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ABSTRACT 

Nigella damascena and Nigella sativa are two important species of the genus Nigella that 

have many medicinal and industrial applications. Both species are widely cultivated in 

arid and semi-arid areas, and are affected by abiotic stresses, especially drought stress. In 

the present study, the effect of water deficit stress on seed yield, oil percentage and yield, 

total phenolics and flavonoids content, and antioxidant activity of both species were 

investigated during two growing seasons (2018 and 2019). In this experiment, different 

levels of irrigation (severe stress, mild stress, and control) and two species (N. sativa and 

N. damescena) were studied as the main plots and subplots, respectively. Seed and oil 

yields decreased sharply due to drought stress in both species. Means of the seed and oil 

yields in N. sativa were 540.65 and 206.92 kg ha-1, respectively, and seed and oil yields in 

N. damascena were 286.37 and 100.29 kg ha-1, respectively. Mild stress increased the oil 

content in both species, but severe stress significantly decreased the oil content in N. 

sativa. Linoleic acid had the highest percentage in both species, followed by oleic and 

palmitic acids, in the order of their appearance. Drought stress decreased 

polyunsaturated fatty acids (linolenic acid and linoleic acid), but saturated ones (stearic 

and palmitic acids) increased under drought stress with increasing drought stress, and the 

amount of phenolics and flavonoids in both species increased (P< 0.05). Furthermore, the 

IC50 level decreased with increasing phenolics and flavonoids contents. In general, 

drought stress negatively affected seed and oil yields and edible oil quality in these species. 

Considering the acceptable seed and oil yields of N. damascena and its beneficial fatty acid 

compositions, it can be used in plant breeding programs and edible oil production. 
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INTRODUCTION 

Nigella damascena and Nigella sativa 

species are annual and herbaceous plants 

belonging to the Ranunculaceae family. N. 

damascene, commonly known as devil-in-the-

bush, is grown as an ornamental plant in 

temperate regions of Europe, including the 

Mediterranean region (Jabbour et al., 2015). 

However, N. sativa is widely cultivated for 

various medicinal and industrial purposes in 

the Mediterranean Basin region and Asia 

(Rchid et al., 2004). Iran is one of the main 

centers of growth for N. sativa (Golkar and 

Nourbakhsh, 2019).The oil extracted from N. 

sativa seeds has been used in various 

therapeutic applications, including asthma, 

headache, dizziness, and blood pressure (Telci 

et al., 2014). Also, because of its high 
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antioxidant properties, various medicinal 

properties such as antibacterial, antifungal, and 

anti-cancer have been stated for this plant 

(Majeed et al., 2020; Telci et al., 2014)  

The seeds of N. damascena contains fatty 

acids (Telci et al., 2014), proteins and other 

biologically active compounds such as 

alkaloid compounds, different types of 

flavonoids, sesquiterpenes, sterols, and 

saponins (Fico et al., 2000; Telci et al., 2014).  

Drought stress reduces the amount of water 

available to plants and leads to reduced yield 

and biomass, along with biochemical and 

physiological changes in the plant. Exposure 

of the plant to adverse drought conditions also 

leads to increased production of Reactive 

Oxygen Species (ROS). Plants use antioxidant 

defense systems to protect themselves against 

these ROS under environmental stresses 

(Bettaieb et al., 2012). Biosynthesis and 

accumulation of polyphenols are stimulated in 

response to abiotic stresses such as drought 

stress in plants (Navarro et al., 2006). 

Therefore, water-stressed plants may be a 

source of polyphenol compounds, through 

increasing the concentration of polyphenols 

inside the tissues and limiting biomass 

production (De Abreu and Mazzafera, 2005).  

