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ABSTRACT 

 

Increasing the competition on available irrigation water, climate change impacts and environmental issues 

create the motivation for investigating new methods for increasing water use efficiency studies on all crops.  

The field experiment was carried out during the two successive autumn seasons of 2011 and 2012 under open 

field conditions in protected cultivation site, Central Laboratory for Agriculture Climate (CLAC), Agriculture 

Research Centre, Giza, Egypt. The aim of this study was to determine the influence of different irrigation levels 

(50, 75 and 100% of crop evapotranspiration (ETc) and organic mulching (bare (control), agricultural residues, 

compost and vermicompost) on vegetative growth, yield and water use efficiency of iceberg lettuce (Lactuca 

sativa L.).The experimental design was split plot, the irrigation levels located as main plots and cover soil 

treatments located as sub-plots. Using different irrigation levels and organic mulching significantly affected 

vegetative growth, nutrients content (N, P and K). Data also revealed that using vermicompost soil cover 

decreased irrigation requirements of lettuce plants compared to bare soil treatment. Regarding the organic mulch 

cover, vermicompost recorded the highest values of number of leaves, lettuce head length, lettuce head width, 

head density, head volume and fresh and dry weight per lettuce plant during the two successive seasons. 

Increasing water level up to 1.00 (ETc) enhanced yield with different organic mulching treatments. However, 

regardless of mulching treatments, using 0.50 (ETc) increased water use efficiency compared to using other 

treatments. Moreover, the number and weight of weeds per square meter were significantly higher under control 

treatment in comparison with organic mulching treatments, whereas, increasing irrigation level led to increasing 

the number and weight of weeds. 

 

Key words: Vermicompost, Compost, Agricultural residues, Water use efficiency, Evapotranspiration, Head 

lettuce and Vegetative growth 

 

Introduction  

 

Although there are many benefits associated with the use of plastic mulches, increasing costs and concerns 

about plastic removal and disposal has sparked a renewed interest in biodegradable paper mulches (Shogren, 

2000). It is generally believed that increasing crop residue levels leads to water conservation. However, crop 

residue that is removed from the field after harvest is gaining value for use in livestock rations and bedding, and 

as a source of cellulose for ethanol production. The water conservation value of crop residue needs to be 

quantified so crop producers can evaluate whether to sell the residue or keep it on their fields (Klocke et al., 

2009). 

Shortage of water represents one of the most limiting factors in crop production worldwide (Mohamed, 

2000). This necessitates rationalising water use in crop production. Strategies to increase efficiency of water use 

in agriculture are based on two approaches: the technological and biological methodologies. Technological 

methods include utilisation of advanced irrigation systems and scheduling of irrigation frequencies. Biological 

approach includes using potentially drought resistant plant species and breeding drought tolerant crop plants. 

Irrigation can be important for vegetable crops because many are shallow rooted and therefore sensitive to water 

shortage (Kere et al., 2003).  

Vegetable production is a high-cost enterprise with a high value end product and many growers feel the 

need to have irrigation available as an insurance against drought. There are several potential benefits from 

irrigating vegetables, e.g. yield increase, improvement in plant establishment, continuity of supply to market or 

processor, and improved quality (Mohamed, 2000). As water supplies become scarcer and the cost of water for 

irrigation increases, irrigation-scheduling methodologies need to be more precise (Gonzalez-Altozano and 

Castel, 2000 and Carrera et al., 2007). Carefully selected and managed living mulches may suppress weeds 

without suppressing the crop. Rye living mulches, sown following asparagus harvest have been recommended 

(Kuepper and Thomas, 2001) When sown in the summer, winter rye can emerge rapidly and suppress weeds, 
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but does not shade crops due to its short growth habit in the absence of vernalization (Brainard and Bellinder, 

2004). Irrigation may also create opportunities for valuable complementary practices including higher planting 

densities, cover-cropping, and fertigation. In irrigated systems, cover crops growing below the fern canopy may 

be established with reduced risk of competition for water with the crop. These “living mulches” may provide 

several important benefits including soil protection and weed suppression (Brainard et al., 2012 and Farag et al., 

2003). 

