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ABSTRACT 
 
 The experiment was carried out in the experimental site of Arid Land Agricultural services and Research 
Center (ALARC), Faculty of Agriculture, Ain Shams University under plastic house during two successive 
seasons 2010/2011 and 2011/2012. The experiment was conducted to evaluate the performance of carnation 
plants in different growing media. The evaluation focused on production, flower quality, water and fertilizer use 
efficiency and economic assessment. Standard carnation "Dianthus Caryophyllus" was used in this experiment. 
Seedlings cultivated in container system “10 cm depth”. Six growing media were under investigation; perlite 
(PE), perlite: peat moss 1:1 v/v (PP), perlite: peat moss: sand 1:1:1 v/v/v (PPS), sand (SA), sand: peat moss 1:1 
v/v (SP) and coconut fibers (CO). Plant height, fresh weight & dry weights of vegetative parts, number of 
flowers/m2, flower stem length, flower head diameter, flower weight, (N, P, K) % in  leaves, water use 
efficiency, fertilizer use efficiency have been recorded during the experimental time and economic assessment 
have been done also. The obtained results showed that perlite: peat moss mixture 1:1 v/v (PP) can be recorded 
as the most suitable growing media for producing carnation flowers under protected cultivation. Carnation 
plants grown in PP gave the highest values for fresh and dry weights of the vegetative parts, highest yield, best 
quality parameters (flower stem length, flower head, flower weight) and could be considered as a good 
investment from an economical view; PP recorded the highest values for both net return and return rate per 
invested pound and the shortest payback period. 
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Introduction 
 
 Flowers are prized as object of great beauty and diversity and are commercially valuable (US$ 4.5 billion in 
international trade yearly) and highly perishable (O'Donoghue, 2006).The interest in cut flower cultivation in 
many countries in Mediterranean region is increasing gradually because the internal market demand, climate 
advantages of the region and increase on the production of cut flower for export in recent years. In Turkey 52% 
of the total cut flower production consists of carnation (Aydınşakir et al., 2009). Also, in many other countries 
all over the world, carnation is one of the most popular cut flowers; carnations are among the most extensively 
grown cut flowers in the world and the highest economic importance in the floriculture industry (Nukui et al., 
2004). But carnation is very susceptible to soil-borne diseases such as the wilt caused by Fusarium oxysporum f. 
dianthi. Since carnation crop normally occupy the beds for periods of 1-2 years and are grown in monoculture, 
the spread of such diseases can prove disastrous. Thus unless soil-borne diseases are controlled; plant growing 
becomes a hazard operation filled with risk (Robinson, 1983).Occasionally, methyl bromide is used as soil 
fumigator as many carnation, lily and gerbera producers use methyl bromide in their greenhouses because no 
other chemical method available has the same broad spectrum of activity (Reis, 1998). But carnation is very 
sensitive to bromide residues. On the other hand, methyl bromide will not be permitted after few years in Egypt 
as a result of Montréal environmental agreement because methyl bromide is extremely toxic and environmental 
harmful (UNEP, 2000). Soilless culture has proven to be a viable alternative for cut flower sector in many 
countries and regions all over the world so soilless production has been introduced for carnation with very good 
results; higher yield and better quality (Metwally et al., 2005 and Yilmez et al., 2006). And About 25% 
transition rate from soil cultivation to soilless culture using substrates has been applied to number of flowers 
where substrate production is possible such as calla, lilies, gerberas and carnations (UNEP, 2008).  
 For that the aim of this work is to evaluate the performance of carnation plants grown in different growing 
media and determine the most suitable growing media for producing carnations with high yield and quality and 
also determine the most economic growing media for producing carnations under Egyptian conditions. 
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Materials and Methods 
 
