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Extended Abstract

1. Introduction: Basil (Ocimum basilicum L.), as an annual plant, belongs to the family Lamiaceae, native
to Asia (Iran, India, Pakistan, Thailand, etc.) and grows in warm and semi-warm regions. Arsenic (As) is
a highly dangerous heavy metal for plants and human. This quasi-metal is widely distributed in the earth's
crust, and also is the twentieth most abundant element in the earth's crust. Selenium (Se) is a non-metallic
chemical element and also has similarities to arsenic. Global interest in the biological effects of selenium
on the environment and the food chain is growing because selenium is essential as a micronutrient for
many organisms, including humans and other animals (although it is toxic in high concentrations). Given
that arsenic is one of the most important factors limiting crop production in the agricultural sector, it
seems necessary to conduct researches in this field to eliminate or reduce the toxic effects of these element
on agricultural plants.

2. Materials and Methods: In this study, the effect of selenium on increasing the tolerance rate of basil
plant against arsenic heavy metal stress was investigated as a factorial experiment based on completely
randomized design under greenhouse condition. The first factor included arsenic-contaminated soil (4576
mg kg) and non-contaminated soil, and the second factor included different concentrations of selenium
treatment (0, 5 and 10 mg L"* selenium sodium). Foliar application of selenium was conducted at two
stages. The first stage of foliar application was carried out at 4-leaf stage and the second stage of foliar
application was done two weeks after the first stage. Leaf number, leaf area, stem height, fresh and dry
weight of leaf and stem, chlorophyll and carotenoid content, free proline content, phenol, flavonoid and
anthocyanin content, electrolyte leakage and antioxidant enzymes activity were evaluated at the end of
the experiment.

3. Results and Discussion: The results showed that arsenic stress negatively affected the morphological
traits such as leaf number and area, fresh and dry weight of leaf, fresh and dry weight of stem and plant
height, but selenium treatment alleviated the toxicity of arsenic and increased the values of these traits,
so that treated plants had higher values of morphological characteristics comparing to control plants under
arsenic heavy metal stress. The highest values of morphological traits were observed in plants treated
with the highest concentration of selenium (10 mg L™). In terms of physiological traits, arsenic heavy
metal stress reduced the values of some of these traits, so that the lowest amounts of chlorophyll a,
chlorophyll b and total chlorophyll, anthocyanin, phenol, and flavonoids were recorded in plants grown
in arsenic-contaminated soil without foliar application of selenium. On the other hand, the lowest activity
rates of guaiacol peroxidase, catalase and ascorbate peroxidase were observed in plants grown in non-
contaminated soil and without selenium foliar application. Also, the both arsenic stress and selenium
treatment increased proline accumulation and soluble sugars content of treated plants comparing to
control plants. Heavy metal stress increases the production and accumulation of reactive oxygen species
(ROS) and damages the membrane structure resulting in more electrolyte leakage. Selenium application



led to increasing plant resistance rate against arsenic stress, mainly by enhancing cells antioxidant
capacity and osmotic potential.

4. Conclusion: Considering basil is one of the most important aromatic vegetables which has fresh
consumption, crispness and wateriness of its leaves and young shoots is one of the most important
commercially traits which directly affect crop marketability. Considering arsenic stress has a negative
effect on leaf morphological traits (number, area, fresh weight and dry weight) and stem characteristics
(fresh weight, dry weight and height), it is recommended to use selenium foliar application as an efficient
technique to overcome adverse effects of arsenic stress on basil production in regions with contaminated
soils.
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Table 1 - The influence of selenium foliar application on leaf morphological characteristics of sweet basil
under arsenic stress
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under arsenic stress
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Table 3 - The influence of selenium foliar application on chlorophyll content of sweet basil under arsenic