The fatty acid composition of the seed 

indicates how it is used for various food, 

industrial, or medicinal purposes. The 

mentioned species of Nigella (N. sativa and N. 

damascene) have a comparable composition in 

terms of their oil content, but there are 

differences between these species in view 

point of their quantitative values. Linoleic acid 

and oleic acid are the most important 

unsaturated fatty acids, whereas palmitic, 

stearic, and myristic fatty acids are the most 

important saturated fatty acids in these two 

species (Telci et al., 2014). The composition 

of fatty acids in crop seeds is mainly 

controlled by genetic effects (Ozer et al., 

2020). Nevertheless, in some medicinal plants 

such as Salvia officinalis (Bettaieb et al., 2009) 

and Carum carvi (Laribi et al., 2009), the 

composition is partially affected by drought 

stress. 

Regarding the commercial, medicinal, and 

multi-purpose values of products derived from 

Nigella species, much research is being done 

on this species. However, according to the 

literature review, few studies have been 

performed on the effect of drought stress on 

the changes of fatty acids and oil content of 

Nigella species. Bannayan et al. (2008) and 

Ghamarnia et al. (2010) reported that N. sativa 

has a relatively good tolerance to water deficit 

conditions. In other studies (Ghamarnia and 

Jalili, 2013; Shahbazi, 2019), it was reported 

that N. Sativa is sensitive to water stress. 

However, it is not clear how fatty acids 

composition will change under drought stress 

in these species, and presently, there is no 

study on the effect of drought stress on the 

fatty acid content of N. damascena. Therefore, 

this study aimed to investigate the effect of 

drought stress on oil content, fatty acids, and 

some secondary metabolites (total phenol 

content and total flavonoid content), as well as 

the antioxidant activity in the two species N. 

sativa and N. damascena. 

MATERIALS AND METHODS

Experimental Design and Irrigation 

Treatments  

This study was performed as split-plot in a 

Randomized Complete Block Design 

(RCBD) with four repetitions. Two 

genotypes of N. sativa and N. damascena 

were sown in the experimental farm of 

Shahrekord University, Shahrekord, Iran 

(32° 21΄ N, 51° 49΄ E, 2,083 m AMSL) in 

two growing seasons (2018 and 2019). The 

two genotypes and three irrigation regimes 

(supplying 100, 60, and 40% of the crop 

water requirements) were considered as the 

subplots and main plots, respectively. In the 

present experiment, the levels of 40, 60, and 

100% were regarded as, respectively, severe 

and mild stresses, and the control. Each 

experimental plot consisted of furrows with 

2 m length and 2 m wide, the rows were 25 

cm apart. Buffering spaces of 1.5 m 

separated the plots. Irrigation regimens were 

specified by quantification of the MAWD 

(Maximum Allowable Water Depletions), 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
2-

26
 ]

 

                             2 / 13

https://jast.modares.ac.ir/article-23-48389-en.html


Response of Nigella to Water Stress ____________________________________________  

 

695 

 

and the water stresses were applied at the 

onset of flowering and continued until 

maturity. Theta probes were utilized to 

measure alterations in soil moisture at 

various growth phases. After determination 

of crop water requirements, every subplot 

received irrigation (via an irrigation meter) 

upon reaching the relevant MAWD 

threshold. Moreover, the soil water quantity 

was expressed by the following equations 

(Allen, 1998): 

θirr= (θFC−θPWP)×MAD   (1)  

d= (θF −θsoil)×D    (2)  

V=d×A×1000    (3)  

In the above equations, θirr and θsoil are 

mean water in rhizosphere rooting depth at 

irrigation time (MAD threshold value) and 

mean water in plant rhizosphere, 

respectively. θFC and θPWP are volumetric 

soil contents, respectively, at FC (Field 

Capacity) and PWP (Permanent Wilting 

Point). D and d denote the plant rooting 

Depth and irrigation depth in m, 

respectively. A and V represents the subplot 

Area (m
2
) and employed irrigation Volume 

(m
3
), respectively. 

The plant samples of every replication 

were dried in an aerated oven for 4 hours at 

40°C and then pulverized by a mixer. The 

extraction of oil from powdered seeds (5 g) 

was done in a Soxhlet device utilizing 

petroleum ether as the dissolvent for 6 h 

based on the AOCS procedure (Cheikh-

Rouhou et al., 2007), followed by 

calculation of oil contents in individual 

samples. Followed by extraction, separation 

of the solvent from the oil was performed by 

a vacuum evaporator.

