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ABSTRACT 

This research aimed to investigate the effect of organic fertilizer under various irrigation levels 
on growth, yield and quality of lettuce. Therefore, different compost rates (0, 3, 6 and 9 ton/fed) were 
tested under three irrigation regimes (100%, 80% and 60% of crop evapotranspiration ETc) using drip 
irrigation system on sandy calcareous soil in split plot design with three replicates. The obtained 
results showed that overall irrigation regimes supply lettuce plants with compost recorded higher 
value for all studied traits compare to control. In addition, 9 ton/fed compost under 100% ETc gave 
the highest value for plant fresh weight, head length, head diameter, head fresh weight, root fresh 
weight and total yield in both seasons. This was followed by plants supplied with 9 ton/fed under 80% 
ETc for all previous traits. Moreover, results of the interaction between irrigation regime and compost 
levels showed the highest irrigation water use efficiency value under 60 % ETc and 9 ton/fed 
compost. In addition, the highest nitrogen, phosphorus and potassium percentage in lettuce plant were 
recorded under 100% ETc with application of 9 ton/fed compost in both seasons. Moreover, no 
statistical significant differences were found for nitrogen content with 80% ETc and the same 
compost level.     
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Introduction 

Lettuce (Lactuca sativa L.) is cultivated worldwide and is consider as winter fast cash crop for 
farmers in Egypt. It is one of the most commonly grown vegetable crops that characterized by the 
high amounts of nitrates accumulation in fresh green mass (Cruz et al. 2012). In the case of leafy 
vegetables, which used for the human consumption in fresh condition, a high concentration of nitrates 
can cause health problems. This problem is particularly important in lettuce, which is capable of high 
NO3 accumulation (Elkner and Kaniszewski, 2001; Premuzic et al., 2002, Refai and Ahmed 2009). 
Although, the application of mineral fertilizers is needed to maintain soil fertility for better crop yields 
(Yu et al., 2018), long-term overuse of inorganic fertilizers may increase environmental risk and 
decreases crop production (Aciego Pietri and Brookes 2008, Trupiano et al., 2017). Due to the 
environmental impact of inorganic fertilization, organic fertilization might be a better option, with 
benefits to the plant, soil properties and the environment (Reis et al. 2014). Moreover, the significant 
rise in fertilizer prices has made a stronger case for fertilizer replacement materials such as compost.   
In addition, global warming leading to loss of available land for crops cultivation and a reduction in 
crops yield, due to increasing drought and salinization. Due to the increasing human demand, 
agriculture water supply is often insufficient and water scarcity is an increasingly serious phenomenon 
(Chen et al. 2019). In recent years, increasing attention worldwide on research focused to enhance 
crops drought tolerance. Also, improving irrigation efficiency could enhance water management (Hou 
et al. 2007). Furthermore, several researchers reported that lettuce due to their large surface area of 
leaves and poorly developed root system are very sensitive to water deficiency (Karczmarczyk and 
Nowak 2006, Kaniszewski et al. 2017). Increasing water use efficiency, yield production and saving 
irrigation water are important tasks.   

Adding organic fertilizers have been proposed as one solution to relieve environmental pressure 
(Evanylo et al. 2008, Li et al. 2017), improve soil structure and promote biological transformations 
such as N-mineralization (Hassink et al. 1997, Evanylo et al. 2008). Furthermore, supply soil with 
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organic matter improves moisture and nutrient retention and soil physical properties (Zane and Basil 
1980, Arisha and Bradisi 1999, Masarirambi et al. 2012). However, farmers are doubt about the 
higher productivity or economic profitability of their crops by using compost. Moreover, other 
important limiting factor for the use and distribution of compost is the transport cost compare to 
mineral fertilizer because its bulkiness required very large amounts to be utilized (Jaza Folefack 
2008).  
Thus, given the above considerations, the objectives of current investigation were to investigate the 
influence of various compost levels in the growth and productivity of lettuce, to determine the impact 
of irrigation regime on lettuce yield, and to examine whether the compost mitigate the negative 
impact of water stress. 
 
Materials and methods 
 
Experimental site: 

The experiments were conducted at the Experimental Farm of Arab El-Awammer Research 
Station (latitude 27°, 03′ N, longitude 31°, 01′ E and 71 m above sea level), Agricultural Research 
Center (ARC), Assiut, Egypt. Physical and chemical characteristics of experimental site are shown in 
Table 1. In addition, climatic data of the experimental area during the growing seasons are presented 
in Table 2.  
 