 The experiment was carried out in the experimental site of Arid Land Agricultural services and Research 
Center (ALARC), Faculty of Agriculture, Ain Shams University under plastic house during two successive 
seasons 2010/2011 and 2011/2012.  
 Rooted cuttings of standard carnations (cv. Crimson Tempo) used in this experiment. In the beginning of 
July, the carnation rooted cuttings have been cultivated in net cups filled with perlite: peat mix (2:1 v/v) to help 
them to form roots, then transplanted into container system in the beginning of August under a net covered 
greenhouse. The net cover replaced by a plastic cover at the end of October each year.  
 The container system consisted of rectangular shape containers (300cm length * 50cm width* 15cm 
height). The containers were made from black polyethylene sheet (1mm thickness). Holes were made in the 
lowermost in both sides of each container for draining the excess diluted nutrient solution. The depth of the 
growing media was 10cm. Containers laid on a gully made from black on white polyethylene sheet (0.2mm 
thickness) on beds prepared with slope about 1% for collecting the drained diluted nutrient solution. Each bed 
had a catchment tank and a submersible pump for pumping diluted nutrient solution to plants. The excess 
diluted nutrient solution returns back to the catchment tank by gravity. One pinching treatment was applied to 
encourage side branching. 
 Six growing media were used in this experiment; perlite (PE), perlite: peat moss 1:1 v/v (PP), perlite: peat 
moss: sand 1:1:1 v/v/v (PPS), sand (SA), sand: peat moss 1:1 v/v (SP) and coconut fibers (CO). 
The nutrient solution described by (El-Behairy, 1994) was used in this experiment. The electrical conductivity 
(EC) adjusted at the range of 2.0-2.5 m.mhos-2 and pH maintained at the range of 5.5-6.0 throughout the 
experimental time.  
 Different Measurements have been recorded during the experimental time as follow: Plant height, fresh and 
dry weights of vegetative parts, number of flowers per m2, flower stem length, flower head diameter, flower 
weight, (N, P, K) % in leaves, water and fertilizer use efficiency and economic assessment.  
 The experiment arranged in complete randomized blocks design with three replicates. The collected data 
were analyzed using ANOVA statistical analysis as described by (Snedicor and Cochran, 1980) and the least 
significant difference (LSD) used in comparison among means. 
 
Results: 
 
 Data in table (1) illustrates the effect of using different growing media on vegetative growth of carnation 
plants. 
 
Table 1: Effect of using different growing media on vegetative growth parameters of carnation plants grown during seasons 

of 2010/2011 and 2011/2012. 
 

Treatment Plant height (cm) Fresh weight of vegetative parts (g) Dry weight of vegetative parts(g) 
1st season 2nd season 1st season 2nd season 1st season 2nd season 

PE 106.56 106.97 289.24 291.12 48.79 46.25 
PP 110.61 108.67 334.71 326.97 60.45 58.83 

PPS 104.99 105.19 254.59 273.93 46.07 43.99 
SA 101.54 102.23 231.76 236.85 41.30 40.44 
SP 103.23 102.40 241.56 261.9 45.08 43.13 
CO 100.63 101.00 241.64 254.62 41.74 43.12 

LSD 1.29 1.62 5.30 11.81 1.95 1.68 

 
 Regarding plant height, data collected from first season showed that the highest plant height was recorded 
in perlite : peat moss mixture (PP) followed by perlite (PE), then mixture of perlite: peat moss: sand (PPS). 
While the lowest plant height was recorded in coconut fibers (CO). Data also showed that there were significant 
differences among treatments except between sand and coconut fiber. Data showed similar trends in the second 
season except that there were no significant differences among sand, mixture of sand+ peat moss (SP) and 
coconut fibers.  
 Regarding fresh weight of the vegetative parts, data collected from first season illustrated the distinction of 
perlite : peat moss mixture (PP) than all growing media followed by perlite (PE). On the contrary, sand (SA) 
recorded the lowest value. There were significant differences among fresh weight values recorded from different 
growing media under investigation except the difference between mixture of sand: peat moss (SP) and coconut 
fibers (CO). Similar trends were recorded in the second season. 
 Regarding dry weight of the vegetative parts, data collected from first season showed that the highest dry 
weight value obtained from PP followed by perlite then PPS, while sand recorded the lowest dry weight values. 
Data also showed that the difference between both (PP& perlite) and all other treatments was significant. On the 
contrary, the difference between PPS and SP was not significant. Also, the difference between sand and coconut 
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fibers was not significant. Data illustrated similar trends in the second season except that the difference between 
sand and coconut fibers was significant but the difference between coconut fiber and SP was not significant. 
 

 
 
Fig 1: Effect of using different growing media on number of flowers per m2 of carnation plants grown during  

seasons of 2010/2011 and 2011/2012. 
 
 Data in Figure (1) illustrates the effect of using different growing media on number of carnation flowers per 
m2. The collected data from the first season showed that PP recorded the highest number of flowers per m2, and 
the difference between PP and all other tested growing media was significant. Both perlite and PPS came in the 
second position without a significant difference between both of them. On the other hand, the lowest number of 
flowers was recorded by both coconut fiber and sand without a significant difference between both of them. 
Data showed the same trend in the second season. 
 
