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 One of the effects of the decrease of water and salinity in soil is the reduction of growth 

and development and change in field development under such changes. In order to 

examine the effect of drought and salinity stress on germination indexes and proline 

change of marigold under the drought stress [0, -0.2, -0.4, -0.6, -0.8 and -1 MPa] and 

salinity stress [0, -0.2, -0.4, -0.6 and -0.8 MPa], two experiments were conducted in a 
randomized design with three replication. Results showed that drought and salinity 

stresses were significantly effective on germination percentage, germination rate, mean 

time to germination, normal seedling percentage, root and shoot length, Proline content, 
seed vigor, seedling dry weight, duration of reaching to %5 [D05], %10 [D10] and %20 

percent of germination [D20]. Drought and salinity stresses caused reduction in 

germination percentage, germination rate, normal seedling percentage, root and shoot 
length, seed vigor, seedling dry weight and other hand increased the Proline content 

duration of reaching to %5 [D05], %10, [D10], %20 [D20] germination, proline and 
mean time to germination. The highest germination percent with the average of 84 

percent was related to control condition, but with the increase in the salinity levels to -

0.8 MPa and drought stress to -1 MPa germination percentage was 24 and 23 percent 
respectively. Generally the highest amount of other measured indexes were related to 

control condition [non-stress] in both salinity and drought stress condition. 
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INTRODUCTION 

 

 Environmental stresses such as drought and salinity stresses are of abiotic stresses that affect the 

germination, growth and crop yield [1,35,36,37]. The presences of great amount of salinity in the soil, which is 

resulted from the water of irrigation, face the plant with salinity stress. Low osmotic potential and salinity 

intensive density which are the two main characteristic of salty environments are potentially toxic for the plants. 

Also the lack of water resources and the rainfall shortage in recent year has resulted in drought stress in the 

plants [20, 32]. 

 Drought stress which causes one of the most important prevailed environmental stresses that will face the 

agricultural products with limitation and reduce the efficiency of using the semiarid districts [2; 28]. 

Germination is the first phase in the plant development which is one of the important and sensitive phases in the 

plant life cycle and is a key process in plant germinating [9]. Seed germination is a complex physiological 

process that is actually a reaction to environmental signals such as temperature, water potential, light, nitrate and 

other factors. Environmental stress such as drought and salinity stress result in reduction in germination indexes 

and the reduction of germination under the effect of drought stress and salinity can be attributed to the reduction 

of water sucking by seeds. If water sucking by the seed disordered, metabolic activity of germination decreased, 

consequently the period in which radicle released from the seed will be prolonged and subsequently germination 

rate will be reduced [2, 3]. Seeds for germination must suck enough water; solution substantial in the medium 

such as PEG cause the reduction of water sucking by the seed and subsequently postpone or stop the 

germination [17, 32]. Drought stress and water sucking limitation by the seed with effects on the transforming of 

seed storage and protein synthesis in embryo can be possibly the cause of the reduction of germination [2]. 

Salinity will affect the germination of seeds and their growth by reducing the water potential and special ions 

toxicity such as Na and Cl and also the reduction of nutritional ions which needed by the plant such as calcium 
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and potassium [11]. Several studies showed that germination rate and percentage reduced by the increase of 

salinity [10,14, 21,22,24, 25, 26, 29].  

 The plants in environmental stresses like drought, salinity, and heat store adjusting osmotic substantial in 

contrast with the stresses. Pressures adjusting osmotic substantial mostly consisting of amino acids, sugar and 

some of mineral ions and hormones. Proline is one of the active amino acids in osmotic adjustment phenomenon 

that plays a key role in the creation and preserving the osmotic pressure [13, 27, 30]. Proline is a soluble amino 

acid in water that its amount will be increased in free stress conditions. Increase of this amino acid is the 

indicator of plant‟s resistance against stress condition. Proline protect proteins and cell membrane from the 

damage of ions intensive density. The medical plants are one of the natural recourses of Iran that with scientific 

