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Introduction

Apple (Malus damestica L.) is one of the most popular temperate fruits in the world as well as Iran. One of
the challenges in managing apple orchards is excessive fruit formation or excessive fruit drop especially in the
pre-harvest stage, which affects the performance and marketable product. Therefore, the control fruit set is
required to help regular fruit production. Currently, the application of synthetic auxins as plant growth regulators
are successfully practiced and mainly used in various countries, including all aspects of modern apple production
to control and manipulate vegetative growth and regulation of flowering, reduce immature fruit drop, fruit
maturity, firmness, and manage apple harvest. Among the auxin-type growth regulators, NAA is a synthetic
auxin analogue that may down-regulate abscission-related genes and reduce the sensitivity of the abscission zone
to ethylene. It has long been used to reduce or totally prevent pre-harvest fruit drops, to preserve fruit flesh
firmness, and to prevent starch degradation in apples. Therefore, this experiment was conducted to evaluate the
effects of foliar application of NAA at different days after full bloom on controlling fruit drop and enhancing the
physical and biochemical attributes of ‘Red Delicious’ apple fruits. The findings presented here may improve
understanding of the impact of this plant growth regulator on apple quality and contribute to developing
strategies to reduce postharvest losses.

Materials and Methods

In order to study the effect of NAA on controlling fruit drop, fruit yield and quality, a factorial experiment
based on randomized complete blocks design with three replication was conducted under Zanjan climatic
conditions during 2023. Ten year-old ‘Red Delicious’ Standard apple trees grafted on M.9 rootstock were used
as plant material. Treatments consisted of different concentration of NAA (15, 30, 50 and 75 mg.L™?) sprayed at
different days after full bloom (10, 25 and 40 DAFB). The date of full bloom was 04/22/2023. The fruit growth
pattern was based on fruit weight and diameter during DAFB. According to fruit growth pattern, fruit were
harvested at physiological maturity stage. Fruit number per replicate, fruit weight, diameter and shape index,
fruit firmness, total soluble solids content and taste index were measured. Also, fruit drop percentage, fruit yield
as well as fruit efficiency was estimated.

Results and Discussion
Advanced knowledge of apple fruit development from fruitlet to maturity is crucial for optimal prediction of
year-to-year yields and fruit quality. Apple fruit growth has been defined as sigmoidal increase in fruit diameter

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
ET 4.0 International License (CC BY 4.0).
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or fresh weight. Studying two fruit growth patterns based on fruit weight and diameter data showed that fruit
weight is a more appropriate indicator for drawing fruit growth patterns, and according to that, the fruits were
harvested at the physiological maturity stage. Foliar spray of NAA during different DAFB showed different
significant effects on fruit drop and yield efficiency. The highest rate of fruit drop (95.7 % and 85.9 %) was
observed with foliar application of NAA at 10 and 25 DAFB, respectively, but its application at 40 DAFB
reduced fruit drop by 46.9% compared to the control, and correspondingly the fruit yield increased by 22%
compared to the control treatment. The lowest number and weight of fruits per unit shoot cross sectional area
was observed in trees treated with different concentrations of NAA at 10 DAFB. The maximum fruit length
(72.3 mm), diameter (75.8 mm), weight (180 g) and fruit volume (240 cm?) were obtained with application of 75
mg LT NAA at 10 DAFB. The foliar spray of NAA at 10 DAFB significantly increased the fruit density, flash
firmness and TSS. But their use in 25 and 40 DAFB had no significant effect on fruit density and flash firmness,
and significantly decreased fruit TSS by 23.9% compared to the control trees. Unlike the TSS, the value of fruit
titratable acidity showed a significant increase in all three times of naphthalene acetic acid treatment compared
to the control, and as a result, the fruit taste index decreased.

Conclusions
The present study concluded that the positive effects of NAA in controlling fruit drop and improving the
yield and fruit quality will be different depending on the time of application and the weather conditions of the
region under study. According to the results, the application of NAA at 40 DAFB reduced fruit drop and
increased fruit yield efficiency.

Keywords: Days after full bloom; Fruit drop; Fruit growth pattern; Fruit yield; Shape index
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Table 1- Average climatic parameters of Zanjan Synoptic station during the growth season (2023)
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(°C) (C) (C) (%) (mm)

20.5 5.9 13.2 50.8 220.3
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Table 2. Physical and chemical properties on the site of experimental field.
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Figure 1- The fruit growth pattern of apple cv. ‘Red delicious’ based on the fruit weight and diameter over days after full
bloom (DAFB)
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Figure 2- The effects of NAA foliar spray at different days after full bloom (DAFB) on fruit drop (A), yield efficiency based
on the fruit number in shoot cross sectional area (SCSA) (B), and yield efficiency based on the fruits weight in the trunk cross
sectional area (C) of apple cv. ‘Red Delicious’. Values are means with standard errors (n = 3)
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Figure 3- The effects of NAA foliar spray at different days after full bloom (DAFB) on the length (A), diameter (B), and fruit
shape index (C) of apple cv. ‘Red Delicious’. Values are means with standard errors (n = 3)
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Figure 4- The effects of NAA foliar spray at different days after full bloom (DAFB) on the fruit shape of apple cv. ‘Red
Delicious’
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FigureS- The effects of NAA foliar spray at different days after full bloom (DAFB) on the weight (A), volume (B), density (C),
and fruit firmness (D) of apple cv. ‘Red Delicious’. Values are means with standard errors (n =3)
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Introduction

The Persian Shallot (Allium hirtifolium Boiss), an endemic and economically significant medicinal plant
native to Iran, has garnered increasing attention in recent years due to its potent therapeutic properties and
adaptability to diverse climatic conditions. Traditionally used in Iranian medicine, this plant boasts a rich
phytochemical profile that contributes to its effectiveness in treating various ailments, including rheumatism,
stomach ulcers, and microbial infections. Beyond these established applications, recent studies suggest that the
Persian Shallot may also serve as a potential aquaculture regulator, further enhancing its value in both
agricultural and pharmaceutical contexts. However, growing demand and the overharvesting of wild populations
have raised concerns regarding the plant's long-term sustainability and conservation. Unsustainable harvesting
practices pose significant threats to the genetic reservoir and ecological balance of its native habitats. In light of
these challenges, there is a pressing need to promote sustainable cultivation practices and conservation-oriented
harvesting strategies. Iran’s rich biodiversity and favorable agro-climatic conditions offer a strategic advantage
for the cultivation, research, and export of high-quality medicinal plants such as the Persian Shallot. Research
that focuses on evaluating local ecotypes and their nutritional and phytochemical characteristics can facilitate
domestication efforts, genetic improvement programs, and the broader commercialization of this valuable
species.

Materials and Methods

This study was conducted in 2022 across six distinct natural habitats of Allium hirtifolium in Isfahan
Province, Iran. These habitats, which differ in elevation and environmental conditions, were selected to capture a
broad range of genetic and ecological diversity. From each habitat, 50 individual plant samples were collected
during the growing season, resulting in a total of 300 samples. The primary objective was to evaluate and
compare the morphophysiological and phytochemical traits of Persian Shallot populations across these diverse
environments. Morphological traits assessed included the number of leaves per plant, leaf surface area, and the
fresh and dry weight of bulbs. These indicators were selected for their relevance to plant vigor, productivity, and
commercial value. For phytochemical analysis, fresh leaf samples were processed using acetone-based
extraction. The contents of chlorophyll a, chlorophyll b, total chlorophyll, carotenoids, and antioxidant activity
were measured spectrophotometrically. This biochemical evaluation aimed to provide insights into the plants’
adaptive responses to environmental variables such as altitude, temperature fluctuations, and soil conditions.
Data analysis was performed using Analysis of Variance (ANOVA) to determine statistically significant

©2024 The author(s). This is an open access article distributed under Creative Commons
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differences among populations. Cluster analysis was also conducted to group the habitats based on their
morphophysiological and phytochemical traits. All statistical computations and visualizations were carried out
using SAS, SPSS, and Microsoft Excel software.

Results and Discussion

The results revealed significant diversity among Persian Shallot plants from different habitats, indicating
high levels of biodiversity due to environmental and genetic factors. Variations were observed in morphological
traits such as fresh and dry weight, leaf area, chlorophyll, carotenoid levels, and antioxidant activity across the
different populations. Altitude was found to be particularly influential, with plants at higher altitudes showing
larger leaf areas and higher chlorophyll concentrations. These adaptations suggest that environmental conditions
such as temperature and sunlight availability at different altitudes strongly affect the plant’s growth and
phytochemical profile. Phytochemical analysis also showed higher antioxidant activity in plants from higher
altitudes, likely due to environmental stress factors such as low temperature and increased UV exposure. These
findings underscore the importance of altitude in influencing the biological and chemical characteristics of
Persian Shallot populations. Cluster analysis grouped the different habitats, revealing distinct patterns of trait
expression that reflect the plants’ adaptation to their environments. Understanding how environmental factors
like altitude affect plant traits is essential for developing breeding strategies aimed at improving yield and
medicinal properties. The study emphasizes the need for selecting landraces with desirable characteristics for
both cultivation and conservation purposes. By considering environmental gradients in plant selection and
breeding, we can ensure that the genetic diversity and valuable traits of Allium hirtifolium are preserved.

Conclusions

This study demonstrates the presence of significant biodiversity among Persian Shallot populations across six
habitats in Isfahan province. The results suggest that altitude plays a critical role in shaping both genetic
diversity and phytochemical composition, which are key to the plant's adaptability and medicinal value. The
observed variations offer opportunities to select suitable landraces for specific uses, whether for their
phytochemical content or their ability to thrive under certain environmental conditions. Further research should
focus on identifying specific genetic factors contributing to this diversity. Molecular markers can be used to gain
deeper insights into the genetic structure of these populations, aiding in the development of targeted breeding
programs. By understanding the role of environmental factors and genetics in shaping plant traits, we can
support the sustainable use and conservation of this important medicinal plant.

Keywords: Antioxidant activity, Carotenoid, Cluster analysis, Genetic diversity, Natural habitats, Weight of
onion



Sl pale 4yl

https://jhs.um.ac.ir LA
YAV=Y o) o AP Oleul oF o Lol 14 A
SRl s g R g alerdgid 9 S50 shi e S S Ry 2L
Oleiel Sl sWwe&is g, ,5 (Allium hirtifolium Boiss)
S rasd shgetazne = Al Jallaz —TTE Lol ) g3 e @lins = U L sdezes s

VR YNE a5 i b
VEY/ VAL, st

CRVCLS

5 ohe mlio o oS 305 4 e g bl ol og 5 dlosis o5l LS Allium hirtifolium Boiss s b Jlp! yuwse

ol 08 2)ly 5 (siluglal o 5o Sliios gycnlil 2,05 )8 (AL 5 (6296 (520 1 ol (il o lmolSitg, Sl 4y, 0 o3lisl 5 (291>
55 iy 5 895 2Lyl P8 gl (LS og sodg il ol slily > (Sl sladslyy 3 3> g (o) Sl
3 ookl b ool oyl ms oRiing,y (i jl b g yglaen (sloyge (sloodgs (Suis5 £4i5 ¢ pils adllae 53 sl (LS (claodgs )3 3930
sbaodgs e 483l Lt adllas 3)90 Slio ululyy (pib)ly 4528 @l 8)5 )13 b))l 390 (pleerdgind § Suisle 1898500 Sl Sy
Oty S i g o SdB g 5 (g com ol 53 9 el 3929 (P0.01) (6l gime gl oy 2 3y90 lio )i I Aalllae 3)90 ywge
@l b5 00 Skl 4 de g b Bad (guaies 095 )l ) oy y90 S slAlgE 4 jaS el dg [ |y s o po
S esyglaan slmodss (sl S o 9 G0 SutS 5 5 (59 FMpnST BT Sl 59359 ¢ oIS olio it oS Cenl ol 51 S
V5o oy olelisy) jloa g glaan (slaodg sly Sy ol (VU jlade s & Jlo 3 g (550 Yoo 5l VL lelis)) iy (slmolSiag,
E35 59y (arme slapal )38 58 ) S gt 6] Jole (S5 Jelse pogMle o8 085 woxs (e gycnlil A5 (st
3 pwge slmodgs (o354 (lp ST slodely )3 Klgy o adllan pl (cladidl .cuol 039 Ju3d (uryp 3y90 (sU03g5 ym ) odidosnlie  aww

2,8 )18 ooliiwl 350 anb sWolKivg; jl cblas o (g5l Jal cax

&9 035 3559 (anSI T Cleb orb slaolSiyg) (S5 95 csladsd 455 SIS SWaojly

Sl oly oMo ol > oe G g3l e >
)8 ealial 3550 g jlo 1 sileme loyd 5 il ) 5 aLsh
Codye 5 wslae lmocl Lulyd (nab b ola) WS
b 2o glalS I b ek oBdygy 4 (ol (oLl
Syl ywge (Omidbaigi, 2000) cowl oad a5 whe 5 (o))
hirtifolium Boiss ol pU L (V JS&) (Persian Shallot)
o obS ol el Alliaceae o5 5l dluss LS Allium
>l 3 dog (aLS ©)soa o (Rechinger, 1984) odg )]
5 st st Bl (30 Y0+ 6100+ glis)) SliwnsS
e oSl glees wdy p» ehsa olpl G
03,5 3y (gl)l> yuwge (Asgarpanah & Ghanizadeh, 2012)
st el g 5w Sy 4 il 5 Sl o b S5 55,8

Aol
JB ool ele g oolal 55l Gl o9l el
Lo 2ob alie bS5 sl Jdsa LS oyl siwe 4oy
by )85k g (Sl o)lse (nieS g by (anb cunle

Olrl «eudy (M oty (AR (3 ( SUEL pole 0g)S )
(s (S oSl (55l pole 018l ¢ SLEL psle 095 ¥
oyl

(oBslys) Gladmel anly oDl Sl o il ¢ sards psle 09,5 —F
olr! ledel

e oAy gi — )

(Email: hassanpurm@guilan.ac.ir
https://doi.org/10.22067/jhs.2024.88274.1349


https://jhs.um.ac.ir/
mailto:hassanpurm@guilan.ac.i
https://doi.org/10.22067/jhs.2024.88274.1349
https://orcid.org/0009-0008-0942-5933
https://orcid.org/0000-0002-1974-3299
https://orcid.org/0000-0002-5485-8884
https://orcid.org/0000-0003-2762-6356

1P F Ll ¥ o)l (¥R ol (((6))9Lis &9Leo g pole) ‘S'La-ﬁl-' pole 4y yid V4

Moradi et al., 2013; Zeinali Aghdam et al., ) ,Sbas
Slbpwrs o (Taran et al, 2006) 49,500 (2019
3 g Eom 13b o (Mohammadi-Motlagh et al., 2017)
5 digw LS wses 155 o xlaw bt ey g pesile) Glop
38 B odldl 3)90 s eadeab g jlac lyiedr (pioren
51 edlitul (gaze34. .(Barile et al., 2005; Jellin et al., 2000)
sy oS s leieds (yapesi] A hirtifolium o,lac

Cul odd IS el e g egee Sl

.(Ghafarifarsani et al., 2022)

LS i ol oIS bl sioctle WY+ B A b
L 5 (Fritsch & Abbasi, 2013) cuwl Sl b ian b J5
GBS (S e g pese G Sle opmen (ke lapl
(Aleebrahim-Dehkordy et al., 2016) >g. .
glo )3 5 039 we 29> JBLS s (b a5l eege
plo wilea olS pl Db oS splS Sl 4 plie
wlhobsnd GloS 5 5l by Allium Lus alS sladisS
bl 058 sl ol s ales il
ol o ol o3l s Slidios 3l byl 5 byl
el b 255 Bl 5 (Sijslan b dge 3529 Jiloes olS
{(Hosseini et al., 2022) ;5 13 8 caols alas 5l g >

(Allium hirtifolium Boiss) g1y swge -V S

Figure 1- Persian shallot (A//ium hirtifolium Boiss.)

(2020
Sy S 5l b LS ey i
s ggie 5 oSeal qoberdsid G5 Siglnidedyse
035 ol b b (sboolSitag) I 6yl po e ©yge )3 cnlple
g 43,5 Jai )3 o glasy yn aslio gl Slge (b pslaiods
o)) 9 Cogp 2lolid 5 (lend § (SWBF E58 () Lo jlo
ey Syge Bl LB 3y gl &S
254> 5 (LS Scumen Siop 4 4257 b (b Slaolliys)

Ll )y Copts oMo 5o bl i85 )b blS

O Cawd Sl e b (sbrolRiag) Sl 3o ) Gt (65l 0 300
Howes et al., ) cuol ouis Sle b S5 sl o () g9
Slodyis gyl g1y Lol (2020; Schippmann et al., 2002
ol slojls W) g Camer Sl L (29)l> (od>g sbaisS
Sl Slol & Cans com gl lply sl Q11 b
9035 s ) LasS cpl sl 29y loaisS I )b sl

Howes et al., ) and oo ;18 o 55 (olil (oyme 55 ) o]



VAV Gl pge (09 Sedg (oiluowdaind 9 SO Tgle ed 90 GBS R (2L OheR g (2LSjdeo

S olasl olaileS glaor wslie Jbroilr 05T
Glo Sl ) oolitel L 5oy slaglisl UL 5 S
Ebrahimi ) cuul 48,5 & )90 (JgSge 5 (obondon «Sj5ld)00
aaw bl bs (et al., 2009; Panahandeh et al., 2016
o3l (L o1 glaen slocumen o |y (S5 £55 5l 2Vl
5 ) E95 290 > eyl ML g5l @l (] g cusl
Ja ol il .l 039 ()3 590 SCuner o bl
B 95 sy (lgmg] i 5 Kis g 25 5 3y waldl (sl
g baplds gl il lp ol jw g5 cpl g 039 YL
Ol (pl alisee Ll 3 1) ywge dlox jl Cglite (alS sbaasss
2g> opl L (Borhani & Sadeghzade, 2019) cusl 03,8 wal )3
g Sdnidsige on 5 ol Car 08t wliske
el plgdy oledel il glaolidyg) 53 yawge (olendyid
&85 Ol op B b Glagh cpl 1l 48,55 050
I oldel il Cilise Clels)l g WolSidag) ) jpwge (S45
sl )5 (phb olbendsid 5 Sojlsjuddyse Clic bl
soge b basye (o3l5a laasly > Aagh (nl @S & 3950

235 1,8 oolaiwl 550

59, 9 3190
b sLaoludin gy 5 GLALS (ouuy 1 9 S 9Te

hosdgid 9 Suigdejdedyee o SRy L) Hshied
b laolRiag) b 5l pwge Gladiges (Slpl pwge LS
V) Jlo 5o () g & JS5) cilies clelis) 3 el ol
A5 (6 ygleer

