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A completely randomized block design experiment with three replications was conducted to evaluate the performance of 
pot marigold affected by water drought rearmament in Abi Biglou town in 2020. Treatments included: 1) normal irrigation 
(control), 2) low stress (30 mega Pascal), 3) relatively high stress (0.75 mega Pascal), 4) high stress (1 mega Pascal). The 
stress was applied in the 4-leaves stage. Quantitative indexes of drought tolerance including median productivity (MP), 
tolerance (TOL), and geometric mean productivity (GMP) were studied. The results of the analysis showed that there is a 
significant difference between studied treatments at the 1% level. Drought stress caused a 63.82% decline in the flower 
performance in the 1-mega Pascal treatment (relativity high drought stress) compared to the control in the pot marigold 
plant. The results of the analysis of variance (ANOVA) showed that drought significantly impacted tolerance indexes. 
Considering the tolerance index (TOL), it seems that high stress manipulated the performance the highest (compared to 
the optimized situation). The highest and lowest level of MP and GMP were assigned to the low stress and high-stress 
treatments, respectively. MP and GMP indexes showed a significant positive correlation with the flower performance in 
both stressed and no-stress environments. On the other hand, TOL indexes showed a significant negative correlation (-
.072) with the performance in the stressed situation. All in all, the GMP index, which showed a high positive correlation 
with the flower performance (0.91 and 0.84 in the drought-stressed environment and optimized irrigation, respectively), 
was introduced as the best index.   
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INTRODUCTION 

Herbal therapy is one of the most valuable medical 
assets in Iran, putting it among the top three countries with 
the most precious philosophical heritage in that respect 
(Edzard, 2005). Herbal plants have been one of the only 
available sources to heal pains throughout many centuries 
(Ghasemi-Dehkordi et al. 2003). Currently, traditional 
medicine is the basis of therapy for 80% of people in 
developing countries (Bi et al. 2021, Chen et al. 2021, 
Cheng et al. 2021, Guo et al. 2021, Hou et al. 2021, 
Huang et al. 2021). Overpopulation, supplying herbal 
plants for the pharmaceutical industry as raw materials, 
and their importance in other branches of the industry 
have led to the cultivation and production of herbal plants 
(Abdullaev and Espinosa-Aguirre, 2004). Water is one of 
the most important environmental parameters which 
impacts herbal plants’ growth and production and their 
active ingredient (Li et al. 2021, Li et al. 2022, Ma et al. 
2021, Si et al. 2020, Sun et al. 2021, Tao et al. 2021). 
Water shortage can cause severe damages to herbal 
plants’ growth and development and their active 

ingredients (Omid-Beigi, 2000). Iran is placed in one of the 
dry regions of the world with a mean precipitation of 240 
mm (Normand-Moaeyed et al. 2001). The level of 
underground waters and Surface runoff have been 
severely decreased in Iranian fertile plains due to water 
shortage and constant drought periods. As a result, while 
urban and industrial uses of water have been increased, 
the water needed for the agricultural sectors has been 
decreased (Ashraf and Foolad, 2007). Indexes for 
evaluating drought tolerance proposed by Fernandez 
(1992) have been used by many scholars and their 
weaknesses and strengths have been studied (Naderi et 
al. 2000). Fernandez (1992) classified genotypes into four 
classes based on their reaction to environmental 
parameters: A) genotypes that have a good performance 
in stressed and no stress environments, B) genotypes 
whose performance is good in only no stress 
environments, C) genotypes that show a good 
performance in stressed environments, and D) genotypes 
with low performance in both stressed and no stress 
environments. He stated that the most accurate selection 
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index is the one that is able to discriminate group A from 
other groups (Fernandez, 1992). Tolerance index, as the 
difference between performance in the stressed (Ys) and 
no stress (Yp) situations, and mean production index, as 
the mean of Yp and Ys, has been introduced (Rosielle and 
Hamblin, 1981). The lower the value of the tolerance index 
is, the higher the level of tolerance of genotypes to stress 
will be. However, selection based upon the tolerance 
index indicated genotypes with high and low performance 
under stressed situations and no stress situations, 
respectively (Fernandez, 1992). Lower values of MP 
indicate higher susceptibility of genotypes under the 
stressed situation. Selection based upon the MP index 
causes an increase in performance under both stressed 
and no stress situations (Wang et al. 2021, Wang et al. 
2022, Zhang et al. 2021, Zhang et al. 2022, Zheng et al. 
2021, Zhu et al. 2021a, Zhu et al. 2021b). Stress 
susceptibility index has been presented for identifying 
sensitive genotypes which are based upon each genotype 
performance and the mean of all genotypes performance 
under both stressed and no stress situations. Similar to 
the tolerance index, higher values of SSI mean higher 
sensitivity of genotypes to the stress (Fischer and Maurer, 
1978). GMP is another index that has a better capacity to 
separate group A from C, compared to the PM index. Due 
to the fact that GMP has lower sensitivity toward very 
different values of Ys and Yp, another index called stress 
tolerance index was introduced accordingly. STI can 
identify genotypes with high performance under no stress 
and stressed situations (Fernandez, 1992). Higher values 
of GMP and STI mean higher tolerance of genotypes to 
stress. The most accurate index should be able to 
separate group A from other groups (Fernandez, 1992). 
The aim of this study is to investigate tolerance indexes of 
drought stress in pot marigold (Calendula officinalis L) in 
the Namin, Abi Biglou city.  
 
