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Extended Abstract

1. Introduction: Persistent pollutants that cause biological effects in the food chain are called heavy metals.
Heavy metals are more persistent than organic pollutants. This has become one of the most dangerous
groups of environmental pollutants. Cadmium has attracted much attention due to its toxicity at high
concentrations, and the effect of cadmium varies depending on the type of plant. Cadmium harms the
growth and development of plants. Also, the most obvious destructive effects of heavy metals on plants
are the reduction in the ability to absorb nutrients required for normal plant growth and development.
When the concentration of this element in soil is 8 mg/kg, it is considered toxic to plants. Selenium is one
of the main elements found in lettuce, which has particular importance in the nutritional status of lettuce.
In the hydroponic system, symbiotic fungi can improve plant growth. This study aimed to investigate the
effect of Serendipitia indica and selenium foliar application on the growth and biochemical and
physiological properties of lettuce under the conditions of heavy element cadmium contamination in
hydroponic culture.

2. Materials and Methods: To evaluate the effect of Serendipitia indica fungs and selenium foliar
application on the physiological characteristics, growth, and performance of red Little Gem lettuce under
the conditions of contamination with the heavy element cadmium, a factorial experiment was carried out
in the form of a completely randomized design with four replications under hydroponic cultivation
conditions. The first factor of cadmium toxicity in food solution (control, 11.85 and 18.7 mg/liter) and
the second factor of Serendipitia indica fungi (inoculation and non-inoculation) and selenium foliar
spraying in three concentrations (control, 75 and 150 uM) and the combined treatments of these two It
was an invoice. In this research, the wet and dry weight of leaf and root shoot, leaf number, chlorophyll
fluorescence, stomatal conductance, electrolyte leakage, symbiosis percentage, chlorophyll a, b, total,
malondialdehyde, hydrogen peroxide, soluble sugar, proline, catalase, ascorbate peroxidase, was
measured.

3. Results and Discussion: Selenium foliar application and inoculation with Serendipitia indica improved
growth indices and biochemical traits in lettuce plants under cadmium stress conditions. The application
of mushroom and selenium has a significant effect on leaf weight and dry weight, root weight and dry
weight, leaf number, chlorophyll fluorescence, relative water content, stomatal conductance, chlorophyll
a, b and total chlorophyll, carotenoid, ascorbate peroxidase, anthocyanin, proline, the percentage of
coexistence, electrolyte leakage, malondialdehyde, hydrogen peroxide and catalase. The application of the
treatment combination (0 pM cadmium + 150 pM selenium + inoculation of Serendipitya indica fungus
caused a significant effect on leaf fresh weight (95.90 g) and dry weight (4.92 g), root fresh weight (34.99
g) and dry weight (1.92), leaf number (20.48), chlorophyll fluorescence (0.897 ms), relative water content
(69.27%), stomatal conductance (31.97 mmol/m2/s), chlorophyll a, b (0.19 mg/g wet weight; 0.078 mg/g
wet weight) and total chlorophyll (0.626 mg/g wet weight), carotenoids (0.71 mg/g wet weight), ascorbate
peroxidase (0.067), proline (0.664 pg/fresh weight), percentage Symbiosis (89.75%), electrolyte leakage
(38.88%), malondialdehyde (0.067), soluble sugar (0.829 mg/fresh weight), hydrogen peroxide (0.090),
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and catalase (0.076). The fungus Serendipitya indica increases the amount of auxin and cytokinin in the
plant, and since auxin and cytokinin increase the production of adventitious roots, it is effective in
increasing the fresh and dry weight of the aerial parts. In the present study, selenium foliar spraying
improved the levels of chlorophyll a, b, total chlorophyll, and carotenoids in lettuce plants. In another
similar finding, selenium foliar spraying increased chlorophyll a, b, and carotenoids in lettuce leaves. By
improving the absorption of elements, the Serendipitia indica fungus increases the plant's resistance to
these conditions and enhances its growth and development in metal-contaminated soils. Selenium foliar
spraying showed that the use of elicitors increased the amount of proline, and with the intensification of
cadmium stress, the amount of proline increased.

