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Abstract: A field experiment was conducted during the spring of 2024 to evaluate the effects of irrigation water salinity and organic fertilizer levels on the growth and yield of lettuce ( Lactuca sativa L. ‘Parris Island Cos’). The experiment was arranged as a factorial within a split-plot design based on a randomized complete block design (RCBD) with three replications. Two irrigation water salinity levels were assigned to the main plots, namely fresh water (500 ppm) and saline water (4,500 ppm), while four levels of organic fertilizer (sheep manure), 0%, 1%, 2%, and 3%, were assigned to the subplots. The results showed that saline water irrigation generally produced higher numerical values for most growth and yield traits than fresh water under the conditions of this study. Among the tested fertilizer levels, the 1% organic fertilizer treatment gave the most favorable overall performance, particularly when combined with saline water. Under this treatment, plant height reached 19.1 cm, stem diameter 21.7 mm, leaf area 1.59 m², number of leaves per plant 75.8, plant weight 664.7 g, and total yield 53.2 t ha⁻¹. In conclusion, the findings suggest that a moderate rate of organic fertilizer may help maintain lettuce growth and productivity under  saline  irrigation  conditions.  These  results  also  indicate  that  lettuce  can  be  cultivated  using  saline  water resources when supplemented with an appropriate level of organic fertilizer. 
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Lettuce  ( Lactuca  sativa  L.)    is  a  significant  vegetable  crop  belonging  to  the  Asteraceae  family  and  is  highly valued for its nutritional  and  economic importance. It ranks  among  the  top vegetable crops in many countries, including the United States, and is also a popular winter crop in Iraq and similar regions (Al-Chalabi et al., 2023; 

Han et al., 2019). Lettuce is rich in phytochemicals, vitamins A and C, antioxidants, minerals, and folic acid, which contribute to its importance as a major commercial crop (Kim et al., 2016).  

The  edible  part  of  the  lettuce  plant  is  the  leaf,  which  is  commonly  consumed  fresh  as  a  salad  with  other vegetables.  According  to  food  composition  data,  each  100  g  of  lettuce  contains  about  94.71%  water,  3.69  g carbohydrates, 31 mg calcium, 23 mg phosphorus, 249 mg potassium, and 302 IU of vitamin A (USDA FoodData Central, 2024).  In  addition,  lettuce  contains  small  amounts  of  fat  and  several  important  mineral  and  bioactive compounds,  including  iron,  magnesium,  carotenoids,  phenolic  acids,  and  flavonoids.  The  nutritional  value  and medicinal benefits of lettuce leaves are mainly attributed to their characteristics as a natural and rich source of antioxidants,  vitamins  A,  C,  E,  B9,  and  phytochemicals  with  potential  health-promoting  properties  (Shi  et  al., 

2022). 

The increasing global concern over chemical residues in food production has driven consumer preference for organically grown produce. Organic agriculture relies on natural amendments, such as animal manure, to enhance soil fertility and crop quality while maintaining environmentally sustainability. Concurrently, water scarcity and https://doi.org/10.56578/of120105 
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salinity pose serious challenges to agriculture production making it necessary to explore the possibility of using saline water for irrigation, provided that its negative effects can be mitigated. 

The salts in irrigation water and the soil solution have many direct and indirect effects on plant growth. Direct effects appear in the absorption of water by the plant, since increasing the salt concentration  raises the osmotic pressure in the soil solution and reduces the plant’s ability to absorb water. In addition, salts in the soil solution may lead to an imbalance in the absorption of nutrients needed by the plant, as the salts and their different ions may directly affect the plant through competition with some of the  essential  nutrients, sometimes reducing  the absorption of important ions required for plant growth (El-Ramady et al., 2024). As for the indirect effects, they are mainly related to changes in physical and chemical traits of the soil, which subsequently affect plant growth and productivity (Lee et al., 2022). 

Although salinity is generally recognized as a major factor limiting crop growth and productivity, several studies have shown that, under carefully controlled conditions, low to moderate salinity may not always be detrimental and can even stimulate growth or maintain productivity in some plant species (Li et al., 2021; Lou et al., 2025; 

Rouphael & Kyriacou, 2018). Under such conditions, salinity may act as a positive stimulus before reaching levels that inhibit physiological and developmental processes. Nevertheless, despite the considerable attention given to salinity over the past decades, the conditions under which it exerts beneficial rather than harmful effects remain insufficiently understood. In most crop species, including lettuce, salinity is still more commonly associated with osmotic stress, ion imbalance, reduced growth and yield, and physiological disorders such as tipburn related to oxidative stress (Carassay et al., 2012). Therefore, further research is needed to clarify the situations in which its negative  effects  may  be  minimized  and  whether  moderate  salinity  can  be  utilized  in  a  productive  way  under specific agronomic conditions. 

