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Extended abstract
Introduction

Basil (Ocimum basilicum L.) is one of the most important species belonging to the Lamiaceae family,
with diverse applications in food, medicine, and cosmetics. Recently, heavy metal pollution has been
considered a major stress factor responsible for reducing plant growth and agricultural productivity
worldwide. These pollutants are harmful to the environment and to living organisms, including plants,
animals, and microorganisms. The rapid growth of the global population, industrialization, and the
expansion of mining and metal ore processing have contributed to the widespread distribution of heavy
metal pollution worldwide. Human activities, including mining, agricultural expansion, intensive use of
pesticides and herbicides, and irrigation with heavy metal—contaminated water, further exacerbate soil
contamination. Among heavy metals, arsenic is particularly concerning due to its high toxicity and
destructive effects on the environment and living organisms. Arsenic is a non-essential and highly toxic
element for plants. It is readily absorbed by plants, where exposure to arsenate (AsV) inhibits growth,
disrupts physiological processes, and may ultimately lead to plant death. Inside plant cells, AsV can
enter essential metabolic pathways, such as oxidative phosphorylation and ATP synthesis, by
substituting for phosphate groups. One promising strategy to mitigate heavy metal stress is the
application of newly identified plant growth regulators such as coronatine. Coronatine, a phytotoxin
with broad host specificity, functions as a potent signaling molecule with diverse physiological roles in
plants.

Materials and methods

This experiment was conducted as a factorial arrangement in a completely randomized design (CRD)
with three replications in 2016. The experimental factors consisted of two soil conditions (non-
contaminated and arsenic-contaminated, with o and 4576 mg kg™! arsenic, respectively) and three
coronatine foliar-spray concentrations (0, 50, and 100 nmol L1) applied to basil plants. After seed
emergence, the seedlings were thinned in several stages, and ultimately ten uniform plants were retained
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in each pot, spaced approximately 2—3 cm apart. Coronatine (C1sH25NO4; 319.401 g mol™!; Sigma,
Japan) was sprayed at concentrations of 0, 50, and 100 nmol L1 at the 4—6 leaf stage until the leaves
were fully wetted. To evaluate the effects of arsenic stress, coronatine application, and their interaction
on basil, three plants were randomly selected from each experimental unit at the full flowering stage
(approximately 80 days after planting), and various morphological, physiological, and biochemical traits
were measured.

Results and discussion

The results showed that arsenic contamination significantly decreased morphological traits of sweet
basil, including leaf number, leaf area, leaf dry weight, and stem height, compared with the non-
contaminated soil. Moreover, coronatine application improved all morphological and biochemical traits
of sweet basil under both arsenic-contaminated and non-contaminated soil conditions. Arsenic stress
decreased leaf number, leaf area, leaf dry weight, and plant height in plants grown in contaminated soil
compared with those grown in non-contaminated soil. Arsenic stress also reduced physiological traits,
including chlorophyll content and relative water content (RWC). In contrast, foliar application of
coronatine enhanced growth and improved both physiological and biochemical performance under
arsenic stress. In particular, application of 100 nmol L1 coronatine increased leaf dry weight, plant
height, and RWC by 35%, 32%, and 33%, respectively. Moreover, biochemical traits were affected by
both arsenic stress and coronatine foliar application, such that proline, phenol, and flavonoids increased
by 91%, 95%, and 94% in arsenic-contaminated soil treated with 100 nmol L1 coronatine compared
with the non-contaminated and non-sprayed control. Overall, these findings indicate that coronatine,
as an effective plant growth regulator, has substantial potential to mitigate the detrimental effects of
arsenic toxicity in plants. Nevertheless, further studies on other plant species and a wider range of
coronatine concentrations are recommended.

Conclusion
Coronatine can be proposed as a promising plant growth regulator capable of alleviating the adverse
effects of arsenic contamination in sweet basil and potentially other vegetable crops.
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Table 5. Effect of coronatine on the physiological and biochemical characteristics of basil under arsenic stress

“m— e ‘”m Sy e
@l adede s b udoyls S5 Judgls Syl Electrolyte
S.0.V Olpdi @be gy Chla Chlb  Chltotal RWC leakage
Arsenic (Ar) Sy 2.47 0.32™ 4.417 943.08™ 1067.14™
Coronatine (Cor) oilg,s 2.09™ 0.42™ 2.15" 367.9™ 873.35™
Ar xCor ST x eyilig 55 0.09" 0.08™ 0.02" 60.92™ 264.48™
Error i lojl obacisl 12 0.05 0.01 0.3 14.55 5.72
CV (%) Ol il 0 6 9.5 28.02 16 4.61 5.23
Table 5. Continued 010 Joua
M”i i S igighd
ol wballeo golle o492 Total phenolic  Total flavonoid
S.0.V Oldi gl gy Malondialdehyde  Proline content content
Arsenic (Ar) Syl 1 4,74 36.4™ 199.53™ 90.49™
Coronatine (Cor) onleys 2 455" 1.98™ 17.5™ 22.01™
Ar xCor S yT x(piligys 2 0.52" 7.54" 3.5" 1.31™
Error b3l obanisl 12 0.12 0.09 0.28 0.15
CV (%) e 9 10 7.43 8.39

