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Abstract

Purpose of this study was to examine plant growth, yield, and fruit 
quality responses of tomato cultivar „Delgado F1” grown in different soil-
less culture substrates, such as perlite, rock wool, and coconut fiber, under 
greenhouse conditions. Horizontal bag culture was used as a growing sys-
tem. The yield, plant biomass, leaf, height, width, fruit taste, aroma, acidity, 
water-soluble solids content (TSS) and lycopene content were measured. 
According to the results, the best fruit quality was determined for the coconut 
fiber media, while the highest total yield was obtained for the perlite media.  
 
Keywords: Soilless culture, Solanum lycopersicum, rock wool, perlite, 
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INTRODUCTION

Due to inadequate agricultural area and climatic factors in the world, an 
increasing trend of using soilless culture has been observed worldwide (Pardossi 
et al. 2011). Soilless cultivation, which is especially important for the protec-
tion of the environment, is being extensively used in many countries (Holland, 
Israel, UK, Japan, France, New Zealand, etc.). Many diseases and pests origi-
nating from soil can have a very negative effect on vegetable production. For 
this reason, controlled cultivation of plants is now more important. Furthermore, 
soilless culture system can improve water use efficiency, as well as water and 
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fertilizer management in vegetable production (Savvas et al. 2013). Thus, 95% 
of tomato cultivated in Europe’s greenhouses is grown by soilless farming tech-
niques and the most used growing medium is rock wool and coconut fiber (Peet 
and Heuvelink, 2005). In addition, many researchers have suggested that plant 
growth, yield, and quality in soilless cultures are better than those in soil cultiva-
tion (Savas et al. 2013 Putra and Yuliando 2015). There have been many studies 
conducted on substrate media, but these studies were mostly based on mixed me-
dia at a certain rate. However, some of the researchers support inorganic media, 
while others report that organic media are more advantageous for growing. For 
example: coconut fiber, perlite, and peat are used in the cultivation of cucumber 
(Alifar et al. 2010) and tomato (Borji et al. 2010), and in these studies coconut 
fiber has shown better yield and fruit quality than others. Mazuela et al. (2012) 
recommended using compost, an organic material, while studying the effects of 
organic and inorganic substrates on tomato yield and quality. In another study 
examining the effects of rock wool, perlite and coconut fiber media on yield and 
nutrient content of cucumber and pumpkin cultivation, coconut fiber had higher 
yield than rock wool and perlite (Cardarelli et al. 2012). A good growing medi-
um provides sufficient anchorage or support to the plant, serves as a reservoir for 
nutrients and water, allows oxygen to diffuse to the roots and permits gaseous 
exchange between the roots and atmosphere outside the root substrate. However, 
different substrates have various materials and structure which could have direct 
and/or indirect effects on plant growth and development. These substrates can be 
used alone, but mixtures of the substrates, such as peat and perlite, coir and clay, 
peat, coconut fiber and compost (Gutierrez et al. 2012), are also used widely. 

The main goal of mixing substrates in specific proportions is to eliminate the 
problems that may arise by combining the superior properties of materials. For ex-
ample, the water-holding capacity can be increased by using inorganic and organic 
media at certain ratios which eliminate problems related to nutrition (Albaho et al. 
2009; Johnson 2010; Gutierrez et al. 2012). As a matter of fact, a lot of researchers 
have been working on mixing organic and inorganic substrates at different ratios. 
The most commonly used growing media in soilless cultivation in the world are 
rock wool, coconut fiber, perlite, volcanic tuff, and peat. However, research on the 
comparison of solely used organic and inorganic media is very limited.

Purpose of this study was to examine plant growth, yield, and fruit quality 
responses of tomato cultivar „Delgado F1” grown in different soilless culture sub-
strates, such as perlite, rock wool, and coconut fiber, under greenhouse conditions.

MATERIALS AND METHODS

The experiment was carried out in the polyethylene greenhouse during the 
autumn growing season. During the experiment, temperature, humidity, venti-
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lation and irrigation were measured by a fully automated (Hortimax, Nether-
lands) greenhouse measurement system. The temperature inside the greenhouse 
was kept between 20-28°C at daytime and 13-18°C at nighttime. The relative 
humidity in the greenhouse was kept between 65-85%. Irrigation was calculat-
ed by using the solar radiation method, considering the radiation from the sun. 
Irrigation level was arranged according to the radiation obtained with sensors:  
1 (J.m-2).h-1 equals 1 mm water.h-1. Rock wool, coconut fiber, and perlite were 
used as a growing medium. The excess of the fertilizer solution used was col-
lected with the drainage gutters on the sides of the slab transport system and 
drained out of the greenhouse. The amount of nutrient solution was adjusted by 
the drippers.