Plant material and growth conditions: 

Seeds of head lettuce (Big-Bell) were germinated in a tray filled with peat and vermiculite 
mixture (1:1) and incubated for three days. After germination, the trays were placed in the greenhouse 
for six weeks. Thereafter, seedlings with uniformly size were transplanted under drip irrigation system 
during second week of November in the two growing seasons, 2016/2017 and 2017/2018. Seedlings 
planted in one side of drip irrigation lateral line of 0.5 m lateral lines which has drippers at 0.3m 
distance.  
 
Experimental design and irrigation treatments: 

Three weeks often transplanting were subjected to three irrigation regimes (100%, 80% and 
60% of crop evapotranspiration, ETc), which assigned in main plot. While four compost levels; 
control (ck), 3 ton/fed (feddan = 4200 m2), 6 ton/fed, and 9 ton/fed, were served as sub-plot. Mineral 
fertilizer for control only and the other agriculture practices were applied as commonly recommended 
for lettuce commercial production. Mineral fertilizer for control were; granular superphosphate 
(15.5% P2O5) at the rate of 150 kg/fed was broadcasted and thoroughly mixed with soil surface layer 
(0 - 25cm) during plots preparation. Ammonium nitrate (33.5 %N) was added at the rate of 60 kg 
N/fed in six equal doses with irrigation water. Moreover, potassium sulfate (48% K2O) was added at 
the rate of 50 kg/fed in four equal doses with irrigation water. The chemical analyses of used compost 
were shown in Table 3. CROPWAT model was used to calculate reference evapotranspiration 
according to Penman Monteith. 
Crop evapotranspiration (ETc) was calculated according to (Allen et al. 1998). 
 

ETC = ETO x Kc 

  
Where:- 
              ETc =    Crop evapotranspiration. 
              ET0   =     Reference evapotranspiration.   
              Kc    =   Crop coefficient (from FAO paper 56). 
  

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

 
I.Ra= ETc + Lf 

ER 
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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. 

The irrigation water use efficiency (IWUE, kg/m3) values were calculated as follows: 
 

IWUE= 
Marketable yield (Kg/fed.) 

Irrigation water Applied (m3/fed.) 
 
Table 1: 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 8.31 0.009 

Physical properties 
Particle size distribution 

(%) 
Texture 

class 

Moisture content 
(Volumetric %) 

O.M 
(%) 

(%) 3CaCO  
Bulk 

density 
Sand Silt Clay S. P. F.C. W.P. 

89.9 7.1 3.0 Sandy 23.3 10.9 4.5 0.19 30.9 1.63 

 

Table 2. Average monthly meteorological data of Asyut 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 3. Chemical analysis of the compost 
Trait Unit Value Trait Unit Value 
pH (1:10)  8.32 Organic matter % 44.28 
EC (1:10) dS/m 4.85 Ash % 55.72 
Organic-C % 23.06 Total-P % 0.60 
Total-N % 1.59 Total-K % 0.82 
C : N ratio  14.50  Total Soluble- N ppm 233 

 
Measurement of growth parameters: 

After 70 days from transplanting, five plants were collected from each replicate as a 
representative sample to measure plant fresh weight (g), head length (cm), head diameter (cm), head 
fresh weight (g), root fresh weight (g) and total yield (ton/fed).  

 
Nitrogen, phosphorus and potassium determinations: 

Compost and 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 (Lowther, 1980). The digested materials were 
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subjected to analysis for determinations of N, P and K contents.  Nitrogen concentration was 
determined using modified kjeldahl method (Horneck and Miller 1998). However, phosphorus was 
colorimetrically measured according to Jackson (1973). Potassium was measured using flame 
photometer following Jackson (1973). 

 
Statistical analysis:- 

Data were subjected to statistical analysis of variance using Statistix 8.1 software (Analytical 
Software, 2005). Means were compared for significant differences using the LSD at P ≤ 0.05.  

