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ABSTRACT 

The use of high quality seedlings is a key factor for the success of vegetable production, and the container size and 

design characteristics of the containers are important determinants of seedling quality. A experiment was conducted 

to investigate the effects of different container types on quality of cucumber seedlings (Cucumis sativus L., cv. 

Aodai Melhorado). Seedlings were grown in a seedling nursery with shadow protection at 50% in different 

containers: (i) 128-cell trays; (ii) 64-cell trays; (iii) tubes of 120 cm3; and (iv) plastic cups of 180 cm3. The plant 

height, diameter, root length, shoot dry matter, root dry matter, sturdiness quotient (SQ), shoot:root dry matter ratio 

(SRR) and Dickson quality index (DQI) were measured at 21st days after sowing. The production of cucumber 

seedlings in 64-cell trays, polypropylene tubes of 120 cm3 and plastic cups of 180 cm3 resulted in the highest 

values for the majority of investigated traits. The tray of 128-cells results in lower quality cucumber seedlings 

compared to other containers. Tubes with volume of 120 cm3 and plastic cups with volume of 180 cm3 are more 

appropriate containers for the production of high quality cucumber seedlings. The DQI is a good indicator of the 

standard of quality of cucumber seedlings. 
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Qualidade de mudas de pepino produzidas em diferentes recipientes 

RESUMO 

O uso de mudas de alta qualidade é um dos principais fatores para o sucesso da produção de hortaliças. O tipo e o 

tamanho dos recipientes são determinantes para a obtenção de mudas de qualidade. Um experimento foi conduzido 

para avaliar os efeitos de diferentes recipientes na qualidade de mudas de pepino cv. Aodai Melhorado. As mudas 

foram cultivadas em um telado com sombrite a 50% em diferentes recipientes: (i) bandejas de 128-células; (ii) 

bandejas de 64-células; (iii) tubetes de 120 cm3; e (iv) copos plásticos de 180 cm3. Aos 21 dias foram mensurados 

altura, diâmetro, comprimento das raízes, matéria seca da parte aérea e das das raízes, quociente de robustes, 

relação de matéria seca da parte áerea: raízes e o índice de qualidade de Dickson (IQD). Os resultados indicaram 

que a produção de mudas de pepino em bandejas de 64-células, tubetes de 120 cm3 e copos plásticos de 180 cm3 

resultou em maiores valores para a maioria das variáveis mensuradas. A bandeja de 128-células resultou em mudas 

de pepino com qualidade inferior às mudas produzidas nos demais recipientes. Os tubetes de 120 cm3 e copos 

plásticos de 180 cm3 são os recipientes mais adequados para a produção de mudas de pepino. O IQD foi um bom 

indicador do padrão de qualidade das mudas de pepino. 

Palavras-chave: Cucumis sativus L, trays, tubes, cups, seedling quality. 
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1. Introduction 

Cucumber (Cucumis sativus L.) is a warm season, 

vining, annual plant in the family Cucurbitaceae grown 

for its edible cucumber fruit (FILGUEIRA, 2008). 

Fruits of the cultivar Aodai (group salad) have smooth 

skin with few spines and glossy dark green color; they 

are cylindrical, approximately 20 to 25 cm long and 4.5 

to 5.0 cm in diameter, with average weight of 350-400 g 

(FILGUEIRA, 2008). The cucumber is the second most 

produced cucurbit worldwide after the watermelon 

(Citrullus lanatus – Cucurbitaceae) (CARVALHO et al., 

2013). In Brazil, the cucumber is the fourth most widely 

cultivated vegetable, with mean annual production 

around 220,000 tons in 2013 (CARVALHO et al., 2013). 

The quality of seedlings used is a major factor that 

determines the success of cucumber production. This is 

because the cucumber seedlings do not transplant well 

due to their root systems do not tolerate or recover well 

from any damage (FILGUEIRA, 2008). During the 

seedling production phase, container size, growing 

density and design characteristics of the containers are 

important determinants of seedling quality (LANDIS et 

al., 1990).  

Different types of recipients are used for seedling 

production (test tubes, trays, plastic bags), made from 

different materials (including expanded polystyrene, 

polypropylene) and sizes, especially expanded 

polystyrene trays that are the most used for cucumber 

seedling production (FILGUEIRA, 2008). The volume 

of the cavity is one of the most obvious and important 

characteristics of a container because in general, the 

larger the container the larger the seedling that can be 

produced (ECHER et al., 2007; COSTA et al., 2012; 

2013). However, the optimum container size varies 

according to many different factors, including species, 

growing density, environmental conditions and length 

of the growing season (TSAKALDIMI et al., 2005). 

