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Abstract. Coconut coir as an alternative to rockwool is increasingly used as a substrate for 
soilless hydroponic greenhouse production of tomatoes. However, little is known about the 
nutrient status of tomatoes in coconut coir, especially under intensive production conditions. The 
aim of this study was to investigate the nutrient status of different tomato cultivars (orange plum 
‘Organza F1’, red cherry ‘Daltary RZ F1’, red large fruit-sized ‘Securitas RZ F1’ and pink large 
fruit-sized ‘Fujimaru F1’) under industrial greenhouse production, using coconut coir as a 
substrate to reveal nutrient imbalances, their impact on tomato yield and quality, and cultivar 
differences. Essential nutrient and leaf SPAD value was detected for the youngest fully developed 
leaves and the old still vital leaves twice per month from April to August 2020. The total yield, 
marketable and non-marketable yield was regularly determined. During the crop cycle, the 
content of most of the nutrients in tomato leaves corresponded to the standard range reported for 
tomatoes. Only some imbalances were found: all cultivars were characterized by low Zn and high 
S levels in both young and old leaves. The obtained results identified several differences between 
the cultivars: cherry tomatoes 'Daltary' had significantly higher N, K, Fe and Zn in leaves 
compared to other cultivars. The lowest N, Fe and Cu were determined for large fruit-sized 
‘Securitas’. Regardless of the nutrient status and microclimate conditions, the marketable yield 
of ‘Daltary’, ‘Organza’ and ‘Securitas’ was almost 100%, indicating on high suitability of these 
cultivars for hydroponic cultivation in coconut coir. 
 
Key words: different-age leaves, different colour and fruit-size cultivars, natural lighting, 
Solanum lycopersicum, SPAD indices. 
 

INTRODUCTION 
 
Tomatoes (Solanum lycopersicum L.) are one of the most widely produced and 

consumed vegetables in the world with high economic, nutritional and health values 
(Souri & Dehnavard, 2017). Soilless hydroponic greenhouse production has been 
extensively used in tomato cultivation during the last 30–40 years. Thus, in Europe and 
Canada, 95% of greenhouse tomatoes are produced in a soilless culture system (Savvas 
& Gruda, 2018). In general, rockwool medium is the most commonly applied due to its 
good structure, water holding capacity and porosity. However, rockwool as inorganic 
material is non-biodegradable and its disposal or recycling after cultivation is expensive 
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(Gruda, 2019). As an alternative to rockwool, coconut coir as an organic substrate is 
increasingly used as a growing medium for the greenhouse tomato industry. Coir is the 
material consisting of the dust and short fibers derived from the mesocarp of the coconut 
fruits (Cocos nucifera L.) and is one of the most abundant organic waste materials in 
many tropical and subtropical countries (Carlile et al., 2015). Due to its good water 
retention and aeration properties, coconut coir provides a favorable air and water balance 
for plant roots (Barrett et al., 2016). 

Although mineral nutrition is one of the key factors in determining the yield and 
quality of vegetables (Ahmadi & Souri, 2018; Souri & Dehnavard, 2018; Souri et al., 
2018), little is known on the nutrient status of tomatoes in coconut coir under hydroponic 
conditions. Only a few studies have evaluated this media type in relation to the provision 
of nutrients during the growing cycle of vegetables (Kleiber et al., 2012; Xiong et al., 
2017; Xing et al., 2019). Adapting fertilizer management to the specific conditions of 
the substrate as well as to the specific requirements of the cultivars can ensure the 
production of tomatoes with high yields and quality. 

The chlorophyll content is an important indicator of leaf photosynthetic capacity 
and plant health (Hatamian et al., 2020; Zargar Shooshtari et al., 2020). The 
determination of chlorophyll content by rapid non-destructive methods is well developed 
for many fields and greenhouse crops, including tomatoes (Alsina et al., 2016; Jiang et 
al., 2017), providing valuable diagnostic information for purposes such as climate 
control, especially lighting, and nutrient assessment. One of the most known and used 
portable chlorophyll meters is SPAD-502, which offers easy operation in both research 
and agricultural settings. Although several nutrients are involved in ensuring a successful 
process of photosynthesis (Hochmal et al., 2015; Mohammadipour & Souri, 2019), 
SPAD indices are mainly used for real-time assessment of plant nitrogen status and 
control of nitrogen management (Xiong et al., 2015; Costa et al., 2018). It is based on a 
high correlation between the green color intensity and chlorophyll, as well as the 
nitrogen content of the leaves. Little is known about the possibilities of using the SPAD 
values to determine the status of such nutrients as Mg, S, Fe, Mn and others, whose 
deficiency can also cause leaf chlorosis, inhibition of photosynthesis and, consequently, 
reduced yields. 

In greenhouse production, several factors are important in the choice of tomato 
cultivars, such as potential yield, resistance to abiotic and biotic stresses, etc. On the 
other hand, market-oriented trends and consumer preferences can also be crucial. 
Different studies showed that diversification of tomato color, taste, shape and texture is 
required to satisfy consumers, especially for fresh consumption (Casals et al., 2019; 
Jürkenbeck et al., 2019). In Latvia, historically the consumers prefer large fruit-sized 
tomatoes, associating them with good quality. However, cherry and plum tomatoes, as 
well as orange and pink tomatoes also become very popular. 

Overall, only a few reports have examined the effects of cultivar differences on 
nutrient content and chlorophyll meter measurements for vegetables grown under the 
same fertilization conditions, especially in terms of yield and quality (Waterland & 
Moon, 2017; Souza et al., 2020). To our knowledge, no comparative study has been 
published showing differences in the nutrient status of different tomato cultivars under 
commercial greenhouse conditions in coconut coir substrate. 

We hypothesized that the use of a single nutrient solution for different cultivars, 
widely used in modern soilless greenhouse production of tomatoes, could lead to nutrient 
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imbalances for a particular cultivar. Therefore, the objective of this study was to 
investigate the dynamics of nutrient status of different tomato cultivars under industrial 
greenhouse production conditions using coconut coir as a growing substrate to reveal 
nutrient imbalances, their impact on tomato yield and quality, and cultivar differences. 