 
Results 
  
Plant fresh weight (g):- 

Results illustrated in Table 4 indicted that plant fresh weight was significantly affected by 
irrigation regimes and compost levels (P<0.001) for 2016/2017 and 2017/2018 seasons. Regarding 
the effects of irrigation regimes, the highest plant fresh weight was recorded with 100% ETc 
treatment, with value of 827.25g and 810.89 g in the first and second seasons, respectively. However, 
the lowest value was observed with irrigation level of 60% ETc. The highest level of compost (9 
ton/fed) gave the maximum plant fresh weight in both seasons, which were 824.48 g and 833.21 g, 
respectively. The interaction between irrigation treatments and compost levels showed that 
application of 9 tons/fed compost and irrigated with 100% ETc gave the highest plant fresh weight 
(903.89 g and 895.61 g in 2016/2017 and 2017/2018, respectively), which was not significant 
different from 100% ETc and 6 tons/fed compost in the first season. Supplied lettuce plants with 9 
tons/fed compost and irrigated with 80% ETc recorded 8.15% and 2.57 % reduction compared with 
100% ETc with the same compost level in two seasons. In general, increasing the compost level with 
all irrigation regimes increased the plant fresh weight compared with control. 

  
 Table 4.  Effect of different compost rates and various irrigation regimes on plant fresh weight (g), head 

length (cm) and head diameter (cm) of lettuce. 

Treat. 
2016/2017 2017/2018 

100% ETc 80% ETc 60% ETc Mean   100% ETc 80% ETc 60% ETc Mean   

Plant fresh weigh (g) 

CK  770.56cd 584.67gh 417.22i 590.82d 729.59d 578.88f 413.09g 573.85d 

3 ton  794.67bcd 677.00ef 571.44h 681.04c 783.47c 670.30e 565.79f 673.18c 

6 ton  839.89ab 743.11d 637.89fg 740.30b 834.91b 738.42cd 631.57e 734.97b 

9 ton  903.89a 830.33bc 739.22de 824.48a 895.61a 872.11ab 731.90d 833.21a 

Mean  827.25a 708.78b 591.44c  810.89a 714.93b 585.59  

Head length (cm) 

CK  10.50cd 11.33abc 9.50d 10.44b 10.63d 10.22de 9.41f 10.09d 

3 ton  11.60abc 11.17abc 10.50cd 11.09ab 11.65bc 11.62bc 9.73ef 11.00c 

6 ton  12.40ab 12.17ab 11.17abcd 11.91a 12.28ab 12.05bc 10.39de 11.57b 

9 ton 12.67a 11.00bcd 10.83bcd 11.50a 13.01a 12.23b 11.40c 12.21a 

Mean 11.79a 11.41a 10.50b  11.89a 11.53b 10.23c  

Head diameter (cm) 
CK 9.77 9.40 8.63 9.27d 8.90 8.50 7.80 8.42d 
3 ton 11.33 10.40 9.33 10.36c 10.30 9.50 8.50 9.41c 

6 ton 12.03 11.23 10.17 11.14b 10.90 10.20 9.20 10.13b 

9 ton 12.77 12.00 10.53 11.77a 11.6 10.90 9.60 10.70a 

Mean 11.48a 10.76a 9.68b  10.43a 9.78a 8.79b  

 
Head length (cm): 

Data presented in Table 4 mentioned that lettuce head length was significantly affected with 
irrigation regimes, compost levels and their interaction. However, no significant difference was 
obtained between 100% and 80% ETc in first seasons. Meanwhile, irrigation with 60% ETc recorded 
the lowest head length (10.50 cm and 10.23 cm in both season). Application of any level of compost 
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increased head length compared with control. Application of 6 tons/fed produced the longest head 
length (11.91 cm in 2016/2017). However, application of 9 ton/fed of compost obtained highest value 
of head length in the second season (12.21 cm).  Application of 100% ETc plus 9 tons/fed of compost 
recorded the highest head length, which was 12.67 cm and 13.01 cm in the first and the second 
seasons, respectively. However, control treatment with 60% ETc gave the lowest head length in 
2016/2017 and 2017/2018 (9.50 cm and 9.41 cm, respectively).  

 
Head diameter (cm): 

Data concerning head diameter during two experiment seasons are presented in Table 4. Results 
revealed that irrigation regimes and compost significantly affect the head diameter. Plants received 
the 100% ETc gave the highest value for this trait (11.48 cm and 10.43 cm for 2016/2017 and 
2017/2018, respectively). In the same time there was no significant difference between 100% and 
80% ETc. Data for the main effect of various compost levels indicated that 9 tons/fed produced the 
widest head diameter, which was 11.77 cm and 10.70 cm in both seasons. However, application of 3 
tons/fed compost recorded the lowest value of head diameter among compost levels. Regarding the 
interaction, the recorded results were not significant different at P< 0.05 in both seasons.  
 
