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Abstreact

Background and objectives: Ammi visnaga L. is a medicinal and aromatic plant in the
Apiaceae family. The essential oils of this plant have highly valuable aromatic compounds with
valuable therapeutic and nutritional properties. Environmental stresses affect the quantity and
quality of essential oils (EOs) in medicinal plants. This study was carried out to evaluate the
independent and combined effects of salinity and drought stresses on EOs (%) and their
chemical constituents in different organs of A. visnaga (seeds and head branches) under field
conditions.
Methodology: This study was carried out in the research farm of Isfahan University of
Technology located in Lavark, Najafabad, using a split-plot design with three replications. Each
replicate consisted of two rows (3 m long) of A. visnaga seeds. Different levels of salinity stress
and drought stress were considered as main plots and subplots, respectively. Three levels of
salinity stress [S1 (0 mM NacCl), S2 (80 mM NacCl), and S3 (80 mM NaCl)] and three drought
stress levels based on soil depletion rate [D1: normal 50%, D2: moderate stress 60% and D3:
severe stress 85%)] were applied. Applying salt and drought stresses simultaneously started at
the flowering stage (10%) and continued until the full maturity stage. After the full maturity
stage of the plants, seed yield was measured. Then, the EOs extraction was done based on the
Clevenger method in about 4 hours from head branches and seed samples for all studied
treatments. The chemical constituents were identified using Gas Chromatography (GC) and Gas
Chromatography/Mass Spectrometry (GC/MS) techniques.
Results: The independent and combined stresses of drought and salinity caused a significant
increase in EOs (%) of A.visnaga. The highest EOs in the head branch (1.26%) were detected
under non-drought and medium salinity stress conditions (D1S1). The lowest EOs (0.25%) were
observed under non-drought and non-salinity conditions (D1S1). The highest EOs (0.25%) in
seed samples were observed under D2S2 conditions (moderate drought and salinity stress), but
the least amount (0.12%) was found under D1S2 conditions (moderate salinity stress) and D1S3
(severe salinity stress). The analysis of essential EOs identified 25 compounds in both seeds and
head branch samples. These compounds belong to six main chemical groups. The most and
lowest compounds belonged to the groups of hydrocarbon monoterpenes and oxygenated
diterpenes in both branches and seeds, respectively. Cembrene was identified as the main
chemical compound in seed and head branch EOs. The lowest values for cembrene were
reported as 23.32 % and 26.16% in seed and head branch EOs, respectively. The highest values
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for cembrene were reported as 33.31% and 36.62% in seed and head branch EOs under
treatment. The compound 2-methyl-2-methylbutyl ester was identified as the second most
abundant compound in the head branches and seeds of A. visnaga. The highest amount of this
compound was observed in seed EOs (9.38%) under mild drought and mild salinity stress
(D2S2), and the highest amount of this compound was observed in head branch EOs (18.5%)
under mild drought stress (D2S1) conditions.

Conclusion: According to the study results, drought and salinity stress caused a quantitative
and qualitative increase in A. visnaga EOs. Considering the climatic conditions of the arid and
semi-arid regions of Iran and the consequent gradual salinization of soils, this plant can be
considered a plant of choice in medicinal plant breeding programs, as well as goals related to
the food and pharmaceutical industries.
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Table 1. Means comparison of salinity and drought stresses effects on seed yield and percentage and Ammi visnaga seed
essential oil yield

Essential oil (%0)

- Seed yield Seed essential oil yield
Salinity levels (g.m?) (.m?)
Seeds Head branches g- g-
Control 0.17°+0.008 0.68°+ 0.1 72.80°+ 13.8 12.16°+1.68
80 mM NaCl 0.19% 0.018 1.03%0.09 48.19°+7.34 8.520+0.47
100 mM NaCl 0.18°+0.016 0.73°+0.05 35.55°+5.75 6.01°t 0.37
Essential il (%) Seed yield Essential oil yield
Drought levels (g.m?) (g.m?)
Seeds Head branches 9 9:
50% of FC 0.13+0.003 0.75%+ 0.14 87.82%+10.41 11.98%+1.73
60% of FC 0.21%: 0.008 0.85% 0.09 36.91°+3.15 8.05°+0.68
80% of FC 0.21% 0.007 0.84% 0.04 31.82°+2.99 6.65°0.23

