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 ABSTRACT 
The experiment was carried out during agricultural season 2021, to study the 

effect of adding two types of silicon on the vegetative growth characteristics and mineral 

content of mint plant grown under the salt stress. The experiment was designed using 

Randomized Complete Block Design RCBD as a factorial experiment with two factors 

and three replicates, each replicate contains 9 experimental units, each unit consists 3 

pots. The first factor included adding two types of silicon oxide as well as the 

comparison (S0 control, S1 nano-silicon, and S2 normal silicon); the second factor is 

salt stress included adding pure NaCl in three concentrations, (N0 0 g L-1, N1 0.45 g L-

1and N2 1.45 g L-1). The results of study showed that there are significant differences 

caused by the experiment factors in number of lateral branches, number of leaves, and 

total leaf area, as the treatment S2N2 outperformed significantly with highest value of 

branches number, leaves number, and total leaves area which were 8.60 branches plant-

1, 286.80 leaves plant-1, 1211.5 cm2 plant-1 respectively compared with control S0N0 
which gave the lowest values; 7.10 branches plant-1, 182.90 leaves plant-1, 643.3 cm2 

plant-1 for the same traits. S2N0 treatment was significantly superior in mineral content 

of NPK in leaves and gave the highest percentages of N 3.30%, P 0.5550%, K 1.96% 

compared with S0N2 treatment with the lowest percentages of N 2.90%, P 0.4283%, K 

1.81%. 
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 دور السيليكون والشد الملحي في بعض الصفات الخضرية والمحتوى المعدني لنبات النعناع

Mentha piperita L. 

 
 حسان صبيح حسان وانس منير توفيق

 ، العراق قسم البستنة وهندسة الحدائق -جامعة تكريت -كلية الزراعة

 الخلاصة 

لدراسة تأثير أضافة نوعين من السيليكون في صفات النمو الخضري والمحتوى  2021نفذت التجربة خلال الموسم الزراعي للعام 

كتجربة  RCBDالمعدني لنبات النعناع المزروع تحت تأثير الشد الملحي، صممت التجربة باستخدام القطاعات العشوائية الكاملة 

اصص، تضمن العامل  3كل وحدة من  وحدات تجريبية تتكون 9عامليه ذات عاملين وبثلاثة مكررات وكل مكرر يحتوي على 

سيليكون عادي(، العامل  2Sسيليكون نانوي و   1Sمقارنة و  0Sالاول إضافة أوكسيد السيليكون بنوعين فضلاً عن المقارنة )

 2N 1.45، 1-رغم. لت 1N 0.45، 1-رغم. لت 0N 0) النقي بثلاث تراكيز( NaClالثاني هو الشد الملحي ) إضافة كلوريد الصوديوم 

(. اظهرت نتائج الدراسة ما يلي، هناك فروقات معنوية سببتها عوامل التجربة في صفة عدد الافرع الجانبية، عدد 1-رغم. لت

ورقة.  286.80، 1-فرع. نبات 8.60معنوياً بأعلى قيم بلغت  2N2Sالأوراق الكلية، المساحة الورقية الكلية، اذ تفوقت المعاملة 
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ورقة.  182.90، 1-فرع. نبات 7.10التي أعطت أقل القيم بلغت  0N0Sمقارنة مع معاملة المقارنة  1-ت.نبا2سم 1211.5، 1-نبات

في الأوراق وأعطت  NPKمعنوياً في صفة المحتوى المعدني  0N2Sللصفات نفسها. وتفوقت معاملة  1-. نبات2سم 643.3، 1-نبات

 N 2.90% ،0.4283% P ،1.81%بأقل نسب  2N0Sمقارنة مع معاملة  N 3.30% ،0.5550% P ،K 1.96%أعلى نسب 

K. 

 

 .النعناع، السيليكون، الاجهاد الملحي، المحتوى المعدني الكلمات المفتاحية:

 

 

INTRODUCTION 

The mint plant, Mentha piperita L. is one of medicinal and aromatic plants types belonging 

to Lamiaceae family, which are almost the largest and most widespread plant families in the world. 

