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Introduction borage (Borago officinalis L) is among the most ancient pharmaceutical plants used in Iran and other regions 
of the world. Examining the resistance of this plant against environmental stresses appears necessary given its 
importance and the abundance of arid lands. Thus, the present study was devised to evaluate the impact of various 
drought stress levels on the qualitative traits and high-consumption nutrients’ concentration in borage over 2020-2021 in a 
farm located in Anbaran village. Treatment included three drought stress levels including a1: control (no stress), a2: 
normal stress (irrigation at 70% field capacity), and a3: severe stress (irrigation at 40% field capacity). The present study 
then investigated the qualitative traits and nutrient content of the plants. Results of variance analysis of the studied traits 
indicated a significant difference between the different treatments in terms of the studied traits and nutrient contents at 1% 
and 5% significance levels. In other words, drought stress has significant impacts on the studied variables. Drought 
distress of 70% FC reduced the potassium, nitrogen, protein, and phosphorus contents and reduced them to their lowest 
points, but increased the content of sodium, proline, and carbohydrates which reached their peak. The main mechanisms 
against drought stress in this plant include increasing osmotic compounds such as soluble sugars and proline.  
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INTRODUCTION 

European borage (Borago officinalis L) is an annual 
herb in the flowering plant family Boraginaceae. This plant 
has blue flowers and leaves covered with coarse fibers (Bi 
et al. 2021, Gholamin and Khayatnezhad, 2020a, 
Karasakal et al. 2020a, Khayatnezhad and Gholamin, 
2020a, Li et al. 2021). Borage leaves and flowers contain 
tannins, mucilage, essential oils, saponins, vitamin C, 
potassium, and calcium. Its flowers also contain 
Rosmarinic –a phenolic compound possessing various 
pharmacological effects that explain the many 
pharmaceutical effects of borage. European Borage seed 
oil content varies between 27% and 37% and is rich in 
unsaturated omega-6 fatty acids with many medicinal 
effects (Chen et al. 2021, Huang et al. 2021, Ma et al. 
2021a, Wang et al. 2022a, Zhang et al. 2021). This plant 
has roots that penetrate the soil vertically to the depth of 
30-40cm and is capable of absorbing its required nutrients 
and resisting drought to some extent given its primary and 
secondary roots at the depths of the soil (Cheng et al. 
2021, Jia et al. 2020, Li et al. 2022, Tao et al. 2021). 
Borage is used only traditionally in Iran, whereas studies 
indicate that this plant is used to produce effective 
medicinal compounds and oil aside from its wet and dry 
products in countries such as Cyprus, Turkey, Italy, Spain, 

