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ABSTRACT 

 
Field experiment was carried out at Shebeen El-Kanater region, El-Qulybiya Governorate, Egypt, during 

2005/2006 and 2006/2007 seasons, on fresh strawberry plants cv. Camarosa. This work aimed to determine the 
optimal N and K fertilizer levels and investigate the effect of nitrogen sources on the productivity and fruit 
quality of strawberries. The experiment was arranged in split-split plot design with three replicates. Three 
nitrogen levels (100, 80 and 60 kg N/fed.) were arranged in the main plots, three nitrogen sources (100% 
ammonium sulphate, 100% poultry manure and 50% poultry manure + 50% ammonium sulphate) were 
distributed in the sup-plots and two potassium levels (150 and 200 kg K2O/fed.) were assigned in the sub-sub 
plots. Results showed that increasing nitrogen levels resulted in increasing of vegetative growth parameters 
(plant length, leaf number and leaf area) and early marketable yield but decreased number of flowers per plant 
and total marketable yield. Increasing nitrogen levels also increased average fruit weight but decreased fruit 
firmness and had non-significant effect on T.S.S %. Results also showed that 100% ammonium sulphate (as a 
nitrogen source) was the remarkable treatment for vegetative growth, fruit yield and quality of strawberries, 
followed by 50% poultry manure + 50% ammonium sulphate treatment. High potassium level (200 kg K2O/fed.) 
produced the highest values of vegetative growth, flowering, fruit yield and quality. Concerning the effect of 
interaction among nitrogen levels, nitrogen sources and potassium levels, the results revealed that application of 
60 kg N/fed. of 100% ammonium sulphate and 200 kg K2O/fed. was the best treatment for early, total 
marketable yield and fruit quality characteristics. 
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Introduction 

 
Strawberry "Fragaria × ananassa Duch" is one of the most important high value cash crops in Egypt for 

exportation and local consumption. A great effort had been done in the last two decades by Ministry of 
Agriculture and different agriculture institutes in Egypt. Therefore, a great development has been achieved in 
strawberry cultivation practices, fruit production and post-harvest chain. Strawberry is a nitrogen sensitive crop, 
the yield and fruit quality is strongly affected by plant N status (May and Pritts, 1990). It should be applied in 
the optimal rate, because higher than optimal rates result in lower fruit quality, increased disease susceptibility, 
and depressed early-season yield. On the other hand, lower than optimal N rate will result in decreased plant 
growth and fruit size (Picha, 1999). Excessive vegetative growth production in strawberry plants due to 
application of high levels of N fertilizer were reported by Voth et al. (1967), Jaradeh (1982), Kreusel & lenz 
(1996), Galal (2003), Gaur & Gangwar (2003), Ram & Gaur (2003) and Rana & Chandel (2003).  

Although, early yield recorded significant increasing with increasing N level as reported by many authors 
(Jaradeh, 1982; Burgess, 1997; Simonne et al., 2001), marketable fruit yield, fruit weight and fruit quality 
included fruit firmness and TSS decreased when N rate increased over a certain level as recorded by Galal 
(2003), Gaur & Gangwar (2003) and Karlidag & Yildirim (2007). 

Ammonium sulphate as a nitrogen source, is a remarkable fertilizer to strawberry plants, it produces 
considerably more acid than other forms of nitrogen, which will be necessary to lower the pH in most Egyptian 
soils, which typically have a pH of 8.0 or greater, and alkaline soil lower strawberry yield by tying up P and the 
micronutrients Fe, Mn and Zn (Picha, 1999). Highest early and total strawberry yields when ammonium 
sulphate was used as a fertilizer was recorded by Jaradeh (1982). On the other hand, Poultry manure has long 
been recognized as perhaps the most desirable of animal manures fertilizers because of its high nitrogen content. 
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In addition, manures supply other essential plant nutrients and serve as a soil amendment by adding organic 
matter which improves soil moisture and nutrient retention.  

Using of poultry manure alone as a source of N may lead to less vegetative growth and yield of strawberry 
as reported by Gliessman et al. (1996). While, combination between of poultry manure and ammonium sulphate 
with ration of 75% poultry manure and 25% ammonium sulphate was the most suitable treatment for increasing 
the flowering, productivity and quality as reported by Aziz (2004) and Ramadan & Adam (2007). 

