiological properties of peppermint plant (Mentha piperita L.), in Mashhad city in 2021.The experiment was
carried out as a factorial based on randomized complete block design with three replications. The first factor
(location) were phase 4 Park (with high degree of contamination) and Nasim Park (with low degree of
contamination). The second factor was the times of harvest (Junel5, Julyl15 and August 15). At the time of every
harvest fully developed leaves were collected to evaluate the traits.

Results and Discussion

The results of analysis of variance indicated that the effect of location was significant on all traits except for the
yield of essential oil. Also, the effect of harvest time was significant on all traits except for peroxidase activity and
the yield of essential oil. However, the interaction of location and harvest was significant only on phenol, flavonoid,
proline, cadmium and lead concentration. The results indicated that the ascorbate peroxidase, catalase and
peroxidase activities were higher in phase 4 Park. Moreover, the highest activities of ascorbate peroxidase, catalase
and peroxidase were recorded in phase 4 + first harvest. Heavy metals cause the production of reactive free radicals
and also increase the activity of antioxidant enzymes. However, the chlorophyll a, b, carotenoid and total
chlorophyll contents were higher in Nasim. Thus, the highest contents of Chl,, Chl,, Chlww and carotenoid were
observed in Nasim + first harvest. The higher amount of chlorophyll and carotenoids in the first harvest is due to the
optimal growth conditions such as day length and sunlight and ambient temperature. In addition, total phenol,
flavonoid, proline, Cd and Pb elements indicated a reducing trend in phase 4 compared to Nasim Park in different
harvest times, but the amount of these traits were higher in the first harvest than in the subsequent harvests.
Increased amount of total phenol in the first harvest can be related to the high air temperature at the first harvest
which caused stressful conditions in this stage. Proline production also increases under heavy metal stress to help
protect the plant against toxicity. However, the percentage of essential oil showed an increasing trend with enhanced
absorption of Pb and Cd in phase 4 compared to Nasim Park. The higher percentage of essential oil in phase 4 may
be attributed to reduced leaf growth due to the higher presence of heavy metals in that area.

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
Ev 4.0 International License (CC BY 4.0).
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Conclusions
Overall, while the concentration of Pb exceeded the global standard level in both parks, contamination with Cd
and Pb (especially Pb) was greater in phase 4 than in Nasim Park, contributing to reduced growth traits in
peppermint plants. Regarding harvest times, the first harvest exhibited better growth characteristics and higher
absorption of heavy metals due to the plant's greater vigor. In contrast, the third harvest showed lower growth
characteristics and weaker absorption of Pb and Cd, likely due to the energy expended for regrowth.

Keywords: Antioxidant enzymes, Cadmium, Green space, Growth traits, Lead
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Table 2- ANOVA for the antioxidant enzymes, essential oil and the concentration of heavy elements in peppermint affected
by location and harvest time

Olasyo (e
Mean square
5o =L i
v 1. ayd ol Sl e .
i bl R O ol STy Y STy
S.0.vV Lsdf) Cadmium Lead oil Essential  Ascorbate Catalase Peroxidase
oil yield peroxidase
S -
Blo}::k 2 0.007" 3.38 0.006" 0.0007m 0.0005™ 0.0003™ 0.0005™
e . . . sor - -
< 1 1.280 3793.20 0.672 0.0012" 0.088 0.0288 0.02738
Location (L)
cildy ol o o . o .
°’*_UL°) 2 0.2038 264.48 0.206 0.0002"™ 0.013 0.003 0.0153™
Harvest time (H)
LxH 2 0.316™ 41.41™ 0.007" 0.0001" 0.0001" 0.0001" 0.003"
ks 10 0.020 2.7 0.005 0.0003 0.0003 0.0002 0.004
Error
* kK

Sl ooyl gime Cglds pas g o )d gy o yd S o] oo 3 Iy gime gles S0l o 54y NS 4
** *and ns: indicate significant difference at the probability level of 1%, 5% and non-significant, respectively.

Sl loj 9 e il Cod S Uni 0LS 55 (S59950548 9 lpomdgn Clhuo uilylg 4235 —F Jgur ol
Table 2- ANOVA of physiological and biochemical traits in peppermint affected by location and harvest time, continued

e 1. ay .2 s a Jud b J.s .3
e e Rt T Ch|ﬁ9f|| Chlg:)”:” 999,85 JsTif;fs
S.0V &2 Proline Phenol  Flavonoid phy phy Carotenoid
df a b chlorophyll
Sk 2 0.000004"  0.261" 0.221" 0.002"s 0.0004"s 5.99n 0.003"
Block
O}S"’ 1 0.0598™ 68.44™ 41.40™ 1.0804™ 0.1352™ 0.080™ 2.85™
Location (L)
Wb'”'_ol”} 2 0.0025™ 4.46™ 3.88™ 0.0760™ 0.0469™ 0.005™ 0.318™
Harvest time (H)
"L"i : ;&” 2 0.0004™ 3.78™ 1.62" 0.0004"s 0.0003" 0.0015" 0.232"
s
Error 10 0.0007 3.176 0.26 0.0048 0.0015 0.0005 0.009

* ‘**

bl o s gine Sglds pas g Mo yd iy o pd K il s 3 I pre gl Sl o5 54y NS 4
** *and ns: indicate significant difference at the probability level of 1%, 5% and non-significant, respectively.
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Figure 1- The interaction effect of location (Nasim and phase 4 Parks) xharvest time (B1 June 4, B2 July 5, B3 August 5) on
the activity of ascorbate peroxidase enzyme of peppermint (LSD, P<0.05)
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Figure 2- The interaction effect of location (Nasim and phase 4 Parks) xharvest time (B1 June 4, B2 July 5, B3 August 5) on
the catalase enzyme activity of peppermint (LSD, P<0.05)
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Figure 3- The interaction effect of location (Nasim and phase 4 Parks) xharvest time (B1 June 4, B2 July 5, B3 August 5) on
the peroxidase enzyme activity of peppermint (LSD, P<0.05)
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Figure 4- The interaction effect of location (Nasim and phase 4 Parks) xharvest time (B1 June 4, B2 July 5, B3 August 5) on
the chlorophyll a content of peppermint (LSD, P<0.05)
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Figure 5- The interaction effect of location (Nasim and phase 4 Parks) xharvest time (B1 June 4, B2 July 5, B3 August 5) on
the chlorophyll b content of peppermint (LSD, P<0.05)
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Figure 6- The interaction effect of location (Nasim and phase 4 Parks) xharvest time (B1 June 4, B2 July 5, B3 August 5) on
the total chlorophyll of peppermint (LSD, P<0.05)
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Figure 7- The interaction effect of location (Nasim and phase 4 Parks) xharvest level (B1 June 4, B2 July 5, B3 August 5) on
carotenoid content of peppermint (LSD, P<0.05)
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Figure 8- The interaction effect of location (Nasim and phase 4 Parks) xharvest time (B1 June 4, B2 July 5, B3 August 5) on
the total phenol content of peppermint (LSD, P<0.05)
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Figure 9- The interaction effect of location (Nasim and phase 4 Parks) xharvest time (B1 June 4, B2 July 5, B3 August 5) on
flavonoid content of peppermint (LSD, P<0.05)
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Figure 10- The interaction effect of location (Nasim and phase 4 Parks) xharvest time (B1 June 4, B2 July 5, B3 August 5) on
proline content of peppermint (LSD, P<0.05)
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Figure 11- The interaction effect of location (Nasim and phase 4 Parks) xharvest time (B1 June 4, B2 July 5, B3 August 5) on
essential oil percentage of peppermint (LSD, P<0.05)
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Figure 12- The interaction effect of location (Nasim and phase 4 Parks) xharvest time (B1 June 4, B2 July 5, B3 August 5) on
the essential oil yield of peppermint (LSD, P<0.05)

2l | i oS by Glie (Jol ey 3 Sl 4 da g L
DS o B9 Y j @y A il Lol
o g)h plals o WS oljls clale o W S by ol
Maleki et ) o)l  SKiws LS 4555 9 piomon g Ay lage
ohalil olez B )3 (Sagl i (o9 s yc0lj) (@l 2017
o 3 S e dgs |y adlale (ol GlalS 5 e e
molie 4 0391 clacl 5,8 aS wisls 3,155l o 6,500
2 s pe3lS S Slils ke Gl & ke (S
by Lagl i S 3 yobie ool Gl3El b 5 45,8 S
Merrikhpour & ) <8l s158) (Foeniculum vulgare) 4L,
(Izadifar, 2016
ol Canddy Oy b aliie gl 15 pasedls juaic ogad 5
ke B Gy (S why 3 pesedlS (e (il &5 sk
2 Ol S 5 (p 55k 3 S (e Vo7 Jgl il

oLiS Ja paels g oy lile

G pais &S ol i zols (pSiw Gl3E olie (oaas 4>
D= Ol Cnyidin hIS (LS 93 5 sl Jol el
B g 53 pgnedlS (e cppiiin eculspy Gloj 3 (imen
S e Gglis pow g pgd Cudldy )3 Nz b (51 ke
Oliwgr S oy 53 @y Oliae oy oSS gbods A5 onlie
Sise 5 3 (5o 5 28 oo Q0R) gl bl + s 3
= S e W) pows Sty p 4 o iy (BiSwm 2 )3 30
(VY JS5) 15 o (4 5ok

o slaplisl G cdale a8 0b ssnline gladlas 4
g )l ceild p yloj 51y cusls 5l LS Erigeron annuus
o slaplasl » paie pl e jl cusl p cleds Liol58l L
pie e e ly o o (Pliszko et al., 2020) i awwls’ oLS
(Db s yolie i ols g olS bl B o 2959