Organic fertilization has received increasing attention as a sustainable agricultural practice for improving soil fertility,  enhancing  crop  performance,  and  reducing  dependence  on  chemical  inputs  (Bhatia  &  Sindhu, 2024; Kebalo et al., 2024). Previous studies have also shown that bio-organic fertilization can promote the growth and yield of vegetable crops (Aldolaimy et al., 2024; Masarirambi et al. , 2012). Organic manures are known to improve soil  physical  and  chemical  properties,  support  microbial  activity,  and  provide  nutrients  gradually  over  time, thereby creating a more favorable environment for plant growth. Masarirambi et al. (2012) showed that organic manures could improve vegetative growth and yield-related traits in lettuce, including leaf number, leaf area, and biomass accumulation. However, in lettuce, many previous studies have examined the effects of salinity stress (Di Mola et al., 2017; Ünlükara et al., 2008; Yavuz et al., 2023) and organic fertilization (Alromian, 2020;  Kebalo et al., 2024; Masarirambi et al., 2012), separately, whereas limited research has focused on the interaction between these two factors. More specifically, there is still insufficient information on whether a moderate rate of organic fertilizer can help maintain lettuce growth and productivity under relatively high irrigation water salinity, such as 4,500 ppm, and whether such fertilization can partially offset the adverse effects of saline irrigation. 

Therefore, the present study aimed to assess the effects of irrigation water salinity and organic fertilizer rates on the vegetative growth and productivity of lettuce. The specific objectives were as follows: 1.  To  evaluate  the  potential  of  organic  fertilizer  (sheep  manure)  to  promote  growth,  improve  yield,  and enhance the quality of lettuce under different irrigation water salinity conditions. 

2.  To  investigate  the  effects  of  irrigation  water  salinity  levels  on  the  vegetative  growth  characteristics  of lettuce plants. 

3.  To analyze the interaction between irrigation water salinity and organic fertilizer rates in their effects on vegetative growth and total yield of lettuce. 



2. Materials and Methods 

 

2.1 Study Site and Experimental Design 

 

The experiment was carried out in the research fields of the Agricultural Technical College, Mosul, Iraq, during the spring season of 2024. The soil was prepared by plowing twice, after which decomposed sheep manure was incorporated according to the treatment specifications. A factorial experiment in a split-plot arrangement within a randomized complete block design (RCBD), with three replications, was used. The main-plots factor was irrigation water salinity, consisting of fresh water (500 ppm) and saline  water (4,500 ppm). The sub-plots factor was the level  of  organic  fertilizer,  consisting  of  0%,  1%,  2%,  and  3%  sheep  manure.  This  resulted  in  eight  treatment combinations and 24 experimental units. Each experimental unit consisted of three rows, with 50 cm between rows and 25 cm between plants within each row. Each unit contained 63 plants in total (21 plants per row). Seven plants from each row were marked as sampling plants. From these sampling plants, three representative plants from the center of each experimental unit were selected for the measurement of vegetative growth and yield traits. 

 

2.2 Soil, Irrigation Water, and Climate Characteristics Soil analysis was conducted before planting and after harvest, and the results were presented in Table 1. Soil 66

texture was determined before planting only. Climatic data recorded during the experimental period (April–June 2024) were presented in Table 2. 

Table  3  showed  the  chemical  analysis  of  sheep  manure.  The  mineral  composition  of  the  sheep  manure  was determined in the central laboratory of the College of Agriculture and Forestry. The electrical conductivity of the irrigation water was 3.4 dS m⁻¹

. 



Table 1. Physical and chemical properties of the field soil Parameter 

Before Planting  After Harvest 

Soil pH 

6.5 

6.2 

Organic matter (%) 

4.16 

5.01 

Electrical conductivity (dS m⁻¹) 

1.720 

1.485 

Nitrogen (ppm) 

245 

210 

Phosphorus (ppm) 

40.78 

144.80 

Potassium (ppm) 

241.23 

582.36 

Particle-size distribution (%) 





Clay 

20.8 

– 

Silt 

36.7 

– 

Sand 

42.5 

– 



Table 2. Monthly climatic data recorded during the experimental period (2024) Relative Humidity 

Average Temperature 

Average Sunshine Duration 

Rainfall 

Month 

(%) 

(℃) 

(h day⁻¹) 

(mm) 

April 

60 

18.2 

8 

0 

May 

40 

24.5 

10 

0 

June 

25 

30.2 

14 

1 

Source: Weather station in the experimental field. 



