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ABSTRACT 
 
 This study was carried out in Central Laboratory for Agriculture Climate (CLAC), Agriculture Research 
Center (ARC), Egypt. This study was conducted during two successive seasons 2005/2006 and 2006/2007 to 
investigate the effect of different types of substrate and different types of container on productivity and fruit 
quality of strawberry (Fragaria x ananassa) cv.Festival grown under protected cultivation. Two types of 
container (black bags and white container) and four types of substrates (coconut husks, coconut husks + sand, 
peanut husks and peanut husks + sand) were tested in comparison with soil cultivation. The electrical 
conductivity (EC) of the nutrient solution was maintained between 1.8-2.0 m mhos-1 while pH adjusted between 
5.5 and 6.5.Vegetative growth (number of leaves, plant height and total leaves area), chemical constituents of 
plant leaves (N, P and K), yield (early yield and total yield / plant) physical quality of fruits (firmness and 
average fruit weight), chemical quality of fruits (TSS, total acidity and vitamin C) were recorded. The results 
showed that using coconut husks in black bags produced the highest values of  number of leaves, plant height, 
total leaves area, total nitrogen, phosphorus, potassium, average fruit weight, early and total yield per plant, fruit 
firmnesses and total soluble solids. 
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Introduction     
 
 Strawberry is one of the most important vegetable crops for exportation in Egypt. The most important 
problem faces strawberry production in the soil is the loss of plants due to soil pathogens and nematodes. These 
problems resulted from the intensive cultivation and continuous cropping. Cropping can only continue in soil if 
using chemicals, especially methyl bromide, carries out soil disinfection. Owing to the bromine residues in soil, 
underground water and crops, using of methyl bromide for soil disinfection is banned or minimized in many 
countries (Burrage, 1999). However, alternatives to methyl bromide can also have adverse effects on human 
health and environment (Ozeker, et al., 1999).  
 For production to continue, there is inevitably a trend towards some forms of soilless or soil replacement 
cultivation. These do not, however, remove all the problems; it simply creates a new set (Burrage, 1999). 
  Substrate culture offers a valuable alternative to crop production in soil, and have been widely adopted by 
specialist producers of greenhouse crops in the world, particularly for high-value crops such as cucumber and 
tomato (Winsor and Baudion, 1992). The properties of different materials used as growing substrates exhibit 
direct and indirect effects on plant growth and production (Verdonck et al., 1981). 
 (Paraskevopoulou-Paroussi-G, et al., 1995) indicated that strawberry cultivars Brighton and Selva were 
cultivated in plastic white container filled with a soil mixture or hydroponically in vertical plastic black bags 
filled with perlite, with a view to identifying the most suitable cultivar for out-of-season production in soilless 
cultivation. The greatest number of leaves and fresh and dry plant weight were observed in Perlite. 
 (Rumple, et al., 1996) found that plant growth of tomato as indicated by plant height, plant stem diameter 
and number of leaves per plant, was higher in soilless culture than in the soil cultivation.  
 However, (Hadda, et al., 2003) found that tomato plants gave faster growth by using sand black bags 
compared to perlite black bags. In addition, (Halmann and Kobryn, 2003) reported that yields of cherry tomato 
cultivated on cocofiber were similar to the yields obtained from the cultivation on rockwool. 
 In this respect, (Noha, et al., 2009) investigated the effect of different soilless culture systems on production 
and quality of cantaloupe grown under protected cultivation. They found that horizontal black bags gave higher 
physical and chemical quality than vertical black bags. 
 (Cantliffe, et al., 2003) tested two types of containers for producing Galia muskmelons. They found that 
yield was similar regardless of container type used. 
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 (Sirin and Sevgican, 1999) related this effect to the bigger roots resulted from bigger bag size that gave 
more chance for the roots to absorb more water and nutrients. Also, the wider black bags gave chance for 
increasing the active roots in the upper parts of the black bags leading to better cucumber growth. 
 
