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ABSTRACT 

Field trials were conducted during seasons 2016/2017 and 2017/2018 at the Experimental Farm 
of Arab El-Awammer Research Station, ARC, Assuit, Egypt. The aims of current study were to 
investigate the effects of drought stress on lettuce yield, the effects of soil mulch on drought tolerance, 
and the interaction between water shortage and mulching on lettuce yield and yield components. A 
split-plot design with three replicates was used. Irrigation regimes were 100%, 80% and 60% of crop 
evapotranspiration and mulch treatments were polyethylene black film, transparent polyethylene film 
and no mulching. Results showed that covering soil surface (mulch) significantly increased plant fresh 
weight, head length, root fresh weight, head fresh weight and lettuce total yield compared to control. 
Black polyethylene mulch was more effective than transparent polyethylene film. The highest values 
of the previous traits were recorded under 100% of ETc with black plastic mulch, followed by 80% of 
ETc and black plastic film and with reduction of 15.79 % and 16.22% in both seasons. The results 
showed that irrigation water use efficiency (IWUE) rates were increased significantly under mulching 
with black plastic compared to transparent plastic mulch and control. Regarding to nutrient contents, 
the highest concentration of NPK were obtained at black polyethylene mulch irrigated with 100 % 
ETc.    

 
Keywords: Drip irrigation, irrigation regimes, water shortage and mulch 

 
Introduction 

Water resources in Egypt are limited and restrict crop production in the newly reclaimed soils. 
The agricultural sector consumes more than 84% of available water resources (El-Beltagy and Abou 
Hadid, 2008). Water scarcity is an increasingly serious phenomenon and irrigation water for 
agriculture is often insufficient regarding to the increasing human demand. Therefore, it is necessary 
to enhance water use efficiency (Tennakoon and Milroy 2003, Tang et al., 2005, Chen et al., 2019). 

Lettuce (Lactuca sativa L.) is one of the most significant leafy vegetables that planted world-
wide and its rich in vitamins C and E, luthein, polyphenols and fibers (Hooper and Cassidy 2006, 
Chen et al., 2019). Within the several techniques used in lettuce cultivation, the use of mulches is 
known to be worthwhile, being an important reason for the crop’s quality and productivity 
improvement. Among the several mulches advantages, we can point out the weed control, the 
conservation of the soil moisture, the preservation of the soil profile aeration, among others. 
Moreover, mulching is one of the water management practices for increasing water use efficiency 
(Eid and El-Kholy 2018). Mulch defined as any material covered the soil surface to protect it from 
evaporation and solar radiation. Different materials types could be used as mulches like rice, wheat, 
maize or sorghum straw, plastic film, grass, etc. Plastic film mulching can promote plant growth 
(Shen et al., 2013), save water and change the soil temperature (Filipovic et al., 2016). Mulching the 
soil surface reduces evaporation and increases the amount of water stored in the soil profile. In 
addition, drip irrigation system can save irrigation water and increase crop productivity by 
transferring small amounts of water frequently to the periphery of the roots of plants (Wilson et al. 
2010, Chen et al., 2019). Previous studies reported that combining drip irrigation system with plastic 
film mulch is useful for increasing yield for different crops like potato (Wang et al., 2009, Wang et 
al., 2011) and cotton (Zhou et al., 2012). 
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Sinkeviciene et al. (2009) reported that using mulch helps in increasing moisture conservation 
and evaporation reduction. Moreover, Nitrate leaching has a significant impact on plant N supply and 
groundwater quality (Li et al., 2017). Mulching reduce nitrogen leaching and increase nutrient 
availability, thereby improving soil quality (Haraguchi et al., 2004). Previous investigation reported 
that mulch increase water use efficiency (Seyfi and Rashidi 2007, Baye 2011, Qin et al., 2014). In 
cauliflower, plastic film mulch increased water use efficiency by 14% as compared to control (Job et 
al., 2018). In addition, under mulch treatment, nitrogen, phosphorus and potassium were significantly 
higher than control (Singh et al., 2002, Pervaiz et al., 2009). 