Strawberries have a high demand for potassium fertilization, but rates of K higher than recommended will 
result in reduction in fruit size and yield. Therefore, over fertilization with potassium might reduced fruit export 
value since large fruit in generally preferred for the fresh market. The K source in typically KCl or K2SO4, but 
K2SO4 is preferred in order to prevent salt build-up in the soil (Picha, 1999). Abd El-Aziz (2007) studied the 
effect of potassium fertilizer rate (250, 375 and 500 unit K2O/fed) on the fruiting, early and total yield and fruit 
quality. Results showed that potassium fertilization had non-significant effect on plant length. In the early 
season potassium fertilization had insignificant effect on plant growth characteristics except plant length the 
highest values were recorded with 250 potassium unit.  

Although, some authors (Albregts et al., 1991a and b) found that total fruit yield increased linearly with 
increasing K rate. It had no significan effect of early yield as reported by Albregts et al. (1996) and Abd El-Aziz 
(2007)  

The objectives of this study were to determine the optimal nitrogen and potassium fertilizer levels as well as 
studying the effect of nitrogen source (poultry manure, ammonium sulphate or both) on the productivity and 
fruit quality of strawberries cv. Camarosa. 

 
Materials And Methods 

 
Field experiment was carried out on strawberry (Fragaria x ananassa Duch.) plants during 2005/2006 and 

2006/2007 seasons, at Shebeen El-Kanater region, El-Qulybiya Governorate, Egypt. Fresh transplants of cv. 
Camarosa were obtained from Strawberry and Non-Traditional Crop Improvement Center, Faculty of 
Agriculture, Ain Shams University. Dates of transplanting were on 1st and 5th of October in 2005 and 2006 for 
the first and second seasons, respectively, using the plasticulture management system (drip irrigation and soil 
mulch). All agriculture practices were performed as recommended by Ministry of Agriculture and Land 
Reclamation for fresh strawberry cultivation. 

Samples of the soil and poultry manure were taken and analyzed before planting in August in 2005 and 
2006 at Arid land Agricultural Research and Services Center, Faculty of Agriculture, Ain Shams University,. 
Data are shown in Tables (1, 2 and 3).  

 
Table 1: Physical properties of the experimental soil in 2005/2006 season.    

Saturation Field Soil Particle size distribution 
Percent (%) Capacity (%) Texture (%) Clay %) Silt (%) Sandy (%) 
16.43 13 Sandy 2 3.5 94.5 

 
Table 2: Chemical properties of the soil during the first and second seasons (2005/2006 and 2006/2007).     

pH Ece CaCO3 Ca++ Mg++ Na+ K+ HCO3
- Cl- 

 mmhos % meq/l meq/l meq/l meq/l meq/l meq/l 
First Season 

8.09 1.78 2.75 6 6 4.64 0.336 1.2 3 
Second Season 

8.18 1.38 2.30 6 3 3.15 0.790 2.2 3 
      

Table 3: Chemical analysis of poultry manure during the seasons of 2005/2006 and 2006/2007. 
%  ppm 
N P K Ca Mg NH4 O.M  Fe Mn Cu Zn 

First Season 
4.030 1.396 1.693 0.640 0.578 0.374 41.20  594 73 17 101 

Second Season 
3.022 1.154 1.457 0.560 0.493 0.268 41.00  1189 100 65 353 

 
Soil preparation: 

 
The fertilizers were broadcast per fadden during the preparation of the soil. The amounts per fedden were as 

follows: 20 m3 cattle manure, 10 m3 chicken manure, 150 kg of ammonium sulfate, 150 kg potassium sulfate, 
150 kg calcium superphosphate, 50 kg magnesium sulfate and 300 kg sulfer (recommended by Ministry of 
Agriculture and Land Reclamation).  