This family includes 200 gender, and 2000 to 5000 species of aromatic annuals and bushes 

(Lawrence, 2006). The plants of this family are characterized by being annual or perennial herbs, 

sometimes bushes, and scarcely climbers. These plants contain glandular hairs or oil glands 

containing essential oils. The original home area of mint is the Mediterranean basin, and mint is a 

plant with a good aromatic smell, and it reproduces in several ways, such as seeds, rhizomes, and 

suckers. Fresh or dried leaves are used as spices to improve the food and drink taste due to the oil 

contained in mint plant. Mint oil is colorless or yellow, it contains medicinal substances and effective 

compounds, the most important of which are lemon, apigen, rutin, benzoic, phyllandrin, menthol, 

carvone, and tannins, these materials are medicinal materials that relieve pain and spasms, and the 

essential oil of these materials is included in the composition of many medicines, gastric ulcer 

treatments, cosmetics and food industries (Patra et al., 2002). Therefore, type of oil and its 

composition are greatly affected by conditions surrounding the plant, such as salinity (salt tension), 

drought (water stress), temperature, light and the type of agricultural medium (soil). These factors 

lead to oils production with varying specifications in terms of quantity and quality. (Tawfeeq, 2017). 

The ratios of oil and the accumulation of active substances in the plant are related to the biotic and 

abiotic stresses to which the plant is exposed, and these stresses are abiotic such as fresh water sources 

lack and uses of saline water sources such as springs, wells, and even sewage water sometimes after 

treatments, that salt stress is abiotic stress has a direct impact on many agricultural crops around the 

world (Ashraf and Foolad, 2007) and 100 million hectares or 5% of the arable land around the world 

is negatively affected by the high concentration of sodium chloride (NaCl) which reduces crop growth 

and productivity (Heuer, 1994 ,Ghassemi et al., 1995). Therefore, some studies indicated the role of 

silicon in reducing biotic and abiotic stresses on the plant, which plays different beneficial roles in 

growth and its stages and relieve the impact of biotic and abiotic stresses (Hana and Abbas, 2016). 

Silicon is one of the abundant elements in the earth's crust and found mainly in the inert state, and a 

little in the soluble state (Savant et al., 1999). Silicon one of the mineral elements that has been used 

in recent years as a fertilizer element for its effective role in reducing the harmful effects of salinity, 

although it is not in the essential elements list for plant growth, but one of the most important 

beneficial elements has an important role in many essential physiological processes. The most 

important role is improving the efficiency of photosynthesis and increasing roots activity in absorbing 

necessary nutrients that plant needs from the soil, and reducing the toxicity of heavy elements that 

may be present in some types of soil (Liang et al., 2007, Al- Wakeel et al., 2010, Adrees et al., 2015).  
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This study aimed to demonstrate the silicon effect on vegetative growth characteristics and 

mineral content of mint plants under the influence of salt stress.. 

MATERIAL AND METHODS 

The experiment was carried out in the lath house of the Department of Horticulture and 

Landscape/College of Agriculture/Tikrit University for a period from 10/5/2021 to 28/10/2021 to 

know the response of mint plant Mentha piperita L. to adding silicon in two different synthetic forms 

and their effect on vegetative growth traits and mineral content under salt stress conditions where the 

suckers obtained from a farm in Tikrit / Salah al-Din. The suckers were taken from one plant and 

rooted before planting them in pots (20 x 23 cm) filled with a mixture of soil consisting of 4:1 soil to 

compost. The experiment consisted of two factors, the first is addition of two different types of silicon, 

which are silicon oxide in its natural and nano form. In addition to the control which its symbol (S0, 

S1, S2) for each of the control, the nano-form and the natural form of silicon oxide SiO₂, respectively  

the addition of silicon was at the same concentration, as 1 g of silicon was dissolved for both types in 

1 liter of distilled water separately, and 400 ml of the solution was added to the cultivation medium 

(soil) on 9/23/2021 at 10:00 a.m. and only 400 ml of distilled water added to control plants with the 

symbol (S0), which is the same amount of silicon solution that added to the rest plants, while the 

second factor was addition of pure sodium chloride (NaCl) in three concentrations including control 

( 0 g L-1, 0.45 g L-1, 1.45 g L-1), and symbolized (N0, N1, N2) respectively. This amount of solution 

was added to each plant in the experimental unit on 26/9/2021 after the plant dried for two days. 