Table 3.  Chemical properties of sheep manure Parameter 

Value 

Electrical conductivity (1:1 extract) (dS m⁻¹) 

5.94 

Total nitrogen (g kg⁻¹) 

16 

Total phosphorus (g kg⁻¹) 

1.8 

Total potassium (g kg⁻¹) 

1.9 

Organic carbon (g kg⁻¹) 

338.9 

Organic matter (g kg⁻¹) 

584.2 

C:N ratio 

21:1 



2.3 Plant Material and Crop Establishment 



Seeds of the lettuce cultivar ‘Parris Island Cos’ were used in this experiment. This cultivar belongs to the long-head lettuce group (romaine lettuce) and is characterized by a cylindrical head shape, straight leaves, dark green color, smooth texture, prominent veins, and a compact head with a broad base. Head length usually ranges from 20 to 30 cm or more. The cultivar is easy to grow and is considered one of the standard lettuce cultivars in the United States. 

Seeds  were  sown  on  10  April  2024  according  to  the  experimental  design.  Standard  agronomic  practices, including hoeing and weed control, were carried out as required. Harvesting took place between 5 and 10 June 2024, approximately 60 days after sowing. 



2.4 Vegetative Growth and Yield Traits Measurement 

 

Vegetative growth traits were measured at the end of the experiment, when the heads were harvested in the field. 

The following traits were recorded: 

(1) Plant height (cm): Plant height was measured from the point of contact with the soil to the growing tip. 

(2)  Stem  diameter  (mm):  The  stem  diameter  was  measured  at  the  basal  part  of  the  plant  after  removing  the leaves, using a Vernier caliper. 

(3) Leaf area (m²

): Ten leaves of different sizes were selected from the plant. A known leaf area of 45 cm²

was 

cut using a cork borer, and the fresh weight was recorded. Both the sampled area and the leaves were then dried in an oven at 65–72 ℃ for 72 h. After drying, the dry weights of the leaves and the known area were measured, and total leaf area was calculated using the ratio-and-proportion method. 
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(4) Number of leaves per plant: All leaves per head were counted except for the very small leaves located at the growing tip. 

(5) Average  total  plant  weight  (g):  Average  total  plant  weight  was  determined  at  harvest  by  weighing representative whole plants from each experimental unit (Pastor-Arbulú & Rodrí guez-Delfí

n, 2025). 

(6) Total yield (t ha⁻¹): Total yield was calculated from the harvested weight of each experimental unit based on the area of the experimental unit and then converted to tons per hectare. 

2.5 Statistical Analysis 

The data were statistically analyzed according to the design used and the averages were compared  using the Duncan’s multiple range test at the 5% probability level (Al-Rawi & Khalaf Allah,  1980). 

3. Results and Discussion

The  interaction  effects  of  irrigation  water  salinity  and  organic  fertilizer  on  lettuce  growth  and  yield  were summarized in Table 4. 

Table 4. Effect of irrigation water salinity and organic fertilizer levels on growth and yield parameters of lettuce Plant 

Stem 

Leaf 

Number of 

Average 

Total 

Water 

Organic 

Height 

Diameter 

Area 

Leaves per 

Plant Weight 

Yield (t 

Salinity 

Fertilizer 

(cm) 

(mm) 

(m2) 

Plant 

(g) 

ha⁻¹) 

Control 

13.5 bc 

22.5 a 

0.86 a 

64.4 abc 

439.3 a 

33.2 a 

1% 

19.1 a 

21.7 a 

1.59 a 

75.8 a 

664.7 a 

53.2 a 

Saline water 

2% 

14.6 abc 

26.4 a 

1.01 a 

64.8 abc 

577.3 a 

46.4 a 

3% 

18.3 ab 

22.6 a 

0.99 a 

59.2 bc 

480.7 a 

38.4 a 

Main effect 

of saline 

–

16.4

23.3 

1.11 

66.1 

540.5 

42.8 

water 

Control 

12.9 abc 

22.1 a 

0.69 a 

52.8 ab 

402.7 a 

32.4 a 

1% 

17.8 ab 

25.3 a 

1.23 a 

77.5 a 

613.8 a 

51.2 a 

Fresh water 

2% 

14.4 c 

21.6 a 

1.09 a 

68.9 c 

545.1 a 

43.6 a 

3% 

15.3 abc 

22.7 a 

0.85 a 

60.9 bc 

414.7 a 

33.2 a 

Main effect 

–

15.1

22.9 

0.97 

65.0 

494.1 

40.1 

of fresh water 

Note: Means followed by the same letter within each column are not significantly different according to Duncan’s multiple range test at the 5% probability level. 