\Fey ,_,Luw.n) ¥ o)me; YA o> ‘(‘53,5&.\: eLuo 9 951.9) ‘SuL».:Lv '991.9 44).“4 FAA

S o laogy & G ppodlS g oo (Sogll ity (30
(S 3l Lo 3l aile pSiw @l i 5l ok olaw
A0l i g 5V polis o olul Mo pd puizcads 5 (L8 b giore
Gl i S Gl S 5 e Gliws: 53 %03 S)b
Olie 2090 ) 0d 023 (6t (hidg IS Clgizee e ¢3S
S gy 5 e ) ol Lausgs 005 Ll psodlS 5 oy
Slaogad (gl celd@ & o jile mad Gy ke 56
@8 hsany Joh ey )3 (pizmen 8 (Jild L olS g0,
O Sl QA g i) Slogad 5 sl 5L
S3l Bpmo Jdsan pog iy )3 oS Jbb > b el gt
Gl g yieS gady Slowgad gl oase A b Iy pie
Shed Grae 3y 3 290 peradlS 5 0y Ol Jinns
poradlS g 0w e lin Sl @ 425 L 0 g Jpaa
SISl ] sy oK 93 4 45 Llilh Lk (glaiS s 55 atdly pazs
posedlS 5 (£ )55k 3 p S e V0) oy WHO  Slea culage

D9 e dpogi o Byas g ((p SIS 2 25 oo +Y)

Sl
9 Lr“’9'>)'9 ol isly d))9l_u.5 IR wto.’> l) L)ulbg)J UJ‘
o coslen Sl gy ot ol gt & dilie (5l

20,5 o (6 )5 Ruwliw dpudio g3 )8 olKiily gy Ciglao

60 a
~ 50
2 40
LE % c
T 20
3 10 I
0
Bl

(P 5S 2 P e o) pgw Culay + s (liwogy (S o2
185 L Jg iy 3 45 dy e lai a4 (VF JS3) 03 Jols
e g LTl b o yial33l oLS )3 pgnedls messs ol it
olils clale (o158l L as” wsses iyl58 (Oancea et al., 2005)
s3> D9 0 039381 oS 1 ol ke S lame )3 (S
09 A2 g By g s by Gy B 4 i mpedlS
I ele lagg plo cble 3 O Gls jials b g oad olS bawgs
Rizwan et al., 2016; Naeem et ) 55,5 0 4y, culled plxl
clale oS Sis e piall b &S cul oas U315 (al., 2016
(Portulaca eoleracea) 4 3,5 alS clac 8l ;5 pgadls
3B st (Sogll & a5 L (Fallah et al., 2016) cél, i3l
Sladl )3 (St Sl ity e (olis b & i
6350 G353 eizpon sl ) BB ailate o) > 0LS
1 36 ol aes e posadls clale il L oS 0 samliv
Cdl ialidl (g S (e aoig plalS (lsa plul

(Aghaei et al., 2021)

S 0 Ao
bz 3ble o culby qloj a8 ol lis ik cpl s
S99 (2bherdon Clogad p wglite (Sogll a5 |
L ylas 5L (6, liwgs 5o 45 5 pgods iy 3l L olS

m Nasim
Phase 4
b b
d
| e
B2 B3

Sy b

Harvest time

Uts O g CIRLE 3o (31350 10 B3 g 507 10 :B2 ald,5 10 :BL) s g oyloj X (1l 51 9 s s yliwgr) (K0 Jiliie y51 - VY S

Figure 13- The interaction effect of location (Nasim and phase 4 Parks) xharvest time (B1 June 4, B2 July 5, B3 August 5) on
the concentration of Lead of peppermint (LSD, P<0.05)
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Figure 14- The interaction effect of location (Nasim and phase 4 Parks) xharvest time (B1 June 4, B2 July 5, B3 August 5) on

the concentration of Cadmium of peppermint (LSD, P<0.05)
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Introduction

Historically, medicinal plants have been one of the most important resources for therapeutic purposes, and even
today, their use is expanding in many developed countries. Salinity stress is a major factor that limits plant growth by
reducing metabolic and physiological activities. One of the effects of salinity stress is the increased production of
abscisic acid in plants. In recent years, the use of seaweed and its extracts has been tested as a method to mitigate the
effects of salinity stress on plants. According to the studies conducted in some plants, seaweed extract can cause the
growth and expansion of the roots and help to increase the absorption of water and minerals through the roots. Also,
based on the research conducted on some plants, the use of seaweed increases the amount of chlorophyll in the plant
and accelerates the time of flowering and fruit formation in the plant. Echium amoenum is a perennial plant belonging
to the family Borage is a valuable plant in terms of its medicinal properties is considered. In general environmental
factors have a significant effect on flower production in these plants. Therefore, for the successful cultivation of
medicinal plants, including in general environmental factors have a significant effect on flower production in these
plants. Therefore, for the successful cultivation of medicinal plants, including Echium amoenum, providing optimal
environmental conditions is a priority, providing optimal environmental conditions is a priority. Ascophyllum
nodosum seaweed extract contains significant amounts of high-use mineral elements such as nitrogen, potassium,
calcium, magnesium, and low-use mineral elements such as iron, copper, and manganese. Therefore, according to the
current results, in this study, the effect of foliar spraying of algae extract was investigated. The morphological
characteristics of Echium amoenum seedling under salt stress were investigated

Materials and Methods

In order to investigate the effects of foliar spraying of seaweed extract on borage flower seedlings under salinity
stress conditions, a factorial experiment was conducted with two factors of seaweed and salinity stress with sodium
chloride salt, in the form of a completely randomized design in the greenhouse. The seeds were purchased from Pakan
Seed Company of Isfahan and soaked in normal water for 24 hours, and then they were transferred into small pots
containing three parts of peat moss and one part of perlite. One week after transferring the seedlings to the main pots,
foliar spraying with seaweed extract was done. Foliar-spraying was repeated once every two weeks and in total the
seedlings were sprayed three times with seaweed extract. In this experiment, a concentration of 1500 ppm of seaweed
extract and three levels of salinity (EC=1.6, 4, 8) were used. The seaweed extract used in this experiment belonged to
Akadin Company. The type of seaweed from which the extract was prepared was Ascophyllum nodosum and it is a
type of brown algae. One week after the first foliar application of seaweed extracts, the application of salinity stress
began. In order to prevent shock in plants, salinity treatment was done gradually and in three stages. In order to prevent
salt accumulation, washing with ordinary water was done once every two weeks.

©2024 The author(s). This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion

The results showed that the use of seaweed extract can significantly protect plant growth under salinity stress.
Seaweed extract increased the amount of proline and potassium in the leaves of the plant and thereby reduced the
harmful effects of salinity stress on the borage plant. In addition, foliar spraying of borage plant with the use of
seaweed extract increased the amount of chlorophyll in the plant, and in this way, by increasing the amount of
photosynthesis in the plant; it helped the plant to grow better under salt stress conditions. The results of this research
indicate that the use of seaweed extract helps plants maintain their health under salt stress by increasing proline levels
and enhancing potassium absorption in plant tissues. Additionally, foliar spraying with seaweed extract preserves the
chlorophyll structure in plants experiencing salinity stress, thereby increasing photosynthetic efficiency and promoting
better growth under such conditions.

Conclusions
Based on the results obtained, it can be concluded that seaweed can mitigate the negative effects of salinity stress
in Iranian borage seedlings. Furthermore, due to its low cost and availability, it can serve as a suitable bio-fertilizer to
support plant growth in saline conditions.