In each column, means (+SE) with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 1. Means comparison of drought X salinity stresses interactions on Ammi visnaga essential oil percentage
D1, 2, and 3: drought stress based on soil depletion rate including 50 (no stress), 60 (moderate stress), and 85% (severe stress), respectively; S1, 2,
and 3: 0, 80, and 100 mM NacCl, respectively
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 2. Means comparison of drought X salinity stresses interactions on Ammi visnaga seed yield
D1, 2, and 3: drought stress based on soil depletion rate including 50 (no stress), 60 (moderate stress), and 85% (severe stress), respectively; S1, 2,
and 3: 0, 80, and 100 mM NaCl, respectively
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 3. Means comparison of drought x salinity stresses interactions on Ammi visnaga seed essential oil yield
D1, 2, and 3: drought stress based on soil depletion rate including 50 (no stress), 60 (moderate stress), and 85% (severe stress), respectively; S1, 2,
and 3: 0, 80, and 100 mM NacCl, respectively
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 2. Ammi visnaga seed essential oil compounds affected by drought x salinity stresses interactions

Drought x Salinity treatments

D1S3 D2Ss1

D252 D2S3 D3S1 D3S2 D3S3

6.9 3.4 5.5 4.0 55 14 14
0.9 0.6 0.2 0.1 0.2 0.3 0.3
21 1.6 1.6 24 2.8 2.2 1.7
241 27.0 25.6 21.2 259 26.8 25.9
2.0 29 2.3 2.6 0.9 1.9 0.9
8.9 8.9 9.3 7.3 6.5 8.8 8.1
0.7 1.0 0.8 0.6 0.4 0.5 0.7
55 4.5 5.0 4.9 5.8 2.8 1.9
0.6 11 15 0.7 1.2 1.6 1.2
1.0 0.6 0.3 0.4 0.4 0.4 0.3
2.2 3.0 2.6 2.9 3.9 3.5 2.6
1.7 0.6 1.9 1.0 15 2.3 1.0
2.2 11 1.9 2.9 1.5 1.01 1.9
7.1 8.1 7.4 74 6.3 7.0 6.2
0.8 0.4 0.7 0.7 0.6 0.8 0.7
0.2 1.8 1.0 0.3 0.4 0.2 0.3
0.7 1.5 13 1.5 1.2 1.2 0.3
3.3 3.9 2.6 2.5 24 3.4 3.9
254 25.7 27.8 29.7 29.2 30.9 33.3
0.4 0.3 0.3 0.36 0.4 0.3 0.3

Compound (%0) RI
D1S1 D1S2
n-allyl isovalerate 930 3.8 6.8
Sabinene 965 0.4 0.8
-myrcene 986 19 15
limonene 1022 23.1 241
-ocimene 1045 1.6 2.2
2-methyl, 2-methyl butyl ester 1105 6.2 6.4
thymol 1286 1.9 0.3
B-cubebene 1343 3.8 8.9
a-copaene 1371 0.2 1.2
[B-damascenone 1380 0.5 0.5
2-methyl decyl ester 1385 25 41
-bourbonene 1388 3.0 3.5
[-caryophyllene 1405 19 1.1
a-cis-geraniol acetate 1470 6.3 6.7
§-cadinene 1521 0.6 0.6
nerolidol 1560 0.2 0.6
cis-farnesol 1740 0.2 0.6
neophytadiene 1828 3.2 4.4
cembrene 1934 23.3 23.8
phytol 1943 0.2 0.2
Total identified 85.4 88.4 99.2
Unidentified 14.6 115 0.8

