J. Soil and Plant Interactions, Vol. 14, No. 3, Fall 2023, pp. 21-37. Research Article
https://jspi.iut.ac.ir ~ EISSN: 2783-5286  https://doi.org/10.47176/jspi.14.3.20652

Optimum Plant Density of Greenhouse Tomato Grown in a Soilless
System in Golestan Province

Sh. Vakili Bastam?”*

(Received: 22 May 2023; Accepted: 17 July 2023)

Abstract

Tomato (Solanum lycopersicum L.) is an important commercial food plant. Several factors affect the growth
of tomatoes in the greenhouse, and one of them is proper planting density. Investigating and suggesting the
best density in hydroponic cultivation can have a significant effect on production efficiency. Therefore, a
factorial experiment was conducted in the hydroponic cultivation system based on completely randomized
design with three replications and two treatment of cultivar (Dafnis, Izmono and Hirad) and density (at four
density levels of 2, 2.5, 3 and 3.5 plants per m?) in the greenhouse of Gorgan Agricultural and Natural
Resources Research and Education Center. Characteristics of number of clusters per plant, number of
flowers per cluster, percent of blossom drop, number of fruits per cluster, fruit yield per plant and per m?,
number of fruits per plant, number of fruits per m?, average fruit weight, fruit diameter, fruit length, pericarp
thickness, uniform fruit ripening, distance between clusters, marketable yield, total soluble solids and pH of
fruit juice were measured. According to the mean comparisons, the average yield per m?at high plant density
(3.5 plants per m?) in all three cultivars was significantly higher than others. With the increase of density
from 3 to 3.5, from 2.5 to 3.5 and from 2 to 3.5 plants per m?, respectively, relative increases in yield per m?
of 2.4%, 28.6% and 43.1% in Hirad, 6.8%, 21.75%, 23.4% in Dafnis and 22.7%, 35% and 51% in Izmono
were observed. With the increase of plant density, the percentage of blossom drop of plants decreased
significantly. The highest total soluble solids content of one cultivar (Hirad) was observed in the highest
density and two other cultivars were not affected. The pH of fruit juice of Dafnis and Izmono at a density of
3.5 plants per m? was significantly lower than other treatments, but there was no difference for this trait in
Hirad cultivar between different densities. The results of this study suggest to increase the density of tomato
in hydroponic greenhouse in Golestan province up to 3.5 plants per m?.

Keywords: Hybrid cultivar, Fruit set, Hydroponic, Tomato, Yield characteristics.

Background and Objective: Contrary to popular belief, greenhouses are not completely isolated from the
outside environment. The condition inside the greenhouse tend to change constantly under the influence of
external weather changes (Omid et al., 2004). One of the management techniques in increasing the quantity
and quality of fruit is the use of proper plant density (Kumar Singh et al., 2021). Due to the high cost of crop
production in greenhouses and in order to achieve the maximum production potential of the plant, it is
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necessary to carry out more precise agricultural operations such as optimizing the density of plants.
Investigating and introducing the best plant density in hydroponic cultivation can have a significant effect on
increasing yield and production efficiency in Golestan province greenhouses.

Methods: A factorial experiment was carried out in the hydroponic cultivation system based on completely
randomized design with three replications in the greenhouse of Gorgan Agricultural and Natural Resources
Research and Education Center. Three greenhouse tomato hybrid cultivars including Dafnis, 1zmono and
Hirad were cultivated at four density levels of 2, 2.5, 3 and 3.5 plants per m2. The following traits were
evaluated in this study: fruit yield per plant and per m2, number of fruits per plant and per m?, number of
clusters per plant, number of flowers per cluster, percent of blossom drop, number of fruits per cluster,
average fruit weight, fruit diameter, fruit length, pericarp thickness, uniform fruit ripening, distance between
clusters, marketable yield, total soluble solids and pH of fruit juice.

Results: The results of analysis of variance showed that fruit yield per plant, fruit yield per m2, number of
fruits per plant, number of fruits per m?, average fruit weight, fruit length, number of fruits per cluster,
average distance between clusters, percent of blossom drop, uniform fruit ripening, pericarp thickness and
pH of fruit juice were affected by the density factor. The results of mean comparisons showed that with the
increase of density from 3 to 3.5, from 2.5 to 3.5 and from 2 to 3.5 plants per m?, respectively, relative
increases in yield per m? of 2.4%, 28.6% and 43.1% in Hirad, 6.8%, 21.75%, 23.4% in Dafnis and 22.7%,
35% and 51% in Izmono were observed. Correlation analysis of studied traits indicated that the fruit yield
per m? had strong and significant correlation with the number of fruits per plant (r = 0.82**), but it had a
negative and significant correlation with the average fruit weight (r = —0.46**).

Conclusions: According to the results of quantitative and qualitative traits of tomato, the density of 2 to 2.5
plants per m?, which is considered in most hydroponic greenhouses in Golestan province, can be increased to
3.5 plants per m? density.
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Fig. 1. Bi-row planting system of tomato in greenhouse (The increase and decrease of the plant density was done by changing the
distance between the plants on the row).
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Table 1. Nutrients concentration for tomato hydroponic culture in different growth stages.

Stage of growth g.i; al>
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5% cluster to termination 3" cluster to 5" cluster 2" cluster to 3" cluster 1% cluster to 2™ cluster Tranz;l)lllz?;to ! Nutrients
140 150 120 95 70 N
45 50 50 50 50 P
200 250 200 150 120 K
180 200 180 180 150 Ca
50 50 40 50 50 S
50 60 50 45 40 Mg
04 04 04 04 04 B
0.33 0.33 0.33 0.33 0.33 Zn
2 2 2 2 2 Fe
0.2 0.2 0.2 0.2 0.2 Cu
0.55 0.55 0.55 0.55 0.55 Mn
0.05 0.05 0.05 0.05 0.05 Mo
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Table 2. Analysis of variance (mean squares) of cultivar and plant density effects on cluster characteristics.
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Slicing of plant density effect in 3 hybrid tomato cultivars
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* and **: significant at the 5 and 1% probability levels, respectively, ns: non-significant
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Table 3. Analysis of variance (mean squares) of cultivar and plant density effects on yield characteristics.
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3452 7.62™ 473.6" 68.31" 3.17m 3901.7m 11043 s 144509™ 3 (HIRAD) 5l »
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* and **: significant at the 5 and 1% probability levels, respectively, ns: non-significant
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Table 4. Analysis of variance (mean squares) of cultivar and plant density effects on fruit physicochemical traits.
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Fig. 2. Mean comparison of slicing of plant density effect on three hybrid cultivars for traits related to cluster; Bars with similar
letters are not significantly different (Duncan, p < 0.05).
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Fig. 3. Mean comparison of slicing of plant density effect on three hybrid cultivars for traits related to yield; Bars with similar letters
are not significantly different (Duncan, p < 0.05).
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Fig. 4. Mean comparison of slicing of plant density effect on three hybrid cultivars for fruit physicochemical traits; Bars with similar
letters are not significantly different (Duncan, p < 0.05).
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