Head fresh weight (g): 

The obtained results in Table 5 showed positive coloration between irrigation regimes and head 
fresh weight. Where, the highest head fresh weight was recorded under irrigated with 100% ETc in 
both seasons (802.08 g and 741.48 g, respectively). However, the lowest value of head fresh weight 
was observed when plants irrigated with 60% ETc (556.86 g and 511.24 g in first and second seasons, 
respectively). Moreover, application of compost produced higher head fresh weight than control in 
two experiment seasons. The head fresh weight was increased with increasing of compost levels. The 
highest fresh weight of lettuce head was obtained when plants supplied with 9 tons/fed (805.45 g and 
741.97 g in 2016/2017 and 2017/2018). The combinations between irrigation regimes and compost 
levels significantly affected the head fresh weight (P<0.05). Irrigated plants with 100% of ETc plus 
with 9 tons/fed compost showed the highest head fresh weight (879.89 g and 824.45 g for first and 
second seasons) compared with control treatment, followed by 6 tons/fed under the same irrigation 
level. Moreover, control treatment without compost under 100% ETc or application of 9 ton/fed 
compost with 60% ETc irrigation were not significantly different in the head fresh weight in both 
seasons.  
 
Root fresh weight (g): 

Based on the statistical analysis, it was observed that there was significantly difference in the 
root fresh weight among water regimes, compost levels, and their interaction (Table 5) (P<0.001). In 
terms of water regimes, 100 % ETc treatment produced highest root fresh weight (37.71 g and 34.8 g 
in both seasons). For the compost levels, root fresh weight increased by 37.71 % and 37.70% 
compared with CK in both seasons with application of 9 ton/fed of compost. Regarding to the 
interaction between irrigation regimes and application of various compost levels, the 9 ton/fed plus 
100% ETc treatment gave the highest root fresh value in two seasons (41.33 g and 37.58 g, 
respectively). In meantime, this treatment was not significantly differ from application of 6 ton/fed 
compost plus the same irrigation regime and 9 ton/fed compost under 80% ETc in 2016/2017 and 
2017/2018.  

   
Total yield (ton/fed): 

Results showed that irrigation regimes, compost levels, and their interactions significantly 
affected the total yield of lettuce in two experimental seasons (Table 5). Watering plants with 100% 
ETc showed highest average of total yield (22.46 ton/fed and 20.76 ton/fed in 2016/2017 and 
2017/2018, respectively). On the other side, 9 ton/fed compost produced higher total yield per feddan 
than other compost rates with value of 22.55 ton/fed and 20.78 ton/fed in both seasons, with an 
increase of 48.06 % and 49.93 % compared to control in the first and second seasons, respectively. 
According to interaction effects of irrigation regimes of 100% ETc and compost levels of 9 ton/fed 
compost produced the highest value of the lettuce total yield (24.64 ton/fed and 23.09 ton/fed in two 
experimental seasons).This was followed by 6 ton/fed and 3 ton/fed compost under the same irrigation 
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regime or 9 ton/fed compost under 80% ETc in both seasons. Compared with control plus 100% ETc, 
it was obviously that 9 ton/fed compost under 60% ETc was not significantly different in two 
experiments seasons. Furthermore, the reduction percentage between 100 % and 60 % ETc under 9 
ton/fed compost application was only 17.74 % and 20.57 % during 2016/2017 and 2017/2018, 
respectively. This illustrates that application of 9 ton/fed under 60 % ETc can save 40 % of irrigation 
water, with up to 20% yield reduction, which could be used for cultivating extra area. 
 
Table 5. Effect of different compost rates and various irrigation regimes on head fresh weight (g), root fresh 

weight (g) and total yield (ton/fed) of lettuce. 

