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Tošić I., M. Mirosavljević, N. Pržulj, M. Stošić (2019): Yield and content of nutrient 

elements in various cultivars of lettuce depending from production method.- Genetika, 

Vol 51, No2., 757-768. 

In order to examine the influence of cultivars and to estimate how mulching and plant 

covering with agrotextile affects the content of P, Ca, K, Mg and Mn in lettuce leaves this 

three-year experiment has been established. In the experiment, black and white plastic foil 

were used for mulching prior to planting, and agrotextile for plant covering after planting. 

The effect of each of them as well as their combination on the content of nutrients and 

yield of lettuce leaves was examined. There were six treatments in the experiment: 

control, black foil, white foil, black foil and agrotextile, white foil and agrotextile, and 

agrotextile. Mulching had a significant impact on yield, as well as the content of P, Ca, K, 

Mg and Mn in lettuce leaves in the three-year experiment. The highest yield was 

registered in the cultivar Nizzi in treatment with black plastic foil, compared to all 

cultivars and treatments. The largest P content was registered in the cultivar Sunstar 

(0.71%), while the smallest content was registered in the cultivar Sunny (0.59%). The Ca 

content ranged from 2.59% (Sunny) to 2.84% (Nizzi). The Mg content ranged from 

0.46% in treatment with black foil to 0.70% in treatment with white foil. The content of 
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Mn in lettuce leaves ranged from 60.99 mg kg-1 in the cultivar Zeralda to 81.79 mg kg-1 in 

the cultivar Devonia. 

Keywords: cultivars, Lactuca sativa L., macroelements, mulching, yield 

 

INTRODUCTION 

In Bosnia and Herzegovina, the production of lettuce in the open field was dominant until 

a few years ago when the traditional lettuce cultivation was replaced by the greenhouse lettuce 

production. Due to the production in protected area and availability of numerous high-yielding 

varieties, lettuce is available in markets throughout the year (ZDRAVKOVIC et al., 2014). In order 

to achieve a better quality of lettuce, in addition to the adequate adaptation of different 

production technologies, appropriate cultivars should be selected (ROUPHAEL et al., 2017). All 

cultivars of lettuce are imported into Bosnia and Herzegovina, which is why the knowledge of 

optimal cultivation requirements of specific lettuce varieties is limited. Therefore, it is extremely 

important to test different lettuce cultivars with different production technologies. 

The lettuce is usually consumed raw and it is a good source of minerals (CALISKAN et al., 

2014). Minerals (Ca, Mg and K) facilitate human biochemical processes and minimize the lack 

of micronutrients. It is known that calcium maintains strong bones and plays an important role in 

muscle contraction and relaxation and blood clotting (ODUSE et al., 2012), while magnesium is 

important for metabolic activity because it is associated with many enzymes that control the 

metabolism of carbohydrates, fats, proteins and electrolytes (FASUYI, 2006; HAARENEN, 2003). 

The selection of appropriate color of mulch is very important in the production of 

vegetables (MUTETWA and MTAITA, 2014). Agricultural producers mainly use mulch in lettuce 

production, especially for the earliness in comparison to conventional method. Different colors 

of plastic foils for mulching and agrotextile for plant covering are used to achieve a better quality 

of lettuce (TOŠIĆ et al., 2014; GUSTAVSSON, 1999). Different colors of mulch can have multiple 

effects on the vegetable production (KOSTERNA and ZANIEWICZ-BAJKOWSKA, 2010; FRANQUERA 

and MABESA, 2016).  Variations in the accumulation of nutrients due to the use of mulch material 

and agrotextile are issues that are not well studied. Therefore, it is extremely important to find 

the optimal combination of mulching and agrotextile. 

The aim of this study was to examine the influence of mulching and plant covering with 

agrotextile on the content of phosphorus, calcium, potassium, magnesium and manganese in 

leaves of different lettuce cultivars, as well as yield. The results of this research can help lettuce 

growers in the selection of cultivars and the most efficient production technologies in order to 

achieve high yields and high nutritional values in this plant species. 

 

MATERIAL AND METHODS 

In a three-year period (2011-2013) in the greenhouse of the Agricultural Institute of 

Republic of Srpska in Banja Luka, at the location Lazarevo (latitude: 44° 46'N, longitude: 17° 

11'E), the experiment with five lettuce cultivars (Nizzi, Zeralda, Devonia, Sunny and Sunstar) 

was conducted. The soil on which the experiment was set is classified as fluvisol. The 

experiment was set up in two factorial-randomized block systems with six treatments and four 

repetitions. The area of a plot was 5 m2 (1 m x 5 m). Lettuce seeds were sown in styrofoam 

containers in the second half of January. The seedlings were transplanted 40 days later with a 

spacing of 25 cm and a distance between plants of 30 cm. Vegetation of lettuce lasted 60 days. 

