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ABSTRACT 
  

The performance and suitability of different medium for the soilless culture of tomato plants were studied in 
a closed soilless culture system employing six different substrates (perlite, pumice, zeolite and their mixtures 1:1 
in an glasshouse).The plants grown in medium with salty irrigation water. Tomato leaf analysis showed high  
concentrations of Ca2+,Mg2+and K+ due to saline water especially in the medium  treated with zeolite. The 
results suggest that the addition of zeolite in perlite and pumice could improve inorganic medium properties for 
tomato soilless culture, leading to higher yields. The overall results indicated that medium amendment with 
zeolite could  effectively ameliorate salinity stress and improve nutrient balance in the medium. 
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Introduction 

 
Soil and some soilless media are used as plant-

growth media in horticulture.In soilless cultures, 
continuous controlling is required for soil reaction 
(pH), salinity and plant nutrient equilibrium because 
of low buffering capacities of these media. There are 
several advantages of soilless culture compared to 
conventional soil culture which has poor structure, 
poor drainage, disease and salinity problems. Among 
various soilless culture practices, the use of 
substrates is the easiest to be adapted by growers. A 
number of materials such as gravel, water, sand, 
peat,sawdust, pumice, coir, vermiculite, perlite and 
rockwool pure or in mixture have been used as 
growing media. Dubsky and Sramek [4] used 
rockwool as a substrate and observed that it had not 
any significant effect on the growth as compared 
with control.The selection of a particular material for 
substrate use depends on its availability, cost and 
local experience on its use [6], water retention 
capacity of substrate is generally considered as the 
quality determining factors for substrates [1,2]. The 
physical and chemical properties such as the air-
water ratio, CEC and PH are most important. The air-
water ratio can partly be determined by the 
granulometry and porosity [10]. In the present work, 
the suitability of some substrates for soilless 
cultivation was studied, comparing the influence of 
perlite,pumice,zeolite and  their mixtures 
(perlite:zeolite, pumice:zeolite ,perlite:pumice) on 
tomato vegetative, productivity characters and  

relative absorption  of  some nutrient elements by the 
tomato plant. 
 
Material and Methods 

 
Tomato seeds were sown in foam trays were 

transplanted in the oct  2010  to bags containing with 
Perlite, Pumice, Zeolite and their mixtures(1:1) in an 
Greenhouse at  Damghan Islamic Azad University of 
Iran. Greenhouse temperature was maintained in a 
suitable level using air conditioner and moisture was 
adjusted in the range of 60-80% with hygrometer.All 
substrate treatments were supplied with nutrient 
solution having the same composition Plants were 
hand –irrigated  with salty water (3 ds m1-). The 
study includes  6 levels of substrate namely; Perlite, 
Pumice, Zeolite, Perlite: Zeolite, Perlite: Pumice, 
Pumicet: Zeolite (T1,T2,T3,T4,T5 and T6) with three 
repetitions.The salty water established by dissolving 
Nacl salt in fresh water until reaching the 
concentrations. The plants were supplied with the 
standard  nutrient  solution during the growing 
season .To determine the influence of substrate on 
the vegetative, productivity characters and  relative 
absorption of some elements nutrient 
(Na+,Ca2+,K+,N), young fully expanded leaves and 
fruits were sampled from each experimental unit  in 
end of  research.The above samples were dried at 65 
°c  to constant weight and used to determine the N, 
Na+,Ca2+,K+ concentration. Recorded data included 
on plant height fruit number,average fruit weight 
,plant fresh weight, yield per plant. The analysis of 
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variance was done by a SAS package. The Duncan's 
multiple rang were applied to compare means. 
 
Results and Discussion 
 
Substrate characteristics: 
 

Table 1 indicates Some physicochemical 
properties of substrates. Substrate  were different in 
many characteristics. The zeolite  had a much higher 
bulk density,  water prosity with the higher CEC than 
the other medium. The highest ph and lowest EC 
related to Pumice medium. The perlite had highest 
total prosity prorsity  and the lowest  bulk density 
than others. 

 
Vegetative and productivity characters of tomato:  

 
Table 2 and fig 1 to 5  indicate effects of 

different substrates on tomato vegetative and 
productivity characters under salty irrigation water. 
Comparison of means showed that yield of fruits had  
significant difference between treatments(table 2). 
Highest amount of fruit yield related to Perlite:zeolite 
and  Zeolite:Pumice treatment (2.70,2.42kg) that had  
significant difference with others treatments. 
Maximum and amount of fresh weight of plants 
related to Perlite:Zeolite  and  Zeolite /Pumice (1. 
90,1.89 kg) treatments respectively. 