Crop residue reduces the energy of water droplets impacting the soil surface and reduces the detachment of 

fine soil particles that tend to seal the surface, leading to crust formation. This sealing and crusting process can 

be enhanced by subsequent soil surface drying. Crust formation reduces infiltration and promotes runoff because 

precipitation or irrigation rates may be greater than the rates at which the soil is able to absorb water. Residue 

also increases surface storage of rain or irrigation water (Martin et al., 2007). Tolk et al. (1999) found that soil 

water under a mulched surface was being used for crop growth and yield rather than for evaporation of soil 

water. Klocke et al., (2009), showed that soil water evaporation from bare fine sand and silt loam soils can be as 

much as 30% of evapotranspiration (ET) during the irrigation season of corn and soybean.  

For sustainable agriculture production, increasing the water use efficiency and re-use the agricultural 

residues play a vital role concerning under climate change impacts (water shortage, high temperature, high 

evapotranspiration, extreme weather events etc…). The main objectives of this study are to investigate the 

effects of organic mulching and water requirement on growth, yield and water use efficiency of lettuce. 

 

Materials and Methods 

 

The study was carried out in two successive autumn seasons of 2011 and 2012 under open field condition at 

Dokki Protected Cultivation Experimental Site, Central Laboratory for Agricultural Climate (CLAC), 

Agricultural Research Center (ARC), at Giza Governorate, Egypt.  

 

Plant material:  

 

Seeds of iceberg lettuce (Lactuca sativa var. capitata L.) cv. „Vanity‟ were sown on 5
th

 and 9
th

 October 

2011 and 2012, respectively, in polystyrene trays. After four weeks from sowing, the transplants were planted in 

the open field. Lettuce seedlings were cultivated in three rows (25 cm among rows) for each raised bed (80 cm 

wide) and the distance between the plants in-row was 30 cm.  

 

Vermicomposting proccess: 

 

The Epigiec earthowrms Lumbriscus rubellus (Red worm), Eisenia fetida (Tiger worm), Perionyx 

excavatus (Indian blue) and Eudrilus eugeniae (African night crawler) were used in the vermicomposting bins. 

Worm diameter: 0.5 – 5 mm and worm length: 10 – 120 mm. The input raw material of vermicomposting 

included cattle manure + vegetable and fruit wastes + shredded newspaper wastes (2 : 2 : 1). Mixing the 

different raw materials by using turning machine and pre-composted was done for 7 to 10 days to avoid the 

thermophilic stage (increase in temperature) of composting that could cause the death of earthworms in 

vermicompost systems.  The use of newspaper, cardboard and any fiber material used as a bulk and water agent 

should not be more than 20 % of processing waste. The final mix was soaked in water for 0.5 to 1 hour to make 

sure it was not dry and placed in lines along the bed. The feeding of earthworm was done every two days. Every 

21 days the growing beds were fasting for 7 days (not understood) to give earthworms the opportunities to re-eat 

the cast and to avoid non composted wastes.  Every day during the hot summer, the growing beds were turned 

and watered carefully to offer aeration and prevent anaerobic condition. Moisture content was in the range of 60 

– 70 %.  

 

Composting proccess: 

 

The residue straw (tomato, cucumber and eggplant residues) and cattle manure  compost heap was made 

during the summer seasons (June – September) of 2011 and 2012. The compost heap of conventional 

composting was 1.25 x 2.5 x 0.75 m
3
 in size. The composting procedures were done according to Abd-El-

Wahab (1999). The components of heap (80 % of agricultural residues + 20 % of cattle manure) were added in 

layers. Watering of each layer in the heap was applied. Plastic sheet was used to cover the ground before making 

the heap to keep up the leaching solution after watering and to prevent nutrients leaching. Also, each heap was 

covered by plastic sheet to keep up the moisture and to help in the decomposition work by increasing 

temperature.  Chemical characteristics of the different organic mulching materials were tabulated in Table (1). 
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Table 1: The chemical composition (%) of the different organic mulches materials  

 Nutrient percentage 
C/N ratio 

Mulch type N% P% K% C% 

Vermicompost 1.71 0.79 1.51 18.5 10.8 

Compost 1.69 0.54 1.27 17.2 10.2 

Residue straw 0.45 0.49 0.39 43.05 60.15 

 

The field experiment: 

 

The treatments comprised three irrigation requirement levels 50, 75 and 100% of crop evapotranspiration 

(ETc) in main plots and four organic mulching as soil covers: bare soil (control), residue straw (tomato, 

cucumber and eggplant residues), compost and vermicompost in sub-plot. The treatments were applied to the 

soil before lettuce transplanting by one week after rise the beds. The organic mulching was done by cover the 

beds with 1cm thickness (8 L / m
2
) of the organic mulching layer.  