Soil was fumigated by methylbromide at 50gm/m2. Fresh transplants were soaked in fungicide solution for 
20 minutes and planted in four rows on each bed with 30cm between rows and 25cm between plants in a row. 
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The bed top surface was 120cm wide and 40 cm high. The beds were covered with 60 micron clear plastic 
mulch when the transplants have 2-3 new leaves. Transplants were irrigated with overhead sprinklers for 2 
weeks after transplanting to aid plant establishment, and then irrigated with drip irrigation tubing emitters until 
to the end of the season. 
 
Treatments:  

 
This experiment included eighteen treatments which were resulted from the combination of: three nitrogen 

levels: 100, 80 and 60 kg N/fed; three nitrogen sources: 100% poultry manure, 100% ammonium sulphate 
(20.6%N) and 50%poultry manure plus 50% ammonium sulphate; two potassium levels: 150 and 200 kg 
K2O/fed. as a potassium sulfate (50% k2O).     

The experiment was arranged in split-split plot design with three replications. Nitrogen levels were 
arranged in the main plots, nitrogen sources were assigned in the sub-plots and potassium levels were allotted in 
sub-sub plots. The plot area was 4.5 m2 and containing 54 plants.  

Mineral nutrient treatments (Nitrogen and potassium fertilizers) were applied through the drip irrigation 
system twice weekly. Injecting fertilizers began early in the crop cycle with small amounts of nutrients, then 
increasing the rate of application of the nutrients as crop growth rate and nutrient demand increase. Once the 
crop reaches maturity, nutrient application can level off and even decreased slightly until the end of the season 
(according to recommendation of Ministry of Agriculture and Land Reclamation). Fertilizer injection began in 
the first season on 16th of Oct. 2005 and ended on 30th of May 2006 and began on 20th of Oct. 2006 and ended 
on 30th of May 2007 in the second season. On the other hand, the poultry manure amounts (treatments) were 
broadcast to the soil before fumigation regarding to poultry manure test. 
 
Data recorded: 

 
- Vegetative growth: Plant length, leaves number, leaf area using a digital portable leaf area meter (LI-300 

area meter produced by LI-COR, Lincoln, Nebraska, USA), fresh and dry weights of leaves and total 
chlorophyll reading (SPAD) using Minolta chlorophyll meter (SPAD – 501). 

- Number of flowers per plant. 
- Yield: Fruits with at least 75% red color were harvested twice weekly. The marketable yield was 

determined after removing the cull fruit (diseased or miss-shaped). Early marketable yield was resulted from 
summation of pickings up to six weeks from the beginning of harvesting season. Total marketable yield was 
calculated by the summation of all fruit pickings during the harvesting season. 

- Fruit quality: Random samples of fruits were taken from every experimental plot to determine the average 
fruit weight, fruit firmness of fully ripe fruits measured with a Chatillon penetrometer (NY, USA) Gauge- R and 
total soluble solids (TSS %) using hand refractometer. 
 
Statistical analyses: 
 

All data of the experiment were subjected to proper statistical analysis of variance according to Snedecor 
and Cochran (1980). Means were compared by Duncan's multiple range tests at the 5% level of probability in 
the two seasons of the experiment. Data were statistically analyzed using the analysis of variance adopting a M-
stat package. 

 
Results And Discussion 
 
Vegetative growth: 

 
Data in Tables (4 and 5) show the effect of nitrogen levels, nitrogen sources, potassium levels and their 

interaction on vegetative growth of strawberry plants, i.e., plant length, number of leaves per plant, leaf area, 
fresh and dry weights of leaves, and total chlorophyll content. Results illustrated that all vegetative growth 
parameters were significantly increased by increasing nitrogen level from 60 up to 100 kg N/fed. during the two 
growing seasons. 

Increasing N levels led to increase the studied vegetative growth parameters  and total chlorophyll content. 
Promoting vegetative growth of plants due to application of nitrogen fertilizer may be because it allows plants to 
capture energy from the sun and make food for themselves in photosynthesis process. It is also the basic element 
of plant proteins, including the genetic material DNA and RNA, and is important in periods of rapid plant 
growth. These results agree with El-Gizy (1978), Jaradeh (1982), Neuweiler (1997), Galal (2003), Rana & 
Chandel (2003) and Ram & Gaur (2003). 
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Concerning the nitrogen sources, data revealed that application of 100% ammonium sulphate increased 
significantly all vegetative growth parameters compared to the other tested treatments in both seasons, and the 
lowest values were recorded with 100% poultry manure treatment. Similar trend was obtained by Gliessman et 
al. (1996).   