Many studies with different species have been 

carried out with the objective of producing high quality 

seedlings (RESENDE et al., 2003; ECHER et al., 2007; 

RODRIGUES et al., 2010; COSTA et al., 2009; 20012; 

2013), and the results have shown that larger containers 

have allowed the seedlings to grow and develop better. 

Costa et al. (2013) recommended 72-cells trays for the 

production of better quality eggplant seedlings 

(Solanum melongena – Solanaceae). The tray of 72-cells 

was also better container for the production of tomato 

seedlings (Solanum lycopersicum – Solanaceae) 

(RODRIGUES et al., 2010). Echer et al. (2007) reported 

that the better container for production of beet seedlings 

(Beta vulgaris – Chenopodiaceae) is the 128-cell 

expanded polystyrene trays. However, the effects of 

container types and sizes on quality of cucumber 

seedlings are still incipient and inconclusive.  

This research was carried out to investigate the 

effects of different container types on quality of 

cucumber seedlings (Cucumis sativus L., cv. Aodai 

Melhorado). 

 

 

2. Material e Methods 

The experiment was conducted in a seedling nursery 

at the Horticultural Department of the Mato Grosso do 

Sul State University (UEMS), in Cassilândia, Mato 

Grosso do Sul, Brazil (19º05'20'' S, 51º48'24'' W, and 

altitude of 470 m). Cucumber seeds of the cultivar 

‘Aodai melhorado’ were planted on October 22th, 2015, 

in 128-cell expanded polystyrene trays with a volume of 

30 cm3 per cell (container standard for producing 

cucumber seedlings); 64-cell expanded polystyrene 

trays with a volume of 60 cm3 per cell; black 

polypropylene tubes with volume of 120 cm3; and 

plastic cups with volume of 180 cm3. All containers 

were filled with commercial substrate composed of 

coconut fiber (Bioplant®). Two seeds were sown per 

cell or container, and five days after sowing, they were 

thinned to one seedling per cell or container. Cucumber 

seedlings were grown in a seedling nursery with shadow 

protection at 50%. The experimental was arranged in a 

randomized complete block design with four treatments 

(four container types) and ten repetitions. 

Cucumber seedlings were evaluated at 21 days after 

sowing. Seedlings in all treatments were removed from 

the containers and washed with water to remove 

substrate adhered to the roots. Posteriorly, the seedlings 

were separated into roots and shoots, dried in a forced 

air circulation oven for three days at 65 ºC, and then 

weighed. The results of shoot dry matter (SDM) and 

root dry matter (RDM) were expressed in grams per 

seedling. The shoot length (SL, in cm) and root length 

(RL, in cm) were measured using meter scale (cm). 

Root volume (RV, in cm3 seedling−1) was determined by 

water displacement using a calibrated cylinder. Collar 

diameter (CD, in mm) was measured by using a digital 

caliper with accuracy of 0.01 mm. From these 

measurements were calculated total dry matter (TDM), 

shoot:root dry matter ratio [SRR; shoot dry matter 

(g)/root dry matter (g)], sturdiness quotient [SQ; shoot 

length (cm)/collar diameter (mm)] and Dickson Quality 

Index [DQI = TDM/(SRR + SQ] (DICKSON et al., 

1960). 

The normality of data was previously tested by the 

Kolmogorov-Smirnov test and then data were submitted 

to analysis of variance (ANOVA), and means of 

treatments were compared by the Tukey test at the 0.05 

level of confidence. All analyses were performed using 

Sisvar version 5.3 software for Windows (Statistical 

Analysis Software, UFLA, Lavras, MG, BRA). 
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3. Results and Discussion 

The container types significantly affected (P ≤ 0.05) 

on all the measured traits (Figures 1 and 2). The greater 

shoot height of cucumber seedlings (10.3 cm) was 

obtained with the polypropylene tubes of 120 cm3, 

followed by 64-cell trays (9.1 cm) and plastic cups of 

180 cm3 (8.1 cm) (Figure 1A). Smiderle et al. (2001) 

evaluating different substrates found that the height of 

cucumber seedlings at 21 days after sowing range from 

6.5 to 14.2 cm. In this study, only the cucumber 

seedlings produced in 128-cells trays showed lower 

shoot height (5.7 cm) to those values reported by 

Smiderle et al. (2001). 

The greater length of roots (21.0 cm) was obtained 

with the use of polypropylene tubes (Figure 1B). The 

length of cucumber roots produced in plastics cups and 

64-cells trays were 17.4 and 17.0 cm, respectively. 

These values are higher than those reported by Smiderle 

et al. (2001), who found that the root length of cucumber 

seedlings at 21 days ranged from 23.3 to 14.4 cm. 

The 64-cell trays, polypropylene tubes and plastic 

cups resulted in cucumber seedlings with the highest 

values of stem diameter (3.22 to 3.85 mm). In the tray 

of 128-cell the collar diameter was 2.1 mm (Figure 1C). 