3.1 Plant Height 

As shown in Table 4, the tallest plants (19.1 cm) were recorded under saline water irrigation combined with 1% 

organic fertilizer, and this value was statistically similar to that obtained with 1% organic fertilizer under fresh water irrigation (17.8 cm). In contrast, lower plant height values were observed in the control treatment and in some of the higher organic fertilizer levels, indicating that moderate organic fertilization was more effective than excessive  application  in  promoting  plant  elongation.  On  average,  saline  water  irrigation  produced  taller  plants (16.4 cm) than fresh water irrigation (15.2 cm), suggesting that the salinity level used in this study did not suppress plant height. Rather, in combination with an appropriate level of organic fertilizer, it may have created conditions favorable for vegetative growth (El-Ramady et al., 2024). The superior response at the 1% organic fertilizer level may be attributed to improved nutrient availability and better soil physical conditions, which likely enhanced root activity and plant growth (El-Ramady et al., 2024). By contrast, increasing the organic fertilizer level to 2% or 3% 

did not further improve plant height, suggesting that the beneficial effect was greatest at the moderate level applied in  this  experiment.  The  results  indicated  that  lettuce  plant  height  responded  positively  to  moderate  organic fertilization, particularly when combined with saline water irrigation under the conditions of the current study. 

3.2 Stem Diameter 

The results shown in Table 4 indicated that stem diameter of lettuce was not significantly influenced by water salinity, organic fertilizer level, or their interaction, as all treatment means were followed by the same significance letter.  But  some  numerical  variation  was  also  observed  among  treatments.  Under  saline  water  irrigation,  stem diameter ranged from 21.7 to 26.4 mm, with the highest value recorded at the 2% organic fertilizer level, followed by the 3% treatment and the control. Under fresh water irrigation, values ranged from 21.6 to 25.3 mm, and the greatest stem diameter was obtained with 1% organic fertilizer. In terms of main effects, saline water produced a 68

slightly greater mean stem diameter (23.3 mm) than fresh water (22.9 mm), but this difference was not statistically significant. These findings suggested that stem diameter was relatively stable under the tested conditions and was less sensitive to treatment variation than plant height. The relatively close values among treatments may indicate that the salinity level applied in this study did not impose sufficient stress to adversely affect stem development. 

Likewise, the absence of a consistent increase with higher organic fertilizer levels suggests that stem diameter did not show a clear dose-dependent response to organic fertilization within the range tested. 



3.3 Leaf Area 

 

Data in Table 4 indicated that leaf area was not significantly influenced by water salinity, organic fertilizer level, or  their  interaction.  However,  numerical  variation  was  observed  among  treatments.  The  highest  leaf  area  was recorded under saline water irrigation combined with 1% organic fertilizer (1.59 m²

), whereas the lowest value 

was found under fresh water without organic  fertilizer  (0.69 m²

). In both  irrigation conditions, the 1% organic 

fertilizer treatment produced the greatest leaf area, while higher fertilizer levels did not result in a further increase. 

The mean leaf area was also slightly higher under saline water (1.11 m²

) than under fresh water (0.97 m²

). These 

results suggest that moderate organic fertilization was more favorable for leaf expansion than higher application rates, although the differences were not statistically significant. They also indicate that the salinity level used in this study did not markedly limit leaf development. 

The relatively higher leaf area recorded at the 1% organic fertilizer level may be associated with more favorable conditions for leaf expansion. Lettuce leaf area depends on both leaf number and the size of individual leaves, and these traits are known to be influenced by environmental factors such as light and temperature (AL-Bayati et al., 

2019).  Under  the  conditions  of  the  present  study,  the  improved  nutrient  availability  provided  by  the  moderate organic fertilizer level may therefore have supported better vegetative development. 



3.4 Number of Leaves per Plant 

 

The results of Table 4 showed that the highest values were recorded at the 1% organic fertilizer level under both saline and fresh water irrigation, reaching 75.8 and 77.5 leaves per plant, respectively, whereas relatively lower values were observed in the control and 3% organic fertilizer  treatments. The mean number of leaves was also very similar under saline water (66.1) and fresh water (65.0), demonstrating that the salinity level used in this study did  not  significantly  limit  leaf  production.  Thus,  it  suggested  that  moderate  organic  fertilization  was  more favorable for leaf formation than either no fertilization or higher fertilizer application rates. 

The relatively higher leaf number observed at the 1% organic fertilizer level may be related to more favorable conditions for vegetative growth. A moderate supply of organic fertilizer may have supported leaf initiation and expansion by providing nutrients gradually and by improving the growing environment. By contrast, the absence of a further increase at the higher fertilizer levels suggests that leaf production did not respond positively in a dose-dependent manner within the tested range. Therefore, 1% organic fertilizer appeared to be the most suitable level for promoting leaf development under the present experimental conditions. This suggested that a moderate organic fertilizer input might be sufficient to support leaf formation, whereas higher rates did not provide additional benefit. 

This trend is consistent with previous studies reporting that organic fertilization can improve vegetative growth in lettuce,  although  the  response  is  not  always  proportional  to  increasing  application  rate  (Alromian, 2020; 

Masarirambi et al., 2012). 