 
MATERIALS AND METHODS 

 
The study was carried out in the commercial greenhouse of the farm ‘Kligeni’, 

located in Cesis (57°18’N, 25°16’E, sub-boreal climatic zone), Latvia, during the  
spring-summer season of 2020, without artificial lighting. The greenhouse was equipped 
with computer-controlled fertilization, irrigation and partly climate system. Four tomato 
cultivars with different fruit weight, color and shape were used: orange plum ‘Organza 
F1’ (average fruit weight 45–50 g), red cherry ‘Daltary RZ F1’ (average fruit weight 
16 g), red large fruit-sized ‘Securitas RZ F1’ (average fruit weight 260–270 g) and pink 
large fruit-sized ‘Fujimaru F1’ (average fruit weight 180 g). 

Tomato seedlings were transplanted into coconut coir slabs in mid-February. The 
planting density was 2.5 plants m−2. All crop management measures were performed in 
accordance with the current recommendations for tomato growing (Heuvelink, 2018). 
During the crop cycle, the solar radiation ranged from 248–2643 J cm-2 day-1, and the 
average day/night temperature was at 20.9/18.2 °C, respectively. Pollination was 
ensured by the use of bumblebees (Bombus terrestris L.). Nutrient solutions of the 
following chemical composition (in mg dm-3): 10–15 N-NH4, 200 N-NO3, 40–50 P, 
370–450 K, 200–250 Ca, 60–65 Mg, 100–140 S-SO4, 1.8–3.0 Fe, 0.2–0.6 Mn,  
0.40–0.70 Zn, 0.05–0.10 Cu, 0.05 Mo, 0.35 B was used. The pH of the solution was 
adjusted to 5.40 and the electrical conductivity (EC) was in the range of  
2.60–3.20 mS cm-1, according to the growth stage of the tomatoes. Corrections in the 
micronutrient (Fe, Mn, and Zn) concentrations of the nutrient solution, done till the 
middle of the crop cycle, were based on the results of leaf analyses. Thus, Fe content 
was gradually increased from 1.8 mg dm-3 to 3.0 mg dm-3, Zn from 0.4 mg dm-3 to 
0.70 mg dm-3, but Mn content decreased from 0.60 mg dm-3 to 0.20 mg dm-3. 

To diagnose nutrient status, samples for chemical analysis of 12 essential nutrients 
(N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, Mo, and B) were collected and chlorophyll content 
(in SPAD values) was measured for the youngest fully developed leaves and the old still 
vital leaves twice per month from April 2020 to August 2020. There were 10 sampling 
times: 1 – 03.04.2020; 2 – 23.04.2020; 3 – 08.05.2020; 4 – 21.05.2020; 5 – 04.06.2020; 
6 – 18.06.2020; 7 – 06.07.2020; 8 – 22.07.2020., 9 – 06.08.2020., 10 – 27.08.2020. One 
average, sample included 20 leaves collected from 10 plants. Collected tomato leaves 
were quickly rinsed with distilled water, dried at 60 °C in a laboratory dryer with forced 
air circulation and ground. For the determination of K, P, Ca, Mg, Fe, Cu, Zn, Mn, Mo 
and B, plant material was dry-ashed in concentrated HNO3 vapours and re-dissolved in 
3% HCl. For detection of total N, wet digestion was done in conc. H2SO4, for S - in conc. 
HNO3. After mineralization of the plant samples, chemical analyses were done using the 
following methods: the levels of K, Ca, Mg, Fe, Cu, Zn, and Mn were estimated by 
microwave plasma atomic emission spectrometer (MP-AES) 4210 Agilent Technologies, 
the levels of P, Mo, N, and B were determined by colorimetry: P by ammonium 
molybdate in an acid-reduced medium, Mo by thiocyanate in reduced acid medium, B 
by hinalizarine in sulfuric acid medium, N by modified Kjeldal method using Nesler’s 
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reagent in an alkaline medium, S by turbidimetry by adding BaCl2, with a 
spectrophotometer JENWAY 6300 (Rinkis et al., 1989). 

Non-destructive measurement of the chlorophyll content of 10 tomato leaves at all 
sampling times for all cultivars was performed with a portable chlorophyll meter SPAD 
502 (Minolta, Warrington, UK). 

From the beginning of the harvest in mid-April until the end of the harvest in  
mid-October 2020, the total yield, the percentage of marketable and non-marketable 
yield per m2 was determined once a week for all tomato cultivars. 

Statistical analyses (standard errors, Student’s t-test, p < 0.05, Pearson’s 
correlation) were performed to determine differences in nutrient status of cultivars and 
leaves of different age, as well as to reveal correlations between nutrient content, 
chlorophyll content, and percentage of tomato marketable yield using MS Excel 2016. 
To find out the complex differences between the tomato cultivars, the PCA analysis was 
performed by PCord-6 software (McCune & Grace, 2002). 

 
RESULTS AND DISCUSSION 

 
Despite the significant differences between the tomato cultivars and the differences 

in macro- and micronutrient content in the leaves found between the cultivars, no 
symptoms of deficiency or excess of certain nutrients were observed during the tomato 
cultivation in coconut coir substrate. 

The obtained data indicated that, in general, there was no difference between the 
cultivars in the distribution of nutrient concentrations between new and old tomato 
leaves. On average, the concentration of only two nutrients - N and Cu, was significantly 
higher in younger leaves, while significantly higher content of P, Ca, S, Mn, Mo, and B 
was found in older leaves. There was no difference for different-age leaves regarding 
Mg, Zn, Fe, and partly K (Tables 1, 2, Fig. 1). In the case of K, lower contents in younger 
leaves were recorded for cultivars Daltary and Organza. In general, this distribution 
pattern is closely related to nutrient mobility in plants. 