Keywords: Carotenoids, Electrolyte leakage, Sodium
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Figure 1- The effect of foliar spraying of Seaweed Extract on the physiological parameters of E. amoenum under salt stress
(DMRT, P<0.05)
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Table 2- ANOVA (mean square) for the effects of salinity stress, Seaweed Extract and putrescine on potassium, sodium,
proline, soluble sugar and ionic leakage of the E.amoenum leaves
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Figure 2- The effect of foliar spraying of Seaweed extract on the biochemical parameters of E.amoenum under salt stress
(DMRT, P<0.05)
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Table 3- ANOVA (mean square) for the effects of salinity stress, Seaweed extract and putrescine on the chlorophyll a,
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Introduction

Almond (Prunus dulcis L.) is one of the valuable nut trees that is cultivated in many temperate regions and
Mediterranean climatic conditions for domestic consumption and export. Almond belongs to the genus Prunus, from
the Rosaceae family. Identifying and introducing genotypes and cultivars of late bloom is one of the most important
goals of almond breeding programs. The correct choice of almond rootstock causes better management of the
garden, compatibility with all types of soil and resistance to nematodes. Peach x almond hybrid has been the most
widely used rootstock in both dry and irrigated conditions in the past years. Creating an orchard by selecting grafted
genotypes on suitable rootstock for sustainable cultivation of almonds is particularly important. Cultivation of
superior genotypes grafted on fruit trees has an effect on pomological characteristics, yield and quality of nuts. The
requirement for the introduction and production of superior cultivars is an accurate selection between cultivars,
which is possible through the identification of cultivars and their diversity. The purpose of this research is to
investigate and evaluate the most important vegetative, phenological, quantitative, and qualitative characteristics of
nuts and kernels in 36 promising cultivars and genotypes grafted onto GN15 rootstock, with the goal of identifying
and introducing superior cultivars.

Materials and Methods

In this research, 36 promising almond cultivars and genotypes on GN15 rootstock were investigated in garden
conditions in terms of various vegetative traits, nut and kernel characteristics in order to obtain suitable commercial
cultivars. This research was conducted at the Badam research station in Saman region affiliated to the Center for
Research and Education of Agriculture and Natural Resources of Chaharmahal and Bakhtiari province as a
randomized complete block design with three replications. The cultivars and genotypes studied are presented in
Table 1. Vegetative traits of tree height, canopy length, canopy width, and branch length were measured by meter in
the garden, and rootstock diameter, scion diameter, and branch diameter were measured in the garden with calipers.
In order to measure the nut and kernels, 100 fruits were harvested from each of the studied cultivars and genotypes
at the time of fruit ripening, and their green shell was separated and dried. Measurement of traits such as length,
width, diameter of nut and kernel was done by digital caliper and weight of nut and kernel was measured by digital
scale with accuracy of 0.01. Coding of some traits was done based on almond descriptor (Giilcan, 1985) with some
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changes. The data obtained from the experiment were analyzed using SAS software (version 3.1.9). To compare the
means, Duncan's multiple range test was used at the 5% probability level.

Table 1- Promising cultivars and genotypes examined in this study (based on the sent label of the scion)
Cultivar/genotype Cultivar/genotype

Cultivar/genotype Cultivar/genotype

code code

TS-16 GAl 2-29 (D7) GA 19
D GA2 100-1-1 GA 20
TS-21 GA3 2-0-4 GA 21
TS-14 GA4 3-1-4 GA 22
Aviz GAS5 TS-18 GA 23
A8 GA6 D2 GA 24
B8 GA7 TS-30 GA 25
100-1-8-1 GAS8 1306 (Tabriz genotype) GA 26
2-3-2 GA9 AH2 (Tabriz genotype) GA 27
TS-11 GA 10 108 (Tabriz genotype) GAZ28
(1/16) 1-16 GA 11 Yalda GA29
3-1-15 GA 12 Saba GA 30
13-40 GA 13 Shamshiri (Shahrekord) GA 31
TS1 GA 14 AY (Shahrekord) GA 32
8-35 GA 15 Mamaei GA 33
85 GA 16 AN2 (Shahrekord) GA 34

35 GA 17 AN4 (Shahrekord) GA 35

B6 GA 18 ANS5 (Shahrekord) GA 36

Results and Discussion

According to the results of analysis of variance (ANOVA), there was a statistically significant difference at the
level of 1% between the attributes of tree height, canopy width, rootstock and scion diameter, branch length and
diameter, and the ratio of tree height to canopy length. (P<0.01). The results of variance analysis show that there is a
significant difference between the investigated nut and kernel traits in promising cultivars and genotypes grafted on
GN (Table 5). These differences show the diversity in the investigated traits and it is possible to choose cultivars for
different values of the same trait. Based on the average comparison results of the vegetative traits, the highest height
in genotypes GA4, GA3, GA35, The highest canopy width was observed in genotypes GA5, GA17, GA3, and
GA20, GA15, GADB, the highest diameter of rootstock and scion, and the highest length and diameter of one-year
branches were observed in genotype GA18. The results of the comparison of the average nut and kernel
characteristics show that there is a significant difference in the cultivars and genotypes investigated in this research.
The results of the comparison of the average nut and kernel characteristics show that there is a significant difference
in the cultivars and genotypes investigated in this research. Based on the obtained results, cultivars and genotypes of
GA5, GA24, GA12, GA9 and GA1 showed relative superiority in terms of nut and kernel traits. The results of this
research showed that the GA35 genotype grafted on the GN15 rootstock had the highest length, width and diameter
of the nut, and the highest weight of nut and kernel. The kernel color light, the without shrinking the kernel and the
highest percentage of kernel and the highest ratio of kernel weight to nut weight.

Conclusions

The results of this research showed that the examination of vegetative traits, nuts and kernels in the studied
cultivars and genotypes could show the diversity between cultivars and genotypes. The results showed that the
investigated cultivars and genotypes have significant differences in terms of all nut and kernel traits, which indicates
the existence of diversity between the investigated cultivars and genotypes. This indicates that these cultivars and
genotypes can be considered a valuable source of germplasm for breeding programs. Cultivars and genotypes with a
higher kernel percentage had thinner shells, more patterns on the skin, and light to medium kernel color. Based on
the results, the cultivars and genotypes GA5, GA24, GA12, GA9, and GA1 demonstrated relative superiority in
terms of nut and kernel traits. The research also showed that the GA35 genotype grafted onto GN15 rootstock had
the greatest nut length, width, and diameter, as well as the highest nut and kernel weight. Additionally, GA35 had
light kernel color, no kernel shrinkage, the highest kernel percentage, and the highest kernel-to-nut weight ratio.

Keywords: Kernel, Nuts, Superior genotype, Vegetative rootstock, Vegetative traits
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Table 1- Promising almond cultivars and genotypes examined in this study
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Cultivar/genotype  Cultivar/genotype code Cultivar/genotype Cultivar/genotype code

TS-16 GAl 2-29 (D7) GA 19

D GA2 100-1-1 GA 20

TS-21 GA3 2-0-4 GA 21

TS-14 GA4 3-1-4 GA 22

Aviz GAS5 TS-18 GA 23

A8 GA6 D2 GA 24

B8 GA7 TS-30 GA 25

100-1-8-1 GA8 1306 (Tabriz genotype) GA 26

2-3-2 GA9 AH2 (Tabriz genotype) GA 27

TS-11 GA 10 108 (Tabriz genotype) GA28

(1/16) 1-16 GA 11 Yalda GA29

3-1-15 GA 12 Saba GA 30

13-40 GA 13 Shamshiri (Shahrekord) GA 31

TS1 GA 14 AY (Shahrekord) GA 32

8-35 GA 15 Mamaei GA 33

85 GA 16 AN2 (Shahrekord) GA 34

35 GA 17 AN4 (Shahrekord) GA 35

B6 GA 18 ANS5 (Shahrekord) GA 36
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Table 2- Traits, abbreviation, unit and measurement method in investigated varieties and genotypes of almond

. . Cwdle _ .
b)w (W) A .\»'3 d,.:fb)‘.\a' 0.59)
Number Attribute S o Unit Measurement method
Abbreviation
1 <0 gl TH cm >
Tree height Meter
Canopy length Meter
Canopy width Meter
4 b kS RD mm o
Rootstock diameter Calliper
5 S ) SD mm o
Scion diameter Calliper
6 @la Jsb BL cm 7
Branch length Meter
7 Lo s BD mm o5
Branch diameter Calliper
8 CE) gl ) 4 S S CL/CW Coy bl Loy 4 Co Sibgl Jidb
Canopy length/crown width ratio Canopy length/canopy width
9 30 bl Jsk 4 gli)) cuns TH/CL Sy Shbael Jsbo & b i)
Tree height/canopy length ratio Tree height/canopy length
10 el b NL mm o5
Nut length Calliper
11 e o NW mm o5
Nut width Calliper
12 oSl Cualod NTH mm o5
Nut thickness Calliper
13 bwk&b S )9 NWT g JL"?"") 69)‘)“
Nut weight Digital scale
Kernel weight Digital scale
15 Fa Jg KL mm o5
Kernel length Calliper
16 P " KW mm o5
Kernel width Calliper
17 Fo el KTH mm o5
Kernel thickness Calliper
18 (NRl) 05r0Sulid Job &y 5,8 Cund NW/NL 05pe Sl Jobo &y 0graSiid (0y0
Nut width/nut length ratio Nut width/nut length
Nut thickness/nut length ratio Nut thickness/nut length
Nut thickness/nut width ratio Nut thickness/nut width
21 7 s ol STH mm o5
Shell thickness Calliper
iy 3L i =00l =Y dawgio =0 (oS =Y ¢ o ol8gn 86 =)
22 Douﬁe Iiernel DK code 1= no double kernel, 3 = little, 5 = moderate, 7
= high, 9 = very high
23 Sorhep PBK % o D0l 13 Sgy (sljae dlaw

