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Abstract 
Producing enough tomato to meet market demand sustainably has not been 
feasible in the tropics like Ghana. Attempts to improve production using 
greenhouse facilities have not addressed the challenge because of high- 
temperature conditions in the greenhouse, which are difficult to manage. 
Heat stress, arising from high temperatures, hinder the performance of to-
mato in terms of fruit set and yield. Moreover, the impending climate change 
is expected to impose more unfavorable environmental conditions on crop 
production. An experiment was conducted in (greenhouse at Chiba University, 
Japan) summer period, which has similar high-temperature conditions like 
Ghana. This work sought to increase the yield of a heat-tolerant tomato using 
a state-of-the-art hydroponic system through high-density planting. The out-
come of this work was intended for adoption and practice in Ghana. A 
Heat-tolerant tomato “Nkansah HT” along with Lebombo and Jaguar culti-
vars, were grown at high and low plant densities (4.1 and 2.7 plants m−2 re-
spectively). Each plant was grown in a low substrate volume culture (0.5 L 
plant−1) in a recirculating nutrient film technique (NFT) hydroponic system. 
Parameters measured were plant growth and dry matter assimilation at 12 
weeks after transplanting, and the generative components. Results showed that 
a high plant density increased plant height but reduced chlorophyll content 
by 9.6%. Under temperature stress conditions, the three cultivars recorded more 
than 95% fruit set, but plant density did not affect the fruit set and the inci-
dence of blossom end rot (BER). The incidence of BER reduced the marketa-
ble yield of the Jaguar cultivar by 51% but, this physiological disorder was not 
recorded in the HT and the Lebombo cultivars. A high-density planting in-
creased the yield per unit area increased by 38.9%. However, it is uneconom-

How to cite this paper: Ayarna, A.W., 
Tsukagoshi, S., Nkansah, G.O. and Maeda, 
K. (2021) Effect of Plant Density on the 
Yield of Hydroponically Grown Heat- 
Tolerant Tomato under Summer Temper-
ature Conditions. American Journal of Plant 
Sciences, 12, 901-913. 
https://doi.org/10.4236/ajps.2021.126060  
 
Received: May 3, 2021 
Accepted: June 8, 2021 
Published: June 11, 2021 
 
Copyright © 2021 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution-NonCommercial 
International License (CC BY-NC 4.0). 
http://creativecommons.org/licenses/by-nc/4.0/ 

  Open Access

https://www.scirp.org/journal/ajps
https://doi.org/10.4236/ajps.2021.126060
https://www.scirp.org/
https://doi.org/10.4236/ajps.2021.126060
http://creativecommons.org/licenses/by-nc/4.0/


A. W. Ayarna et al. 
 

 

DOI: 10.4236/ajps.2021.126060 902 American Journal of Plant Sciences 
 

ical to cultivate the Jaguar cultivar under a heat stress condition due to its 
high susceptibility to blossom end rot. To improve the yield of tomatoes un-
der tropical heat stress with a threatening climate change condition, the HT is 
a better cultivar suited for high-density planting. This study shows that high- 
density cultivation of the HT cultivar in NFT hydroponic system has the po-
tential to increase Ghana’s current tomato yield by 4.8 times. 
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1. Introduction 

Increasing the yield of tomatoes to meet market demand sustainably is a major 
challenge facing Ghana. This challenge emanates from the fact that tomato pro-
duction in Ghana has been based on inadequate cultivation systems, the lack of 
high-yielding cultivars, and others. Additionally, tomato crop cultivation under 
extremely high temperatures, especially in the tropics, is besetting with a low or 
poor fruit set. The poor fruit set results in a reduced yield of tomato, especially 
in the dry seasons. 