For the soil mulching before planting the black and white plastic foils were used, as well as 
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agrotextile for plant covering after planting. There were six treatments in the experiment: 1. 

control (CO), 2. black foil (BF), 3. white foil (WF), 4. combination of black foil and agrotextile 

(BFA), 5. combination of white foil and agrotextile (WFA) and 6. agrotextile (A). 
Before the planting of lettuce, NPK fertilizer (7:20:30) was applied to the soil in the 

amount of 640 kg ha-1 and 300 kg ha-1 with KAN (27% N) fertilizer. The fertilization was done 

twice with Ferticare fertilizer with microelements (10:5:26) in the amount of 1g per plant. The 

soil moisture was maintained at the optimal level by dropwise system, four times during the 

vegetation of lettuce with 15l water per m2. Harvest was done when the plants reached a stage of 

technological maturity in the first half of May. 

 

Weather conditions  

The mean, minimum and maximum air temperatures were measured by using digital 

thermometer from March 2011, 2012 until May 2013 and are given in Graph 1.  
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Graph 1. Mean monthly temperature in the period March to May 

 

 

Plant material 

The lettuce plants were harvested at technological maturity. During the harvest, 30 plants 

from each plot were weighed to determine the lettuce yield and from each plot four whole plants 

were randomly sampled for the chemical plant analysis. The phosphorus was determined 

spectrophotometrically, and the determination of potassium was carried out by flame 

photometry. Manganese and magnesium were determined by atomic absorption 

spectrophotometry (AAS), after the wet digestion of plant matter with mixed acid 

(HNO3+HClO4+H2SO4). 
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Statistical analysis 

The obtained data were processed by InfoStat software. Two-factorial analysis of 

variance (ANOVA) was run for each year and the means were compared using Tukey’s test. 

 

RESULTS AND DISCUSSION 

The variance analysis showed that the effect of the year, cultivars and their interaction 

had a significant (p<0.01) effect on the yield of five lettuce cultivars (Table 1). In the three-year 

research, the highest yield was registered in the cultivar Nizzi in BF treatment, compared to all 

cultivars and treatments. In the treatment BF yield in 2011 was 91.75 t ha-1, in 2012 it was 73.86 

t ha-1, while in 2013 it was 85.44 t ha-1. The average yield in this treatment in 2011 was 32.74% 

higher compared to the control. The obtained results are in accordance with the studies of other 

authors, which show that mulching have a positive effect on plant growth, increase of vegetative 

mass and yield (MAGED and EL-NEMR, 2006; GIMENEZ et al., 2002). In the first year of the 

experiment, the highest yield values were recorded in relation to other years of research. The 

decrease in yield is explained by the occurrence of low temperatures and occasional temperature 

drops below 0°C (Graph 1). Lower growing temperatures and shorter periods are important to 

maximize economic returns from lettuce, which is a notable source of minerals (Ca, Fe and Mg), 

(SUBLET et al., 2018). In all cultivars, the lowest yield was recorded in control treatment (Table 

2). In 2011, cultivars Nizzi, Devonia and Sunny had the highest yield in treatment with black 

foil, ranging from 63.76 t ha-1 (Sunny), 86.14 t ha-1 (Devonia) to 91.75 t ha-1 (Nizzi), while 

cultivars Zeralda and Sunstar had the highest yield in treatment with black foil and agrotextile 

ranging from 67.16 t ha-1 (Sunstar) to 69.87 t ha-1 (Zeralda). The obtained results are in 

accordance with the studies of other authors, which show that lettuce yield depends on cultivar 

and production conditions (SANTAMARIA et al., 2001). The difference in yield between all 

examined treatments compared to the control is statistically highly significant. The three-year 

research has shown that the applied treatments significantly influenced lettuce yield. Similarly, 

YAGHI et al. (2013) state that the plastic foil influenced the increase in the lettuce yield. 