 

Table (1) Physical and chemical properties of soil used in agriculture 

 

 

Vegetative growth characteristics: 

Specified ratio Unit Measurement 

 pH ـــــــــ 7.0

1.046 Ds.m-1 EC 

45.622 % Silicon 

39.2  

% 

Available nitrogen 

9.22 % Available Phosphorus 

98.80 % Available potassium 

33 % sand 

43% % silt 

24% % clay 

 Sandy loam Soil texture 

36.43% % Moisture at field capacity 

9.24% % Moisture at permanent 

wilting point 

27.19% % Available water 
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1- Number of lateral branches (branch plant-1): It was measured at the end of the experiment and 

included the branches emerging from the main stem and all plants in each experimental unit and their 

average was taken. 

2- Total leaves number (leaf plant-1): It was measured at the end of the experiment by calculating 

the leaves on the plants for each plant in the experimental unit and taking their average. 

3- Total leaf area (cm2): The total leaf area was measured by the following equation (the area of one 

leaf x the number of leaves). 

The leaf area of one leaf was measured at the end of the experiment by taking a sample consisting of 

six fully grown leaves from each experimental unit by using weighted method (Wallace and Munger 

1965), this sample weighed using a sensitive balance (three digits after zero) then leaves are holed 

using a special drill with known diameters, (6 mm) from the center and for all the six leaves together, 

then the discs cut from the leaves are weighed and recorded after that, the following equation is 

applied to find one leaf area. 

one leaf area = (full leaves weight) / (discs weight) x disk area 

Mineral content of leaves: 

    The mature and complete leaves were collected, washed with distilled water, air dried and placed 

in paper bags after their weigh recorded, then placed in oven at a temperature of 65-70 ° C for 48-72 

hours until the weight was stable, then they were ground well and a weight 0.5 g was taken for each 

sample and digested using (10 ml) of concentrated sulfuric acid H2SO4  and (2 ml) of perchloric acid 

HClO₄ according to what was mentioned by Al-Sahaf (1989) and the elements were estimated after 

the completion of the digestion process using the following methods: 

1- Percentage of nitrogen in leaves (%): The nitrogen in the digested plant leaves was estimated 

using the Micro-Kjeldahl apparatus according to the method mentioned by (Estefan et al, 2013). 

2- Percentage of phosphorous in leaves (%): The phosphorus was estimated in digested plant 

leaves, by colorimetric method, and using a spectrophotometer UV-1100 EMC lab, and read the 

absorption of light at wavelength 410 nm, according to what was mentioned by (Naseem and 

Muhammad, 2011). 

3- Percentage of potassium in leaves (%): The potassium in leaves was estimated using Flame 

Photometer apparatus type Elico CL-378, according to what was stated in (Estefan et al, 2013). 

 

RESULTS AND DISCUSSION 

Table (2) shows that addition of silicon (S2) and sodium chloride (N2) were significantly gave 

the highest values compared with control treatment of silicon (S0) and sodium chloride (N0) gave the 

lowest values of lateral branches number, total leaves number, and total leaf area. The positive effect 

of silicon addition (S2) shows the important role of silicon in reducing the harmful effects of abiotic 



Hassan and Tawfeeq, Tikrit Journal for Agricultural Sciences (2023) 23 (2): 182-189 

 

186 

 
 

stresses such as salt stress, this is because silicon has an active role in many physiological processes, 

such as improving the availability of the necessary elements in soil, which may not be ready for 

absorption by the roots due to high osmotic potential, which negatively affects plant growth by 

reducing the percentage of necessary elements in the soil ( Liang et al., 2006). Also, silicon is 

importance to improve the vegetative growth because of its direct and effective impact on the 

metabolic processes that occur inside the plant, and has a major role in simplifying nutrients 

absorption that needs by the plant for photosynthesis. Robatjazi et al. (2020) studied the influence of 

silicon on the physiological characteristics and vegetative growth of Ocimum basilicum L. under salt 

stress. The results showed the superiority of vegetative growth characteristics by lateral branches 

number, total leaves number, total leaf area when adding sodium chloride (N2). This effect could be 