Furthermore, climate change issues like high temperatures are advancing with 
threats to tomato crop cultivation in the tropics [1] [2] and other regions [3]. It 
has been reported by Johkan et al. [4] that, aside from the adverse physiological 
impacts, the high temperature could also favour the proliferation of insect pests 
and diseases. These negatively affect tomato production. In general, it has been 
predicted by Gunawardena and De Silva [5] that the growth and yield of tomato 
plants will be adversely affected by high temperatures. The yield of tomatoes is 
expected to reduce by 5% - 10% [6] [7] [8]. Too high temperatures reduce fruit 
set [9] and induce blossom end rot [10]. Also, it has been predicted that damage 
to crop plants by phytopathogen and insect pests will be devastating [1] with the 
advent of climate change. 

In advancing climate change, it has been reported that heat-tolerant tomato 
cultivars are better to cultivate [4] [11]. Such cultivars have been reported to set 
fruit, even under high night temperatures above 21˚C [12] maintain net photo-
synthetic rate, under heat stress [13]. 

For proper utilization of the cultivation area, optimum plant density is required 
[14]. Heuvelink et al. [15] showed that crop yield could be affected by excessively 
low or too high plant density. They indicated that plant density could induce 
competition and shade effect. According to Menberu et al. [16], a decrease in 
plant density increases the unmarketable yield of tomatoes. It was reported that 
a high plant density increased marketable fruit yield [17]. Conversely, Geremew 
et al. [18] reported that plant density does not significantly affect the total fruit 
yield of tomatoes. In a nutshell, Ara et al. [14] stressed that an increase in plant 
density leads to an increasing fruit yield of tomatoes. It was further emphasized 
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by Akintoye et al. [19] that yield per unit area increased with an increase in plant 
density. Fruit number increases with an increase in plant density. 

In 2014, greenhouse technology was introduced for tomato and other vegeta-
ble crop cultivation in Ghana. However, it had not been without difficulty man-
aging temperatures inside the greenhouse. Fink et al. [20] stressed that proper 
management of the climate in the less advanced greenhouses is very challenging. 
Also, appropriate tomato cultivars have not been cultivated in tune with the chang-
ing climate. Consequently, the performance of tomatoes has been adversely af-
fected because of the low fruit set and blossom end rot. In tropical regions with 
high temperatures, De la Pena and Hughes [5], Bita and Gerats [21], and Solh and 
van Ginkel [22] suggested using heat-tolerant tomato cultivars for high fruit set. 

This study sought to increase the yield of a heat-tolerant tomato in a high-density 
planting under high summer temperature conditions (like Ghana’s). This work 
was to be performed in a state-of-the-art hydroponics system, which is not 
available in Ghana. This system is characterized using a low substrate volume 
(reducing production cost) with a recirculating technique (conserving water and 
nutrients). With the conservation of resources, a reduced production cost could 
render the cultivation system affordable and adoptable. The outcome of this 
work was intended for adoption and practice in Ghana.  

2. Materials and Methods 
2.1. Treatments 

The study was conducted in the summer period, between May 23 and August 20, 
2018, in the greenhouse of Chiba University, Japan. 

Three cultivars of tomato were evaluated in a plant density of 2.7 and 4.1 
plants per unit area. A heat-tolerant tomato “Nkansah HT” (obtained from the 
University of Ghana, Forest, and Horticultural Crops Research Center, Kade- 
Ghana) was evaluated along with two tropical cultivars. The tropical cultivars 
were Jaguar and Lebombo (obtained from Technisem, Savanna Seed Company 
limited, Longue-Jumelles, France, and Proceed Company, Benoni-South Africa, 
respectively. Information regarding heat tolerance for the Jaguar and the Le-
bombo cultivars has not been provided in the literature. 

The experiment was laid out in a 3 × 2 factorial in the randomized complete 
block design with three replications. Each treatment consisted of twenty plants, 
and data were analyzed by the analysis of variance. Data collected were analyzed 
using the GenStat (Rothamsted Research, Harpenden, UK) while Tukey’s honest 
significant difference (LSD0.05) was used to separate the means at p < 0.05. 