In the study, Delgado F1 (beef) tomato (Solanum lycopersicum) cultivar 
was used as plant material. In substrate growing system, plants from a commer-
cial nursery (Hishtil Toros, Antalya, Turkey), were transplanted (24 days after 
sowing) into the perlite, coconut fiber, and rock wool growing media. The sub-
strates in bags, with 20 dm3 (1.00 x 0.22 x 0.10 m) each, were used, with four 
plants in each bag (2.5 plant m-2).

The dry weight of the prepared material amounted to approximately 1 kg. 
However, as a result of the saturating process, about 5 dm3 of growing medium 
was provided for each plant.

Table 1. Nutrient solution concentration according to plant growth period (ppm) 

Nutrient element concentration (ppm)
Flowering period*

Elements 1 2  3
Nitrogen Nitrogen 88 177 177

Phosphorus 48 62  69
Potassium 383 417 446
Calcium 145 119 119

Magnesium 63 67 67
Iron 2 2 2

Manganese 2 2 2
Zinc 1 1 1

Boron 1 1 1
Cupper 0.2 0.2 0.2

Molybdenum 0.05 0.05 0.05
*1 – From planting to seventh flower cluster, 2 – From seventh flower cluster to tenth flower cluster, 3 – From 
tenth flower cluster to fifteenth flower cluster (last harvest time).
Source: Own study
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The coconut fiber was 70% thick and 30% fine or powdery, and this mate-
rial was also placed in a horizontal PE bag. Initially, the pH range of the material 
was 5.5-6.8 and the electrical conductivity varied between 250-500 μS.cm-1. Per-
lite was filled with horizontal bags of the same size and placed in the growing 
areas. Before planting, humidity of all the bags was increased to approximately 
80%. The rock wool and perlite material were saturated with solutions with fol-
lowing values: EC 1.8 dSm-1, pH values: 5.5. The coconut fiber bags were sat-
urated with a solution of calcium nitrate (150 g .100 dm-3 water) with EC at the 
level of 1.8 dSm-1, pH – 5.5. The saturation was done with drip irrigation systems 
in all three media. The plants were planted one day after reaching full saturation 
in growing conditions. Subsequent irrigation was carried out with nutrient solu-
tions as specified in Table 1.

Table 2. Average of daily nutrient solutions used per plant, EC and pH values  
during experiment

Months Growing
Media

Nutrient solution
ml.day-1

EC
dSm-1 pH

September
Rock wool 1200 2.0 5.7

Coconut fiber 1500 2.0 5.7
Perlite 1750 2.0 5.7

November
Rock wool 1800 2.2 5.6

Coconut fiber 1950 2.2 5.6
Perlite 2000 2.2 5.6

December
Rock wool 400 3.1 5.5

Coconut fiber 550 3.1 5.5
Perlite 550 3.1 5.5

 November

Rock wool 600 3.0 5.5
Coconut fiber 600 3.0 5.5

Perlite 800 3.0 5.5

 January
Rock wool 500 3.1 5.5

Coconut fiber 550 3.1 5.5
Perlite 650 3.1 5.5

 February
Rock wool 400 3.1 5.5

Coconut fiber 550 3.1 5.5
Perlite 550 3.1 5.5

Source: Own study
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The EC value of the top water used for irrigation was in the range of 0.7-
0.8 dSm-1, and the EC value was increased to 1.7-1.8 dSm-1 by the nutrient solu-
tion during planting. The EC value was increased to 2.2 dSm-1 in the first flower 
period and 3.1 dSm-1 in the later developmental stage (Table 2). The humidity 
was kept between 60-65%. Moisture of the bags was measured between 12:00 
and 13:30 daily with a bed humidity meter (Grodan, Netherlands). The amounts 
of nutrient solutions of the growing media, EC and pH values were adjusted 
daily by Hortimax fertilizer system. The used nutrition solution was measured 
monthly (Table 2).

