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The effects of drought stress and foliar spray of nano selenium and quantum dot

on the growth and some physiological traits of Rosmarinus officinalis L.
Lamia Vojodi Mehrabani®*, Khadijeh Khani', Neda Azezi!, Rana Valizadeh Kamran?

!Department of Agronomy and Plant Breeding, Faculty of Agriculture, Azarbaijan Shahid Madani University; 2 Department of
Biotechnology, Faculty of Agriculture, Azarbaijan Shahid Madani University
Corresponding author: Lamia VVojodi Mehrabani,vojodilamia@gmail.com

Abstract. To investigate the effect of drought stress (field capacity, 50 and 30% of field capacity) and foliar spraying
with selenium nanoparticles and carbon quantum dots (zero and 2 mg L) on the growth and some physiological traits
of rosemary; a factorial experiment was conducted in a completely randomized design in the research greenhouse of
Azerbaijan Shahid Madani University. Irrigation at field capacity and 50% of field capacity with duantum dot carbon
spray increased the aerial part dry weight, nitrogen, and soluble solids content in the plant. The highest
malondialdehyde content was observed in the 30% field capacity in the condition without foliar spraying. The proline
content was increased by 50 and 30% field capacity with the application of carbon quantum dot nanoparticles. Field
capacity treatments, 50 and 30% of field capacity with carbon quantum dot foliar application increased the essential oil
content. Rlative water content, carotenoid, chlorophyll b and phosphorus content increased in the field capacity and
50% field capacity treatment with both nanoparticles foliar application. Overall, the results of this study showed that the
use of carbon quantum dot nanoparticles had a positive effect on the growth and physiological traits of plants under
drought stress.
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Table 1. Physico-chemical characteristics of soil (0-30 cm)

Soil N Kcontent | P content | Organic pH EC
Characteristics | content (%) (%) matter (dsm™)
(%) (%)
Sandy loam 0.05 0.6 0.8 0.58 7.2 13
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Table 2. Analysis of variance for the effects of drought stress and foliar spray on dry weight, plant height and some
physiological charactrastics of Rosmarinus officinalis L.

Source of | df | Arieal | Plant | Chloroph | Chlorophy | Carotenoi | Relative lon Malondialde
variation part | height yll a Ib d content water leakag | hyde content
dry content content content e
weight
Replication | 2 384" 1420" 41" 1.0 0.36" 11m 15" 24
Drought 2 52" | 1358" 24" 0.28" 0.47™ 45" 29" 96.1™
stress (D.S) )
Foliar 1 | 497" | 32147 107" 0.08" 0.28" 8.8™ 47" 54"
spray (F.S)
DSxFS | 2 153" 85" 39" 0.75" 1.74™ 35" 10.8™ 189"
Error 16 3.8 31 4.5 0.001 0.17 17 11 39
C.V (%) 6.2 4.1 6.4 5.3 11 8.0 10.2 10

wiiboe vy ) 50 Jleisl mdaw jo jlo goe BB 5 lo ge B puc popie 4 o 5 4

L ns
.

ns, * and ** refer to nonsignificant and significant differences at 5 and 1% probability levels, respectively.
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Table 3. Mean compression for the interaction effects of drought stress and foliar spray on growth, Photosynthetic
pigment and relative water content of Rosmarinus officinalis L.

Drought Foliar Arieal Plant Chlorophyll | Chlorop | Carotenoi | Relativ
stress application (2 partdry | height (cm) a content hyll b d content | e water
mg L%) weight (mg g'FW) | content (mgg | content
() (mg g 'FW) (%)
IFW)
F.C. Without foliar 6.2° 15.0° 1.5° 0.9° 0.9° 81°
spray
F.C. Nano -Se 6.8° 16.2° 1.5° 1.12 1.1% 88
F.C. Q.D.C. 8.5° 18.9° 2.6° 1.32 1.32 922
50% F.C. | Without foliar 5.3 15.1¢ 1.3¢ 0.7° 0.8° 68°
spray
50% F.C. Nano -Se 6.9° 15.9° 1.8° 1.12 1.1% 81%
50% F.C. Q.D.C. 7.2% 16.2° 2.1%® 1.22 1.1% 89
30% F.C. | Without foliar 3.3 14.3¢ 0.8¢ 0.5° 0.5¢ 57¢
spray
30% F.C. Nano -Se 4.1° 15.1° 1.0¢ 0.5° 0.8° 67°
30% F.C. Q.D.C. 5.9 16.3" 1.4¢ 0.8 0.9° 71°