HB g a8 cublsyy a3 Juad Jsbo )3 wiges B+ olllng) ]
bl Spoolas e 5l Sigdnndshiee Clio iy
Leaf Area) guwpdew oKiws SaS b Sy pdaw 5 (yb)loss
g Cuildy 3l o S 6505l @pe e Bl sy (Meter
lol «Sis js ol pgaiedy 35 Cd Eaw S s ()P
Pl a5 Blo 325 (55, 5 09,55 o p L O ygod g
aul B B oasas eols I3 cele cuia Sowds ol Cogb,
@ V0 slod b gl ) e g 25 @ Cush, Gl
oMb Sid Gl w8 )S 18 celw B Gl oS 5l
o €83 b Jliowd 93l b basee wuli (g & ey b badiges
.(Hejaz et al., 2004) xui (5 ,Sojlul sl 13,

Sl iy plojle sloolS a3 ual sgliine; laylies gl
E55 (o b il g LS Cgllae opslaer ogad
lod e GSly AdB ard g Canb 3 dp29e
) I 25 516 22,5 pasedia jlai 0)50 s 2y (slmolSlita
o550 dgo cuaS Gl B pae L sddcolb b @l
cals J(Bernath, 2001; Tatanyi, 2001) 308 (gySsl>
9 @)l QLS 0350 dlge (e 5 43 Jai ) 5p lacuses
Oljee calis oS Hbll o) ldlas » Jlolyd cuonl b g
@)1 518 adgl Jolye 53 sage olS SlaS 5 g (295l 9 0530 dlga
ol ol iy lacuses g Bodg 5 bS] By cplpln
s 1 ) 5 S oyt Bl 5 1) el cals Wlgi e
5 098l S Cux )b cnl > (yp 290 Slae Yl 5l L)
LS i Olple cas (o)l a L yu

oieke gl ey Bl Lol (gl U3)
s Sl ol Ll cul oS K oolaml gla jasls
ol ol e Rl e a9y LS sl (3D
5 hilate o Llo g 5 S5 Sls Sy &5 45 el olalS
Er Sk )b Spe GBS pelelp 2ed bul Ml
S 3kl Ve dgas VN Lo 3 (29l GlalS e ©)bs
2 Gl odewy LY 35Lle WWF I i 4 VoA L 40 5 009
2 Olpl ey aalsd Y5 o5y 08y 4 oMee VH0- o
Glisen SdisS 55 5 ol Ll 25 1 ol (512,38 o
OllS i 3 ol pwamen ) logg ol (25)h LS
45y Ske Chle (i)l 5l aep K Jolee core b (29
Kls o Sles albyly (o3l 5 aoyd </F g oyl B pan il
rwse (Rasekh Jahromi & Norani Azad, 2023) 1> 1,8 ¥
wdS sl glul Shle 2g) GbLS (p Fere j o
o)l TS 0jex (sbyeiS dlex I laygiS (LS 4 oS 03y
il olpl (Kashfi Bonab, 2011) cwl esds o plo
g b g Mo b 5 2o gllS 5 I (o8 sbyeus
b slodg cals plply wul flpl o5 ywge olS 4l 4
Gl g g Caz )3 63L) Hlun S8 Slg5 oo )9S )3 CuiS
Oz g Al anil olen 4 |y CaS VL b Jpae
5 oole @l 4 By e o LS ol )] e
Sl iz o Canl ¥ 530 glosllged (35 p3 e pges
D35 )18 45 3)90 Gl I e

pmge (SeB5 E95 ooy b bl Ll (sla iag,
elbosS 4y yeman ol Gl 3blis j1 oA5 6 glxen il



VPP il Y ojlodh 14 o (55,9L58 oo 5 pole) Ll pole 4y p2s VAY

Altitude (Meter)
GR)up ity ey
High : 4407

Low: 596

axdle oyl yd osiod\iw! (Allium hirtifolium Boiss) 51y swse oLl yia 23395 =Y JSd
Figure 2- Geographical distribution of Persian shallot (A/ium hirtifolium Boiss.) used in this study

axdlbo oyl yd awiod\in! (Allium hirtifolium Boiss) 51 p) swse Ul yia 21395 =) Jodo

Table 1- Geographical distribution of Persian shallot (A/lium hirtifolium Boiss.) used in this study
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Figure 3- The leaf number of Persian shallot (A/lium hirtifolium Boiss) landraces in six habitats of Isfahan province (Tukey, p
<0.05)

B Fresh bulb weight s« 5 ¢Js

18/0
16/0
14/0
12/0
10/0
8/0
6/0
4/0
2/0

& 039
Bulb weight (g)

a

B Dry bulb wieght ¢ sw <da o3y
a

a

L

0/0

o v

o
€e‘eﬂw §e¥®

=

O (0

R
o

“0‘3\“

Oleduel b laoliliv g,

Habitats of Isfahan province

Ol il o9y (i 4> (Allinm hirtifolium Boiss) 1) swge 099 WB039T Fomw Suid g 5 (59 —F S
Figure 4- Thefresh and dry bulb weight of Persian shallot (A//ium hirtifolium Boiss) landraces in six habitats of Isfahan
province (Tukey, p<0.05)
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Figure 5- Theleaf area of Persian shallot (A/lium hirtifolium Boiss) landraces in six habitats of Isfahan province (Tukey, p<

0.05)
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Figure 6- The chlorophyll a, chlorophyll b, total chlorophyll, and

carotenoid contents of Persian shallot (Allium hirtifolium

Boiss) landraces in six habitats of Isfahan province (Tukey, p<?.05)
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Introduction

Medicinal plants are economical important plants that are used in traditional medicine and industry as raw or
processed materials. Valerian (Valeriana officinalis L.) is one of the important medicinal plants which belong to
Valerianaceae family. The valerian rhizome and roots have been considered as a valuable medicinal plant that
essential oil content (between 0.1 to 2 percent) varied according to climatic conditions of production location.
Valerian needs a lot of water during the growth period and enough moisture around the roots and rhizome
increase root yield. Iran is situated in an arid and semi-arid region. When a plant's minimum water requirement is
not met, it experiences drought stress, which can cause severe and often irreversible damage to the crop. One
effective method for improving irrigation efficiency under such conditions is the use of superabsorbent
polymers. These hydrocarbon-based materials can retain large amounts of water or aqueous solutions in the plant
root zone, thereby mitigating the negative effects of drought stress. Their application can enhance plant growth,
extend irrigation intervals, reduce water loss, and lower irrigation costs. Generally, water efficiency, dry matter
production and root development, are positive reactions to the use of superabsorbent. In this regard,
Stockosorb® copolymer is potassium-based nutrients that have a high ability to absorb water and nutrients and
high strength polymer maintained the water has been proven. The aims of this investigation were to study the
effects of Stockosorb® hydrophilic polymers, on some morphological (root dry weight and yield, leaf area),
biochemical (chlorophyll a, b), physiological (electrolyte leakage, leaf relative water content) characteristics and
essential oil content and yield of valerian under drought stress.

Materials and Methods

This research was conducted in field (1x1 m?) at Department of Horticultural Science, College of
Agriculture, Ferdowsi University of Mashhad. The research was set out in a factorial experiment based on
completely randomized block design. The Stockosorb® hydrophilic polymer at four concentrations (0, 100, 200,
300 gr/m?) and two irrigation period (6 and 10 day) with three replications were set as treatments and leaf area,
root dry weight and yield, chlorophyll a, b, electrolyte leakage, leaf relative water content and essential oil
content and yield were evaluated at the end of the growth period. The seeds of Valeriana officinalis were sown
in protected open field for seedling production and the seedling were transplanted to the field at four-leaf stage

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
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(10 plant per plot). Stockosorb® mixed with soil, after weighing the polymers based on determined
concentration. After seedling establishment, all plots were irrigated with a determined amount and equal of
water.

Results and Discussion

The results showed, using Stockosorb® superabsorbent polymer be useful for water supply the plant in water
stress condition. Application of this substance on some morphological, biochemical and physiological
characteristics and valerian essential oil, was significant at 1% and superior to the control. According to the
results obtained, Stockosorb® 300 g.m with irrigation period 6 days interval, increased leaf area, root dry yield,
leaf relative water content, chlorophyll a and essential oil yield. While, the highest valerian root dry weight and
essential oil content were obtained with application of Stockosorb® 200 g.m2 and irrigation period of 6 days
interval. The highest electrolyte leakage was related to control and irrigation period 10 days interval and the
maximum chlorophyll b was belonged to Stockosorb® 100 g.m with irrigation period 10 days interval.

Conclusions

Since the ultimate goal in cultivating valerian, as with other essential oil-bearing plants, is to optimize both
yield and essential oil content, the findings of this study recommend the application of 300 g/m? Stockosorb
polymer combined with a 6-day irrigation interval. This approach effectively mitigates drought stress and
enhances all evaluated growth and yield characteristics in valerian. The highest root dry weight under drought
stress was related to more accessible and preservatives water in characteristics the root zone and it found by
using the middle concentrations (200 gr/m?) super absorbent polymer and irrigation period shorter (6 day). Using
of mentioned treatments, according to the middle water stress, leads to increased valerian essential oil. The best
root dry yield, essential oil yield, electrolyte leakage, chlorophyll a and %RWC with sufficient amounts of water
and better growth conditions were achieved by application of 300 g.m Stockosorb® and irrigation period 6
days interval. In general, superabsorbent polymer was able to increase irrigation period and this was evident in
qualitative and quantitative results related to the valerian in the treatment of 300 gr/m? with irrigation period 10
day and 100 g.m of polymer 6 day irrigation period. The results showed that superabsorbent polymers can
enhance plant performance by influencing plant metabolic processes and providing protection against
environmental stresses. Their application reduces the adverse effects of stress, contributing to the preservation
and improvement of the plant's economic yield.

Keywords: Essential oil, Performance, Root, Stockosorb®
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Ca = 15.65(4666) — 7.340(4653) ()
Cb = 27.05(4653) — 11.21 (A666)
Ct=Ca+Cbh

2 Al Sy otle Sy ol s Slsme g Can
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YF Sdods adiges e (TW) 05 o pSojll byl glsl 59
b g as,S 8 ol 5o o5 ol 4 Ve lod 3 )05 el
o o] S (g (e 9 05 S Sl g 4
Sy ol s glyime Y) dolee ) odlizal L (DW) 13,5
.(Schonfeld et al., 1988) 15,5 dauwl=. (RWC)

RWC (%) = [M x 100 (v)
TW - DW
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Table 2- The ANOVA results for the effects of irrigation period (day) and superabsorbent polymer levels on some
morphological, biochemical, physiological characteristic, and essential oil traits of Valeriana ofticinalis

3 Shos

fs31)

” P oY 1o ol 5kes
Sid Sas . . Sl Sy
Gk 2P & addyls bl jol ol il
P PEC Y WY g Sl o &
S O V 3] Leaf area . ~J Chlorophyll Chlorophyll | | ‘5 Essential Essential
O = Root Root acontent contentb EIeCtI:O yte x oil oil
dry dry €akage  RWC  content yield
weight  yield
)l’& . 2 291.79"™ 1.78™ 0.0003"  0.0006"™ 0.0005™ 49.60" 391 0.001™ 0.002"
Replication
O 9 youly o
Superabsorbent 3 237354 7695 0.0122™ 0.0333" 0.0145™  4618.47" 74731 0.168™ 0.315™
polymer level
(SPL)
L5)l.’33" 290 -
Irrigation period 1 25544.72” 215527 0.0408™  0.0220 0.0334™  1181.46™ 08761 0158~  0.968"
(IP)
SPL x IP 3 1171.51™ 48.53" 0.0023™ 0.0089™ 0.0050™ 162.48" 893 0.019™ 0.187"
s 14 249.93 1.07 1.6369 0.0016 0.002 44.27 630 50.000 0.004

P= /o) g PS /o0 Jlein] o jd 5 gxe g I gxe pé a4 KNS
ms,*, ™*: non- significant, and significant at the of p<%5 and p<%1 levels, respectively.

*
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Table 3— The simple and interaction effects of irrigation period (day) and superabsorbent polymer levels on some
morphological, biochemical, physiological characteristic and essential oil of Valeriana offici nalis

b loss Spghe  aiyKisgy  GOeRY o DU SR g,
) bow ; Chlorophyll  Chlorophyll Electrolyte P .
Treatment Leaf area Root d';y Vﬁlght content a content b leakage 7
(Cm ) (gp an ) (mgg*\) (mgg-l) (uSlcm*‘) RWC (%)
<9595 b
Stockosorb (g.m?)
0 118.64 c* 3.35d 0.39¢c 0.14c 17.54d 3.51d
100 132.60 bc 499c 0.50b 0.22a 38.80¢c 4.86¢C
200 150.63 ab 11.14a 0.50b 0.19ab 53.96 b 6.31b
300 163.90a 9.01b 0.57a 0.17 bc 83.50 a 8.88 a
Solel Jolsd
Irrigation period (day)
6 174.07 a 10.12a 0.52a 0.17a 52.35a 7.48 a
10 108.82b 4.12b 0.46 b 0.19a 44,55 b 4.29Db
Sl oty X 0930 Lol
Stockosorb (g.m2)
xirrigation period (day)
0x6 166.33 b 4.92d 0.43¢c 0.14c 50.99 ¢ 4,79 cd
100x6 151.06 bc 7.05¢ 0.48 bc 0.17 be 41.99 ¢ 579¢
200x6 173.92b 18.37a 0.53b 0.22 ab 28.94d 771D
300x6 204.96 a 10.14b 0.64a 0.16 ¢ 11.26 ¢ 11.65a
0x10 70.96 e 1.78f 0.35d 0.15¢ 83.54a 2.22¢
100x10 114.14d 2.93 ef 0.52b 0.26a 65.94 b 3.93d
200%10 127.34 cd 3.92 de 0.46 bc 0.17 bc 48.45¢ 4,91 cd
300x10 122.84d 7.87c¢C 0.50 b 0.19 bc 23.82d 6.12 c

S8 K380 b gl st gls P40 Jloin] g 55 (LSD y05T) cssbol s 51 S yitio Gy Ky S ol olaylas
* There no significant difference statistically at the p<%5 probabilitylevel (LSD test) between the treatments with at least one letter
in common.
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O ili8l b ddyy Sis 59 pels Lol sl (655 Byo
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UiblS e o (Petropoulos et al., 2008) ,b;, 4 (2010
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rbolinl jdba ady) 1) ol Jlivas S o by SalS Sy
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Figure 1-The valerian root treated with Stockosorb 300 g.m and 6 days irrigation period (right) and control plant treated
with 10 days irrigation period (left)
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Irrigation period 6 day
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Irrigation period 10 day

200 300

Irrigation period (day) X different concentrations super absorbent (g.m2)
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Figure 2- The interaction effects of irrigation period (day)xdifferent levels of superabsorbent on the dry root of valerian
(LSD, p<%5)
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Figure 3- The interaction effects of irrigation period (day) x different levels of superabsorbent on the essential oil contant of
valerian (LSD, p<%5)
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Figure 4- The interaction effects of irrigation period (day) x different amounts of superabsorbent on the essential oil of
valerian (LSD, p<%5)
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Introduction

At present, garlic (Allium sativum L.) production is completely dependent on asexual propagation, but a wide
diversity of bolting and scape formation is observed in garlic. Based on their ability to produce flowering stem
(scape), garlic clones are classified into non-bolting, semi-bolting, and bolting clones. In non-bolting clones,
scape is not formed or abort at early stages. In semi-bolting clones, cessation of scape development often results
in the formation of very short scape between the leaves and development of the elongated leaf-like bracts in the
center of the inflorescence. In bolting clones after exposure to low temperature during autumn and winter
(vernalization) and long day during spring, long and thick scape is formed which contains inflorescence with
flowers. Transition from vegetative to reproductive phase and formation of scape, inflorescences and flowers in
plants includes a series of continuous stages which control by several gene groups. Vernalization reduces the
expression of the flowering inhibitors like FLOWERING LOCUC C (FLC), resulting in increased flowering
integrators expression like SUPPRESSOR OF OVER EXPRESSON OF CONSTANT 1 (SOC1), APETALA 1
(AP1) and APETALA 1 (AP2). So, a correct understanding of the vernalization control genes expression pattern
will improve garlic flowering and breeding programs. The aim of this study was to investigate the relative
expression of AsFLC, AsSOC1, AsAP1 and AsAP2 before and after vernalization in Iranian bolting, semi-bolting
and non-bolting garlic clones.

Materials and Methods

In this study, three garlic clones including, bolting (Mazand Zabol), semi-bolting (Langrud), and non-bolting
(Hamedan) garlic clones were selected from vegetable collection of Bu-Ali Sina university (Hamedan, Iran). At
first, RNA extracted from meristems of three clones monthly, from 4 to 20 weeks after planting (for AsFLC,
AsSOC1, AsAP1 and AsAP2 expression analysis) and from inflorescence of semi-bolting and bolting clones at 24
weeks after planting (for AsSOC1, AsAP1 and AsAP2 expression analysis) at 2 biological replicates. Then,
cDNA synthesized using Oligo d(T) primer and relative expression pattern of the mentioned genes were
analyzed using quantitative Real time- PCR.

Results and discussion

The highest expression of the AsFLC in all three clones were observed at 4 weeks after culture (before
vernalization). Its expression in non-bolting clone at 4 weeks after planting was 2.03 and 1.13 times more than

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

https://doi.org/10.22067/jhs.2024.88467.1352



https://jhs.um.ac.ir/
mailto:fdashti@basu.ac.ir
https://doi.org/10.22067/jhs.2024.88467.1352
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jhs.2024.88467.1352
https://orcid.org/0000-0003-1637-9281
https://orcid.org/0000-0002-4567-205X

1P F Ll ¥ o)l (¥R ol (((6))9Lis &9Leo g pole) suL».:Lv pole 4y yid Y\A

bolting and semi-bolting garlic, respectively. After vernalization ASFLC expression decreased in the meristem of
the all three clones. The decrease in the relative expression of ASFLC in bolting garlic occurred at a faster rate
compared to the other two garlic clones. Then the relative expression of the AsSOC1 was increased in the
meristem during vegetative to reproductive transition phase (12 weeks after planting). The highest AsSOC1
expression was observed in the meristem of bolting garlic at 12 weeks after planting which was 10.98 and 18.41
times more than the meristem of semi-bolting and non-bolting garlic, respectively. ASAP1 was expressed in the
meristem of three clones in the vegetative to reproductive phase, but its highest expression was in bolting clone
at 12 weeks after planting and was 1.22 and 3.64 times more than the meristem of semi-bolting and non-bolting
clone respectively. AsAP2 was just expressed in the meristem of semi-bolting and bolting clones and after
reproductive transition. The highest expression of the AsAP2 was observed at 16 weeks after planting in the
meristem of semi-bolting and bolting garlic, which was higher in bolting garlic (2.33 times) in comparison to
semi-bolting garlic. Decreases in the expression of the AsFLC during vernalization and increases in the
expression of the AsSOC1 and AsAP1 during vegetative to reproductive phase in the meristem may lead to scape
formation in bolting garlic. However, the higher AsFLC and the lower AsSOC1 and AsAP1 expression in the
meristems of non- and semi bolting garlics in comparison to bolting garlic inhibit scape formation. In non-
bolting garlic scape aborts and in semi-bolting garlic short and thin scape formed in the middle of leaves.
According to the results AsSSOC1 and AsAP1 were expressed in the inflorescence of semi-bolting and bolting
garlic. AsSOCL1 and AsAP1 relative expression in the inflorescence of bolting garlic were 4.28 and 11.25 times
more than semi-bolting garlic, respectively. AsAP2 was just expressed in the inflorescence of the bolting clone
but wasn’t expressed in the inflorescence of semi-bolting garlic. The differences in the expression pattern of
AsSOC1, AsAP1 and AsAP2 in the inflorescence of the garlic clones could be the reason of the abnormal
inflorescence in semi-bolting garlic.