Therefore, this investigation was carried out to study the effects of drought stress on lettuce 
yield, the effects of soil mulch on drought tolerance, and the interaction between water shortage and 
mulching on lettuce yield and yield components. 
  
Materials and Methods 
 
Experimental site  

Two field experiments were conducted at the Experimental Farm of Arab El-Awammer 
Research Station, ARC, Assuit, Egypt (which, lies between latitude 27°, 03׳ N and longitude 31°, 01׳ 
E and the altitude of the area is 71 m) during two seasons 2016/2017 and 2017/2018. The average 
monthly meteorological data of Assiut weather during the growing seasons are illustrated in Table (1). 
Soil physical and chemical characteristics were determined and recorded in Table (2). 

 
Table 1: Average monthly meteorological data of Assuit weather station during the two growth 

seasons of 2016/2017 and 2017/2018 

ETo 
mm 

Sunshine 
Hours 

Wind 
Speed 

km/day 

Relative 
Humidity% 

Temperature (C˚) Parameter 
 

Month 
Min Max 

2016/2017 
5.03 9.4 403.2 54.7 12.7 27.0 November 
3.70 9.0 348.0 59.7 6.3 19.9 December 
3.73 8.9 355.2 55.3 5.3 19.3 January 
4.33 9.7 348.0 52.6 6.3 20.5 February 

2017/2018 
4.79 9.4 364.8 54.6 10.9 25.1 November 
3.98 9.0 350.4 58.8 9.0 23.2 December 
3.73 8.9 367.2 57.5 6.5 19.9 January 
5.62 9.7 345.6 44.3 11.2 26.1 February 

 
Table 2: Physical and chemical characteristics of representative composite soil sample from the field 

experimental site. 
Chemical properties 

pH 
(1 : 1) 

EC 
dS/ m 
(1 : 1) 

Soluble Cations   
(meq / L) 

Soluble Anions  
(meq / L) Available 

Phosphorus 
(ppm 

Total 
Nitrogen 

(%) Ca++ Mg++ Na+ K+ 
CO3

--

+HCO3
- Cl

-

 

8.37 0.33 1.43 1.16 0.19 0.75 1.68 1.47 9.30 0.01 

Physical properties 
Particle size distribution 

(%) Texture 
class 

Moisture content 
(Volumetric %) O.M 

(%) 
(%) 3CaCO  

Bulk 
Density 

Sand Silt Clay F.C. W.P. A.W. 
89.9 7.1 3.0 Sandy 10.9 4.5 6.4 0.19 30.9 1.63 

 
Experimental design  

Three irrigation regimes of drip irrigation (100%, 80% and 60% of crop evapotranspiration) 
were served as main plot and two plastic mulch colors (black and transparent) with uncovered soil (as 
control, CK) were assigned in subplot. The experiment included nine treatments with three replicates; 
all treatments were arranged in spilt plots design. The granular superphosphate (15.5% P2O5) at a rate 
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of 200 kg/fed was broadcasted and thoroughly mixed with soil surface layer (0 - 25cm) during plots 
preparation. Lettuce seedlings (cv Big bell) were selected for uniformity in size healthy and were 
transplanting on November 15 and 10 in the first and second seasons, respectively. Ammonium nitrate 
(33.5 %N) was added at the rate of 60 kg N/fed in six equal doses with fertigation. Potassium sulfate 
(48% K2O) was, added at a rate of 50 kg/fed in four equal doses with fertigation. Lettuce plants were 
harvested on February 26 and 20 in the first and second seasons, respectively.  

 
Measurement of yield and yield components 

After collecting samples, data on plant fresh weight (g), head length (cm), head fresh weight 
(g), root fresh weight (g) and total yield (ton/fed) were collected. Also, irrigation water use efficiency 
(IWUE) was estimated. CROPWAT model was used to calculate reference evapotranspiration with 
Penman Monteith. 
Crop evapotranspiration (ETc):-  (Allen et al., 1998)  
 

ETC = ETO x Kc 
Where:- 

              ETc  =    Crop evapotranspiration. 
              ETo  =   Reference evapotranspiration.   
              Kc    =   Crop coefficient, as reported by FAO (1979).  
 