stress
o ol o pgaibs Lo 8 Jdg,ls b deds 5 IS e )ls
St G S GopesS neS)  GowesS peSsks)  Goses »eSde
Arsenic Selenium Chlorophyll a Chlorophyll b Total chlorophyll
contamination treatment (mg L) (mg g-1 FW) (mg g-1 FW) (mg g-1 FW)
treatment
S| @ 034l S5 0 2.11¢ 0.3¢ 2.76¢
Arsenic 5 2.98¢ 0.45% 3.63¢
contaminated soil 10 3.08¢ 0.59¢b 4.63¢
S IRCERE 58 0 3.11¢ 0.35¢ 3.73¢
Soil without 5 436b 072b 56b
arsenic 10 5.78 0.9° 6.83%
O s ,0 0 Jloil zhaws [0 (Sils (glarals sz (yg05] bl 11 cygi 12 10 S ie By, slls slanSilee
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In each column, means followed by the same letters are not significantly different according to Duncan’s
multiple range test at 5 % probability level
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Figure 1- Effect of selenium foliar application (a) and arsenic treatment (b) on carotenoid content of sweet
basil. Means followed by the same letters are not significantly different according to Duncan’s multiple
range test at 5 % probability level
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Table 4 - The influence of selenium foliar application on enzymatic antioxidants of sweet basil under
arsenic stress
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S| O e k) £ 2 0219 sk 2 9=19) P ke 2 0=19)
Arsenic Selenium - .. (aid o (ai L.
contamination treatment (mg L) (4433 » (eign WSS 2 P B R Pon
treatment Guaiacol Catalase Ascorbate
peroxidase (U mg* (U mg* protein peroxidase (U mg™*
protein min) min) protein min)
S| 4 03gf S5 0 0.14¢ 1.42¢ 3.28%
Arsenic 5 0.320¢ 2.41° 4,945
contaminated soil 10 0.532 3.762 7.392
S IRCERE (B8 0 0.07¢ 1.14¢ 2.60¢
Soil without 5 0.19¢ 1.49°¢ 3.64°¢
arsenic 10 0.29° 2.11° 4.77°
O s y0 0 Jlotil zhaws [0 (Sils (glarals sz (g5l bl 11 ciygi 1o 10 S ie By, slls slanSilee
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In each column, means followed by the same letters are not significantly different according to Duncan’s
multiple range test at 5 % probability level
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Table 5 - The influence of selenium foliar application on non-enzymatic antioxidants of sweet basil under
arsenic stress

@ Sodl s poaibes o 2 J505,500) eilewgisl 0 e S o) JsB )5 e S ) adsisdld
S| Gl o p S k) (S25 o3 055 (S22 09 (S22 039
Arsenic Selenium Anthocyanin Phenol Flavonoid

contamination treatment (umol g DW) (mg gt DW) (mg g DW)

treatment (mg LY
S| &y 035515 0 1.21% 1.64 7.41¢
Arsenic 5 143d 3.22°¢ 932b
contaminated soil 10 2.31b 5.35P 10.822
S| 036 S 0 1.03¢ 2.08¢ 8.1¢

Soil without 5 1.74°¢ 473b 864Cb

arsenic 10 2.742 7.692 9.13°
O a0 )0 0 Jlois| mhans 5o Sl slasals si 903l Lol o cygim o 50 S ie g > glls laSileo
a5l Sl e

In each column, means followed by the same letters are not significantly different according to Duncan’s
multiple range test at 5 % probability level
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Table 6 - The influence of selenium foliar application on biochemical traits of sweet basil under arsenic

stress
a4 Tl o poeibe Lo Oddan Jelore slon sl olle BT
S| Gl pSde) 5 pdsmsSen) o5 peSd) (5 ojs e 2 Jsesl) @
Arsenic Selenium (Sz3 o5 G o) Malondialdehyde Electrolyte
contamination treatme_?t Proline Soluble sugars (nmol gt FW) Ieal:age
treatment (mg L?) (umol g DW) (mg g FW) (%)
S| 45 0041 0 1.37° 47.25¢ 2.03? 41.512
Arsenic 5 2.25° 72.3 1.81° 30.17°
contaminated soil 10 3.212 93.742 1.28° 15.81%
S,y 03l S5 0 1.34° 41.54¢ 1¢ 17.19¢
Soil without 5 1.12¢ 5139dc 0.83¢ 1043de
arsenic 10 0.85° 59.54¢ 0.63f 5.39¢
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In each column, means followed by the same letters are not significantly different according to Duncan’s
multiple range test at 5 % probability level
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