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Abstract

Introduction

Today, one of the most important environmental stresses that become a great threat to agricultural activities
around the world is soil salinity. The salinity issue is more in arid and semi-arid climate finding hardy plants
should be a priority. Therefore, the purpose of this study was to investigate the effect of salinity stress on
morphophysiological and biochemical traits of some accesions of ajwain (Trachyspermum copticum L.).

Materials and Methods

In this study, the effects of salinity stress on two levels (control and 100 mM NaCl) as the first factor and 10
accesions of ajwain (Shiraz, Isfahan, Hamedan, Zahedan, Tabriz, Mashhad 1, Mashhad 2, Yazd, Ahvaz, Arak)
as the second factor as factorial and the basis of a completely randomized design (CRD) with three
replications (n =3) were evaluated in the research greenhouse of Department of Medicinal Plants of Arak
University in pot conditions in 2019. In each experimental unit, a few seeds were sown, after emergence;
additional seedlings were thinned to prevent competition, so that in each pot, finally, four strongest and
uniform seedlings were kept. Until the seedlings reached 8-10 leaves, salinity treatment was done by
irrigation with 500 ml of 100 mM NaCl solution. Plants were sampled and harvested to study the
morphophysiological and biochemical traites of T.copticum L. in the flowering stage. The obtained data were
statistically tested by analysis of variance (GLM) using SAS software Version 9.1 (SAS Institute, Cary, NC,
USA, 1990). Duncan’s new multi range test was applied for means comparison and significant differences
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among employed treatments at P <0.05 and 0.01 using SPSS software Version 16 (SPSS Inc, Chicago, USA).
The parameters, including minimum, maximum, mean and standard deviation (SD) were calculated. In
order to identify some of the main factors to reduce the number of effective traits in differentiating
populations, principal component analysis (PCA) was used. In order to have a simple structure and better
interpretation of the results of the analysis, the data was rotated by Varimax procedure. Also, the two-
dimensional plot was generated using the first and second principal components (PCland PC2) with PAST
software.

Results and Discussion

The results showed that salinity caused a significant decrease in plant height, fresh weight of aerial parts, dry
weight of aerial parts and relative water content, while salinity caused a significant increase in leakage of
electrolytes, phenols, flavonoids and antioxidant activity. Salinity stress had no effect on the content of
photosynthetic pigments including chlorophyll a, b, total, and carotenoids. The highest height and fresh
weight were related to the populations of Hamedan and Mashhad 1, respectively. Also, the lowest mean value
of height and fresh weight was related to Arak population. No significant difference was observed among the
investigated populations in any of the physiological traits, and only significant difference was observed in the
antioxidant capacity, the highest of which was related to the population of Arak and the lowest was related to
the population of Mashhad 1. The interaction between population and salinity was not significant in any of
the traits. Based on the results of principal component analysis (PCA), the highest value of standard
deviation was related to the flavonoid and the lowest value of the standard deviation was related to the trait of
total dry weight of aerial parts.

Conclusion

Salinity negatively affects the growth and physiological responses of the plants. The results also showed that
ajwain is classified as a relatively salt tolerant species, although there are significant differences between its

accesions.
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Tablel. Analysis of variance of the effect of salinity stress and ecotypes on morphological traits of T. copticum L.

Sources of variation (S.0.V) d.f. Mean Square (MS)

Stem height Shoot fresh weight Shoot dry weight
Salinity stress (S) 1 859.11" 505.52" 0.51"
Ecotypes(E) 9 213.45" 44.27" 0.06"
SxE 9 68.74™ 22.15™ 0.07"
Error 40 22.94 4.19 0.14
(CV%) - 15.82 16.06 26.08

ns= non-significant, ** = significant at 0.01 and * = significant at 0.05

Table 2. Mean comparisons for the salinity effects and different ecotypes on morphological traits in T. copticum L.