and Slovenia (Gholamin and Khayatnezhad, 2020b, 
Khayatnezhad and Gholamin, 2020b, Wang et al. 2022b). 
The growing worldwide attention to this medicinal herb 
highlights the importance of its cultivation and production. 
The increasing trend in domestic use, the tendency for 
export, and the tendency to prevent the extinction of 
native plants due to unprincipled harvests highlight the 
importance of increasing the area under cultivation of 
borage (Abdi, 2021, Alizadeh, 2021, Karasakal, 2021, 
Mohammadzadeh, 2021, Radmanesh, 2021). Plants face 
various environmental stresses during their growth period 
which can leave different impacts on their growth and yield 
depending on their sensitivity and growth stage. Water 
shortage is among the most important environmental 
factors contributing to reduced growth and yield of many 
crops as well as horticultural and medicinal herbs, 
particularly in semi-arid and arid regions of the world (Si et 
al. 2020). Drought stress is characterized by reduced 
water content, stomatal occlusion, weakened water 
potential of the leaf, reduced turgor pressure, and reduced 
cell growth and enlargement. Severe drought stress can 
stop photosynthesis and result in metabolic irregularity 
and, eventually, the death of the plant (Clay et al. 2001, 
Girousse et al. 1996, Grattan and Grieve, 1999). Drought 
may influence the mineral nutrient content of the plants in 
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several ways including the transfer of ions from the soil to 
the roots, changing ion absorption by roots, changing root 
and aerial organ demand for ions, reducing transfer 
through the plants, and deficiency or accumulation of ions 
which might disrupt plant metabolism or lead to 
compromising responses (Bajji et al. 2001). Results of 
studies conducted on European borage indicated that 
phosphorus and potassium contents in the leaves and 
flowers of this plant increase to some extent (except for 
the phosphorus content of leaves) under drought stress 
(Gholamin and Khayatnezhad, 2020c, Hou et al. 2021, 
Karasakal et al. 2020b, Khayatnezhad and Nasehi, 2021, 
Xu et al. 2021). Drought stress increases the 
concentration of soluble minerals in the root environment, 
resulting in increased osmotic potential of the soil which 
increases the nutrient absorption significantly (Ma et al. 
2021b, Zheng et al. 2021, Zhu et al. 2021). Nutrient 
content declines significantly as a result of prolonged 
drought stress (discontinued irrigation) in calendula. 
Plants reduce their growth under drought stress to 
compensate for the shortage of nutrients (due to reduced 
root uptake) Campbell and McPherson were the first to 
discover proline accumulation in leaves under drought 
stress and report it in turf, which was later reported in 
other plant species such as wheat, barley, corn, rice, 
beans, coffee, lemon, cotton, soybeans, and tobacco. 
Evidence currently suggests that proline accumulation is a 
general phenomenon in plants exposed to drought stress. 
The mean proline yield under severe, moderate, and mild 
drought stress compared to control indicated that proline 
is the most stable amino acid and has the least cell growth 
inhibition. This might be the reason why proline is more 
compatible with the favorable cell conditions, and the 
reason for its accumulation in plants suffering from 
drought stress might be its reduced oxidation into 
glutamate and lower proline consumption in protein 
production (due to reduced plant growth. Proline's role as 
an osmotic pressure regulator and protective factor for 
membrane structure and cytoplasmic enzymes are among 
the most crucial physiological roles of its accumulation in 
response to water deficiency. The significance of proline 
accumulation in response to water deficiency has raised 
many questions. Some believe that the proline stored in 
leaves during drought plays the role of storing nitrogen 
and carbon. The present study was devised to evaluate 
the impact of various drought stress levels on the 
qualitative traits and high-consumption nutrients’ 
concentration in borage (Borago officinalis L) in Anbaran 
village, Namin city.  

  
MATERIALS AND METHODS 

The present experiment was carried out in 2020-2021 
on a farm located in Namin city seeking to evaluate the 
impact of drought stress levels on the yield and 
morphological traits of borage (Borago officinalis L). 
Namin city is the capital of Namin County, Ardebil 
province, and is situated at 48 degrees and 29 minutes of 
longitude, 38 degrees and 25 minutes of latitude, and an 
altitude of 1,700 meters above the sea level. Namin is a 
mountainous area, and Namin Chay river passes through 
the city. Each plot was sampled before cultivation and 
after harvest to determine the specification of the studied 
soil. After the initial stages of drying, pounding, and 
sieving, samples were transferred to the library. Results of 
chemical soil analysis indicated that the soil at the 
experiment location was clay, electrically conductive, had 
a saturation extract of 9.6 dS/m, and a PH of 8.1. Various 
studies have revealed the suitable PH for horticultural 
borage to be 4.3-8.3. Table 1 demonstrates the physio-
chemical specifications of the soil.  

After soil and tillage, one week before cultivation 
including plowing, discs, etc., the land considered for the 
cultivation was divided into 2*2m plots based on the 
cultivation plan. The plots were situated 0.5m away from 
one another and the blocks had a distance of 8m between 
them. The amount of each fertilizer was measured before 
cultivation and the fertilizer was then mixed with the soil. 

Manual cultivation was eventually carried out on 
3/1/2020. The seeds used in the study were acquired from 
reliable sources in Ardebil. Planting rows were 60cm away 
from one another and the plants in each row had a 
distance of 30cm between them. The experiment was 
conducted on completely randomized blocks with three 
iterations. The treatment included three drought stress 
levels of a1: control (no stress), a2: normal stress 
(irrigation at 70% field capacity), and a3: severe stress 
(irrigation at 40% field capacity). The maintenance after 
cultivation included weeding, irrigating, and tillage. 
Superficial irrigation was performed daily and regularly 
until germination. The seeds started germination around 
20 days after cultivation. Given that the early growth of 
borage plants is slow, manual weeding was sufficed to at 
the early stages. The plants were pruned at the four-leaf 
stage. The drought treatment was applied after complete 
plant establishment and pruning. A TDR (Time Domain 
Reflectometer) device was used to measure soil moisture 
content and plot irrigation would be performed whenever 
the soil moisture dropped to the specific amounts.  

