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ABSTRACT 

 
Ground cover management and woven agrotextile have an important role in lettuce 

production. However, there is limited information available on their combined effects. 

This research aimed to assess the influence of black and white geotextile mulching and 

woven agrotextiles used as plant cover on lettuce yield, soil nitrate content (N-NO3-) (kg 

ha
-1

) and nitrate content in lettuce leaves (mg kg
-1

). The experiment was set up as a 

randomized block design with six treatments, in four repetitions and three seasons, in the 

greenhouse and the open field in Banja Luka, Bosnia and Herzegovina. The applied soil 

mulching and plant covering treatments significantly increased lettuce yield in both 

greenhouse and open field. The highest lettuce yields were determined in the black 

geotextile treatment in both production systems. The N-NO3
-
 content at a depth of 20-40 

cm was on average four times higher in the greenhouse than in the open field. The nitrate 

content in lettuce leaves was on average 95.2% higher in the greenhouse production 

compared to the lettuce in the open field. The lowest N-NO3
-
 content was recorded in the 

white geotextile treatment in the open field, while the use of black and white geotextile in 

the greenhouse led to the highest N-NO3
-
 content in lettuce leaves.  
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INTRODUCTION 

 

Lettuce (Lactuca sativa L.) is a leafy plant belonging to the Asteraceae family and it is one of the most important 

vegetable crops in the human diet. In Bosnia and Herzegovina, lettuce cultivation covers 915 ha, with an average 

yield of 7,4 t ha
-1

 (Agency for Statistics of Bosnia and Herzegovina, 2022). In recent years, regulations on nitrate 

concentrations in vegetables have caused great concern (Dezhangah et al., 2022). To ensure food safety, nitrate
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levels must remain below the limits prescribed by law: 4000 mg kg
-1

 for lettuce grown in protected area and 2500 mg 

kg
-1

 in open-field production (EU, 2011). 

The use of geotextiles is of great importance in lettuce production, not only for increasing yield but also for 

promoting environmental protection. Geotextile is a woven or non-woven structure made from natural or synthetic 

textile fibres used for soil conservation. Soil mulching improves crop growth, increases yield and optimizes water 

use (Kader et al., 2019). Numerous studies have shown that geotextiles can accelerate plant growth and improve 

productivity (Bajgai et al., 2014; Tošić et al., 2014; Tosic et al., 2019b). In addition, selecting the appropriate colour 

of geotextiles is very important in vegetable production (Mutetwa and Mtaita, 2014; Tošić et al., 2012), especially to 

improve lettuce quality.  

Nitrate content in lettuce leaves is significantly influenced by temperature (Liu et al., 2016), nitrogen application (N) 

fertilizer application (Liu et al., 2014) and the place of production (Anjana and Iqbal, 2007). Accordingly, this 

research investigates the relationship between N content in the soil (nitrate N) and N and nitrate content in lettuce 

leaves. 

The aim of the research is to assess the influence of geotextile and plant covering with woven agrotextiles on lettuce 

yield, the content of soil nitrate nitrogen (N-NO3
-
) and the N-NO3

-
 content in lettuce leaves grown in the greenhouse 

and the open field. 

 

MATERIAL AND METHODS 
 

Experimental conditions 

The experiment was set up in a greenhouse and in open-field conditions at the Agricultural Institute of the Republic 

of Srpska, Banja Luka, Budžak (44°46' N and 17°11' E) during the period from 2011 to 2013. Lettuce was sown in 

styrofoam containers intended for seedling production in the second half of January 2011, 2012 and 2013. Lettuce 

seedlings aged 40 days were planted in March 2011, 2012 and 2013 in the greenhouse and the open field, with a row 

spacing of 25 cm and intra-row spacing of 30 cm. The experiments in the greenhouse and the open field were set up 

following a randomized block system with six treatments and four repetitions. The area of each basic plot was 5 m
2
 

(1 m × 5 m). The research included  the following treatments: C – control (uncovered soil); BG – black geotextile; 

WG – white geotextile; BGWA – black geotextile and plant covering with woven agrotextiles; WGWA – white 

geotextile and plant covering with woven agrotextiles; WA – plant covering with woven agrotextiles. 

Based on an agrochemical analysis of the soil, NPK fertilizer (formulation 7:20:30) at a rate of 640 kg ha
-1 

and 

calcium ammonium nitrate fertilizer (KAN 27%) at 300 kg ha
-1 

were applied in the soil before planting lettuce. 