Treat. 
2016/2017 2017/2018 

100% ETc 80% ETc 60% ETc Mean   100% ETc 80% ETc 60% ETc Mean   

Head fresh weight (g) 

CK  714.33c 567.22de 350.11f 543.89d 651.06c 515.66ef 318.28g 495.00d 

3 ton  804.00b 613.00d 543.56e 653.52c 740.60b 567.27de 497.48f 601.78c 

6 ton  810.11b 696.00 c 609.78d 705.30b 749.80b 649.40c 574.34d 657.85b 

9 ton  879.89a 812.44b 724.00c 805.44a 824.45a 746.61b 654.85c 741.97a 

Mean  802.08a 672.17b 556.86c  741.48a 619.73b 511.24c  

Root fresh weight (g) 

CK  36.22b 26.11e 17.39f 26.57c 32.93b 23.74e 15.81f 24.16c 

3 ton  35.50b 31.67cd 27.89de 31.68b 32.27b 28.79cd 25.35de 28.80b 

6 ton  37.78ab 35.11bc 28.11de 33.67b 34.34ab 31.92bc 25.56de 30.61b 

9 ton 41.33a 37.89ab 30.56d 36.59a 37.58a 34.44ab 27.78d 33.27a 

Mean 37.71a 32.69b 25.99c  34.8a 29.72b 23.62c  

Total yield (ton/fed) 
CK 20.00c 15.88de 9.80f 15.23d 18.23c 14.44ef 8.91g 13.86d 
3 ton 22.51b 17.17d 15.22e 18.30c 20.74b 15.89de 13.93f 16.85c 

6 ton 22.69b 19.49c 17.07d 19.75b 21.00b 18.18c 16.08d 18.42b 

9 ton 24.64a 22.75b 20.27c 22.55a 23.09a 20.91b 18.34c 20.78a 

Mean 22.46a 18.82b 15.59c  20.76a 17.35b 14.32c  

Irrigation water use efficiency (kg/m3) 

CK 11.75f 11.67f 9.60g 11.01d 9.95f 9.85f 8.10g 9.30d 

3 ton 13.23de 12.61ef 14.90c 13.58c 11.31e 10.83ef 12.67c 11.60c 

6 ton 13.33de 14.31cd 16.72b 14.79b 11.45de 12.40cd 14.62b 12.83b 

9 ton 14.48cd 16.71b 19.85a 17.01a 12.59c 14.26b 16.67a 14.51a 

Mean 13.20 b 13.82b 15.27a  11.33b 11.83b 13.02a  

 
Irrigation water applied: 

The data in figure 1 indicate that the irrigation water applied vary from growth stage to 
another growth stage. These variations were low at the beginning of the growth season, 
because lettuce canopy has not established yet so the loss of moisture was mostly by 
evaporation from soil surface. As the plant developed, a gradual increase was observed in 
water consumption. The irrigation water applied reach its peak in the medium of the growth 
stage. After reaching the peak of vegetation development, the rate of irrigation water applied 
pronouncedly decreases during the late season of plant growth. The seasonal amounts 
irrigation water applied were influenced by irrigation treatments. 

 
 Irrigation water use efficiency (kg/m3): 

Irrigation water use efficiency is defined as marketable yield per unit of irrigation water applied 
of growing plants, and is expressed as kg/m3 in the current study. The data in table (5) show the 
effects of irrigation regime and compost rate on the irrigation water use efficiency. Irrigation water 
use efficiency 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. Increasing compost rate from 0 to 3, 6 and 9 ton /fed caused significant increase in irrigation 
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water use efficiency. Increasing compost rate from 0 to 3, 6 and 9 ton /fed increased IWUE by 23.3 
%, 34.3 % and 54.5% respectively in the first season and were 24.7%, 38.0% and 56.0% respectively 
in the second season. Interaction between irrigation regime and compost rate gave the best result of 
IWUE (19.85 and 16.67 Kg/fed.) due to irrigation with 60% ETc plus 9 ton/fed compost, in the first 
and second seasons, respectively.  

 

 

Fig. 1: Irrigation water applied (m3/fed) at different growth stages of lettuce grown under different 
irrigation regimes during the two seasons 2016/2017 and 2017/2018. 