In this study the content of most nutrients in tomato leaves (Tables 1, 2, Fig. 1) 
corresponded to the standard range for tomatoes reported by Brust (2013), Haifa (2020) 
and Campbell (2000). According to these references, there was a sufficient level of N, 
P, K, Ca, Mg, Fe, Cu, Mo and B in tomato leaves for all cultivars. 

However, some imbalances were found: all cultivars were characterized by low Zn 
and high S levels in both young and old leaves. Among the macronutrients, S along with 
Ca, showed the most striking differences in the distribution within the different aged 
plant leaves, with the highest concentrations in the older ones. The concentration of these 
nutrients in young leaves showed and increasing trend during the growing period till 
mid-crop cycle in June. 

Sufficient S content in greenhouse tomato leaves according to various references 
(Hochmuth, 2018; Campbell, 2000) ranges from 0.4 to 1.0 mg kg-1. According to the 
data presented in Table 1, the results of our study showed higher than recommended S 
levels not only in the older but also in the younger leaves for all tomato cultivars. As 
plants can generally tolerate quite high concentrations of S in the growing media, wide 
use of Mg, K, Mn, Zn, and Cu fertilizers in the form of sulphates (Hochmuth, 2018), as 
well as the use of S-containing products for plant disease management (Llorens et al., 
2017) is common in greenhouse vegetable production. Although high levels of S may 
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act as antagonists to other nutrients, our study did not reveal a significant negative 
correlation between S and other nutrients in young and old tomato leaves (p < 0.05). This 
suggests that increased accumulation of S in the leaves could not adversely affect tomato 
cultivation in coconut coir substrate. This is consistent with studies of Xiong et al., 2017, 
also showing high uptake of S and K by tomato under coconut coir. 

 
Table 1. Mean macronutrient concentration (mass %, dry matter) in young and old tomato leaves 
during the crop cycle from April 2020 to August 2020. Sufficiency range in leaves for greenhouse 
tomatoes was indicated according to Brust (2013), Haifa (2020) and Campbell (2000) 

Tomato 
cultivar 

Young leaves Old leaves Sufficiecy 
range Range Mean ± SE Range Mean ± SE 

 N   
Daltary 4.20–5.80 4.70 ± 0.15b1B2 3.75–4.55 4.10 ± 0.09aB 3.50–6.00 
Organza 3.30–5.05 4.19 ± 0.18aA 3.30–4.40 3.87 ± 0.11aB  
Fujimaru 3.70–5.15 4.31 ± 0.15bA 3.20–3.90 3.60 ± 0.08aA  
Securitas 3.45–4.45 4.03 ± 0.11bA 3.00–4.02 3.53 ± 0.11aA  
 P   
Daltary 0.27–0.66 0.43 ± 0.03aA 0.36–0.49 0.43 ± 0.01aA 0.30–1.00 
Organza 0.36–0.78 0.51 ± 0.04aA 0.51–0.92 0.72 ± 0.05bB  
Fujimaru 0.48–0.66 0.54 ± 0.02aB 0.47–0.91 0.72 ± 0.05bB  
Securitas 0.44–0.69 0.57 ± 0.03aB 0.63–0.90 0.77 ± 0.03bB  
 K   
Daltary 2.87–4.99 4.18 ± 0.19aB 3.67–7.78 4.94 ± 0.38bB 3.50–6.00 
Organza 3.02–4.29 3.59 ± 0.14aA 3.28–5.11 3.98 ± 0.17bA  
Fujimaru 3.37–4.86 4.10 ± 0.13aB 3.12–6.69 4.41 ± 0.34aB  
Securitas 3.51–4.49 3.87 ± 0.09aA 3.27–5.80 3.87 ± 0.26aA  
 Ca     
Daltary 1.46–4.28 3.13 ± 0.29aA 4.44–6.20 5.43 ± 0.17bA 1.20–4.00 
Organza 2.04–3.67 2.81 ± 0.21aA 4.57–5.69 5.11 ± 0.14bA  
Fujimaru 1.88–4.44 2.96 ± 0.26aA 4.85–6.18 5.51 ± 0.14bAB  
Securitas 2.52–4.40 3.11 ± 0.19aA 5.19–6.37 5.82 ± 0.12bB  
 Mg   
Daltary 0.17–0.54 0.41 ± 0.03aB 0.19–0.77 0.49 ± 0.05aA 0.30–1.00 
Organza 0.28–0.42 0.34 ± 0.01aA 0.27–0.61 0.41 ± 0.04aA  
Fujimaru 0.23–0.56 0.39 ± 0.03aAB 0.30–0.72 0.46 ± 0.04aA  
Securitas 0.27–0.51 0.34 ± 0.02aA 0.32-0.78 0.42 ± 0.05aA  
 S     
Daltary 0.70–2.13 1.39 ± 0.14aA 2.00–3.13 2.50 ± 0.12bA 0.40–1.00 
Organza 0.90–2.13 1.28 ± 0.14aA 1.50–3.38 2.32 ± 0.18bA  
Fujimaru 0.85–2.00 1.41 ± 0.12aA 1.63–3.50 2.43 ± 0.17bA  
Securitas 1.10–2.50 1.45 ± 0.14aA 1.88–3.50 2.72 ± 0.14bA  

Values with different letters differ significantly (p < 0.05), according to Student’s t-test;  
1For rows, lowercase letters compare young and old leaves of cultivar for each nutrient (a < b);  
2For column, uppercase letters compare cultivars for each nutrient (A < B). 