Fertilization was performed twice during the growing season using a water-soluble NPK fertilizer produced by Yara 

(formulation 10-5-26) applied at a rate of 1 g per plant. Black and white geotextiles (each measuring 1.2 m in width 

and 5.5 m in length) were used to cover the soil, while agrotextiles were used to directly cover the plants. Basic and 

surface tillage was performed with a machine at a depth of 15 to 20 cm. Black and white geotextile soil covering and 

agrotextiles plant covering were applied in the first decade of March in 2011, 2012 and 2013. During the lettuce 

growing season, irrigation was applied four times. Standard soil properties were analyzed before setting up the 

experiment in both greenhouse and the open field. Optimal soil moisture was ensured using a drip irrigation system. 

Four irrigations were applied, every 15 days in the open field and the greenhouse.  

 

Soil reaction 

The humus content in the soil was determined using a colorimetric method (Resulović et al., 1982) (SRPS ISO 

14235: 2005). pH value was measured potentiometrically using "METREL" MA 3657 pH meter, in soil suspension 

with water and soil suspension with 1 M KCl (ratio 1:2.5) (SRPS ISO 10390: 2007). Nitrate N (N-NO3
-
) was 

determined using the Bremner method, which involves the extraction of mineral nitrogen forms (NO2
-
, NO3

-
) with 2 

N KCl at a 1:10 ratio, followed by double distillation. Soil samples were collected from two depths (0–20 cm and 

20–40 cm) immediately before lettuce harvest (Bremner and Mulvaney, 1982). The nitrate content in the leaves was 

determined using the Xylenol method (Hartley and Asai, 1960). 

 

Soil conditions 

The research was conducted on an alluvial soil, fluvisol (FAO, 2015). Before setting up the experiment, the standard 

properties of the soil were analyzed for both greenhouse and open-field conditions (Table 1). The chemical analysis 

showed that the soil in the greenhouse had a favourable pH value for lettuce cultivation. In addition, the soil in the 

greenhouse had high humus content (6.0% and 5.5%), while the humus content in the open field was moderate (3.1% 

and 3.2%) (Ubavić and Bogdanović, 2001). Data on N content indicated a good supply of nitrogen in the greenhouse, 

and low nitrogen content in the open field (Škorić, 1991). 
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Таble 1. Agrochemical analysis of soil in the open field and the greenhouse before the first year of the research 

 

Location 

 

Depth 

(cm) 

pH 
Humus 

(%) 

N-NO3
-
 

(kg ha
-1

) in 

H2O 

in 

KCl 

 

Greenhouse 

0-20 7.6 7.3 6.0 401.4 

20-40 7.1 6.8 5.5 614.4 

Open field 
0-20 8.3 7.5 3.1 86.7 
20-40 8.5 7.5 3.2 68.7 

 

Air temperature and precipitation 

During the lettuce transplanting period in the first half of March, temperatures reached 25.2°C (Figure 1), which 

affected the lettuce seedling. Since the greenhouse was not heated, the temperatures in the greenhouse directly 

depended on the temperatures in the open field. Figure 2 shows the average monthly precipitation (mm) recorded in 

the area of Banja Luka during the experiment period. 

 

 
 Figure 1. Minimum, maximum and average daily air temperature (°C) recorded during the experiment period 

 

 
Figure 2. The average monthly precipitation (mm) for the area of Banja Luka 

 

Statistical Analysis  

Data analysis was conducted using InfoStat software (Infostat, Argentina). Analysis of variance was performed for 

each year. Tukey's test was used to compare means. The dependences between individual studied properties were 

examined applying logistic linear regression.  
 

RESULTS AND DISCUSSION 

 

The N-NO3
-
 content in the soil in both the open field and greenhouse before planting was higher compared to the N-

NO3
-
 content measured immediately before harvest. Most nitrogen is introduced into the soil through N fertilizers 

and residual N (Bošković-Rakočević et al., 2023; Güereña et al., 2015). In the open field, the N-NO3
-
 content was 

influenced by plant uptake of N-NO3
-
, soil cover, plant cover and precipitation, while the N-NO3