 

Table 1. The analysis of variance for lettuce yield using AMMI model 

S.V.        SS df MS F 

Total             28191.96 359 - - 

Environments           6839.3 2 3419.65 41277.67 

Cultivars          11672.88 4 2918.22 35225.07 

Treatments             3961.48 5 792.3 9563.59 

E*C 1537.83 8 192.23 2320.35 

E*T 686.3 10 68.63 828.41 

G*T 1880.12 20 94.01 1134.72 

E*C*T 1591.69 40 39.79 480.32 

Error             22.37 270 0.08 - 

df - degrees of freedom; SS - sum of squares; MS - mean square; ** significance at 0.01 probability level; C - cultivar;  

T – treatments; E - environments 
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Table 2. Average lettuce yield (t ha-1) depending on cultivar, treatment and year  

                Years               
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CO 69.12 53.31 62.89 55.19 55.04 57.72 50.08 53.47 51.16 49.82 68.06 51.02 55.16 43.15 50.06 

BF 91.75 68.29 86.14 63.76 63.09 73.86 57.01 62.58 58.87 58.11 85.44 56.23 59.61 52.15 55.17 

WF 84.42 66.22 71.33 60.41 62.32 66.59 56.25 61.36 59.74 57.27 76.04 55.59 56.69 54.07 53.26 

BFA 72.24 69.87 68.19 57.13 67.16 62.55 52.11 55.23 53.14 53.07 71.81 58.96 56.21 56.23 57.19 

WFA 70.60 68.83 66.54 57.22 65.35 61.25 49.08 59.90 58.63 55.21 68.08 52.23 62.21 59.05 59.23 

A 75.90 68.99 65.82 59.49 63.60 61.33 47.84 58.97 51.30 53.21 69.09 53.03 63.20 55.30 56.26 

CO – control, BF – black foil, WF – white foil, BFA – black foil and agrotextile, WFA – white foil and agrotextile, 
 A - agrotextile 

 

Phosphorus belongs to the group of necessary macroelements that participate in important 

biochemical processes in the plant (photosynthesis, breathing and synthesis of reserve 

substances). It is the most important collector and transmitter of energy in the plant. The 

combination of black and gray mulch gives the highest productivity and maximum values of 

phosphorus accumulation in lettuce leaves (VERDIAL et al., 2001). The highest P content was 

registered in 2011 and was 0.82%, while the lowest P content was registered in 2012 and was 

0.52% (Table 3). VON BRUECKNER and KRUCK (1994), in their research on lettuce obtained 

phosphorus values ranging from 0.37% to 0.50%. Increasing soil temperature can affect the level 

of nutrients in plants. As the temperature rises, calcium and phosphorus are reduced, and 

potassium tend to increase.  

 

Table 3. Phosphorus content (%) in lettuce leaves depending on cultivar, treatment and year  

                Years               
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CO 0.66 0.98 0.89 0.76 0.85 0.56 0.52 0.55 0.44 0.52 0.60 0.61 0.64 0.57 0.73 

BF 0.98 0.82 0.97 0.85 0.87 0.65 0.43 0.44 0.54 0.57 0.71 0.58 0.61 0.60 0.76 

WF 0.79 0.82 0.79 0.81 0.81 0.49 0.58 0.54 0.56 0.67 0.63 0.68 0.69 0.48 0.69 

BFA 0.97 0.93 0.94 0.68 0.84 0.51 0.53 0.50 0.48 0.51 0.73 0.72 0.71 0.56 0.70 

WFA 0.87 0.88 0.84 0.66 0.88 0.45 0.46 0.53 0.52 0.61 0.68 0.55 0.59 0.60 0.71 

A 0.58 0.83 0.71 0.65 0.86 0.38 0.43 0.51 0.43 0.61 0.52 0.57 0.58 0.50 0.68 

CO – control, BF – black foil, WF – white foil, BFA – black foil and agrotextile, WFA – white foil and agrotextile, A - 

agrotextile 
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Phosphorus content in the three years of research was the highest in 2011, and the lowest 

in 2012. The highest phosphorus content of 0.71% was registered in the cultivar Sunstar, while 

the lowest content of 0.59% was registered in the cultivar Sunny. The cultivars Nizzy, Zeralda 

and Devonia had approximately the same P content in lettuce leaves. The P content, depending 

on the treatment, ranged from 0.59% (A) to 0.69% (BF and BFA). 

These results indicate that lettuce contain the antioxidant minerals, especially Ca and Mn,  

which are important for antioxidant enzymes in vivo and hence protect the body from cancer. 

