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ABSTRACT

In order to evaluate the yield of the Motherwort (Leonurus cardiaca) ecotypes in water deficit stress, an experiment
was carried out in randomized complete block design under a split plots arrangement, with three replications. Three
irrigation levels were considered based on field capacity (FC) (as control), one third and two third of FC as main
plots. Sub plots were formed by the four ecotypes of Leonurus cardiaca. In this study, the effects of water deficit
stress on dry matter, essential oil percentage and yeild were measured. In addition, stress tolerance index including
Stress Susceptibility Index (SSI), Tolerance (TOL), Mean Productivity (MP), Stress Tolerance (STI), Geometric
Mean Productivity (GMP), Harmonic Mean (HM) were calculated in terms of dry yield in different water stress
conditions. Results indicated that water deficit stress had a significant effect on dry matter, essential oil percentage
and yeild. Results also showed that the GMP, HM, MP indices were more appropriate indices for identification of
drought resistant plants of Motherwort. According to stress indices, the ecotype of Khansar was the most drought
tolerant ecotype in comparison to other ecotypes in the mild and severe water stress environments and contained high
dry matter yield and essential oil percentage and yeild. Sarab was the most susceptible ecotype among the studied
ecotypes with low dry matter and essential oil yeild despite high essential oil percentage.

Keywords: Drought tolerance, field capacity, Leonurus cardiaca, stress indices.
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Table 1. Geographic location of collection sites of
L. cardiaca ecotypes in Iran

Altitude Longitude Latitude
(m) (E) (N)

No. Ecotype Province

1 Kerman Kerman 2600 gg’ig %2%513
2 Taleghan Alborz 1850 gggi g%g
3  Khansar Isfehan 2210 ggéé ggég
4 Sarab  Ardabil 1687 2(7)2‘11 g;gg
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1. Mean Productivity

2. Stress Tolerance Index

3. Geometric Mean Productivity
4. Harmonic Mean

5. Susceptibility Index

6. Tolerance
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Table 2. Anova analysis of dry weights and essential oils of L. cardiaca ecotypes under water stress

Mean Square

Source df First year Second year
Dry weight Dry weight Essential oil (%) Essential oil yield

Block 2 37.33" 1841.50" 0.000017"™ 197.37
Drought stress 2 87.039™ 2007.24™ 0.000152" 54.9 "
Main error 4 10.61" 359.25" 0.000120" 119.77
Ecotype 3 12.61" 72274 0.00031™ 109.6"
Ecotype x Stress 6 2.35™ 86.68" 0.000013™ 20.1"
Error 18 2.28 61.77 0.000040 21.6

CV. - 13.85 10.87 18.78 19.34

Sl sire WS 355 5 2oy V 9 0 mhaw jo o Jre BB 0929 i 4 NS

*, ** ns: Significantly differences at 5 and 1% probability levels, and non-significant differences, respectively.
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Table 3. Mean comparison of dry weight yield and essential oil percentage in different low water treatment

Stress

Dry material yield (gr/p)

Essential oil (%)

Fisrt year Second year
Control (100% field capacity) 13.79a 85.80 a 0.031b
Mild stress (2/3 field capacity) 10.46 b 70.97b 0.032 ab
Severe stress (1/3 field capacity) 8.46 ¢ 60.03 ¢ 0.037 a

ol 1 Sikeo (30 Sl pre BT 090 baimslid ygiw o 4o laes slad >
The same letters in each column indicate that there is no significant difference among the means.
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Table 4. Mean comparison of dry weight yield and essential oil percentage in different L. cardiaca ecotypes under
different water stresses

Dry material yield (gr/p)

Essential oil yield

Ecotype Fisrt year Second year Essential oil (%) (mg/p)
Kerman 9.25b 76.45a 0.026 b 20.36 b
Taleghan 11.34a 79.22a 0.031b 24.62 ab
Sarab 12.03a 59.18 b 0.038 a 22.68b
Khansar 10.99a 74.21a 0.039a 28.60 a
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The same letters in each column indicate that there is no significant difference among the means
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Table 5. Variance analysis of stress tolerance indices in L. cardiaca ecotypes in first year

Mean Square

Source of Ys Yp TOL MP SSI STI AM GMP
Block 2 28.397 54.24™ 0.167 27.68" 0.068" 0.337 24.227 25.20"
Drought stress 1 24227 0.0™ 0.14™ 6.059 " 0.029"™ 0.14 13.50™ 9.617
Main error 2 3.04 0.0 0.003 0.76 0.0018 0.023 2.29 1.47
Ecotype 3 2.93™ 28.38™ 0.09™ 1227 0.002 ™ 0.029" 8.55™ 10.26™
Ecotype x Stress 3 0.20™ 0.0"™ 0.015™ 0.05"™ 0.001"™ 0.003 ™ 0.04™ 0.04™
Error 3 1.34 4.15 0.035 0.83 0.017 0.008 0.62 0.64
CV. 12 12.26 14.77 19.94 7.87 19.91 13.32 7.15 7.08