Irrigation water applied:  

The amounts of actual irrigation water applied under each irrigation treatment were determined 
using the following equation: James (1988). 

 

I. Ra = 
ETC + Lf 

Er 
 
Where:  
   I.Ra   = Total actual irrigation water applied mm/ interval. 
   ETc   = Crop evapotranspiration using CROPWAT model (8). 
   Lf    = Leaching factor 10 %. 
   Er    = Irrigation system efficiency.   
 
Irrigation water use efficiency (IWUE):- 

The irrigation water use efficiency (IWUE) values were calculated as follows:  

IWUE = 
Marketable yield (Kg/fed.) 
Irrigation water Applied (m3/fed.) 

 
Chemical analysis  

Two random plants were taken from each plot at lettuce harvesting. All plant samples were air 
dried, then oven dried at 70° C until constant. Accurately weighed samples; of 0.5 g of the dried 
ground materials were subjected to wet digestion using a mixture of sulfuric acid and hydrogen 
peroxide (Parkinson and Allen, 1975). The digested materials were subjected to analysis for 
determinations of N, P and K contents. Total nitrogen was determined using the micro-kjeldahl 
procedure (FAO, 2008). Total phosphorus was determined coloremetrically by the stannous chloride 
phosphomolybdic-sulfuric acid method as described by Jackson (1973). Total potassium in the 
digested materials was determined by the flame photometric method (FAO, 2008). The results of data 
were calculated as percentage. 

 
Statistical analysis:- 

All obtained data were subjected to statistical analysis of variance using Statistix 8.1 software 
(analytical Software, 2005) and treatment means were compared for significant differences using the 
LSD at P = 0.05.  
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Results and Discussion 
 
Plant fresh weight (g) 

As shown in Table (3), fresh weight of lettuce plants were significantly influenced by irrigation 
regimes, mulch and their interaction (P<0.05) in both seasons. Irrigation treatments with 100% ETC 
were higher values than 80% and 60% ETc, which were 1004.3 g and 918.6g during 2016/2017 and 
2017/2018, respectively. However, cover soil with black plastic recorded biggest value of plant fresh 
weight (936.2 g and 856.6 g) compared to transparent and control (CK) in two seasons. Regarding the 
interaction between irrigation regimes and mulch, 100% ETc and black mulch obtained highest plant 
fresh weight (1265.4g and 1157.1 in 2106/2017 and 2017/2018, respectively). Black mulch and 80% 
of ETc irrigation treatments were higher vales than control plant under 100% ETc in both seasons, 
which recorded 889.7 g and 815.5 g compared to 750.6 g and 689.0 g in 2016/2017 and 2017/2018 
respectively. Verma et al. (2005) reported that mulching improved vegetative growth. 

 
Head length (cm) 

Data presented in Table (3) show the effect of irrigation treatments, mulch and their interaction 
on the lettuce head length during winter season in 2016/2017 and 2017/2018. Irrigation treatment by 
100% ETc gave the longest head length (13.06 cm and 11.97 cm during 1st and 2nd seasons, 
respectively) compared with other irrigation regimes. This was followed by irrigation with 80% ETc 
in both seasons. Moreover, covered soil surface with plastic mulch significant increased head length 
compared with control. Black mulch recorded the highest value of head length in both seasons (12.94 
cm and 11.91 cm, respectively) followed by transparent mulch. Application of 100% ETc irrigation 
treatment and black mulch recorded longest lettuce head length (14.10 cm and 12.89 cm in 1st and 2nd 
seasons). This was followed by black mulch under irrigation treatment with 80% ETc in the 1st season 
and was not significant different in the 2nd season. This might be due to mulch improved vegetative 
growth (Verma et al., 2005). 
 