Fatty Acids Profiling  

To determine the fatty acid profile, by 

methylating the lipid extracts, fatty acid 

methyl esters (FAME) were produced for 

analyzing by Gas Chromatography (GC) 

(Goli et al., 2008). The gas chromatography 

of FAME was analyzed on an Agilent 

6890N gas chromatograph fortified with a 

Flame Ionization Detector (FID). The 

utilized column was a HP-88 (0.25 mm id, 

100 m, and film thickness of 0.2 µm).  

Total Phenolics Content  

Folin-Ciocalteu’s reagent was used to 

evaluate the total phenolic of every extract 

based on the technique defined by Dewanto 

et al. (2002). The overall Total Phenolics 

Content (TPC) was presented as mg of GAE 

(Gallic Acid Equivalents) per gram of dry 

weight via the calibration curve of gallic 

acid.  

Total Flavonoids Content  

Total Flavonoids (TFD) content in 

methanolic extracts of Nigella was 

determined by the aluminum chloride 

procedure, according to Zhishen et al. 

(1999). Total flavonoids content in 

specimens was presented as mg Quercetin 

Equivalents (QE g
-1

) dry weight. 

Antioxidant Activity  

The electron donation capability of the 

resultant methanolic extracts was 

determined according to Hatano et al. 

(1988). Inhibition Concentration (IC50) of 

free radical DPPH was estimated as 

Equation (5):  

IC (%)= [(Ablank–Asample)/Ablank]×100 (5) 

 Where, Ablank and Asample are the control 

reaction Absorbance and that using plant 

extract. The IC50 values were determined by 

the regression equation obtained from the 

inhibition percentage and the extracts’ 

concentration. BHT was applied as a 

positive control. 

Statistical Analysis  

A split-plot design was employed on the 

basis of a randomized complete block design 

with four replications. Three irrigation levels 

(40%, 60% and 100%) and two Nigella 
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species (N. sativa and N. damascena) were 

considered as the main factor and sub-factor, 

respectively. Because the Bartlett test 

indicated homogeneity in the variance of 

data for the two years, the combined data of 

the two years were analyzed by the ANOVA 

with SAS statistical software (V.9.1) (SAS, 

2004) and the mean comparisons were 

calculated using the Least Significant 

Difference (LSD5%) test.  

RESULTS  

Effects of Drought Stress on Seed and 

Oil Yields  

Drought stress and species had significant 

effects on seed and oil yields, and oil 

content(%) (P< 0.01) (Table 1). The average 

of seed yield during the two years of study 

was recorded as 540.65 kg ha
-1

 for N. sativa 

and 286.37 kg ha
-1

 for N. damascena (Table 

2). Drought stress significantly reduced seed 

yield by 41.4% and 80.73% under mild and 

severe stresses, respectively (Table 2). 

According to (Figure 1a), the seed yield 

decreased in both species with increase in 

drought intensity, but the decrease in yields 

was more severe under mild stress 

conditions in N. sativa, than N. damascena. 

The mean of oil content was 37.95 and 

35.37% for N. sativa and N. damascena, 

respectively (Table 2). With increase in the 

intensity of water tension, the oil yield (kg 

ha
-1

) showed a significant decrease in both 

species. The severity of reduction in oil 

yield was greater in N. sativa rather than N. 

damascena (Figure 1b).  

Effects of Drought Stress on Fatty Acids 

Content 

Saturated Fatty Acids  

The mean of palmitic acid were 15.75 and 

12.71% in N. sativa and N. damascene, 

respectively (Table 3). The mean of palmitic 

acid was 13.22 %, 14.22 and 15.25% under 

normal, mild stress and severe stress 

conditions, respectively (Table 3). 

According to (Figure 2a), responses of the 

two species were almost similar in terms of 

palmitic acid changes, but the amount of 

palmitic acid content in N. damascena 

increased more strongly than N. sativa due 

to severe stress.  