3.5 Average Total Plant Weight 

 

According  to  the  results  of  treatments  (Table  4),  the  value  under  saline  water  irrigation  combined  with  1% 

organic fertilizer was highest, reaching 664.7 g per plant, whereas the lowest value was observed in the unfertilized treatment  under  fresh  water  irrigation,  at  402.7  g  per  plant.  Under  both  irrigation  conditions,  the  1%  organic fertilizer treatment produced higher plant weights than the control, while increasing the fertilizer level to 2% or 3% 

did  not  result  in  a  further  increase.  In  terms  of  the  main  effect  of  irrigation  water,  saline  water  produced  a numerically greater mean plant weight (540.5 g) than fresh water (494.1 g). These results suggest that moderate organic fertilization was more favorable for biomass accumulation than either no fertilization or higher fertilizer application rates under the conditions of the present study. 

The relatively greater plant weight recorded at the 1% organic fertilizer level may be associated with improved vegetative growth, as reflected in the higher number of leaves and larger leaf area observed in the same treatment combination. Since plant weight in lettuce is closely related to leaf development and overall canopy expansion, the increase in these growth traits may have contributed to the greater biomass accumulation. A moderate level of organic fertilizer  may  have provided  a more balanced nutrient  supply and improved  the growing environment, thereby supporting better plant growth. By contrast, the absence of a further increase at the 2% and 3% fertilizer levels suggests that plant weight did not respond positively in a consistent dose-dependent manner within the tested 69

range. 

These findings are generally consistent with previous studies showing that fertilization can enhance lettuce fresh weight  compared  with  unfertilized  treatments.  For  example,  Zandvakili  et  al.  (2019)  reported  that  fertilization increased lettuce fresh weight relative to the unfertilized control. Similarly, Mokhtar et al. (2022) indicated that improvements  in  vegetative  growth  traits,  such  as  leaf  number,  leaf  area,  and  leaf  fresh  and  dry  weight,  can contribute to greater plant biomass. In the present study, the higher plant weight observed at the moderate organic fertilizer level may therefore reflect more suitable growth conditions for lettuce plants. 



3.6 Total Yield 

 

The results presented in Table 4 indicated that total yield was not significantly affected by water salinity, organic fertilizer level, or their interaction, as all treatment means were followed by the same significance letter. However, numerical differences were observed among treatments. The highest total yield was recorded under saline water irrigation combined with 1% organic fertilizer, reaching 53.2 t ha⁻¹, whereas the lowest value was obtained in the unfertilized treatment under fresh water irrigation, at 32.4 t ha⁻¹, representing an increase of 64.2%. Under both irrigation conditions, the 1% organic fertilizer treatment produced the highest numerical yield, while the 2% and 3% fertilizer treatments did not result in a further increase. In terms of the main effect of irrigation water, saline water produced a slightly higher mean total yield (42.8 t ha⁻¹) than fresh water (40.1 t ha⁻¹), although this difference was not statistically significant. 

These results suggest that moderate organic fertilization may be more favorable for yield formation than either no fertilization or higher fertilizer application rates under the conditions of the present study. The relatively greater yield observed at the 1% organic fertilizer level may be associated with improved vegetative growth, as reflected in the higher number of leaves, greater leaf area, and higher plant weight recorded in the same treatment. Since lettuce  yield  is  closely  related  to  vegetative  development,  the  improvement  in  these  growth  traits  may  have contributed to the higher numerical yield values. 

This interpretation is supported by previous studies showing that organic matter can improve soil fertility and quality by enhancing soil structure and increasing the availability of major and minor nutrients (Bhatia & Sindhu, 

2024; Kebalo et al., 2024). In addition, humic substances derived from organic amendments may improve soil aggregate stability (Ai et al., 2023). Organic-based amendments and biologically active inputs may also enhance nutrient uptake and support plant growth under stress conditions (Shabaan et al., 2022). Therefore, the relatively higher  yield  observed  in  the  fertilized  treatments  may  reflect  the  beneficial  role  of  organic  amendments  in supporting lettuce growth under both saline and fresh water irrigation. However, because the differences among treatments were not statistically significant, these findings should be interpreted as numerical trends rather than confirmed treatment effects. 



4. Conclusions 



The current study showed that lettuce could be grown under saline water irrigation (4,500 ppm) when combined with organic fertilizer. Among the tested fertilizer levels, 1% sheep waste generally produced the most favorable growth and yield performance. This treatment was associated with higher numerical values for plant height, leaf area, number of leaves per plant, plant weight, and total yield compared with the control and the higher fertilizer levels.  These  findings  suggest  that  moderate  organic  fertilization  may  help  maintain  lettuce  growth  and productivity under saline irrigation conditions. In conclusion, the study indicates that combining saline water with organic amendments may be a promising strategy for lettuce production in areas with limited freshwater resources. 