due to the defensive physiological role of the plant when the growth medium contains high 

concentration of salt or heavy elements, by increasing the total vegetative ratio compared with root 

system. The increase in leaves number, lateral branches, and leaf area is positively reflected on the 

increase in the carbonization rate in the plant, and thus the photosynthesis processes increase, which 

in turn increases respiration and transpiration in order to reduce the high concentrations of salts inside 

the plant (Manchanda and Garg, 2008). The mineral content of NPK in leaves increased significantly 

with the combination treatment of silicon (S2) and sodium chloride (N0) by highest percentages 

compared with combination treatment of silicon (S0) and sodium chloride (N2) by the lowest 

percentages. This is due to the positive role of silicon (S2) in increasing the activity of transporter 

protein ATPase found in the plasma membranes of root cells, which is active in transporting ions of 

NPK, especially potassium K (Liang et al., 2006). Also, silicon regulates the relationship between 

mineral elements and Na by reducing the concentration of sodium in the soil and preventing its 

permeation through the plasma membranes of the root, and this increases the activity and 

effectiveness of the proteins that are responsible for entering ions (Liang et al., 2007). Also, sodium 

chloride (N0) was significantly superior, which gave the highest percentages of NPK in leaf compared 

with the addition of sodium chloride (N2) which gave the lowest percentages. This is because the 

negative effect of sodium chloride on soil, which causes an increase in sodium ions in soil solution 

and thus a high osmotic potential, which causes difficulty in absorbing water and the necessary 

mineral elements that the plant needs in his physiological processes. Furthermore, the high osmotic 

potential in soil causes competition between chloride ions and mineral elements ions that reduce their 

availability in soil (latef and Chaoxing, 2011). 
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Table (2) Effect of adding two types of silicon on the vegetative growth and mineral content of 

mint plants grown under salt stress conditions. 

treatments Lateral 

branch 

number 

Total leaves 

number 

total leaf 

area 

 

N 

% 

P 

% 

K 

% 

0S 6.95     b 190.49   b 753.9   b 3.05    

 c 

0.4550 c 1.84     c   

1S 7.49   ab 213.26 ab 798.4   b 3.13    

 b 

0.4833 b 1.87     b   

2S 8.01     a 247.34   a 1037.4    a 3.15   

 a 

0.5022 a 1.89     a   

0N 7.53   ab 218.00   b 844.7   b 3.22   

 a 

0.5205 a 1.92     a   

1N 7.38     b 201.58   b 844.5   b 3.16   

 b 

0.4744 b 1.86     b   

2N 7.55      a 231.51   a 900.6   a 2.95     c 0.4455 c 1.82      c   

0N0S 7.10   ab 182.90   b 643.3   b 3.14     b 0.4816 b 1.88     c   

1N0S 6.99   ab 193.97   ab 836.3 ab 3.11  

  e 

0.4550 e 1.84 

 e   

2N0S 6.77   

  b 

194.62   ab 782.1   b 2.90   

 g 

0.4283   f 1.81 

 g   

0N1S 7.60   ab 247.80   ab 1005.6 ab 3.24  

  b 

0.5250 b 1.93 

 b   

1N1S 7.60   ab 178.87   b 681.6   b 3.18   

  c 

0.4750 d 1.86  

d   

2N1S 7.27   ab 213.12   ab 708.1   b 2.98    

 f 

0.4500 e 1.83     f    

0N2S 7.88   ab 223.30   ab 885.1 ab 3.30   

 a 

0.5550 a 1.96     a   

1N2S 7.55   ab 231.92 ab 1015.6 ab 3.18    

 c 

0.4933 c 1.88    

c   

2N2S 8.60  

a 

286.80 a 1211.5 a 2.98   

  f 

0.4583 e 1.83     f    

 

CONCLUSION 

The results showed that silicon and sodium chloride had a significant effect on the vegetative 

growth characteristics and mineral content of mint plants, where the addition of normal silicon 

significantly outperformed in vegetative growth and mineral content traits. Addition of sodium 

chloride at a concentration of 1.45 g L-1 was significantly superior in vegetative growth. On the other 

hand, control treatment in affected clearly in percentages of mineral content. 
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