Percentage of blank kernel

The number of blank kernel in a 100 kernels
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Continued Table 2- Traits, abbreviation, unit and measurement method in investigated varieties and genotypes of almond

. . Sl _ .
D)M (W) A .\é's ‘_g,.;a)l.»l 0.59)
Number Attribute S o Unit Measurement method
Abbreviation
24 )’m ‘5';) KCI COde o)'“" L;LO =2 ‘o)...__'f =y Ala.»:y.n =0 ‘(.)‘39) =y ‘(.)‘35) LFLD =)
Kernel color 1=very light, 3=light, 5=medium, 7=dark, 9=very dark
=V daugie (SuS9 =0 oS (SaSa ¥ ( FaSy 86 =)
25 )"" L;Aﬁf”% SK code 3\‘) g_;-‘-*sﬁP
Shrinkage of kernel 1=no shrinkage, 3 = slightly wrinkled, 5 = Intermediate, 7
= wrinkled
gy 25 ELS =0 (S35 =V i das =0 o =Y o b =
Shell hardness 1=very hard, 3=hard, 5=semi-hard, 7=thin, 9=papery
Cusgy g9y SD 9 5 = St ﬁzv e
27 Suture opening of the shell SOS code 1= Excellent seal (no openings), 3= Open (about 2 mm),
pening 5= very wide
28 e Ao ) PK % 050 SUiS DAS Mo &y jre DAS Mo (g
Percentage of kernel Weight of 100 kernels /weight of 100 nuts
29 (KR1L) 350 Jgb 4 (25 s KW/KL Fo Joo 4 50 20
Kernel width/kernel length ratio Kernel width/kernel length
KR2);x & Cwlbus Cuns o
30 Kiarnel )tﬁcﬁ;isélkernel Ieﬁgth KTH/KL e ‘.J’]o 4 Sho Sl
ratio Kernel thickness/kernel length
(KR3) 320 (o8 & Caolus s . G el
31 i i i KTH/KW 80208 & re e
Thickness/kernel width ratio kernel thickness/kernel width
kernel
32 (KNR) °9~‘~'°“'5-““=A IR )"“’ 059 ww KWT/NWT g Sl u)9 L e Of?
Kernel weight/nut weight ratio Kernel weight/nut weight
J,S.Lo& i . Z.
33 Yeild g lalojl aly o Jgame SS9 (:0ke
) gl () et =V (L o) sy 35 (g s =)
34 _ 2k ole code (laliseo ) yomel § 4515 (g5 =Y (55l
Location of flower buds 1=most flower buds on one year old shoots, 2=most
flower buds on spurs, 3=mixed
cawgio =0 awgio U dg; =¥ wgj =V 93 b 395 i =V g; (L& =)
e 7 1. ﬂ)&:\«ﬂ)&l}'ﬁ.):/\‘)i):v‘)ﬁ)u]awyn:;
35 2 uu)- code 1=extremely early, 2=very early, 3=earl
Season of flowering ly early, c=Very early, S=early,
4=early/intermediate, 5=intermediate,
6=intermediate/late, 7=late, 8= very late, 9=extremely late
s 20 =0 00 =Y awgie =0 95 =Y g5 (S =)
os - .
36 O O code 1=extremely early, 3=early, 5= medium, 7=late, 9=

Harvest maturity

extremely late
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Table 4-The vegetative traits of 36 promising almond cultivars and genotypes grafted on GN15 rootstock

ol Loy 4yl

Saigm yhd  ald Job 48l b

Job & L)l Con

uwy‘a ‘:“5'13 fw)‘ . .t P -
P . [ Rootstock Scion Branch Branch S0 gz b
Genotypes Tree height Canopy width ~ diameter diameter length diameter  Tree height/canopy
(cm) (cm) (mm) (mm) (cm) (mm) length
GAl 215.67 a-e* 167a-e 59.17 a-d 54.73 a-f 44.171-j 7.2 e-i 1.29 a-f
GA?2 171d-f 159.33a-f 53.1a-h 48.1b-g 41.3g-k 6.23i-l 0.91 fg
GA3 252ab 183.67a-c 58.2 a-d 56.93 a-d 49.1e-i 6.9 f-j 1.42 a-e
GA4 260.33a 169.33a-¢ 53.13 a-h 50.47 a-g 76.37ab 9.4 ab 1.36 a-e
GA5 169.33 d-f 202a 60.53 a-c 59.83 a-c 64.53b-d 6j-1 0.81g
GA6 161ef 155.67a-f 50.8 b-i 56.2 a-e 41.97g-k 7.47d-h 0.99d-g
GA7 201b-e 170.67a-e 51.57 a-h 48.5 b-g 19.21 5171 1.11b-g
GA8 198.67 b-e 156.67a-f 57a-f 52.5a-¢g 77.47ab 8.53 b-d 1.22 a-g
GA9 158.33 ef 156.33a-f 46.77 d-j 53.1ag 49.2e-i 8.03 c-f 0.97 e-g
GA 10 203.33 b-e 144a-f 55.8 a-g 55.2 a-f 53.3d-g 8.07 c-f 1.31af
GA 11 172.33 d-f 120.33d-f 36.07 32.87h 28.03kI 6.57 g-k 141 a-e
GA 12 178.67 c-f 158.33a-f 44.43 1-j 43.9¢e-h 72.3a-C 8.47 b-d 1.35a-f
GA 13 183c-f 146.33a-f 41.67 h-j 43.6 e-h 43.37g-j 6.97 - 1.21a-g
GA 14 198.33 b-e 153.33a-f 49.7 b-i 52.5a-¢g 52.4d-h 7.2ei 1.11b-g
GA 15 203.67 b-e 134.67b-f 62ab 60.7 ab 75.6ab 8.77 a-c 1.35a-f
GA 16 179c-f 146.67a-f 48.17 ¢+ 48.93 b-g 43.93f-j 5.131 1.15a-9
GA 17 224.67 ad 190ab 58.97 a-d 54.13 a-f 58.73c-f 7.23 e-i 1.12b-g
GA 18 187c-f 157a-f 44,57 - 43.1f-h 80.93a 9.83a 1.04 ¢c-g
GA 19 225a-d 153a-f 51.37 a-i 55.9 a-f 51.7d-i 7.47d-h 1.34 a-f
GA 20 188.67 c-f 148.33a-f 64.07 a 62.87 a 42.59-k 6.37 h-k 1.16 a-g
GA21 168.33 d-f 147a-f 53.27 a-h 51.57 a-g 68.5a-c 8.43 b-d 1.15a-g
GA 22 189¢-f 143.67a-f 45.73 46.3 d-g 66.07a-d 7.63¢c-g 1.14b-g
GA 23 202b-e 179a-d 50.07 b-i 52.6 a-g 49.47e-i 6.87 1 1.18 a-g
GA 24 210.33 a-¢ 127.67c-f 43.6 g-j 46.87 c-g 70.37a-c 9.23 ab 141 a-e
GA 25 197.33 b-e 138.33b-f 47.93 ¢ 48.33 b-g 75.7ab 8.77 a-c 1.42 a-d
GA 26 231.67 a-c 137.33b-f 4451 46.53 d-g 65.6b-d 8.37 b-e 1l6a
GA 27 183.33 ¢c-f 146.67a-f 41.53 h+j 40.43 gh 60.57c-e 7.47d-h 1.16 a-g
GA28 191.67 c-e 178.33a-d 54.47 a-g 54.77 a-f 37.67h-k 5.7kl 0.97e-g
GA29 187.67 c-f 164.67a-e 46.1 1 43.1f-h 47.97e-i 7.63¢c-g 1.18 a-g
GA 30 134.33 f 115.67¢f 58.97 a-d 58.73 a-d 44.23f- 7.47d-h 0.99d-g
GA31 183.67 c-f 130.33b-f 58.2 a-d 58.73 a-d 77.03ab 8.6 b-d 1.18 a-g
GA 32 178c-f 104.33f 38.93ij 40.43 gh 54d-g 7.17 e-j 1.35a-€
GA 33 158.33 ef 128.33c-f 60.07 a-c 57.03 a-d 36.67i-k 7.43d-h 1.16 a-g
GA 34 206a-e 151.67a-f 58.17 a-d 59.2 a-d 42.53g-k 7.93 c-f 1.44 a-c
GA 35 251ab 162.67a-f 57.03 a-f 58.33 a-d 31.4j-1 6.6 g-k 1.34 a-f
GA 36 203.33 b-e 154.67a-f 56.73 a-f 53.27 a-g 40.89-k 7.17 e-j 1.49 ab