Sl sixe WS 095 5 2oy V 9 0 mhaw jo o Jre BB 0929 ol 5 4 NS g %

*, ** ns: Significantly differences at 5 and 1% probability levels, and non-significant differences, respectively.
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Table 6. Variance analysis of stress tolerance indices in L. cardiaca ecotypes in second year

Mean Square

Source of Ys Yp TOL MP SSI STI AM GMP
Block 2 1893.717  557.727 13.257 977.407 0.12 0456~  1229.83"  1096.58™
Drought stress 1 71882 0.0" 11.30 ™ 179.70 0.012 " 0.119" 355.45™ 263.59"
Main error 2 387.41 0.0 415 96.84 0.022 0.059 21381 151.98
Ecotype 3 387.94 952.29" 6.11" 566.37 ™ 0.006 " 0.025 52642  544.90"
Ecotype x Stress 3 41,02 00™ 1.63™ 10.25™ 0.002" 0.007 "™ 12,750 11.29™
Error 12 63.77 57.78 1.13 46.66 0.022 0.018 50.63 48.33
CV. 12.19 8.85 25.93 9.02 22.78 17.57 9.70 9.33

Sl sire WS 395 5 2oy V9 0 mhaw jo o Jre BT g9 5 4 NS g %

*, ** ns: Significantly differences at 5 and 1% probability levels, and non-significant differences, respectively.
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Table 7. Mean comparison of stress tolerance indices of different L. cardiaca ecotypes under different drought
stresses in first year

Ecotypes Yp MP STI HM GMP
Kerman 10.71b 9.62¢c 0.79a 9.33b 947c
Taleghan 1485a 1221ab 0.65b 1155a 11.87ab
Sarab 15.69a 1295a 0.64b 12.09a 1551a
Khansar 13.90a 11.72b 0.69 ab 11.10a 11.40b

el LSl g )8 lo g BB 055 baimoylid gt o 0 Hlewes slold >
The same letters in each column indicate that there is no significant difference among the means.
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Table 8. Mean comparison of stress tolerance indices of different L. cardiaca ecotypes under different drought
stresses in second year

Ecotypes Yp Ys MP TOL HM GMP
Kerman 88.45b 7045a 79.45a 18.005b 77.54a 78.47a
Taleghan 100.74 a 68.46 a 84.60 a 32.28a 80.82a 82.67a
Sarab 70.26 ¢ 53.64b 61.95b 16.61b 59.71b 60.79b
Khansar 83.74b 69.45a 76.59 a 14.28 b 75.35a 75.96a

el LSl g )8 lo g BB 355 baimoylid (gt 2 0 Hlewes slold >
The same letters in each column indicate that there is no significant difference among the means.
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Table 9. Correlation between drought tolerance indices and yield in L. cardiaca ecotypes under mild and severe stress

in first year
YS YP TOL SSI STI HM GMP
Severe YS 1 0.219 -0.43 0.681 -0.81 0.718 0.911 0.815
stress YP 0.219 1 0.785 0.864 0.319 0.293 0.596 " 0742
Mild YS 1 0.385 -0.128 -0.62 0.586 0.818 0.757
stress YP 0.385 1 0.866" 09327 0.241 0.345 0.842 7 0.894 "

*, **: Significantly differences at 5 and 1% probability levels, respectively.
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Table 10. Correlation among drought tolerance indices, essential oil percentage and yield in L. cardiaca ecotypes
under mild and severe stresses in second year

YS YP TOL MP SsI STI HM GMP

YS 1 0506  -0.66° 0899  -0.81" 0876  0968° 0942”7

Severe stress YP 0.506 1 0.313  0.833 " 0.017 0.339 0.703"  0.766
Essential oil (%)  0.043  -0.25 -0.27 -0.104 -0.265 0.144 -0.008 -0.051

YS 1 0.680° -0503 09257  -0.746" 08787  0.958"  0.860

Mild stress YP 0.680" 1 0291 0908  g399_ 0357 09437 0885
Essential oil (%)  -0.27  -061" -0365  -0.47 0.275 0.024 -0.427 -0.45

*, **. Significantly differences at 5 and 1% probability levels, respectively. Woy0 ) g0 mhaw )0 o Jixe OS] S99 Ay i g %
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Figure 1. The 3-D plot diagram of drought tolerant ecotypes in terms of GMP index in the first year:
a) severe stress; b) mild stress
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Figure 2. The 3-D plot diagram of drought tolerant ecotypes in terms of GMP index in the second year:
a) severe stress; b) mild stress
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Figure 3. The 3-D plot diagram of drought tolerant ecotypes in terms of HM index in the first year:
a) severe stress; b) mild stress
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Figure 4. The 3-D plot diagram of drought tolerant ecotypes in terms of HM index in the second year:
a) severe stress; b) mild stress
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Figure 5. The 3-D plot diagram of drought tolerant ecotypes in terms of MP index in the first year:

a) severe stress; b) mild stress
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Figure 6. The 3-D plot diagram of drought tolerance ecotypes in terms of MP index in the second year:
a) severe stress; b) mild stress
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