Increasing potassium levels increased significantly all vegetative growth characteristics in the two seasons. 
These results agree with this of Abd El-Aziz (2007). 

The effects of interaction among nitrogen levels, nitrogen sources and potassium levels on vegetative 
growth parameters were statistically significant. The highest values of plant length, number of leaves per plant, 
fresh and dry weights of leaves were recorded with 60 kg N/fed. of 100% ammonium sulphate and 200 kg 
K2O/fed. treatment during the two seasons. The highest values of total chlorophyll content were recorded with 
application of 80 or 100 kg N/fed. of 100% ammonium sulphate and 200 kg K2O/fed. in the first season, and 
100 kg N/fed. of 50% ammonium sulphate plus 50% poultry manure and 200 kg K2O/fed.treatment in the 
second season. 

 
Flowering and fruit yield: 

 
Data in Table (6) show the effect of nitrogen levels, nitrogen sources, potassium levels and their interaction 

on the number of flowers per plant, early and total marketable yield of strawberries. Results illustrated that 
increasing nitrogen levels increased significantly early marketable yield but decreased the number of flowers per 
plant and total marketable yield during the both growing seasons. 

 
Table 4: Effect of nitrogen levels, nitrogen sources, potassium levels and their interaction on vegetative growth of strawberry plants in 2005/2006 and 2006/2007 seasons. 

Treatment First season (2005/2006) Second season (2006/2007) 
N N K2O 

Plant length (cm) Number of leaves/plant Leaf area (cm2) Plant length (cm) Number of leaves/plant Leaf area (cm2) 
(kg/fed) source (kg/fed) 

100 

S1 
150 18.93 de 23.90 ghi 39.92 d 19.09 cde 26.22 bc 41.23 d
200 19.18 cd 26.00 bc 39.93 d 19.67 cd 26.78 b 41.24 d 

S2 
150 17.80 ef 23.22 hi 25.16 ijk 17.95 efg 23.78 ef 26.80 i 
200 18.05 def 25.00 def 36.69 ef 18.20 ef 25.22 cd 37.99 e 

S3 
150 18.27 def 25.00 def 32.96 g 18.67 de 26.16 bc 34.27 f
200 21.67 a 27.14 a 37.09 e 21.85 a 28.83 a 38.73 e 

80 

S1 
150 17.07 fg 23.00 i 25.00 jk 18.00 efg 23.22 fg 29.13 h 
200 19.17 cd 26.23 b 42.87 c 19.67 cd 26.78 b 42.88 c 

S2 
150 16.08 gh 24.33 defg 24.00 k 16.69 gh 23.00 fgh 25.01 j 
200 17.77 ef 25.28 bcd 36.26 ef 18.11 ef 25.00 cde 37.90 e

S3 
150 18.17 def 24.22 efgh 35.73 f 18.93 cde 25.10 cde 34.73 f 
200 20.22 bc 27.67 a 39.30 d 20.00 bcd 28.17 a 38.97 e 

60 

S1 
150 16.30 gh 23.00 i 25.75 ij 17.09 fgh 22.00 gh 27.06 i 
200 20.67 ab 25.22 cde 47.00 b 20.27 bc 25.00 cde 46.90 b 

S2 
150 15.20 h 20.97 j 16.67 l 15.29 i 21.78 h 17.23 k
200 16.17 gh 24.00 fghi 26.29 i 16.27 hi 25.22 cd 27.93 i 

S3 
150 17.23 fg 23.67 ghi 30.79 h 17.28 fgh 24.19 def 32.11 g 
200 20.90 ab 27.97 a 50.90 a 21.25 ab 28.07 a 52.24 a 