recognition, sowing, development and correct beneficiary can play an important role in society health, 

employment and non-oil exports. Calendula officinalis L., also known marigold is annual herb [8]. It grows wild 

in the southern, eastern and central Europe [12, 16, 19]. It is usually multi stemmed with a strong tap root. The 

vegetative parts of the plant are mid green while the stems are angular and covered in fine hairs. The composite 

flowers could be yellow or orange, which blossom in the spring-summer seasons. Marigold is cultivated for its 

flowers with receptacle or flowers without receptacle [31] which are used as the medical raw material. The 

flower contains essential oils which are used for high blood-fat and treatment of inflammation intestine organs. 

Flavonoids, carotenoids and polyphenols are the active ingredient contents reported previously for C.officinalis 

flowers [18, 23]. The most essence in this plant is formed at full blooming [0.97%] and the least of essence 

[0.13%] produced before flowering [7, 33]. 

 

MATERIAL AND METHODS 

 

 In order to examine the effect of drought and salinity stress on germination indexes and changes of proline 

amount in marigold, two experiments conducted in complete randomized design with three replication in the 

Islamic Azad University Branch of Ahwaz Laboratory. The drought stress experiment was conducted in 6 levels 

with osmotic pressure 0, -0.2, -0.4, -0.6, -0.8 and -1 MPa[Michael Coffman method] and with using PEG [Poly 

Ethylene Glycol 6000]. The salinity stress experiment was conducted in 5 levels with osmotic pressure 0, -0.2, -

0.4, -0.6 and -0.8 MPa by using NaCl on seeds of marigold. Seeds of C.officinalis var Qazvin, obtained from the 

PakanBazr Company, Isfahan, Iran. The seeds at first are sterilized with hypo chloride sodium %3 in 2 minutes 

and then washed by 3 times superficially with distilled water and 50 seeds transferred to glass Petri dish with 10 

cm diameter and for the duration of the experiment 5ml solution with different levels was added to each Petri 

dish and for 14 days were transferred to a 20±1 ºC temperature with darkness condition and the number of 

geminated seeds in each day was counted and recorded.  

 After the termination of germination term, below indexes were measured in both drought and salinity 

conditions: germination rate, germination percentage, mean time to germination, normal seedling percentage, 

duration to 5 [D05], 10 [D10], 20 [D20] percent germination rootled and shoot length, the seed vigor and the dry 

weight of seedling was measured, and in a larger amount were sowed in tray proline index was conducted based 

on Bates et al methods [5]. 

 All data were subjected to ANOVA using the statistical computer package SAS and treatment means 

separated using Duncan„s multiple range test at P<0.05 level.  

 

Results: 

The effect of salinity stress on germination indexes of marigold seed: 

 According to the results of variance analysis it was observed that the effect of different levels of salinity 

stress on all traits of marigold seed germination were significant in a probable 1% level [table 1].  This matter 

shows the difference between different levels of salinity stress in different germination indexes such as 

germination percentage, germination rate, mean time to germination, normal seedling percentage, rootled and 

shoot length, seed vigor and the dry weight of seedling, duration to 5 [D05], 10 [D10], 20 [D20] percent 

germination and proline. In different plants also it is reported that salinity stress has a significant effect on 

germination indexes [4,22, 28, 29].  

 
Table 1: Analysis of Variance of the effect of different levels of salinity stress on seeds of marigold germination indexes. Gp: germination percentage. GR: germination rate. MTG: mean 

time of germination. NSP: normal seedling percentage. Sl: shoot length. Rl: rootled length. SVI: seed vigor. SDW: dry weight of seedling. T05: duration to 5 percent germination. 

T10: duration to the start of germination. T20: duration to 20 percent germination. 