MATERIALS AND METHODS 

A completely randomized block design experiment 

with three replications was conducted to evaluate the 
performance of pot marigold affected by water drought 
rearmament in Abi Biglou town in 2020. Sampling was 
conducted in the 0 to 30 and 30 to 60-centimeter depths 
for determining the Physico-chemical features of the soil 
before initiating the experiment. Samples were then sent 
to the lab. The result is shown in Table 1. 

 The experiment was conducted in a completely 
randomized design in three replications. Treatments 
included 1) normal irrigation (control), 2) low stress (30 
mega Pascal), 3) relatively high stress (0.75 mega 
Pascal), 4) high stress (1 mega Pascal). Pot marigold’s 
plots (5 in 5 meters) were simultaneously cultivated in 
March 2020 arranged in the 40 in 20 cultivation style. 
Each plot was separated from others by a 2-meter space. 
The stress was applied in the 4-leaves stage. An 
extensometer was placed in the root zone of the soil to 
apply drought stress. Mean seed yield was used as an 
index for measuring the impact of drought stress on pot 
marigold under optimized and stressed conditions. 

Fifteen plants were randomly cultivated under SP and 
YS stress conditions. Quantitative indexes of tolerance to 
drought including MP, TOL, and GMP were calculated as 
it follows (in these equations, SYS and SYP are 
performance under stressed and optimized irrigation, 
respectively): 

 
 
SAS 9.1 and SPSS-22 were used to conduct 

statistical calculations. Linear correlation coefficients were 
used to study the relationship between characters.  

  

 
Table 1: Physico-chemical features of soil 

 

Soil Texture Sand Clay Silt K P N O.C PH Ec 

 % % % Mg/kg Mg/kg % %  Ds/m 

Loam 42 22 35 280 7.5 0.045 0.55 7.85 1.3 
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RESULTS AND DISCUSSION 

The results of the analysis of variance of the flower 
performance (table 2) showed that treatments are 
significantly different at the 1% level.  

The results showed that the drought stress caused a 
63.82% decline in the follower performance in the 
treatment 1 mega Pascal (high stress) compared to the 
control in pot marigold plants (figure 1)  

 

 
Figure1: Mean of the impact of drought stress levels on pot marigold plant 

 

The presence of different letters indicates a significant difference by Duncan test at the level of 5% probability. 
 

Table 2: the results of analysis of variance of the flower performance 

Sig. F MS SS df S.O.V 
0.031 6.536 168.3* 336.6 2 Rep 
0.000 3604.8 92825.2** 278475.7 3 Drought Stress 

  25.75 154.5 6 Error 
1.46% C.V% 

*, ** Significant at the level of five and one percent probability 

 
Table 3: The results of analysis of variance of quantitative drought tolerance indexes 

  Mean of Square 
df S.O.V Geometric mean 

 index of productivity 
Medium  

productivity index 
Drought  

tolerance index 
1042 37303224 8253.4* 2 Rep 

74322** 12048727705** 337426.23** 2 Drought Stress 
98 45485345 275.62 4 Error 
   C.V% 

 
Table 4: Correlation between performance under stressed and normal situations with stress tolerance indexes. 