100    18.98 A 25.04 A 35.29 A 19.24 A 26.17 A 36.71 A
80    18.08 B 25.12 A 33.86 B 18.57 AB 25.21 B 34.77 B
60    17.74 B 24.14 B 32.90 C 17.91 B 24.38 C 33.91 C 
 S1   18.55 B 24.56 B 36.74 B 18.96 B 25.00 B 38.07 A 
 S2   16.84 C 23.80 C 27.51 C 17.08 C 24.00 C 28.81 B 
 S3   19.41 A 25.94 A 37.80 A 19.66 A 26.75 A 38.51 A
  150 16.52 B 23.48 B 28.44 B 16.91 B 23.94 B 29.73 B 
    200 18.89 A 26.06 A 39.59 A 19.28 A 26.56 A 40.53 A 
Values followed by the same letter (s) within column are not significantly different (P<0.05) 
S1 = 50% Poultry manure + 50% Ammonium sulphate ( 20.6 N )       
S2 = 100% Poultry manure       
S3 = 100% Ammonium sulphate ( 20.6 N )          

 

The number of flowers per plant decreased with increasing N levels, these results were obtained by 
Brandstveit (1979), Meland (1986) and Neuweiler et al. (1997) who found that increasing N levels reduced the 
number of flowers per plant. Moreover, Gaur and Gangwar (2003) found that N at rate of 150 kg/ha gave the 
highest number of flowers per plant in comparison with 200 kg/ha. On the other hand, early marketable yield 
increased significantly with increasing N levels up to its high levels due to avoiding of disease infection as 
results of promoting plant growth and maintain health. The results of increasing of early yield due to increasing 
N level are reported by Jaradeh (1982) and Galal (2003). On the other hand, El-Gizy (1978) reported that the 
early yield showed no significant response, in both seasons to N level. Also, the results revealed that there was a 
negative effect on total marketable yield with increasing N levels, these results agree with those of Lopez et al. 
(1999) and Koszanski et al. (2002) who reported that the total yield was highest in plantations receiving low N 
fertigation. Also, Karlidag and Yildirim (2007) recorded maximum marketable yield with 80 kg N/ha compared 
to 160 kg N/ha. The same trend was recorded by Galal (2003). 

Respecting the nitrogen sources, the number of flowers per plant, early and total marketable yield were 
significantly affected by different nitrogen sources. Results revealed that 100% ammonium sulphate treatment 
recorded the highest values of these parameters compared with the other tested treatments followed by 50% 
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ammonium sulphate plus 50% poultry manure treatment, in the both seasons. Similar trend was obtained by 
Gliessman et al. (1996), Aziz (2004), and Macit et al. (2007). 

 
Table 5: Effect of nitrogen levels, nitrogen sources, potassium levels and their interaction on fresh and dry weights and total chlorophyll reading of strawberry leaves  in 2005/2006 and  
            2006/2007 seasons. 

Treatment First season (2005/2006) Second season (2006/2007)
N N K2O Fresh weight 

of leaves (g) 
Dry weight of 

leaves (g) 
Total chlorophyll 

reading (SPAD) 
Fresh weight of 

leaves (g) 
Dry weight of 

leaves (g) 
Total chlorophyll 

reading (SPAD) (kg/fed) source (kg/fed) 

100 

S1 
150 99.68 g 52.15 gh 32.83 gh 100.30 fg 54.03 fg 34.01 hi 
200 100.10 g 52.93 g 34.00 de 106.10 cd 59.81 de 39.17 a

S2 
150 91.31 i 44.11 i 31.80 i 92.26 h 45.99 h 34.13 h
200 105.10 de 57.93 de 34.02 de 101.10 f 54.81 f 34.69 g 

S3 
150 101.10 fg 53.93 fg 34.97 c 102.10 ef 55.13 f 35.30 e 
200 106.10 cd 58.93 cd 35.78 a 107.10 bc 60.81 cd 36.11 cd 

80 

S1 
150 96.20 h 45.67 i 32.73 h 80.93 k 34.67 k 33.06 j 
200 105.70 d 60.93 c 32.86 gh 104.10 de 60.03 de 33.19 j 

S2 
150 83.73 k 36.20 k 31.91 i 84.68 j 38.08 j 32.28 k 
200 99.68 g 52.15 gh 33.85 e 100.30 fg 54.03 fg 34.15 h 