-
 content in the 

greenhouse was affected by the same factors, except for precipitation. The seasonal N-NO3
-
 leaching can be 
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significant, as shown by a substantial decrease in its concentration in the soil layer from 0 to 20 cm, depending on 

soil texture, climatic conditions, irrigation and tillage (Zhao et al., 2016). Similar findings were reported by Jungić et 

al. (2017) and West et al. (2014), who stated that mulching reduces the leaching of N-NO3
-
 into deeper layers, 

contributing to better utilization of N fertilizers and reducing the risk watercourse pollution with N. The N-NO3
-
 

content was three times higher in the greenhouse compared to the open-field production (Table 2), which is a 

consequence of the N-NO3
-
 leaching in the open field after precipitation. The N-NO3

-
 content ranged from 57.78 kg 

ha
-1

 in the open field under woven agrotextile treatment to 295.05 kg ha
-1

 in the greenhouse control. In all treatments 

with mulching and plant covering with agrotextiles, the N-NO3
-
 content before harvesting lettuce was lower than its 

content measured before setting up the experiment. This reduction is a consequence of the N-NO3
-
 adoption by plants 

and partly leaching caused by irrigation. Previous studies have shown that fully irrigated lettuce provides 

significantly higher yields (Villa e Vila et al., 2024; Farooq et al., 2019).  

 

Table 2. Content of N-NO3
-
 (kg ha

-1
) in the soil at a depth of 0-20 cm depending on the system (mulching and 

covering) and place of production (open field and greenhouse) for lettuce cultivation 

Treatments 

2011  2012 2013  

Open 

field 

Green 

house 
Average 

Open 

field 

Green 

house 
Average 

Open 

field 

Green 

house 
Average 

C 95.24g 295.05a 195.15A 75.97g 217.28d 146.62B 45.63g 203.83b 124.73BC 

BG 52.95jk 280.00b 166.48B 42.07jk 249.35c 145.71B 52.16efg 260.85a 156.51A 

WG 60.75hi 148.80e 104.78E 52.14hi 159.45f 105.80C 62.14ef 174.18c 118.16CD 

BGWA 47.18k 259.15c 153.17C 37.35k 259.15b 148.25B 48.55fg 176.93c 112.74D 

WGWA 65.60h 198.00d 131.80D 55.44h 296.68a 176.06A 67.94e 195.43b 131.68B 

WA 57.78ij 140.85f 99.31F 46.76ij 169.78e 108.27C 58.04efg 138.53d 98.28E 

Average 63.25B 220.31A 141.78 51.62B 225.28A 138.45 55.74B 191.62A 123.68 

Legend: Different letters indicate a significant difference (p<0.05). Lowercase letters indicate the interaction between the 

treatments and the place of production (open field and greenhouse) within one research year. Capital letters indicate the 

difference between the system average and the place of production during the spring season over a three-year period. 

 

In the greenhouse production, the highest N-NO3
-
 content in the 0-20 cm layer was measured in the treatments using 

white geotextile and woven agrotextile. In contrast, in the open field, the highest content was recorded in the control 

treatment (75.97 kg ha
-1

). The N-NO3
-
 content was significantly higher in the greenhouse compared to the open field 

(Table 3). The impact of geotextile application on soil temperature and moisture usually decreases with soil depth 

(Díaz-Hernández and Salmerón, 2012; Heißner et al., 2005). The increase in the nitrate N content in the soil at the 0-

20 cm depth resulted in increased N-NO3
-
 content in lettuce leaves. Similar findings were reported by Vargas et al. 

(2017). Hoque et al. (2010) found that higher N levels in soil led to increased nitrate accumulation in lettuce. At all 

depths, an increase in N-NO3
-
 content in the soil resulted in higher NO3

-
 content in lettuce leaves. The maximum 

nitrate values recorded in the study remained below the limits set by the European Commission (4000 mg kg
-1

 for 

lettuce grown in protected area and 2500 mg kg
-1

 for lettuce cultivated in open fields) (EU, 2011). 