The effect of irrigation and year×irrigation 

was significant on stearic acid (Table 1). 

The means of stearic acid in N. sativa and N. 

damascena were 4.06%- and 4.23%, 

respectively (Table 3). With increase in the 

intensity of drought stress, the content of 

stearic fatty acid increased, but there was no 

significant difference between mild and 

control stress conditions (Table 3). 

Unsaturated Fatty Acids  

The effects of irrigation, species, and 

interaction effects of species × irrigation 

showed significant difference for 

unsaturated fatty acids (oleic acid and 

linoleic acid) (Table 1). The mean 

comparison demonstrated a higher content 

of oleic acid in N. damascena (30.73%) than 

N. sativa (24.45%) (Table 3). The percent of 

oleic acid was 26.29, 27.51 and 28.98 (%) 

under control, mild-stress and severe-stress 

conditions, respectively (Table 3). Although 

the response trends of the two species to 

drought stress conditions were almost 

similar for oleic acid content, the amount of 

oleic acid increased more sharply in N. 

damascena in severe stress (Figure 2b). The 

mean of linoleic acid was 51.99 and 55.5% 

in N. damascena and N. Sativa, respectively 

(Table 3). The mean comparison between 

different levels of irrigation showed a 

significant decrease under normal 

conditions, mild stress and severe stress, as 

56.42%, 54.09% and 50.73%, respectively 

(Table 3). Comparing the trend of responses 

to drought stress in the two species showed 

that with increase in the level of stress, the 

amount of linoleic  
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Figure 1. Response of N. sativa and N. damascena to different levels of irrigation for seed yield (a) and oil 

yield (b) averaged over two years of study (2018 and 2019).     

  

Figure 2. Response of N. sativa and N. damascena to different levels of irrigation for palmitic acid (a) and oleic 

acid (b) averaged over two years of study (2018 and 2019). 

 
acid decreased, but its decrease was more 

severe in N. damascena. (Figure 3a). The 

linolenic content was lower than all other 

studied fatty acids. It was 0.24 and 0.33% in 

N. sativa and N. damascena, respectively 

(Table 3). The content of linolenic acid was 

0.35, 0.28 and 0.23% under normal, mild-

stress and severe-stress conditions, 

respectively (Table 3). The responses trends of 

the two species for linolenic acid were 

different under drought stress (Figure 3b). In 

this regard, mild stress conditions resulted in 

decrease of linolenic acid in N. damascena 

species, but no significant decrease was 

observed in N. sativa species (Figure 3b). 

Content of Total Saturated and 

Unsaturated Fatty Acids  

Total saturated fatty acids in N. Sativa and 

N. damascena were 19.81 and 16.94%, 

respectively (Table 3). The mean of 

saturated fatty acids under normal irrigation, 

mild stress and severe stress were 

considered as 16.94, 18.13, and 20.06%, 

respectively (Table 3). With increase in 

intensity level of drought stress, total 

unsaturated fatty acids showed a 

significantly decrease in both species (Table 

3). 
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Figure 3. Response of N. sativa and N. damascena to different levels of irrigation for linoleic acid (A), linolenic acid (B) 

and Saturated Fatty Scids (SFA)/Unsaturated Fatty Acids (USFA) (C) averaged over two years of study (2018 and 2019). 

 

A significant difference was observed for 

ratio of total unsaturated fatty acids to total 

saturated fatty acids (Table 1). This ratio 

was 4.07 and 4.96 for N. sativa and N. 

damascena, respectively (Table 3). This 

ration was reduced under drought stress in 

both species, but the reduction was more 

severe in N. damescana (Figure 3c).  

Effects of Drought Stress on Total 

Phenolics and Flavonoids Content 

The effects of drought stress, and species 

× irrigation was significant on TPC at P< 

0.01 (Table 1). The mean comparison 

between different levels of water stress 

indicates a significant increase in TPC 

(Table 2). The trend responses of the studied 

species were different to drought stress for 

TPC, such that in mild stress, TPC did not 

show significant changes in N. sativa 

compared to N. damascena (Figure 4a). In 

severe stress condition, TPC increased 

sharply in N. sativa, while in N. damascena 

it did not have significant changes (Figure 

4a). On average, TPC (63.06 mg GAE g
-1

 

DW) was higher in N. damascena than N. 

sativa (60.67 mg GAE g
-1

 DW) (Table 2). 