2.2. Cultivation Conditions 

The seeds were sown in coconut shell fiber (Cocopeat, Top Co. Ltd, Japan) on 
May 23, 2019. The germinated seedlings were transferred to an artificial lighting 
chamber equipped with a day/night temperature of 23˚C/18˚C, CO2 supply at 
1000 μmoL moL−1 for a 16 h photoperiod. These conditions were adopted in or-
der to raise stout and healthy seedlings. The nutrient solution was supplied ac-
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cording to half-strength of the Enshi Shoho recipe [23] described below. A spe-
cially designed 0.5 L capacity planting pot, with a bottom water-permeable 
aperture, was filled with coconut shell fibre as the substrate. Transplanting was 
carried out on the third week after germination into a recirculating nutrient film. 
Uptake of nutrients and water was by capillary action. The half-strength Enshi 
Shoho recipe adopted was (0.7 mM NH4-N, 8 mM NO3-N, 1.3 mM PO4-P, 4 mM 
K, 2 mM Ca, 1 mM Mg, 2 mM SO4-S, 3 ppm Fe, 0.5 ppm B, 0.5 ppm Mn, 0.02 
ppm Cu, 0.05 ppm Zn, 0.01 ppm Mo) and supplied through sub-irrigated hy-
droponic technique. Daily, the electrical conductivity of the nutrient solution 
was maintained at 0.12 S∙m−1 and the pH 5.5 - 6.5 throughout the cropping cycle. 
The heat-tolerant cultivar had stopped flowering at the fourth week after trans-
planting. In order to synchronize the growth of the three cultivars, plants of the 
Lebombo and the Jaguar were topped at the third leaf above the second truss.  

2.3. Data Collection 
2.3.1. Plant Growth 
Plant height, leaf number, and chlorophyll content were measured on the twelfth 
week after transplanting (WAT). The plant height was determined using a ruler 
from the base to the uppermost part of the plant. The chlorophyll content was 
measured at the leaves below the youngest trusses, using a chlorophyll meter, 
SPAD-502 (Konica-Minolta Inc., Tokyo, Japan). Three plants were randomly 
sampled, where the leaves were detached and scanned with a camera. The scanned 
leaves were analyzed for the leaf area using  
(https://www.agr.nagoya-u.ac.jp/~shinkan/LIA32/, accessed on August 21, 2019). 
The leaf area ratio (LAR) was calculated as the leaf area divided by the total plant 
dry weight. The leaf weight ratio (LWR) was determined as the total leaf dry 
weight divided by the total plant dry weight. 

2.3.2. Dry Matter Production and Partitioning 
At the twelfth week after transplanting, the three randomly sampled plants were 
separated into leaves, stem, root, and fruit. The different components were oven- 
dried at 72˚C until a constant dry weight was obtained on the sixth day. Sum-
ming up all the components, the mean total plant dry weight was determined. 
The dry shoot weight was determined as the sum of the leaf and the dry stem weight. 

2.3.3. Generative Components 
Days to fifty percent anthesis was determined as the number of days within 
which fifty percent of the plants flowered. Fruit set percent was determined as 
the total number of fruits formed, divided by the total number of flowers present 
per plant. Blossom end rot (BER) percent was calculated as the total number of 
fruits affected by the incidence of BER divided by the total number of fruits 
produced per plant. The yield per unit area was calculated as the fresh fruit 
weight per plant multiplied by 2.7 or 4.1. Fruits were selected from the various 
treatments and scanned for the total soluble solids (TSS) using the K-BA100R 
spectrophotometer (Kubota, Yao, Japan). 
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2.4. Greenhouse Ambient Temperature and Humidity during the 
Cropping Cycle 

The daily maximum and the minimum readings for temperature and humidity 
were recorded using the Smart Sensor AR 867 thermo-hygrometer, Arco Science 
and Technology, China. The readings are shown in Figure 1 and Figure 2. 