Conclusions
Finally, it seems that ASFLC is a flowering inhibitor and AsSOC1 and AsAP1 are flowering integrators in
bolting garlic. As AsFLC expression decreased after vernalization and AsSOC1 and AsAP2 were expressed
highly in the time of vegetative to reproductive transition in the meristem of all clones, and there was difference
in the bolting of clones, it is suggested that these genes may influence flower induction but their low relative
expression cause incomplete bolting in semi-bolting garlic and forbid bolting in non-bolting garlic.

Keywords: Allium sativum, Flowering inhibitor gene, Flowering integrator gene, Real-Time PCR
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Table 1- Characteristics of primers used for real-time RT-PCR

P g
Primer name Sequences
ASELC F-CAA-TCTGAGGATGAAGGTGTCACA
R-GCTTGACAAGTTGTTCGCTTTCT
AsSOC1 F-TGTCCGCGTTTCATTCTTCT
R-AATTCCAGCAAAAGAC
AsAP1 F-TCCATGGAGGCAACAAATTC
R-CGTAATCCAAATATCAGCATTGG
AsAP2 F-CTCTTCTCTGCCGCACTTTC
R-AATTCGGATTGGTCATCCAC
Actin F-ACTCCGTGTTGCTCCTGAAG

R-GCATACAGGGAAAGCACAGC
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Non-bolting 08/3 ** 64/76 ** 4712 ** 24* 12*
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Figure 1- Relative expression of AsFLCin the meristem of non-, semi- and bolting garlic clones at 4, 8, 12, 16 and 20 weeks
after planting
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Control: meristem of bolting clone 20 weeks after planting (c).
** and * indicate significant at the 0.01 and 0.05 of probability levels, respectively.
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Table 2- Relative expression of AsFLC'in the meristem of semi- and bolting garlic in comparison to non- bolting garlic
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Relative expression in comparison to non- bolting garlic

Sampling time oAy sl Aoyt
(weeks after planting) Bolting garlic Semi-bolting garlic
4 -2.03" -1.13m
8 -2.66™ -1.67™
12 -4.17" -1.86"
16 ne -2.33"
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ne: shows that gene wasn’t expressed, -: shows down expression in comparison to control, ™ and ™ indicate significant at the 0.01 and
0.05 of probability levels, respectively, and ™: shows non- significant.
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Figure 2- Relative expression of AsSOC' in non-, semi- and bolting garlic clones
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Sample at 4, 8, 12,16 and 20 weeks after planting are from the meristem of three clones and 24 weeks after planting are from the
inflorescence of semi- and bolting clones.

Control: meristem of non-bolting clone 16 weeks after planting (c), ne indicates that gene didn’t express in the organ.

** and * indicate significant at the 0.01 and 0.05 of probability levels, respectively.
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Table 2- Relative expression of AsSOCI in the meristem of semi- and non- bolting garlic in comparison to bolting garlic

S5 diged ploj
Sampling time

05y b Ao 43 (4l S

Relative expression in comparison to bolting garlic

(oS 31 g i) oI5 yud s sl dori yow
(weeks after planting) Non-bolting garlic Semi-bolting garlic
8 -7.33" -4.677
12 -18.41™ -11.27
16 -24.97 -7.36"
20 -3.337
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ne: shows that gene wasn’t expressed, -: shows down expression in comparison to control, ™ and ™ indicate significant at the 0.01 and
0.05 of probability levels, respectively, and ": shows non-significant.
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Sample at 4, 8, 12,16 and 20 weeks after planting are the meristem of three clones and 24 weeks after planting are from the
inflorescence of semi- and bolting clones.

Control: meristem of non-bolting clone 16 weeks after planting (c), ne indicates that gene didn’t express in the organ.
**and * indicate significant at the 0.01 and 0.05 of probability levels, respectively.

Table 4- Relative expression of AsAP7 in the non- and semi- bolting garlic in comparison to bolting garlic
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-2 shows down expression in comparison to control, ™ and *: indicate significant at the 0.01 and 0.05 of probability levels,
respectively, and ": shows non- significant.
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Figure 4- Relative expression of As4P2in non-, semi- and bolting garlic clones
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Sample at 4, 8, 12 ,16 and 20 weeks after planting are the meristem of three clones and 24 weeks after planting are from the

inflorescence of semi- and bolting clones
Control: meristem of non-bolting clone 16 weeks after planting (c), ne indicates that gene didn’t express in the organ.
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*and " indigate significant at the 0.01 and 0.05 of probability levels, respectively.
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Table 5- Relative expression of As4P2in the meristem of semi-bolting garlic in comparison to bolting garlic
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-: shows down expression in comparison to control, ™ and *: indicate significant at the 0.01 and 0.05 of probability levels,
respectively, and ": shows non- significant.
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Introduction

Long term storage of pomegranate fruit is compromised by pathogens that cause postharvest rots and decay.
Pomegranatesare predisposed to attack from various pathogens at pre- and/or postharvest stage, which has a
significant impact on fruit quality and storage life. These pathogens often cause damage to the tissues, thereby
making the fruit unsaleable. A significant portion of pomegranate pre- and postharvest losses is attributed to dis-
eases associated with various bacterial and fungal species. The use of plant essential oils is considered as a new
idea in reducing post-harvest waste and increasing the storage life of horticultural products and controlling fungal
contamination in developed agriculture. This study was conducted with the aim of determining the antifungal
effect of some herbal essential oils in different concentrations on pomegranate fruit to prevent the growth of
Penicillium fungus in vitro and in vivo.

Materials and Methods

In order to investigate the effect of the essential oils of some medicinal plants on the fungus Penicilliumsp. in
pomegranate fruit in in vivo and in vitro conditions, a factorial experiment was conducted in the form of a
completely randomized design with three replications at the Faculty of Agriculture of Birjand University in 2022.
The first factor included the type of essential oil: Ginger, Zenian, Tarragon and Cardamom essential oils, and the
second factor included the concentration of essential oil at five levels (0, 200, 400, 600, and 800 microliters.liter
1. The index measured in in vitro conditions was the radial growth of the fungus. The indicators measured in vivo
conditions include appearance of the fruit, TSS, pH, total acidity (meq.g™), total phenol (mg galic acid.100 g*
FW), antioxidant (%), antocyanin (mg.g*) and tissue firmness. Finally, the experimental data were statistically
analyzed using SAS program and comparison of means was performed by LSD test at 5% probability level.

Results and Discussion

The results showed that the increase in the concentration of essential oils also increasestheir antifungal activity,
so the highest inhibition rate was observed in Ginger essential oil and the lowest in Cardamom essential oil on the
growth of the fungus colony. The strongest antifungal activity was observed with the essential oils of ginger,
zedoary (Zenian), tarragon, and cardamom, in that order. Notably, no fungal growth was detected in samples
treated with ginger essential oil throughout the entire sampling period. These results indicate that the tested
essential oils effectively inhibited fungal colony growth and demonstrated significant antifungal potential.In in
vivo conditions, the best fruit appearance was obtained in pomegranates impregnated with Zenian and Ginger
essential oils, and the least was observed in Cardamom essential oil. Ginger essential oil had the highest amount
of soluble solids. The highest pH value of fruit juice was obtained from Ginger essential oil and the lowest pH
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value was obtained from Tarragon and Cardamom essential oils. The fruits treated with Tarragon essential oil had
the highest total acidity. The fruits treated with Ginger essential oil had the highest amount of total phenol. The
statistical comparison of the averages showed that the highest percentage of antioxidants was observed in the
Ginger essential oil treatment and the lowest antioxidant percentage was found in the Tarragon essential oil
treatment. The results showed that the infected fruits treated with Zenian essential oil with a concentration of 800
microliters.liter™ had the highest antioxidant. The results of the comparison of the averages related to the effect of
the type of essential oil show that Cardamom and Ginger essential oils had the highest and lowest anthocyanin
content, respectively. In this experiment, Ginger essential oil had the highest hardness of the fruit texture and the
lowest index was obtained from the essential oil of Zenian.

Conclusions

In general, the results of this research showed that essential oils have antifungal properties in the control of
fungal disease after harvest; in-Vitro tests showed that Cardamom essential oil had a very low fungicidal effect
and in the control of Penicillium sp. Ginger essential oil had the most fungicidal effect. Antifungal properties
increased with increasing the concentration of essential oil, but the antifungal property of Ginger essential oil was
100% in 400-800 concentrations used. Under natural conditions, Ginger and Zenian essential oil has good
antifungal activity against Penicilliumsp.Considering the biodegradability and low toxicity of plant essential oils,
the use of Ginger and Zenian essential oil is recommended to increase the shelf life of food products and can be
used as disease controllers in agriculture.

Keywords: Anthocyanin, Anti-Pathogen, Inhibitory, Post-Harvest
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Table 1- The effect of the essential oils concentration on the radial growth for Penicillium sp. fungi treatments in in vitro
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* The common letter indicates no significant difference between treatments by LSD test at 5% levels.
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Table 2- The effect of type of essential oils on the radial growth of Penicillium sp. fungi in in vitro conditions

ol oW OP Jwdi Ja
Essential oil Trachyspermum ammi Artemisia dracunculus Zingiber officinale Elettaria cardamomum
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. 19.86 ¢
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* The common letter indicates no significant difference between treatments by LSD test at 5% levels.
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Figure 1- The interaction effect of type x concentration of essential oils on the radial growth of Penicillium sp. Fungi (LSD,
p=<0.05)
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Table 3- The effect of concentration and typr of essential oil on the investigated qualitative traits of pomegranate fruits cv.
Shishe-kap infected with Penicillium sp.
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Introduction

Climate change and environmental pollutants are effective on the growth of different plant species. Plants in
general and trees in particular react to climatic and environmental changes. Air pollution and climate changes
have a significant effect on the growth, quality and phytochemical characteristics of trees in urban green spaces,
because chronic injuries are caused by continuous absorption of pollutants. The metropolis of Tehran is known
as one of the most immigrant-friendly cities in the country. The main environmental problems of Tehran city are
the lack of natural air ventilation, the persistence of pollutants, dryness of the air, the existence of dust, the noise
and the destruction of natural ecosystems. Air quality is related to the chemical state of the atmosphere at any
time and place. Like weather, air quality affects everyone.

Materials and Methods

The current research was carried out in the city of Tehran in the form of a completely random design with
three replication. This research was carried out with the aim of investigating the effect of ten-year climate
changes and environmental pollutants on the chemical properties of plantain trees in 4 regions of Valiasr street of
Tehran (regions 1, 3, 6 and 11). In this study, four areas of the city include Valiasr Street in area 1 from Tajrish
Square to Parkway (average height above sea level 1611 meters and average slope 20.17), area 3 from Parkway
to Hemat Bridge (average height 1501 meters and average slope 5.89), zone 6 from Hammet bridge to Valiasr
intersection (height 1308 meters and average slope 5.17) and zone 11 from Valiasr intersection to railway square
(average height 1152 meters above sea level and average slope 2.19) were selected for the study. Region 1 was
selected as a clean or low pollution region, region 3 as a polluted region one, region 6 as a polluted region two
and region 11 as a polluted region three. The obtained data were analyzed by ANOVA using SAS 9.4 software,
comparison of averages was done with Duncan's test and graphs and statistical tables were drawn by Excel
software. The difference of traits in three times was evaluated using t-test.

Results and Discussion
Data homogeneity test was not significant by Bartlett's test, which shows that the variances are homogeneous
in four locations. Due to the homogeneity of the data and the non-significance of Bartlett's test, the data of this
experiment were subjected to combined analysis. The results showed that the highest amount of ion leakage was
obtained from regions 6 and 11. The highest relative humidity content was shown in regions 3 and 6. With the
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increase of environmental pollutants in regions 3 and 11 in compared to regionl ,the amount of anthocyanins and
antioxidants increased. In addition, the activity of catalase, peroxidase, ascorbate peroxidase and superoxide
dismutase enzymes in plantain tree leaves showed a significant increase in areas with more pollution (11, 6 and
3) due to lower sea level height and slope gradient in compared to region 1. Many researchers have also stated in
numerous reports the existence of a relationship between the place of growth and its effect on the quality and
quantity of phytochemical compounds of plants. In general, air pollution and decreasing sea level height and
slope led to increased ion leakage, malondialdehyde, relative leaf water content, flavonoids, anthocyanins,
antioxidants, phenols, and antioxidant enzyme activity.

Conclusions

In the present study, significant difference was observed in the phytochemical content, quantity and quality
of these compounds, in plane trees (Platanus orientalis) growing along Valiasr Street in Tehran. Environmental
conditions at the growth site play a key role in determining the quantity and quality of phytochemical
characteristics by influencing the total amount of active substances, the composition of bioactive elements, and
dry matter production. Among these, altitude above sea level is considered one of the most important
environmental factors affecting the phytochemical composition of plants. In addition, other environmental
factors that shape the climate of a region—such as temperature, humidity, and air quality—also influence the
accumulation of physiological and phytochemical compounds in plants. Furthermore, Several studies have
reported a relationship between the growing location and its impact on the quality and quantity of phytochemical
compounds in plants.

Keywords: Altitude, Antioxidant, Flavonoid, lon leakage, Malondialdehyde, Pollutants, Superoxide
dismutase
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Name of the area Slope Height above sea level (m)

(s SHL b o od plae) ) ddlais 20.17 1611

Area 1 (Tajrish Square to Parkway)
(Sa U s S)L) ¥ i 5.89 1501

Area 3 (Parkway to Hemet Bridge)
(pandy ol o U coom ) 7 adie 5.17 1308

Area 6 (Hemet bridge to Valiasr intersection)

(O‘a" °l) L')I“\:" G )‘4*3)5 °‘))Lﬁ%) WY ailaie 2.19 1152

Area 11 (Valiasr Intersection to Railway Square)
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Table 2- Ten-year average pollutants in zones 1, 3, 6, and 11 of Tehran Municipality based on data from Tehran Air Quality
Control Company

. . S 16> KWWy S 62 KWLy S gig0
il PM 2.5 suiu¥1 PM 10 sus¥! o o o o 0939!
) PM 25 PM 10 35F 039 039 039 oS Os
Region (ug.m3) (ug.mL) SO2 NOx NO2 NO ({0 (ppb)
(ppb) (ppb) (ppb) (ppb) (ppm)
1 24.76 29.1 7.66 96.53 37.18 57.19 1.45 17.2
3 32.836 47.366 8.411 111.38 54.21 59.47 24 194
6 35.91 65.53 9.1 127.91 60.83 67.55 2.6 24.18
11 38.2 84.8 9.945 157.33 61.85 97.69 35 273
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5 0D Dpw G puwdy Gy odid 03D Lo)S 4dBd Ve ey oIS
(ool 5 dm b Saus b (4533 0 4e3) Veeee ,d ABED Vo Cdedy
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.(Sanchés-Moreno et al., 1998)
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.(Correa de Souza et al., 2014)
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MDA  (mmol/kg)= [6.45 x (0D532 — 0D600) —
0.56 x 0D450] x T
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Table 3- ANOVA for the effect of the area of Tehran city on some phytochemical characteristics of the plantain tree

©la e ube
e ay — Mean squares
gy ;! T dl’fx’ . N 0 g o
SOV - S Sy o lss plle WP ol e T
e lon Relative leaf ~Malondialdehyde Flavonoid Anthocyanin  Phenol  Antioxidants
leakage  water content

dibaio . o « x x - x

3 3719 426.2 0.012 73.90 0.0002 201.1 4158
Area
s

8 20.16 37.33 0.002 4.92 0.00003 2441 9.38
Error
opl
et 7.68 12.33 17.23 16.39 12.80 11.22 8.51
Ccv
(%)

#

o> Sy g gy Jleis] gaw 3 J3gne i a T
*and **: significant at the 5% and 1% of probability levels, respectively
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Table 4- The effect of the area of Tehran city on some phytochemical characteristics of plantain tree

S 3 O omd Glgixo Wl el Argigd Cowbwgis] Jid ol 51

Relative leaf water ~ Malondialdehyde flavonoid Anthocyanin  Phenol  Antioxidants

Area lon leakage (%)

content (%) (pmol.g™) (mg.g™) (rgg?) (mg.g?) (ng-g?)
1 43.87° 44.45 0.14b 8.84P 0.040% 35.69¢ 34.32b
3 56.08° 61.532 0.23° 10.12° 0.0482 40.00% 32.16°
6 65.172 56.93 0.22b 15.67 0.030° 54.642 36.56%
11 68.872 35.33 0.yve 19512 0.0452 45.70% 40.87°

)5 o me (6 bl cglis (SOl (glaialoin ygejl wlulp duoyd gy Jleia] gdaw 53 GlaSs S yide By b sloyuSibie (ygian b )3 %
* In each column, the averages with the same common letters do not have a statistically significant difference at the 5% level based
on the Duncan's multiple range test.
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Table 5- ANOVA for the effect of region in Tehran city on the activity of antioxidant enzymes of plantain tree

Ol po (ke

Ol i 2alio L HECS Mean squares
S.0.v df Br11' 3laans SISy Sl yeSaw] 35 gowmns > S |2 900
Catalase Peroxidase Ascorbate peroxidase Superoxide dismutase
i 3 0.0001™ 0.099™ 0.00004™ 0.014™
Area
s
8 0.000004 0.0024 0.000004 0.0004
Error
Syt 16.53 10.92 25.36 10.89
CV (%)

o)) S Jloas ] pdans 50 (i Hld gime
**: significant at the 1% of probability level.