The effects of irrigation and irrigations × 

species interaction were significant for TFD 

content (P< 0.01) (Table 1). On average, 

drought stress increased TFD content (Table 

2). Mild stress resulted in increase in TFD 
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Figure 4. Response of N. sativa and N. damascena to different levels of irrigation for total phenolic content (A), total 

flavonoid content (B) and IC50 value (C) averaged over two years of study (2018 and 2019). 

 

content in both species, but under severe- 

stress condition response of species was 

different for TFD content. It showed an 

increasing trend in N. sativa, but a 

decreasing one in N. damascena (Figure 4b). 

The means of TFD content were recorded as 

27.42, 23.95, and 22.02 mg QE g
-1

 DW 

under severe-stress, mild-stress and control 

conditions, respectively (Table 2).  

Drought Stress Effects on Antioxidant 

Activity  

All the main and interaction effects were 

significant on IC50 value, except for year, 

and interaction effects of year×irrigation and 

year×irrigation×species (Table 1). The IC50 

value was 2.43 and 2.51 μg mL
-1

 in N. sativa 

and N. damascena, respectively (Table 2) 

.The mean comparison between different 

irrigation levels showed a significant 

increase in DPPH scavenging activity 

(decrease in IC50) with increasing stress 

levels (Table 2). The IC50 value was 

recorded as 2.84, 2.5, and 2.08 μg mL
-1

 

under non-stress conditions, mild-stress and 

sever- stress, respectively (Table 2). The 

trend responses of the two species under 

drought stress were completely different to 

drought stress (Figure 4c). In N. damascena, 

The IC50 value decreased initially due to 
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mild stress but it then increased with 

increase in stress intensity (Figure 4c). On 

the other hand, in N. sativa, no significant 

change was observed in mild stress, but it 

decreased significantly with increase in 

drought tension (Figure 4c).  

DISCUSSION 

Drought stress is considered as a 

restricting factor affecting growth rate, seed 

yield, and morpho-physiological traits in 

plants (Lamaoui et al., 2018). How plants 

respond to water deficit depends on the 

stress intensity, the period of stress, 

phonologic stage of the plant, genotype, and 

plant species (Farooq et al., 2012). In this 

study, the effects of water deficit on grain 

and oil content, fatty acid composition, and 

some secondary metabolites were 

investigated in N. sativa and N. damascena.  

Seed yield and oil yield in both species 

decreased sharply due to stress, indicating 

the adverse effect of drought stress on these 

traits. Moreover, it suggests that oil yield is 

more affected by seed yield than oil 

percentage (Table 2). Previous studies have 

also reported a decrease in grain yield in N. 

sativa due to drought stress (Bannayan et al., 

2008; Shahbazi, 2019). The effect of 

drought stress on the flowering and grain 

filling stage is very important because 

drought stress in these stages reduces the 

number of fertile flowers, the number of 

seeds, and seed weight (Merajipoor et al., 

2020; Ozer et al., 2020). This reduction can 

be due to physiological conditions such as 

reduced photosynthesis and enzymatic 

activities, closed stoma, and reduced 

carbohydrates (Merajipoor et al., 2020; Ozer 

et al., 2020). Mild stress increased the oil 

content, but it decreased with increasing 

stress (severe stress). Similar to these 

findings, the increase in the intensity of 

drought stress led to a significant decrease in 

oil yield in other oilseeds such as sesame 

(Eskandari et al., 2015) and soybeans 

(Ghassemi-Golezani and Lotfi, 2013).  

The ratio of unsaturated fatty acids to 

saturated ones is an important index for the 

strength of the nutritional value of plant oils. 