Further research is needed to evaluate the long-term effects of this practice on soil properties and crop performance. 



Author Contributions 



Methodology, O.Y.H.; validation, A.A.; investigation, O.Y.H., M.S.A., O.A.F.A., and A.A.; fieldwork, M.A.B.; data organization, M.S.A.; writing—preparation of the original draft, A.A.; writing—review and editing, O.A.F.A. 

and A.M.S. All authors have read and approved the published version of the manuscript. 



Data Availability 



The data used to support the research findings are available from the corresponding author upon request. 



Conflicts of Interest 



The authors declare no conflicts of interest. 



70

References 



Ai, S., Meng, X., Zhang, Z., Li, R., Teng, W., Cheng, K., & Yang, F. (2023). Artificial humic acid regulates the impact  of  fungal  community  on  soil  macroaggregates  formation.  Chemosphere,  332,  138822. 

https://doi.org/10.1016/j.chemosphere.2023.138822. 

AL-Bayati, H. J. M., AL-Habar, M. T. A., & AL-Hamdany, S. Y. (2019). Effect of chemical and organic fertilizer and  agricultural  distances  on  growth  and  yield  of  two  lettuce  ( Lactuca  sativa  L.)  varieties  grown  under unheated plastic house.  Mesopotam. J. Agric. ,  47(2), 83–95. 

Al-Chalabi, A. T. M., Ibraheem, F. F. R., Hussein, A. M., & Alsawaf, A. (2023). Comparison the effect of an organic nutrient (Nektafol) under production and open field condition on the growth and yield of lettuce.  IOP 

 Conf. Ser.: Earth Environ. Sci. ,  1262, 042003.  https://doi.org/10. 1088/1755-1315/1262/4/042003. 

Aldolaimy,  O.  M.  S.,  Abdul-Ratha,  H.  A.,  &  Abduljabar,  B.  K.  (2024).  Effect  of  bio-organic  and  mineral fertilization,  on the growth and yield of cauliflower ( Brassica oleracea  var.  botrytis).  Iraq.  J. Agric. Sci. , 55(5), 1667–1675. https://doi.org/10.36103/pt592r56. 

Al-Rawi, K. M. & Khalaf Allah, A. M. (1980).  Design and Analysis of Agricultural Experiments. Iraq: Dar Al Kutub for Printing and Publishing. 

Alromian, F. M. (2020). Effect of type of compost and application rate on growth and quality of lettuce plant.  J. 

 Plant Nutr. ,  43(18), 2797–2809. https://doi.org/10.1080/01904167.2020.1793185. 

Bhatia,  T.  &  Sindhu,  S.  S.  (2024).  Sustainable  management  of  organic  agricultural  wastes:  Contributions  in nutrients  availability,  pollution  mitigation  and  crop  production.  Discov.  Agric. ,  2,  130. 

https://doi.org/10.1007/s44279-024-00147-7. 

Carassay, L. R., Bustos, D. A., Golberg, A. D., & Taleisnik, E. (2012). Tipburn in salt-affected lettuce ( Lactuca sativa  L.)  plants  results  from  local  oxidative  stress.  J.  Plant  Physiol. ,  169(3),  285–293. 

https://doi.org/10.1016/j.jplph.2011.10.004. 

Di Mola, I., Rouphael, Y., Colla, G., Fagnano, M., Paradiso, R., & Mori, M. (2017). Morphophysiological traits and nitrate content  of greenhouse lettuce  as affected by irrigation with  saline water.  HortScience,  52(12), 1716–1721. https://doi.org/10.21273/HORTSCI12501-17. 

El-Ramady, H., Prokisch, J., Mansour, H., Bayoumi, Y. A., Shalaby, T. A., Veres, S., & Brevik, E. C. (2024). 

Review of crop response to soil salinity stress: Possible approaches from leaching to nano-management.  Soil Syst. ,  8(1), 11. https://doi.org/10.3390/soilsystems8010011. 

Han, J., Zhang, C., Cheng, J., Wang, F., & Qiu, L. (2019). Effects of biogas residues containing antibiotics on soil enzyme  activity  and  lettuce  growth.  Environ.  Sci.  Pollut.  Res.  Int. ,  26(6),  6116–6122. 

https://doi.org/10.1007/s11356-018-4046-z. 

Kebalo, L. F., Garnier, P., Gonod, L. V., & Houot, S. (2024). Using bio-based fertilizer derived from peri-urban wastes  affects  soil  properties  and  lettuce  yield  and  quality.  Sci.  Hortic. ,  324,  112599. 

https://doi.org/10.1016/j.scienta.2023.112599. 