Table 3: Plant fresh weight, head length and root fresh weight of lettuce as affected by irrigation 

regimes and mulching during 2016/2017 and 2017/2018 seasons  

Treat. 

2016/2017 2017/2018 

100%  
ETc 

80%  
ETc 

60% 
 ETc 

Mean   100%  
ETc 

80%  
ETc 

60%  
ETc 

Mean   

Plant fresh weigh (g) 
CK  750.6 d 561.3f 417.2g 576.4c 689.0d 517.0f 391.6g 532.5c 
Black  1265.4a 889.7c 653.4e 936.2a 1157.1a 815.5c 597.3e 856.6a 
Transparent 996.9b 764.7d 569.9f 777.1b 909.6b 699.1d 528.0f 712.3b 

Mean  1004.3a 738.6b 546.8c  918.6a 677.2b 505.7c  

Head length (cm) 
CK  12.00c 10.93d 9.50e 10.81c 10.97b 9.94c 8.73d 9.88c 
Black  14.10a 13.00b 11.73cd 12.94a 12.89a 12.15a 10.69bc 11.91a 

Transparent 13.07b 12.00c 11.22cd 12.10b 12.05a 10.87b 10.33bc 11.08b 

Mean 13.06a 11.98b 10.82c  11.97a 10.99b 9.92c  

Root fresh weight (g) 
CK 31.22de 26.78ef 17.39g 25.13c 29.05d 25.01e 15.81f 23.29c 
Black  46.94a 37.78b 28.29ef 37.67a 44.34a 35.68b 28.71d 36.24a 

Transparent 36.22bc 33.72cd 26.06f 32.00b 33.60bc 31.66cd 25.35e 30.20a 

Mean 38.13a 32.76b 23.91c  35.66a 30.78b 23.29c  

 
Root fresh weigh (g) 

Plant roots are the part of the plant that responsible absorbs water and nutrients and have a great 
influence on the absorption. Data regarding fresh weight roots of lettuce under different irrigation 
regimes, mulch and their interaction are presented in Table (3). Root fresh weight under 100% of ETc 
was significantly higher compared with those under 80% and 60% of ETc, which were 38.13 g and 
35.66 g during 2016/2017 and 2017/2018, respectively. According the obtained data for the effect of 
mulch, in general, covered soil surface with plastic mulch was significant increased root fresh weight 
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as compared with control. Black mulch recorded 37.67 g and 36.24 g root fresh weight in the 1st and 
2nd seasons, respectively. These results were higher in the first season in compare with transparent 
mulch but these differences were not significant in the second season. The effect of the interaction 
between irrigation regimes and mulch on the root fresh weight showed that black mulch under 100% 
ETc irrigation treatment recorded highest root fresh weight in both seasons (46.94 g and 44.34 g, 
respectively). This was followed by 80 % ETc irrigation regime and black mulch, which were 37.78g 
and 35.68g in the first and second seasons, respectively. Similar results reported by Cumbus and Nye 
(1985) and Phene et al. (1991) who mentioned that plastic film mulching increased significantly root 
fresh weight than non-plastic film mulching treatments. Also, Verma et al. (2005) indicated that 
mulching improved roots distribution and their absorption of nutrients.  
 
Head fresh weight (g) 

Data regarding lettuce head fresh weight under different irrigation regimes and mulch are 
illustrated in Table (4). Lettuce head fresh weight under 100% ETc irrigation treatment was 971.3g 
and 902.1g in the 1st and 2nd seasons it was higher than that under 80% and 60% ETc in both seasons. 
In addition, data regarding to the effect of mulch on the head fresh weight was in the same trend with 
above traits. Fresh head weight under black mulch was 1019.2 g and 935.6g during 2016/2017 and 
2017/2018, these values higher than those under transparent mulch, in both seasons. Moreover, head 
fresh weight of lettuce under 100% ETc and covered soil surface with black mulch recorded the 
highest values, which were 1203.3g and 935.6g in the 1st and 2nd seasons, respectively. This was 
followed with black mulch plus irrigation with 80% of ETc during both seasons. Black film mulch 
performed better than transparent polyethylene (Zayton et al., 2015). Moreover, Seyfi and Rashidi 
(2007) showed that drip irrigation with black plastic mulch increased fruit weight of cantaloupe. 
 