S €83 (rlondgind Sluogad (B3 51 RS e dllite 1= Jgso
Table 6- The effect of area of Tehran city on some phytochemical characteristics of plantain tree

YLK 3laawST STy b el 55 gouwnyd S 1 1 gow
aile Catalase Peroxidase Ascorbate peroxidase Superoxide dismutase
Area (Inactivated hydrogen (Inactivated hydrogen (Inactivated hydrogen (Inactivated hydrogen

peroxide per minute per peroxide per minute per peroxide per minute per peroxide per minute
gram of leaf) gram of leaf) gram of leaf) per gram of leaf)
1 0.013" 0.¥8¢ 0.01° 0.12¢
3 0.014° 0.57° 0.00° 0.15¢
6 0.015° 0.732 0.01° 0.22b
11 0.0182 0.57° 0.02? 0.342

S5 g o ime (g bl glis (Sl (glasalasin gl 3l edlinl b sy s Jloin] paw y3 S it gy b b pSilie ygi yb 3 %
* In each column, the averages with the common letters do not have a statistically significant difference at the 5% level of the
Duncan's multiple range test.
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Introduction

Moldavian balm (Dracocephalum moldavica L.) is an annual herbaceous plant that belongs to the Lamiaceae
family. It is known for its production of essential oils and its medicinal-aromatic properties. Moldavian balm’s
essential oil is used for food, cosmetics, flavorings, and pharmaceutical purposes. Abiotic stresses include
drought, soil salinity, flooding, extremes of temperature, and contamination with organic pollutants and heavy
metals hamper plant growth and productivity. In recent decades, heavy metal (HM) pollution has spread across
the natural and anthropic ecosystems posing inevitable, serious health risks. Soil microbiota plays an important
role in the sustainable production of the different types of agrosystems. Mycorrhizae (a combination of
mycelium of the fungus and the roots of the plant) form networks that capture water and nutrients from the soil,
which facilitate the acquisition of the plant. Arbuscular Mycorrhizal (AM) fungi play a crucial role in mitigating
the oxidative damage caused by heavy metal stress in different plant species. Thus, interaction between
mycorrhizae, and plants can be an excellent strategy for sustainable agricultural production The aim of this study
was to determine the effects of mycorrhizal arbuscular on improving heavy metal tolerance in moldavian balm, a
medicinal and aromatic plant.

Materials and Methods

An experiment was conducted to study the effect of AM fungi on growth characteristics and quantitative and
qualitative yield of Moldavian Balm, under heavy metals stress at Research Greenhouses of College of
Agriculture, University of Torbat-e Jam. Treatments included mycorrhiza (inoculated and non-inoculated) and
heavy metals including lead (0, 150 and 300 mg.kg*) and cadmium (0, 40 and 80 mg.kg™) which were arranged
in factorial based on completely randomized design with 4 replication. Growth criteria, yield components,
essential oil content and photosynthetic pigments were evaluated. In this study, different morphological traits
(plant height, root length, root volume, stem diameter, leaf length, leaf width, leaf area, stem diameter, number
of branches), vegetative parameters (fresh and dry weight biomass, root fresh and dry weight), photosynthetic
pigment concentrations and essential oil content were measured. Data analysis of variance (ANOVA) was

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
ET 4.0 International License (CC BY 4.0).
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performed using IBM SAS software (Version 9.1) and the differences between the means were assessed using
Duncan’s multiple range tests at p< 0.05.

Results and Discussion

Results showed that with increasing the concentration of heavy metals in the soil especially Cd, most of the
growth characteristics and yield components of the study plant were significantly reduced as compared to those
of controls. Mycorrhizal inoculation improved these traits where plants were grown under heavy metals stress.
The highest biomass fresh and dry weight was observed in mycorrhizal plants grown in non-contaminated
medium, which was significantly higher than those of the other treatments. The highest biomass fresh weight
was recorded in non-stressed mycorrhizal plants. Biomass of fresh weight in non-mycorrhizal plants of Pb150
did not differ significantly from that of mycorrhizal plants of Pb150. Fresh weight biomass in mycorrhizal and
non-mycorrhizal plants stressed by Cd40 or Cd80 was lower compared to mycorrhizal and non-mycorrhizal
plants grown in non-contaminated media or contaminated media with Pb150 or Pb300. Furthermore, the lowest
Fresh weight biomass was observed in non-mycorrhizal plants stressed by Cd80. Root fresh and dry weight of
mycorrhizal plants was significantly higher than that of non-mycorrhizal plants. With increasing Cd or Pb
concentration in soil, root fresh and dry weight decreased as compared to that of the controls. Inoculation with
mycorrhizal improved the photosynthetic pigment concentrations under heavy metals stress. The highest
percentage of essential oil content (1.3% v/w) was observed in mycorrhizal plants stressed by Pb150, while the
lowest percentage (0.53% v/w) was evident in non-mycorrhizal plants polluted with Cd80. With increasing
concentration of the heavy metals, essential oil of moldavian balm was significantly decreased, but the essential
oil content in mycorrhizal plants was significantly higher than that measured in non-mycorrhizals.

Conclusions

AM fungi are widely believed to support plant establishment in soils contaminated with heavy metals,
because of their potential to strengthen defense system of the AM mediated plants to promote growth and
development. Mycorrhizal inoculation of moldavian balm promoted plant growth and, in addition,
mycorrhization enhanced yield as well as active substances in this plant grown in the heavy metals stress
condition. However, these approaches show promise in mitigating the adverse effects of heavy metals stress and
improve the overall health and productivity of plants. Based on the enhanced physiological and biochemical
responses, as well as increased essential oil content, it is recommended to use arbuscular mycorrhizal fungi
fertilization under heavy metals stress.

Keywords: Chlorophyll, Environmental stresses, Medicinal plant, Sustainable agriculture
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Table 1- ANOVA for the effects of mycorrhiza on some morphological traits of Dracocephalum moldavica under heavy
metals stress

Olasyo (pile
5 ol @, Mean squares
S“.“O.V' &30 ol§ gl aBlw yad S o o Spdeb Sy Al Jeb Ay o
df Plant Stem Leaf Leaf Leaf Root Root
height diameter surface length width length volume
S 318
Heavy metals 4 91.52** 2.82*%* 6895.4** 86.12** 66.17** 52.98* 1.51**
(HM)
l}*‘)’gv"Lf’ et 1 31.51** 6.83** 11584.1** 144.72** 76.73** 19.2%* 1.47*%*
Mycorrhiza (M)
HMxM 4 4.23* 2.02** 1831.6** 22.86** 8.28* 3.06** 0.08**
ialejl sllas 20
Error
At 3.41 7.96 3.24 3.22 8.46 4.48 8.33
C.V. (%)

Sy S g gy Jlein] pdaw 55 I xe glas saimd lis s 5 T 9T g Iy e glas pae
"S: non- significant, * and **: significant at 5% and 1% of probability levels, respectively

O O3B 5 Cod g 3L 0L (lagy Ologaad 1 152,50k &5 51 il lg 500 - Y Jga
Table 2- ANOVA for the effects of mycorrhiza on some growth characteristics of Dracocephalum moldavica under heavy
metals stress

©laryo (Sl
oy gl “é‘;b R Mfian s?uares
SOV Gl Sl T ol LS Sias oy I OB L s gy el el sl
df Blomags fresh Biomass dry weight Root_fresh Root dry weight Number of branches
weight weight
S <l 318
i # 4 25.5%* 3.93* 1.23** 0.04** 17.04**
Heavy metals (HM)
5 b z,6
)))9& & 1 104.2** 1.54** 1.16** 0.03** 7.16*
Mycorrhiza (M)
HM xM 4 3.27*%* 0.31** 0.07** 0.0028* 0.5ns
Error
S s 5.45 9.78 9.07 9.42 5.70
C.V. (%)

Qo S5 g gy Jlein] e j la gire <glds syl el g 9 5 o re glds pas ™S
"s: non- significant, * and **: significant at 5% and 1% of probability levels, respectively
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Table 3- The Interaction effect of mycorrhiza on some morphological traits of Dracocephalum moldavica under heavy metals
stress (HMO: control; HM1: Pb 150 mg.kg!; HM2: Pb 300 mg.kg?; HM3: Cd 40 mg.kg*; HM4: Cd 80 mg.kg™)

S E) Wl kd Spghe S e iy, Jsb e
rpssale C:)u y ik Plant Stem Leaf Leaf S "’f"' Root Root
Mycorrhiza Heavy metals height diameter surface length Leaf width length volume
fungus k@) em em e @m0
HO 34.4b* 4.67ab 345.17b 38.64b 22.45hc 16.56b 1.72b
Bl il e HM1 32.83c 4.32b 309.14d 34.61d 20.56bcd 17.5ab 1.47c
QTR e HM2 28.67d 1.67d 293.37d 26.91e 15.52¢f 14.28¢ 1.27¢c
520555k HM3 26.65¢ 4.23b 240.15¢ 32.83d 17.69de 13.1d 1.03d
Non mycorrhiza HM4 25.5e 3.45¢c 189.59f 26.84e 12.91f 10.67e 0.68e
HO 35.94a 5.21a 362.62a 40.58a 23.8a 18.67a 2.26a
Bl sl HM1 34.05hc 4.43b 338.4b 36.89c 22.89ab 18.17a 2.14a
@F R HM2 33.16¢C 4.66ab 329.53¢c 37.52bc 22.76ab 17.82ab 1.86b
'}e.)aﬁe.l»_ HM3 29.75d 4.54ab 307.53d 34.43d 19.63cd 13.83cd 1.35¢
Mycorrhiza HM4 26.12¢ 4.1b 221.12¢ 32.69d 16.04e 11.17e 0.78e

A I gxe Juoyd gy Jlein] aws j3 (Sl (glaialsain 905l wlioly cygiw y2 ) aliie Cgys (gl dluel s
* Numbers with the same letters in each column are not significant at the 5% of probability level based on Duncan’s multiple range
test.
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Table 4- The interaction effect of mycorrhiza on some growth characteristics of Dracocephalum moldavica under heavy
metals stress (HMO: control; HM1: Pb 150 mg.kg™; HM2: Pb 300 mg.kg*; HM3: Cd 40 mg.kg™; HM4: Cd 80 mg.kg?)

I52s95 2,6 s A0 sl Sgjy R 0) w200y S Ol
Mvcorrhi . . Shoot fresh P WES Root fresh Root dry
ycorrhiza Heavy metals (mg.kg weight . ight weight
fungus 1 g Shoot dry weight welg g
) @) )] @
Sl ke o HO 15.32b* 2.6C 1.54b 0.29b
. HM1 13.43cd 2.58¢ 1.32c 0.22¢
BoosSile HM2 14.03c 2.29¢cd 1.14c 0.24c¢
Non HM3 8.52 1.71e 0.92d 0.16d
mycorrhiza HM4 4.53g 1.08f 0.61e 0.12e
HO 16.72a 3.82a 2.02a 0.36a
o sole 2,5 b sale HM1 13.73cd 3.01b 1.91a 0.37a
RIPLE BT 2 ) HM2 15.3b 2.42¢cd 1.67b 0.28b
Mycorrhiza HM3 12.75d 2.11d 1.21c 0.23c
HM4 6.53f 1.16f 0.7e 0.13de

A I gae deoy iy Jlein] o 53 Sl (glaalsiin g0 wliolyy cygiw y2 > alie gy oIy dluel s
* Numbers with the same letters in each column are not significant at the 5% of probability level based on Duncan’s multiple range
test.
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Figure 2- The effect of mycorrhiza on the number of branches in  Figure 1- The ffect of heavy metals on the number of branches in
Dracocephalum moldavica (DMRT, p<0.05) Dracocephalum moldavica (DMRT, p<0.05)
Ol Oyt W39 6y il i LIS s 32y950ke 9 bl w5
£S5 ke Yoo Gy 039l (632,050l kS > agu ol il plod jd a8 o s pSow @l o 15,050 g ) B lie il
sl 5l il (gl gxe ot &S 35 Jols S p Sl @ Cawd gl QLS Lulsl olime i slajls zolaws
039l (55)950keyd LS ) ji bl (s (a8 29 b jlas 2 St il (gl dre SN (g5,5Gk (9l LS
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Table 5- ANOVA for the effects of mycorrhiza on the photosynthetic pigments of Dracocephalum moldavica under heavy
metals stress

Slayo ke
Ol puntd @slio NEHETSY Mean squares
S.0.V df a Jadg ls b Judg,l5 JS by i Mgy,
Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid
(i 1 4 45.25%* 9.43** 98.12** 13.53**
Heavy metals (HM)
lragsile 28 1 36.37** 9.25%* 92.64%* 6.8%
Mycorrhiza (M)
HM x M 4 0.89** 0.39** 1.41*%* 0.14ns
@:I\.J.Lo)" L;Ua} 20
Error
et ey 3.83 4.23 2.07 3.96
C.V. (%)

2oy S5 g gy Jein] grdaw )3 o dre glds adim ) lis gy T 9 g o xe gles pac
"s: non- significant, * and **: significant at 5% and 1% of probability levels, respectively
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Table 6- The interaction effect of mycorrhiza on photosynthetic pigments of Dracocephalum moldavica under heavy metals
stress (HMO: control; HM1: Pb 150 mg.kg*; HM2: Pb 300 mg.kg?; HM3: Cd 40 mg.kg*; HM4: Cd 80 mg.kg™)
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Figure 4- The effect of mycorrhiza on the carotenoid
content in Dracocephalum moldavica (DMRT, p<0.05)
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Figure 5- The interaction effect of mycorrhiza on the essential oil content of Dracocephalum moldavica under heavy metals
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3l | iz (el glatods ;Y gl 132)90Le (slag )6 ke
P LSE g s alend (o3 lulpd 350 9 GlolS Sl
@l Al 5% 9 pre Sl (g GllS Mg die;
2 euedlS g o S I3 cdale (158l b as o i ol
Gitle bl bl 2alS’ 4908l olS 5 Shos 5 45 e S5
5 Ll 9 88 o G ol e £ B, JalS
25y 9235 (PSS 2 p)S (oo At pgnedlS joy) (i I3l

5 5 4o
Sl Sl GpSose 9 290l bl Mg » b
2 b slrosly 1 due eolitwl 4 (el s Uyl (65,0Li8
cplplo )l (Ko odles 2,8 il ol Ldleie 5 Aos itns
5 wtlbord GldsS o33k Rl 3 Jhe g las 2pl) olulis
o9t (amaCunsj a9l e ssliteas bagl Sl als
SFB Shsge o ol ) 6o (oS Sl (5ol



VEoF il ¥ olad 14 Al (55,5L08 qalion 3 p5le) LSl pole a2 YA

e il bylyd 3 ol Ad) S ) ere Hlnn S YL chle 58 it dge ld oeir 3 ]y 3Sles
51 ookt g WSl dtisly predlS 5 oy (i S8 i dles waisly olS 3 Slos 59y tio Sl (p)SslS p S o At) puodlS
2 lpd gz 3 (e ) Glyie Mg elge o] Siygole pie g Shsale JalS p> e ol > &gk
PREYJ) O‘}gﬁ u..;bs‘ )309)4:. |)'i)9i.{l.a ST ™ a5 Ly oS uMJL.:l 9 (S juawgid LIS, d|9;:>u A dlmu&u}
514 05,8 55 0lS ol oy3he oole il sl ol odgicam 156 lew ol )3 1)eSale )8 3,8 5 5,5 gy el Ty
Ll e 29)b (LS Mg o ol Glaal Slgs o 153505k 5B wile S aite Clogagess, jl oolaiwl g
References
1. Benavides, M.P., Gallego, S.M., & Tomaro, M.L. (2005). Cadmium toxicity in plants. Brazilian Journal of Plant

2.

10.

11.

12.

13.

14.

15.

16.

17.

Physiology, 17(1), 21-34.

Borna, F., Omidbaigi, R., & Sefidkon, F. (2007). The effect of sowing dates on growth, yield and essential oil
content of Dracocephalum moldavica L. Iranian Journal of Medicinal and Aromatic Plants, 23(3), 307-314. (in
Persian with English abstract)

British Pharmacopoeia. (1980). H.M.S. Office. 2, London, 109-110 pp.

Carrenho, R., Trufem, S.F.B., Bononi, V.L.R., & Silva, E.S. (2007). The effect of different soil properties on
arbuscular mycorrhizal of peanuts, sorghum and maize. Acta Botanica Brasilica, 21, 723-730.
https://doi.org/10.1590/S0102-33062007000300018

Deef, H.E. (2007). Copper treatments and their effects on growth, carbohydrates, minerals and essential oils
contents of Rosmarinus officinalis L. World Journal of Agricultural Sciences, 3(3), 322-328.

Domokos, J., Peredi, J., & Halasz-Zelnik, K. (1994). Characterization of seed oils of dragonhead (Dracocephalum
moldavica) and catnip (Nepeta cataria var. citriodora Balb.). Industrial Crops and Products, 3, 91-94.
https://doi.org/10.1016/0926-6690(94)90081-7

FAO & UNEP, (2021). Global Assessment of Soil Pollution: Report. Rome, Italy.
https://doi.org/10.4060/cb4894en.

Galambosi, B., Holm, Y., & Hiltunen, R. (1989). The effect of some agrotechnical factors on the herb yield and
volatile oil of dragonhead. Journal of Essential Qil Research, 1, 287-292.
https://doi.org/10.1080/10412905.1989.9697800

Garbisu, C., & Alkorta, I. (2001). Phytoextraction: A costeffective plant-based technology for the removal of
metals from the environment. Bioresource Technology Journal, 77, 229-236. https://doi.org/10.1016/s0960-
8524(00)00108-5

Guo, T.R., Zhang, G.P., & Zhang, Y.H. (2007). Physiological changes in barely plants under combined toxicity of
aluminium, copper and cadmium. Coloids and Surface. B: Biointerfaces, 57, 182-188.
https://doi.org/10.1016/j.colsurfb.2007.01.013

Gupta, A.P., Dhar, J.K., Sharma, G., Ram, G., & Bedi, Y.S. (2010). Volatile (As and Hg) and non-volatile (Pb and
Cd) toxic heavy metals analysis in rhizome of Zingiber officinale collected from different locations of North
Western Himalayas by Atomic Absorption Spectroscopy. Food Chemical Toxicology Journal, 48(10), 2966-2971.
https://doi.org/10.1016/j.fct.2010.07.034

Kapoor, R., & Bhatnagar, A.K. (2007). Attenuation of cadmium toxicity in mycorrhizal celery (Apium graveolens
L.). World Journal of Microbiology and Biotechnology, 23(8), 1083-1089. https://doi.org/10.1007/s11274-006-
9337-8

Kapoor, R., Giri, B., & Mukerji, K.G. (2002). Glomus macrocarpum: A potential bioinoculant to improve essential
oil quality and concentration in dill (Anethum graveolens L.) and carum (Trachyspermum ammi Sprague). World
Journal of Microbiology and Biotechnology, 18(5), 459-463. https://doi.org/10.1023/A:1015522100497
Karagiannidis, N., Thomidis, T., & Filotheou, E.P. (2012). Effects of Glomus lamellosum on growth, essential oil
production and nutrients uptake in selected medicinal plants. Journal of Agricultural Science, 4(3), 137-144.
http://doi.org/10.5539/jas.v4n3p137

Karthikeyan, B., Jaleel, C.A., Changxing, Z., Joe, M.M., Srimannarayan, J., & Deiveekasundaram, M. (2008). The
effect of AM fungi and phosphorous level on the biomass yield and ajmalicine production in Catharanthus roseus.
EurAsian Journal of BioSciences, 2(1), 26-33.