Total number of leaves, height, width, and the index, as well as 10 leaves 
of each plant were counted before and after pruning and counted as number. 
Leaf width and length measurements were done with a steel tape measure. The 
index was calculated as the ratio of leaf width to length. Plant height was mea-
sured with a steel tape measure. Measurements were performed every 10 days. 
Fruits were weighed with a digital ± 5 g scale, counted every week and harvest-
ed when the fruit variety had its own specific size and color. Total yield was 
obtained by adding up the weights of all the fruits harvested at each harvesting 
period. 12 harvests were made during this period. Fruit firmness was determined 
using a digital texture machine (LF Plus Ametec Ins.) and measured via com-
pression using a 50 N load cell and a stainless steel, 5.1 mm diameter cylindrical 
probe with a constant speed of 100 mm.min-1 at a day of harvest and during  
storage period. 

Taste and flavor of fruits were evaluated using the following scale: 1 – very 
poor, 2 – poor, 3 – mild, 4 – good, 5 – excellent. Titratable acidity (TA) was de-
termined by a digital pH meter (Hanna Instruments HI 9231) and titrimeter (Dig-
ital, Isolab), and was expressed as percentage of grams of citric acid equivalent 
per 100 g fresh weight. pH was also measured by a digital pH meter. The soluble 
solid content (SSC) was measured using a digital refractometer (Atago Pocket 
PAL-1) and SSC was expressed as percentage of soluble solids per 100 g fresh 
weight. Fruit color of tomato was determined using a Minolta CR-300 colorime-
ter (Minolta Ramsey, NJ, USA). A white calibration plate (Y = 92.3, x = 0.3136 
and y = 0.3194) was used for calibration. The values were expressed by the CIE 
L* (brightness-darkness), a* (+a*: red, – a*: green) and b* (+b*: yellow, – b*: 
blue) system. Lycopene measurements were performed using the method of Fish 
et al. (2002). For this purpose fruits were used at full maturity stage and 0.5 g of 
fruit was weighed into 250 ml test tubes, 20 ml of the hexane:acetone:methanol 
(2:1:1) mixture was added to the tube, later the tube’s cap was capped and the 
mixture was shaken on the shaker for 30 minutes. Then 3 ml of purified water 
was added and the mixture was shaken for an additional 5 minutes. After shak-
ing, the remaining hexane phase was filtered through Whatman blue band filter 
paper and the resulting filtrate was analyzed in order to determine hexane con-
centration, using a spectrophotometer (Shimadzu UV-1208) at 503 nm. The ab-
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sorbance value at A503 spectrophotometer was fixed at 0.0312. The total amount 
of lycopene was calculated according to the following formula:

The measurements were carried out twice a month, with a total of 12 meas-
urements. During the production, 10 harvests were made and the yields of each 
harvest were evaluated as total yield expressed as kg.m-2 and kg.

The experiment was carried out as a randomized block design with 3 rep-
licates (n: 40). The experimentals were arranged randomly in the greenhouse. 
Data was analyzed using the MINITAB statistical analysis program and LSD 
test. Results marked with different lower case letters are different at a signifi-
cance level of P≤0.05.

RESULTS

Leaf number, width, length and index 

Leaf number was affected by growing media and months. The maximum 
number of leaves was found for coconut fiber. The plants grown in perlite showed 
longest leaf and leaf length, while the shortest leaf length was determined for the 
rock wool growing media (Table 3). The widest leaves were determined for per-
lite, while the narrowest leaves were determined for rock wool. The leaf index 
was not different for growing media and time. Plant height varied for time and 
the fastest growth was determined in the perlite media (Table 3). 

Table 3. Plant height, number of leaves length, width and index according to monthly

Months Growing 
media

Plant
height
[cm]

Number 
of leaf
plant-1

Leaves 
length 
[cm]

Leaves
width
[cm]

Leaves
Index

September
Rock wool 67.0 b 13.6 b 33 b 30 c* 1.1

Coconut fiber 75.7 a 15.7 a 38 a 35 b 1.1
Perlite 75.9 a 15.0 a 40 a 40 a 1.0

October
Rock wool 230.1 b 24.6 c 35 b 35 b 1.0

Coconut fiber 220.0 b 28.6 a 37 b 37 b 1.0
Perlite 247.8 a 27.0 a 42 a 42 a 1.0
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Months Growing 
media

Plant
height
[cm]

Number 
of leaf
plant-1

Leaves 
length 
[cm]

Leaves
width
[cm]