3. Results 
3.1. Plant Growth 

The plants cultivated at a high density grew taller than those at low density by 
the twelfth week after transplanting (Table 1). The Nkansah heat-tolerant (HT) 
recorded the lowest plant height compared to Lebombo and Jaguar. Significant-
ly, the Lebombo plants cultivated at a high density were taller than the plants in 
the other treatments. 
 

 

Figure 1. Greenhouse ambient temperature. 
 

 

Figure 2. Greenhouse ambient humidity. 
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Table 1. Growth of tomato as influenced by plant density at 12 weeks after transplanting. 

Cultivar 
(C) 

Height 
(cm) 

Leaf 
number 

SPAD 
value 

Leaf Area 
(cm2) 

LAR 
(cm2/g) 

LWR 
(mg∙g−1) 

HT 78.2c 36.3a 46.8b 1270b 6.8c 161.2b 

Lebombo 121.1a 12.3b 48.5b 1430a 12.9a 226.2a 

Jaguar 92.6b 10.4c 55.6a 1131c 10.6b 158.2b 

HSD(0.05) 8.2 1.3 2.9 129.4 1.3 30 

Plant density (PD) 

High 102.4a 19.7a 48b 1248a 10.5a 180.5a 

Low 92.2b 19.6a 52.6a 1307a 9.8a 183.2a 

HSD(0.05) 6.6 1.1 2.3 105.6 1.1 20 

C × PD 

HT × high 82.8de 36.3a 45.8d 1258bc 6.8d 167.5b 

HT × low 73.6e 36.3a 47.7cd 1283bc 6.9d 154.9b 

Lebombo × high 128.3a 12.5b 45.8d 1514a 13.6a 220.2a 

Lebombo × low 113.8b 12.2b 51.2bc 1346ab 12.4ab 232.3a 

Jaguar × high 96c 10.1c 52.4b 1148c 11.0bc 153.8b 

Jaguar × low 89.2cd 10.6bc 58.8a 1114c 10.3c 162.6b 

HSD(0.05) 11.5 1.8 4.1 182.9 1.8 40 

HT = Nkansah heat-tolerant tomato; LAR = leaf area ratio: LWR = leaf weight ratio Figures with the same 
letter in the same column are not significantly different according to Tukey’s HSD at p < 0.05. 

 
Plant density did not significantly influence the number of leaves produced 

(Table 1). Leaf number produced in the HT was 24 to 26 higher than Lebombo 
and Jaguar. The HT produced a higher leaf number than the other cultivars in all 
the treatments. 

High density planting showed a reduced chlorophyll content than the low 
density planting (Table 1). The Jaguar plants showed a higher chlorophyll con-
tent than the plants in the other cultivars. Chlorophyll content was not affected 
by plant density in the HT cultivar. However, the other cultivars showed reduced 
chlorophyll content in a high plant density. 

Leaf area was not affected by plant density (Table 1). The Lebombo produced 
a higher leaf area than the other cultivars. Plant density did not affect the photo-
synthetic area for the individual cultivars. 

Plant density did not alter the leaf area ratio significantly (Table 1). Com-
pared to the other cultivars, the HT plants recorded the lowest leaf area ratio. 
The leaf area ratio recorded in the individual cultivars did not differ with plant 
density. 

Leaf weight ratio was not influenced by plant density (Table 1). The leaf 
weight ratio observed in the HT was similar to the Jaguar but was significantly 
lower than the Lebombo. The leaf weight ratio recorded in the different cultivars 
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did not vary with plant density. 

3.2. Dry Matter Production and Partitioning 

The HT plants produced the highest plant dry weight compared to the other cul-
tivars (Table 2). Plant dry matter production did not vary with plant density. 
The individual cultivar showed no variation in plant dry matter production with 
plant density. Dry matter allocated to shoot, root, and fruit did not differ with 
plant density. In the shoot, root, and fruit, the dry matter assimilation was high-
er in the HT than the other cultivars. Partitioning of dry matter in the individual 
cultivars showed no variation with plant density. 