The experiment was designed in a split plot arrangement with three replicates. The plot area was 15 m 

(length) x 3 m (wide). Flow meter was installed for each irrigation level treatment; two meter was left between 

each two irrigation levels.   

Lettuce plants were irrigated by using drippers of 4 L / hr capacity. The chemical fertilizers were injected 

within irrigation water system. The fertigation was programmed to work daily and the duration of irrigation time 

depended upon the treatments. 

The physical and chemical properties of the experimental soil are presented in Table (2).  The chemical 

(Chapman and Pratt 1961) and physical properties of the clay experimental soil were determined before 

cultivation. The saturation point % (SP), field capacity % (FC), wilting point % (WP) and bulk density g/cm
3
 

(BD) of the soil were determined according to Israelsen and Hansen (1962).  

 
Table 2: Chemical and physical analyses of the soil at experimental site. 

Soil depth 
Chemical properties 

ECe 
mmohs 

pH 
Ca++ 

mg/L 
Mg++ 

mg/L 
Na+ 

mg/L 
K+ 

mg/L 
HCO3

-
 

mg/L 
CL- 

mg/L 
0 – 30  Cm 2.63 7.6 4.95 1.76 8.66 5.26 2.9 10.8 

Physical properties 
Sand 

% 
Clay   % 

Silt 
% 

Texture 
SP 
% 

FC 
% 

WP 
% 

BD 
g/cm3 

13.7 78.6 7.7 Clay 22.5 32.0 16.0 1.25 

 

In the crop coefficient approach the crop evapotranspiration, ETc, was calculated by multiplying the 

reference crop evapotranspiration, ETo, by a crop coefficient, Kc according to FAO (2012):  

ETc = Kc * ETo  

where  

ETc crop evapotranspiration [mm d
-1

]. 

Kc crop coefficient [dimensionless]. 

ETo reference crop evapotranspiration [mm d
1
]. 

The water use efficiency (WUE) was calculated according to FAO (1982) as follows: The ratio of crop 

yield (y) to the total amount of irrigation water used in the field for the growth season (IR), WUE (Kg/m
3
) = 

Y(kg)/IR (m
3
). The average irrigation treatments under different irrigation levels for lettuce in the Dokki site 

during the two studied seasons are represented in the Table (3).  

Samples of three plants of each experimental plot were taken at 55- days from the transplanting date, to 

determine growth parameters at harvesting as follows No. of leaves,  head weight (g), Head volume (cm
3
), 

Density (g/cm
3
), the head length (cm) and head width (cm). Total dry weight was determined after oven-drying 

the samples at 70 ºC for 48 hours.  

For mineral analysis of leaves (N, P and K %), Three plant samples of each plot were dried at 70 
o
C in an 

air forced oven for 48 h. Dried leaves were digested in H2SO4 according to the method described by Bern and 

Allen (1974) and N, P and K contents were estimated in the acid digested solution by colorimetric method 

(ammonium molybdate) using spectrophotometer and flame photometer (Chapman and Pratt, 1961).. Total 

nitrogen was determined by Kjeldahl method according to the procedure described by FAO (1982). Phosphorus 

content was determined using spectrophotometer according to Watanabe and Olsen (1965). Potassium content 

was determined photo-metrically using Flame photometer as described by Chapman and Pratt (1961).  
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Table 3: The average weekly irrigation requirements under different irrigation levels for lettuce in the Dokki site. 

  2011 2012 

Week No. Liter / plant/ week Liter / plant/ week 

  100% 75% 50% 100% 75% 50% 

1 15.78 11.82 7.86 15.90 11.94 7.98 

2 16.80 12.60 8.40 17.04 12.78 8.52 

3 18.48 13.86 9.24 18.66 14.04 9.36 

4 25.20 18.90 12.60 25.44 19.08 12.72 

5 16.80 12.60 8.40 16.98 12.72 8.52 

6 15.12 11.34 7.56 15.36 11.52 7.68 

7 14.52 10.86 7.26 14.64 10.98 7.32 

8 11.62 8.69 5.81 11.71 8.78 5.86 

Total 134 101 67 136 102 68 

 

Analysis of data was done by computer, using SAS program for statistical analysis. The differences among 

means for all traits were tested for significance at 5 % level according to Waller and Duncan (1969).  