Table 4: Effect of irrigation regimes, mulching and their interaction on head fresh weight, total yield 

and irrigation water use efficiency of lettuce plants during 2016/2017 and 2017/2018.   

Treat. 
2016/2017 2017/2018 

100%  
ETc 

80% ETc 60% 
 ETc 

Mean   100%  
ETc 

80%  
ETc 

60%  
ETc 

Mean   

Head fresh weight (g) 
CK  771.0e 543.9g 453.4h 589.4c 710.9e 494.4g 418.9h 541.4c 
Black  1203.3 a 1013.2b 841.2d 1019.2a 1107.6a 927.8b 771.4d 935.6a 
Transparent 939.7c 808.2de 644.7f 797.5b 887.9c 751.4d 596.1f 745.1b 

Mean  971.3a 788.4b 646.45c  902.1a 724.5b 595.5c  

Total yield (ton/fed.) 
CK 18.50e 13.05g 10.88h 14.15c 17.06e 11.87g 10.05h 12.99c 
Black  28.88a 24.32b 20.19d 24.46a 26.58a 22.27b 18.51d 22.45a 

Transparent 22.55c 19.40de 15.47f 19.14b 21.31c 18.03d 14.31f 17.88b 

Mean 23.31a 18.92b 15.51c  21.65a 17.39b 14.29c  
IWUE (kg/m3) 

CK 10.87g 9.59h 10.66g 10.37c 9.31g 8.09h 9.14g 8.85c 

Black  16.97c 17.86b 19.77a 18.20a 14.50c 15.18b 16.83a 15.51a 

Transparent 13.25f 14.25e 15.15d 14.22b 11.62f 12.30e 13.01d 12.31b 

Mean 13.70b 13.90b 15.19a  11.81b 11.86b 12.99a  

 
Total yield (ton/fed) 

Lettuce total yield is the results of the above traits and it is the most important trait for 
evaluating the impact of water regimes. 100% ETc produced the highest lettuce yield (23.31 and 
21.65 ton/fed during 2016/2017 and 2017/2018, respectively) followed by 80 % ETc. Total yield of 
lettuce increased significantly under black mulch during two seasons, which recorded 24.46 and 22.45 
ton/fed, respectively, followed by transparent mulch. Control treatment gave the lowest lettuce yield 
in 1st and 2nd seasons compared with covered soil surface. Results indicated that the interaction 
between irrigation regimes and mulch was significantly affected the total yield of lettuce. 100% ETc 
and black mulch recorded the highest yield of lettuce during 2016/2017 and 2017/2018 (28.88 and 
26.58 ton/fed, respectively), followed by 80% ETc and black mulch, which were 24.32 and 22.27 in 
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the first and second seasons, respectively, with reduction of 15.79 % and 16.21% in both seasons. 
Increased lettuce yield under plastic mulch was consistent with previous studies (Zhou et al., 2012, 
Qin et al., 2014, Job et al., 2018, Chen et al., 2019). This might be attributed to the frequent 
application of irrigation water which resulting in more distribution of soil moisture in crop root zone, 
sufficient moisture conservation, and proper temperature control due to presence of mulch and better 
utilization of nutrients (Baye 2011), suppresses weed growth and reduces competition with weeds for 
water and nutrients (Abouziena et al., 2008). Moreover, yield was increased as results of improving 
vegetative growth, distribution of roots and their absorption of nutrients (Verma et al., 2005) and 
mulches helps in moisture conservation and reduction of evaporation (Sinkeviciene et al., 2009). 
Previously, Seyfi and Rashidi (2007) reported that combined black plastic mulch with drip irrigation 
increased cantaloupe yield due to increase in number of fruits per plant, fruit weight and fruit 
thickness.  