Table 2: Effect of using different growing media on flower quality parameters of carnation plants grown during seasons of 

2010/2011 and  2011/2012. 
Treatments Flower stem length (cm) Flower head diameter (cm) Flower weight (g) 

1st season 2nd season 1st season 2nd season 1st season 2nd season 
PE 88.39 87.92 8.03 8.43 64.73 68.13 
PP 90.60 89.73 8.90 9.17 70.51 73.90 

PPS 85.18 86.41 7.82 8.08 62.05 63.93 
SA 79.61 78.52 7.25 7.43 54.77 56.12 
SP 83.67 85.75 7.63 8.29 60.53 58.94 
CO 77.76 77.58 7.52 7.86 58.37 53.14 
LSD 1.10 2.30 0.16 0.27 2.52 1.42 

 
 Data in table (2) illustrates the effect of using different growing media on quality parameters of carnation 
flowers. 
 Regarding flower stem length, data collected from first season illustrated that the highest flower stem length 
was recorded in PP followed by perlite then PPS. On the contrary, sand and coconut fibers recorded the lowest 
values without significant difference between both of them. Data showed similar trends in the second season 
except that there was no significant difference between perlite and (PP, PPS, SP), also between SP and PPS. In 
addition, the difference between coconut fibers and sand was not significant. 
 Regarding flower head diameter, data collected from first season illustrated that the PP gave bigger flowers 
than all other growing media followed by perlite, PPS, SP, coconut fibers and finally sand gave the smallest 
flowers. The differences among treatments were significant except between sand and SP. Data showed similar 
trend in the second season except that even SP gave bigger flowers than PPS, but the difference between values 
was not significant. On the other hand, the difference between SP and sand was significant 
 Regarding flower weight, data collected from first season showed that the highest flower weight values 
were recorded in (PP) followed by perlite, while sand recorded the lowest values. Similar trends were observed 
in the second season except that the smallest flower weight values recorded by coconut fibers and the 
differences among tested growing media were significant. 
 Data in table (3) illustrates the effect of using different growing media on some macro-nutrient percentage 
in carnation leaves. 
 Concerning Nitrogen percentage in leaves, data showed that there were no significant differences among 
treatments in the first season. Nevertheless, data collected from second season illustrated that the highest N% 
was recorded in PP followed by perlite then PPS, while sand recorded the lowest percentage. The difference 
between PP and all other treatments were significant. Otherwise, there was no significant difference between 
PPS & SP and SP & coconut fibers. 
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Table 3: Effect of using different growing media on some macro-nutrients percentage in leaves of carnation plants grown 

during seasons of 2010/2011 and 2011/2012. 
Treatments Nitrogen percentage in leaves 

(%) 
Phosphorus percentage in leaves(%) Potassium percentage in leaves 

(%) 
1st season 2nd season 1st season 2nd season 1st season 2nd season 

PE 2.95 3.10 0.61 0.75 3.93 4.01 
PP 3.13 3.30 0.84 0.98 4.14 4.17 

PPS 2.75 2.82 0.73 0.80 4.02 4.11 
SA 2.47 2.18 0.52 0.48 3.18 3.41 
SP 2.68 2.74 0.59 0.64 3.53 3.67 
CO 2.74 2.62 0.55 0.59 3.59 3.66 
LSD N.S 0.17 0.03 0.10 0.15 N.S 

  
 Concerning phosphorus percentage in leaves, data collected from the first season showed that (PP) 
recorded the highest P% followed by PPS then perlite. On the other hand, sand recorded the lowest P%. There 
were significant differences among treatments. Similar trends were recorded in the second season except that the 
difference between PPS and perlite was not significant. 
 Concerning potassium percentage in leaves, data collected from first season illustrated that the highest K% 
in leaves was recorded by PP treatment followed by PPS then perlite. On the contrary, the lowest K% obtained 
by plants grown in sand. Otherwise, there were no significant differences among treatments in the second 
season. 
 

  
 
 
Fig 2: Effect of using different growing media on water use efficiency (no. of flowers / m3 of water) of  

carnation plants grown during seasons of 2010/2011 and 2011/2012. 
 
 Data in Figure (2) illustrates the effect of using different growing media on water use efficiency of 
carnations (no. of flowers /m3of water). Data collected from the first season showed that the highest water use 
efficiency was recorded by PP, perlite, PPS, SP, coconut fibers and sand respectively. There were significant 
differences among treatments except between coconut fibers and sand. Data illustrated similar trends in the 
second season except that the difference between coconut fibers and sand was significant but the difference 
between perlite and PPS was not significant. 
 

 
 
Fig 3: Effect of using different growing media on fertilizer use efficiency (no. of flowers / liter of concentrated  

nutrient solution) of carnation plants grown during seasons of 2010/2011 and 2011/2012. 
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 Data in Figure (3) illustrates the effect of using different growing media on fertilizer use efficiency of 
carnations (no. of flowers/liter of concentrated nutrient solution). Data showed that there were no significant 
differences among treatments in the first season. Nevertheless, data collected from the second season showed 
that PP recorded the highest fertilizer use efficiency followed by coconut fibers, then PPS, perlite and SP 
respectively, without significant difference among them, then came sand in the last position with the lowest 
values. 
 