  

Table 3. N-NO3
-
 content (kg ha

-1
) in the soil at 20-40 cm depth depending on the system (mulching and covering) 

and place of production (open field and greenhouse) for lettuce cultivation 

Treatments 
2011 2012 2013 

Open 

field 

Green 

house 
Average 

Open 

field 

Green 

house 
Average 

Open 

field 

Green 

house 
Average 

C 151.43f 649.35a 400.39A 111.10f 540.53a 325.81A 131.24f 650.85a 391.04A 

BG 107.60g 508.30b 307.95B 77.12i 404.55d 240.84D 87.39i 505.55b 296.47B 

WG 104.08g 501.15bc 302.61B 101.89g 402.15d 252.02C 106.14g 406.65c 256.40C 

BGWA 87.65h 495.65c 291.65C 87.28h 412.90c 250.09C 95.55hi 498.90b 297.23B 

WGWA 101.68g 309.78e 205.73E 99.89g 429.60b 264.74B 99.62gh 298.50d 199.06D 

WA 86.78h 346.4d 216.59D 86.75h 202.90e 144.82E 100.91gh 263.65e 182.28E 

Average 106.53B 468.44A 287.48 94.00B 398.77A 246.38 103.47B 437.35A 270.41 
Legend: Different letters indicate a significant difference (p<0.05). Lowercase letters indicate the interaction between the system 

(mulching and covering) and the place of production (open field and greenhouse) in the spring of season in a three-year period. Capital 

letters indicate the difference between the system average and the place of production in the spring season. 
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The use of geotextiles and woven agrotextiles, both in the greenhouse and open field, significantly reduces the N-

NO3
-
 content in the soil. Mulching with geotextile enhances the water regime of the soil, while simultaneously 

improving the accessibility of N (Kim et al., 2015). The average N-NO3
-
 content in the greenhouse (191.62 kg ha

-1
) 

was significantly higher compared to the open field (55.74 kg ha
-1

). The highest average N-NO3
-
 content was 

recorded in the treatment with black geotextile, while the lowest content was found in the treatment with woven 

agrotextile (WA). Season N-NO3
-
 leaching can be substantial, as indicated by a large decrease in the N-NO3

-
 

concentration
 
in the 0-20 cm soil layer, depending on soil texture, climatic conditions, irrigation and tillage (Fan et 

al., 2020). On average, mulching led to a decrease in the average nitrate content compared to the control. Our results 

can be attributed to a combination of microclimatic conditions and indirect effects of mulching. Nitrate content 

increases with rising temperatures and high light intensity, especially when nitrogen supply is high. 

 

Table 4. Content of N-NO3
-
 (mg/kg) in lettuce leaves depending on the system (mulching and covering) and year of 

production 

Treatments 2011 2012 2013 Average 

C 2284.5a 1959.5f 2121.0d 2121.67A 

BG 2224.5b 1875.5h 2222.0b 2107.33B 

WG 1530.0k 1573.5j 2159.5c 1754.33E 

BGWA 1465.5l 2105.5d 1998.0e 1856.33D 

WGWA 1458.5l 1740.5i 1960.5f 1719.83F 

WA 1906.0g 1900.5g 1962.5f 1923.00C 

Average 1811.5C 1859.17B 2070.58A 1913.75 
Legend: Different letters indicate a significant difference (p<0.05). Lowercase letters 

indicate the interaction between the system (mulching and covering) and the year of 

production. Capital letters indicate the difference between the system average and the year 

of production. 

 

Table 5. N-NO3- content (mg/kg) in lettuce leaves depending on the place (open field and greenhouse) and year of 

production 

Year Open field Greenhouse Average 

2011 1264.83e 2358.17c 1811.50C 

2012 1270.33e 2448.00b 1859.17B 

2013 1354.17d 2787.00a 2070.58A 

Average 1296.44B 2531.06A 1913.75 
Legend: Different letters indicate a significant difference (p<0.05). Lowercase letters indicate 

the interaction between the system (mulching and covering) and year of production. Capital 

letters indicate the difference between the system average and year of production. 

 

The lowest average N-NO3
- 

content in lettuce leaves was observed in the treatment using white geotextile and 

agrotextile, while the highest average N-NO3
-
 content was recorded in the control treatment (Table 4). The N-NO3

-
 

levels in lettuce leaves were significantly higher in the greenhouse compared to the open field (Table 5). Light 

exposure affects vegetative growth and the concentration of nitrates accumulated by plants. The lettuce grown in the 

open field receives higher sunlight intensity compared to the plants cultivated in the greenhouse. As a result, nitrate 

content in lettuce produced in the greenhouse is significantly higher than in the open-field lettuce. 
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Figure 3. Relationship between N-NO3

-
 content in soil and N-NO3

-
 content in lettuce leaves (depth 0-20 cm) in the 

greenhouse and the open field 

 

 
Figure 4. Relationship between N-NO3

-
 content in soil and N-NO3

-
 content in lettuce leaves (depth 20-40 cm) in the 

greenhouse and open field 

 