S3 
150 103.10 ef 55.86 ef 35.28 b 104.00 de 57.75 e 35.95 d 
200 108.10 bc 58.15 de 35.93 a 109.10 b 62.81 c 36.26 c

60 

S1 
150 89.01 j 41.81 j 33.19 f 92.96 h 43.69 i 33.85 i 
200 110.30 b 65.09 b 34.22 d 109.20 b 66.97 b 35.87 d 

S2 
150 64.93 l 17.73 l 30.78 k 65.87 l 19.27 l 31.67 m 
200 87.19 j 39.99 j 31.01 j 88.14 i 41.87 i 32.02 l 

S3 
150 97.06 h 49.86 h 33.00 fg 98.01 g 51.75 g 35.00 f
200 114.70 a 69.17 a 34.22 d 116.80 a 71.75 a 37.00 b 

100    100.6 A 53.33 A 33.90 A 101.5 A 55.1 A 35.57 A 
80    99.41 A 51.49 B 33.76 A 97.18 B 51.23 B 34.15 B 
60    93.85 B 47.27 C 32.74 B 95.16 C 49.22 C 34.24 B
 S1   100.2 B 53.09 B 33.30 B 98.94 B 53.20 B 34.86 B
 S2   88.66 C 41.35 C 32.23 C 88.71 C 42.34 C 33.16 C 
 S3   105.00 A 57.65 A 34.86 A 106.20 A 60.00 A 35.94 A 
  150 91.79 B 44.14 B 32.94 B 91.23 B 44.48 B 33.92 B 
    200 104.1 A 57.25 A 33.99 A 104.70 A 59.21 A 35.38 A
Values followed by the same letter (s) within column are not significantly different (P<0.05)  
S1 = 50% Poultry manure + 50% Ammonium sulphate ( 20.6 N )       
S2 = 100% Poultry manure             
S3 = 100% Ammonium sulphate ( 20.6 N )          

 
Increasing potassium levels increased significantly the number of flowers per plant, early and total 

marketable yield, in the both seasons. These results agree with those of Albregts et al. (1991a and c), Albregts et 
al. (1996), Lamarre et al. (1997), Balliu & Ibro (2002), Dierend & Faby (2003), Sonsteby et al. (2004), and Abd 
El-Aziz (2007). 

 
Table 6: Effect of nitrogen levels, nitrogen sources, potassium levels and their interaction on number of flowers per plant, early and total marketable yield  in 2005/2006 and 2006/2007  
            seasons. 

Treatment First season (2005/2006) Second season (2006/2007) 
N N K2O Number of 

flowers/plant 
Early yield 

(ton/fed.) 
Total yield 

(ton/fed.) 
Number of 

flowers/plant 
Early yield 

(ton/fed.) 
Total yield 

(ton/fed.) (kg/fed) source (kg/fed) 

100 

S1 
150 19.83 hi 4.25 e 18.90 ef 21.78 def 4.26 g 18.08 f
200 21.90 def 4.45 d 19.17 d 22.07 cde 4.87 d 19.00 de 

S2 
150 19.68 i 2.85 k 17.00 j 20.05 g 2.85 m 17.69 g 
200 20.67 fghi 3.67 h 18.17 g 22.00 cdef 3.96 i 19.23 d 

S3 
150 20.23 ghi 3.43 j 18.84 ef 21.78 def 3.55 j 18.83 e 
200 23.68 b 4.24 e 19.75 c 23.16 bc 4.44 f 19.97 bc

80 

S1 
150 21.00 efgh 2.63 l 17.33 i 20.90 efg 2.56 n 18.07 f 
200 22.30 cd 4.65 c 20.03 b 23.00 bcd 4.97 c 19.88 c 

S2 
150 20.83 efghi 3.57 i 17.07 j 20.78 fg 2.85 m 17.21 h 
200 22.00 cde 3.95 g 18.68 f 22.00 cdef 3.56 j 18.17 f