Crop management practices were in accordance with standard recommendations for commercial growers.  

 

Results and Discussion 

 

Vegetative characteristics and yield: 

 

Regarding to the 1.00 ETc treatments produced the highest vegetative characteristics. The 0.75 ETc came in 

the second order, while 0.50 ETc produced the lowest vegetative characteristics (Table 4). These results agreed 

with (Rahman, 2005 and Mansuroglug et al., 2010).  

The obtained results in Table (4) revealed that the organic mulching and irrigation levels significantly 

affected vegetative characteristics (number of leaves, lettuce head length, lettuce head width, head density, head 

volume and fresh and dry weight per lettuce plant) in the two growing seasons.  

Regarding the organic mulching, data indicated that vermicompost mulch resulted in the highest vegetative 

characteristics followed by compost mulch. The lowest vegetative characteristics were obtained by bare soil 

(control) treatment. These results agree with Abou- Hadid, and Sawan, (2003) they reported that, using mulch 

led to improving vegetative growth for the lettuce plants.  

The interaction between irrigation levels and mulch treatments was significant for vegetative characteristics 

during the two growing seasons. The highest vegetative growth was preceded by 1.00 ET combined with 

vermicompost mulching followed by 1.00 ET combined with compost. These results are in agreement with 

those obtained by Ngouajio et al. (2007) they found that mulching modified root zone temperature, which has 

been shown to have an important role in plant growth. This increase has been reported especially in cold season, 

where soil temperature was the limiting factor for plant growth. 

The lowest yield was obtained by control treatment with different irrigation levels. The same results were 

obtained by Acar et al., (2008) they tested the effect of different irrigation water levels (100%, 80% or 60% of 

evaporation of Class A pan) for lettuce plants. They found that irrigation levels had insignificant effects to head 

weight and marketable head weight, but the highest head weight and marketable head weight obtained from 

100% irrigation levels. Similarly, Bozkurt et al. (2009) reported that the highest yield in lettuce grown was 

obtained from irrigation level (full irrigation) of 100% of evaporation.  

Asaduzzaman et al., (2010) reported that using vermicompost mulch led to improved lettuce yield because 

of improved the lettuce growth and nutrient contents in comparison with using other organic mulching cover. 

Moreover, Sefer  and Mansuroglu. (2011) reported that the decreased water supply had a greater effect on the 

fresh weight than on the dry weight. Irrigation level treatments had a significant effect on total marketable leaf 

number and leaf area. 

These results agreed with Khurshid et al., (2006) they ascribed positive yield response to increased water 

contents in soils due to reduced evaporation in mulched plots. Highest soil moisture reserves were observed in 

plots mulched. This might be attributed to the fact that the thick mulch layers protected the soil surface against 

solar radiation thereby reduced evaporation and enhanced favorable moisture storage (Wicks et al., 1994). 
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Table 4: Vegetative characters of lettuce plants under different irrigation levels and organic mulching during 2011 and 2012 seasons. 

 

2011 2012 

Irrigatio

n level 

Organic mulching Organic mulching 

without 

mulch 

straw 

residue 
compost 

vermi-

compost 
Mean 

without 

mulch 

straw 

residue 
compost 

vermi-

compost 
Mean 

  No. of leaves 

50% 32.5 g 32.9 g 34.7 e 37.4 c 34.4 C 33.7 h 32.2 i 35.6 f 36.7 d 34.6 C 

75% 33.4 f 34.9 e 37.3 c 38.8 b 36.1 B 34.3 g 36.2 e 36.6 de 40.2 b 36.8 B 

100% 36.4 d 36.7 d 39.7 a 39.2 b 38.0 A 35.7 f 37.7 c 41.2  a 40.3 b 38.7 A 

Mean  34.1 C 34.8 C 37.2 B 38.5 A    34.6 C 35.4 C 37.8 B 39.0 A    

  Fresh weight  (g/plant) 

50% 220 h 256 g 303 f 324 e 276 C 215 g 264 f 314 e 317 e 278 C 

75% 222 h 329 e 348 d 432 c 333 B 230 g 323 e 358 d 447 c 340 B 

100% 359 d 484 b 491 b 630 a 491 A 369 d 501 b 481 b 648 a 500  A 

Mean  267 C 357 B 381 B 462 A    271 C 363 B 384 B 471 A    

  Volume (cm3) 