S.O.V df GP GR MTG NSP SL RL SVI SDW T05 T10 T20 Prolin 

Salinity 4 1930.26** 59.84** 1.29** 2849.73** 10.83** 35.81** 810879.22** 0.002** 4118.54** 6873.76** 24259.73** 0.04** 

Error 10 10.66 0.32 0.19 9.6 0.13 0.18 1394.18 0.00001 81.25 296.83 364 0.004 

C.V % - 5.81 7.39 6.01 6.41 12.58 7.37 6.74 8.4 24.55 28.23 27364 15.09 

**significant at 1% probability level. 

 

 The results of mean comparison of the effect of different salinity levels on marigold seed germination 

indexes showed that with the increase in different levels of salinity stress, germination indexes such as 



512                                                  Mahrokh Rashidi and Mehrab Yadegari, 2014 

Advances in Environmental Biology, 8(21) October 2014, Pages: 510-515 

 

 

germination percentage, germination rate, normal seedling percentage, rootled length, shoot length, seed vigor 

and seedling dry weight were significantly  reduced, but mean time to germination, duration to 5 percent 

germination [D05], duration to the start of germination [D10] and the duration to 20 percent germination [D20] 

and proline were significantly increased [table 2]. 

 The highest germination percentage with the means of 84.67 %, germination rate with the means of 13.2 

seed in day, normal seedling percentage with the means of 82%, shoot length with the means of 5.7cm, rootled 

length with the means of 9.67cm and seedling dry weight with the means of 0.075 gr were related to control 

condition. 

 The lowest mean time to germination, the period of reaching to 5, 10 and 20 percent of germination and 

proline were respectively with the means of 7.9, 7.85, 15.71, 53.33 hr., and 0.32 were observed in free stress 

condition [table 2].  Salinity resulted from the reduction of water potential and the toxicity of special ions such 

as sodium and Cl and also reduced of nutritional ions which is needed by the plant such as Cl and potassium 

affected the germination and germination rate of seeds [11, 30]. Maybe the reduction in the germination rate in 

the levels above the salinity stress is the reduction in water potential and consequently reduction in the rate of 

sucking water and the toxic effect of sodium ion. So that the seeds will suck water with a lower rate and the 

metabolic activities of seed will become slower and consequently cell development and root release will become 

slower and germination rate will be reduced. The reduction in normal seedling percentage with the increase of 

salinity stress levels can be because of the toxic effect of ions that will influence the normal seedling growth and 

in this way results in the reduction in the normal seedling percentage. Since the increase in stress level, the 

metabolic activities for increasing the division activity and cell development reduced, it is possible that the 

reason for the reduction in the rootled and shoot growth is the reduction in cell division in stress condition. Seed 

vigor is an index of germination that is the product normal seedling percentage and seedling length or seedling 

dry weight. In this experiment the seed vigor index was produced from normal seedling percentage in seed vigor 

[4]. Hence, the seed vigor with the reduction of normal seedling percentage and seedling length with the 

increase in salinity stress reduced. The reason for the reduction of seedling dry weight with the increase in 

salinity stress is the reduction in seedling growth. Generally with the increase in salinity stress the power for 

sucking water with seeds reduced and the needed time for sucking water increased and consequently the start of 

germination processes reduced and also there was a disorder it and the time to the start of germination increased. 

Also with the increase in stress the duration of the start of germination reduced [29]. Other reports also 

mentioned that salinity stress will cause a reduction in germination indexes in many of the plants [6; 32, 34].  

 
Table 2: Mean Comparisons of the effects of different levels of salinity stress on marigold seed germination indexes. Gp: germination percentage. GR: germination rate. MTG: mean time 

of germination NSP: normal seedling percentage. SL: shoot length. Rl: rootled length. SVI: seed vigor. SDW: dry weight of seedling. T05: duration to 5 percent germination. 