Factor Stem height (cm) Fresh weight of aerial parts (g) Dry weight of aerial parts (g)
Salinity(mM)

0 64.53+11.66% 11.88+5.84% 1.15+0.47¢
100 56.96+8.12° 6.08+2.07° 0.96+0.32°
Ecotypes

Shiraz 61.18+9.61%® 7.59+2.87% 1.11+0.46°
Esfahan 64.44+12.80% 7.63+4.03% 1.12+0.43%
Hamedan 67.95+11.29% 10.51+5.21° 1.05+£0.50*
Zahedan 64.66+7.26% 9.52+2.67% 1.00+0.21%
Tabriz 63.33+9.85%® 7.63+3.73% 1.01+£0.45°
Mashhad 1 52.41+9.63% 15.47+10.03* 1.19+0.64°
Mashhad 2 59.56+5.87%® 7.97+3.98 0.94+0.31%
Yazd 62.37+12.86% 9.00+5.32% 1.09+0.40°
Ahvaz 63.14+4.70% 9.38+8.50™ 1.16+0.41%
Arak 47.37+10.53¢ 5.11+2.45° 0.86%0.23%

In each column data with common letters have no significant difference based on Duncan test at the level of 0.05.
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Table 3. Analysis of variance of the effect of salinity stress and ecotypes on biochemical traits of T. copticum L.

Mean Square (MS)
Sources of variation d.f. Total Flavonoid  Antioxidan Chl a Chlb Total chl Chl a/b Caroteno RWC El
(8.0.V) phenolic t activity ratio id
Salinity stress (S) 1 1362249.51°  260641931.2° 707181.29° 16458.18™  5909.10"  5476.71™ 249.95™ 83.61™ 2982.15°  216.60°
Ecotypes (E) 9 26363.42™ 13821780.5"  27382.47°  13390.93™  933.13™ 1018.12™  60692.46™  353.18™ 11.68™ 8.34"
SxE 9 45286.99" 8400942.4™ 7662.70" 11223.28" 758.06" 1416.42™ 89140.33"™ 874.77 14.48™ 5.41™
Error 40 39090.44 17941819 11758.90 14686.58 9142.50 1189.66 52312.43 1158.33 12.38 4.55
(CV%) - 23.19 21.06 23.94 23.94 26.79 23.19 8.23 24.31 5.09 20.51
ns = non-significant and * = significant at 0.05
Table 4. Mean comparisons for the salinity effects and different ecotypes on biochemical characteristics in T. copticum L.
Factor Total phenolic Flavonoid  Antioxidant capacity ~ Chlorophylla ~ Chlorophyll ~ Total chlorophyll ~ Chlorophyll ~ Carotenoids RWC (%) El (%)
(mgg") (mgg") (mgg") (mgg") b (mgg") (mgg") a/b (mgg") (mgg")
Salinity(mM)
0 0.70+0.19° 18.04+4.01° 0.34+0.12° 0.52+0.15* 0.18+0.04° 0.68+0.19* 2778028  141.16%£32.03* 76.0613.68" 8.50+2.47°
100 1.00£0.19* 22.19+3.94* 0.560.10* 0.48+0.21* 0.1620.07° 0.62+0.27° 2.77+£0.19°  138.79+40.04* 61.96x3.40 12.30£747
Ecotypes
Shiraz 0.88+0.26° 20.41+5.08" 0.50+0.13* 0.47+0.19* 0.18+0.05° 0.63+0.24* 2.80+0.26®  134.95+40.31° 68 + 6.89% 9.50+4.50?
Esfahan 0.86+0.19° 22444503 0.47+0.15* 0.4910.29* 0.15+0.08° 0.64+0.37* 2871026  134.94468.51* 70.83+7.90% 10.00+4.17°
Hamedan 0.89+£0.20° 19.67+£5.68 0.49+0.18* 0.46+0.11* 0.18+0.03* 0.64+0.14* 2701026  135.17+32.76° 69 +11.08% 9.83+4.41*
Zahedan 0.78+£0.29* 20.93+4.80° 0.41+0.18® 0.54+0.21* 0.18+0.07° 0.62+0.28* 2.81+0.13%  138.67+46.07° 69.50+9.07% 11.83+4.38°
Tabriz 0.82+0.15° 20.33+6.19* 0.42+0.16® 0.53+0.13* 0.17+0.04* 0.66x+0.18* 2.69+024%  144.10+31.39* 71.33+£7.31* 10.83+4.02°
Mashhad 1 0.76+0.13* 17.72+£3.46 0.30+0.17 0.49+0.15* 0.17+0.05° 0.67+0.21* 2.89+0.17°  144.24+32.80° 69.167.98® 10.83+4.40°
Mashhad 2 0.90+£0.072 17.95+4.78 0.41+0.14® 0.60x+0.21* 0.19+0.07° 0.750.22* 2.81+0.17%  144.53+45.89* 68.668.14 11.50+4.99°
Yazd 0.76+0.33* 22.01+3.90* 0.48+0.18* 0.46+0.17* 0.15+0.05 0.60+0.23* 2844020  133.32437.15°  68.66x11.79% 9.66+3.37%
Ahvaz 0.96+£0.29* 19.64+3.33* 0.46+0.13* 0.45+0.14* 0.17+£0.05° 0.61+£0.19* 2.7740.14%  132.57+29.41% 66.33 £5.53" 11.83+£8.75°
Arak 0.87+£0.31* 19.94+2.12* 0.53+£0.10° 0.52+0.24* 0.18+£0.07° 0.66+0.13* 2.55 +0.40 157+62.18" 68.667.28> 8.16+3.86"