S5 (gl gime OMBT S5l glaebnin yg0i] 51 ookl b oy gy Jloin] w53 cliiiads S yidie Ug o (s)b 45 oo uSilo ygim,n )
* Mean values with similar letters in each column are not significantly different at 5% of probability level using Duncan's multiple
range test.
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Table 7- The yield and phenological traits of 36 promising almond cultivars and genotypes on GN15 rootstock
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Genotypes Yield () Season of flowering Location of flower buds  Harvest maturity
(code) (code) (code)
GAl 102.8g-i* 8b 3a 7b
GA2 102.2g-i 7c 1c 7b
GA3 1182a 7c 2b 7b
GA4 295.8c-i 7c 3a 5c
GA5 362.3c-i 8b 3a 7b
GA6 249.5d-i 7c 3a 5¢
GA7 84hi 9a 3a 7b
GA8 347c-i % 3a 7b
GA9 120g-i 7c 2b 7b
GA10 554.2b-e 7c 3a 5¢c
GAll 196.7e-i 7c 3a 5¢c
GAl12 172f-i 7c 2b 7b
GA13 167.2f-i 7c 3a 5¢c
GAl4 511.7b-f 8b 2b 7b
GA15 93.3hi 7c 3a 9a
GA16 641.7bc 7c 3a 5¢c
GA17 350c-i 7c 3a 7b
GA18 305.1c-i 7c 2b 7b
GA19 408.5b-h 8b 2b 7b
GA20 720.2b 8b 2b 9a
GA21 227e-i 7c 2b 5¢
GA22 463.4b-g 7c 3a 5¢
GA23 423.4b-h 8b 2b 7b
GA24 382b-i 6d 2b 3d
GA25 413.3b-h 9% 2b 9a
GA26 606.7b-d 8b 3a 7b
GA27 398.3b-h 8b 3a 5¢
GA28 218.3e-i 9% 3a 5¢
GA29 382.6b-i 5e 1c 3d
GA30 77hi 5e 1c 5¢
GA31 536.8b-e 8b 3a 7b
GA32 29.9i 7c 3a 7b
GA33 408.3b-h 5e lc 3d
GA34 246.7d-i 8b 1c 7b
GA35 315c-i 7c 3a 5¢
GA36 93.6hi 6d 3a 5¢
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* Mean values with similar letters in each column are not significantly different at 5% of probability level using Duncan's multiple
range test
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Table 7- Heat map of the correlation between the measured morphological, nut and kernel traits
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Introduction

Salinity in water and soil stands as a crucial environmental factor that significantly hampers global agricultural
production. Over recent decades, the escalating demand for irrigation in arid and semi-arid regions has intensified this
issue, making it a major agricultural challenge. Salinity stress, characterized by reduced water absorption, heightened
salt uptake (especially sodium, chlorine, and boron), and the generation of reactive oxygen species, induces oxidative
stress in plants, severely impacting their growth and overall performance. To enhance plant tolerance to salinity stress,
elicitors are employed as a short-term and viable solution to mitigate the adverse effects of stress. Copper, serving as
a cofactor and essential element for numerous enzymes involved in photosynthesis and respiration processes, plays a
crucial role in sustaining natural plant growth and metabolism. Copper ions function as cofactors in enzymes like
superoxide dismutase (Cu/Zn SOD) and polyphenol oxidase, contributing to the removal of reactive oxygen species.
However, the absence of this element in plants cultivated in alkaline and saline soils of arid and semi-arid regions can
lead to nutritional disorders. In this context, copper nanoparticles emerge as a suitable alternative to chemical
fertilizers due to their rapid and efficient effects. Their use not only mitigates the negative consequences of excessive
fertilizer application but also decreases the frequency of applications. The Persian leek (Allium ampeloprasum subsp.
Persicum) is a valuable edible-medicinal plant native to Iran, belonging to the Amaryllidaceae family. It holds
significancein Iran as a key leafy vegetable, valued for its freshness and high processing potential among horticultural
plants. Given the nutritional and medicinal importance of Persian leek and the prevalence of salinity stress, this study
aims to explore the impact of copper nanoparticle spray in modifying the effects of salinity stress on the

morphophysiological and biochemical characteristics of Persian leek.

Materials and Methods
A factorial experimentwas conducted using a completely randomized design with three replicationsin the research
greenhouses of Lorestan University's Faculty of Agriculture. The experimental conditions included daytime
temperaturesranging from 20 to 28 °C, nighttime temperatures from 15 to 20 °C, relative humidity set at 60-70%, and
a light intensity of 400-500 pmol.m2.s%, The first factor involved foliar spraying of copper nanoparticles at control
levels (zero), 150, and 300 mg.I"%, while the second factor comprised salinity stress at control levels (zero), 50, 100,
and 150 mM sodium chloride. F1 seeds were obtained from Pakan Bazr Company and planted in 1.5-liter pots, with
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each pot containing three plants. The copper nanoparticles were applied through foliar spraying twice on the shoot
parts at the four-leaf and six-leaf stages. Salinity stress was introduced one week after the foliar application,
implemented through irrigation once every three days at a level corresponding to 90% of the field capacity. The soil
mixture comprised an equal ratio of agricultural soil, cow manure, and sand, maintaining a clay-sand loam texture.
Following three months of applying salt stress, a comprehensive assessment of morphophysiological characteristics
was carried out. This included the measurement of plant height, stem and bulb diameter, leaf count, fresh and dry
weights of stem, root leaf, root volume and length, shoot/root ratio, dry matter (%), stress tolerance index, relative
water content (RWC), electrolyte leakage, malondialdehyde content, photosynthetic pigments, chlorophyll stability
index, as well as the activity of peroxidase and ascorbate peroxidase.

Results and Discussion

The results indicated that salinity stress had a detrimental impact on various aspects of plant growth, including a
decrease in plant height, stem and bulb diameter, leaf number, and the fresh and dry weights of the stem, bulb, and
root. Additionally, there was a reduction in root volume and length, along with decreased levels of photosynthetic
pigments. The percentage of electrolyte leakage, malondialdehyde content, and the activity of antioxidant enzymes,
namely peroxidase and ascorbate peroxidase, also increased, highlighting the adverse effects of salinity stress on plant
development. The decline in plant growth can be attributed to multiple factors, including diminished cell division,
ionic imbalance, reduced water absorption, impaired uptake of essential elements, and the impact of toxic ions,
particularly sodium and chlorine. Other contributing factors include impaired absorption, regeneration, and
metabolism of nitrogen and protein, as well as stomatal closure, collectively resulting in reduced photosynthetic
efficiency. Salinity stress further leads to a reduction in soil water potential and an increase in the osmotic pressure of
the soil solution. Consequently, the plant requires more energy to absorb water from the soil, leading to increased
respiration and alterations in the hormonal balance of plant tissues, ultimately causing a decrease in growth and
negative effects on the plant. The application of copper nanoparticles at both concentrations demonstrated positive
effects on various growth components, including plant height, stem and bulb diameter, leaf count, and the fresh and
dry weights of the stem, bulb, and root, as well as increased root volume and length. Additionally, the use of copper
nanoparticles resulted in a decrease in the percentage of electrolyte leakage and malondialdehyde content, coupled
with an increase in the concentration of photosynthetic pigments and the activity of antioxidant enzymes, including
peroxidase and ascorbate peroxidase. Notably, the concentration of 150 mg.liter* exhibited a more pronounced effect
in enhancing plant growth, with a diminishing impact observed at higher concentrations. Copper \nanoparticles
improve plant growth under stress conditions by influencing the content of cellular antioxidants and modulating the
hormonal balance of plant tissues.

Conclusions

The findings of this study indicated that increased salinity stress led to higher electrolyte leakage and
malondialdehyde content, along with a reduction in RWC and photosynthetic pigments. These changes caused a
decline in the morpho-physiological characteristics of Persian leek. However, salinity stress also increased the activity
of peroxidase and ascorbate peroxidase enzymes. Foliar application of copper nanoparticles under these conditions
had beneficial effects on the plants. Specifically, at a concentration of 150 mg.liter?, the negative effects of salinity
stress on the morpho-physiological indices of Persian leek were alleviated. This improvement was due to an increase
in the activity of antioxidant enzymes, RWC, and the concentration of photosynthetic pigments.