Karthikeyan, B., Joe, M.M., & Cheruth, A.J. (2009). Response of some medicinal plants to vesicular arbuscular
mycorrhizal inoculations. Journal of Scientific Research, 1(2), 381-386.

Khan, A.G. (2001). Relationships between chromium biomagnification ratio, accumulation factor and mycorrhizae
in plants growing on tannery effluent- polluted soil. Environment International, 26, 417-423.
https://doi.org/10.1016/S0160-4120(01)00022-8


https://doi.org/10.1590/S0102-33062007000300018
https://doi.org/10.1016/0926-6690(94)90081-7
https://doi.org/10.4060/cb4894en
https://doi.org/10.1080/10412905.1989.9697800
https://doi.org/10.1016/s0960-8524(00)00108-5
https://doi.org/10.1016/s0960-8524(00)00108-5
https://doi.org/10.1016/j.colsurfb.2007.01.013
https://doi.org/10.1016/j.fct.2010.07.034
https://doi.org/10.1007/s11274-006-9337-8
https://doi.org/10.1007/s11274-006-9337-8
https://doi.org/10.1023/A:1015522100497
http://doi.org/10.5539/jas.v4n3p137
https://doi.org/10.1016/S0160-4120(01)00022-8

YAN

e ol (500 9 (S 3m g (SAIASS ) iy 2 Y gSugnT 13200k 58 (Gjarke i (Ko 9 (50150

18.

19.

20.

21.

22.

23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Kirchner, M.J., Wollum, A.G., & King, L.D. (1993). Soil microbial population and ativities in reduced chemical
input  agroecosystems. Soil Science Society of  America  Journal, 57, 1289-1295.
https://doi.org/10.2136/sssaj1993.03615995005700050021x

Lehmann, A., & Rillig, M.C. (2015). Arbuscular mycorrhizal contribution to copper, manganese and iron nutrient
concentrations in crops a meta-analysis.  Soil Biology and Biochemistry, 81, 147-158.
https://doi.org/10.1016/j.s0ilbio.2014.11.013

Lichtenthaler, H.K., & Wellburn, A.R. (1983). Determinations of Total Carotenoids and Chlorophylls a and b of
Leaf Extracts in Different Solvents. Portland Press Limited, London. 603, 591-592.

Malik, A.A., Suryapani, S., & Ahmad, J. (2011). Chemical vs. organic cultivation of medicinal and aromatic
plants: The choice is clear. International Journal of Medicinal and Aromatic Plants, 1(1), 5-13.

Miransari, M. (2011). Hyperaccumulators, arbuscular mycorrhizal fungi and stress of heavy metals. Biotechnology
Advances, 29(6), 645-653. https://doi.org/10.1016/j.biotechadv.2011.04.006

Mishra, S., Srivastava, S., & Tripathi, P.D. (2006). Phytochelatin synthesis and response of antioxidant during
cadmium stress in Baccopa monnieri L. Plant Physiology, 44, 25-37. https://doi.org/10.1016/j.plaphy.2006.01.007
Moradi, R., Rezvani Moghaddam, P., Nassiri Mahallati, M., & Nezhadali, A. (2011). Effects of organic and
biological fertilizers on fruit yield and essential oil of sweet fennel (Foeniculum vulgar var. Duice). Spanish
Journal of Agricultural Research, 9(2), 546-553. http://doi.org/10.5424/sjar/20110902-190-10

Mukerji, K.G., & Chamola, B.P. (2003). Compendium of Mycorrhizal Research. A.P.H. Poblisher, New Delhi,
310.

Smith, S.E., & Read, D.J. (2008). Mycorrhizal Symbiosis, 3nd ed. Academic Press, San Diego, USA.
Ochoa-Velasco, C.E., Valadez-Blanco, R., SalasCoronado, R., Sustaita-Rivera, F., HernandezCarlos, B., Garcia-
Ortega, S., & Santos-Sanchez, N.F. (2016). Effect of nitrogen fertilization and Bacillus licheniformis biofertilizer
addition on the antioxidants compounds and antioxidant activity of greenhouse cultivated tomato fruits (Solanum
lycopersicum L. var. Sheva). Scientia Horticulturae, 201, 338-345. https://doi.org/10.1016/j.scienta.2016.02.015
Prasad, R., Bhola, D., Akdi, K., Cruz, C., KVSS, S., Tuteja, N., & Varma, A. (2017). Introduction to mycorrhiza:
Historical development. In Mycorrhiza - Function, Diversity, State of the Art: Fourth Edition. pp. 1-7. Springer
International Publishing. https://doi.org/10.1007/978-3-319-53064-2 1

Rai, V., Vajpayee, P., Singh, S.N., & Mehrotra, S. (2004). Effect of chromium accumulation on photosynthetic
pigments, oxidative stress defense system, nitrate reduction, proline level and eugenol content of Ocimum
tenuiflorum L. Plant Science, 167(5), 1159-1169. https://doi.org/10.1016/j.plantsci.2004.06.016

Shah, F.R., Ahmad, N., Masood, K.R., Zahid, D.M., & Zubair, M. (2011) .Response of Eucalyptus camaldulensis
to exogenous application of cadmium and chromium. Pakistan Journal of Botany, 43(1), 181-189.

Sharma, A.K. (2002). Biofertilizers for sustainable agriculture. India Agrobios, 12, 319-324

Sharma, M.P., & Adholey, A. (2004). Effect of arbuscular mycorrhizal fungi and phosphorus fertilization on the
post vitro growth and yield of micropropagated strawberry grown in a sandy loam soil. Canadian Journal of
Botany, 82(3), 322-328. https://doi.org/10.1139/b04-007

Sudova, R., & Vosatka, M. (2007). Differences in the effects of three arbuscular mycorrhizal fungal strains on P
and Pb accumulation by maize plants. Plant Soil, 296,77-83. https://doi.org/10.1007/s11104-007-9291-8

Tabrizi, L., Mohammadi, S., Delshad, M., & Moteshare Zadeh, B. (2015). The effect of arbuscular mycorrhizal
fungi on growth and yield of rosemary (Rosmarinus officinalis L.) under lead and cadmium stress. Environmental
Sciences, 13(2), 37-48. (in Persian with English abstract)

Testiati, E., Parinet, J., Massiani, C., Laffont-Schwob, I., Rabier, J., Pfeifer, H.R., & Prudent, P. (2012). Trace
metal and metalloid contamination levels in soils and in two native plant species of a former industrial site:
Evaluation of the phytostabilization potential. Journal of Hazardous Materials, 249, 131-141.
https://doi.org/10.1016/j.jhazmat.2012.12.039

Veresoglou, S.D., Chen, B., & Rillig, M.C. (2012). Arbuscular mycorrhiza and soil nitrogen cycling. Soil Biology
and Biochemistry, 46, 53-62. http://doi.org/10.1016/j.s0ilbio.2011.11.018

Whitfield, L., Richards A.J., & Rimmer, D.L. (2004). Relationships between soil heavy metal concentration and
mycorrhizal colonisation in Thymus polytrichus in northern England. Mycorrhiza Journal, 14(1), 55-62.
https://doi.org/10.1007/s00572-003-0268-z

Zheljazkov, V.D., Jeliazkova, E.A., Kovacheva, N., & Dzhurmanski, A. (2008). Metal uptake by medicinal plant
species grown in soils contaminated by a smelter. Environmental and Experimental Botany, 64(3), 207-216.
https://doi.org/10.1016/j.envexpbot.2008.07.003


https://doi.org/10.2136/sssaj1993.03615995005700050021x
https://doi.org/10.1016/j.soilbio.2014.11.013
https://doi.org/10.1016/j.biotechadv.2011.04.006
https://doi.org/10.1016/j.plaphy.2006.01.007
http://doi.org/10.5424/sjar/20110902-190-10
https://doi.org/10.1016/j.scienta.2016.02.015
https://doi.org/10.1007/978-3-319-53064-2_1
https://doi.org/10.1016/j.plantsci.2004.06.016
https://doi.org/10.1139/b04-007
https://doi.org/10.1007/s11104-007-9291-8
https://doi.org/10.1016/j.jhazmat.2012.12.039
http://doi.org/10.1016/j.soilbio.2011.11.018
https://doi.org/10.1007/s00572-003-0268-z
https://doi.org/10.1016/j.envexpbot.2008.07.003

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

Research Article
Vol. 39, No. 2, Summer 2025, p. 283-297

Physico-Chemical Response and Seedling Growth of Three Aromatic Plants,
Tanacetum parthenium, Achillea millefolium, and Zygophyllum eurypterum to
Salinity Stress

M. Ayaseh =1, M. Kafi'='*", M. Khansefid'“"*, M. Shokrpour'®*, R. Naderi"="*

1- Department of Horticultural Science and Landscape Engineering, Faculty of Agriculture, University of Tehran, Kraj,
Iran
(*- Corresponding author's Email: mkafi@ut.ac.ir)

How to cite this article:

Received: 24 August 2024 Ayaseh, M., Kafi, M., Khansefid, M., Shokrpour, M., & Naderi, R. (2025).
Revised: 01 November 2024 Physico-chemical response and seedling growth of three aromatic plants,
Accepted: 04 November 2024 Tanacetum parthenium, Achillea millefolium, and Zygophyllum eurypterum to

Available Online: 04 November 2024  salinity stress. Journal of Horticultural Science, 39(2), 283-297. (In Persian
with English abstract). https://doi.org/10.22067/jhs.2024.89514.1372

Introduction

Today, a significant factor limiting plant growth is the rising salinity of soil and water, which poses
challenges to food security, ecological stability, and agricultural systems. Numerous studies indicate that salinity
hampers seed germination and early plant development by inducing osmotic stress, ion toxicity, and oxidative
stress. Utilizing salinity-tolerant aromatic plants in saline areas can effectively enhance landscapes. Therefore,
cultivating valuable plant species that meet high ecological demands may be the best strategy to mitigate salinity
stress in agriculture and natural resources. These species can serve as alternative crops for oil seed production,
food products, fodder, and both medicinal and ornamental uses. Tanacetum parthenium, Achillea millefolium,
and Zygophyllum eurypterum are examples of medicinal and aromatic herbaceous perennials with low input
requirements. They can be grown for various purposes, including ornamental use in dry and saline climates, as
well as in the food, perfumery, cosmetics, and medicinal industries. Successful cultivation of these valuable
plants in stressful ecosystems necessitates investigating their early growth responses to salinity stress. This
research aims to identify suitable conditions for the successful establishment of these plants, ultimately leading
to increased production.

Materials and Methods

In order to investigate the physicochemical responses and the early growth of seedlings in the shoot and root
of three plants, T. parthenium, A. millefolium and Z. eurypterum to different levels of zero salinity stress
(control), 1.5, 3 and 6 dS.m%, an experiment was conducted as factorial based on completely random design with
three replications using a completely randomized design in a greenhouse under pot conditions in Department of
Horticultural Science and Green Space Engineering at the University of Tehran. Seeds from three plant
species—T. parthenium, A. millefolium, and Z. eurypterum—were obtained from the Research Institute of
Forests and Rangelands (RIFR) in Karaj province, Iran. Prior to planting, the seeds were sterilized for one
minute in a 2% sodium hypochlorite solution and then washed three times with sanitized water. The seeds were
then planted in plastic pots (45, 66, and 23 cm) filled with a mixture of clay, sand, and perlite, at a depth of three
centimeters, under greenhouse conditions. Sodium chloride was used to create salinity stress, exposing all
studied plants to four salinity levels for a duration of six weeks. The greenhouse maintained a temperature of
20°C at night and 25°C during the day, with a relative humidity of 60-80%. All physiological and biochemical
measurements were conducted after six weeks, once the plants were fully established. It is important to note that
all samples were washed with distilled water post-sampling, the surface water was removed using filter paper,
and samples were immediately stored at -80°C until measurements were taken.

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

The results of this study indicated that the concentration of photosynthetic pigments (chlorophyll a,
chlorophyll b, carotenoids, and total chlorophyll) decreased with increasing salinity levels, which correlated with
a reduction in the growth length of both shoots and roots. The results indicated that under severe salinity stress,
oxidative damage increased, leading to higher levels of fat peroxidation (MDA) and reduced cell membrane
stability. This decrease in stability was linked to a reduction in photosynthetic pigments, ultimately disrupting
optimal plant early growth. At all salinity levels, the total antioxidant capacity of A. millefolium leaves was
greater than that of its roots. Among all three plants and salinity levels, the highest total antioxidant capacity of
78.57% was observed in the roots of Z. eurypterum under a salinity condition of 3 dS.m. Conversely, the lowest
total antioxidant capacity, at 25.38%, was found in the leaves of T. parthenium under non-saline conditions. The
results indicated that the potassium to sodium ratio at equilibrium varied significantly depending on the plant
species, plant organ, and salinity concentration and the highest ratio was found in the aerial parts of T.
parthenium.

Conclusions
Overall, based on the biochemical and physiological responses to salinity stress, all three plants exhibited a
relatively high tolerance. However, the T. parthenium plant demonstrated the greatest tolerance to salinity stress
among them. Therefore, the cultivation of these three species, which possess ornamental, aromatic, and
medicinal value, can serve as a viable solution for the ecological sustainability of saline ecosystems and their
integration into urban landscaping.
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eurypterum under different levels of salinity (LSD, p<0.05)
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Introduction

Physalis (Physalis peruviana L.), commonly known as Cape gooseberry or ground cherry, is a valuable
member of the Solanaceae family. It is cultivated as a perennial crop in tropical regions and as an annual in
temperate climates. The fruit is a spherical berry that can be consumed fresh, dried, or processed into jams and
desserts. Physalis fruits are rich in minerals, vitamins, and phytochemicals known for their anti-tumor and anti-
inflammatory properties, contributing to their reputation as a "superfood." Globally, demand for this crop is
increasing due to its health benefits, including in Iran, although comprehensive data on its cultivation within the
country remains limited. As a climacteric fruit, Physalis has a very short postharvest shelf life—typically no
more than five days—highlighting the need for safe and effective postharvest treatments to preserve quality and
extend its marketability. To improve the storability and maintain the postharvest quality of physalis, researchers
are exploring natural and safe treatment options. One such promising compound is melatonin, a pleiotropic
molecule derived from tryptophan and endogenously synthesized in plant, animal, fungal, and prokaryotic cells.
In plants, melatonin functions as a regulatory agent involved in numerous physiological processes, particularly in
response to stress. It interacts with plant hormones and reactive species like hydrogen peroxide (H.O,), nitric
oxide (NO), and hydrogen sulfide (H.S), contributing to improved antioxidant activity, delayed senescence, and
better stress tolerance. Thus, melatonin represents a promising and eco-friendly strategy to improve the shelf life,
sensory quality, and marketability of physalis fruit. The aim of the present study was to improve the shelf life
and postharvest quality of physalis fruits through melatonin treatment for distribution in local markets.

Materials and Methods

Fully orange-colored physalis fruits with completely yellow calyxes were harvested from a commercial
greenhouse in Pasargad, Fars province. The fruits were quickly transported to the lab, visually evaluated, washed
with deionized water, and air-dried. The experimental design was a factorial arrangement based on a completely
randomized design (CRD), consisting of 12 treatments with three replicates per treatment (20 fruits per
replicate). The experimental factors included fruit immersion in four levels of melatonin solution concentration
(100, 200, and 300 uM, with distilled water as the control) and sampling time at three levels (7, 14, and 21 days
of storage). Following the preparation of melatonin solutions at different concentrations, sixty fruits were
immersed in each solution for five minutes. The treated fruits were air-dried for 30 minutes, then packaged in

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

https://doi.org/10.22067/jhs.2024.89577.1373



https://jhs.um.ac.ir/
mailto:Leilataghipour@jahromu.ac.ir
https://doi.org/10.22067/jhs.2024.89577.1373
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jhs.2024.89577.1373
https://orcid.org/0000-0003-2859-6312
https://orcid.org/0000-0002-7398-6902
https://orcid.org/0000-0001-8643-2653

VPP bl o o)lod F8 alr (g559LeS @luo g pole) (SLEL pole 4005 ¥os

polyethylene bags with 3% perforation and stored at 10 °C under 90=+5% relative humidity for 21 days.
Assessments were carried out at weekly intervals.

Results and Discussion

Overall, postharvest treatment with melatonin led to a reduction in respiration rate and polyphenol oxidase
(PPO) activity in the juice, as well as an improvement or maintenance of skin carotenoid content, total soluble
solids (TSS), titratable acidity (TA), ascorbic acid, total phenols, phenylalanine ammonia-lyase (PAL) enzyme
activity, and total antioxidant activity in the juice. After 21 days of storage and at the end of the experiment, the
assessment of all these attributes revealed that fruits treated with 300 pM melatonin were superior in terms of
nutritional value, appearance, and postharvest oxidative stress response mechanisms compared to the other
experimental groups. There was no significant difference in total soluble solids and titratable acidity among the
fruits treated with different concentrations of melatonin; however, fruits treated with the two higher
concentrations of melatonin showed the lowest respiration rate and the highest ascorbic acid content in the juice.
Furthermore, fruits treated with 300 uM melatonin exhibited higher levels of total phenols, PAL enzyme
activity, total antioxidant activity, and skin carotenoids compared to all other experimental groups, while also
showing the lowest PPO enzyme activity.

Conclusions
Treating physalis fruits with exogenous melatonin, especially at concentration of 300 uM, can significantly
enhance their postharvest quality and storability by modulating various physiological and biochemical processes.
This approach has the potential to improve the marketability and economic value of harvested physalis as a high-
value horticultural crop.
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(LSD, p <0.05).
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Introduction

Peachxalmond (GN) hybrid rootstocks have favorable characteristics such as ease of rooting, favorable
growth vigour, resistance to nematodes, calcareous and dry soil (Babadaei et al., 2018). Currently, water
deficiency caused by reduced rainfall is a major concern and a critical limitation for agricultural production
(Hass et al., 2021). Under drought stress, plant cell membranes become more susceptible to electrolyte leakage.
Membrane leakage is caused by uncontrolled free radicals and leads to lipid peroxidation (Cheng et al., 2018).
Since tolerance to drought stress is the result of the interaction of morphological and physiological traits of plant,
therefore, a combination of different traits that have a direct relationship with drought tolerance can be used as
selection criteria to screen the ideal cultivar (Karimi et al., 2015).