Materials and Methods 
 
 This experiment was conducted at Central Laboratory for Agricultural Climate (CLAC), Agriculture 
Research Centre, Dokki, Giza governorate, Egypt under unheated plastic house conditions (9 x 60 x 3.25 m) 
during two successive seasons of 2005/ 2006 and 2006/2007.  
Fresh seedlings were obtained from Strawberry Improvement Center, Faculty of Agric., Ain Shams University, 

Shoubra El-Kheima. Fresh seedlings with three to four leaves were cultivated. Transplants were dipped in 
Rhizolex solution at rate of 2 gram per liter before transplanting. After transplanting the plants were placed for 
two weeks in greenhouse under mist fogging till the plants were recovered and rooted. Seedlings were sown 
on 15th and 18th of September 2005/ 2006 and 2006/2007, respectively in all treatments. 

 The experiment was conducted to test four types of substrates (coconut husks, coconut husks + sand, peanut 
husks and peanut husks + sand), and two types of containers (black bags and white container), In addition to the 
control, to perform nine treatments as follows: 
1. Coconut husks in black bags. 
2. Coconut husks in white container. 
3. Coconut husks + sand (2:1 v/v) in black bags. 
4. Coconut husks + sand (2:1 v/v) in white container. 
5. Peanut husks in black bags. 
6. Peanut husks in white container. 
7. Peanut husks + sand (2:1 v/v) in black bags. 
8. Peanut husks + sand (2:1 v/v) in white container. 
9. Control (soil cultivation). 
 Polyethylene black bags used were 120 micron thickness, 28 cm diameter x 46 cm length and with capacity 
of 5 liters. Holes were made on 5 cm from the bottom to allow the drainage water and at the same time to work 
as a reservoir for nutrient solution to keep enough water. One plant was planted in each bag.  
 White polyethylene container 25 cm wide, 60 cm length and 25 cm height filled with 20 liters of substrate. 
Container bottom had holes for leach the drainage. Four plants were planted in each container. 
 All system treatments placed in beds covered by a black and white polyethylene 200-micron thickness to 
form the gullies on slop rate (1%). The drained nutrient solution was collected and returned to the catchment 
tank by PVC pipe 5 inch diameter.  
 Nutrient solution was circulated by submersible pump 1 HP capacity. The solution was introduced to the 
gullies through a small flexible pipe. The nutrient solution was delivered to each bag via dripper 2 litters per 
hour. 
 For control treatment, in order to grow the strawberry in sandy soil as conventional during the experiment, 
the top 50 cm of the soil surface where removed and replaced with sand soil from the nearest by strawberry 
farm. The plant received the same treatment as in strawberry grown in the conventional cultivation. 
The used nutrient solution was adapted from modified Cooper solution (1979) as shown in Table (1).  
 
Table 1: Element concentrations in the used nutrient solution.  

 
 The solution volume was adjusted twice a week. Electrical conductivity (EC) was maintained between 1.8-2 
m.mhos-1 and pH maintained between 5.5-6.5. The nutrient solution was collected from each gutter by holes 
performed into PVC gullies 5 inches. The nutrient solution was circulated continuously during the day. 
 The substrates treatments were irrigated eight times daily during the season, which used closed system for 
irrigation.    

Element Concentration (ppm) 

N 200 
P 70 

K 300 
Ca 190 
Mg 50 
Fe 5.0 
Mn 1.0 
Cu 0.039 
Zn 0.044 
B 0.17 

Mo 0.1 
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 On the first of March four plants were taken from each replicate to determine the measurements of 
vegetative growth  
 Data recorded: 
a) Vegetative growth characters: 
1. Number of leaves/plant. 
2. Plant height. 
3. Total leaves area/plant 
Total leaf area was recorded as cm2 using a digital leaf area meter (LI-300 portable area meter produced by LI-
COR, Lincoln, Nebraska, USA).  
a. Fruit yield 
1. Early yield was recorded as g/plant. 
2. Total yield was recorded as g/plant. 
c.    Physical properties of fruits                        
1. Average fruit weight (g / plant)  
2.     Average fruit firmness (pound / inch2). It was measured by Ballouf Pressure Tester. Random samples of ten 