Both species are rich in unsaturated fatty 

acids (Table 3). The ratio of unsaturated to 

saturated fatty acids was more in N. 

damascena than N. sativa (Table 3). In 

previous studies, linoleic acid has been 

reported as the most important fatty acid in 

N. sativa and N. damascena (Aitzetmuller et 

al., 1997). According to the reports of Telci 

et al. (2014), the percentage of unsaturated 

fatty acids in N. damascena and N. sativa 

was 79 and 81%, respectively. The highest 

contents for saturated fatty acid in N. sativa 

(12.5%) and N. damascena (9.7%) were 

reported as palmitic acid (Telci et al., 2014).  

In some studies, small amount of lauric 

fatty acid has been reported in N. damascena 

(0.6-0.05%) (Hendawy et al., 2012) but 

lauric acid was not reported in N. sativa. 

However, the difference in the content of 

fatty acids in these species can be due to 

genetic differences of these species, climatic 

conditions (Telci et al., 2014), and intenal 

factors that affect fatty acids synthesis in 

seeds of oily crops (Harwood, 1996).  

The degree of fatty acids saturation is the 

most selective factor in conserving 

membrane fluidity, which provides a 

suitable environment for membrane function 

and plant adaptation processes under 

environmental stresses conditions. In this 

study, drought stress decreased linolenic and 

linoleic fatty acids and increased oleic, 

stearic, and palmitic fatty acids. In other 

words, drought stress decreased 

polyunsaturated fatty acids and increased 

saturated fatty acids. This response might be 

due to accelerated lipid accumulation and/or 

shorter duration of all enzymatic activities, 

including Δ12 desaturase (Xu and Beardall, 

1997). This similar trend was also reported 

under drought stress in Cuminum cyminum 

L. (Bettaieb et al., 2011) and Salvia 

officinalis (Bettaieb et al., 2009).  

Under drought stress conditions, a lower 

conversion of oleic acid to linoleic acid 

could result from a diminished time for seed 

filling in early maturity condition (Liu and 
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Guan, 2016). This phenomenon could be the 

main reason for reduction of linoleic acid 

ratio under drought-stress condition. 

Limitations due to drought stress may cause 

an earlier embryo development, which 

subsequently stimulates enzymatic activities 

related to the biosynthesis of fatty acids and 

determine the final composition of fatty 

acids (Baldini et al., 2002; Bettaieb et al., 

2012). 

In this study, with increasing drought 

stress, the amount of phenolics and 

flavonoids compounds in both species 

increased (Table 2). This result indicates that 

Nigella species uses the biosynthesis of 

phenolics and flavonoids compounds in 

response to oxidative stress caused by 

drought stress. An increase in TPC under 

drought stress in various plants including 

black seed (Kabiri et al., 2014), cumin 

(Bettaieb et al., 2011), pepper (Navarro et 

al., 2006), and Achillea species (Gharibi et 

al., 2016) was also reported, which is 

consistent with the results of this study. 

In the present study, a correlation was 

observed between the phenolics and 

flavonoids content with DPPH scavenging 

activity, indicating that with increase in the 

contents of total phenolics and flavonoids, 

the value of IC50 decreased. The activity of 

antioxidants with a low molecular weight 

such as polyphenols (Sreenivasulu et al., 

2000) and flavonoids (Sgherri et al., 2003) 

can lead to the elimination of free radicals 

generated during stress.  

CONCLUSIONS 

According to these findings, drought stress 

decreased the seed and oil yields of Nigella 

and edible oil quality and its unsaturation 

degree. In other hand, water deficit reduced 

the proportion of the polyunsaturated fatty 

acids, which are of great importance for 

human nutrition. Moreover, drought stress 

was found to significantly influence the 

phenolic and flavonoid contents. 

Antioxidant activity of Nigella seeds was 

positively correlated with their phenolics 

and flavonoids contents, which increased 

under water-deficit condition. This finding 

indicated that genus Nigella uses the 

accumulation mechanism of phenolics and 

flavonoids compounds in response to 

oxidative stress due to drought stress. 