 
Nitrogen, phosphorus and potassium contents: 

Nitrogen, phosphorus and potassium contents as affected by different irrigation regimes, 
compost levels and their interaction during two growing seasons 2016/2017 and 2017/2018 are 
illustrated in Table 6. Data of the main factor, irrigation regimes, showed that 100% ETc significantly 
increased N, P and K contents in lettuce tissues compared to 80% and 60 % ETc in both seasons. 
Which recorded 3.28 and 3.61 % of nitrogen, 0.25 and 0.28 % of phosphorus, and 2.74 and 3.02% of 
potassium in 1st and 2nd seasons, respectively. However, the effect of different compost levels 
indicated that, with increasing the compost level, total nitrogen, phosphorus and potassium in lettuce 
plant tissue were increased significantly during the growing seasons of 2016/2017 and 2017/2018. 
The highest value of N, P and K were associated with the application of 9 ton/fed compost in both 
seasons. In addition, data of the interaction effect between irrigation regimes and levels of compost 
revealed that the application of 9 ton/fed compost under 100% ETc gave the highest value of N, P and 
K during the two growing seasons. These results were followed by 80% ETc and supplied lettuce 
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plants with 9 ton/fed compost for phosphorus and potassium. However, for nitrogen content, no 
significant difference was found between 9 ton/fed compost under 100% ETc or 80% ETc. Moreover, 
under 60% ETc with different compost levels, N, P and K were higher than in control plants under all 
irrigation regimes.     
 
Table 6. Influence of various irrigation regimes and compost levels on nitrogen (N), phosphorus (P) and 

potassium (K) contents in lettuce plants 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   

Nitrogen (%) 
CK  2.42e 2.24f 2.06g 2.24d 2.63f 2.49f 2.26g 2.46d 

3 ton  3.30c 3.15c 2.83d 3.09c 3.60c 3.46c 3.11e 3.39c 

6 ton  3.55b 3.46b 2.97d 3.32b 3.93b 3.81b 3.29d 3.68b 

9 ton  3.85a 3.74a 3.17c 3.58a 4.27a 4.18a 3.52c 3.99a 

Mean  3.28a 3.14b 2.75c  3.61a 3.48b 3.05c  
Phosphorus (%) 

CK  0.19gh 0.18h 0.16i 0.18d 0.21gh 0.20h 0.18i 0.20d 

3 ton  0.21f 0.20g 0.19gh 0.20c 0.24ef 0.22fg 0.21gh 0.22c 

6 ton  0.28c 0.23de 0.22ef 0.24b 0.31b 0.26cd 0.24de 0.27b 

9 ton 0.33a 0.29b 0.24d 0.29a 0.37a 0.33b 0.26c 0.32a 

Mean 0.25a 0.22b 0.20c  0.28a 0.25b 0.22c  

Potassium (%) 
CK 2.01h 1.87i 1.67j 1.85d 2.22h 2.08i 1.87j 2.05d 
3 ton 2.46f 2.26g 2.01h 2.24c 2.70f 2.49g 2.21hi 2.47c 

6 ton 2.95cd 2.88d 2.71e 2.85b 3.25cd 3.17d 3.02e 3.15b 

9 ton 3.54a 3.20b 2.99c 3.24a 3.90a 3.55b 3.32c 3.59a 

Mean 2.74a 2.55b 2.34c  3.02a 2.82b 2.60c  

 
Discussion  

Water resources in Egypt are limited and restrict crop production in the newly reclaimed soils. 
Also, the total yield of agricultural residues in Egypt has been as much as 24 millions tons per year, 
which is equivalent to 120 million kg N, 130 millions kg P, and 1,300 million kg K. The uses of crop 
residues in the field directly or in compost production will not only enhanced the content of organic 
matter in soil and increasing the crop production, but also decrease the total amounts of chemical 
fertilizer consumption, as well as reducing environmental risk (Safwat et al., 2003). Therefore, the 
current investigation was designed to study the impact of various compost levels under different 
irrigation regimes on lettuce plant grown on sandy calcareous soil.  

  
Biometric parameters 

Biometric parameters such as plant fresh weight, head length, head diameter, head fresh weight, 
root fresh weight and total yield significantly increased by increasing irrigation regime in both 
seasons. Similar results were reported by Ibrahim et al. (2011) who mentioned that increasing water 
application significantly increased cabbage head diameter, leaf weight, head weight and marketable 
yield. The increases in lettuce yield and yield components may be due to the frequent application of 
irrigation water which resulting in better distribution of soil moisture in crop root zone, sufficient 
moisture conservation, and proper temperature control and more nutrients available in soil followed 
by more macro and micro nutrient absorption by plants as well as enhancing the production and 
translocation of the dry matter content from source to edible head (Abdel Rahman et al. 1994; Parmar 
et al. 1999; AL-Rawahy et al. 2004; McKeown et al. 2010 and Biswas et al. 2015).  