MARKIEWICZ and KLEIBER (2010) state that the calcium content in lettuce leaves ranged from 

1.39% to 1.52%, which is not in agreement with the results of this study. The content of calcium 

below an optimal value of 1% can affect the occurrence of physiological disorders in plants 

(KIRKBY and PILBEAM, 1984). Depending on the year of research, the highest Ca content of 

2.73% was registered in 2012, while the lowest Ca content of 2.70% was registered in 2013 

(Table 4). The highest Ca content of 2.84% was registered in the cultivar Nizzi, while the lowest 

Ca content of 2.59% was registered in the cultivar Sunny. The Ca content, depending on the 

treatment, ranged from 2.39% (CO) to 3.02% (WFA). 

 

Table 4. Calcium content (%) in lettuce leaves depending on cultivar, treatment and year  

                Years               
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CO 2.17 2.49 2.41 2.08 2.36 2.42 2.30 2.54 2.61 2.61 2.41 2.53 2.43 2.41 2.53 

BF 2.76 2.40 2.84 2.43 2.66 2.34 2.98 2.33 2.73 2.33 2.68 2.45 2.56 2.68 2.45 

WF 3.04 2.69 3.13 2.77 3.00 2.90 2.73 2.79 2.96 2.62 2.27 2.75 2.35 2.27 2.75 

BFA 3.00 2.89 2.97 2.92 2.87 2.61 2.73 2.65 2.17 2.98 2.79 3.33 2.86 2.79 3.33 

WFA 3.51 2.30 3.03 2.65 3.28 3.48 2.96 2.97 2.77 3.06 3.52 2.63 3.61 3.52 2.63 

A 2.90 2.03 2.74 2.42 2.76 3.14 2.58 3.11 2.73 2.86 3.18 2.18 3.05 3.18 2.18 

CO – control, BF – black foil, WF – white foil, BFA – black foil and agrotextile, WFA – white foil and agrotextile,  

A - agrotextile 

 

 

The three-year research has shown that the aplied treatments of mulching and plant 

covering have significantly affected the potassium content in lettuce. The results of the study 

indicate that the potassium content ranged from 6.66% in control treatment to 7.65% in treatment 

with agrotextile (Table 5). Depending on the year, the highest potassium content was 7.50% in 

2012, and the lowest was 6.91% in 2011.The highest potassium content (6.70%) was recorded in 

treatment with white foil and the lowest (5.10%) in the control treatment (TOŠIĆ et al., 2012). 

Many authors cite a lower K content in lettuce leaves (MATRASZEK et al., 2002), compared to the 

results of this study. The applied mulching treatments had a significant effect on potassium 

content in all years of research. The observed differences in mulching treatments were 

significant at the level of 1%.  
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Table 5. Potassium content (%) in lettuce leaves depending on cultivar, treatment and year 

                Years               
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CO 8.63 4.30 5.05 7.80 8.20 10.08 4.63 5.13 6.60 8.70 6.43 3.88 6.13 7.13 7.20 

BF 7.83 4.90 5.18 7.15 8.73 11.10 4.68 6.30 7.53 8.58 5.96 4.68 6.30 6.80 6.70 

WF 7.65 5.18 6.10 7.10 6.80 9.55 5.30 6.58 6.10 9.53 7.59 4.90 5.83 7.13 9.73 

BFA 8.15 4.20 5.83 6.90 9.38 9.73 5.10 5.75 7.73 10.55 10.23 5.10 5.63 7.50 8.13 

WFA 9.28 5.08 5.43 8.30 8.08 10.15 4.65 5.95 5.90 10.30 11.45 4.35 5.73 6.63 7.83 

A 10.33 4.10 5.40 8.60 7.83 11.15 4.65 5.28 7.03 10.73 12.32 5.08 5.78 6.63 9.93 

CO – control, BF – black foil, WF – white foil, BFA – black foil and agrotextile, WFA – white foil and agrotextile, A - 

agrotextile 
 

The differences in mulching treatments were evaluated at the level of significance 

p<0.01, indicating that the color of materials for soil mulching and agrotextile for plant covering 

have an effect on the potassium content in lettuce leaves. KARIMAEI et al. (2004) state that the K 

content ranged from 4.6 to 8.9%. The highest potassium content was registered in the cultivar 

Nizzi (9.31%), and the lowest in the cultivar Zeralda (4.71%). 