 
Table 1: the physio-chemical specifications of the soil at a depth of 0-30cm 

 
Soil Texture Sand Clay Silt So P Ph N PH Ec 

 % % % Ppm Ppm ppm %  Ds/m 

Loam 31.9 47 19.8 422 8.5 9.22 0.4 7.8.1 1.4 
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Irrigation for each stress level was performed every four 
days, so the control treatment would be irrigated every 
four days, the 70%FC treatment would be irrigated every 
eight days, and the 40%FC treatment would be irrigated 
every 12 days. The present study then evaluated the 
qualitative traits and concentration of high-consumption 
nutrients in plants. 

To measure proline, 0.4g of wet leaves were pounded 
with 12cc 3% sulfosalicylic acid. 2cc of the result was then 
mixed with 2cc ninhydrin acid and 2cc glycolic acetic acid 
and stored in a bain-marie bath for an hour. 4cc of C- 
toluene was then added and the result was read in a 
spectrophotometer at nm. The proline content was then 
obtained in micromoles per gram of wet weight from the 
standard table. Carbohydrate content was measured 
using the method proposed by Keles and Oncle (2004) 
and obtained from the standard table in micromoles per 
gram of wet weight. A Kjeldahl device was used to 
measure protein and nitrogen contents. To measure 
protein, total nitrogen was multiplied by 6.25. Dry 
incineration was used to measure potassium, sodium, and 
phosphorus contents. SPSS-22 and MSTAT-C statistical 
software were used to conduct the statistical analysis and 
Excel software was used to draw the diagrams. The mean 
comparison was carried out using the Least Significant 
Difference (LSD) test. 
 
RESULTS AND DISCUSSION 

Results of variance analysis on the studied traits 
(Table 2) revealed that the studied treatments were 
significantly different at 1% and 5% significance levels in 
terms of all traits. In other words, drought stress impacted 
the studied traits significantly.  

High-consumption elements  
The variance analysis table (Table 2) demonstrates that 
drought stress has significant impacts on the 
concentration of high-consumption elements at the 
significance levels of 1% and 5%. Mean comparison for 
drought stress effects (Figure 1) revealed that the highest 
mean sodium content (152ppm) was observed in the 
70%FC treatment which fell into the same class as the 
40%FC treatment, while the control treatment (no stress) 
had the lowest sodium content (121ppm). As Figure 1 
illustrates, increasing drought tension increased sodium 
absorption in the plant and brought it to its peak at the 
70% FC treatment. Mean comparison for the impact of 
stress drought (Figure 2) indicated that the highest mean 
potassium content (57.67ppm) was observed in the 
control treatment (no stress), while the lowest potassium 
content was observed in the 70% FC treatment. As Figure 
1 illustrates, increasing drought tension reduced 
potassium absorption in the plant and brought it to its 
lowest point at the 70% FC treatment. Potassium is one of 
the essential elements for the physiologic activities and 
growth of plants. Potassium ion absorption declines under 
drought stress and results in potassium deficiency in the 

plant. Results of the studies conducted on potassium ions 
by Bajji et al. (2001) in wheat callus are consistent with the 
findings of the present study. The highest mean nitrogen 
content (99.1%) was observed in the control treatment, 
while the lowest content (39.1%) was observed in the 
70%FC treatment.  The 40%FC treatment indicated no 
significant difference in terms of men's nitrogen content at 
57.1% compared to the 70%FCtreatment, and both 
treatments fell into the same class. Under drought 
conditions, plants reduce their growth to compensate for 
the deficiency in nutrients (due to reduced root absorption) 
(Nilson and Overcutt, 1996). The present experiment 
revealed that nutrient uptake declines in proportion to the 
growth decline due to irrigation periods. Clay et al. (2001) 
reported that at sufficient water levels, increasing nitrogen 
levels lead to significant growth in yield, but increasing the 
nitrogen content would not be as efficient under drought 
stress conditions. In other words, the efficiency of using 
nitrogen reduces as drought stress intensifies. Reduced 
phosphorus following drought tension is also associated 
with the reduced water content in the soil. Phosphorus 
ions are among the ions that are useless for the plant 
under drought this this ion is extremely attracted to clay in 
the soil and is only available in the soluble form in small 
portions. Phosphate ion content reduces under drought 
conditions not only because of its low solubility but also 
due to the poor absorption power of the roots. Mean 
comparison of drought stress impacts (Figure 4) revealed 
that the highest mean phosphorus content (0.56%) was 
observed in the control treatment, and the lowest content 
(0.49%) was observed at the 70%FC treatment. Applying 
drought stress was revealed to reduce the phosphorus 
content in the plant. Irrigation and no drought conditions in 
arid and semi-arid regions will increase the solubility of 
minerals and transfer of nutrients to the roots, leading to 
increased nutrient availability for the plants and increased 
uptake by the plants (Kavi Kishori et al. 2005).  