Keywords: Electrolyte leakage, Malondialdehyde, Peroxidase enzyme, Relative water content
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Total Chl (mg.g™t) = 7.05 x (Agez) + 18.09 x (Agss)
(v)
Car = 1000 % (A470 - 1.90% Chl a — 63.14 xChl b) / 214
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Chlorophyll Stability Index (CSI)(%)
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" Total chlorophyll contents (control)
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Table 3- The effect of copper nanoparticles on the growth characteristics of Persian leek under salinity stress

— — > — @ a “ 'E <5}
€ E .2 33 s =2 _ = 3 = - 85
—~ -~ = Re ] - c Nt N =
s .o & & 3§ Jr= £ =28 E 3= 1§ 88 4 gi
E 22 95 9& 28 38§ F2 26 AL 42 58 w= 280
1 22 A8 38 72 4% D5 45 3% 38 4 &g &g
92 33 3£ 3§ 2% 3 DE \}E 5 > 3F £ xng-=
- £ O 99 = ~ 35 S 0 P2 =) ’3— ~5 9 »n ) © o © E
T gri ° c Au = g 3's 5 J 4o I - = ‘3‘36
n z e S B 4 3 = -~ = S 3 o ) g ' 9 E
& S 2 s 2 > © g 4 s ™23
N o 75} » i [a) 14 <
0 7.73a 12.84a 74.66a 5.804a 13.80a 2.912a 20.07ef 8.466a 100a 90a 0.1514g
0 150 6.28bc 10.82e 72.51b 5.384b 12.84b 2.707ab 21.43bcd 7.977a  94b 87bcd 0.2036e
300 6.40b 11.81b 68.68c 5.476ab 12.57bc 2.539bc 20.53def 7.428b  90c 88hc 0.2193de
0 5.13ef 10.74e 39.02f 3.107d 11.59d 2.398cde 20.53def 4.973e  61f 85def 0.1770f
50 150 5.87d 11.09cd 45.36d 3.753c 12.29bcd 2.598bc  19.60f 6.429c  74d 89ab 0.2082¢
300 5.95cd 11.26c 43.33e 3.443cd 11.81cd 2.447cd 20.40ef 5.907d 69 87cd 0.2621b
0 6.38b  9.51h 24.44h 2.126g 9.55ef 2.082fg 22.47a 3.963f 48h 84efg 0.1843f
100 150 5.29¢e 10.39f 32.62g 2.638e 10.26e 2.398cde 20.27e¢f 4.944e  58f 86¢de 0.2139%
300 5.06ef 10.95de 33.38g 2.421ef 10.03e 2.227def 21.70bc 4.705e  54g 83fg 0.2345cd
0 4509 8.67) 17.69] 1.980g 8.98f 19579 22.07ab 3.148g  41i 81h 0.2167e
150 150 4.82fg 9.17i 25.24h 2.660e 10.1le 2.470bcd 20.97cde 3.989f 53g 83fg 0.2445¢c
300 5.38e 10.13g 22.55i 2.131fg 9.45ef 2.163efg 19.80f 3.663f  46h 82gh 0.2924a
STI: Stress Tolerance Index
W P L)L"“) l) o yd A Jl.o.ol a.\mu)b )Ibua.u oM LSD u}a}i u»l.ml).v Qg 2 5 aliss d5)>
In each column, different letters show significant difference at 5% of probability level based on LSD test.
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Table 4- Theeffect of salinity stress on the morphophysiological characteristics of Persian leek
i s < < s 2
: S Q o = < S o
n — = % E=] > - o o = o L
—~ 5] ) ~ 1] ~ [=2] — e Lo [=2] 3 .
s & § E .22 2E33 52 B B 3 1 -
2 2235 43 523 3238 3E youg w3l by xf
3135 25 YE 2 T X338 55 g 2 2SS TE 8z 38 92
ME wue& X2 IS 3¢ W ohae ke I E A< 33 '3 3 s )z 1§
S 3z wE T2 §E Vg8 oz 32 sg2 22 T2 mgvo =
8 & 2 8§ "% 2 e dg ¥s 5 g g g &8 3
S22 g3 8 8§ T 5 § § 53 g
© B M 3 6 & ©° Z
= = 2
0 58.7a* 6.22a 73.44a 68.06a 0.522a 10.60c 22c 0.0374d 4.704a 1.885a 1.715a 6.589a 11la  3.576c
50 51.5b 4.56b 56.2b 62.81b 0.417b 9.95d 22c 0.0671c 3.468b 1.302b 1.270b 4.770b 8lb  4.226b
100 47.2c 4.67b 36.11c 35.78c 0.353c 12.1b 26b 0.0896b 3.454b 1.257b 1.214bc 4.711b 80b 4.213b
150 44.2d 4.22b 22.1d 24.520d 0.389b 14.46a 34a 0.1350a 3.306b 0.979c 1.110c 4.286c 73c  5.026a

Ao i |y oy gy el prdaws )3 Iy (ime V3] LSD 9051 bl iy > Cilisea g >

CSlI: Chlorophyll stability index

In each column, different letters show significant difference at 5% of probability level based on LSD test.
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Table 5- The effect of copper nanoparticles on the morphophysiological characteristics of Persian leek

g o = g
—~ (R —
~ T E 2 a2 5o B B - =4 % z
o T o S ay T “ =) 3 > o . °
22 85 a2 9E4f 5.5 5 . Ly
A2 gz %y 3% 3% 33 BEMWE wg Ao g FEv
33 Mg 23 S Ve D2 35 32 375 32 95 §ES
o 3= ElE T $2 38 o2 a2 Yo ws yd A5E
S TF 2 38 g 3E c£°Z T L még
A
w o < < O <
< o o 8
= F
0 46.83a* 49.17a 50.269a 28a 0.0927a 3.207c 1.201c 1.107c 4.408c 75c 3.423c
150 50.81b 44.67b 45.448b 23c 0.0746b 4.421a 1.544a 1.549a 5.965a 10la 4.998a
300 53.54c 47.08c 47.662c 26b 0.0795b 3.571b 1.323b 1.326b 4.894b 83b 4.360b

CSI: Chlorophyll stability index
A3 o i |y 3o yd gy sl gedaws )3 13 me BMiS] LSD 9051 bl oyt y 5 cilisee gy
* In each column, different letters show significant difference at 5% of probability level based on LSD test.
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Introduction

Considering the sensitivity of potatoes (Solanum tuberosum L.) to viruses, the production of virus-free plants
through in vitro cultivation and their propagation leads to a reduction in costs and an increase in yield. One of the
effective methods of reducing plant diseases and producing disease-free microtubers is the use of in-vitro production
methods. Considering the role and importance of macro elements and micro elements in the growth of microtubers, it
is possible to change the composition of MS culture medium by changing the concentration of salts of macro elements
and micro elements without disturbing the balance of elements. This experiment aims to investigate the effect of
different concentrations of macro elements (2 Mac, Mac, %2 Mac) and micro elements (2 Mic, Mic, ¥ Mic) of MS
culture medium in combination with two concentrations of sucrose (80 and 160 g.I") was performed on in vitro
micronodulation of Agria potato.

Materials and Methods

This experiment aimed to investigate the effects of different concentrations of macroelements (2 Mac, Mac, %
Mac) and microelements (2 Mic, Mic, ¥ Mic) in the MS culture medium, combined with two sucrose concentrations
(80 and 160 g.I'%), on in vitro microtuberization of Agria potato. The study was conducted as a factorial experiment in
a completely randomized design with three replications in the plant tissue culture laboratory of the Department of
Horticultural Sciences at the Faculty of Agriculture, University of Tabriz. Lateral buds obtained from in-vitro shoots
were used as explants and were cultured under sterile conditions on different culture mediums for the purpose of
microtuberation, and the cultures were kept in continuous darkness and at a temperature of 18+2°C were kept in the
growth room. During one month, Microtuber initiation rate and after two months, microtuber formation characteristics
were measured.

Results and Discussion

The results of the analysis of variance showed that the effect of the concentration of micro elements and the
interaction effects of micro elements with different concentrations of sucrose and macro elements were significant
only in the case of two traits, the percentage and the speed of microtuber initiation, while all microtuber traits
productivity was significantly affected by the interaction of micro elements and macro elements. In all culture
mediums with 8% sucrose, the initiation percentage of microtubers was 100% and the initiation rate was also
maximum. However, the highest percentage of microtuber formation, weight, length, diameter and number of buds
on microtuber was obtained in 2Mac culture medium with 16% sucrose. The results showed that the microtuber that
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had more weight and size had a higher percentage of dormancy and the buds on the microtuber were not able to
germinate and produce microtuber during the stages of microtuber formation.

Conclusions

For all traits related to microtubers, except for the percentage and speed of microtuber initiation, the effects of
microelements, macroelements, and sucrose were not significant. This indicates that the three factors investigated do
not independently enhance microtuber formation in the Agria variety. Regarding micronodulation traits, the
interaction effect of low-consumption elements with the other two factors was also not significant, suggesting that the
concentration of low-consumption elementsis not critical for micronodulation in the Agria variety. In all culture media
with 8% sucrose, the initiation percentage of microtubers reached 100%, and the initiation speed was at its maximum.
However, when the concentration of macroelements was doubled and 16% sucrose was used, both the initiation
percentage and speed of microgland formation in the Agria variety showed a significant decrease. The percentage of
microtuber formation, weight, length, diameter and number of buds on the microtuber in Agria cultivar were
significantly affected by the mutual effect of the concentration of macro elements and sucrose, and the 2 Mac culture
medium has 16% sucrose in the first priority and the ¥ culture medium Mac with 8 % sucrose in the second priority
was better than the other treatments in terms of the investigated traits. In this research, it was found that the produced
microglands with greater weight and size had a higher percentage of dormancy and during the stages of
microglandogenesis, the buds on the microtubers were not able to germinate and produce microtubers.