 

Table 6. Magnesium content (%) in lettuce leaves depending on cultivar, treatment and year  

                Years               
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CO 0.25 0.37 0.63 0.57 0.43 0.18 0.31 0.38 0.43 0.31 0.28 0.42 0.42 0.34 0.46 

BF 0.31 0.43 0.55 0.48 0.41 0.30 0.45 0.52 0.44 0.43 0.32 0.39 0.49 0.54 0.51 

WF 0.35 0.42 0.68 0.53 0.63 0.22 0.28 0.61 0.38 0.39 0.44 0.42 0.52 0.46 0.44 

BFA 0.37 0.52 0.52 0.42 0.48 0.31 0.37 0.48 0.34 0.48 0.52 0.34 0.41 0.55 0.58 

WFA 0.61 0.45 0.59 0.59 0.52 0.30 0.35 0.54 0.41 0.62 0.75 0.37 0.61 0.68 0.52 

A 0.41 0.38 0.52 0.38 0.41 0.22 0.32 0.49 0.30 0.37 0.53 0.31 0.57 0.44 0.57 

CO – control, BF – black foil, WF – white foil, BFA – black foil and agrotextile, WFA – white foil and agrotextile, A - 

agrotextile 

 

Depending on the color of mulch and agrotextile, the highest magnesium content was 

recorded in treatment with white foil and agrotextile (0.53%), and the lowest in control treatment 

(0.38%), (Table 6). In the research, (TOŠIĆ et al., 2012) the magnesium content ranged from 
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0.46% in the variant with black foil to 0.70% in the treatment with white foil. In the cultivar 

Devonia the highest Mg content was recorded, which amounted to 0.53%, and the lowest in the 

cultivar Nizzi and amounted to 0.37%. The lowest Mg content was registered in 2012 and was 

0.38%. MATRASZEK et al. (2002) state that the Mg content in lettuce leaves ranged from 0.50 to 

0.63%. According to research by other authors, the Mg content in lettuce leaves is different. 

Some have reached lower values (GÜL et al., 2007), and others a higher Mg values in lettuce 

leaves (JAROSZ and DZIDA, 2006). 

The three-year research has shown that the applied treatments of mulching and covering 

have significantly affected the content of manganese in lettuce leaves (Table 7). The highest Mn 

content of 84.52 mg kg-1 was registered in treatment with white foil, and the lowest of 61.88 mg 

kg-1 in treatment with black foil and agrotextile. Depending on the year of research, the highest 

Mn content (72.91 mg kg-1) was recorded in 2011, and the lowest Mn content (66.82 mg kg-1) in 

2013. The manganese content in lettuce leaves ranged from 60.99 mg kg-1 in the cultivar Zeralda 

to 81.79 mg kg-1 in the cultivar Devonia. According to MOHAMED et al. (1999) the processes of 

plant growth depend on the cycle of nutrients including trace elements, from soil to plant. 

Lettuce of accumulate larger amounts of heavy metals because they absorb these metals in the 

leaves (KOZIK et al., 2008). Average of cultivars, treatments and years is shown in Table 8. 

 
Table 7. Manganese content (mg kg-1) in lettuce leaves depending on cultivar, treatment and year  
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CO 63.25 62.25 90.75 57.00 81.75 78.00 60.75 85.25 71.00 70.00 92.50 56.25 75.25 56.50 62.75 

BF 78.25 67.75 72.50 76.25 71.00 74.75 56.50 83.75 67.00 78.50 71.75 53.00 84.25 62.25 72.00 

WF 94.50 56.50 105.50 84.75 89.25 98.75 71.75 97.75 81.25 91.75 72.50 72.75 87.00 78.75 85.00 

BFA 59.00 70.75 66.75 48.50 65.50 68.50 51.25 75.25 56.50 62.25 65.00 64.75 71.00 47.00 56.25 

WFA 93.25 58.25 84.75 57.75 60.25 87.75 55.25 82.00 66.00 55.00 67.50 51.25 71.75 49.00 63.75 

A 61.50 64.75 81.25 77.75 86.00 64.75 68.00 77.00 74.25 51.25 58.00 56.00 80.50 73.50 46.75 

CO – control, BF – black foil, WF – white foil, BFA – black foil and agrotextile, WFA – white foil and agrotextile, A - 

agrotextile 

 

The relationship between studied properties (P, K, Ca, Mg, Mn and yield) was analyzed 

using a multivariate PCA analysis. In biplot analysis, the correlation coefficients between the 

analyzed properties are represented by the cosine of the angle between their vectors, so r = 

cos180° = -1, cos0° = 1, and cos90° = 0). On PCA biplot (Graph 2) the first main component 

explained 30.90% of the total variance, the other 20.58%. The first axis was related to the 

content of Mg, Mn and yield, while the second axis to the content of K and Ca. Based on this 

biplot, it can be noticed that the lettuce yield was in positive correlation with Mn, Mg and P 

content, while there was no relationship between the yield and the content of K. In addition, 

there was negative correlation between the content of potassium and P, as well as the content of 