Number of fruits had  significant difference 
between treatments. Maximum  number of fruits 
related to Perlite:Zeolite and Zeolite:Pumice 
(28,27.98) treatments respectively. The most plant 
height in different teratment was obtained in  
Perlite:zeolite and Zeolite:Pumice treatment 
(68.2,68.10cm) respectively. Shortest height was 
seen in the Pumice, Perlite, zeolite and Perlite: 
Pumice treatment. Mean fruit weight had  significant 
difference between treatments. The most fruit weight 
in different teratment was obtained in Zeolite: 
Pumice and Pumice: Zeolite treatment (92,91.71). 
Shortest height was seen in the Pumice, Perlite: 
Pumice and Zeolite  treatment. 
 
K+,Na+,Mg,Ca2+,N,P concentration at tomato leaf:  
 

Table 4 and fig 6 to 9 indicates 
N,P,K+,Na+,Mg,Ca2+ percentage in tomato leaves. 
Results showed that mean comparison of nutrient 
elements of leaves  were significant (P < 0.01) except 
Na+. The most plant concentration leaf K+ in 
different teratment was obtained in Perlite:zeolite 
and pumice:zeolite treatment (3.70,3.65%) 
respectively. The lowest plant concentration K+ in 
different teratment was obtained in Pumice and 
Perlite (1.84,1.80%) respectively. 

The mean comparison of  amount of leaf Na+ in 
treatments  indicated no-significant differences. 
Highest quantities of Ca2+ and Mg2+ were found on 

Perlite:Zeolite and Pumice:Zeolite treatment (1.90, 
1.86 and 0.8-0.76%) respectively. 

The most plant concentration leaf  N was found 
on Perlite: Zeolite and Pumice: Zeolite (3.5, 3.35%) 
and lowest on Pumice,Perlite,Zeolite and 
Perlite:Pumice medium.The most plant concentration 
leaf  P in different teratment was obtained on Perlite: 
Zeolite and Pumice:Zeolite medium and  lowest on 
Perlite  and  Pumice medium (0.45,0.42%) 
respectively. Results indicated that the most ratio of  
K+: Na+ and Ca+2: Na+  were found  on Perlite:zeolite 
and Pumice: Zeolite and the lowest on  Pumice and 
Perlite medium.  
 
Discussion: 

 
There are different reports related to use of 

Zeolite and Perlite as substrates in hydroponic 
culture [12]. In this study, comparison of means 
showed that yield of fruits, fresh weight of plants, 
number of fruits, plant height  and average fruit 
weight had significant difference between treatments. 
Highest amount of mentioned  properties related to 
Zeolite: Pumice and Perlite: Zeolite treatments. 
Shortest amount of mentioned  properties was seen in 
the Pumice, Perlite and Zeolite, Perlite-Pumice 
treatments. This may be related to the physical and 
chemical properties of substrates. The different 
amounts  of leaf nutrient elements approve this 
subject in treatments, as the amounts of Ca+2, Mg,K+, 
K+:Na+ and Ca+2: Na+ in tomato leaves were higher 
in mentioned substra .In this study Zeolite:Pumice 
and Perlite:zeolite media supplied sufficient water 
storing, suitable aeration, low salinity stress and no 
limitation of water for tomato. Similarly, high yields 
have been observed in hydroponic culture of tomato 
[3], cucumber [8], gerbera [5] and rose [12] with 
mixture of Zeolite and Perlite. Leoni et al. [11] 
comparing Perlite and Pumice as substrates in tomato 
cultivation reported no significant difference in yield 
between them, which is in accordance with the 
present results. The better performance of the plants 
grown in Zeolite:Perlite, Zeolite:Pumice was 
ascribed to the considerable cation exchange 
capacity. The Zeolite with high CEC causes easy 
storing in substra mixture and releasing of nutrients 
in soil-less culture.These results are agreement with 
Turhan & Atilla [13] who report that higher 
proportion of zeolite in substra leads to improved 
Ca2+ and  Mg2+ in aerial parts. Turhan and Atilla 
[13] studied the effect of Perlite alone and mixture of 
Perlite:Zeolite (1:1 ratio) on ionic composition in 
"camarosa" strawberry plantlets during vegetative 
phase. They found that using Perlite:Zeolite mixtures 
as substrate to grow strawberry may be beneficial. 
The pumice, perlite and  Zeolite alone showed the 
lowest total yield. showed that the total quantity of 
an element absorbed by the plants from a pumice-
adsorption complex, treated as described, was lower 
than other substra. This may be related to higher 
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CEC in mentioned substra than pumice. As a result, 
Zeolite: Perlite, Zeolite: Pumice had the K+, N, K+: 
Na+ and Ca2+:Na+  concentration higher than Perlite, 
Perlite-Pumice, Zeolite and pumice. This results 