3.3. Generative Components and Total Soluble Solids 

The cultivars showed a variation in terms of days to fifty percent flowering. The 
HT flowered 5 - 6 days earlier than the other cultivars (Table 3). Plant density 
did not affect the number of days to flowering. The HT plants grown in both 
high and low densities flowered earlier than the other treatments. 

Fruit set percent was not markedly affected by plant density, cultivar, or their 
interactions (Table 3). 
 
Table 2. Dry matter production and partitioning of tomato as influenced by plant density 
at 12 WAT. 

Cultivar (C) TPDM (g plant−1) SDM (g) RDM (g) FDM (g) 

HT 186.7a 78.2a 19.7a 88.8a 

Lebombo 106.5b 50.3b 16.4b 42.7c 

Jaguar 110.4b 32.8c 17.4b 57.4b 

HSD(0.05) 9.9 5.7 2.4 7.7 

Plant density (PD) 

High 134.1a 53.7a 18.1a 62.3a 

Low 134.9a 53.8a 17.5a 63.6a 

HSD(0.05) 8.1 4.7 1.9 6.3 

C × PD 

HT × high 186.2a 79.2a 19.6ab 87.4a 

HT × low 187.1a 77.1a 19.9a 90.1a 

Lebombo × high 111.6b 50.2b 18.7ab 42.7c 

Lebombo × low 109.3b 50.5b 16.0b 42.7c 

Jaguar × high 104.5b 31.8c 16.0b 56.7b 

Jaguar × low 108.4b 33.8c 16.7ab 57.9b 

HSD(0.05) 14 8.1 3.4 10.9 

HT = Nkansah heat-tolerant tomato; TPDM = total plant dry mass; SDM = shoot dry mass; RDM = root 
dry mass; FDM = dry mass allocated to fruit; Figures with the same letter in the same column are not sig-
nificantly different according to Tukey’s HSD at p < 0.05. 
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Table 3. Generative components and total soluble solids of tomato as influenced by plant 
density. 

Cultivar (C) 
Df 

(days) 
FS 
(%) 

FNa 
BER 
(%) 

Yield 
(kg∙m−2) 

TSS 
(% Brix) 

HT 30b 99.5a 150.7a 0.0b 2.7a 6.4a 

Lebombo 35.8a 98.3a 40.4b 0.0b 1.4c 6.7a 

Jaguar 36a 99.6a 19.6c 51.73a 2.3b 6.7a 

HSD(0.05) 0.6 1.3 3.8 7.1 0.2 0.4 

Plant density (PD) 

High 33.9a 99.4a 82.3a 17.2a 2.5a 6.7a 

Low 33.9a 98.9a 58.1b 17.3a 1.8b 6.5a 

HSD(0.05) 0.5 1.0 3.1 5.8 0.1 0.3 

C × PD 

HT × high 30b 99.6a 179.1a 0.0b 3.2a 6.4a 

HT × low 30b 99.3a 122.3b 0.0b 2.3b 6.4a 

Lebombo × high 35.8a 98.4a 44.1c 0.0b 1.5cd 6.9a 

Lebombo × low 35.8a 98.2a 36.7d 0.0b 1.3d 6.4a 

Jaguar × high 36a 100a 23.8e 51.5a 2.9a 6.6a 

Jaguar × low 36a 99.3a 15.3f 51.9a 1.7c 6.7a 

HSD(0.05) 0.9 1.8 5.4 10 0.31 0.6 

H.T. = Nkansah heat tolerant tomato; Df = days to fifty percent flowering; FS% = percent fruit set; Fna = 
fruit number per unit area; BER = percent fruit affected by blossom end rot; TSS = total soluble solids; Fig-
ures with the same letter in the same column are not significantly different according to Tukey's HSD at p < 
0.05. 