fruits were taken to determine the average fruit weight and fruit firmness. 
d. Chemical properties of fruits: 
1. Total soluble solids (TSS) was recorded as (%) using hand refractometer according to the method of 
(A.O.A.C, 1975). 
2. Total acidity was determined in fruit juice as (%) according to the method of (A.O.A.C., 1975). 
3.  Ascorbic acid (vitamin C) was determined in mg/ 100g fresh weight by using the 2,6 Di-chlorophenol 

method (A.O.A.C., 1975) 
      The treatments were arranged as a factorial experiment in randomized complete blocks designed with three 
replication. 
    The obtained data were statistically analyzed according to the method of(Gomez and Gomez, 1984). 
 
Results and Discussion   
 
 Data recorded in table (2) showed the effect of type of containers and substrates and their interaction on 
number of leaves and plant height during both seasons of the study. 
 
Effect of containers types:  
 
 In both seasons, regarding the number of leaves and plant height data showed that there were no significant 
differences between using black black bags and white white container.  
 
Effect of substrates types: 
 
 The differences among treatments were significant the obtained results showed that the using coconut husk 
gave the highest number of leaves and plant height, the same trend was similar for the second experimental 
season. Concerning the plant height results presented that using penut husk and control treatment gave the 
lowest plant height without significant differences between them, the same trend was similar to second 
experimental season. 
 
Effect of the interaction:  
 
 Regarding the effect of the interaction between type of containers and substrates data showed that coconut 
husk in black bags gave the highest number of leaves and plant height, the same result can be applied for the 
second season. The lowest records were obtained by using penut husk in white container followed by control the 
same trend was similar to the second experimental season. 
 Tables (3) showed the effect of type of containers and substrates and their interaction on total leaves area 
and average fruit weight during the two studied seasons. 
 
Effect of containers types:  
 
 Data showed that using black bags gave the highest total leaves area than using white white container, the 
same trend was similar for the second experimental season. Regarding the average fruit weight data showed that 
there were no significant differences between them. 
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Effect of substrates types: 
 
 The results presented that the using coconut husk gave the highest total leaves area and average fruit 
weight, the differences among treatments were significant. Using control had the lowest total leaves area and 
average fruit weight during the two seasons. 
 
Table 2: Effect of type of containers and substrates on number of leaves and plant height. 

 
Effect of the interaction:  
 
 Data showed that using coconut husk in black bags had the highest total leaves area and average fruit 
weight, the same result can be applied for the second season. Control treatment gave the lowest total leaves area 
and average fruit weight, the same trend was similar for the second experimental season. 

Tables (4) showed the effect of type of containers and substrates and their interaction on nitrogen, 
potassium and phosphorus content in leaves.  
 
Effect of containers types:  
 
 Regarding the nitrogen, potassium and phosphorus content in leaves data showed that there were no 
significant differences between using black bags and white white container.  
 
Effect of substrates types: 
 
 The results indicated that the using coconut husk gave the highest nitrogen and phosphorus content in 
leaves, On other hand control gave the highest potassium content in leaves. Using peanut husk gave the lowest 
value of nitrogen and potassium, whereas using control gave the lowest phosphorus content.  
 
Effect of the interaction:  
 
 Data showed that using coconut husk in black bags had the highest total nitrogen, phosphorus and 
potassium, the same result can be applied for the second season. Control treatment gave the lowest total nitrogen 
and phosphorus whereas the lowest content of potassium observed with peanut husk in black black bags and 
white white container.  The same trend was similar for the second experimental season. 
 Tables (5) showed the effect of type of containers and substrates and their interaction on early and total 
yield per plant during the two studied seasons. 
 