Leaves
Index

November
Rock wool 267.1 b 35.4 35 b 35 b 1.0

Coconut fiber 250.1 b 36.0 37 b 37 b 1.0
Perlite 280.9 a 35.0 43 a 42 a 1.0

December
Rock wool 283.7 b 43.5 36 36 1.0

Coconut fiber 271.4 b 45.0 38 37 1.0
Perlite 315.8 a 44.3 40 39 1.0

January
Rock wool 302.6 b 50.2 b 37 37 1.0

Coconut fiber 300.7 b 53.0 a 38 38 1.0
Perlite 340.6 a 52.5 a 39 38 1.1

*Means followed by different letters are significantly different at P < 0.05.Values with different letters append-
ed are statistically different from one another as indicated by ANOVA analysis (n = 40)
Source: Own study

Mean number of fruits and fruit weight

The average number of fruits per plant was observed in rock wool with 
75 fruits, followed by the perlite media with 65, and coconut fiber with 50. The 
average fruit weight for perlite, coconut fiber and rock wool were 320, 305 and 
257 g, respectively (Table 4).

Table 4. Number of fruits per plant and mean fruit weight

Growing media Number of fruits Fruit weight

Rock wool 75 c 257 c
Coconut fiber 65 b 305 b

Perlite 50 a 320 a
LSD 5% 5.05 3.25

Values with different letters appended are statistically different from one another as indicated by ANOVA 
analysis (n = 40)
Source: Own study

Fruit quality parameters 

Titratable acid in fruit: Titratable acidity value in fruit juice was highest for 
coconut fiber (0.43 mg.100 ml-1) and lowest for perlite (0.31 mg.100 ml-1) wheras 
in Table 5.
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Fruit soluble solid content (TSS %): The highest TSS was determined for 
coconut fiber, while the lowest value was determined for the perlite growing 
media. The highest average TTS value (6.0%) was found for coconut fiber and 
the lowest average TTS value (4.1%) was found in fruits of the plants grown in 
perlite (Table 5). 

Table 5. Fruit titratable acid, soluble solid content (Brix), lycopene, firmness and fruit 
sensory attributes

Months Growing
Media

Titratable 
acid

mg.100-1

Brix
sold
%

Fruit
lycopene
mg.kg-1

Fruit
firmness

kg.m-2

Fruit
sensory

attributes

September
Rock wool 0.40 a 5.5 a 50.12 b 3.42 a 3 b

Coconut fiber 0.43 a 5.9 a 65.37 a 2.16 b 4 ab
Perlite 0.31 b 4.0 b 53.12 b 2.56 c 4 ab

October
Rock wool 0.40 a 5.4 b 53.30 b 3.53 a 3 b

Coconut fiber 0.44 a 6.0 a 68.72 a 3.15 b 5.0 a
Perlite 0.33 b 4.2 c 55.66 b 2.80 c 2 c

November
Rock wool 0.42 a 5.4 b 52.66 b 3.61 a 3 b

Coconut fiber 0.44 a 6.2 a 67.09 a 3.08 b 5.0 a
Perlite 0.30 b 4.2 c 57.63 b 2.66 c 3 b

December
Rock wool 0.41 a 5.2 b 55.78 b 3.45 a 4 ab

Coconut fiber 0.42 a 6.2 a 68.87 a 3.07 b 5.0 a
Perlite 0.30 b 4.2 c 58.08 b 2.73 c 3 b

January
Rock wool 0.40 a 5.5 a 50.12 b 3.42 a 3 b

Coconut fiber 0.43 a 5.9 a 65.37 a 2.16 b 4 ab
Perlite 0.31 b 4.0 b 53.12 b 2.56 c 4 ab

*Means followed by different letters are significantly different at P < 0.05. Values with different letters appen-
ded are statistically different from one another as indicated by ANOVA analysis (n = 40)
Source: Own study

Fruit lycopene content: According to the lycopene analysis, the highest 
value of lycopene was found for the coconut fiber medium in February with 
68.87 mg.kg-1, while the lowest value of lycopene was found for the rock wool 
growing media with 50.12 mg.kg-1 in November. The lycopene levels in fruits of 
the plants grown in the coconut fiber medium were found to be much higher than 
in those grown in the other analyzed media (Table 5).

Fruit firmness (kg.m-2): The most high-value fruit firmness was determined 
with 3.61 kg.m-2 for rock wool during November, the lowest one was determined 
with 2.56 kg.m-2 for perlite during January. Considering all the months, fruit 
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firmness was the highest for rock wool, but there was no statistically signifi-
cant difference for perlite and coconut fiber media in December and February  
(Table 5).