Materials and Methods

This research carried out during the years 2020 and 2021 at the Chahartakhteh station affiliated to the Center
for Research and Education of Agriculture and Natural Resources in Chaharmahal and Bakhtiari Province. The
almond seedlings included Shahroud 6, 7, 8, 10, 12, 13 and 21, that all of them grafted on the GN rootstock,
along with GN rootstock, subjected to different drought stress treatments in June for four months. Drought stress
treatments included 70% of field capacity (control or no drought stress), 50% field capacity (mild stress), 30%
field capacity (moderate stress) and 10% field capacity (severe stress). A counter determined the amount of
irrigation in each treatment, and a Time-Domain Reflectometry (TDR) used to measure the soil moisture. Before
the experiment, the physicochemical properties of the soil measured. The measured morphological traits
included leaf area, percentage of leaf abscission, and shoot fresh and dry weight. These traits measured four
months after subjecting to water stress. The evaluated physiological traits included electrolyte leakage (EL),
relative leaf water content (RWC), leaf chlorophyll, proline and malondialdehyde (MDA). These traits also
measured four months after subjecting to water stress. The experiment conducted in split plots based on a
randomized complete block design in three replications and four seedlings in each experimental unit. The main
plot included water drought treatments and the sub plot included almond cultivars. Data analysis carried out
using SAS software version 9.2 and comparison of mean data conducted based on LSD test at a five percent
probability level.

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

As the intensity of drought stress increased, the fresh and dry weight of shoot decreased in almond cultivars
and GN rootstock. At soil humidity of 10% field capacity, Shahroud 8 showed higher amounts of shoot fresh
weight (785 g). The lowest fresh and dry weight of the shoot and the highest leaf abscission were observed under
severe drought stress (10% of the field capacity) in Shahroud 13. The increase in drought levels led to a decrease
in the leaf area in the studied cultivars and rootstock of almond. Shahroud 8 had more chlorophyll content than
other cultivars at the most severe stress level, and Shahroud 13 showed the lowest chlorophyll b content at 10%
humidity of field capacity. A significant decrease in leaf chlorophyll concentration under drought stress has also
been reported in previous research (Schlemmer et al., 2005; Gohari et al., 2023). A further decrease in
chlorophyll could be due to a drastic decrease in RWC under severe stress conditions. According to Ranjbar et
al. (2022), the amount of RWC decreased by 32 to 44% under stress conditions in the K13-40 grafted cultivar on
the rootstock of bitter almond No. 32. In the current research, the biggest decrease in RWC was in Shahroud 13
with a decrease of 36.85%. The lowest decrease in RWC was also observed in the GN rootstock with a decrease
of 20.94%. Shahroud 13 and GN rootstock showed the highest and lowest electrolyte leakage at the highest
stress level, respectively. Karimi et al. (2013) also found a significant increase in EL in White, Mamai and
Ferragnes cultivars due to the higher sensitivity of these cultivars to water loss. The most difference in MDA
value was observed in Shahroud 13 with an increase of 186.35% and the lowest difference was found in
Shahroud 10 with an increase of 84.58%. Shahroud 6 produced the highest content of proline under severe water
stress. According to the results, Shahroud 13 and then Shahroud 6 were recognized as the most sensitive
cultivars. Shahroud 8 and 12 were among the tolerant cultivars. Other cultivars were also between these two
groups.

Conclusions
Shahroud 13 was recognized as the most sensitive cultivar with the lowest fresh and dry weight, RWC and
the highest ion leakage and MDA at the most severe stress level. After that, Shahroud 6 had high sensitivity.
Shahroud 8 was recognized as the most drought tolerant cultivar due to its lowest MDA content, the highest
chlorophyll a and b and RWC in the most level of drought. After Shahroud 8, Shahroud 12 was including the
tolerant cultivars. Tolerant cultivars can be used in future studies to evaluate the possibility of planting these
cultivars in areas with water shortage problems.

Keywords: Electrolyte leakage, Field capacity, Malondialdehyde, Proline, Water stress
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Table 1- Physico-chemical properties of the soil of experimental site during two studied years
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vear Texture  pH USQE)‘:Q e (ON/o) (mgpkg'l) Mgﬁg'l) (mgFlig'l) (mglI k) (mgz kg
(ds.m?) (%) ' ' ' ' '
2020 Loamy 7.88 1.012 0.761 0.06 21.20 354.00 4.25 11.47 0.95
2021  Loamy 7.90 0.925 0.41 0.04 8.40 231.00 4.01 9.63 0.63
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Table 2- The effect of drought stress and cultivar grafted on the GNrootstock on some vegetative characteristics of almond

(G“[’)’r ;;’]fs't‘;:;:) (j‘;‘l‘; o el o B 0l algp el S Le;{:b‘;’:i;;on
capacity) Cultivar/ rootstock  Shoot fresh weight (g)  Shoot dry weight (g) (%)
% 59,mls° Sh 6 943+136.11 534.83+110.26 0.45+0.05
Y ag,mls” Sh7 987.33+136.23 514.83+107.99 0.38+0.01
A dg,nls” Sh8 964.66+136.27 496.50+107.68 0.32+0.05
0% Ve 3g,ls° Sh10 945.33£136.12 491.83+111.54 0.31+0.02
VY dg,nls° Sh 12 883.33+136.14 500.50+107.82 0.31+0.01
WY dg,mls” Sh 13 872.66+138.89 497.83+108.88 0.54+0.09
Y3 ag,mls” Sh 21 908.33+136.70 493.16+114.88 0.39+0.03
o> GN 935.33+136.42 523.500+108.98 0.36+0.03
% 59,ml5° Sh 6 888.33+135.94 483.00+£105.20 3.03+0.09
Y ag,mls° Sh7 931.66+136.05 462.00+£103.95 3.11+0.08
A dg,nls” Sh8 910.00+135.99 479.33£102.51 2.19+0.05
0% Ve dg,mls” Sh 10 907.00+135.92 481.00+101.89 2.41+0.4
VY dg,mls° Sh 12 858.00+135.97 474.33£102.51 2.36+0.3
WY dg,mls° Sh 13 811.33+140.21 464.00+£102.64 4.04+0.5
Y3 ag,mls° Sh 21 932.33+137.59 448.00+£102.37 3.53+0.2
ol GN 899.33+135.97 491.00+£102.97 2.26+0.15
% 59,mls° Sh 6 802.66+132.36 450.331£96.92 13.49+2.30
Y 5g,mls° Sh7 845.66+132.59 434.00+£96.08 13.02+£1.95
A dg,nls” Sh8 843.33+132.57 545.66+96.15 9.09+£1.02
30% Ve dg,mls” Sh 10 829.33+132.41 447.331£95.76 9.34+1.23
VY 5g,mls° Sh 12 785.00+132.98 441.66196.75 9.27+2.66
WY dg,mls° Sh 13 685.33+133.63 417.00495.87 15.35+3.65
Y3 ag,mls° Sh 21 802.33+132.34 407.00+98.06 13.59+3.21
ol GN 815.00+132.22 476.331£95.70 9.12+2.88
¥ 59,0l5° Sh 6 695.66+£132.19 418.66+90.57 32.54+5.12
Y 59,mls° Sh7 729.00+132.36 397.33+92.86 31.52+4.75
A dgynls” Sh8 785.00+132.22 435.66+91.02 20+2.56
10% N+ 59,0l3° Sh10 720.00£132.97 417.33+91.13 21.13+4.19
VY 5g,mls° Sh 12 692.66+132.25 419.66+90.85 20.06+2.74
WY dg,mls° Sh 13 601.00+132.49 364.66+91.68 38.25+6.67
Y3 ag,mls” Sh21 684.66+132.25 373.66+90.84 35.26+4.76
o> GN 764.66+132.21 441.33195.35 20.01+3.67
LSD (p<0.05) 1.25 0.85 0.52




1P F Ll ¥ o)l (¥R ol (((6))9Lis &9Leo g pole) ‘S'La-ﬁl-' pole 4y yid YYYy

1000 - ® Fresh weight (9) 5 o5 a
900 “ Dry weight (g) «es 35
800
700

23 600

D »

3 5 500

2 ? 400

52

B 300

<

200
100

Year Jl

ISl (oilgp olail Ui g 5 (59 32 Sl 1) JSC
Figure 1- The effect of year on the fresh and dry weight of almond arial organs (LSD, p<0.05)
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Figure 2- The effect of almond cultivar grafted on the GN rootstock on the leaf area during two years (LSD, p<0.05)
(Sh=Shahrood)
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Figure 3- The effect of drought levels on the leaf area of almond cultivars grafted on GN rootstock (LSD, p<0.05)
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Table 3- The effect of drought stress and cultivar grafted on the GN rootstock on some physiological characteristics of almond

M(::l‘f::r“ b 13, a by I8 b Judg 5 JS by ks Sl (o Sl
- . Chlorophylla  Chlorophyll b Total Chlorophyll  Relative water content
Drought stress Cultivar/ rootstock (Mg.g™ FW) (Mg.g™ FW) (mg.gt FW) | (%)
(% field capacity)

70% % 54,ml5° Sh 6 7.14+0.39 2.72+0.24 9.87+0.54 74.61+0.46

Y 54,mls° Sh7 6.53+0.52 2.42+0.21 8.96+0.23 78.70+0.52

Asgmls Sh8 8.71+0.27 2.34+0.08 11.06+0.24 76.93+0.51

V- 39,0l5° Sh 10 6.83+0.34 2.28+0.26 9.11+0.35 74.90£0.53

VY 59,0l ° Sh 12 7.72+0.27 2.39+0.11 10.11+0.11 68.53+0.45

WY dg,mls” Sh 13 7.42+0.47 2.24+0.37 9.67+0.13 66.15+0.59

Y3 ag,mls” Sh 21 6.36+0.40 2.08+0.45 8.45+0.09 71.23+1.05

o> GN 8.31+0.17 2.59+0.16 10.90+0.26 73.83+0.65

50% % 5q,mls° Sh 6 6.57+0.46 2.25+0.18 8.83+0.08 69.50+0.51

V39,3 Sh7 5.85+0.35 2.09+0.21 7.94+0.32 73.74+0.60

Asgmls Sh8 8.27+0.29 2.26+0.10 10.54+0.14 71.80+0.89

Ve 39,l3° Sh10 6.85+0.28 2.27+0.12 9.13+0.13 71.28+0.93

VY 29,0l5° Sh 12 7.41+0.19 2.20+0.09 9.62+0.52 66.44+0.43

WY 29,0l Sh13 6.22+0.35 2.05+0.35 8.27+0.21 59.99+0.64

Y\ 59,0ls° Sh21 5.96+0.29 1.93+0.17 7.89£0.32 73.83+1.71

o> GN 8.20+0.25 2.37+0.14 10.58+0.41 70.52+0.42

30% % 59,mli° Sh 6 5.92+0.68 2.10+0.12 8.02+0.25 61.73+0.68

¥ 29,0l5° Sh7 5.35+1.92 1.93+0.13 7.28+0.13 66.38+0.84

Agpls’ Sh8 7.75+0.28 2.17+0.07 9.93+0.07 65.76+1.18

Ve 29,0l Sh 10 6.12+0.59 2.09+0.08 8.22+0.12 64.27+0.96

VY 29,0l5° Sh 12 7.05+0.15 2.03+0.18 9.09+0.36 59.99+1.45

WY g0l Sh 13 6.06+0.42 1.79+0.13 7.85+0.62 49.86+2.04

Y3 29,0l Sh21 6.60+0.47 1.70+0.26 8.31x24 61.67+0.69

o> GN 7.43+1.85 2.400.07 9.38+0.21 63.01+0.45

10% % 59,mli° Sh 6 5.63+0.50 1.92+0.11 7.55+0.52 51.30+0.34

Y 39,0l Sh7 4.97+0.64 1.68+0.21 6.65+0.58 54.79+0.64

Agpls® Sh8 7.48+0.37 2.07+0.08 9.560.45 60.27+0.52

Ve 39,0l Sh 10 5.52+0.98 1.88+0.23 7.400.61 53.72+1.69

VY 39,0l5° Sh 12 6.40+0.70 1.97+0.10 8.37+0.32 51.07+0.35

WY a9l Sh 13 5.52+1.05 1.41+0.17 6.94x0.14 41.77£1.13

Y\ 59,0l3° Sh21 4.89+0.68 1.47+0.13 6.37+0.16 50.19+0.64

S GN 7.23+0.52 2.01+0.38 9.25+0.24 58.37+0.39

LSD (p<0.05) 0.25 0.18 0.05 0.56
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Table 4- The effect of drought stress and cultivar grafted on GN rootstock on some physiological characteristics of almond

(s b mo ) (b 038wl st G el o

Drought stress (% field capacity) Cultivar/ rootstock  Electrolyte leakage (%) (umol.g FW)  (mg.g’t FW)
70% ¥ 54,l5° Sh 6 15.62+0.07 12.77+0.91 26.46+2.25
Y 54,mls° Sh7 13.34+0.08 12.89+0.88 19.81+0.27

A dg,nls” Sh8 13.01+0.09 12.01+0.85 25.03+0.23

N+ dg,mls” Sh 10 12.39+0.11 13.95+0.95 22.85+0.19

VY dg,mls° Sh 12 14.28+0.08 11.82+0.88 25.97+0.70

WY dg,mls” Sh 13 14.72+0.08 14.58+0.86 24.70+0.33

Y3 ag,mls° Sh 21 14.46+0.08 15.98+0.87 19.39+0.77

o> GN 12.84+0.06 11.85+0.88 24.03+0.38

50% ¥ 5¢,l5° Sh 6 17.37+1.56 13.21+1.88 32.08+0.72
Y ag,mls° Sh7 19.18+1.46 13.48+1.90 25.00£0.73

A dg,nls” Sh8 18.37+1.56 13.51+1.92 27.19+1.06

Ve dg,mls” Sh 10 17.35+1.49 14.56+1.90 29.84+0.28

VY dg,mls° Sh 12 19.14+1.45 13.18+1.96 29.16+0.57

MY dg,mls° Sh 13 24.15+1.45 15.39+1.95 28.02+0.71

Y3 ag,mls” Sh21 18.48+1.45 16.49+1.89 25.73+0.26

ol> GN 16.39+1.52 13.31+1.94 31.10+0.67

30% ¥ 59,0l5° Sh 6 37.97+1.23 21.55+1.11 38.80+1.10
Y 59,mls° Sh7 39.19+1.46 17.55+1.03 34.68+0.34

A dg,nls” Sh8 38.61+1.33 16.84+1.04 33.03+0.72

Ve dg,mls” Sh 10 34.57+1.29 17.47+1.02 39.82+0.96

VY 5g,mls° Sh 12 34.48+1.45 16.85+1.02 36.83+0.16

MY dg,mls° Sh 13 57.44+4.90 20.45+1.35 36.00£0.35

¥\ s9pmls Sh21 41.031.85 21.42+1.14 31.73+0.28

ol> GN 33.62+1.24 17.53+1.04 38.22+1.09

10% % 39mls” Sh6 55.28+1.34 36.08+0.98 63.17+1.16
Y 59,mls° Sh7 54.63+1.22 38.22+0.97 51.79+0.30

A dg,nls” Sh8 44.60+1.33 25.13+0.97 59.89+0.24

N+ 39l S 10 48.53+1.27 25.75+0.97 54.82+1.31

VY 5g,mls° Sh 12 44.31+£1.26 26.76+1.09 51.97+0.80

Y 59,0l Sh13 66.99+1.23 41.75+1.05 57.30£2.12

Y3 ag,mls” Sh21 59.73+1.19 38.95+0.98 47.74+1.23

ol> GN 43.94+1.23 25.75+0.96 52.80+0.23

LSD (p<0.05) 0.84 1.02 0.51
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Figure 4- The ffect of year on some physiological traits of almond (LSD, p<0.05)
(T ch=Total Chlorophyll, Chl a=Chlorophyll a, Chl b=Chlorophyll b, RWC=Relative water content, EL=Electrolyte leakage,
MDA= Malondialdehyde)
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Introduction

Narcissus is the most important early-season blooming flowering plant that belongs to the Amaryllidaceae
family. N. tazetta is a valuable plant for cosmetics, cut flowers, and landscape plants. The growth and flower
quality of narcissus could be improved by adopting proper cultural practices and application of plant nutrients.
Narcissus is one of the geophyte plants; therefore, one of the important and influencing factors on the growth and
performance of narcissus is the appropriate planting date, especially in the first year. Bio-fertilizers can be
mentioned among the new and effective sources of fertilizer that are used in plant nutrition today. These
fertilizers contain useful soil microorganisms such as bacteria, fungi and actinomycetes with their metabolites
that stimulate the quantitative and qualitative performance of the plant in different ways. Since there is little
information about the effect of planting and environmental conditions, including the date of planting, nutrition
with bio-fertilizers and irrigation on Narcissus tazetta. Therefore, the investigation of these factors can help the
cultivation of narcissus plant in South Khorasan region. Therefore, the aim of this research was to study the
effect of planting dates, summer irrigation and EM bio-fertilizer on the growth and reproductive characteristics
of N. tazetta cv. Shahla in South Khorasan region.

Materials and Methods

To investigate the effect of planting date, summer irrigation and EM bio fertilizer on the growth, ornamental
and physiological traits of Narcissus tazetta cv. Shahla, an experiment in the form of randomized complete block
design with three replications during crop years 2021-2022 in Qaen city of South Khorasan province was
implemented. The experimental treatments were bulb planting on July 1 without irrigation, bulb planting on July
1 with irrigation, bulb planting on July 1 along with irrigation with EM fertilizer, bulb planting on September 1
without irrigation, bulb planting on September 1 along with irrigation, and bulb planting on September 1 along
with irrigation with EM. The measured indices including vegetative characteristics (number of leaves, leaf
length, leaf width and plant height), reproductive traits (corona diameter, flower length, flower diameter, stem
diameter, flowering stem length, number of flowers per square meter and number of flowers per stem),
physiological traits (total chlorophyll, chlorophyll a, chlorophyll b and carotenoid content) and leaf nutrients
(nitrogen, phosphorus and potassium). Finally, the experimental data were statistically analyzed using SAS, JMP
Statistical Discovery Pro v13.2.1 program and comparison of means was performed by LSD test at 5%
probability level.