 
Although the initial concentration of Zn (0.4 mg dm-3) in nutrient solution was 

generally in the standard level of 0.3–0.4 mg dm-3 (Heuvelink, 2018), Zn deficiency was 
found from the second plant sampling time (mid-April) which coincided with the start 
of the tomato harvest (Fig. 1, a). Based on the results of leaf analyses, until the middle 
of the crop cycle (06.06.2020.), the Zn content in the nutrient solution was gradually 
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increased from 0.4 mg dm-3 to 0.70 mg dm-3. This measure resulted in an increase in leaf 
Zn content and in most cases for young leaves the lower sufficiency level was reached. 
However, some differences in cultivars were found - for old and young leaves of 
‘Securitas’, and old leaves of ‘Fujimaru’ and ‘Organza’, Zn levels do not reach 
25 mg kg-1 even after increasing Zn in the nutrient solution, or it happened very 
gradually. As Zn has many biochemical functions in the plant and is required for 
activation of enzyme system, chlorophyll production, auxin metabolism, water stress 
tolerance, etc. (Mengel & Kirkby, 2001), attention should be paid to the optimal supply 
of Zn for tomato growing in coconut coir substrate. 

 
Table 2. Mean micronutrient concentration (mg kg-1, dry matter) in young and old tomato leaves 
during the crop cycle from April 2020 to August 2020. Sufficiency range in leaves for greenhouse 
tomatoes was indicated according to Brust (2013), Haifa (2020) and Campbell (2000) 

Tomato 
cultivar 

Young leaves Old leaves Sufficiecy 
range Range Mean ± SE Range Mean ± SE 

 Cu   
Daltary 6.40–13.40 9.86 ± 0.64bA 6.20–9.80 7.88 ± 0.33aAB 6.0–25.0 
Organza 8.00–18.60 11.04 ± 0.96bA 5.40–11.20 8.62 ± 0.51aB  
Fujimaru 7.60–13.60 10.58 ± 0.58bA 6.80–9.40 8.36 ± 0.27aB  
Securitas 5.40-13.40 9.56 ± 0.82bA 3.80–8.80 6.78 ± 0.58aA  
 Mo   
Daltary 1.00–3.00 2.23 ± 0.20aA 1.80–3.90 2.98 ± 0.20bA 1.0–5.0 
Organza 1.60–3.00 2.19 ± 0.13aA 2.08–5.20 3.15 ± 0.37bA  
Fujimaru 1.40–3.40 2.10 ± 0.18aA 1.80–5.20 3.00 ± 0.30bA  
Securitas 1.40–2.72 1.92 ± 0.14aA 1.80–4.40 2.57 ± 0.28bA  
 B   
Daltary 25–50 36.5 ± 3.14aAB 24–66 48.2 ± 3.92bA 25–75 
Organza 23–44 30.1 ± 1.98aA 35–68 48.9 ± 3.34bA  
Fujimaru 25–50 33.2 ± 2.40aA 33–70 45.9 ± 3.75bA  
Securitas 23–48 30.6 ± 2.25aA 36–62 48.4 ± 2.65bA  
Values with different letters differ significantly (p < 0.05), according to Student’s t-test;  
1For rows, lowercase letters compare young and old leaves of cultivar for each nutrient (a < b);  
2For column, uppercase letters compare cultivars for each nutrient (A < B). 

 
A rapid increase in Mn concentrations from the beginning of the growing season 

was observed in both young and old leaves (Fig. 1, b). To limit this, a reduction of Mn 
concentrations in the nutrient solution was initiated. From the end of April to the 
beginning of June, the Mn concentration in nutrient solution was gradually reduced from 
0.60 mg dm-3 to 0.20 mg dm-3 and remained the same until the end of the season. This 
measure stopped the almost linear increase of Mn concentrations in the older leaves and 
ensured the decrease of Mn in the new leaves - their concentrations reached values within 
the normal range for all cultivars. High Mn concentrations exceeding 500 mg kg-1 can 
be toxic and may adversely affect the uptake of other nutrients (Mengel & Kirkby, 2001; 
Kleiber, 2014). 

Although the Fe concentration in the leaves was generally in the standard range for 
tomatoes, the rapid increase in Mn concentration during the crop cycle resulted in an 
unfavorable Fe: Mn ratio in the leaves, with manganese significantly exceeding the Fe 
content. Therefore, along with the reduction of the Mn, the increase of the Fe 
concentration in the nutrient solution was started from 1.8 mg dm-3 to 3.0 mg dm-3. As a 
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result, the Fe content of the tomato leaves increased only for cultivars ‘Daltary’ and 
‘Fujimaru’, while the ‘Securitas’ and ‘Organza’ had lower Fe levels throughout the 
season in both new and old leaves, which did not change even after increasing the Fe 
content in the nutrient solution (Fig. 1, c). 

 

 
 

 

 
 

 

 
 

Figure 1. Nutrient content in young and old tomato leaves during the crop cycle from April 2020 
to August 2020. Sufficiency range in leaves for greenhouse tomatoes was indicated according to 
Brust (2013), Haifa (2020) and Campbell (2000). Sampling time: 1 – 03.04.2020; 2 – 23.04.2020; 
3 – 08.05.2020; 4 – 21.05.2020; 5 – 04.06.2020; 6 – 18.06.2020; 7 – 06.07.2020; 8 – 22.07.2020; 
9 – 06.08.2020; 10 – 27.08.2020. 

 
The obtained results identified several differences between the cultivars in the leaf 

nutrient content. Thus, cherry tomatoes 'Daltary' had significantly higher mean 
concentrations of N, K, Fe, Zn, but lower P in leaves compared to most other tomato 
cultivars. In general, the lowest N, Fe and Cu were determined for the leaves of large 
fruit-sized ‘Securitas’. The highest response to changes in nutrient solution composition 
was found for tomato cultivars 'Daltary' and 'Fujimaru'. Indeed, these cultivars accumulated 
additional Zn and Fe in leaves more efficiently than ‘Organza’ and ‘Securitas’. 