Kim,  M.  J.,  Moon,  Y.,  Kopsell,  D.  A.,  Park,  S.,  Tou,  J.  C.,  &  Waterland,  N.  L.  (2016).  Nutritional  value  of crisphead  ‘iceberg’  and  romaine  lettuces  ( Lactuca  sativa  L.).  J.  Agric.  Sci. ,  8(11),  1–10. 

https://doi.org/10.5539/jas.v8n11p1. 

Lee, X., Yang, F., Xing, Y., Huang, Y., Xu, L., Liu, Z., Holtzman, R., Kan, I., Li, Y., Zhang, L., & Zhou, H. (2022). 

Use  of  biochar  to  manage  soil  salts  and  water:  Effects  and  mechanisms.  Catena,  211,  106018. 

https://doi.org/10.1016/j.catena.2022.106018. 

Li, H., Suyama, A., Mitani-Ueno, N., Hell, R., & Maruyama-Nakashita, A. (2021). A low level of NaCl stimulates plant  growth  by  improving  carbon  and  sulfur  assimilation  in   Arabidopsis  thaliana.  Plants,  10(10),  2138. 

https://doi.org/10.3390/plants10102138. 

Lou, B., Hu, Y., Li, T., Liu, Q., Wang, J., Dong, X., Tian, L., Zhang, X., Bian, W., Liu, T., et al. (2025). Assessment of  saline  water  irrigation  on  biomass  and  quality  of  alfalfa:  A  sustainable  agriculture  perspective.  Agric. 

 Water Manag. ,  314, 109504. https://doi.org/10.1016/j.agwat.2025.109504. 

Masarirambi, M. T., Mbokazi, B. M., Wahome, P. K., & Oseni, T. O. (2012). Effects of kraal manure, chicken manure and inorganic fertilizer on growth and yield of lettuce ( Lactuca sativa L. var Commander) in a semi-arid environment.  Asian J. Agric. Sci. ,  4(1), 58–64. 

Mokhtar,  A.,  El-Ssawy,  W.,  He,  H.,  Al-Anasari,  N.,  Sammen,  S.  S.,  Gyasi-Agyei,  Y.,  &  Abuarab,  M.  (2022). 

Using machine learning models to predict hydroponically grown lettuce yield.  Front. Plant Sci. ,  13, 706042. 

https://doi.org/10.3389/fpls.2022.706042. 

Pastor-Arbulú, P. & Rodrí

guez-Delfí

n, A. (2025). Enhancing the growth, yield and physiological response of two lettuce  ( Lactuca  sativa  L.)  cultivars  through  NFT  system  optimization.  Front.  Plant  Sci. ,  16,  1639002. 

https://doi.org/10.3389/fpls.2025.1639002. 

Rouphael,  Y.  &  Kyriacou,  M.  C.  (2018).  Enhancing  quality  of  fresh  vegetables  through  salinity  eustress  and biofortification  applications  facilitated  by  soilless  cultivation.  Front.  Plant  Sci. ,  9,  1254. 

https://doi.org/10.3389/fpls.2018.01254. 

71

Shabaan, M., Asghar, H. N., Zahir, Z. A., Zhang, X., Sardar, M. F., & Li, H. (2022). Salt-tolerant PGPR confer salt  tolerance  to  maize  through  enhanced  soil  biological  health,  enzymatic  activities,  nutrient  uptake  and antioxidant defense.  Front. Microbiol. ,  13, 901865. https://doi.org/10.3389/fmicb.2022.901865. 

Shi, M., Gu, J., Wu, H., Rauf, A., Emran, T. B., Khan, Z., Mitra, S., Aljohani, A. S. M., Alhumaydhi, F. A., Al-Awthan, Y. S., et al. (2022). Phytochemicals, nutrition, metabolism, bioavailability, and health benefits in lettuce—A comprehensive review.  Antioxidants,  11(6), 1158. https://doi.org/10.3390/antiox11061158. 

Ünlükara, A., Cemek, B., Karaman, S., & Erşahin, S. (2008). Response of lettuce ( Lactuca sativa var.  crispa) to salinity 

of 

irrigation 

water. 

 N. 

 Z. 

 J. 

 Crop 

 Hortic. 

 Sci. , 

 36(4), 

265–273. 

https://doi.org/10.1080/01140670809510243. 

USDA 

FoodData 

Central. 

(2024). 

 Food 

 Details: 

 Lettuce, 

 Raw. 

https://fdc.nal.usda.gov/food-

details/2709789/nutrients 

Yavuz, D., Rashid, B. A. R., & Seymen, M. (2023). The influence of NaCl salinity on evapotranspiration, yield traits, antioxidant status, and mineral composition of lettuce grown under deficit irrigation.  Sci. Hortic. ,  310, 111776. https://doi.org/10.1016/j.scienta.2022.111776. 