 
Irrigation water use efficiency:-  

The data in Table (4) show the effects of irrigation regimes and mulching types (black plastic, 
transparent plastic and without mulching) on the irrigation water use efficiency (IWUE) for lettuce 
plants (The irrigation water applied for lettuce plants in season 2016/2017 were 1701.9, 1361.5 and 
1021.2 m3/fed under 100%, 80% and 60% ETc, respectively and were 1833.1, 1466.5 and 1099.8 
m3/fed in season 2017/2018, respectively). IWUE was significantly decreased when plants were 
irrigated with 100% and 80% ETc compared to 60% ETc but insignificant between 100% ETc and 
80% ETc in the first and second seasons.  

The result shows that IWUE rates were increase significant under mulching with black plastic 
compared to transparent plastic mulch and control. Zayton, et al., (2015), reported that, black 
polyethylene mulch performed better than the transparent polyethylene. The highest (19.77 and 
16.83kg/m3) values were obtained at black polyethylene mulch irrigated with 60 % ETc, in the first 
and second seasons, respectively. Baye, (2011), reported that, the highest water use efficiency value 
was recorded at the lowest water level with black plastic mulch, which indicated that the plastic mulch 
distinctly improve the water use efficiency of tomato. These obtained trends are in general agreement 
with Khurshid et al., (2006), Seyfi and Rashidi, (2007), Sinkeviciene et al., (2009), Dimple et al., 
(2017) and Job, et al., (2018). 
 
Nitrogen, phosphorus, and potassium contents 

Data illustrated in Table (5) show that lettuce NPK contents at harvesting were increased 
significantly due to irrigation regimes increases. 100% ETc produced the highest NPK contents on 
lettuce plant (2.93, 0.24 and 2.92% respectively during 2016/2017 and 3.27, 0.27 and 3.20% 
respectively during 2017/2018) followed by 80 % ETc. on the other hand, the trend of theses results 
are in agreement with significantly higher increasing of root fresh weight under 100% of ETc 
compared with those under 80% and 60% of Etc (Table 3) that's reveal the important of roots 
distribution and their absorption of nutrients. 

The increments in NPK contents on lettuce plant yield under 100% ETc may be due to the 
frequent application of irrigation water which resulting in more distribution of soil moisture in crop 
root zone, sufficient moisture conservation, and proper temperature control and more nutrients 
available in soil followed by more nutrient absorption by plants. These results are similar to those of 
Baye, 2011, Eid et al. 2013 and Biswas et al. 2015. Also, under dry season lettuce production in the 
semiarid region Adetunji, (1990) reported that irrigating at 7 day interval is more effective and 
economical as well as lettuce requires a soil moisture content corresponding to at least 60% from 
available water in the 12 cm of soil for optimum yield. 

Our results in Table (5) also show significant increases in NPK contents on lettuce plant under 
polyethylene black plastic film (black mulch) during two seasons, which recorded 3.03, 0.29 and 
3.25% respectively during 2016/2017 and 3.36, 0.32 and 3.56% respectively during 2017/2018, 
followed by polyethylene transparent plastic film. Control treatment gave the lowest NPK contents in 
1st and 2nd seasons compared with covered soil surface. This result complies with that of many 
investigators reported the increases in NPK content on lettuce plant yield and other crops under plastic 
mulch (Fontanetti Verdial et al. 2001, Singh et al. 2002, Khazaei, et al. 2013, Gad El-Moula, et al. 
2018, Chen et al. 2019). In this respect Haraguchi et al. (2004), Abouziena et al. (2008), Pervaiz et al. 
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(2009), Lalitha et al. (2010), Eid et al., (2013), reported that mulching may prove beneficial for crop 
growth and production because of complex changes in soil environment through modifying soil 
temperature, decreasing in soil compaction, erosion and reduction evaporation hence decreasing of 
salts accumulation in addition to decreasing of weed growth in the root zone, weed competition. Also, 
mulching reduces nitrogen leaching. As well as, under plastic mulch, soil properties like, moisture 
content, bulk density, aggregate stability and nutrient availability have been improved. Plant growth, 
nutrient uptake and yield also positively influenced by the plastic mulch due to the modification of 
soil microclimate. Similar results were mentioned by, Mehmood et al. (2015)  they found that 
mulching favors the plant growth by improving the soil physical practices such as porosity, soil bulk 
density and soil strength, adding organic matter, by reducing the moisture losses and moderating the 
temperatures.  