Many studies have reported almost linear relationships between chlorophyll meter 
values and leaf N content of vegetable crops, including tomato (Dehnavard et al., 2017; 
Jiang et al., 2017; Souri et al., 2017; Padilla et al., 2018). However, the results obtained 
in our study showed that under optimal N supply conditions no significant correlation 
was found between the N content in the tomato leaves and the SPAD readings (p < 0.05). 
A narrow range of relatively high N content in tomato leaves may have been responsible 
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for the weak relationships between SPAD measurements and plant N content. Such a 
plateau response when chlorophyll meters can become partially saturated at high N and 
chlorophyll contents has also been reported for greenhouse-grown cucumbers (Padilla et 
al., 2017) and basil (Walters & Currey, 2018). In tomato, in two cases it is possible to 
have low SPAD value induced by leaf N status: one when N is in the deficient range in 
leaf due to low application of N or its uptake and another due to ammonium nutrition 
and associated toxicity that generally results in leaf senescence and yellowing (Souri et 
al., 2009; Souri & Roemhald, 2009; Dehnavard et al., 2017). 

In contrary to N, our results showed a significant positive correlation between leaf 
SPAD value and the concentrations of S in young tomato leaves for all cultivars except 
‘Organza’. Of the macronutrients, Ca in the new leaves also positively correlated with 
SPAD in all cultivars except ‘Securitas’ (Table 3). A significant positive correlation was 
also found between SPAD indices and concentrations of micronutrients Fe, Mn, Zn and 

chlorophyll biosynthesis and photosynthetic processes in plants. Therefore, to ensure 
intensive photosynthesis as a prerequisite for high yield, it is important to monitor the 
nutrient status of tomato plants and make timely adjustments by optimizing their supply, 
especially for micronutrients. 

The data of total yield during crop cycle were as follows: for ‘Daltary’ - 21.56 kg m-2, 
‘Organza’ - 30.41 kg m-2, ‘Fujimaru’ 36.41 kg m-2, ‘Securitas’ - 46.71 kg m-2. Overall, 
the total yield for cherry tomato ‘Daltary’, obtained without artificial lighting, can be 
regarded as high and comparable with the yields obtained in the Netherlands and Italy 
with the same tomato topology and supplemental lighting: e.g. 21–25 kg m-2 (Dueck et 
al., 2012; Palmitessa et al., 2020). While the average yields for beefsteak tomatoes in the 
Netherlands and other leading tomato-growing countries reach 50–60 kg m-2 and more 
(Heuvelink, 2018). Therefore, the yield obtained for large fruit-sized ‘Securitas’ in 
coconut coir substrate is generally in line with the cultivar and growing conditions, 
although improvements are possible. 

The study included 4 tomato cultivars with different fruit size and weight. 
Therefore, the percentage of marketable fruit production in the total yield was compared. 
The results revealed that regardless of the nutrient content, for the cultivars ‘Daltary’, 
‘Organza’ and ‘Securitas’, the proportion of marketable yield was close to 100% and 
amounted to 99.95%, 96.65% and 95.43%, respectively. This indicates the high 
suitability of these cultivars for industrial greenhouse cultivation. However, higher 
yields could potentially be achieved by addressing some nutrient imbalances. 

Since the nutrient concentrations in leaves had a significant impact on 
photosynthesis, chlorophyll content and tomato yield, all these data have been used in 
the PCA analysis. The 1st axis explained 34.44% and 23.54% of the total variances, the 

B in tomato leaves, especially in 
young leaves of all studied 
cultivars. Previously, significantly 
higher levels of chlorophyll in 
vegetable leaves have been 
reported for foliar Ca, Fe, Zn and 
Mn application (Roosta & 
Mohsenian, 2012; Bin et al., 2020), 
convincingly demonstrating the 
important role of these nutrients in  

 
Table 3. Pearson’s correlation coefficients between 
leaf nutrient concentrations and SPAD values for 
young leaves of tomato cultivars (n = 10; p < 0.05;
r > 0.578; ns – not significant) 

 Ca S Fe Mn Zn B 
Daltary 0.800 0.621 0.795 0.770 0.756 0.901 
Organza 0.585 ns ns 0.721 ns 0.678 
Fujimaru 0.697 0.819 0.955 ns 0.832 0.698 
Securitas ns 0.783 0.689 0.69 0.578 0.685 
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2nd axis - 21.13% and 17.39% of the total variances for young and old leaves, respectively 
(Fig. 2, a, b). PCA confirmed that the chemical composition of ‘Daltary’ generally differed 
from other cultivars. It was particularly pronounced for old leaves. Overall, ‘Daltary’ 
had a higher content of N, Zn, Fe and marketable fruit production. Individual sampling 
points for young leaves of different cultivars were more scattered in the ordination space, 
mainly grouped by sampling time, which indirectly indicates plant age, the period of a 
growth cycle, and the possible impact of microclimate. Thus, PCA indicated on 
substantial differences in leaf nutrient concentrations by course of time in the crop cycle. 

 
 

 
 

 

 
 

Figure 2. Distribution of four studied tomato cultivars within the axes of principal component 
analysis (PCA) of dataset of leaf chemical results, SPAD values and tomato marketable yield. 
a – young leaves, b – old leaves (D – ‘Daltary’; O – ‘Organza’; F – ‘Fujimaru’; S – ‘Securitas’; 
MY – marketable yield). 

 
Analysis of correlation between marketable yield, leaf nutrient content and SPAD 

values was performed for ‘Fujimaru’, the only cultivar for which a significant proportion 
of non-marketable tomato yield (on average 13.53%) was found. The obtained results 

as uneven fruit coloring and incomplete ripening (Schwarz et al., 2013; Hernández-Pérez 
et al., 2020), the only significant negative correlation was found for K in older leaves 

confirmed the importance of Ca, S, Fe, 
Zn, and B in ensuring high quality of 
fruit yield (Table 4). A positive 
correlation between these nutrients in 
young leaves indicated some synergy 
in the uptake processes. Thus, our 
research revealed a significant positive 
correlation between Ca and S, Mn, B; 
S and Fe, Mn; Fe and Zn, B; Zn and B 
(0.601 < r < 0.825, p < 0.05). 