 

         Treatments               First season              Second season 
Containers Substrates No. of leaves Plant height No. of leaves Plant height 
Black bags  19.63  14.78  20.61  15.66  

White container 19.13  14.76  20.08  15.64  

LSD at 5% 0.73 0.34 0.76 0.36 

 Coconut 24.80  16.16  26.05  17.13  

Coconut + Sand 23.44  15.91  26.03  16.87  
Penut 17.03  13.65  17.89  15.12  
Penut + sand 18.57  14.28  19.49  15.14  
Control 13.04  13.83  13.69  14.66  

LSD at 5% 1.15 0.54 1.21 0.58 

 
Containers x Substrates 

Black bags 

Coconut 24.70  16.20  25.94  17.17  

Coconut + Sand 24.03 15.93  25.23  16.85  
Penut 17.40  13.63  18.28  14.45  
Penut + sand 18.97  14.33  19.92  15.19  
control 13.04  13.83  13.69  14.66  

White container 

Coconut 24.91  16.13  26.16  17.10  

Coconut + Sand 22.86  15.90  24.05  16.89  
Penut 16.66  13.66  17.50  14.48  
Penut + sand 18.16  14.23  19.07 15.08  
Control 13.04  13.83  13.69 14.66  

LSD at 5% 1.63 0.77 1.71 0.82 
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Effect of containers types:  
 

 Data showed that using black black bags gave the highest early and total yield per plant than using white 
white container, the same trend was similar for the second season.  
 
Effect of substrates types: 
 
 Coconut husk gave the highest early and total yield per plant in comparison with the other substrate 
combinations during the two working seasons. The lowest records were given by using control treatment. 
 
Table 3: Effect of type of containers and substrates on total leaves area and average fruit weight.  

 
Effect of the interaction: 
 
 Data showed that using coconut husk in black bags had the highest early and total yield per plant during the 
two studied seasons. Peanut husk in white white container and Control treatment gave the lowest early and total 
yield per plant. The same trend was similar for the second season. 
 Tables (6) showed the effect of type of containers and substrates and their interaction on fruit firmness and 
%TSS during the two studied seasons. 
 
Effect of containers types: 
 
 Regarding the fruit firmness data showed that there were no significant differences between the two types 
of containers. Similarly, the same trend observed with %TSS in fruits. 
 
Effect of substrates types: 
 
 Regarding the fruit firmness data showed that there were no significant differences between the four types 
of substrates, but using coconut husk gave the highest TSS%. The lowest TSS% observed with peanut husk and 
control, the same trend was similar for the second season.  
 
Effect of the interaction: 
 
 Regarding the fruit firmness data showed that there were no significant differences between all treatments, 
the same trend was similar for the second season. Concerning the TSS%, the heights TSS% obtained by using 

Treatments    First season                  Second season 

Containers Substrates Total leaves area 
Average fruit 

weight (g) 
Total leaves area 

Average fruit 
weight (g) 

Black bags  343.54  21.86  367.59  23.26  

White container 315.21  21.46  337.28  22.86  

LSD at 5% 13.14 0.70 14.06 0.70 

 Coconut 496.06  25.83  530.78  27.83  

Coconut + Sand 446.10  26.33  509.33  28.33  
Penut 289.62  18.83  309.89  19.83  
Penut + sand 334.26  21.00  357.66  22.03  
Control 80.85  16.33  86.51  19.33  

LSD at 5% 13.14 1.11 22.23 1.11 

Containers x Substrates 

 
Black bags 

 

Coconut 518.77  26.33  555.08  28.33  

Coconut + Sand 480.67  26.66  514.31  28.66  
Penut 295.91  19.33  316.63  20.33  
Penut + sand 341.52  20.66  365.43  21.66  
Control 80.85  16.33  86.51  17.33  

White container 

Coconut 473.35  25.33  506.49  27.33  

Coconut + Sand 411.54  26.00  440.35  28.05  
Penut 283.33  18.33  303.16  19.33  
Penut + sand 327.00  21.33  349.89  22.33  
Control 80.85  16.33  86.51  17.33  

LSD at 5% 29.38 1.57 31.44 1.57 
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coconut husk in black bags. On the other hand, the lowest TSS% observed with Peanut husk in white white 
container and Control, the same trend was similar for the second season. 

Tables (7) show the effect of type of containers and substrates and their interaction on titratable acidity 
and vitamin C during the two studied seasons. 
 