50% 175 i 259 g 243 g 275 g 238 C 181 h 254 g 238 g 283 f 239 C 

75% 197 h 309 f 313 f 375 d 298 B 202 h 320 e 324 e 368 d 304 B 

100% 342 e 434 c 462 b 505 a 435 A 335 e 446 c 475 b 523 a 445 A 

Mean  238 C 334 B 339 B 385 A   239 C 340 B 346 B 391 A   

  Density  ( g/cm3) 

50% 1.02 h 1.09 g 1.16 f 1.24 e 1.13 C 1.00 g 1.12 f 1.13 f 1.28 e 1.13 C 

75% 1.11 g 1.29 d 1.35 c 1.42 c 1.29 B 1.15 f 1.27 e 1.40 c 1.46 c 1.32 B 

100% 1.29 d 1.38 c 1.48 b 1.65 a 1.45 A 1.33 d 1.43 c 1.52 b 1.62 a 1.48 A 

Mean  1.14 C 1.25 B 1.33 B 1.44 A   1.16 C 1.27 B 1.35 B 1.45 A   

  Dry weight (g/plant) 

50% 16.4 g 18.1 f 17.9 f 22.0 e 18.6 C 16.1 h 18.7 g 17.5 g 22.6 e 18.7 C 

75% 19.5 f 21.7 e 25.4 d 29.6 c 24.1 B 20.2 f 22.3 e 26.3 d 29.0 c 24.5 B 

100% 28.5 c 30.8 c 34.2 b 37.3 a 32.7 A 29.3 c 30.1 c 35.2 b 38.7 a 33.3 A 

Mean  21.5 D 23.5 C 25.8 B 29.6 A   21.9 C 23.7 C 26.3 B 30.1 A   

  Head length (cm) 

50% 12.8 e 12.2 f 11.8 f 13.2 d 12.5 B 12.6 f 12.6 f 12.2 g 12.9 e 12.6 C 

75% 12.0 f 14.1 c 13.2 d 16.1 a 13.8 A 12.5 f 13.8 d 13.5 d 16.7 a 14.1 B 

100% 13.2 d 15.1 b 16.1 a 14.9 b 14.8 A 13.6 d 15.6 b 15.7 b 15.3 c 15.1 A 

Mean  12.7 B 13.8 A 13.7 A 14.7 A   12.9 C 14.0 B 13.8 B 15.0 A   

  Head width (cm) 

50% 7.30 f 7.08 f 6.77 f 7.64 f 7.20 B 7.56 f 6.94 g 6.96 g 7.48 f 7.24 B 

75% 8.40 e 11.4 a 9.42 d 11.0 b 10.05 A 8.64 e 11.81 a 9.23 d 11.39 b 10.27 A 

100% 8.67 e 8.53 e 11.48 a 10.26 c 9.73 A 8.49 e 8.77 e 11.89 a 10.55 c 9.92 A 

Mean  8.12 B 9.00 A 9.22 A 9.63 A   8.23 C 9.17 B 9.36 B 9.81 A   

 

Plant elemental content: 

 

Organic mulching treatments significantly affected the uptake of NPK percentages (Table 5). 

Vermicompost organic mulch resulted in the highest average values of  NPK uptake by lettuce plants followed 

by compost mulch treatment. The lowest NPK percentage was obtained by control treatment during the two 

seasons. These results were in line with those obtained by Shogren (2000),  Kere et al., (2003) and Klocke et al., 

(2009) they reported that using mulch improved crop response to water and available fertilizers in the soil, 

furthermore, using vermicompost as mulch cover improved the availability of nutrients of the soil. It is fact, the 

possible that the differences in plant growth between vermicompost and the other sources of compost may not 

simply be a function of the differences in their nutritional content. It seems probable that there are other inputs, 

such as increased enzymatic activity and the presence of beneficial microorganisms or biologically active plant 

growth influencing substances that might be involved (Sallaku et al., 2009). 