approve  previous finding and tomato higher resistant  
in mentioned  media under salty irrigation water. 

 

 
Table 1: Some physicochemical properties of media 

Treatment    pH           EC         porosity%    Water prosity   Air prosity  Bulk density          CEC 
dsm_1       ( %)                ( %)                (%)                (gcm-3)         (cmol kg–1) 
T1              6.90          1.30         90.00             27.00                 63.0             0.15                  4.00 
T2               8.40          0.11        80.00             15.00                 65.0             0.38                 6.40 
T3              8.0            3.10        57.00             42.00                 15.0              1.14                 170.0 
T4             7.38          1.81         71.36              39.32                32.04            0.47                  120 
T5             8.15         1.52          67.4               31.60                35.80            0.66                  123 
T6            7.63           0.80         79.3                24.3                  55.00           0.28                  5.30 

 
Table 2: Comparison means of quality and quantity characteristics of tomato productivity and  vegetative  fruit in different substrates. 

Means in each column followed by similar letter are not significantly different at 1% and 5% level and Values in the same column followed 
by different letters are significantly different by Duncan's multiple range tes(0. 0 5 ) 
 
Table 3: Effects of different  substra on N, P,  K+,  Na+ and Ca2+  concentration(%) in  tomato leaf  in different substrates.                                

Treatment                                       K               Na                  Ca               Mg          N                     P                K: Na           Ca: Na         
T1                                                 1.80c            0.70a             1.10c          0.37c         2.09b              0.45d          2.57c           1.57c 
T2                                               1.84c            0.71a             1.18c          0.40c         2.30b              0.42d          2.59c           1.66c 
T3                                                2.51b             0.66a            1.58b          0.62b        2.62b              0.60c           3.80b           2.39ab          
T4)                                        3.70a             0.68a            1.90a          0.80a         3.50a              0.82a          5.44a            2.79a 
T5                                         2.58b             0.67a            1.22c         0.43 c         2.10b               0.50d          3.85b           1.82b 
T6                                        3.65a             0.71a            1.86a          0.76a         3.35a               0.70b          5.14a            2.62a 

Means in each column followed by similar letter are not significantly different at 1% and 5% level and Values in the same column followed 
by different letters are significantly different by Duncan's multiple range(0 . 0 5) 

 

                       
 
Fig. 1: variation in yield per plant in different treatments       Fig. 2: variation in average fruit wieght in different  
                                                                                                              treatments 
 

    
 
Fig. 3: variation in fruit number in different treatments         Fig. 4: variation in plant fresh wieght in different   
                                                                                                             treatments  

 

Treatment               plant height               fruit number        Averag fruit weight    plant fresh weight       Yield per plant 
                                     (cm)                                                              (g)                         (kg)                        (Kg) 

T1                            56.90b                     22.30b                     73.00b                   1.20b                      1.50b 
T2                            56.53b                     21.00b                     72.12b                   1.14b                      1.40b 
T3                             57.50b                      22.7b                     72.50b                    1.22b                     1.55b 
T4                            68.20a                     28.0a                       92.00a                   1.90a                       2.70a 
T5                            57.30b                    21.51b                     90.52b                   1.20b                      1.58b 
T6                            68.10a                     27.98a                     91.71a                    1.89a                     2.420a 
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Fig. 5: variation in plant hieght in different treatments  
 

 
 
Fig. 6: variation in Kpercent in different treatments 
 

 
 
Fig. 7: variation in Na percent in different treatments  
 

 
 
 
Fig. 7: variation in Ca percent in different treatments   
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Fig. 7: variation in Mg percent in different treatments  
 

 
 
Fig. 8: variation in flower number in different treatments 
 

 
 
 Fig. 9: variation in flower number in different treatments  
 

 
 
Fig. 10: variation in K:Na in different treatments   
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Fig. 11: variation in Ca:Na in different treatments  
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