In other words, it was noted that biometric parameters were significantly increased with 
increasing compost rates in both seasons as compared to mineral fertilizer. The beneficial effect of 
compost on lettuce yield and yield components may be due to improvement soil nutrients availability. 
This high soil nutrient status could also have enhanced the activity of enzymes interlaced in 
phosphorus and nitrogen cycling (Trupiano et al., 2017), as well as organic matter can increase soil 
organic and ameliorate other soil physical properties. Meanwhile, caused augmented root 
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development that performed positively in more uptakes of water and nutrients finally increase yields 
(Brady and Weil 2005; Abedi et al. 2010; Ibrahim et al. 2011; Osoro et al. 2014 and Li et al. 2017). 

The results of lettuce yield prove that, as compared to mineral fertilizer, using compost for 
lettuce increased total yield and could be economically advantageous. Previous studies reported that 
mineral fertilizers resulted in lower lettuce production compared to organic manures (Xu et al. 2005, 
Masarirambi et al. 2010). Our results are in accordance with Jaza Folefack (2008) who reported that, 
as compared to non-compost application, lettuce yield was 21.90% higher with compost application. 
Also, Brito et al. (2014) indicated that application of compost resulted in 63 % yield increase of 
lettuce.  

Concerning the interaction between regime and compost levels, application of highest level of 
compost under irrigation water with 100% of ETc obtained greatest value of biometric parameters. 
Such results may be elucidated that, lettuce yield and yield components are generally controlled by 
the amount of irrigation water and available nutrients applied to the crop, especially nitrogen. In this 
respect, McKeown et al. (2010) found that more N is required as the water supply increases.  

Furthermore, the obtained results revealed that use of 9 ton/fed compost under 60% ETc save 
approximately 40% of used water of 100% ETc with only about 20% reduction in total yield in both 
seasons. This could be because of various agronomic benefits or sustainable effects of compost such 
as slow-release store nutrients, water holding and good soil structure and texture thus improvement of 
soil moisture retention and available moisture (Dalzell et al. 1987; Duane 2004; Shaaban, 2006 and 
Jaza Folefack 2008). In this respect Abd El-Kader et al. (2010) reported that significantly increases in 
water holding capacity, field capacity and available moisture by 3, 11.5 and 13% respectively with 
addition of composted plant residues compared with of untreated soil.  
 
Irrigation water applied: 

The increase in Irrigation water applied under 100% ETc treatment may be attributed to the 
increase in direct evaporation. Therefore, the seasonal irrigation water applied is higher under 100% 
ETc followed by 80% ETc and 60% ETc for lettuce during the two growth seasons. These results are 
in the same line with those reported by Doorenbos, and Kassam (1979) and Ali et al. (2015). El – 
Koliey, et al., (2001) calculated the seasonal irrigation water applied for lettuce crop at Asyut 
Governorate, Egypt and found it to be 1869 m3/fed under drip irrigation.  

 
Irrigation water use efficiency (IWUE) 

Regarding to the results of irrigation water use efficiency, Ibrahim et al. (2011) reported that, 
the lower amount of irrigation water applied gave the higher irrigation water use efficiency of cabbage 
plants. The same trend was found by Imtiyaz et al. (2000) and Tiwari et al. (2003).  

On the other hand, Ibrahim et al. (2011) reported that, the plants with the highest compost 
treatment (10 ton/fed.) gave significantly highest IWUE. This could be due to the role of compost as 
organic fertilizer on better holding the water in the root zone (Ali et al., 2006). In this respect, Ali et 
al. (2006) also found that the application of rice straw compost for tomatoes increased water use 
efficiency. In sandy soils, compost acts as sponge to help retain water in the soil that would otherwise 
drain down below the reach of plant roots, protecting the plant against drought (Adugna 2016). 

Concerning the interaction among both studied factors, application of highest level of compost 
(9 ton/fed) with lowest irrigation water regime (60% ETc) obtained greatest value of IWUE (19.85 
and 16.67 Kg/fed. in the first and second seasons, respectively). This finding is agreed with those 
obtained by Abd El-Kader et al. (2010).  
 