S3 
150 20.17 ghi 3.53 i 19.02 de 21.78 def 4.20 h 19.23 d
200 23.22 bc 4.14 f 19.76 c 23.78 b 4.55 e 19.97 bc 

60 

S1 
150 21.22 defg 2.62 l 18.08 g 21.90 def 2.94 l 18.83 e 
200 23.78 b 5.46 b 19.99 bc 24.22 b 5.13 b 20.23 b 

S2 
150 19.78 hi 2.15 n 17.67 h 19.83 g 2.35 o 17.00 h
200 21.17 defg 2.56 m 17.77 h 21.95 cdef 2.85 m 18.17 f 

S3 
150 23.22 bc 3.47 j 18.90 ef 24.00 b 3.05 k 18.97 de 
200 25.00 a 5.95 a 20.83 a 26.00 a 6.13 a 21.17 a 

100    21.00 B 3.82 A 18.64 B 21.81 B 3.99 A 18.80 B 
80    21.59 B 3.75 B 18.65 B 22.04 B 3.78 B 18.75 B
60    22.36 A 3.70 C 18.87 A 22.98 A 3.74 C 19.06 A 
 S1   21.67 B 4.01 B 18.92 B 22.31 B 4.12 B 19.02 B 
 S2   20.69 C 3.13 C 17.73 C 21.10 C 3.07 C 17.91 C 
 S3   22.59 A 4.13 A 19.52 A 23.42 A 4.32 A 19.69 A 
  150 20.66 B 3.17 B 18.09 B 21.42 B 3.18 B 18.21 B
    200 22.63 A 4.34 A 19.35 A 23.13 A 4.50 A 19.53 A 
Values followed by the same letter (s) within column are not significantly different (P<0.05) 
S1 = 50% Poultry manure + 50% Ammonium sulphate ( 20.6 N )       
S2 = 100% Poultry manure     
S3 = 100% Ammonium sulphate ( 20.6 N )   

 
Where, Potassium has been shown to have number specific roles in plants. According to Krauss (2000), 

potassium is a versatile nutrient in plants involved in many metabolic processes such as enzyme activation, 
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osmotic control, carbohydrate production and partitioning and anion/cation balance. Potassium has a motor 
function in cycling nutrients for growth, i.e., nitrogen from the roots to the shoots and carbon from the source 
(shoot) to the sink (roots and storage organs). According to Mengel and Kirkby (1987), numerous authors have 
shown that K enhanced the translocation of assimilates and it has a beneficial effect on the mobilization of 
stored materials. In addition, Picha, 1999 reported that strawberries have a high demand for potassium 
fertilization, The K source in typically KCl or K2SO4, but K2SO4 is preferred in order to prevent salt build-up in 
the soil. 

Concerning the effect of interaction among nitrogen levels, nitrogen sources and potassium levels, the 
results showed significant effects on the number of flowers per plant, early and total marketable yield with 
different tested treatments. The highest values were recorded with 60 kg N/fed. of 100% ammonium sulphate 
and 200 kg K2O/fed.  followed by 60 kg N/fed. of 50% ammonium sulphate plus 50% poultry manure and 200 
kg K2O/fed. during the two seasons. 
 
Fruit quality: 

 
Data in Table (7) show the effect of nitrogen levels, nitrogen sources, potassium levels and their interaction 

on fruit quality of strawberries, i.e., average fruit weight, fruit firmness and total soluble solids. Results 
illustrated that increasing nitrogen levels increased significantly average fruit weight and decreased fruit 
firmness but had non significant effect on TSS% in the both seasons. Similar results were obtained by El-Gizy 
(1978), Jaradeh (1982), Albregts et al., (1991c), Neuweiler et al. (1996), Miner et al. (1997), Neuweiler et al. 
(1997) and Karlidag & Yildirim (2007). 

Regarding the nitrogen sources, application of 100% ammonium sulphate produced the highest significant 
values of average fruit weight, fruit firmness and TSS % compared to the other nitrogen sources in the both 
seasons. This result agrees with Gliessman et al. (1996), Aziz (2004), and Macit et al. (2007). 

 
Table 7: Effect of nitrogen levels, nitrogen sources, potassium levels and their interaction on average fruit weight, fruit firmness and TSS of  
              strawberry fruits in 2005/2006 and 2006/2007 seasons. 