Regarding the acceptable yield of N. 

damascena and its higher beneficiary 

unsaturated fatty acid compositions, this 

species can be used in plant breeding 

programs and edible oil production. 
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به تنش خشکی: عملکرد،  .Nigella sativa Lو  .Nigella damascena Lپاسخ 

 اکسیدانیترکیبات اسیدهای چرب و فعالیت آنتی

 گلکار .پو سعیدی،  .صفی پور، ک .شهبازی، ب .ا

 چکیده

ّستٌذ کِ دارای  Nigella ، دٍ گًَِ هْن از جٌس.N. sativa ٍdamascena Nّبی گًَِ

ثبشٌذ. ّر دٍ گًَِ در هٌبطق خشک ٍ ًیوِ خشک کِ ًحت ٌعتی ثسیبری هیکبرثردّبی دارٍئی ٍ ص

شًَذ. در هطبلعِ حبضر تبثیر تٌش خشکی رٍی عولکرد ثبشذ، کشت ٍ کبر هیتبثیر تٌش خشکی هی

اکسیذاًی ّر دٍ داًِ، درصذ ٍ عولکرد رٍغي، هحتَای کل فٌَل ٍ فلاًٍَئیذ ٍ ّوچٌیي فعبلیت آًتی
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( هَرد هطبلعِ قرار گرفت. در ایي آزهبیش، سطَح 1398ٍ  1397شذ زراعی ) گًَِ در طی دٍ فصل ر

( ثِ N. sativa ٍ damascena.Nهختلف آثیبری ) شبّذ، تٌش هلاین ٍ تٌش شذیذ( ٍ دٍ گًَِ )

ّبی اصلی ٍ فرعی هَرد هطبلعِ قرار گرفتٌذ. عولکرد داًِ ٍ رٍغي در ّر دٍ گًَِ ترتیت ثِ عٌَاى کرت

ثِ ترتیت  N. sativaثب شرایط تٌش خشکی کبّش ًشبى داد. هیبًگیي عولکرد داًِ ٍ رٍغي در 

ثِ  .damascene N کیلَگرم درّکتبر ثَد. ّوچٌیي عولکرد داًِ ٍ رٍغي در 92/206ٍ  65/540

کیلَگرم درّکتبر ثَد. تٌش خشکی هلاین هٌجر ثِ افسایش هحتَای رٍغي در  29/100ٍ  37/286ترتیت 

شذ.  N. sativaداری ثبعث کبّش هحتَای رٍغي در ّر دٍ گًَِ شذ، اهب تٌش شذیذ ثِ صَرت هعٌی

لوتیک اسیذ قرار در ّر دٍ گًَِ لیٌَلئیک اسیذ دارای ثیشتریي درصذ ٍ ثِ دًجبل آى اٍلئیک اسیذ ٍ پب

گرفتٌذ. تٌش خشکی هٌجر ثِ کبّش اسیذّبی چرة غیر اشجبع ) لیٌَلٌیک اسیذ ٍ لیٌَلئیک اسیذ( ٍ 

افسایش اسیذّبی چرة اشجبع ) استئبریک اسیذ ٍ پبلوتیک اسیذ(، هحتَای کل فٌَل ٍ فلاًٍَئیذ شذ. 

ِ صَرت کلی، تٌش خشکی ثب افسایش هحتَای کل فٌَل ٍ فلاًٍَئیذ کبّش ًشبى داد. ث IC50هقذار 

ّب داشت. ثب تَجِ ثِ تبثیر هٌفی ثر رٍی عولکرد داًِ ٍ رٍغي ٍ کیفیت رٍغي خَراکی در ایي گًَِ

ایي گًَِ  N. damascenaعولکرد داًِ ٍ رٍغي قبثل قجَل ٍ ترکیت اسیذّبی چرة هطلَة گًَِ 

 َرد استفبدُ قرار گیرد. ّبی اصلاح ًجبتبت ثِ هٌظَر تَلیذ رٍغي خَراکی هتَاًذ در ثرًبهِهی
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