 
The HT and Lebombo plants showed no incidence of blossom end rot (Table 

3). However, 51% of Jaguar’s fruits were affected by blossom end rot. Plant den-
sity did not affect the incidence of blossom end rot. Under the low and high 
plant densities conditions, fruits of the Jaguar cultivar were highly affected by 
blossom end rot compared to the HT and Lebombo. 

The HT plants produced more fruits per unit area than the other cultivars 
(Table 3). Plants that received a high-density planting produced 24 more fruits 
per unit area than in the low-density planting. The lowest number of fruits was 
observed in the Jaguar plants that received the low-density planting. HT cultivar 
grown at high density produced 55 more fruits than same cultivar grown at low 
density.  

The highest marketable yield per unit area was recorded in the HT plants, 
while the lowest was observed in the Lebombo (Table 3). High-density planting 
produced 0.7 kg more yield than the plants cultivated at a low density. The 
highest yield per unit area was produced in the HT and Jaguar plants, which were 
cultivated in high density compared to the other treatments. 

Total soluble solids of the fruits did not vary with plant density, cultivar, and 
the interaction between plant density and cultivar (Table 3). 
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4. Discussions 
4.1. Plant Growth 

Plants cultivated at a high density grew taller than those in a low density. This 
result confirms the findings of Tuan and Mao [24] and Gupta Shukla [25] that 
high plant density increased plant height. The observation might be associated 
with some degree of etiolation. A more significant number of plants growing in 
a unit area might have strived for more sunlight, thereby inducing stem elonga-
tion. The Lebombo plants exhibited a longer internode length and therefore 
grew taller than the other cultivars. 

The HT plants produced a more significant number of leaves than the other 
cultivars. The HT cultivar was a determinate type, with three stems from which 
many leaves were produced. Leaf number was not affected by plant density, 
which is confirmed in Mahmoud’s findings [26]. 

A high-density planting reduced chlorophyll content by 9.6% because of the 
shade effect. Plant density did not affect chlorophyll content in the HT com-
pared to the other cultivars. The individual leaves in the HT plants were rela-
tively smaller in size. As a result, the effect of leaf shading might have been 
minimized compared to the other cultivars. 

Larger leaf size was produced in the Lebombo plants. This accounted for the 
larger leaf area in the Lebombo plants than the other cultivars. During high 
summer temperature (tropical) conditions, dry matter production efficiency and 
partitioning in Lebombo leaves were higher than the other cultivars. 

4.2. Dry Mass Production and Partitioning 

There was higher dry weight with HT cultivar’s shoot, root, and fruits than the 
other treatments. This accounted for the higher total plant dry matter produced 
in the HT compared to the other cultivars. The higher leaf number and stem in 
the HT plants might have induced higher sink strength than the Lebombo and 
Jaguar. Additionally, the larger fruit number produced in the HT might have in-
creased its sink strength compared to the other cultivars. Production of more 
photosynthates might have been induced in the HT plants because of the higher 
sink strength. 

The Lebombo cultivar showed a higher photosynthetic area with higher effi-
ciency in dry matter production. However, more of the dry matter produced was 
allocated to the leaves. The sink strength in the Lebombo fruits might have been 
limited. Therefore, dry matter assimilation to other organs was reduced com-
pared to the HT. There was a low photosynthetic area but high efficiency in dry 
matter production in the Jaguar plants. Dry matter allocation to fruit was higher 
than in the vegetative parts. 

4.3. Generative Components and Total Soluble Solids 

Anthesis in the HT cultivar occurred six days earlier than the other cultivars. 
This observation may be due to genetic differences among the three cultivars. 
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Regardless of the high summer temperatures, the percent fruit set was very 
high among the three cultivars. This result disagrees with Li et al. [9] that high 
temperatures reduce fruit set. The response of tomato fruit set to high tempera-
tures stress is dependent on the cultivar. 