Although K has an undeniable 
positive impact on the quality of tomatoes 
preventing such physiological damage 

 
Table 4. Pearson’s correlation coefficients 
between leaf nutrient concentrations, SPAD 
values and marketable yield of tomato cultivar 
‘Fujimaru’ (n = 10, p < 0.05, r > 0.578) 

Young leaves Old leaves 
Nutrient r Nutrient r 

Ca 0.688 K -0.580 
S 0.734 B 0.588 
Fe 0.854 SPAD 0.739 
Zn 0.805   
B 0.853   
SPAD 0.884   
 

Young leaves Old leaves 
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and marketable fruit yield of ‘Fujimaru’. A significant negative correlation was also 
found between SPAD indices and K concentration in old leaves of ‘Fujimaru’. 
According to various studies, competitive interaction between nutrients occurring among 
Ca, Mg, and K are a widespread phenomenon in tomato cultivation, sometimes leading 
to the choice of either increasing the supply of K to improve fruit quality in terms of 
storage or taste or reducing K levels by reducing the risk of physiological Ca disorders 
(Pujos & Morard, 1997; Fanasca et al., 2005; Sambo et al., 2019). Although our study 
did not reveal Ca and mg deficiency nor a negative correlation between K-Ca and K-Mg 
in ‘Fujimaru’ leaves, a high K: mg ratio was found both for young and old leaves: 10.0 
and 11.3, respectively, comparing to optimum range 6–8, reported by Brust, 2013. As a 
similar K: mg ratio in the leaves was typical also for the other studied tomato cultivars 
with almost 100% fruit quality, K-Mg antagonism was unlikely possible. In general, 
physiological disorders such as blossom-end rot (BER) and blotchy ripening were not 
observed for ‘Fujimaru’ fruits, thus suggesting that the non-marketable crop production 
was not related to shortcomings in the supply of K, Ca, and Mg. 

The tomato quality problems that led to the non-marketable part of ‘Fujimaru’ 
harvest were related to the non-compliance of the fruit with the average weight of the 
cultivar, the irregular shape of the fruit and the deformation of the tomato fruit called 
'catface'. The incidence of such fruit disorders are generally attributed to the 
microclimate in a greenhouse, mainly low temperatures and light levels during 
flowering, as well as incomplete pollination (Peet, 2009). Our study found a significant 
positive correlation between the percentage of marketable yield and day temperature, 
24-hour average temperature, and solar radiation 6 weeks before harvest 
(0.414 < r < 0.658, p < 0.05). The largest deviations from the recommended optimal 
daily temperature range (19 to 20 °C), as well as the lowest light intensity level were 
observed between February and mid-April, which also determined a higher percentage 
of defective fruit at the beginning of the harvest. Cultivation of moderate-climate 
vegetables, such as tomatoes during spring months without artificial lighting in the 
geographical latitudes of Latvia is complicated and may not provide a high and 100% 
quality yield. However, our study revealed cultivar differences - ‘Daltary’, ‘Organza’ 
and ‘Securitas’ were less sensitive to deviations from optimal microclimate conditions. 

 
CONCLUSIONS 

 
 During the crop cycle, the content of most of the nutrients in the tomato leaves 

corresponded to the standard range reported for tomatoes. Only a few imbalances were 
found: all cultivars were characterized by low Zn and high S levels in both young and 
old leaves, as well as by high concentrations of Mn in older leaves. 

 Several differences were identified between the cultivars. Thus, cherry tomatoes 
'Daltary' had significantly higher mean concentrations of N, K, Fe, and Zn in the leaves 
compared to other tomato cultivars, The lowest N, Fe and Cu were determined in the 
leaves of large fruit-sized ‘Securitas’. The highest response to changes in nutrient 
solution composition was found for 'Daltary' and 'Fujimaru' - these cultivars accumulated 
additionally Zn and Fe in leaves more efficiently than ‘Organza’ and ‘Securitas’. 

 Regardless of the nutrient status and microclimate conditions in a greenhouse 
without artificial lighting, for ‘Daltary’, ‘Organza’ and ‘Securitas’, the proportion of 
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marketable yield was close to 100%, indicating on high suitability of these cultivars for 
industrial greenhouse cultivation in coconut coir. 

 Tomato defects as non-compliance of the fruit with the average weight of the 
cultivar and the deformation of the fruit indicated that ‘Fujimaru’ was more sensitive to 
deviations from optimal microclimate in a greenhouse. 

 
ACKNOWLEDGEMENTS. The financial support provided by the European Agricultural Fund 
for Rural Development for project ‘Determining of optimum growing conditions for vegetables, 
using hydroponics growing method with an artificial and day light’, No 18-00-A01612-000017, 
are acknowledged. 

 
REFERENCES 

 
Ahmadi, M. & Souri, M.K. 2018. Growth and mineral elements of coriander (Corianderum 

sativum L.) plants under mild salinity with different salts. Acta Physiologia Plantarum 40, 
94–99. doi:10.1007/s11738-018-2773-x. 

Alsiņa, I., Dūma, M., Dubova, L., Šenberga, A. & Daģis, S. 2016. Comparison of different 
chlorophylls determination methods for leafy vegetables. Agronomy Research 14(2), 309–316. 

Barrett, G.E., Alexander, P.D., Robinson, J.S. & Bragg, N.C. 2016. Achieving environmentally 
sustainable growing media for soilless plant cultivation systems – a review. Scientia 

Horticulturae 212, 220–234. doi:10.1016/j.scienta.2016.09.030 
Bin, L.M., Moerkens, R., Noordam, A., van Aert, R. & Bugter, M.H.J. 2020. The effect of 

chelating Zn, Cu and Mn on plant Fe nutritional status of hydroponically grown tomato 
plants. Acta Horticulturae 1273, 199-206. doi: 10.17660/ActaHortic.2020.1273.27 

Brust, G. 2013. Nutrient Problems and Their Management in Tomatoes. University of Maryland 
extension. https://extension.umd.edu/learn/nutrient-problems-and-their-management-

tomatoes. Accessed 13.12.2020. 
Campbell, C.R. 2000. Reference Sufficiency Ranges for Plant Analysis in the Southern  

Region of The United States. Southern Cooperative Series Bulletin 394, pp. 122, 
www.ncagr.gov/agronomi/saaesd/scsb394.pdf. 