99.9 97.4 99.9 98.5 99.4 99.8 99.3
0.05 2.55 0.04 14 0.5 0.14 0.7

RI: retention index; D1, 2, and 3: drought stress based on soil depletion rate including 50 (no stress), 60 (moderate stress), and 85% (severe stress),

respectively; S1, 2, and 3: 0, 80, and 100 mM NacCl, respectively
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Table 3. Ammi visnaga head branches essential oil compounds affected by drought x salinity stresses interactions

Compound (%)

Drought x Salinity treatments

D1S1 D1S2 Di1S3 D2S1 D2S2 D2S3 D3S1 D3S2 D3S3

2-methyl, 3-methyl butyl ester 761 15 34 3.7 3.7 3.0 3.3 3.4 3.1 2.4
n-ally isovalerate 930 8.8 8.1 9.1 9.8 7.6 9.4 9.33 9.78 7.2
B-pinene 931 10.6 14.9 12.6 12.7 135 12.4 111 7.9 13.9
sabinene 965 15 0.4 1.46 1.4 0.25 1.2 1.2 0.8 0.6
B-myrcene 986 1.2 1.2 14 1.6 1.73 2.75 0.88 1.31 1.6
[-ocimene 1045 3.6 1.6 2.7 2.9 2.6 3.3 2.3 2.9 14
linalool 1094 2.2 23 31 35 25 2.8 2.8 3.7 23
2-methyl, 2-methyl butyl ester 1105 12.1 13.7 14.8 18.5 12.3 145 14.1 145 13.8
-cubebene 1343 21 24 54 2.4 25 2.4 3.4 2.9 2.2
a-copaene 1371 0.3 0.9 0.5 0.4 0.6 0.1 0.1 0.6 0.6
[-damascenone 1380 0.3 0.5 11 0.6 0.5 0.3 0.5 0.7 0.5
[-bourbonene 1388 21 35 0.5 0.6 1.9 0.4 1.2 1.0 0.7
a-cis-cyclogeraniol 1471 6.2 7.1 8 6.5 7.3 6.9 75 7.5 6.1
nerolidol 1560 0.4 0.5 0.4 1.0 0.9 0.3 0.2 0.7 0.5
cis-farnesol 1740 2.6 8.3 1.3 15 1.4 14 0.9 11 0.7
octadecene 1785 5.2 35 3.4 35 3.6 3.6 4.3 4.1 3
octadecane 1801 0.6 1.7 1.6 2 25 2.15 33 3.2 1.3
cembrene 1934 26.1 24.9 27.7 25.7 33.6 30.6 32.9 325 36.6
phytol 1943 0.38 0.4 0.6 0.5 0.5 0.5 0.5 0.4 0.4

Total identified 88.4 99.9 99.9 99.4 99.3 99.1 100.4 99.5 96.6
Unidentified 115 0.05 0.04 0.53 0.7 0.9 0.4 0.4 3.4

RI: retention index; D1, 2, and 3: drought stress based on soil depletion rate including 50 (no stress), 60 (moderate stress), and 85% (severe stress),
respectively; S1, 2, and 3: 0, 80, and 100 mM NacCl, respectively
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Figure 4. Comparison of chemical groups percentage in Ammij visnaga seed essential oil affected by
drought x salinity stresses interactions

D1, 2, and 3: drought stress based on soil depletion rate including 50 (no stress), 60 (moderate stress), and 85% (severe stress), respectively; S1, 2,
and 3: 0, 80, and 100 mM NaCl, respectively
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Figure 5. Comparison of chemical group’s percentage in Ammi visnaga head branches essential oil affected by
drought x salinity stresses interactions

D1, 2, and 3: drought stress based on soil depletion rate including 50 (no stress), 60 (moderate stress), and 85% (severe stress), respectively; S1, 2,
and 3: 0, 80, and 100 mM NacCl, respectively
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