The obtained results in Table (5) revealed that the irrigation levels and organic mulching significantly 

affected NPK percentages in the two growing seasons. Regarding to the 1.00 ETc treatments it resulted in the 

highest average values of NPK uptake by lettuce plants followed by .75 ETc irrigation treatments. 
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The interaction effect of irrigation and organic mulching treatments significantly affected the uptake of 
NPK by lettuce plant during the two growing seasons. The 1.00 ETc increased the uptake of NPK followed by 
0.75 ETc, while the lowest NPK content was obtained by 0.50 ETc. The increasing uptake of NPK by 1.00 ET 
may be due to the effect of good soil water content under 1.00 ETc irrigation levels, which increases lettuce 
growth (Ngouajio, et al., 2007 and Abdrabbo et al., 2009).  Regarding the interaction effect between irrigation 
and organic mulching, the highest NPK content was obtained by 1.00 ET combined with vermicompost mulch 
followed by 0.75 ET combined with vermicompost mulch. The lowest NPK content was obtained by control 
treatment with different irrigation levels. Increased yield could be result of the application of organic mulch 
which resulted in enhancement of soil environment around roots of lettuce plants, which led to increasing plant 
growth, and hence increasing nutrient absorption and uptake. These results were in line with those obtained by 
Gonzalez-Altozano and Castel, (2000), Carrera et al., (2007), Brainard et al., (2012) and Farag et al., (2003). 
Using of proper water quantity allow plants to use water and nutrients from deeper soil, thus increase water and 
nutrients use efficiency, and reduce nitrogen leaching. Seale and Cantliffe (1985),  Zegbe-Dominguez et al., 
(2003) and Asaduzzaman et al. (2010) also reported positive response to mulch in Chinese cabbage. The 
positive effect was probably due to the reduction of nutrients lost due to leaching, reaction of soil heat, and 
moisture conservation by mulching.   

 
Table 5:  NPK percentages of lettuce plants under different irrigation levels and organic mulching during 2011 and 2012 seasons. 

 
2011 2012 

 
Organic mulching Organic mulching 

irrigation 
level 

without 
mulch 

straw 
residue 

compost 
vermi-

compost 
Mean 

without 
mulch 

straw 
residue 

compost 
vermi-

compost 
Mean 

 
N % N % 

50% 2.59 g 2.94 d 3.10 c 3.57 a 3.05 A 2.66 f 3.04 d 3.03 d 3.67 a 3.10 A 

75% 2.19 h 2.93 d 2.82 e 3.16 bc 2.78 B 2.27 g 2.87 e 2.90 e 3.28 b 2.83 B 

100% 2.11 h 2.53 g 2.69 f 3.20 b 2.63 C 2.07 h 2.61 f 2.78 e 3.14 c 2.65 C 

Mean 2.30 D 2.80 C 2.87 B 3.31 A 
 

2.33 C 2.84 B 2.91 B 3.36 A 
 

 
P % P % 

50% 0.52 c 0.52 c 0.57 b 0.64 a 0.56 A 0.53 c 0.51 d 0.59 b 0.67 a 0.57 A 

75% 0.36 f 0.47 d 0.46 d 0.51 c 0.45 B 0.38 f 0.49 d 0.48 d 0.50 d 0.46 B 

100% 0.36 f 0.37 f 0.39 f 0.42 e 0.39 C 0.35 g 0.39 f 0.38 f 0.44e 0.39 B 

Mean 0.41 C 0.46 B 0.47 B 0.53 A 
 

0.42 C 0.46 B 0.48 B 0.53 A 
 

 
K % K % 

50% 0.38 c 0.40 c 0.46 b 0.51 a 0.44 A 0.43 c 0.45 b 0.45 b 0.52 a 0.46 A 

75% 0.32 d 0.38 c 0.40 c 0.41 c 0.38 B 0.36 e 0.40 d 0.41 d 0.43 c 0.40 B 

100% 0.23 f 0.27 e 0.30 d 0.34 d 0.29 C 0.25 h 0.30 g 0.31 g 0.33 f 0.30 C 

Mean 0.31 D 0.35 C 0.39 B 0.42 A 
 

0.35 C 0.38 B 0.39 B 0.43 A 
  

Water use efficiency: 
 
Data in Table (6) showed that increasing irrigation quantity over 0.50 (ET) led to decrease water use 

efficiency for all irrigation treatments. The highest WUE obtained by 0.50 (ET) and no significant difference 
between 0.75 and 0.1 (ET) irrigation treatments. Regarding the effect of different mulch treatments on WUE, 
data showed that there was significant differences between treatments, using vermicompost mulch led to 
increasing WUE during the two tested seasons. There was a significant interaction between irrigation treatment 
and mulch for WUE. The highest WUE was obtained by 0.50 (ET) combined with vermicompost mulch.  