Table 4: Effect of type of containers and substrates on N, P and K % in leaves 

 
Table 5: Effect of type of containers and substrates on early yield / plant and total yield / plant. 

 
 
 

Treatments                  First season               Second season 

Containers Substrates N P K N P K 

Black bags  2.80  0.44  1.55  2.98  0.46  1.62  

White 
container 

2.78  0.43  1.54  2.88  0.45  1.63  

LSD at 5% 0.03 0.01 0.01 0.11 0.01 0.06 

 Coconut 3.19  0.47  1.59  3.44  0.49  1.66  

Coconut + Sand 2.88  0.41  1.57  2.98  0.43  1.69  
Penut 2.51  0.46  1.40  2.66  0.49  1.49  
Penut + sand 2.57  0.44  1.47  2.65  0.46  1.51  
Contrlo 2.80  0.40  1.72  2.91  0.42  1.79  

LSD at 5% 0.05 0.03 0.02 0.18 0.02 0.09 

Containers x Substrates 

 
 

Black bags 

Coconut 3.81 0.56 1.75 3.59  0.53  1.65  

Coconut + Sand 3.29 0.45 1.77 3.10  0.42  1.67  
Penut 2.81 0.51 1.60 2.65  0.48  1.51  
Penut + sand 2.81 0.51 1.59 2.65  0.48  1.50  
Control 3.08 0.45 1.90 2.91  0.42  1.79  

 
 

White 
container 

Coconut 
3.50 0.48 1.77 

3.30  0.45  1.67  

Coconut + Sand 3.03 0.47 1.81 2.86  0.44  1.71  
Penut 2.84 0.53 1.56 2.68  0.50  1.47  
Penut + sand 2.81 0.47 1.62 2.65  0.44  1.53  
Control 3.08 0.45 1.90 2.91  0.42  1.79  

LSD at 5% 0.28 0.03 0.15 0.26 0.03 0.14 

Treatments                    First season               Second season 

Containers Substrates 
Early yield / plant 

(g) 
Total yield / plant 

(g) 
Early yield / 

plant (g) 
Total yield / 

plant (g) 

Black bags  122.47  577.33  131.04  611.93  

White container 113.43  537.00  121.37  569.20  

LSD at 5% 4.29 20.04 4.59 21.16 

 Coconut 162.14  753.50  173.49  798.83  

Coconut + Sand 153.78  733.33  164.54  777.33  
Penut 89.27  414.67  95.52  439.67  
Penut + sand 108.42  503.67  116.01  533.67  
Control 76.13  380.67  97.47  463.33  

LSD at 5% 6.79      31.68 7.27 33.45 

Containers x Substrates 

 
Black bags 

 

Coconut 171.82  781.00  183.85  828.06  

Coconut + Sand 151.13  755.67 161.71  801.07  
Penut 96.51  438.67  103.26  465.04  
Penut + sand 116.75  530.67  124.92  562.33  
Control 76.13  380.67  81.47  403.33  

White container 

Coconut 152.46  726.00  163.13  769.67  

Coconut + Sand 156.42  711.00  167.37  753.67  
Penut 82.04  390.67  87.78  414.33  
Penut + sand 100.10  476.67  107.11  505.02  
Control 76.13  380.67  81.47  403.33  

LSD at 5% 9.61 44.81 10.28 47.31 
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Effect of containers types:  
 
 Regarding the titratable acidity data showed that there were no significant differences between the two 
types of containers. Similarly, the same trend observed with vitamin C in fruits.  
 
Table 6: Effect of type of containers and substrates on fruit firmness and %TSS. 

 
Table 7: Effect of type of containers and substrates on titratable acidity and Vit.C (mg/100g). 