Datas with common letters have not significantly different according to Duncan test at the level of 5%
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Table 5. Descriptive statistics for morphological and biochemical traits in the T.copticum L. ecotypes.

Character Min Max Mean Std. deviation
RWC 70.00 80.00 77.00 3.13
El 5.00 16.00 7.80 3.16
Total phenolic 480.86 1091.98 747.28 208.62
Flavonoid 14094.59 25608.11 20481.08 4180.24
Antioxidant capacity 100.24 622.08 357.38 137.33
Chlorophyll a 316.96 73593 51940 134.87
Chlorophyll b 115.07 267.90 180.56 4513
Carotenoids 87.38 187.58 136.15 3225
Total chlorophyll 443.67 1003.83 699.96 178.93
Chlorophyll a/b 2468.46 3198.94 2870.71 204.43
Stem height 46.00 79.25 64.59 10.79
Fresh weight of acrial parts 420 20.01 11.60 450
Dry weight of aerial parts 0.45 1.60 1.05 037

Table 6. Eigen values of the principal component axes from the PCA of morphological and biochemical traits in 10 ecotypes of

T.copticum L.

Character PC1 PC2 PC3 PC4 PC5
RWC 0.665** 0.496* -0.0994 -0.035 0.0052
El 0.977 0.324 -0.024 0.542** -0.004
Total phenolic 0.96** -0.316 0.445* 0.462* -0.0167
Flavonoid 0.559** 0.339 0234 0.301 -0.002
Antioxidant capacity 043* 0.632** 0.600** 0.002 -0.001
Chlorophyll a 0.374 -0.254 0.077 0.007 0.011
Chlorophyllb 0.336 -0.319 0.016 0.133 0.039
Carotenoids 0.488* -0.182 0.108 -0.0021 -0.061
Total chlorophyll 0.524** -0.272 0.062 0.039 0.009
Chlorophyll a/b 0.438* 0.187 0.124 -0.002 -0.003
Stem height 0.391 0.198 0.146 -0.116 0.022
Fresh weight of acrial parts 0.316 0.172 -0.1315 0.036 -0.0055
Dry weight of acrial parts 0.642** 0.267 -0.125 0.065 -0.011
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