Ca and P. 
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Table 8. Average of cultivars, treatments and years 

 

P    Ca     K    Mg    Mn 

  Nizzi 0.65 a 2.84 a 9.31 a 0.37 e 74.97 b 

  Zeralda 0.67 bc 2.61 c 4.71 e 0.38 d 60.99 e 

  Devonia 0.66 b 2.8 a 5.74 d 0.53 a 81.79 a 

  Sunny 0.59 d 2.59 c 7.14 c 0.46 c 65.83 d 

  Sunstar 0.71 a 2.74 b 8.72 b 0.47 b 69.39 c 

    CO 0.66 bc 2.39 e 6.66 e 0.38 e 70.88 b 

    BF 0.69 a 2.58 d 6.83 d 0.44 c 71.30 b 

    WF 0.67 b 2.74 c 7.00 c 0.45 b 84.52 a 

    BFA 0.69 a 2.82 b 7.33 b 0.45 bc 61.88 e 

    WFA 0.65 c 3.02 a 7.27 b 0.53 a 66.90 d 

    A 0.59 d 2.74 c 7.65 a 0.41 d 68.08 c 

  2011 0.82 a 2.72 ab 6.91 c 0.47 a 72.91 a 

  2012 0.52 b 2.73 a 7.50 a 0.38 b 72.06 b 

  2013 0.63 c 2.70 b 6.95 b 0.47 a 66.82 c 

 

 

 

 
  
Graph 2. Biplot for cultivar and treatment in three production years  

 

In conclusion, mulching had a significant impact on yield, as well as the content of P, 

Ca, K, Mg and Mn in lettuce leaves in the three-year experiment.  



766                                                                                                             GENETIKA, Vol. 51, No2, 757-768, 2019 

ACKNOWLEDGEMENTS 

This research was supported by the Ministry of Science and Technology of the 

Government of Republic of Srpska and the City of Banja Luka. 

 

                   Received, December 22h, 2018 

                                               Accepted May 18th, 2019 

REFERENCES 

CALISKAN, S., H., YETISIR, S., KARANLIK (2014): Combined Use of Green Manure and Farmyard Manure Allows Better 

Nutrition of Organic Lettuce. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 42: 248-254.  

FASUYI, A. (2006): Nutritional potentials of some tropical vegetable leaf meals: chemical characterization and functional 

properties. African Journal of Biotechnology, 5: 49. 

FRANQUERA, E.N., R.C., MABESA (2016): Colored Plastic Mulch Effects on the Yield of Lettuce (Lactuca sativa L.) and 

Soil Temperature. J. Advanced Agricultural Technologies, 3(3): 155-159. 

GIMENEZ, C., R.F., OTTO, N., CASTILLA (2002): Productivity of leaf and root vegetable crops under direct cover. Scientia 

Horticulturae, 94: 1–11. 

GÜL, A., D., EROĞUL, F., OZTAN, M., TEPECIK (2007): Effect of growing media on plant growth and nutrient status of 

crisp-head lettuce. Acta Horticulturae, 729: 367-371.  

GUSTAVSSON, B.A. (1999): Effects of mulching on fruit yield, accumulated plant growth and fungal attack in cultivated 

Lingonberry, cv. Sanna, Vaccinium vitis-idaea L. Gartenbauw, 64: 65–69. 

HAARENEN, S. (2003): Does high plant feed magnesium and potassium protect healthy ruminants from atherosclerosis? A 

review. Pathophysiology, 10: 1-6. 

JAROSZ, Z., K., DZIDA (2006): Wpływ zróżnicowanego nawożenia azotowo-potasowego na plonowanie i skład chemiczny 

sałaty. Acta Agrophys, 7(3): 591-597. 

KARIMAEI, M.S., S., MASSIHA, M., MOGADDAM (2004): Comparison of two nutrient Solutions: effect on growth and 

nutrient levels of Lettuce, Lactuca sativa L. cultivars. Acta Horticulture (ISHS), 644: 69–76. 