Fruit sensory attributes: The fruit taste and flavor in the experiment was 
evaluated using the 1-5 scale (Koyuncu, 2005). Fruits from the plants grown in 
coconut fiber had the best taste aroma value for all months, while in the case of 
the perlite media – the lowest value in this group was recorded (Table 5).

Fruit Colour: There was no significant difference among the fruit color 
values for growing media in time. Data not showed.

Yield: The harvest started 60 days after planting and in total 15 harvests 
were carried out. As shown in Table 7, the yield per plant was determined as 
14.09, 15.06 and 15.24 kg, for the rock wool, coconut fiber, and perlite growing 
media, respectively. While the yield per plant was the lowest in the case of the 
rock wool medium, there was no significant difference for the coconut fiber and 
perlite media (Table 6).

Table 6. Marketable and unmarketable per plant after 10 cluster fruit set

Growing media kg.plant-1 unmarketable
kg.plant-1

Rock wool 14.09 0.325
Coconut fiber 15.06 0.257

Perlite 15.24 0.263
Mean 15.25 0.281

LSD 5%  ns  ns
Values with different letters appended are statistically different from one another as indicated by ANOVA 
analysis (n:40)
Source: Own study

DISCUSSION

The characteristics of yield and quality of the green component of the plant 
is closely related to the growing media used in soilless culture and the amount 
of nutrient solution used (Ta et al. 2011). In this study, it was determined that by 
applying perlite and coconut fiber, a larger leaf size, a higher number of leaves 
and higher plant height (Table 3) can be achieved during the whole growing sea-
son than in the case of using rock wool. Uysal (1998) used soil, perlite, and peat 
as a growing media and determined that the plants grown in the perlite medium 
were superior to those grown in other media in terms of stem diameter, stem 
length, and leaf number. However, some researchers have reported longer leaf 
length and plant length for coconut fiber, compared to perlite growing media, 
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in cultivation of tomato (Mavrona et al. 2001) and strawberry (Tehranifar et al. 
2007). As for the fruit number, plants grown on rock wool and coconut fiber 
produced more fruit than in the case of applying the perlite growing media. In 
terms of fruit weight, the opposite result was observed. The highest average fruit 
weight was found for perlite growing media with 320 g (Table 4). In a similar 
study, which compared yield and fruit quality of tomatoes grown in perlite and 
rock wool media, the best result was obtained for the perlite growing media 
(Paranjpe et al. 2008). Fruit weight, firmness, soluble solid, titratable acidity, 
color, carotenoids are closely related to fruit quality and these parameters can be 
affected by growing media (Alifar et al. 2010; Ghehsareh et al. 2012, Albaho, 
2013). However, some researchers have reported that the growing media used in 
soilless culture have little effect on yield and fruit quality (Angelis et al., 2001, 
Schnitzler and Gruda, 2002, Lopez et al. 2004; Mazurella et al. 2012). In this 
study, average fruit weight (Table 4), fruit firmness, fruit flavor and aroma evalu-
ation (fruit sensory attributes), fruit titratable acidity, fruit soluble solid and fruit 
lycopene content were affected by growing media (Table 5). Results showed that 
the highest fruit set was observed in the case of samples grown on rock wool, 
whereas for perlite 20% heavier fruit was noted than for the rock wool growing 
media (Table 4). This situation can be explained by fruit number as less fruit set 
(less fruit) is in the perlite growing media could uptake more nutrition and water 
to fruits that increase to fruit weight. It is known that there is a positive rela-
tionship between the EC level of the growing media and the fruit flesh firmness 
(Stamatakis et al. 2003). In this study, it was determined that the fruit firmness of 
tomatoes grown on rock wool with high EC value (EC: 5.05 dSm-1) was higher 
than for the fruits grown on the coconut fiber (EC: 4.2 dSm-1) and perlite (EC: 4.0 
dSm-1) medium (Table 5). This is thought to be due to the increase in the amount 
of wax on the surface of the fruit in the high EC growing conditions, such as rock 
wool. The coconut fiber growing media gave better results than the other two, 
considering such characteristics as fruit taste and flavor, fruit acidity, fruit water 
soluble dry matter and fruit lycopene content (Table 5). In particular, it has been 
determined that in the growing conditions of the research coconut fiber is very 
advantageous in terms of amount of water-soluble dry matter. Increase in yield 
in plants is closely related to plant biomass. In this study, perlite was found to be 
more advantageous for plant biomass development than the other growing media 
(Table 3). This situation is also reflected in the yield (Table 6).
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