Keywords: Agria variety, Macro elements, Micro elements, Microtuber formation, Tissue culture
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Table 1- Materials and their amounts for preparing one liter of medium
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Stock solution Material the preparationof ~ preparation of MS  the preparation of
2MS culture culture medium culture medium %2
medium (g.I*) (g.I'h MS (g.I")
NH4NOs 3.3 1.65 0.825
955k yolie slacsss KNO3 3.8 1.9 0.95
Macro elements MgS04.7H20 0.74 0.37 0.185
KH2PO4 0.34 0.17 0.085
MnSO4.4H20 0.046 0.023 0.0115
ZnS04.7H20 0.0172 0.0086 0.0043
9)5un polic (slacses HsBOs 0.0124 0.0062 0.0031
Micro elements NazMo004.2H.0 0.0005 0.00025 0.000125
CuS04.5H20 0.00005 0.000025 0.0000125
CoCl2.6H:0 0.00005 0.000025 0.0000125
M CaCl2.2H20 0.88 0.44 0.22
Calcium
A’ Kl 0.00166 0.00083 0.000415
lodine
Nicotinic acid 0.0005 0.0005 0.0005
Oneling Thiamin.HCI 0.0005 0.0005 0.0005
Vitamin Pyridoxine.HCI 0.0001 0.0001 0.0001
Glycine 0.002 0.002 0.002
ool FeSOs. 7TH20 0.0556 0.0278 0.0139
Iron Na2 EDTA.2H.0 0.0672 0.0336 0.0168
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Table 2- Different concentrations of Macro and Micro elements in the investigated treatments
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1- [2-(N-morpholino) ethane sulphonic acid]
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Figure 1- Lateral bud response to micronodulation treatments for potato cv. Agria a) lack of microgland development and b)
Microgland developed

Figure 2- 25 cm long shoot growth from the node location of potato cv. Agria
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Figure 3- The growth of potato cv. Agria shoots from the location of the node
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Figure 4- Production of in vitro seedlings from microgland of potato cv. Agria

5T 63 tan o 3 o Bl Vo S Sy digai )l bl sloadiy -0 S5
Figure 5- The roots grown from the explant with a length of 1 to 20 cm in potato cv. Agria
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Figure 6- The microtuber initiation of potato cv. Agriain different concentrations of sucrose and macro elements (DMRT, p<0.05)
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Figure 7- The process of micrituber formation of potato cv. Agria after two months: A- The lack of developed microtuber
and B- Developed microtuber
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Figure 8- The percentage of microtuber formation of potato cv. Agria in different concentrations of sucrose and macro
elements (DMRT, p< 0.05)
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Figure 10- Microtuber length (right) and the microtuber diameter of (left) of potato cv. Agria
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Introduction

Bud dormancy is one of the important issues in planting and cultivation of fruit trees that needs to be addressed in
many trees such as orange (Citrus sinensis). Bud dormancy involves cessation of horizontal and vertical growth, lack
of budbreak, and reduction in plant activity during cold weather. One of the commercial orange cultivars is Tarocco
blood orange which compared to older blood cultivars, is larger in size and with lower alternate bearing has higher
marketability. The nursery trees of this cultivar are grafted on sour orange, citrange, and vigorous rootstock of
citrumelo (a hybrid between trifoliate orange and grapefruit) (Talon et al., 2020). One of the major problems of
nurserymen in spring grafting of Tarocco cultivar on vigorous citrumelo rootstock is the failure of about 50 percent
of buds to break compared to other cultivars on the same rootstock and other similar rootstocks. This unwanted
dormancy leads to a one-year delay in the nursery tree production process and unnecessary occupation of nursery
space. Given the commercial importance of blood orange and the adverse effects of bud dormancy on yield and fruit
lifetime, solutions are used to control and overcome this problem. One of the effective solutions is the application of
cytokinins which can stimulate the growth of graft buds (Yadav & Saini, 2018).

Materials and Methods

This research was conducted in a citrus nursery at the University of Agricultural Sciences and Natural Resources
of Sari, in late May 2022. Citrumelo seedlings were grown in 5.3 liter pots containing a loamy-silt soil mix in the
nursery location. Tarocco cultivar buds were prepared from a seven-year-old mother orchard and T-budding was
performed in June (during rootstock bark slipping). All hormone treatments were applied after graft union and before
bending the branch using a soft brush on the graft buds. The applied treatments included hormone treatment (control,
5000 mg.I* benzyladenine, 1000 mg.I* kinetin, and 50 mg.I"* thidiazuron) and treatment time (13, 15, and 17 days
after grafting). After two months, some traits related to budbreak and growth of the grafted buds were evaluated.

Results and Discussion

The results showed that thidiazuron and benzyladenine treatments had better effects compared to kinetin treatment
on spring budbreak and initial growth of Tarocco grafted buds. In a way that 50 mg.I"* thidiazuron treatment had the
highest number of sprouted buds (67.91), largest leaf area (118.04 cm?), highest number of leaves (16.50), especially
when applied 13 days after grafting. Also, in leaf size related traits, leaf area indices, graft growth rate as well as
chlorophyll and carotenoid content of Tarocco graft leaves were significantly affected by different hormonal
treatments and application times, with 50 mg.L™* thidiazuron being more effective than other treatments. Cytokinins
can promote division and expansion of leaf cells and thereby result in increased cell numbers and improvement of
different leaf parameters. Also, cytokininsregulate important physiological processes like photosynthesis. Application

©2024 The author(s). This is an open access article distributed under Creative Commons
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of these materials provides cell division especially in areas like buds and growth points and also possibly more buds
may form on the spring graft by using these treatments during the grafting process which can lead to increased bud
break and faster plant growth (Cook & Bahar, 2017). Increasing cytokinin levels can stimulate the photosynthesis
process which results in increased food production, leaf growth and ultimately increased leaf area. On the other hand,
cytokinins affect plant metabolism and can regulate production and accumulation of different growth factors. This
may lead to a better balance in nutrient distribution and metabolic activities which in turn aids leaf area increase
(Hodcheket al., 2023). Finally, accordingto the obtained results, it can be recommended to nurserymen of this cultivar
to use 50 mg.L " thidiazuron 13 days after grafting as a practical and effective strategy for increasing spring budbreak,
growth and development of Tarocco buds grafted on citrumelo.

Conclusions
In general, based on the results, the application of 50 mg.I"* of thidiazuron 13 days after grafting can be considered
a practical and effective strategy to enhance bud awakening, as well as the growth and development of Tarocco spring
shoots on citronmelo. This practice is recommended for producers of seedlings of this cultivar.

Keywords: Benzyl adenine, Blood orange, Bud dormancy, Thidiazoron
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Figure 1- The nursery where the experiment was conducted
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Table 1 - ANOVA for the morphological characteristics of ‘Taracco’ scion on the ‘Citromelo’ rootstock
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Mean squares
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SXeRY P PO Sp o Sy Sy S5 Sy
Bud Node Leaf Leaf Specific Leaf Leaf AGR
break  number number area leaf area  thickness  density
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Hormone treatment (H)
'\J’” ‘?u} 3130™ 34.7 617" 4504™ 4856™ 0.00014™  11100™ 0.247™
Grafting time (T)
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- 27 7 15 1.8 25 823 0.000001 277 0.001
Error
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C.V (%)
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**: significant at 1% of probability level.
AGR: Absolute Growth Rate
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Table 2- The morphological traits of ‘Taracco’ scion on the ‘Citromelo’ rootstock
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opening number  number (cm%g (9 DM.cm™) DM.lg (g.cm?)
DM FM™)
U”; :ﬁ’”‘ 91.67a*  14.00a 15.25abc  105.82b 347b 0.0108f 278bc  0.267e
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L. ’l ..
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0’%“;@" 3333  13.00a 14.00bcd  90.62c 272¢d 0.0135d 285h 0.266¢
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* In each column, the numbers with the same letters are not significant at the %1 of probability levels based on Duncan’s multiple
range test.
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Table 3 - ANOVA for the growth and phytochemical characteristics of ‘Taracco’ scion on the
‘Citromelo’ rootstock
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SXeRY ST Akl blsls S Lyl Sgi5g
Chla Chlb Total chl Carotenoid
y9n e 2 0.0161™ 0.2129™ 0.0940™ 0.1071
Hormone (H)
'\_5’*5‘ ‘?L”} 0.0384™ 0.0357™ 0.0064"™ 0.0027m
Grafting time (T)
HxT 4 0.1864™ 0.0352™ 0.2846™ 0.1677"
(k> 27 0.0029 0.0005 0.0021 0.0116
Error
et 4.45 6.16 2.90 8.13
C.V (%)
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ns, **: non-significant and significant at 1% of probability level, respectively
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Table 4- Comparison of means growth and phytochemical traits
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ol by 1.02e* 0.489b 1.51d 1.08¢
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TDZ
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* In each column, the numbers with the same letters are not significant at the %1 of
probability levels based on Duncan’s multiple range test.
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Introduction