T10: duration to the start of germination. T20: duration to 20 percent germination 

Salinity GP GR MTG NSP SL RL SVI SDW T05 T10 T20 Prolin 

Mpa 

0 84.67a 13.2a 7.09d 82a 5.7a 9.67a 1260.07a 0.075a 7.85e 15.71e 53.33e 0.32e 

-0.2 76b 11.07b 7.19cd 72b 3.97b 8.6b 904.47b 0.063b 13.04d 36d 88.67d 0.36de 

-0.4 58c 7.27c 8.06b 51.33c 2.37c 5.87c 422.87c 0.044c 20c 42.67c 156c 0.38c 

-0.6 38d 2.93d 8.33ab 29.33d 1.93d 3.7d 165.2d 0.033d 44.67b 72b 162.67b 0.48b 

-0.8 24e 1.7e 8.65a 6.67e 0.83e 1.27e 14.13e 0.008e 98a 138.67a 288a 0.62a 

 

The effects of drought stress on germination index in seeds: 

 According to the results, we observed that the effects of different levels of drought stress on all of the traits 

of the germination of the seeds were significantly [in a probable %1 level- table 3]. It was also reported in 

different plants that drought stress was significantly effective on germination indexes [2, 10,14].  

 
Table 3: variance analysis of the effect of different levels of drought stress on marigold seed germination indexes. Gp: germination percentage. GR: germination rate. MTG: mean time of 

germination. NSP: normal seedling percentage. SL: shoot length. Rl: rootled length. SVI: seed vigor. SDW: dry weight of seedling. T05: duration to 5 percent germination. T10: 

duration to the start of germination. T20: duration to 20 percent germination. 

S.O.V df GP GR MTG NSP SL RL SVI SDW T05 T10 T20 Prolin 

Drought 5 1993.06** 71.36** 0.73** 2490.48** 8.9** 33.27** 758829.56** 0.002** 2268.01** 8147.27** 29455.82** 0.35** 

Error 12 6.88 0.27 0.21 10.44 0.2 0.09 2374.9 0.000006 25.67 208.03 293.33 0.006 

C.V % - 4.63 6.03 6.58 7.19 11.75 4.06 7.71 4.62 19.21 25.82 13.35 11.07 

**significant at 1% probability level. 

 

 The results of mean comparison of the effect of different levels of drought stress on seeds of marigold 

germination indexes showed that with the increase in different levels of drought stress of germination indexes 

such as germination percentage, germination rate, normal seedling percentage, rootled length, shoot length, the 

seed vigor and seedling dry weight were significantly  reduced, but mean time to germination, duration to 5 

percent germination [T05], duration to the start of germination [D10] and duration to 20 percent germination 

[D20] and proline were significantly increased [table 4]. The highest germination percentage with the means of 

84.67 % in the control condition and the lowest germination percentage with the mean of 23.33 in the drought 

stress condition -1 MPa was observed [table 4]. The highest germination rate with the mean of 13.2 in day, 

normal seedling percentage 82 %, shoot length with the mean of 5.7 cm, rootled length with the mean of 9.67 

cm, seed vigor with the mean of 1260.7 and seedling dry weight with the mean of 0.075 were respectively 
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related to control condition [table 4]. The lowest mean time to germination, period of reaching to 5, 10 and 20 

percent of germination and proline were respectively with the means of 67, 27 hr., and 0.77 were observed in 

control condition [table 2]. With the increase in different levels of drought stress, seed accessing to water was 

reduced and the activity of the enzymes which are responsible for changing in germination also was reduced and 

in this way it is possible that the germination percentage will be reduced [2 , 32]. With the increase in different 

levels of drought stress, seed accessing to water was reduced and the activity of the enzymes which are 

responsible for changing in germination also was reduced and in this way it is possible that the germination 

percentage will be reduced.  

