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Abstract

Background and objectives: Basil (Ocimum basilicum L.) is a plant from the Mint family and
the genus Ocimum, which has many species, among which O. basilicum is the most useful
economic species, and like other plants of the Mint family, it is a source of cyclic compounds and
essential oil. It is also known as a rich source of phenolic compounds (especially rosmarinic acid
and caffeic acid) and flavonoids. The plant's vegetative body contains essential oils. Linalool,
methyl chavicol, citral, euginol, cineol, geraniol, camphor, and methyl cinnamate are important
components of basil essential oil. As the most critical abiotic stress, drought stress plays a crucial
role in reducing the yield of medicinal plants. It causes numerous morpho-physiological and
biochemical changes in the plant. The performance of the effective substance is influenced by the
plant's economic performance and environmental conditions, including drought stress. Stress effects
are different at different stages of growth and development.
Methodology: To investigate the effect of ascorbic acid on native O. basilicum the native
population "Shahre-ray," under drought stress conditions, a factorial experiment in the form of a
randomized complete block design was performed in four replications on the research farm of
Horticulture Department of Mohaghegh Ardabili University in 2017. Treatments included drought
stress (complete irrigation and cessation of irrigation at the beginning of reproductive growth and
cessation of irrigation at 50% flowering) and ascorbic acid foliar application at four concentrations
of 0.0, 0.5, 1, and 2 mM. This experiment was field operated in May 2016. Before the experiment,
the bed preparation operation included plowing, disking, and leveling the ground. The plots of one
meter in length and width were created. The seeds were planted in three lines with 15 cm plant
spacing. 3-4 cm of rotted manure was used to cover the seeds. After determining the soil texture by
the hydrometric method, the mentioned treatments were applied to stress. On the first day, irrigation
was a flood, and after germination, irrigation was reduced. All traits were measured in the
Physiology Laboratory after the Horticulture Science Department of the Faculty of Agricultural
Sciences analyzed the data with SAS software. Also, the treatment averages were compared with
Duncan's multi-range test at a probability level of 5%.
Results: The results showed that with increasing drought stress intensity, total plant height, stem
length, number of leaves, and plant dry weight decreased by 36.08%, 39.75%, 51.26%, and 53.80%
compared to the control treatment, respectively. If ascorbic acid spraying could improve these
values, the highest root length was obtained under severe stress conditions (beginning of flowering)
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and treatment with ascorbic acid (15.83 cm), which showed an increase of about 31.91% compared
to the control treatment. Drought stress conditions increased proline and essential oil components.
Chlorophyll content also decreased under severe stress. Also, by applying drought stress, in all
studied traits, the highest amount of ascorbic acid treatment (concentrations of 0.5 and 1 mM)
increased, and higher concentrations decreased the content of studied traits. By analyzing the
essential oil of plant samples, the main compounds obtained from basil essential oil included
geraniol, methyl chavicol, alphapinene, caryophyllene, citral, coupon, carvacrol, neral, linalool, and
limonene. In most compounds, essential oil compounds and components were enhanced by
increasing drought stress and spraying. The highest amount of essential oil in the stress condition up
to the 50% flowering stage and sprayed with 2 mM ascorbic acid was obtained for methyl chavicol
compound (33.76%).

Conclusion: Applying ascorbic acid increased basil growth under drought stress and created
resistance in the plant. Therefore, due to the lack of water resources and the great need of plants for
water, it is possible to create resistance to stress in plants by spraying non-toxic and essential
elements on them.

Keywords: Ascorbic acid, essential oil, drought stress, plant dry weight, proline, Ocimum
basilicum L.
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Tablel. Physicochemical characteristics of the
experimental soil

Properties Soil
Organic matter 0.91
Total nitrogen (%) 0.014

Available phosphorus (%) 0.08
Available K (%) 0.03

Fe (ppm) 11.48
Mn (ppm) 10
Zn (ppm) 35

Cu (ppm) 0.82
PH 8

EC (ds.m™) 0.16
Clay %40

Sand %35

Silt %28

Loam %45
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Table 2. ANOVA of Ascorbic acid Foliar Spraying on Morphological Traits of Ocimum basilicum under Drought
Stress Conditions

Plant Stem Plant Dry Plant Fresh
\f’gﬁ;ﬁfo‘r’fs DF.  Height Roozc'rf)”gth Lengh "egnfz;ea N‘f::\/egs"f Weight Weight
(cm) (cm) © ©
Replication 12.22 12.56 221 0.00055 252.34 5.85 6.85
Droght Stress 2 2390.68™ 120.36™ 15.36.26"" 0.00099™ 38906.34** 202.90* 691.12™
Ascorbic acid 6  139.12" 8.35" 101.09"  0.00066™  10533.60% 55.48¢ 63.67"
Foliar Spray (A)
Dr(_)ght Stressx 12 31.84" 8.22* 475" 0.00084m 5334.95%* 3.31% 1.07m
Foliar Spraying
EXpeErr'rrgf”ta' 40 1398 1.38 14.46 0.0007 248.87 1.64 457
C.V. (%) 5.12 8.68 6.39 21.45 17.13 9.57 6.25
ns, *, and **: non-significant, significant at 5%, and 1% probability levels, respectively
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Figure 1. The effect of drought stress on fresh weight of Ocinum basilicum
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 2. The effect of Ascorbic acid foliar spraying on fresh weight of Ocimum basilicum
Means with common letters are in the same statistical level.
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Table 3. Means comparison of drought stress x ascorbic acid foliar spray interactions on
growth parameters of Ocimum basilicum
Ascorbic acid Total
Drought stress foliar spray plant Lljr?o;[h Stem Lengh Number of P\I/?/r;} ?]:y
g concentration height (cn%) (cm) Leaves ( g);
(mM) (cm) g
0 80.83%d 12.00°9 65.83%¢ 58.83¢f 150.832
L 0.5 77.08%¢ 9.83¢9 63.08%d 73.33¢ 153.002
Full irrigation
1 84.002¢ 11.83¢9 68.16%® 123.67¢ 104.83¢f
81.16%d 10.501 66.66%® 112.67¢ 103.00%9
0 70.00%F 13.83%9 56.16¢ 61.83% 148.83%®
Irrigation Cut —Off at 0.5 72.33¢ 14.500F 57.8324d 74.00° 116.17°
50%Flowering 1 69.16>" 11339 57.83%¢ 118.17¢ 80.83°0
66.66°T 14.50°F 52.16%¢ 68.67¢ 114.17¢%
0 51.66f 15.000¢ 39.66° 61.50¢ 122.00%¢
Irrigation Cut —Off at 0.5 59.83¢f 14.00P9 49,66 50.83¢f 89.67¢¢
Beginning of Flowering 1 59.33¢f 15.83%¢ 47 50% 47.33¢ 76.00fn
2 67.16" 14.500F 56.66%¢ 28.671 69.679"