Narcissus (Narcissus tazetta) (Daffodil) with the scientific name (Narcissus tazetta) is a perennial bulbous plant
from the Amaryllidaceae family (Mozafarian, 1996; Ghahraman & Atar, 2000). Narcissus is one of the most
important ornamental bulbous plants that is used as a cut flower and a potted plant. Our country has a huge source of
native daffodils. Iran, with its climatic diversity, vast area of fertile land and abundant solar energy, is one of the
centers of the propagation of plant species is important. Today, plant genetic resources are considered as the most
valuable and vital resources of any country. Ornamental plants such as narcissus have been important for mankind
since ancient times. They are valuable for their beauty, but also for their medicinal properties and as a food source
(Chehrazi et al., 2008; Farahmand & Khosh-Khui, 2007). Considering the importance of the product in the
mentioned cases, preserving the valuable native narcissus plant of our country has many economic and social
benefits, also to prevent its extinction. Therefore, this project was carried out to collect and evaluate native daffodil
genotypes and introduce superior genotypes.

Materials and Methods

In this research, the bulbs of narcissus native genotypes were collected from natural narcissus fields in different
regions of the country (Khuzestan, Mazandaran, Fars, Ilam and Khorasan provinces). Then bulbs were planted in the
research field of the Ornamental Plants Research Institute and the morphological and physiological characteristics of
the daffodils were evaluated in the field, including the height of the flowering stem, number of leaves, number of
flowers, flowering period, chlorophyll and flavonoid content, bulb size, number and fresh and dry weight were
measured. Measuring methods are explained below. Flowering branch height: The height of the narcissus flower
branch from the point of contact with the soil to the tip of the flower was measured by a ruler in centimeters.
Number of leaves: The number of leaves in each narcissus plant was counted. Number of flowers in each branch:
The number of flowers in each branch of narcissus was counted. Flowering period: the number of days from the
appearance of the first flower to the time the flowers withered was counted. The size of daughter bulbs: The
diameter of daughter bulbs in each narcissus plant was measured by calipers in millimeters. Number of daughter
bulbs: The number of daughter bulbs in each narcissus plant was counted. Fresh and dry weight of daughter bulbs:
The bulbs of each narcissus plant were removed from the soil. After cleaning the onions from the mud, the onions
were weighed by an accurate digital scale, which was recorded as fresh weight, in grams. The onions were then
placed in the oven for 72 hours and then weighed again by a precision digital balance, which was recorded as dry
weight in grams. Amount of chlorophyll and carotenoids was measured by the method of Maxwell & Johnson, 2000
and amount of flavonoids was measured by the method of Chang et al. (2002).

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
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Results and Discussion

According to the results of this experiment, Mazandaran and Ilam genotypes showed the highest values for
morphological indices. By comparing different populations of Narcissus Shahla, it was observed that the population
of Mazandaran with (16.38 cm) had the highest height of flowering stem, with (11.9) had the highest number of
flowers, with (55.34) had the highest number of leaves, with (47.33 days) had the longest flowering period, with
(8.53) had the largest number of girl onions, with (48.39 mm) had the largest size of girl onions, with (15.88 g) had
the highest fresh weight of girl onions, with (10.68 g) had the highest dry weight of girl onions. Also, Khuzestan and
Mazandaran genotypes showed the highest values for physiological indices. It was observed that the population of
Khuzestan with (2.229 mg.g™*) had the highest amount of chlorophyll, with (1.594 mg.g*) had the highest amount of
carotenoids and with (1.525 mg.mlt) had the highest amount of flavonoids.

Conclusions

Comparisons of morphological and physiological characteristics of native Iranian narcissus in the field and post-
harvest period in different populations of native narcissus (Shahla and Porpar) showed that native Iranian narcissus
is a plant suitable for planting in green spaces. The planting of these plants in the area of Mahalat has been
successful and if cultivated, along with daily care, weeding and regular watering, it is completely suitable for surface
production. Planting native narcissus can be recommended for cities with a climate similar to Mahalat. In order to
achieve this, we can introduce the native daffodils of Mazandaran and llam regions as the best genotypes. Because
in terms of morphological indicators, they have the highest stem height, number of flowers, number of leaves. Also,
In order to use a flower pot in the home or office environment, the native daffodils of Khuzestan and Mazandaran
regions can be introduced as the best genotypes.

Keywords: Bulb, Carotenoid, Flavonoid, Narcissus flower, Native genotypes
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Table 1- Altitude and latitude of collecting narcissus bulbs in 2022
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Figure 1- Mean temperature in Mahallat during narcissus growth period in 2022-2023
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Figure 2- Mean rainfall in Mahallat during narcissus growth period in 2022-2023
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Figure 3- Mean relative humidity in Mahallat during narcissus growth period in 2022-2023
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Table 2- Analysis of soil in the Ornamental Plants Research Center located in Mahalat
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Table 3- Phonological indices of endemic Narcissus in Mahallat
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Table 4- ANOVA for the morphological and physiological indices in different populations of endemic narcissus

; g KTy = o 031001
Olyti e @3 dn,d  dilw glis))  SSolaw Spolaw el 2293 T i = ?
Leaf No Flowering Sy S F&D

S0V df Stem length  Flower No. .
g duration  Bylblet No.  Bulblet size
w53 1 689.665"" 20.833™"  726.881™"  821.633™" 15.066™ 3177.14™
Genotype (G)
daaio e . - . s .
. 4 46.157 12.753 100.392 66.050 16.501 89.94
Region (R)
GxR 4 0.366" 0.204" 2.294" 1.050m 1.259m 10.61"
ks 18 2.221 0.328 12.158 3.267 0.361 12.13
Error
S 29
Total

oyd ofoN g 0 Jlaan! polaw (3 I3 xe s gy s FFFGFF o F Iy e lis pae NS
and *: non-significant, and significant at p<0.001, p<0.01 and p<0.05, respectively
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Table 4 Continued- ANOVA for the morphological and physiological indices in different populations of endemic narcissus

Ol o (g3l5l ey 6B Eew iy S Eaw SS9 Judo S A9y, ASgighd
S.0.vV df Bulblet wet weight ~ Bulblet dry weight Chlorophyll Carotenoid Flavonoid
w3 1 191.016%** 145.024%** 7,911 %%+ 5.397*** 3.953%**
Genotype (G)
. 4 30.057* 15.957*** 0.376** 0.306*** 0.197*
Region (R)
4 1.650ns 1.045ns 0.077ns 0.019* 0.018ns
GxR
s
18 10.233 1.279 0.069 0.005 0.061
Error
S 29
Total

Waoyd [N gV @ Jleas! golaw )3 5 e s gay FFFGFF o F Iy e glis pae NS
ns *** **and *: non-significant, and significant at P< 0.001, P< 0.01 and P< 0.05, respectively
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Table 5- The morphological and physiological indices in different populations of endemic Narcissus

— 5 = e e
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45 W2 @mg 7« wo¥ 72 23 NET 3 5B £9H 3 85
E 32 w3 \\,}3 2= E}% ig 1% o 3326“3‘,85}
?E T %t WNg WUz 9E i3 §E "SE&
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Flavonoid
(mg.g* fw)
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29.63bc* 6.55b 23.10bc 36.66bc 4.66bc 32.79bc 9.62ab 557bc 1.15bc 0.69c 0.86ab
28.08cd 5.38c 20.94bc 34.83c 3.77cd 32.07bc 8.38ab 456 ¢ 1.59 ab 1.08a 1.13ab
33.49a 8.44a 29.44a 42.16 a 7.09a 39.30a 12.45a 8.19a 1.64a 1.08a 1.17a
31.80ab 7.44b 2432ab 38.66b 555b 35.24ab 11.28ab 6.61ab 1.29abc 0.85b 0.98ab
26.60 d 488c 1855¢c 33.83¢ 2.77d 28.93 ¢ 6.83 b 4.16¢ 1.09¢c 0.58¢c 0.74b
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* In each column numbers with same words doesn’t have significant difference at 5% of probability level using Duncan’s multiple

range test
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1: Fars, 2: Khuzestan, 3. Mazandaran, 4: llam, 5: Khorasan



YAV gl o090 (LS 5 (359090 b 9 (S Ldbcdy ) s lh byl (63l 9 lime

St

O g5 450 - F S
Figure 4- Narcissus research field

23O P el e Ceow 9 Yoed (o5 ) pr9eal ol Cuowe =0 JSS
Figure 5- Shahla narcissus at right and Porpar Narcissus at left

o5 P SSS (5580 g -F UK
Figure 6- Daughter bulbs of Narcissus flower
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