4. Conclusion: From this research, it can be concluded that the use of symbiotic fungus (Serendipitia indica)
in foliar spraying of lettuce and selenium in a hydroponic system can improve the growth and absorption
of elements, and also the combined use of these two factors has a positive effect in comparison using
these two factors separately. More about the growth and physiological characteristics of lettuce.
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Table 1- Comparison of the average mutual effects of cadmium stress and elicitors of Serendipitia indica
and selenium foliar application on the morphological indicators and fungus Piriformospora indica of
lettuce plants

e Glosd S5 (S o A2y a5 o 4y A0 Sr A0k
Treatment Treatment combination Coexistence root d weight (2) root fresh leaf fresh
percentage Yy welght (8 weight (g) weight (g)
0 0.00f 1.69 def 25.14 defe 86.98 °f
Z - (Se 75 UM ) Yg05,500 YO ol 0.00F° 1.74 bode 27.39 cde 88.98 ¢
5
8 E Se 150 pM ) Yg09,50 10+ pouiles 0.00F° 1.76 bode 29.59¢ 91.75 ¢
g CG\ S.indica 86.00° 1.81 abe 31.96° 92.75°¢
§ i3 Se 75 uM+S.indica 88.502 1.852 33.18® 94.84 ®
Se 150 uM-+S.indica 89.75% 1.922 3499° 95.90 *
0 0.00f 1.67 df 21.78 1 80.00
N (Se 75 UM ) Yg0g,500 VO pouil 0.00 1.69 4f 33.74 feh 81.40 &hi
94 .
g R (Se 150 pM ) Vgoq, 50 1O+ pguiden 0.00f 1.71 cdef 25.13 ¢fed 82.68 ghih
E \EA S.indica 77.50° 1.73 cde 24.80 °f 83.36 ¢
= Se 75 uM+S.indica 74.25% 1.76 bode 26.14 Efd 85.04 &
Se 150 uMsS.indica 74.25% 1.79 bed 27.66 < 87.09 <
0 0.00f 1.60°f 20.591 7443 m
N (Se 75 UM ) ,Y 504,50 YO pouiles 0.00f 1.66 ¢ 21.23 76.89 ™
94 . .
23 (Sel150 UM ) Yges, S 10+ poile 0.00° 1.68 df 22.81 ¢ 77.21 fkm
E \E\ S.indica 63.75% 1.72 cde 22.95 ieh 79.67 ki
N Se 75 uM=+S.indica 65.50% 1.77 bede 23.72 feh 80.67 i
Se 150 uM+S.indica 69.75¢d 1.82 abc 24.65 83.69 ehi
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Common letters in each column indicate no significant difference at the 5% probability level of the DUNKAN test
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Table 2- Comparison of the average effects of cadmium stress on the morphological indices of lettuce

plants
Cadmium stress Number of leaf Dry weight of aerial parts (g)
0 20.08 * 4.10°
Yo Veeq S 19.24° 4.02°
30 uM
Fe Vsag S 17.75¢ 3.86°
60 uM
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Common letters in each column indicate no significant difference at the 5% probability level of the DUNKAN test.

Sl ponidw (Ll Jolxo 9 L0 b/ Loyl pw ) (5l g | O 31 (5uSSlio duns Lo - Jgu

92 ol S 59l 590
Table 3- Comparison of the average effects of Serendipitia indica mushroom elicitors and selenium foliar
application on the morphological indicators of lettuce plants

NS S ol (p5) Sp S 0
Treatment Number of leaf Leaf dry weight (g)
0 20.48 ¢ 422°¢
Ygeg,See VO pouiles 22.08¢ 4.72¢
(Se 75 uM )
Vong Koo 10+ poeils 27.75° 5.65°
(Se 150 uM )
S.indica 23.50¢ 4.504¢
(Se 75 uM »S.indica 25.00 453«
Se 150 uM=+S.indica 25.91° 4.92°
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Common letters in each column indicate no significant difference at the 5% probability level of the DUNCAN test.
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Table 4- Comparison of the average effects of cadmium stress on the physiological indices of lettuce plants

Ede oS sl . laiig, Culon
. 9 JS s s SR
P9resl o Electrolyte Total chlorophyll (mg gFW-1) Stomatal conductance(mmol m™= s™)
leakage (%) pryfimg s
0 43228 0.221 26720
. 0.198°
30 uM
. 0.177¢
a9, 45.76" 23.70¢
60 UM

bl oo SIS (yg03T o yd gy Jledia | gdaw 30 HIo Sxe glds Sibles (ygimw B 53 aslino Bg >
Common letters in each column indicate no significant difference at the 5% probability level of the DUNCAN test
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Table 5- Comparison of the average effects of Serendipitia indica mushroom elicitors and selenium foliar
spraying on the physiological indices of lettuce plants
oS 439, Colan Js g ls oy Sl
Treatment Stomatal Total chlorophyll (mg gFW-1)  Electrolyte leakage (%)
conductance(mmol m? s!)