Field capacity (FC); Quantum dot carbon (Q.D.C.)
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Significant differences among treatments are indicated by different Latin letters based on Duncan's test (P<5%).
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Figure 1. Mean compression for the effects of drought stress on ion leakage of Rosmarinus officinalis L.
Significant differences among treatments are indicated by different Latin letters based on Duncan's test (P<5%).
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Figure 2. Mean compression for the effects of foliar spray on ion leakage of Rosmarinus officinalis L.
Significant differences among treatments are indicated by different Latin letters based on Duncan's test (P<5%).
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Table 4. Mean compression for the interaction effects of drought stress and foliar spray on some physiological
charactrastics of Rosmarinus officinalis L.

Drought Foliar Malondialdehyde | Total Proline Essential N P content (g
stress application (2 | content (nmol g* | soluble | content oil content Kg* DW)
mg LY) FW) solid mg g) content (g Kg?
content (*FW (%) DW)
(°Brix)
F.C. Without foliar 8.08¢ 0.8° 6.5¢ 0.27¢ 11.0¢ 13.0¢
spray
F.C. Nano -Se 6.40° 0.8° 7.2¢ 0.29° 12.3° 19.0%
F.C. Q.D.C. 5.11° 1.48 8.9" 0.41% 17.82 21.0°
50% F.C. | Without foliar 11.8¢ 0.7° 8.8" 0.32° 9.2¢ 10.2¢
spray
50% F.C. Nano -Se 10.2¢ 0.8° 10.2% 0.35P 12.4° 19.4%
50% F.C. Q.D.C. 7.60¢ 1.2% 12.42 0.472 16.8% 19.3%
30% F.C. | Without foliar 24.12 0.5¢ 8.1° 0.21° 8.80¢ 7.30¢
spray
30% F.C. Nano -Se 16.7° 0.7° 9.2° 0.32° 10.3¢ 10.2¢
30% F.C. Q.D.C. 15.9° 0.9° 10.3% 0.39% 12.9° 11.3¢

Field capacity (FC); Quantum dot carbon (Q.D.C.)

Gl oo o0ls L (P 70) SSls yg03T bl Siglite g ym b oyl (s o sine igles
Significant differences among treatments are indicated by different Latin letters based on Duncan's test
(P<5%).
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Table 5. Analysis of variance for the effects of drought stress and foliar application with nano Se and quantumdot
carbon on proline, essential oil and elemental content of Rosmarinus officinalis L.

Source of df Proline Total Essentiao oil N P content K
variation content soluble solid content content content
content
Replication 2 3.9 2.9 0.09" 9.2 2.7° 0.8™
Drought stress 2 8.7 5.5m 0.06" 10.5™ 15.3" 2.9
(D.S)
Foliar spray 1 6.2" 24" 0.08" 18.2" 34.2™ 1.09"
(F.5)
D.SxF.S 4 28.9™ 36™ 0.34™ 39.2™ 56™ 0.98"
Error 16 1.9 8.9 0.009 2.7 6.6 5.4
C.V (%) 4.8 13 2.6 5.6 10 9.3

ns, * and ** refer to nonsignificant and significant differences at 5 and 1% probability levels, respectively.
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Figure 3. Mean compression for the effects of drought stress on K content of Rosmarinus officinalis L.
Significant differences among treatments are indicated by different Latin letters based on Duncan's test (P<5%).

K content (gkg ' DW)

a
b
b
3
2
1
0

Without spray

Nano Se

Quantum dot carbon

Foliar spray

0L (PS10) S5 il obly Sstisa g, b ok (o Jfosine b5 5 a3 bty slsime v (o3 Jpbone 3l (niles asli —F S

Sl 00 o0lo

Figure 4. Mean compression for the effects of foliar spray on K content of Rosmarinus officinalis L.
Significant differences among treatments are indicated by different Latin letters based on Duncan's test (P<5%).
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