KOSTERNA, E., A., ZANIEWICZ-BAJKOWSKA, R., ROSA, J., FRANCZUK, I., BORYSIAK-MARCINIAK, A., CHROMIŃSK (2010): 

Effect of black synthetic mulches on the fruit quality and selected components of nutritive value of melon. Acta 

Scientiarum Polonorum Hortorum Cultus,  9(3): 27-36. 

KIRKBY, E.A., D.J., PILBEAM (1984): Calcium as a plant nutrient. Plant Cell Environment, 7: 97-405.  

KOZIK, E., W., TYKSIŃSKI, A., KOMOSA (2008): Effect of chelated and mineral forms of micronutrients on their content in 

leaves and the yield of lettuce. Part I. Manganese. Acta Scientiarum Polonorum Hortorum Cultus, 7(1): 73-82.  

MAGED, A., EL-NEMR (2006): Effect of Mulch Types on Soil Environmental Conditions and Their Effect on the Growth 

and Yield of Cucumber Plants. J. App. Sci. Res., 2(2): 67-73. 

MOHAMED, E.S., ABD-ELMONIEM, F.A.H., AYMAN (1999): The use of organic manure for lettuce plants grown under nft 

conditions. Acta Horticulturae, 491: 315-318. 

MARKIEWICZ, B., T., KLEIBER (2010): Lettuce (Lactuca sativa L.) tolerance to salinity  

Part II. Growth, development, yielding and nutrient content in aboveground parts of plants. Science Nature 

Technologies, 4(4): 47. 

MATRASZEK, R., M., SZYMAŃSKA, M., WRÓBLEWSKA (2002): Effect of nickel on yielding and mineral composition of the 

selected vegetables. Acta Scientiarum Polonorum Hortorum Cultus, 1(1): 13-22. 

MUTETWA, M., T., MTAITA (2014): Effects of mulching and fertilizer sources on growth and yield of onion. Journal of 

Global Innovations in Agricultural and Social Science, 2: 102-106. 
ODUSE, K., M., IDOWU, A., ADEGBITE (2012): Chemical and phytochemical profile of some uncommon green leafy 

vegetables consumed in south west, Nigeria. IOSR Journal of Environmental Science, Toxicology and Food 

Technology, 1: 22-26. 



I.  TOSIC et al.: NUTRIENT  ELEMENTS IN VARIOUS CULTIVARS OF LETTUCE                                    767 

ROUPHAEL, Y., M.C., KYRIACOU, P., VITAGLIONE, M., GIORDANO, A., PANNICO, A., COLANTUONO, S., PASCALE (2017): 

Genotypic variation in nutritional and antioxidant profile among iceberg lettuce cultivars. Acta Scientiarum 

Polonorum Hortorum Cultus, 16(3): 37-45.  

SANTAMARIA, P., A., ELIA, M., GONNELLA, A., PARENTE, F., SERIO (2001): Ways of reducing rocket salad nitrate content. 

Acta Horticulturae, 548: 529–537. 

SUBLETT, W.L., T.C., BARICKMAN, C.E., SAMS (2018): Effects of elevated temperature and potassium on biomass and 

quality of dark red ‘Lollo Rosso’ lettuce. Horticulturae, 4: 11. 

TOŠIĆ, I., Ž., ILIN, I., MAKSIMOVIĆ, D., BOGDANOVIĆ, M., DARDIĆ (2012): The effect of mulching and direct covering on 

content of some nutrient elements in lettuce. 47th Croatian and 7th International Symposium on Agriculture, 

Opatija, Croatia, 429-431. 

TOŠIĆ, I., Ž., ILIN, I., MAKSIMOVIĆ, S., PAVLOVIĆ (2014): The effect of plant mulching and covering on the lettuce yield 

and and nitrate content (Lactuca sativa L.). African Journal of Agricultural Research, 9(23): 1774-7177.  

VERDIAL, M.F., M.S., LIMA, A.F., MORGOR, R., GOTO (2001): Production of iceberg lettuce using mulches. Scientia 

Agricola, 58(4): 737-740. 

VON BRUECKUER, W., H., KRUCK (1994): Nahrstoffaufnahme von Kopfsalat. Gemuse, 2: 68-70. 

YAGHI, T., A., ARSLAN, F., NAOUM (2013): Cucumber (Cucumis sativus L.) water use efficiency (WUE) under plastic 

mulch and drip irrigation, 149-157. 

ZDRAVKOVIĆ, J., G., ACAMOVIĆ-DJOKOVIĆ, J., MLADENOVIĆ, R., PAVLOVIĆ, M., ZDRAVKOVIĆ (2014): Antioxidant 

capacity and contents of phenols, ascorbic acid, β-carotene and lycopene in lettuce. Chemical Industry, 68 (2): 

193–198.  