However, the Jaguar cultivar showed a higher susceptibility to blossom end 
rot (BER) in the summer period. Marketable fruit number in the Jaguar was re-
duced by 51% due to BER. This result is in line with Rosales et al. [10] that high 
temperatures induce BER, as the reproductive organs (fruits) are highly ham-
pered [27]. However, this result showed that some cultivars are not affected un-
der heat stress regarding susceptibility to BER. Gunawardena and De Silva [28] 
indicated that the yield of tomatoes would adversely be affected during high 
temperatures. The HT and the Lebombo showed no record of BER compared to 
the Jaguar. Most probably, the fruits of the HT and the Lebombo cultivars had a 
higher store of calcium at their blossom ends than the Jaguar. These two culti-
vars might have also developed a better water and nutrient use efficiency with 
higher membrane integrity [29] than the Jaguar. The high summer temperatures 
might have accelerated the expansion of fruit in response to the transport of as-
similates. Transport of assimilates and calcium in the HT and the Lebombo 
might have been well-coordinated at the blossom end of their respective fruits 
than the Jaguar. 

A high-density planting increased fruit number by 42% due to more plants 
present per unit area. This result contradicts the findings of Balemi [30] that 
fruit numbers increased with low plant density. It was argued that there was low 
competition for resources for plants grown at low density. The HT produced 
more fruits per unit area, with a reduced fruit size than Lebombo and Jaguar. On 
the other hand, the Jaguar recorded the lowest fruit number per unit area. The 
reduction in fruit number for the Jaguar plants was due to the high incidence of 
blossom end rot. Adams and Ho [31] have explained this that cultivars which 
produce large fruit size are more susceptible to blossom end rot.  

The marketable yield of tomatoes per unit area increased by 43% when was 
cultivated at high density. This work’s findings showed that plant density affects 
yield against Geremew et al. [18], who reported that plant density does not affect 
the yield of tomatoes. The highest yield per unit area was recorded in the HT 
cultivar. This is because a higher total plant dry matter was produced with a 
higher dry matter allocation to the HT’s reproductive sinks (fruits). The more 
significant fruit number in the HT might have induced an increased reproduc-
tive sink demand for assimilates than the other cultivars. 

Similarly, the Jaguar cultivar grown at a high plant density produced a high 
yield as the HT. With a high dry matter apportioned to fruit in the Jaguar, the 
reproductive sink demand might have increased hence a higher yield than the 
Lebombo. Cultivar planting at a high density increased the yield per unit area of 
tomato by 15% - 70%. This agrees with Ara et al. [14] and Akintoye et al. [19] 
that an increase in plant density increases the yield of tomato per unit area. In 
this study, the nutrient film hydroponic system might have induced a high 
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osmotic gradient around the root zone, thus increasing the total soluble solids 
than that reported by Nkansah et al. [32] in Ghana.  

5. Conclusion 

Under summer temperature (tropical) conditions, the heat-tolerant tomato cul-
tivar was best suited for cultivation compared to the other cultivars. The Le-
bombo showed a high degree of heat tolerance and resistance to the incidence of 
blossom end rot (BER) but, the fruit yield was low. Yield in the Jaguar cultivar 
was relatively as high as the HT. Notwithstanding it is uneconomical to cultivate 
the former during extreme high-temperature conditions because there could be 
a yield loss of 51% due to BER. The nutrient film technique hydroponic system 
adopted in this study may be affordable since a small quantity of substrate is re-
quired with efficient use of water and nutrients. Tomato cultivation could there-
fore be practiced at least three times per year. A high-density planting of the HT 
could produce a fruit yield of 9.6 kg m−2 in a year. This study shows that high- 
density cultivation of the HT cultivar in NFT has the potential to increase Gha-
na’s current tomato yield by 4.8 times. Under high tropical temperature condi-
tions, further studies could be conducted using a drip hydroponic system with a 
slight increase in the substrate volume to assess the performance of the HT.  
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