 

Medium  
productivity 

index 

Drought tolerance  
index 

Ys Yp  

  1 0.28 Ys 

 1 -0.72** 0.62** Drought tolerance index 

1 -0.38 0.98** 0.71** Medium productivity index 

0.98** -0.18 0.91** 0.84** Geometric mean index of productivity 
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which confirms the results from Shubhra et al. (2004). 

The results from comparing the mean of drought stress 
levels for the flower performance (figure 1) showed that 
control treatment (without stress) with 538.2 kg per 
hectare showed the highest level of flower performance. 
Also, the relatively high stressed and high stressed 
treatments showed the lowest flower performances (figure 
2). 

 
 

Figure 2: Mean of TOL in pot marigold plants 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
The level of relative susceptibility and tolerance of the 

species to drought stress can be calculated based upon 
the flower performance under optimized and stressed 
situations and quantitative indexes of drought tolerance 
including tolerance index, mean of arithmetic mean 
productivity, and geometric mean productivity (Fernandez, 
1992). The performance under optimized and stressed 
situations and other drought stress tolerance evaluating 
indexes were calculated. The results of the analysis of 
variance (table 2) showed that drought had a significant 
impact on tolerance indexes (table 3) 

.  

 
 

Figure 3: Mean of MP in pot marigold plants 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 

 

 
 

Figure 4: Mean of GMP in pot marigold plants 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
Considering TOL, it seems that high-stress 

manipulates the performance the most compared to the 
optimized situation (table 2). The highest and lowest levels 
of MP and GMP were related to the low and high-stress 
treatments, respectively (tables 3 and 4). Fernandez 
(1992) selected the tolerant genotypes to drought with 
high performance based upon medium stress (SI=0.23) 
and high stress (SI=0.76). it is so that the selection based 
upon TOL and MP let to choose genotypes with low 
performance. Finally, STI, which was invented based upon 
GMP, was introduced as the most accurate index for 
identifying genotypes with high performance. 

Ziachehre et al. (2015) used tolerance index, medium 
performance index, susceptibility to stress index, 
geometric mean productivity, and stress tolerance index to 
determine tolerant and susceptible genotypes to water 
shortage. Correlation coefficients between indexes and 
each genotypes’ performance under optimized and 
stressed situations were considered while deciding which 
one determines tolerant genotypes of potato the best 
(Fernandez 1992). The index with the highest level of 
significant correlation with performances will be introduced 
as the best index. Mithra (2001) stated that the accurate 
index must have a significant correlation with performance 
under both situations. Considering the correlation results 
of different indexes and genotypes’ performance under 
stressed and optimized situations, it can be concluded that 
MP and GMP indexes show a positive and significant 
correlation with the flower performance under both 
situations. On the other hand, the correlation of TOL with 
performance was negative and significant under stressed 
situations (-0.72). In total, GMP had a high correlation with 
the follower performance which was 0.91 and 0.84 for 
drought stress and optimized irrigation situations, 
respectively. Therefore, GMP was introduced as the best 
index (table 4). Aghili et al. (2012) reported that normal 
performance and stress showed a positive and significant 
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correlation with STI, MP, and GMP. Therefore, they chose 
the most accurate index. In other studies, conducted on 
other crop plants, MP, STI, and GMP have been 
introduced as the best drought tolerance indexes 
(Tamasb-Ali et al. 2017, Ganjali and Bacheri 2011, Ganjali 
et al, 2010, Gol-Abadi et al. 2006, Izanlo et al. 2002, and 
Jamshidi-Moghadam et al. 2007).  

CONCLUSION 
The results of correlation of different indexes of 

drought tolerance with genotypes’ performance under both 
stressed and optimized situations showed that MP and 
GMP show positive and significant correlation with the 
flower performance under both situations. On the other 
hand, the correlation of TOL with performance was 
negative and significant. All in all, GMP which shows a 
high correlation with the flower performance under both 
situations was introduced as the best index. 
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