Zandvakili, O. R., Barker, A. V., Hashemi, M., Etemadi, F., & Autio, W. R. (2019). Comparisons of commercial organic and chemical fertilizer solutions on growth and composition of lettuce.  J. Plant Nutr. , 42(9), 990–

1000. https://doi.org/10.1080/01904167.2019.1589505. 

72



index-1_9.png
®

Check for
updates






cover.jpeg
https://www.acadlore.com/journals/OF b Sk, Curatod withRier

t?‘a Organic Farming A A CADLORE

Effects of Irrigation Water Salinity and Organic Fertilizer Levels on
Growth and Yield of Lettuce (Lactuca sativa L.)

Gheck for
Cies

Omar Younis Haszm‘@, Mohammed Salim Ahmed‘@, Omar Ahmed Fathi Al-Rubaie’
Ahmed Alsawaf'"®, Maan Abdameer Bagi', Ali M. Saadi*®

! Department of Desertification Combat Technologies, Technical Agricultural College, Northern Technical
University, 41002 Mosul, Iraq

2 Department of Animal Productions Techniques, Technical Agricultural College, Northern Technical
University, 41002 Mosul, Iraq

" Correspondence: Ahmed Alsawaf (Ahmedalsawaf@ntu.edu.iq)
Received: 12-21-2025 Revised: 03-16-2026 Accepted: 03-27-2026

Citation: Hasan, O. Y., Ahmed, M. S., Al-Rubaie, O. A. F., Alsawaf, A., Baqi, M. A., & Saadi, A. M. (2026).
Effects of irrigation water salinity and organic fertilizer levels on growth and yield of lettuce (Lactuca sativa L.).
Org. Farming, 12(1), 65-72. https://doi.org/10.56578/0f120105.

© 2026 by the author(s). Published by Acadlore Publishing Services Limited, Hong Kong. This article is available for free
download and can be reused and cited, provided that the original published version is credited, under the CC BY 4.0 license.

Abstract: A field experiment was conducted during the spring of 2024 to evaluate the effects of irrigation water
salinity and organic fertilizer levels on the growth and yield of lettuce (Lactuca sativa L. ‘Parris Island Cos’). The
experiment was arranged as a factorial within a split-plot design based on a randomized complete block design
(RCBD) with three replications. Two irrigation water salinity levels were assigned to the main plots, namely fresh
water (500 ppm) and saline water (4,500 ppm), while four levels of organic fertilizer (sheep manure), 0%, 1%, 2%,
and 3%, were assigned to the subplots. The results showed that saline water irrigation generally produced higher
numerical values for most growth and yield traits than fresh water under the conditions of this study. Among the
tested fertilizer levels, the 1% organic fertilizer treatment gave the most favorable overall performance, particularly
when combined with saline water. Under this treatment, plant height reached 19.1 cm, stem diameter 21.7 mm,
leaf area 1.59 m?, number of leaves per plant 75.8, plant weight 664.7 g, and total yield 53.2 t ha™'. In conclusion,
the findings suggest that a moderate rate of organic fertilizer may help maintain lettuce growth and productivity
under saline irrigation conditions. These results also indicate that lettuce can be cultivated using saline water
resources when supplemented with an appropriate level of organic fertilizer.

Keywords: Lettuce; Organic fertilizer; Sheep manure; Water salinity; Growth, Yield
1. Introduction

Lettuce (Lactuca sativa L.) is a significant vegetable crop belonging to the Asteraceae family and is highly
valued for its nutritional and economic importance. It ranks among the top vegetable crops in many countries,
including the United States, and is also a popular winter crop in Iraq and similar regions (Al-Chalabi et al., 2023;
Han etal., 2019). Lettuce is rich in phytochemicals, vitamins A and C, antioxidants, minerals, and folic acid, which
contribute to its importance as a major commercial crop (Kim et al., 2016).

The edible part of the lettuce plant is the leaf, which is commonly consumed fresh as a salad with other
vegetables. According to food composition data, each 100 g of lettuce contains about 94.71% water, 3.69 g
carbohydrates, 31 mg calcium, 23 mg phosphorus, 249 mg potassium, and 302 IU of vitamin A (USDA FoodData
Central, 2024). In addition, lettuce contains small amounts of fat and several important mineral and bioactive
compounds, including iron, magnesium, carotenoids, phenolic acids, and flavonoids. The nutritional value and
medicinal benefits of lettuce leaves are mainly attributed to their characteristics as a natural and rich source of
antioxidants, vitamins A, C, E, B9, and phytochemicals with potential health-promoting properties (Shi et al.,
2022).

The increasing global concern over chemical residues in food production has driven consumer preference for
organically grown produce. Organic agriculture relies on natural amendments, such as animal manure, to enhance
soil fertility and crop quality while maintaining environmentally sustainability. Concurrently, water scarcity and
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