Treatment First season (2005/2006) Second season (2006/2007) 
N N K2O Average fruit 

weight (g)  
Fruit firmness 
(g/cm2) 

TSS % 
Average fruit 
weight (g)  

 Fruit firmness 
(g/cm2) 

TSS % 
(kg/fed) source (kg/fed) 

100 

S1 
150 21.00 d 330.70 j 9.79 c 20.12 d 336.20 h 9.86 abcde 
200 21.86 c 333.20 i 9.88 bc 21.67 b 339.70 d 9.95 abc 

S2 
150 18.33 g 327.70 k 9.17 efg 18.00 g 330.20 j 9.23 bcde 
200 20.99 d 333.20 i 9.35 d 19.90 de 333.70 i 9.75 abcde 

S3 
150 19.67 e 338.20 d 9.77 c 19.79 e 339.20 e 9.78 abcde 
200 22.23 c 338.70 c 9.95 b 21.07 c 341.70 b 10.02 abc 

80 

S1 
150 17.08 i 336.20 g 9.79 c 17.20 h 337.20 g 9.72 abcde 
200 22.97 b 337.90 d 9.90 bc 21.00 c 338.80 e 9.93 abcd 

S2 
150 17.74 h 334.90 h 9.03 gh 17.10 h 337.30 g 8.10 f 
200 19.31 e 336.70 f 9.14 fgh 18.83 f 337.30 g 9.09 de 

S3 
150 20.78 d 336.80 ef 9.89 bc 20.00 de 337.70 f 9.95 abc 
200 22.00 c 337.00 ef 10.00 b 21.90 b 338.00 f 10.07 ab 

60 

S1 
150 18.33 g 337.90 d 9.23 def 18.77 f 339.90 d 9.73 abcde 
200 22.78 b 339.70 b 9.30 de 21.15 c 340.30 c 9.79 abcde 

S2 
150 15.96 j 337.10 e 8.99 h 15.97 i 338.10 f 9.06 e 
200 18.32 g 337.90 d 9.00 h 18.77 f 338.90 e 9.17 cde 

S3 
150 18.80 f 338.70 c 10.03 b 18.95 f 339.70 d 9.93 abcd 
200 23.68 a 340.30 a 10.24 a 23.77 a 342.30 a 10.27 a 

100    20.68 A 333.60 C 9.65 A 20.09 A 336.80 C 9.76 A 
80    19.98 B 336.60 B 9.62 A 19.34 C 337.70 B 9.48 A 
60    19.64 C 338.60 A 9.47 A 19.56 B 339.90 A 9.66 A 
 S1   20.67 B 335.90 B 9.65 B 19.98 B 338.70 B 9.83 A 
 S2   18.44 C 334.60 C 9.11 C 18.09 C 335.90 C 9.07 B 
 S3   21.19 A 338.30 A 9.98 A 20.91 A 339.80 A 10.00 A 
  150 18.63 B 335.40 B 9.52 B 18.43 B 337.30 B 9.49 B 
    200 21.57 A 337.20 A 9.64 A 20.89 A 339.00 A 9.78 A 
Values followed by the same letter (s) within column are not significantly different (P<0.05) 
S1 = 50% Poultry manure + 50% Ammonium sulphate ( 20.6 N )       
S2 = 100% Poultry manure              
S3 = 100% Ammonium sulphate ( 20.6 N )          
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Increasing potassium levels increased significantly average fruit weight, fruit firmness and TSS % during 
the two seasons. Similar results were obtained by Albregts et al. (1991a and c), Albregts et al. (1996), Lamarre 
et al. (1997), Balliu & Ibro (2002), Dierend & Faby (2003), Sonsteby et al. (2004), and Abd El-Aziz (2007). 

Concerning the effect of interaction among nitrogen levels, nitrogen sources and potassium levels, results 
showed that the highest significant values of average weight, fruit firmness and TSS % were recorded with 60 
kg N/fed. of 100% ammonium sulphate and 200 kg K2O/fed. treatment in the both seasons. 
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