  The reduction in germination rate can be related of the reduction in water sucking and the increase in the 

duration of root release. Mayer and Poljakoff [16] reported that the cause of germination rate and the creation of 

abnormal seedling is the lack of enough energy for starting the related process of germination. If the water 

sucking by seed disordered or if sucking decreased, metabolic activities of germination inside the seed will be 

done slowly and consequently the duration of radicle release from the seed will be increased and so germination 

rate will be reduced [9]. Maybe the reduction in the normal seedling percentage is because of water shortage in 

an intensive stress condition that in which the seedling has not the ability to growth normally. Reduction in the 

normal seedling percentage under the stress condition was reported by Ansari et al. [3]. With the increase of 

negative potential of water the rootled length significantly reduced. In the drought stress 

 s condition the reduction of water sucking by the seed caused in the reduction in metabolic activities of 

seed, the reduction of hormone release and enzymes activities and consequently will cause disorder in seedling 

growth. The more seed vigor is greater it means that the seed has more power in growth under the stress 

condition. It is showed that seed vigor in different plants will be reduced with the increase in different levels of 

drought stress and the reason for this reduction in normal seedling percentage and seedling length is specified 

[2, 3]. The reason for the reduction in seedling dry weight of wheat is the reduction of the ability for 

transforming nutritional substantial their transfer from cotyledon to embryonic axis that these results are similar 

by our observations in this research [2, 29].  

 Generally in stress conditions the plant will prepare its resistance to oppose this condition by increasing 

proline amount. The plants in different environmental conditions will synthesis solutes with low molecules 

weight that is generally called compatible solutes. These compatible solutes consist of acid amine [proline, 

glycine], sugar, sugar alcohol, ions, organic acids, amides, amines, betaine groups that are synthesis in reaction 

to stress and do not interfere with normal biochemical reactions of cell. 

 Slama et al. [27] mentioned that the amount of the proline of grass was increased three times than the 

control one under the effect of drought stress. It is suggested that the reason for this matter is the provocation of 

biosynthesis activity of proline and the control of catabolic enzyme.  

 
Table 4: Mean Comparisons of the effects of different levels of drought stress on marigold seed germination indexes. Gp: germination percentage. GR: germination rate. MTG: mean time 

of germination. NSP: normal seedling percentage. SL: shoot length. Rl: rootled length. SVI: seed vigor. SDW: dry weight of seedling. T05: duration to 5 percent germination. 

T10: duration to the start of germination. T20: duration to 20 percent germination. 
Drought 

GP GR MTG NSP SL RL SVI SDW T05 T10 T20 Prolin 
Mpa 

0 84.67a 13.23b 7.09de 82a 5.7a 9.67d 1260.06a 0.075ab 7.85e 15.71e 53.33e 0.41f 

-0.2 86a 14.61a 6.42f 70.66b 5.5a 10.77a 1149.67b 0.08a 6.67f 13.33f 44f 0.47e 

-0.4 62b 8.98c 6.99e 49.33c 4.3b 10.07b 709.47c 0.071b 11.33d 22.67d 80d 0.51d 

-0.6 49.33c 5.84d 7.37cd 39.33d 3.4c 8.13d 453.33d 0.052c 18.33c 44c 97.33c 0.67c 

-0.8 34.67d 4.04e 7.61bc 29.33e 2.8d 6.03e 201.53e 0.037d 36b 100b 198.67b 0.83b 

-1 23.33e 1.72f 8.19a 5.66f 1.17e 1.9f 16.33f 0.01e 78a 139.33a 296a 1.33a 

 

Conclusion: 

 The results showed that the drought and salinity stress caused the reduction in germination percentage, 

germination rate, normal seedling percentage, rootled and shoot length, seed vigor and seedling dry weight, and 

increase in the reaching to 5 percent germination [D05], the duration to 10% of germination [D10], the duration 

to 20 percent germination [D20], proline and the mean time of germination. The reduction in germination 

indexes can be attributed to the increase of proline amount in the condition of high levels of drought and salinity 

stress. The seed vigor index is related to the normal seedling percentage and seedling length and the reason of 

the reduction in seed vigor is because of the reduction in rootled and shoot length and also the reduction in 

normal seedling percentage under high stress level condition. The reduction in seedling growth also will cause 

in the reduction in seedling dry weight. The produced seedling under the drought and salinity stress condition 

increased their proline amount in order to prevent from the intensive damage which can be a defensive 

mechanism against stress condition.  
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