 SAVIĆ, A., G. PETROVIĆ, M. MILOŠEVIĆ, Z. NIKOLIĆ, A. STOJANOVIĆ, J. GVOZDANOVIĆ-VARGA, V. TODOROVIĆ, M. VASIĆ 

(2014): Morpho-chemical characterization of dry and snap bean (Phaseolus vulgaris L.) landraces collected on 

Fruška Gora mt. Genetika, 46(1): 303-313. 

SCHUELKE, M. (2000): An economic method for the fluorescent labeling of PCR fragments. Nat. Biotech., 18: 233-234. 

SHARMA, T. and S. JANA (2002): Species relationships in Fagopyrum revealed by PCR-based DNA fingerprinting. TAG, 

105: 306–312. 

SONG, Y.J., G.A. LEE, M.S. YOON, K.H. MA, Y.M. CHOI, J.R. LEE, Y. JUNG, H.J. PARK, C.K. KIM, M.C. LEE (2011): Analysis of 

genetic diversity and population structure of buckwheat (Fagopyrum esculentum Moench.) landraces of Korea 

using SSR markers. Korean J. Plant Resour., 24(6): 702-711. 

TAUTZ, D. (1989): Hypervariability of simple sequences as general source for polymorphic DNA markers. Nucleic Acids 

Res., 17: 6463-6471. 

WEBER, J.L. and P.E. MAY (1989): Abundant class of human DNA polymorphisms which can be typed using the 

polymerase chain reaction. Am. J. Hum. Genet., 44: 388. 

WEIR, B.S. and C.C. COCKERHAM (1984): Estimating F-statistics for the analysis of population structure. Evolution, 38: 

1358-1370. 

 

 

 



768                                                                                                             GENETIKA, Vol. 51, No2, 757-768, 2019 

 

PRINOS I SADRŽAJ HRANJIVIH ELEMENATA U RAZLIČITIM SORTAMA 

ZELENE SALATE U ZAVISNOSTI OD NAČINA PROIZVODNJE 

 

Ivana TOŠIĆ1, Milan MIROSAVLJEVIĆ2, Novo PRŽULJ3, Miro STOŠIĆ4 

 
1Poljoprivredni institut Republike Srpske, Banja Luka, Republika Srpska, Bosna i Hercegovina 

2Institut za ratarstvo i povrtarstvo, Novi Sad, Srbija 
3Univerzitet u Banjoj Luci, Poljoprivredni fakultet, Republika Srpska, Bosna i Hercegovina 
4Univerzitet Josip Juraj Strossmayer, Fakultet agrobiotehničkih znanosti, Osijek, Hrvatska 

 

Izvod 

U cilju ispitivanja uticaja sorte i procjene uticaja malčovanja i pokrivanja biljaka 

agrotekstilom na sadržaj P, Ca, K, Mg i Mn u listovima salate, uspostavljen je trogodišnji 

eksperiment. U eksperimentu je korišćena crna i bijela plastična folija za malčovanje prije 

sadnje i agrotekstil za pokrivanje biljaka nakon sadnje. Ispitivan je uticaj svakog od njih, 

kao i njihova kombinacija na sadržaj hranljivih elemenata i prinos salate. U eksperimentu 

je bilo šest tretmana: kontrola, crna folija, bijela folija, crna folija i agrotekstil, bijela 

folija i agrotekstil, i agrotekstil. Malčovanje je imalo značajan uticaj na prinos, kao i 

sadržaj P, Ca, K, Mg i Mn u listovima salate u trogodišnjem eksperimentu. Najveći prinos 

je registrovan kod sorte Nizzi u tretmanu sa crnom folijom, u poređenju sa svim sortama i 

tretmanima. Najveći prosječni sadržaj P registrovan je kod sorte Sunstar (0.71%), dok je 

najmanji sadržaj zabilježen kod sorte Sunny (0.59%). U prosjeku, sadržaj Ca se kretao od 

2.59% (Sunny) do 2.84% (Nizzi). Sadržaj Mg se kretao od 0.46% u tretmanu sa crnom 

folijom do 0,70% u tretmanu sa belom folijom. Sadržaj Mn u listovima salate kretao se od 

60,99 mg kg-1 u sorti Zeralda do 81.79 mg kg-1 u sorti Devonia. 
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