Results and Discussion
The results showed that the maximum amount of leaf length and plant height was obtained from the bulbs

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
ET 4.0 International License (CC BY 4.0).
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planted in September and were irrigated with EM fertilizer. However, the highest number of leaves and leaf
width were obtained from the bulbs planted in July along with irrigation with EM fertilizer. Planting the bulbs in
July along with irrigation had the highest diameter of the flower corona and the length of the flowering stem. In
the second year of the experiment, the maximum flower diameter was obtained from the bulbs planted on July 1
with irrigation (3.61 cm). The results showed that the number of flowers per square meter in both years of the
experiment was affected by the date of planting and irrigation, so that the bulbs planted on July 1 with irrigation
and irrigation with EM fertilizer had the highest number of flowers. The highest number of flowers on the
flowering stem was obtained from the treatments of planting bulbs on July 1 (7.21 flowers per square meter) and
September 1 (1.7 flowers per square meter) along with bio-fertilizer. In addition, the highest total chlorophyll,
carotenoid, nitrogen and potassium content was obtained from September culture. Enhancing the supply of
nutrients throughout the growing season, a key mechanism of bio fertilizers, promotes the development and
reinforcement of floral structures in the terminal meristem of the bud during the phases of cell meiosis in
summer and the stimulation of flower buds, which ultimately boosts the yield of the narcissus flower farm.

Conclusions
The results of this research showed that planting the bulbs in September and using EM bio-fertilizer
improved the vegetative characteristics of narcissus flower. In addition, the results showed that the planting of
bulbs in July and irrigation in summer improved the reproductive characteristics of N. tazetta cv. Shahla.
Overall, the results indicate that planting narcissus bulbs on July 1, along with summer irrigation, significantly
increases the yield of narcissus flower in South Khorasan province.

Keywords: Bio fertilizer, Flowering, Summer irrigation, Vegetative traits
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Table 1- Meteorological information of Qaen city in the crop year 2021 to 2022

ablo sbod (ke aldle Cugb ) (le
Jho ol Average monthly temperature Average monthly humidity
Months of year Jol Jbe 093 Jlw Jol Jw 093 Jlw
First year Second year First year Second year
» 27.2 27.1 21 21
July
e 25.4 25.7 19 26
August
IR R 229 21.1 22 21
September
A 16.2 17.6 24 23
October
ot! 9.2 132 36 49
November
Al 8.4 6.8 43 55
December
< 6.2 1.9 56 58
January
ook 5.8 4.8 49 60
February
— 13.4 12.9 48 44
March
0292 16.9 15.1 31 44
April
et 215 21 36 30
May
b 23.7 26 25 22
June
O 48350 S gl 5 (S5 Slaseta Y g
Table 2- Physical and chemical characteristics of the daffodil field soil
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Table 3- The effect of planting time, irrigation and EM bio fertilizer on some growth characteristics of narcissus cv.

Shahla in the first and second d year

< 2l L Sffi Jﬂbh |:s ):‘ upé& h PIbL; ﬁm)r:
eaf lengt eaf widt ant height
Number of leaves
CulS b o (cm) (cm) (cm)
; F1Y
Plantin ~ Ju
time g Irrigation  JglJw  eedJlw  JolJw  edJlw  JylJw e Jlw  Jol Jw ,
First Second First Second First Second First °9
year year year year year year year Second
year
d)u u’f\{ 4.76%* 5.382 19.16° 23.13°¢ 1.49bc 1.872 20.314 24.18°
No irrigation
5 el oo 473 5.00° 20.70° 26.08" 1.47° 1.98° 21.68°  26.83"
13uly With Irrigation
EM 295 DIM
With EM bio- 4.50P 5.00° 21.31° 25.55b 1.63%® 2.168 22.90° 26.25¢
fertilizer
Sl o 4.640 4.77° 20.960 25.500 1.49% 1.86° 22.33¢  26.21¢
no irrigation
ok Ve _d)Lf"" b"”’h 4.64° 5.10¢ 18.93¢ 26.90?2 1.47¢ 1.862 19.454 27.58¢2
With irrigation
1 September
EM 558 ol yon
with EM bio- 4,962 5.508 24.432 27.38?2 1.652 2.158 25.152 27.18%
fertilizer
Sobxe Jloin! wlaw * *k *k * ns *k *k

Significant probability level

A I xe Moy iy Jlein] gaws 53 LSD (9051 bl g oyt p 5> aulive gy (slyld slael
* Numbers with the same letters in each column are not significant at the five percent probability level based on the LSD test.
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Table 4- The effect of planting time, irrigation and EM bio fertilizer on some reproductive traits of narcissus cv. Shahla in
the first and second year

gl
The diameter of the
flower crown

g5 Jgb

Flower length

J5 ks

Flower diameter

LRVELY Lt | WY
The diameter of
flowering stem

P i cm
‘-F‘)T's QL") &b (cm) (cm) (cm)
anting I lw Lw
. Irrigation J J
time 9 Jolds el sldle pgde T el Jldl :
First Second First Second - & Second First °9
year year year year First year year Second
year year
‘5)_1’{‘_ ‘:’5'_\)’ 4.76%" 5.38?2 19.16° 23.13° 1.49b¢ 1.878 20.31¢ 24.18¢
No irrigation
5V _‘5)L"’" f’l’“‘j 4.73%® 5.00° 20.70° 26.08° 1.47¢ 1.982 21.68° 26.830¢
13uly With Irrigation
EM 395 bl)q.h
With EM bio- 4.50° 5.00° 21.31b 25.55b 1.63% 2.16° 22.90° 26.25%
fertilizer
‘5_)1‘"*_‘ ot 4.64° 4.77° 20.96° 25.50° 1.49% 1.86° 22.33% 26.21¢
no irrigation
SR Ve _‘-‘)L'_*‘ _°l’°“°_° 4.64° 5.10¢ 18.93¢ 26.90? 1.47¢ 1.86° 19.45¢ 27.58°
With irrigation
1 September
EM )95 al)o.h
with EM bio- 4.962 5.50? 24.432 27.38° 1.65% 2.152 25.15° 27.18%
fertilizer
d)l"@"" J‘“’bl E““’ * %k *% *k * ns *k *k

Significant probability level

A I gine deoyd iy Jlein! gaws 55 LSD (9051 ol ey 5> auliie Gy (slyls slael s
* Numbers with the same letters in each column are not significant at the five percent probability level based on the LSD test.
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Figure 1- The effects of planting date and irrigation on the length of the flowering stem in narcissus cv. Shahla
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Figure 2- The effects of planting date and irrigation on the number of flowers per square meter in narcissus cv. Shahla
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Figure 3- The effects of planting date and irrigation on the number of flowers per flowering stem in narcissus cv. Shahla

b Sk Golite (gled lulyd 4 Jlge Cudgy sbas
Jize 3ble slaassS (Flaishman & Kamenetsky, 2006)
2 ol 25l ils U5 oml sled @ S pled gl Ygane
WY 1) Gl slass 2 b oS umstol] Jao oS
2 5 jled sl slilnse g olnl Gble )3 {Jits 5 (55
I sloyys @ orzee i)l 5l 2V Lws slod @ Gl J5b

b cudiy QLS 3 Slas g ad) o5 olse o ere Sl (S

cls o )b ol ply Al e S g b wmd o 53 sl cou
Sl 45 35Sl oy 1y lad 205 sla il ¢ b (slod
Hemming & ) a8’ o wolyd 1) dipe bl b 20 5 (Salon
Slipe lie b cwlize J§ Jwsl (Trevaskis, 2011



VEoF (il ¥ olad 14 Al (55,5L08 qalion 3 p5le) LSl pole a2 TF

g b 13gs 005 4,35 EM ) 555 L a5 olo 00,008 V-
wonl I8l .l gl ne S olo 5 Ve > oaddnslS
o35S Jos la ol 31 (Ko 8, b o o i polis
9 I el (gl dlge 03> (Bl 5 Allioe (s
J5 465503, Slos Calgs 13 &8 3930 IS ot s s
G ol J(Kumar et al., 2017) sas o (iulisl |y W55
a5 ol Mo o8y S5 IS sy 85 o gl b b
la (Dehestani Ardakani et al., 2021) cusly célae g
el ey S5 U Sl 5 L 355 55 5 s ol

Do o o)) Olas 3)Slos

33535518 9 Jid 9 IS (51 giae

Slge Glaw 5k g cadls oy a5 b li ls
76 208 (5l e ysbots |y S 5 U5 S 1595908 5 oIS
P eSbe V) ol Jlo 3@ do S ke (st 3 1,8
O ole sy Vo 53 (S 5 S5 Egw <l sles 1 (55 09 )5
I (5 i p5 3 pS ke IPA) iileil pod Jlo 53 5 )l
4 olel b olyen olo o ,0d Vo 3 (S5 IS Fomw S o
JUo a8 ol plis b g S zobaw oLl (0 Jgis) dol cows
&b 3 gl g & 35 SlalS 4 bgye ade oy 5t (Jsl
Kog o0 w3 ()bl bolyar 5 (il ig) olo s y0 V-
P> Jlo g Jsl Jlo 3 U5 Jedg)lS slyiee o i (0 Jgia)
Lol 5 o)ll (i9) sssaed Vo CudlS )b & bgaye Shaloj]
opoke (0 Jse) 29 olel b ooen olops Ve g ()l
2o Ve Cals )b 4 baye Jol Jlo )3 23559)88 slgiome
it ool pe> Jle 0 5 (ol g 5 )bl b olyen)
Vo Gl 0adaldlS glaggw Sl (1S5 U5 50 ASe5)lS lude
(B8 Jgi) dal cowd 4 ()l b olyo 500 05

Szl B 53 48 sl Cusdlyg S ol (glmo S, 51 Sy JidolS
P 559 e el S (S Ghgpie pats g sl S sgi
9 gy (Zhuang et al., 2020) wsb o Jubg IS (6 08 S
295 b (g x sgd> gk Cadlyg IS 50 dg S L ey lS
iBgte Jidg)lS g seg slaculld g o s 4 B
O3 slde cplple usl (98 39008 WM I cpl 9 23,5
rol S @ls b KK b ke (Stumer JB9)lS
Sp 8950 9 (U 9 b @ Jdg)lS) Jido kS (slgiome a5 0l i
oIl ole y5 CllS Zo)l 4 s o pped Ve S )b
89,18 5 (3o ke e (598 (Stusad o buljl .l azbly
ooy il Fu,l > Judg kS Hlade ials pl @yl dg39 Sy

S i J5 (a8 5 Ble b Gl sl ol csloled
ol oo 8ly > (Flaishman & Kamenetsky 2006)
35 3590 55 ol 5SS sl g0y sl g s oS el
— SIS 5 SIS el il ol lales AL s
5 et pl&a 4 (31,5 lo a5 )3 YO) bl (oYL slod sl
e 555 U5 > IS car i Jyisas w355,
2 A5 0o dlgx uele U uiST glaole jo aggw dgus o didli
Add e 5 4 B oagly g M e M) Gliej Jsbo
O S 4 g9y ler Bl > LS eej 59 slaciend
Wolaoma) ojlil JBlis a4 &S Slagew » IS5 a8 e
NOY-) 29350 ST (s Ol Jsbo 53 idly odpms (5o sl
[(Porat et al., 2009
e 55 235 358 85 b ol ol 5B ol
olidlen JS ool el b s Sl bl GileS b g i
0SSl b o35 sl Vgans s slo)S (g ol ol
dps IV o> 5 (Ul Jlo 53) SIS0 e YWIYGsled
S (i bl (355 ol 39 5o 55 (43 Jlo 53) 3,5 ke
o cells olo 5 Ve gyl )3 oAzl glag g (LS jsbods 45
Vol eadailS slagaw 4 Cund qpeyie 3yl S5
sbggw 2 @HSIUS oo 5 Cals F)b > o9 olo 0 00
Ly ol e 2 il JU )y 5 ol 025 plodl o5
PRSI ()5 ol 4 Y8) il cuslie ylis s
& g kol jod cudlS &b o Ll 0pS e pbol laggw
Jtsl ol sl o plul agaw 55 S g0 5 (IS 4]
o) el ploj 3 bEgw alrale 51 )0 & )05 392
5 U5 olawy colps p0 &S oud dylg Sed JS wilex & (6515
Exse ol By » wBS ) b cos bl Clie plo
bl )6 g9 4 (s 0 e Jlebey lame S5 o9
ol (Koocheki et al., 2016) c.é,3 ploul lyae 5 o3l cuils
& Comd olo 23 CuilS Uy olyae; sla IS olaws a5 A 00l
las pols i gols bl (]38l aoy Ve wlo ygo 901y
b (Li et al,, 2013) 5 w55 5 g9y odelcwnda mls
Slas o ialosl ped Jlo ,d a5 s osmlie islejl cpl > (IS
Jdey Slgi e a5 amdly gyt 3 See Jol Jlo 4 S (o5
Sboggw 23b pgd Jlo )3 Eow ol JRIEl g yag il
Slao 3 1) gpeS 3es (IS jobay ol j5 08 53 sudails
b EM g 058l eolatwl Jla oyl aiidly slas il
B SaS 55 5 il Slao gy & pped Ve Sl
2 045diilS glaggw  abluw jd 5 dlaai oS g yebdy S ax g



TEY g 6obel e (Narcissus tazetta L.) gus y obS p oS glagu y6 530 ooy Kad 9 (00,51

e yolie

e ole tops ol 5 el )l a8 o ol @b
dulio gl ol 41,5 ,5b Cov ()l gne ygbes |y S5 S5 Sy
o Jlo 3> 051 303 e o o i (5 Js) ssSie
Ll s s o 53) olo 0,068 Vo )3 0Bl (claggus 51 ol
byl bt el Cuss 4 s 365 bolyen ol 5 Ve g (6Ll
il e i i &S 0l LS 50 ped Jlw 0 S il de
booler 5 el co) olo hgpred Vo cuBlS Gl 4 b
—o2 (F J92) 5t (olel o) ole i Ve B ) 5 (ol
Jlo > 48 3l (s 85 JS Syt 3 e 2oy i) i
2 03baBS (glaggu Sl jhad Jake o Pt cSF4 P93 9 sl
Sl &S (103 VIVE) oo 5 Ve g (1o)d VIVA) sl yos 05 V-
U5 03 St sl 80y (1 (5 Jgi) Mol Csdy cidg, o
T5) Jol Jlo > el Sliie it o Ol ol 5
olo ygs 4s Vo )d a5 cbaggw I (doyd Y/¥Y) pgd g (doyd
£ Jg2) 15 Jeols cingy a5 )18 (5 ] 590 &5

w5 cusls oyl s sl SB ol sl Jusa Wl e
Olyie; cuiS g9y odalCunt ol Gilae Guins oyl I odelcawd
L eplyie; as )50 (sslol iliseo (slamady 5o Wl (Uis & 0bl e
dopd Voo ol cudil ao s Bl ool 3y90 T il
Ay 9> Oliea Sl Gl st e (el cud)b
15 g oS ogtan §) oolinel 350 a5 S3l G
.(Abbasi & Sepaskhah, 2023)
JB st culs syl oS b asehe alie s g
S ooy sl plie; Sy Jdg)lS e slabsMo
aslS) pudlgs ¥ cuilS oyl & G ST Y £ il ol
ielejl Jlo s jm 5> 63Vl Judo)lS Sl sl (plSm
4 .Pirasteh-Anosheh et al., 2022) >4 (Y+¥) b ¥-)4)
5 a5y Liels el Yl glis) o plin s culs (ks
dgdiee Jg )l e (alS 4 pxie Coled )3 g 29800 Fhwgtd
Slgs o gl o BMB] pl ol slay o pols Guiod gl b oS
Sl glite (bl polaw Judoa

293 9 Jol Jlo ;3 Vel o35 (8 5 JS 355 )18 9 Judy S slgione 32 EM a5 395 9 (6 )bl ol o 530 -0 Jgua
Table 5- The effect of planting time, irrigation and EM bio fertilizer on chlorophyll and carotenoid content of narcissus

cv. Shahlain the first and second year

a Judy ls b Jadg 5 JS Judg s Mg 515 (gl
] Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid content
S ol sl (mg.g FW) (mg.g FW™) (mg.g FW™) (mg.g FW™)
Planting time Irrigation JolJw  peddle  JolJlw  peddle ol Jle  eed Jlw 090 Jlw
. . . Jol Jlw
First Second First Second First Second First vear Second
year year year year year year Y year
‘”_L"*! o 0.48% 0.54° 0.17¢ 0.18? 0.65% 0.73° 0.24°¢ 0.19¢
No irrigation
JRAR _‘”L'*‘ f’l’“’f 0.53b¢ 0.52° 0.20%¢ 0.172 0.73%¢ 0.70° 0.24°¢ 0.20°
12uly With Irrigation
EM 558 ol yoo
With EM bio- 0.47¢ 0.53° 0.17°¢ 0.18? 0.63« 0.72° 0.23¢ 0.20°
fertilizer
< l’ﬁ_‘ o9 0.672 0.58% 0.222 0.20° 0.89° 0.78® 0.28? 0.20°
no irrigation
AR _‘S’lfﬁ‘ _°l"°£_’ 0.59% 0.68? 0.21%® 0.222 0.80%® 0.89° 0.272 0.26°
With irrigation
1 September
EM 555" ol oo
with EM bio- 0.45¢ 0.49° 0.17¢ 0.16° 0.62¢ 0.65° 0.25° 0.18°
fertilizer
d)lj@“ Jl‘*bl CJQ“’ *%k * * ns *k * *%x *k

Significant probability level

s Y dme Moy iy Jlein] pdaws ;3 LSD (9031 olol s 9wy 53 auliie Qg > (sl olael
* Numbers with the same letters in each column are not significant at the five percent probability level based on the LSD test.
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Table 5- The effect of planting time, irrigation and EM biofertilizer on the leaf nitrogen, phosphorus, and potassium
content of narcissus cv. Shahla in the first and second year

o)l yhoud povw
S o &S\ Nitrogen (%) Phosphorus (%) Potassium (%)
Planting time Irrigation Jol Jw 95 Jo Jol JWw 93 Jlw Jol Jw 93 Jlw
First year Secondyear Firstyear Secondyear Firstyear Second year
Sl os 4,50 4.50° 1.08 1.26 2.42° 2.67°
No irrigation
AR Sl olyen c c b c d c
1 3uly With Irrigation 4.33 4.33 0.45 0.59 2.03 2.06
EM 555 ol o a a a b c b
With EM bio- fertilizer 4.67 4.67 0.82 0.93 2.42 2.66
! o 4.76 4.76 1.03 1.28 2.65% 2.46%
No irrigation
295 Ve Skl olyen a a b d a a
1 September With irrigation 4.68 4.68 0.29 0.24 3.36 3.31
EM 355 ol o0 a a b ¢ b b
with EM bio. fertilizer 477 4.77 0.34 0.59 2.97 2.80
Sobre Jlozs] o *x *x *k *k Kk Kk

Significant probability level

A I gxe Moy iy Jlein] gaws 53 LSD (9050 bl oyt p 5> aulie gy (sl slael
* Numbers with the same letters in each column are not significant at the five percent probability level based on the LSD test.
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Introduction
The Juglandaceae family includes about 50 species of 11 genera of which Carya (hickory tree), Pterocarya
(wingnut tree), and Juglans are the major members. The pecan, Carya illinoinensis is the most economically
important member of the Carya genus and is the most valuable native North American nut crop. The Carya
genus comprises 20 species.