 These results were in line with those obtained by Abdrabbo et al., (2009), Asaduzzaman et al., (2010) and 
Sefer  and Mansuroğlu. (2011) they revealed that increase irrigation level led to the WUE decline. In addition, 
abdrabbo et al., (2009) mentioned that using mulch improved WUE more than bare soil treatment because of 
water saving. 

Finally, the increase in soil moisture under organic mulch treatments is the result of several factors. First, 
low weed populations were dense enough by cover a large portion of the soil surface, presumably reducing soil 
temperature and subsequent evaporation. The organic mulch considered effectively formed a mulch layer, at 
least in terms of soil moisture retention (Bert, 2009). 

 
Table 6:  WUE of lettuce plants under different irrigation levels and organic mulching during 2011 and 2012 seasons  

 
2011 2012 

 
Organic mulching Organic mulching 

irrigation 
level 

without 
mulch 

straw 
residue 

compost 
vermi-

compost 
Mean  

without 
mulch 

straw 
residue 

compost 
vermi-

compost 
Mean  

50% 3.28 f 3.82 d 4.52 b 4.84 a 4.12 A 3.16 f 3.88 c 4.62 a 4.66 a 4.08 A 

75% 2.20 h 3.26 f 3.45 e 4.28 c 3.29 B 2.25 h 3.17 f 3.51 e 4.38 b 3.33 B 

100% 2.68 g 3.61 e 3.66 e 4.70 a 3.66 B 2.71 g 3.68 d 3.54 e 4.76 a 3.67 B 

Mean  2.72 C 3.56 B 3.88 B 4.60 A   2.71 C 3.58 B 3.89 B 4.60 A   
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Weeds: 

 

Mulches were effective in reducing many of the most common weeds in the study plot areas (Table 7). 

Populations of common weeds were lower in mulched plots than control. Moreover, increasing irrigation level 

led to increasing the number of weeds and total weeds weight. Essien et al., (2009) and Brainard et al., (2012) 

showed that the frequency of weeds was more in bare soil than in mulched plots since mulches have the ability 

to smother weeds depending on their thickness. On the other hand, using Organic mulch led to an increase in the 

weed biomass as a result of increasing the soil moisture and nutrients content and availability of soil (Abul-Soud 

et al., 2010).   
 

Table 7:  Number of weeds and weeds weight of lettuce field under different irrigation levels and organic mulching during 2011 and 2012 

seasons.  

 

         2011 2012 

Irrigation 
level 

Organic mulching Organic mulching 

without 
mulch 

straw 
residue 

compost 
vermi-

compost 
Mean  

without 
mulch 

straw 
residue 

compost 
vermi-

compost 
Mean  

  Number of weeds / m2 

50% 20.1 c 10.1 g 11.4 f 14.0 e 13.9 C 18.9 d 9.50 g 10.3 g 13.7 f 13.1 C 

75% 24.2 b 11.3 f 14.7 de 15.7 d 16.5 B 22.4 c 10.8 g 14.1 f 14.3 e 15.4 B 

100% 26.8 a 14.6 e 24.6 b 24.3 b 22.6 A 24.3 a 13.5 f 23.2 c 23.4 b 21.1 A 

Mean  23.7 A 12.0 C 16.9 B 18.0 B   21.9 A 11.3 C 15.9 B 17.1 B   

  Weeds weight /m2 

50% 432 c 162 h 252 g 352 e 299 C 408 de 177 f 242 f 326 e 288 C 

75% 567 b 220 g 291 f 419 cd 374 B 576 b 200 f 264 f 395 e 359 B 

100% 712 a 405 d 429 c 599 b 536 A 647 a 382 e 413 d 525 c 492 A 

Mean  570 A 262 D 324 C 457 B   544 A 253 D 307 C 415 B   

 
Conclusion: 

 
The use of organic residues as a mulch cover on the soil led to mitigating CO2 emission and sequestrates 

organic matter into or on the soil, which increase soil fertility and sustainability production. In case of mitigating 
climate change impacts, water shortage beside the weed control, covering soil with organic matters becomes not 
optional.   

The present investigation revealed that, using organic mulching especially vermicompost mulch is 
encouraging to vegetative growth and high lettuce yield. The use of 1.00 from ETc with vermicompost mulch 
placed in the experiment increased the yield but it led to decrease water use efficiency.   

Much of the researches on the effect of organic mulch on the long scale are needed for investigating plant 
available nutrients, weeds, changes in soil structure and fertility and the soil organic matter content.   
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