Nitrogen, phosphorus and potassium contents 

Nitrogen is necessary for cell proliferation and plant organ evolvement. In addition, Nitrogen 
is the main yield factor and measured as the characteristic constituent of functional plasma, an integral 
part of chlorophyll molecules, amino acids, proteins, nucleic acids (RNA and DNA), nucleotides, 
alkaloids, phosphotides, enzymes, coenzymes, vitamins  and hormones (Castellanos et al. 2000 and 
Caliskan et al., 2014). 

Nitrogen, phosphorus and potassium content in lettuce tissues significantly increased by 
increasing irrigation regime in both seasons. The greatest NPK contents were recorded with 100% 
ETc. However, the lowest values were observed with 60% ETc. Identical results were representing by 
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Ibrahim et al. (2011) who specified that NPK accumulation in head leaves of cabbage plant were 
significantly affected under different irrigation water regimes. Also, our results in accordance with 
Abd El-Kader et al. 2010 who reported that, NPK uptakes by okra crop grown in newly reclaimed 
sandy area were significantly affected by water level. Regarding to N uptake, it was influenced by 173 
and 273 % for I2 and I3 (1798.2 and 2397.6 m3/acre, respectively) in compared to I1 (1198.8 m3/acre). 
Phosphorus uptake was recorded that 103 and 213 % in compared to I1. Whereas, K uptake, was 88 
and 85 % in compared to I1. The presented data showed clearly that, the supplemental more of 
irrigation water produced increases in the uptakes of NPK. In this direction, Frank and Viets (1967) 
declare that growing plants in fertile soil can meet its demand for more nutrients when water 
conditions are extra favorite. Therefore, the lessening of nutrients content in cabbage plant at 65% 
depletion from the available soil moisture throughout growing season may be due to decreased the 
solubility of mineral in the soil; thus movement of cations and anions to root is reduced (Frank and 
Viets, 1967). The same direction was reported by Karam et al. (2002) who found that the highest 
nitrogen uptake was regarded in lettuce plants in the optimum irrigated treatment and it decreased 
with increasing water stress level. 

NPK contents in lettuce tissues were significantly increased with augmented compost rates in 
both seasons as compared to mineral fertilizer. Similar results were conducted by Abd El-Kader et al. 
2010 who mentioned that NPK uptake by okra were significantly affected by composted plant 
residues, regarding to NPK uptakes, it were increased by 50 , 44 and 56 %, respectively. As well as 
Ibrahim et al. (2011) who conducted that there is a general significant concentrative impact on the 
contents of NPK in cabbage head leaves due to increasing applying rates of rice straw compost. Also, 
the lowest values were found when no compost was applied for plants. The increments in NPK 
contents in lettuce tissues may be due to the enhancement effect of organic matter resulted from crop 
residues or compost which improved the physo-chemical and biological properties of the soil. This 
may increase soil cation exchange capacity, available nutrients and in turn, may resulted in 
stimulating plant growth and absorption. These results are similar to those of Miglierina et al. (2000); 
Osoro et al. (2014) and Li et al. (2017). Also, organic amendments contain not only the numerous 
macro and micro nutrients that crops need, but also release these nutrients progressive in step with the 
changing demand of developing crop. The compost ratio (C/N and C/P ratio) affected the total and 
available NPK contents and the mineralization rates in the substrate components (Esawy et al. 2009; 
Kandil and Gad, 2009). Moreover, compost must be mature to decrease the hazard of crop growth and 
yield decreases due to N immobilization caused by a high C/N ratio. Agreement to Fricke and 
Vogtmann (1993) and Davidson et al., 1994, compost must have a C/N ratio between 18 to 20 or less 
for optimum production and to deter N competition in plants and soil microorganisms.  

Finally from interaction among both factors, the highest NPK percentage in lettuce head were 
found under 100% ETc and highest compost level (9 ton/fed). Such results may be explained that 
NPK contents are generally decided by the amount of water and nutrients applied to the crop. These 
results are similar to those of Ibrahim et al. (2011). 
 
Conclusion 

The results of current investigation suggested that lettuce growth and productivity were 
significantly affected by irrigation regimes and compost levels. Moreover, adding compost on the soil 
had positive effect in lettuce production as compared with control and yield was increased with 
increasing compost amount. The greatest impact on lettuce growth and yield were noticed when high 
compost level (9 ton/fed.) was applied under 100% ETc.   
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