The average lettuce yield in all years of the research was 40.83 t/ha, with significant variations observed depending 

on the system and the production year. The highest yield was achieved when the soil was covered with black 

geotextile (Table 6). Growing lettuce on non-mulched soil proved to be an inadequate option for achieving the 

maximum total yield. The results obtained in this experiment align with previous research indicating that the lettuce 

yield is affected by production conditions, nutrition and harvesting (Sinkovič et al., 2023; Lee et al., 2022; Tošić et 

al., 2019a). The influence of mulching and plant cover on the reduction of N-NO3
- 
content at the examined depths 

can be associated to their positive effects on increasing the lettuce yield (Tesfa et al., 2018). Mulching has been 

shown to increase the total yield and the yield of lettuce heads (Chen et al., 2019), changing the efficiency of N 

utilization, which result in reduced N-NO3
-
 content in the soil. The effects of geotextiles on soil temperature and 

moisture typically decrease with soil depth, becoming mostly negligible below 40 cm (Díaz-Hernández and 

Salmerón, 2012). An increase of nitrate N content in the soil at the 0-20 cm and 20-40 cm depths leads to higher N-

NO3
-
 content in lettuce leaves, clearly indicating the connection between soil properties and lettuce quality. Increased 

N levels in the soil promote nitrate accumulation in lettuce leaves (M’hamdi et al., 2014). The lowest N-NO3
-
 content 

in lettuce leaves was recorded in lettuce production in the open field in the treatment with white geotexitle. In all 

treatments, the nitrate concentration in lettuce was below the limit prescribed by the European Commission (EU, 

2011). On the other hand, the highest N-NO3
-
 content in lettuce leaves was observed in the treatment using white and 

black geotextile in the greenhouse. These results align with the findings of Tošić et al. (2014), who reported that 

increased nitrate levels are associated with higher temperatures, i.e. more intense aeration during that period. 

Covering the soil with white geotextile reduces the nitrate content in lettuce leaves, as also observed by Guiller et al. 

(2023) in their research. The connection between the N-NO3
-
 content in the soil and in lettuce leaves is essential for 

production of high-quality lettuce in both greenhouse and open-field systems. Figure 3 shows a positive regression 

between the N-NO3
-
 content in the soil and the N-NO3- content in lettuce leaves both in the greenhouse and open 
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field. Also, an increase in nitrate content in the leaves was associated with higher nitrate N concentrations at greater 

depths (20-40 cm) (Figure 4), clearly indicating the connection between soil properties and lettuce quality. 

 

Table 6. Yield of lettuce (t/ha) depending on the system (mulching and covering) and year of production 

Treatments 2011 2012 2013 Average 

C 37.63k 34.14n 37.82k 36.53F 

BG 50.93a 44.10d 48.92b 47.98A 

WG 46.10c 40.03g 43.82d 43.32B 

BGWA 40.95f 37.72k 41.32ef 39.99C 

WGWA 39.39h 37.00l 38.86i 38.42E 

WA 41.45e 36.45m 38.37j 38.75D 

Average 42.74A 38.24C 41.52B 40.83 
Legend: Different letters indicate a significant difference (p<0.05). Lowercase letters 

indicate the interaction between the system (mulching and covering) and the year of 

production. Capital letters indicate the difference between the system average and 

the year of production. 

 

The increase in lettuce yield resulted in the decrease of N in the soil. According to Franquera and Mabes (2015), the 

use of geotextils enhances both the yield and quality of vegetables. The results of this research clearly demonstrate 

that the application of soil cover and plant cover reduces the N-NO3
-
 content in the soil, both in the open field and the 

greenhouse. 

 

CONCLUSION 

 

Mulching and plant covering reduced the N-NO3
-
 content in the soil both in the open field and the greenhouse. The 

increase of the nitrate content in the soil at the 0-20 cm depth resulted in higher N-NO3
-
 content in lettuce leaves. 

Also, higher nitrate concentration at the 20-40 cm depth led to increased nitrate content in lettuce leaves, clearly 

indicating the relationship between soil properties and lettuce quality. The applied soil mulching and plant covering 

treatments significantly increased lettuce yield both in the greenhouse and the open field. The highest yields were 

observed in both production systems in the black geotextile treatments. These findings could help producers choose 

the most efficient technologies to achieve the highest yield and nutritional value of lettuce. 
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