.CAM‘M)Q\5&Jl&.’l}‘@]a‘u)ds)b‘sgns)bwQBL&JPAC;.AZJ):@**E ¢

* Ns

NS, * and ** are non-significant, significant at p<0.05 and p<0.01, respectively



V- S )T (Sogll bl o o) loardinn 5 (oolidsn, Sloogas y uilis)S b o) Ken 5 (s

bagi oy, jlmwgn e Jolye (Saijlojl o 4
0355, oyl Lals (Arabi et al., 2017) sl S|
Lo 5 i gl b ST 25 oo (6 yimgid sla
SalS Crge Sl wisges Lo a5 (Sil et al., 2019)
IS Jds,ls b L 5@ Lds 1) (s5mmsid slaosSS)
D9 ge paiS g s Lad (b 5o i A (W55,
Gheysari et al., ) o w (i iomed Sl guod
peedls 5 (Davoudi et al., 2017) Jss «2016
b ga Lig ls zals c>ge (Poursaeid et al., 2020)
2 0l G ad by )0 eSS 9 S 8s,lS
slaBooly oo (il g ade )5y Judg)lS (slyma
Oetred Oyl 09>y e blil Lis bl e N
gal L lampl colld glojl Gl 5l S
wge LS, aldg IS sign g sLg,eas sl Sl
(Siletal, 2019) sgs oo LA,y pud gl jo al3-loe
Lawa 351 e yedlgms 09,5 b (e DI e [iiSom
Soltani et) coul ool lore bl (ol pnslSa (2 S ote

.@l., 2006

S g 5loo j S
555 53 1 osl BT L5 oS ol s talej] ol s
58 Jdo)l5 lyme yr (ailiayS slegd 5 Syl 15
Lol Jelie il 5 009 Jlo gins JS 5,15 5D Ldg 15
odaline 7 Jgaz )3 a5 jeblen (B Jguz) sgs o gine
50 @ Jdo I lake (rals o Skl (i 09 00
4 oagll Sy caizainS ol o IS Ldg IS
a5 3l ST )0 snbicS (glalon, 4 o S|
0ibs,S Sl dslme o jlosliiul .l onys S S|
IS JedoylS 9 b L5 @ Jdg)lS (e SRl s
ol Glgme oless ilgs chale (IRl L g ws S
5 (V5 7 Jolaz) &b Bl 58 (s ytmmgsd slao )
2 U5 JaS 9 b bds)ls 5@ 8l (e e
o GiligyS ;o 5o Joe gl Ve e cbale b (oBb Joloe
Y Jgoz) o

J29,15) (s 7mgid sloo 255, Gliee jeSoixr halS
Siy| G5 2o LS 0 (S Jeds) IS b Jids)l5" @
Ailgs co ol cpl sl golannST sl Cany Sl

ST G 2 3loxs 5 (2o 9 Sa399 528 SS9 3 ilissS b bl Sskme b 5 Jgur
Table 6. Effect of coronatine on the physiological and biochemical characteristics of basil under arsenic stress

&lgixo

i S Segighld
<l S 5 Total Total
Syl S Sy Electrolyte sidllieo glle o9 phenolic  flavonoid
Arsenic Coronatine  RWC leakage  Malondialdehyde Proline  content content
nmol Lt % Nmol.gt fw mmol.g! fw mg GAE.g? fw
a00g)T S 0 63.78¢ 37.52 3.71° 2.31° 5.41° 4.62°
c b b b b
] 50 76.97 25.46 2.63b 3.71 8.44 6.86
Soil contaminated 100 85.63" 16.26° 1.28¢ 5.6 10.222 9.372
with arsenic
Sy T gy S 0 85.23° 14° 2.15P 0.52¢ 0.51 0.5
Soil without 50 90a° 10.66° 1.5¢ 1.02¢ 1.04¢ 1.13¢
arsenic 100 94.582 8.33¢ 0.99° 1.61¢ 2.54¢ 2.25¢

sl (5518 9051 auo 0 B Jledtrl pedas 40 o sime BB pae SKbles (g 12 50 S jides g >
The means in each column followed by similar letter(s) are not significantly different using Duncan’s test (p<0.05).
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Table 7. Effect of coronatine on chlorophyll content of basil under arsenic stress

b Lo a Judg s b Judg b5 IS Judg ks
Treatmens Chla Chlb Total Chl
mg.gt fw
Sy a3 00901 S5
- i i 2.60P 0.51° 3.11°
S| Sc_nl contamlnated
Arsenic with arserllc
Selomm e 505 0.72¢ 4670
Soil without arsenic
owilig,s 0 2.18° 0.40° 2.58°
Coronatine 50 3.28° 0.62° 3.9%
(nmol L) 100 4.412 0.812 5.22%

sl 58510 9051 a0 B Jleitorl s 5o o gime B pae SKibles gt ,2 50 S jde g,
The means in each column followed by similar letter(s) are not significantly different using

Duncan’s test (p<0.05)
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