The data also suggested that there is a significant interaction between irrigation regimes and 
mulch on lettuce plant NPK contents. 
 
Table 5: Nitrogen, phosphorus and potassium contents under various irrigation regimes and mulch 

treatment during 2016/2017 and 2017/2018. 

Treat. 

2016/2017 2017/2018 

100% 
ETc 

80% 
ETc 

60% 
ETc 

Mean 
100% 
ETc 

80% 
ETc 

60% 
ETc 

Mean 

Nitrogen (%) 
CK  2.42d 2.24e 2.06f 2.24c 2.70d 2.49e 2.26f 2.48c 

Black  3.48a 2.95b 2.67c 3.03a 3.89a 3.25b 2.92c 3.36a 
Transparent 2.91b 2.48d 2.23e 2.54b 3.20b 2.74d 2.45e 2.80b 

Mean  2.93a 2.56b 2.31c  3.27a 2.83b 2.55c  

Phosphorus (%) 
CK  0.19e 0.18e 0.16f 0.18c 0.21d 0.20d 0.18e 0.20c 
Black  0.32a 0.29b 0.25c 0.29a 0.35a 0.33a 0.28b 0.32a 

Transparent 0.22d 0.23d 0.22d 0.22b 0.25c 0.26bc 0.25c 0.25b 

Mean 0.24a 0.23a 0.21b  0.27a 0.26a 0.23b  

Potassium (%) 
CK 2.01g 1.87h 1.671 1.85c 2.22g 2.06h 1.87i 2.05c 
Black  3.57a 3.38b 2.81e 3.25a 3.92a 3.65b 3.10e 3.56a 

Transparent 3.17c 2.91d 2.16f 2.75b 3.46c 3.24d 2.40f 3.03b 

Mean 2.92a 2.72b 2.21c  3.20a 2.98b 2.45c  

 
As well as, results in Table (5) reflect great differences on the response of lettuce plant NPK contents 
to the interaction between irrigation regimes and mulch treatments; but generally, the obtained values 
of NPK contents could be descendingly ranked in the following older: 100% ETc and black mulch 
came in the first rank recording the highest NPK contents (3.48, 0.32, 3.57% respectively during 
2016/2017 and 3.89, 0.35 and 3.92% respectively during 2017/2018) while the 80% ETc and black 
mulch was the second. Treatment of 80% ETc with uncovered soil came in the eighth rank and 60% 
ETc without mulching (CK) was in last rank recorded the lowest value of NPK concentration (2.06, 
0.16, and 1.67 respectively during 2016/2017 and 2.26, 0.18 and 1.87 respectively during 2017/2018). 
These results are similar to those obtained by Eid et al. (2013). Their results show that, applying the 
irrigation requirements on high pulses/day (8 pulses/day) with using black plastic mulch is the best 
conditions for produced the highest value of soybean yield, quality  traits (oil content, oil yield, 
protein content and protein yield) and soybean irrigation water use efficiency and there was 
significant deference between this case and other treatments Also, Mehmood et al. (2015) reported 
that there is a positive interaction between irrigation methods (flood irrigated flat sowing) with plastic 
mulch treatment was reflected on higher significant increase in nutrient uptake (NPK) by maize crop. 
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Conclusion 
Mulched treatment was significantly increased lettuce yield and yield component, water use 

efficiency and nutrients uptake than un-mulched treatment. Black plastic mulch was more effective in 
increasing the above parameters than transparent plastic film.  
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