 
 

Treatments First season Second season 

Containers Substrates 
Fruit firmness 

(g/cm2) 
%TSS 

Fruit firmness 
(g/cm2) 

%TSS 

Black bags  482.87  9.44  497.13  9.82  

White container 482.53  9.28  497.73  9.65  

LSD at 5% 1.21 0.17 1.47 0.18 

 Coconut 483.00  10.13  497.50  10.54  

Coconut + Sand 482.17  9.83  496.33  10.22  
Penut 483.33  8.91  497.83  9.27  
Penut + sand 482.33  9.00  496.33  9.35  
Control 482.67  8.93  496.67  9.29  

LSD at 5% 1.91 0.27 2.32 0.28 

Containers x Substrates 

Black bags 

Coconut 483.33  10.36  498.03 10.78  

Coconut + Sand 482.67  9.90  497.01 10.29  
Penut 483.33  8.96  497.67 9.32  
Penut + sand 482.33  9.06  496.33 9.43  
Control 482.67  8.93  496.67 9.29  

White container 

Coconut 482.67  9.90  497.02 10.29  

Coconut + Sand 481.67  9.76  495.33 10.15  
Penut 483.33  8.86  498.01 9.22  
Penut + sand 482.33  8.93  496.33 9.28  
Control 482.67  8.93  496.67 9.29  

LSD at 5% 2.70 0.39 3.29 0.40 

Treatments                  First season               Second season 

Containers Substrates Titratable acidity Vit.C (mg/100g) Titratable acidity Vit.C (mg/100g) 

Black bags  0.58  76.28  0.58  79.34  

White container 0.61  76.30  0.61  79.36  

LSD at 5% 0.04 0.25 0.04 0.25 

 Coconut 0.53  76.90  0.53  80.05  

Coconut + Sand 0.53  76.86  0.53  79.96  
Penut 0.68  77.35  0.68  80.45  
Penut + sand 0.55  76.86  0.55  79.96  
Contrlo 0.66  73.50  0.66  79.40  

LSD at 5% 0.07 0.39 0.07 0.39 

Containers x Substrates 

 
 

Black bags 

Coconut 0.45  76.96  0.45  80.06  

Coconut + Sand 0.50  76.86  0.50  79.96  
Penut 0.96  77.40  0.69 80.50  
Penut + sand 0.59  76.70  0.59  79.80  
Control 0.66  73.50  0.66  76.40  

 
 

White container 

Coconut 0.62  76.83  0.62  79.93  

Coconut + Sand 0.56  76.86  0.56  79.96  
Penut 0.68  77.30 0.68  80.40  
Penut + sand 0.52  77.03  0.52  80.13  
Control 0.66  73.50  0.66  76.40  

LSD at 5% 0.10 0.56 0.10 0.56 
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Effect of substrates types: 
 
 Concerning the titratable acidity and vitamin C peanut husk gave the highest value whereas coconut husk 
gave the lowest titratable acidity. In case of vitamin C control gave the lowest content. 
 
Effect of the interaction: 
 
 Regarding the titratable acidity and vitamin C peanut husk gave the highest value whereas coconut husk 
gave the lowest titratable acidity. In case of vitamin C control gave the lowest content. 

 
Discussion:    
 
 From the overall results it is clear that using coconut husk in black bags as a method of producing 
strawberry in soilless culture increase the number of leaves, plant height, total leaves area, total nitrogen, 
phosphorus, potassium, average fruit weight, early and total yield per plant, fruit firmnesses and TSS % 
comparing with the other treatments. The increament of vegetative growth leads to more yields as suggested by 
(Economakis and Krulj, 2001; Wafaa, et al., 2009). This could be a result of improving the growing conditions 
in the root zone resulted from better physical and chemical properties of the growing media which increase 
water and nutrient uptake (Verdonck and Demeyer,  2004). coconut husk is a promising cheap, mixable matrial 
with high cation exchange and water holding capacities and is used in soilless culture techniques which are 
sterile (Inden and Torres, 2004). Coconut husk has a good aeration and a good drainage can improve it’s water 
holding by mix it with sand. The air capacity is also markedly lowered by (fine sand Willson, 1985). 
 
Conclusion: 
 
 From these results it can be concluded that using coconut husk in black bags as a method of producing 
strawberry in substrates culture with good quality and high production 
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