Carlile, W.R., Cattivelo, C. & Zaccheo, P., 2015. Organic growing media: constituents and 
properties. Vadose Zone Journal 14(6), 1–13. doi: 10.2136/vzj2014.09.0125 

Casals, J., Rivera, A., Sabaté, J., Castillo, R.R. & Simó, J. 2019. Cherry and fresh market 
tomatoes: differences in chemical, morphological, and sensory traits and their implications 
for consumer. Agronomy 9, 9. doi:10.3390/agronomy9010009 

Costa, F.S., Lima, A.S, Magalhaes, I.D., Chaves, L.H.G. & Guerra, H.O.C. 2018. Fruit production 
and SPAD index of pepper (Capsicum annuum L.) under nitrogenfertilizer doses. 
Australian Journal of Crop Science 12(1), 11–15. doi: 10.21475/ajcs.18.12.01.pne453 

Dehnavard, S., Souri, M.K. & Mardanlu, S. 2017. Tomato growth responses to foliar application 
of ammonium sulfate in hydroponic culture. Journal of Plant Nutrition 40(3), 315–323. 
doi:10.1080/01904167.2016.1240191 

Dueck, T.A., Janse, J., Eveleens, B.A., Kempkes, F.L.K., Marcelis, L.F.M. 2012. Growth of 
tomatoes under hybrid LED and HPS lighting. Acta Horticulturae 952, 335–342. 
doi: 10.17660/ActaHortic.2012.952.42 

Fanasca, S., Rouphael, Y., Cardarelli, M. & Colla, G. 2005. The influence of K:Ca:Mg:Na ratio 
and total concentration on yield and fruit quality of soilless-grown tomatoes: a modelling 
approach. Acta Horticulturae 697, 345–350. doi: 10.17660/ActaHortic.2005.697.43 

Gruda, N.S. 2019. Increasing sustainability of growing media constituents and stand-alone 
substrates in soilless culture systems. Agronomy 9, 298. doi: 10.3390/agronomy9060298 



1861 

Haifa 2020. Nutritional Recommendations for Tomato. https://www.haifa-
group.com/files/Guides/tomato/Tomato.pdf. Accessed 15.03.2020. 

Hatamian, M., Rezaei Nejad, A., Kafi, M., Souri, M.K. & Shahbazi, K. 2020. Interaction of lead 
and cadmium on growth and leaf morphophysiological characteristics of European 
hackberry (Celtis australis) seedlings. Chemical and Biological Technologies in 

Agriculture 7(1), 1–8. doi:10.1186/s40538-019-0173-0 
Hernández-Pérez, O.I., Valdez-Aguilar, L.A., Alia-Tejacal, I., Cartmill, A.D. & Cartmill, D.L. 

2020. Tomato fruit yield, quality, and nutrient status in response to potassium: calcium 
balance and electrical conductivity in the nutrient solution. Journal of Soil Science and 
Plant Nutrition 20, 484–492. doi: 10.1007/s42729-019-00133-9 

Heuvelink, Ep. 2018. Tomatoes. 2nd edition, Crop production science in horticulture series, 27. 
CABI International, Oxfordshire, 388 pp. 

Hochmal, A.K., Schulze, S., Trompelt, K. & Hippler, M. 2015. Calcium-dependent regulation of 
photosynthesis. Biochimica et Biophysica Acta 1847, 993–1003. 
doi: 10.1016/j.bbabio.2015.02.010 

Hochmuth, G.J. 2018. Fertilizer Management for Greenhouse Vegetables—Florida Greenhouse 
Vegetable Production Handbook, Vol 3. UF/IFAS Extension HS787, 19 pp. 

Jiang, C., Johkan, M., Hohjo, M., Tsukagoshi, S. & Maruo, T. 2017. A correlation analysis on 
chlorophyll content and SPAD value in tomato leaves. HortResearch 71, 37–42. 
doi: 10.20776/S18808824-71-P37 

Jürkenbeck, K., Spiller, A. & Meyerding, S.G.H. 2019. Tomato attributes and consumer 
preferences - a consumer segmentation approach. British Food Journal 122(1), 328–344. 
doi: 10.1108/BFJ-09-2018-0628 

Kleiber, T., Markiewicz, B. & Niewiadomska, A. 2012. Organic substrates for intensive 
horticultural cultures: yield and nutrient status of plants, microbiological parameters of 
substrates. Polish Journal of Environmental Studies 21(5), 1261–1271. 

Llorens, E., Agustí-Brisach, C., González-Hernández, A.I., Troncho, P., Vicedo, B., Yuste, T., 
Orero, M., Ledó, C., García-Agustína, P. & Lapeña, L. 2017. Bioassimilable sulphur 
provides effective control of Oidium neolycopersici in tomato, enhancing the plant immune 
system. Pest Management Science 73(5), 1017–1023. doi:10.1002/ps.4419 

McCune, B. & Grace, J.B. 2002. Analysis of Ecological Communities. MjM Software Design, 
Glenden Beach, Oregon, 304 pp. 

Mohammadipour, N. & Souri, M.K. 2019. Effects of different levels of glycine in the nutrient 
solution on the growth, nutrient composition and antioxidant activity of coriander 
(Coriandrum sativum L.). Acta Agrobotanica 72(1), 1759, 1–9. doi:10.5586/aa.1759 

Mengel, K. & Kirkby, E.A. 2001. Principles of Plant Nutrition. Kluwer Academic Publishers, 
Dordrecht, the Netherlands, 849 pp. 