Materials and Methods

Golestan province is located in the northern temperate region between 37.2898° N, 55.1376° E from the
Greenwich meridian and in the northern part of the country. The amount of precipitation reaches 200 mm in the
northernmost part of the province and more than 700 mm in the southern parts of Alborz foothills. Temperature
varies across different parts of the province, generally increasing from west to east and from south to north. The
genotypes used in this project are G4, G3, G43, G63, which were selected and propagated from the elite trees
available in the province after quantitative and qualitative evaluation, and the cultivars are Mahan and
Comanche, which were propagated from grafted trees of the Dezful Research Center collection. Grafted
seedlings were produced using thethermal cable technique and planted in the specified locations in the above 2
regions. Grafted trees from 4 elite genotypes of Golestan (G4,G3,G43,G63) plus Comanch and Mahan 2
commercial cultivars have been studied in randomized completely block design (RCBD) for 3 years in two
regions. In the second phase of experiment, the fruit characters and yield evaluated based on pecan descriptor.
The results were analyzed by SAS statistical software and the reactions of genotypes were evaluated in different
places and during different years.

Results and Discussion

This evaluation was conducted during the years 2021 to 2024 at Chalki research station of the Golestan
Agricultural and Natural Resources Research and Education Center in Gorgan and on the farmer's land located in
Igder village, located 30 km from Gonbad city. Measurements were conducted on fruits harvested in 2022 and
2023. During both years, the Mahan cultivar did not produce a sufficient number of fruits in either region and
was therefore excluded from the comparison. A significant effect of location and year was observed only for the
fruit weight trait. Among the genotypes, G43 exhibited the highest fruit weight (11.75 g) and demonstrated
vigorous growth with a broad canopy in both locations. However, fruit yield over the two years of evaluation

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
EvY 4.0 International License (CC BY 4.0).
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showed no significant differences among the studied cultivars and genotypes across the two regions.Due to the
results of the first phase, the maximum tree height was in Mahan (242.5 cm) and the lowest height in G63
(118.66 cm). The maximum canopy spread was in comanch (138.72 cm) and the lowest was in G63 (90.11
cm).There were significantly differences between two regions. The length of the growing season among cultivars
was 257 days in Gonbad and 237 to 247 days in Gorgan. Study of dichogamy during the years 2021-2022 in the
cultivars and genotypes showed two cultivars Comanche and Mahan were protandry in Gorgan, while both
cultivars showed protogyny in Gonbad. Also, 4 genotypes of the province (G3, G4, G43, G63) showed

protogyny.

Conclusions

This project, conducted over both vegetative and reproductive phases, evaluated elite pecan germplasm
within the province. The objective was to utilize the region’s existing genetic potential and to compare it with
commercially available cultivars in the country, with the goal of identifying and promoting superior genotypes
for the establishment and expansion of new orchards in Golestan Province. The results of the two phases of this
research showed that some of the introduced genotypes have the ability to compete with the existing commercial
cultivars, which will require further investigation in the years of peak fruiting and maturity of the tree. The
length of the growing season among cultivars was 257 days in Gonbad area and 237 to 247 days in Gorgan.
Also, the effects of drought conditions in Golestan province during 2021-2022 should be included in the relative
determination of the results. As a summary, based on the evaluation of these two phases and considering the
growth and fruiting conditions, two genotypes G4, G43 and G63 can be considered as promising genotypes for
development.
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P38y 0)93 Job (2 yieS gy glite o, VIV LYYV 1 (5,8
bl ol g 35 cd (G V) TGB3T s > adate 9
w8) (el ppd 9 G ] adlate 93 yn )3 08y (25045 3
031 olo,3 Jol e ,d ddlaio 93,2 ;0 i3 Cawl 03g) golegS
355 e Bl 4y Sl 5355 8 (G Gwigs olis &by ol
OB adlate 13 g olojre pod dess y3 A8 adlale y3 iy (o)
L (Aleta & Ninot, 1993) s 5 W1 59 b1 Jol ain
9 Sded pB)l aS s B)S Lkl 3 oSG o8) VY b))
g 0292 Aby pyieS SLd b 2 (55 9 M8y e gl (2
WS g2 o8 adlise cnfimnd bl 5 02095 Sedad o)
USg2 Ml oge (w i) e w8 9 o (ricadys sl
Pl ion)lgs U (2 55 9 (bl «Sholale pB)l g 5he
S 4 Jyaze il Sl G Ayl ) Codgie (ke
Cunl oge JolS () B JS ol 5l dm (SYsbo 435 0)9
(Ajamgard et al., 2007; Wolstenholme, 1980)

S8 Olaisdy &S o (p9n diwgy Cuolus (gpSojlul jo
Oy Dgus oo blod  SSCuwg nly e lp cawlis Glaw
OreS g (e </AY) gl Jlo 5 CA (g 5 ol
@ (oo /FY) Jol Jlo 0 "B o) 0 diug cwlbis
JAT Cawd

5 B3 Lo o b ol e dop Sk dulis
LS e 05,5 Ko 5 g Sl (g ine BMSI (GA’
5 (1o OY/YY — OV/¥) G3 slacuis] j0 v duoyd (ypyid
Jlo 9 2 g e 93y ) (1o 0O/FY — OF/AY) ‘G4’
o8y 5'GB3" §'GAT (laguwis) who ol bl il e
WS 5118 09,5 Sy )3 Ay g BN ()3 dne gldS glegS

2l 2 38 Eaxd (VY Jsi2) oaly sieded Sl s
2 &ly 59liS gl CusBge )3 (yp 090 o] g pB)l den
5595 oy e MBI L S g @ilgs I HaS) (sl
Al G ploped @yl (Sl Clisiod o] coga
Cod A5 ip )5 (ol byl pd 4 a2 b Wi oo ol (nl usg
Ak oS 4
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Table 2- The triple effect of cultivarxplacexyear on the pecan fruit weight, fruit length/diameter, fruit length, fruit width and
nut percent

039 Sle Jsb (Ske A8 ke

8 x Ol X J 09w 5 4 b o Sluo o 203
Cultivar x place x year o9 Fruit length/diameter o9 o9 Nut
Fruit weight Fruit length Fruit width percent
1401 x o5 xG3
1401 x Gorgan xG3 8.9¢d* 1.82abcd* 4.00ab* 2.20d-h* 53.31a*
1401 x .5 x G3
1401 x Gonbad xG3 6.16fg 1.75b-f 4.13ab 2352 533la
1402 x OB ,S x G3
1402 x Gorgan xG3 10.83 abc 1.71d-h 4.1ab 2.39ab 53.4a
1402 x w5 x G3
1402 « Gonbad xG3 6.57g 1.78a 4.07ab 1.28a-h 53.4a
1401 x .55 « G4
1401 x Gorgan xG4 5.8¢ 1.83abc 3.90b 2.13h 54.83a
1401 x 1.5 x G4
1401 « Gonbad <G4 6.96fg 1.75b-f 3.83b 2.19e-h 54.83a
1402 x 155 « G4
1402 « Gorgan xG4 5.749 1.79a-f 3.96ab 2.21c-h 55.43a
1402 x 1.6 x G4
1402 « Gonbad xG4 8.66de 1.8abcde 4.04ab 224bh  55.43a
1401 x ;55 x G43
1401 « Gorgan xG43 11.96ab 1.85ab 4.06ab 2.200-h 48.82b
1401 x 1.5 x GA43
1401 x Gonbad xG43 11.34ahc 1.68fgh 3.94ab 234af  48.82b
1402 x .55 x G43
1402 x Gorgan xG43 12.2a 1.78a-f 4.22a 2.37abc 48.56b
1402 x 1.5 x GA43
1402 x Gonbad xG43 11.5abc 1.67gh 3.92ab 236abcd  48.56b
1401 x 5,5 x G63
1401 x Gorgan xG63 7.96¢f 1.73c-f 4.09ab 2.36abcd 49.5b
1401 x 1.5 x G63
1401  Gonbad xG63 7.8ef 1.69e-h 3.93ab 231a-g 49.5b
1402 x 5 5 « G63
1402 x Gorgan xG63 11.23abe 1.68fgh 4.07ab 2.42a 49.16b
1402 « Gonbad xG63 7.95¢f 1.76b-f 4.09ab 232ag  49.16b
1401 x 5,5 x Comanch ) _
1401 x Gorgan x Comanch Of Oi od Oi Oc
1401 x .5 x Comanch
1401 x Gonbad x Comanch 7.83¢f 1.63h 3.58c 2.18fgh 46.5b
1402 x 5,5 x Comanch
1402 x Gorgan x Comanch 10.63 abc 1.87a 4.06ab 2.16gh 46.5b
1402 x 1.5 x Comanch
1402 x Gonbad x Comanch 10.28bcd 1.78a-f 4.04ab 2.27a-h 46.5b

W6 K05 b gyl sime BB live Bgy> b glo 1 Silo 5
*The same characters have no significant differences
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Table 3- Mean differences of cultivar xyear effect on shell width

) xJlo
Cultivar xyear

0ga0 (29> dlwgy Cwolus u.;;lﬁ.o
Shell width (mm)

1401 x G3

1402xG3
1401 x G4

1402xG4
1401 x G43
1402xG43
1401 x G63
1402xG63
1401 x Comanch
1402xComanch

0.61g*
0.7f
0.87a
0.85¢
0.848c
0.846¢
0.85b
0.84d
0.85hc
0.83e

B0 )05 b gyl sime BN wliie gy b gla 1 SSlo 5
*The same characters have no significant differences.

dgr0 3,5Mos 31 cigii b 8y 1 (Sibe Al —€ Joua
Table 4- Mean differences of cultivar effect on fruit width

cgii b oy
Cultivar or genotype

8920 039
Fruit weight
(9)

G3
G4
G43
G63

Comanch

0.68c*
0.9bc
1.62a
1.17b
0.8c

S0 K85 b (g3 stne B! aline gy by (slonSilie
*The same characters have no significant differences.

090 3 8o 12 G0 1 (ke A liie -0 Jou>
Table 5- Mean differences of cultivar effect on yield/tree

Ol CA 0 sl 5 Sles
Place Yield/tree (kg per tree)
o855 0.89b*
Gorgan
25
) 1.17
Gonbad 2

L6 )05 b gyl sime M Gl gy b (sla 1Sl %
*The same characters have no significant differences.

ol o 51 (St oyliwl @sesis slaylol 5l Jols ol claodly
(Esmaeili et al., 2018;) aib o Juo Jobo yd 59, Ye/A 05
uLuow X P (WOOd et al., 1997) UI)KAA 9 299
Sl o) s olng) Sleogad & b ls Sjlss
Sejlgs Olio a5 woges 45T 5 W)l e Lalys 5l ool
sl (b (> g iz blE ) Wlg o (asuie o8, S <l

03 8 e il cod e Sy il

Jsb o 3 oo Jole )l slaaasuis &Syl

2 0385905 SleMbl ululyy g Abl o0 ol (Sofolgid Jolye
S0 (gduzed (g o gyl sl J dw (wloly ¥ Jgis
9 s Jol aie ol 3,0 )5l > ) g9y &
2 dilalo 93 0 ) 35 imad g oad JIET (0308 das I il
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Sy U asl o olo Cudn U can dgas 3 Jaazee ol Al
Oszzen 33)S Calyial Al je 3y olS g 035 oSS o



YOY . ol plyl g 5 2 lacaigi] 5l (golani 0 ,5os g ogne Gluogas axlllao (ol)e g b (213¢

VEX-1E) Jo (I o)) 5 oaisij sgm luogad —T Jouo

Table 6- Fruit characters of pecan cultivars and genotypes between 2021-2023

do gy DSl b OO e dsb

s o3 _— 3,5os Fruit . i F_rU|t Fruit

23 ) dilaie vield weight eE o920 A3 width length
Row Cultivar Place (kg.treed) o) Shell thickness Fruit length (W) L)
9 (mm) to diameter (cm) (cm)

1 G3 0.55 10.37 0.62 1.8 2.29 4.05
2 G4 s 0.85 5.76 0.88 1.8 2.17 3.91
3 G43 Ggr’; o138 12.05 0.85 18 228 4.14
4 G63 g 0.83 9.59 0.86 1.7 2.39 4.08
5 Comanch 0.96 10.63 0.85 1.9 2.16 4.06
6 G3 0.81 6.33 0.7 1.8 2.35 4.1
7 G4 B 0.89 7.78 0.85 1.8 2.21 3.93
8 G43 0 1.83 11.42 0.85 17 2.35 3.94

Gonbad
9 G63 1.49 7.87 0.84 1.7 2.31 4,01
10 Comanch 1.11 9.05 0.83 1.7 2.22 3.81
Jslas Min 0.55 5.76 0.62 1.7 2.16 3.81
Sl Max 1.83 12.05 0.88 1.9 2.35 4.14
oo Mean 1.07 9.08 0.81 1.77 2.27 4

Ol ys Gy oo Standard deviation 0.37 2.01 0.08 0.06 0.08 0.1

odp) 395 (g9Swg Sla ojlul 4y (i cdloye ()3 g 039 0ge
Pyl (6 pS1as gad olyed diwgy s ot ST ol ply ool
(McKay, 1947) cosl jao (05 5 b (piz @y 28 £959 9

OMS Sop s gepd SLEBledS Sl gy 0F (b laogee
( SLidlod )5 5l amy olo dus b iy o 263 0l Chual & g 03505
wd 0)9 cpl Ll jd g atsl Liulj8l Bgy Sesy ojlul il s
Crane & ) sy o 355 2o o)l & Loy ogee wb 5 SasS
.(Hardy, 1934

PR CTUSR NN £ S | R PN WO P L S WL RSV
GBS » oble 5 @wlss 15 9 e cod sbcay)
A5 53 08y 93 o &S Cal Jl 3 ol sy Gl st
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EL il 5 ol ol o sl 0 03y] ¥ S5 3 Lidlod S
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w0 J1TCA i )3 03)5 Ghiay 0993 Job )l (pleg 3 Sles
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w39 Wligy 5 55y o8) 2 dg Lesiigay Uies b)) 2 83200055 0393 Job (nyieS 5 (39) V) lale 98y ) 20005
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Pl don &8 300l (L3 ¢y S 93 (b J585> 0 OIG )ls

Table 7- Vegetative characters in two place between 2020-2024

. . . &b
o5, o%e ) & g9 o5 M5y 093 deb . IO sy ole 22,b g9 ol
Cultivar  Place Grquth Abscission Growth Vigority Growth Time_ of i z
begining length (day) habit Bearing Time of
harvest
5,5 ' - 55 b i
G3 G‘(J)rgan o298 W »la 242 ‘l\s/lidiumz §390 pow Jlo ool ¥
2 April 30 Nov. strong Upright 3Myear Oct 26
G4 L.)f-'))9)é W )ST ) 243 Ja“’?"‘ SR9es f’)Le(‘? JL“’ Dl"ou ¥
2 April 1 Dec. Medium Upright 41 year Oct 26
prig Y/
. y 55 Lo :
G43 98 V¥ Ay 245 ‘l\s/lidlumz B3l pow Jlo ol #
2 April 5 Dec. strong Upright 3Myear Oct 26
G63 98 \F Ala 240 buwgie 03 yiuS ik Jbo olog)ll 6
2 April 30 Nov. Medium Widspread 4" year .Oct 26
Y/
ulﬁ’l‘ 2292 W )')‘ i 247 L'\jlidlumﬁt; S2908 f)u@ «.JL“" oLcuU ¥
2 April 5 Dec. strong Upright 4" year Oct 26
wlosS 023598 YA )'Ji a 237 $98 (§3908 pow Juo °l‘[)u 4
] 2 April 30 Nov. Strong Upright 3Myear .Oct 26
Y/
G3 5 O20y98 ¥ S 257 $98 (§3908 pow Juo oloyge Y+
Gonbad March 23 5 Dec. Strong Upright 3hyear Oct 26
G4 L.)”u‘>)9)'é ¥ )'>T W 256 14“’9“‘ Sd908 f)u@ «.JL“" bLo)'?(Q v
March 24 5 Dec. Medium Upright 4" year Oct 26
G43 o297 AT 257 oo Semi-upright P Ju sloge 1T
March 24 5 Dec. Strong 3Myear Oct 15
G63 RIPER SIF 257 Lawgio 03 i pow Jlo oloygen ¥+
March 23 5 Dec. Medium Widspread 3hyear Oct 26
ul.tch C)i{")f)s o )')‘ \\c 256 L'\jlidlumi: LS'!?‘”C [ &.JL“’ bLo)V W
25 March 5 Dec. strong Upright 3Myear Oct 26
; N 55 by
oS 2298 0 Sy 256 K;/Iidiumg &33a8 pom Jlo olo o VY
] 25 March 5 Dec. Upright 3hyear Oct 26

strong
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Figure 1- The fruit length and width changes of pecan after pollination by week (Red line:Fruit width, Blue line: Fruit
Length)
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Table 8- Fruit shape and nut color of pecan genotypes and cultivars due to descriptor

gl nd) 2900 JSud e )
Cultivar/Genotype Fruit shape Kernel color
G3 I 4l (gt Sy p)S
Oblong elliptic Cream
G4 5 el (g el
Oblong elliptic Golden
G43 )I'> d‘:’.9')' Cyan «Sj) P)'{
Oblong elliptic cream
G63 s o
Elliptic Golden
&logs I gl s Ordgy Slog
Comanch Oblong elliptic Light-brown

5 B Bl OMKde 5 03 (i pliwl > dg2ga
92 & b ol Adlie s gl 5l Sy o el
OB e mdleys (b)) d)S el (ialj g (iag) Ay
09 oliwl de350 (S5 Jewsly 1 oolatwl Gua b liel o
P dawgi g By lp )9S )3 d2ee 5)bS P b anglie
Ao 90 uls axiliy 8 )F e bl j was Gl el
hls oai Byne Sy Jl (S &5 w3 LS G5
s el p il &5 AL o0 39290 (5515 Bl L By iyl
Ay Jad Job g2 algd 350 gl 5 23k gl sy Lo
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ol (5508 S350 ISy 1550 5 2090 3y e B s
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