 
Figure 1: mean impact of drought stress on sodium 
content in borage pharmaceutical herb 
The presence of different letters indicates a significant 
difference by Duncan test at the level of 5% probability 
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Table 2: results of variance analysis of the studied traits 

Mean of Square df S.O.V 
Proline Protein carbohydrate Phosphorus Nitrogen potassium Sodium 

0.364* 0.602* 0.01** 0.0001 0.047 46.33** 133.3* 2 Rep 
1.428** 3.204** 0.004** 0.004* 0.283* 337** 733** 2 Drought stress 

levels 
0.027 0.088 0.00025 0.00025 0.043 2.33 26.33 4 Error 
       C.V.% 

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

 
Figure 2: mean impact of drought stress on potassium 
content in borage pharmaceutical herb 
The presence of different letters indicates a significant 
difference by Duncan test at the level of 5% probability 
 

 
Figure 3: mean impact of drought stress on nitrogen 
content in borage pharmaceutical herb 
The presence of different letters indicates a significant 
difference by Duncan test at the level of 5% probability 

 

 
Figure 4: mean impact of drought stress on 
phosphorus content in borage pharmaceutical herb 
The presence of different letters indicates a significant 
difference by Duncan test at the level of 5% probability 

Qualitative traits  
Soluble sugar accumulation as an osmotic regulator is 

among the compromise responses of plants in the face of 
drought stress to maintain osmotic balance (Tan and 
strum, 2000). Soluble sugar accumulation under such 
conditions helps regulate the osmotic concentration in 
plant cells and helps maintain membranes and biological 
molecules. 70/5 FC and control (no stress) treatments with 
the mean proline contents of 2.12μg/g and 2.05μg/g wet 
weight had the highest and lowest proline contents, 
respectively. Results indicated that proline content 
increased in the plants as the stress intensified (Figure 5). 
Results of variance analysis (Table 2) indicated that 
drought stress had significant impacts on the desired trait 
at the 1% significance level. The mean comparison table 
(Figure 6) for stress impacts indicated that the highest 
protein content (12.12%) was observed in the control 
treatment (no stress), and the lowest was observed in the 
70%FC treatment (10.05%). Increased proline under 
drought stress is a type of defense mechanism. Proline 
increases the resistance of plants against stresses 
through osmotic regulation, preventing enzyme 
destruction, and eliminating hydroxyl radicals (Kuznetsov 
and Sheryankova, 2007). 70% FC and control (no stress) 
treatments had the highest and lowest proline contents at 
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the respective figures of 6.8 and 5.44 5.44μmol/g wet 
weight. Results indicated that proline content increased in 
the plant as the drought stress intensified (Figure 7). 
Evidence suggests that most amino acids such as prolines 
might have a protective role for chloroplast thylakoids and 
other membrane systems under stress conditions (Heber 
et al. 2007). A study of the impact of drought stress levels 
on thyme indicated that proline contents increased as the 
drought stress intensified. 

 
 

Figure 5: mean impact of drought stress on 
carbohydrate content in borage pharmaceutical herb 
The presence of different letters indicates a significant 
difference by Duncan test at the level of 5% probability 
 

 
Figure 6: mean impact of drought stress on protein 
content in borage pharmaceutical herb 
The presence of different letters indicates a significant 
difference by Duncan test at the level of 5% probability 
 

 
Figure 7: mean impact of drought stress on proline 
content in borage pharmaceutical herb 
The presence of different letters indicates a significant 
difference by Duncan test at the level of 5% probability 

CONCLUSION 
Results of variance analysis on the studied traits revealed 
that the studied treatments were significantly different in 
terms of qualitative traits and high-consumption nutrient 
contents at 1% and 5% significance levels. In other words, 
drought stress left a significant impact on the studied 
traits. Drought stress of 70% field capacity reduced 
nitrogen, potassium, phosphorus, and oxygen contents 
and increased carbohydrates, sodium, and proline. The 
primary and significant mechanisms to fight drought stress 
in this plant include increased osmotic compounds such 
as soluble sugars and proline.  
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