Padilla, F.M., Peña-Fleitas, M.T., Gallardo, M., Giménez, C. & Thompson, R.B. 2017. Derivation of 
sufficiency values of a chlorophyll meter to estimate cucumber nitrogen status and yield. 
Computers and Electronics in Agriculture 141, 54–64. doi: 10.1016/j.compag.2017.07.005 

Padilla, F.M., Thompson, R.B., Peña-Fleitas, M.T. & Gallardo, M. 2018. Reference values for 
phenological phases of chlorophyll meter readings and reflectance indices for optimal N 
nutrition of fertigated tomato. Acta Horticulturae 1192, 65–72. 

Palmitessa, O.D., Paciello, P. & Santamaria, P. 2020. Supplemental LED increases tomato yield 
in mediterranean semi-closed greenhouse. Agronomy 10, 1353, doi:10.3390/agronomy10091353 
Peet, M.M. 2009. Physiological disorders in tomato fruit development. Acta Horticulturae 821, 

151–160. doi: 10.17660/ActaHortic.2009.821.16 
Pujos, A. & Morard, P. 1997. Effects of potassium deficiency on tomato growth and mineral nutrition 

at the early production stage. Plant and Soil 189, 189–196. doi: 10.1023/A:1004263304657 
Rinkis, G.J., Ramane, H.K. & Kunickaya, T.A. 1987. Methods of soil and plant analysis. Zinatne, 

Riga, 174 pp. (in Russian). 



1862 

Roosta, H.R. & Mohsenian, Y. 2012. Effects of foliar spray of different Fe sources on pepper 
(Capsicum annum L.) plants in aquaponic system. Scientia Horticulturae 146, 182–191. 
doi: 10.1016/j.scienta.2012.08.018 

Sambo, P., Nicoletto, C., Giro, A., Pii, Y., Valentinuzzi, F., Mimmo, T., Lugli, P., Orzes, G., 
Mazzetto, F., Astolfi, S., Terzano, R. & Cesco, S. 2019. Hydroponic solutions for soilless 
Pproduction systems: issues and opportunities in a smart agriculture perspective. Frontiers 

in Plant Science 10, 923. doi: 10.3389/fpls.2019.00923 
Savvas, D. & Gruda, N. 2018. Application of soilless culture technologies in the modern 

greenhouse industry - A review. European Journal of Horticultural Science 83, 280–293. 
doi: 10.17660/eJHS.2018/83.5.2 

Schwarz, D., Öztekin, G.B., Tüzel, Y., Brückner, B. & Krumbein, A. 2013. Rootstocks can 
enhance tomato growth and quality characteristics at low potassium supply. Scientia 

Horticulturae 149, 70–79. doi: 10.1016/j.scienta.2012.06.013 
Souri, M.K., Neumann, G. & Römheld, V. 2009. Nitrogen forms and water consumption in 

tomato plants. Horticulture, Environment, and Biotechnology 50(5), 377–383. 
Souri, M.K. & Römheld, V. 2009. Split daily applications of ammonium can not ameliorate ammonium 

toxicity in tomato plants. Horticulture, Environment, and Biotechnology, 50(5), 384–391. 
Souri, M.K. & Dehnavard, S. 2017. Characterization of tomato growth and fruit quality under 

foliar ammonium sprays. Open Agriculture 2(1), 531–536. doi:10.1515/opag-2017-0055 
Souri, M.K., Sooraki, F.Y. & Moghadamyar, M. 2017. Growth and quality of cucumber, tomato, 

and green bean under foliar and soil applications of an aminochelate fertilizer. Horticulture, 
Environment, and Biotechnology 58(6), 530–536. doi:10.1007/s13580-017-0349-0 

Souri, M.K. & Dehnavard, S. 2018. Tomato plant growth, leaf nutrient concentrations and fruit 
quality under nitrogen foliar applications. Advances in Horticultural Science 32(1), 41–47. 
doi:10.13128/ahs-21894 

Souri, M.K., Rashidi, M. & Kianmehr, M.H. 2018. Effects of manure-based urea pellets on 
growth, yield, and nitrate content in coriander, garden cress, and parsley plants. Journal of 

Plant Nutrition 41(11), 1405–1413. doi:10.1080/01904167.2018.1454471 
Souza, R., Grasso, R., Peña-Fleitas, M.T., Gallardo, M., Thompson, R.B. & Padilla, F.M. 2020. 

Effect of cultivar on chlorophyll meter and canopy reflectance measurements in cucumber. 
Sensors 20, 509; doi:10.3390/s20020509 

Walters, K.J. & Currey, C.J. 2018. Effects of nutrient solution concentration and daily light 
integral on growth and nutrient concentration of several basil species in hydroponic 
production. HortScience 53(9), 1319–1325. doi: 10.21273/HORTSCI13126-18 

Waterland, N.L. & Moon, J. 2017. Mineral content differs among microgreen, baby leaf, and adult 
stages in three cultivars of kale. HortScience 52(4), 566–571. doi: 10.21273/HORTSCI11499-16 

Xing, J., Gruda, N., Xionga, J. & Liua, W. 2019. Influence of organic substrates on nutrient 
accumulation and proteome changes in tomato-roots. Scientia Horticulturae 252, 192–200. 
doi: 10.1016/j.scienta.2019.03.054 

Xiong, J., Tian, Y., Wang, J., Liu, W. & Chen, Q. 2017. Comparison of coconut coir, rockwool, 
and peat cultivations for tomato production: nutrient balance, plant growth and fruit quality. 
Frontiers in Plant Science 8, 1327. doi: 10.3389/fpls.2017.01327 

Xiong, D., Chen, J., Yu, T., Gao, W., Ling, X., Li, Y., Peng, S. &Huang, J. 2015. SPAD-based 
leaf nitrogen estimation is impacted by environmental factors and crop leaf characteristics. 
Scientific Reports 5, 13389. doi: 10.1038/srep13389 

Zargar Shooshtari, F., Souri, M.K., Hasandokht, M.R. & Kalate Jari, S. 2020. Glycine mitigates 
fertilizer requirements of agricultural crops: case study with cucumber as a high fertilizer 
demanding crop. Chemical and Biological Technologies in Agriculture 7(1), 1–10. 
doi:10.1186/s40538-020-00185-5 