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 3. The effect of drought stress on leaf area of Ocimum basilicum
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 4. The effect of Ascorbic acid foliar spraying on leaf area of Ocimum basilicum
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 4. Analysis of variance of the effect of Ascorbic acid foliar spraying on physiological growth parameters of
Ocimum basilicum in droght stress coindition

Total
Source of . Chlorophyll a Chlorophyll b Carotenoid
o df Proline (umol.g -t FW) Chlorophyll
variations (mg/g/fw) (mg/g/fw) (mg/g/fw)
(mg/g/fw)

Replicaion 164578.25 ™ 0.0000005 " .000000007 " 0.0000045 " 0.00026 "
Droght stress 2 9883564.3™ 0.00013" 0.000008* 0.00020™ 0.0242**
Foliar sprayin 6 1135418.3" 0.000023* 0.0000012** 0.000035* 0.0041**

Droght stress x
) . 12 1223048.15™ 0.00000045" 0.00000001" 0.00000047" 0.00024"
Foliar sprayin
Errors 40 124380.15 0.0000003 0.00000005 0.0000003 0.00019
C.V. (%) 8.14 6.70 10.20 5.61 11.82

ns. and **: not significant and significant at 1% probability level, respectively
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Table 5. Mean Comparison of the interaction of drought stress and Ascorbic acid foliar spraying on
physiological growth parameters of Ocimum basilicum

Ascorbic acid Proline
Treatments concentration (mM) (umol.g 1 FW)
0 18.808°
S 0.5 20.295°
Full irrigation

1 30.132mne
2 36.615Mn

0 48.537K

Irrigation cut -off at 0.5 51.452
50% flowering ,
61.960M

74.053"9

85.09

Irrigation cut -off at 0.5 97.580"
beginning of flowering 1 130 825¢¢
2 150.825%

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan, 0=0.05)
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Table 5. Mean Comparison of the interaction of drought stress and Ascorbic acid foliar spraying on
physiological growth parameters of Ocimum basilicum

Total .
Treatments Level CTLT?%R’/I)I a CTL:rj)p/?\xl)l b Chlorophyll CE:o/te/r]:x)d
0/9 0/9 (mglg/fw) 0/9
Full irrigation 0.0112 0.00282 0.0132 0.1492
Irrigation cut -off at
Drought stres 50% offlowering stage 00092b OOOZlb OOllb Ollgb
Irrigation cut -off at 0.0061¢ 0.0015¢ 0.007¢ 0.081¢
beginning of flowering
Ascorbic acid 0 0.0066° 0.0017¢ 0.0083f 0.089¢
concentration 0.5 0.0072d 0.0018¢ 0.0091¢ 0.095¢d
(mM) 1 0.0087¢ 0.0021¢¢ 0.0108¢ 0.115¢

In each column, means with common letters are in the same statistical group at 5% probability level(Duncan, a=0.05)
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Table 7. The effect of drought stress and foliar spraying of Ascorbic acid and Selenium on Ocimum basilicum essential oil compounds
Percentage (%)

Drought stress Ascorbic acid geraniol methyl a-pinene caryophyllen citral copaene carvacrol neral linalool limonene
(mM) chavicol e
0 4.8 13.3 1.2 35 10.0 - - 8.9 0.6 0.1
L 0.5 6.0 19.7 - 7.4 10.7 0.6 - 9.5 0.2 0.2
Full irrigation
1 104 13.2 0.2 7.8 10.0 - - 10.2 0.1 0.2
12.3 26.8 1.6 8.0 11.8 - - 11.7 0.1 0.1
0 5.7 22.0 0.1 7.4 16.0 0.8 - 9.5 - -
Irrigation cut - 0.5 7.7 33.8 - 9.1 13.7 0.6 1.3 11.2 0.2 0.2
off at 50% 1 7.3 28.9 1.0 108 135 - 7.1 13.2 0.2 0.2
flowering
2 12.6 32.6 - 10.0 13.8 - - 11.1 - -
0 6.0 14.3 - 9.5 13.5 - - 7.0 0.3 0.2
Irrigation cut - 0.5 6.5 125 0.2 12.1 16.0 - - 8.0 - 0.2
off at 1 11.1 12.3 . 115 175 - - 10.8 0.2 0.2
beginning of
flowering

2 10.6 18.6 - 16.2 15.5 - - 9.5 0.3 0.2
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