0 24.04¢ 0.201f 38. 83
Vaeg,Sa VO pguiles 28. 854 0.3414 37.209°
(Se 75 uM)
Yoag, S VO poiles 28. 944 0.584° 34.57¢
(Se 150 uM))
S.indica 30. 00¢ 0.300° 34.82°¢
Se 75 »S.indica 30. 39 0.352¢ 32.694
uM
Se 150 +S.indica 31.97* 0.626° 29.89¢
uM
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Common letters in each column indicate no significant difference at the 5% probability level of the DUNCAN test.
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Table 6- Comparison of the average mutual effects of cadmium stress and elicitors of Serendipitia indica
and selenium foliar application on the physiological indices of lettuce plants

oS Syl oS RWESTT) b Lsg l5 a Jbs)ls o Slgie by ks
Treatment Treajtme.nt Carotenoid (mg  Chlorophyll b Chlorophylla ol RN
combination g1 FW) (mg g-1 FW) (mg g1 FW) Relative Chlorophyll
water fluorescence
content (%)
0 0.44f 0.050 ¢ 0.14¢ 60.02 ¢ 0.807 ¢
Yg0g,5s VO pguiles 0.46°¢ 0.055f 0.16 ¢ 60.37°¢ 0.887 ab¢
Se 75 uM)
cb c b e ab
g :f VO g 0.53 0.065 0.18 60.45 0.897
g (6_\ Se 150 ))Y}“ﬁ)iﬁ"’
e (UM
3 £ S.indica 0.57° 0.070 ®* 0.16 ¢ 65.95°¢ 0.870 2bed
Se 75 uM=+S.indica 0.58° 0.074° 0.18° 67.82° 0.917*
Se 150 +S.indica 0.712 0.078 * 0.192 69.272 0.937%
uM
0 0.39' 0.051 0.12" 49.101 0.705 !
Yg0g,S0 YO pguiles 0.52 < 0.066 ¢ 0.14¢ 50.231 0.727 &hi
(Se 75 uM )
e h i e h abed
» f Vgog,5u0 10+ pos 0.41 0.044 0.15 5345 0.870
= \i/\ (Se 150 uM )
< o f h
= S.indica 0.48 4 0.054 dfe 0.13 57.70 ¢ 0.887 ab¢
Se 75 uM=S.indica 0.63° 0.073°® 0.15¢ 59.00 f 0.897 ®
Se 150 +S.indica 0.51°¢ 0.070 b¢ 0.16 ¢ 60.25 ¢ 0.807
uM
0 0.33 1 0.40 1 0.111 40.7 " 0.710 i
Ygog,Seo VO pgiles 0.43¢ 0.065 © 0.12 % 40.8 " 0.782 °f&
Se 75 uM)
S f i d ofy
2 f Vgog,See 10+ pou 0.44 0.043 0.14¢ 60.02 0.795 <&
E }« (Se 150 uM )
o S.indica 0.58° 0.047 " 0.16 ¢ 60.37 ¢ 0.797 °fe
Se 75 uM+S.indica 0.46" 0.058 ¢ 0.18° 60.45 ¢ 0.802 df
Se 150 +S.indica 0.53¢ 0.061 ¢ 0.16¢ 65.95¢ 0.827f
uM
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Common letters in each column indicate no significant difference at the 5% probability level of the DUNCAN test.
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Table 7- Comparison of the average effects of cadmium stress on the biochemical indicators of lettuce

plants
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Cadmium stress Hydrogen peroxide(pm) Sugar(mg g-1 fw) M.D.A(nmol g-1 fw)
0 0.072¢ 0.65¢ 0.054¢
Y Y-
MsessSes 0.085" 0.74b 0.062°
30 uM
s,
MsessSes 0.095° 0.83 0.072°
60 uM
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Common letters in each column indicate no significant difference at the 5% probability level of the DUNCAN test.
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Table 8- Comparison of the average effects of Serendipitia indica mushroom elicitors and selenium foliar
spraying on the biochemical indicators of lettuce plants

0590 dS Ty

e : Joloe 03 KWV PN odle

Treatment Hydrog(ilngeromde sugar(mg g-1 fw) M.D.A(nmol g-1 fw)
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Common letters in each column indicate no significant difference at the 5% probability level of the DUNCAN test.
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Table 9- Comparison of the average mutual effects of cadmium stress and Serendipitia indica mushroom
elicitors and selenium foliar application on the biochemical indices and cadmium concentration of lettuce

plants
S Solesd S 5 Oelon VB ol oSl O 50 paesls clale
Treatment Treatment combination Proline Catalase Ascorbate len
(umol g-1 fw) (U g-1 fw) (U g-1 fw) Cadmium in the
aerial parts(mg/L)
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Common letters in each column indicate no significant difference at the 5% probability level of the DUNCAN test.
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