Table 4: Economic assessment for producing carnations using different growing media under greenhouse area of 180 m2. 

Growing 
media 

Net return (E.P.) Payback                                                                                                            
period (Year) 

Return rate/pound of variable 
costs (%) 

Return rate/ invested 
pound (%) 

PE 6509.1 1.57 1.47 20.54 
PP 9295.36 1.27 1.66 31.3 

PPS 6958.7 1.33 1.52 25.9 
SA 4512.84 1.30 1.38 21.3 
SP 4467.07 1.40 1.35 18.48 
CO 3390.43 1.59 1.26 13.12 

 
 Data in table (4) illustrates the economical assessment for producing carnations using different growing 
media. 
 Regarding net return (E.P.), PP gave the highest net return followed by PPS then perlite. On the other hand, 
coconut fibers gave the lowest net return. Moreover, the net return obtained from PP was 1.43, 1.33, 2.06, 2.08 
and 2.74 times than that obtained from perlite, PPS, sand, SP and coconut fibers respectively. 
 Regarding payback period (year), PP recorded the shortest payback period followed by sand then PPS. 
While coconut fibers recorded the longest period. 
 Regarding return rate per pound of variable costs (%), the highest return rate per pound of variable costs 
obtained by PP, PPS and perlite respectively, while coconut fibers gave the lowest percentage. 
 Regarding return rate per invested pound (%), the highest return rate per invested pound was recorded by 
PP followed by PPS. On the contrary, coconut fibers recorded the lowest percentage for return rate. 
 
Discussion: 
 
 From the overall results, it is clear that perlite : peat moss mixture (PP) is the most suitable growing media 
for producing carnations than all tested growing media. Carnations grown in this growing media recorded higher 
flowers yield, higher flower quality parameters than all other tested growing media; PP produced the highest 
number of flowers per m2 and the produced flowers had the longest stems, biggest flower head and heaviest 
flowers. This came due to superior vegetative growth of plants in PP in comparison with all other treatments; 
plants grown in PP recorded the highest values regarding plant height, fresh and dry weights of vegetative parts. 
This could be a result of improving the growing conditions in the root zone that resulted from better physical 
and chemical properties of the growing media which increased water and nutrients uptake. This is reflected on 
the plant growth and the flower production. Lemaire, (1995) reported that one of the main factors affecting the 
physiological and productive performance of the plant in substrate culture is the type of substrate itself. Also 
Özcelik et al., (1999) mentioned that flower yield of gerbera significantly affected by growing media. Moreover, 
Fakhri et al., (1995) investigated the effect of three substrates (perlite, peat- perlite 1:1 and pumice) on flower 
quality of three Gerbera cultivars (Fame, Rosabella and Sunspot) in comparison with cultivation in soil. They 
found that plants grown in peat perlite gave the highest yield while the lowest number of flowers was recorded 
using perlite and pumice. 
 It's obvious that adding peat moss to perlite in perlite : peat moss mixture (PP) gave better results than using 
perlite alone as growing media for producing carnations. This could be a result to increase the easily available 
water and the reduction of air space that resulted from adding peat moss to perlite. Maloupa et al., (2001) found 
that mixed substrates can maintain favorable physical conditions over longer period than the single substrate. 
Fakhri et al., (1995) mentioned that for optimum plant growth the substrate must contains adequate easily 
available water and air. Easily available water is low in perlite. To solve this problem, it is recommended to 
increase the irrigation frequency, and in this case adding peat moss to perlite increased water availability around 
root zone. Also, if the aeration and the easily available water are maintained in the appropriate level, the roots 
grow fast. Thus, the high growth and yield of the carnations comparing with perlite alone or the all other tested 
growing media could be a result to increase of ability of the plants to absorb more nutrients. This results 
supported by data of the chemical analysis which illustrated that plants grown in PP recorded the highest 
percentages of nitrogen, phosphorus and potassium in their leaves.        
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Conclusion: 
 
 From the overall results, it can be concluded that perlite: peat moss 1:1 v/v (PP) can be recorded as the most 
suitable growing media for producing carnation flowers under protected cultivation in Egypt with high yield, 
flower quality, highest water and fertilizer use efficiency and could be considered as a good investment from an 
economical view; PP recorded the highest values for both net return and return rate per invested pound and the 
shortest payback period. 
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