The increase in stem diameter is important for providing 

greater robustness to the seedlings. The stem diameter 

has been appointed as the best and most practical 

characteristics for classification and identification of 

high quality seedlings, and therefore can be considered 

a good predictor of outplanting survival. Ivetić et al. 

(2013) reported that stem diameter was the most 

important grading characteristic, followed by root 

volume and shoot height.  

The largest root volume (22.6 to 24.0 cm3 seedling–

1) was obtained for the seedlings produced in 64-cell 

trays, polypropylene tubes and plastic cups (Figure 1D). 

Root volume is an important indicator of survival in the 

field (IVETIĆ et al., 2013). Restrictions to root growth 

may reduce the ability of seedlings to maintain adequate 

xylem water potential, termed drought avoidance, 

during the critical establishment period following 

outplanting (NESMITH; DUVAL, 1998). Studies on 

production of nursery seedlings indicate that a high 

quality seedling should have an average root volume of 

20 to 35 cm3. Therefore, based on this inference only 

the root volume of seedlings produced in 128-cell trays 

cannot be classified as high quality. 
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Figure 1. Effects of container types on shoot length (SL, in A), root length (RL, in B), collar diameter (CD, in C), and root volume 

(RV, in D) of cucumber seedlings (Cucumis sativus L., cv. Aodai Melhorado). Bars followed by the same lower case letters are not 

significantly different by Tukey test at the 0.05 level of confidence. Data refer to mean values (n = 10)  standard error. 
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The 64-cell trays, polypropylene tubes and plastic 

cups resulted in cucumber seedlings with the highest 

values of shoot dry matter (0.155 to 0.174 g seedling–1) 

(Figure 2A). The polypropylene tubes and plastic cups 

provided higher root dry matter (Figure 2B), which 

resulted in lower shoot:root dry matter ratio (SRR) 

(Figure 2D). These results indicate that there was a 

higher photoassimilate partition from shoot to the roots 

of seedlings produced in polypropylene tubes and 

plastic cups. The higher total dry matter was also 

obtained with polypropylene tubes and plastic cups 

(Figure 2C). Luqui et al. (2015) also found that 64-cell 

trays resulted in cucumber seedlings of better quality. 

The different containers not significantly affect (P > 

0.05) the sturdiness quotient (shoot length/collar 

diameter ratio) of cucumber seedlings (Figure 2E). The 

sturdiness quotient of cucumber seedlings ranged from 

2.4 to 2.8. In general, studies on production of nursery 

seedlings indicate that a high quality seedling should 

have a value of sturdiness quotient ranging from 2.5 to 

3.5, and a sturdiness quotient greater than 4.0 can be 

indicative of etiolating of seedlings.  
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Figure 2. Effects of container types on shoot dry matter (SDM, in A), root dry matter (RDM, in B), total dry matter (TDM, in C), 

shoot:root dry matter ratio (SRR, in D), sturdiness quotient (SQ, in E) and Dickson quality index (DQI, in F) of cucumber seedlings 

(Cucumis sativus L., cv. Aodai Melhorado). Bars followed by the same lower case letters are not significantly different by Tukey test 

at the 0.05 level of confidence. Data refer to mean values (n = 10)  standard error.  
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The polypropylene tubes and plastic cups resulted in 

high quality cucumber seedlings, as reported by the 

higher values of the Dickson quality index (DQI from 

0.10 to 0.12) (Figure 2F). The DQI is considered a 

promising integrated measure of morphological traits 

(JOHNSON; CLINE, 1991) and thought to be a good 

indicator of seedling quality as its calculation computes 

robustness and dry matter distribution while considering 

several important parameters, such as height, diameter 

and dry matter (FONSECA et al., 2002). The higher 

value of DQI, the higher the seedling quality and they are 

more vigorous when they are transplanted in the field.  

In general, the production of cucumber seedlings in 

64-cell trays with a volume of 60 cm3 per cell, 

polypropylene tubes with volume of 120 cm3 and plastic 

cups with volume of 180 cm3 resulted in the highest 

values for the majority of investigated traits (Figures 1 

and 2). On the other hand, the tray of 128-cells results in 

lower quality cucumber seedlings compared to other 

containers (Figures 1 and 2). These results are due to the 

different volumes of the containers. Uptake of nutrients, 

water and dry matter production are affected by the 

restriction of the roots and thus the volume of substrate 

that is determined by the container size is an important 

factor for adequate growth of the seedlings. Costa et al. 

(2012) found that tray of 72 cells was the best container 

for production of cucumber seedlings, promoting more 

vigorous plants in substrate with soil and 7 or 14% 

organic compound.  

The efficiency of larger containers in the production 

of high quality seedlings has been reported for other 

vegetable species, such as lettuce (RESENDE et al., 

2003), cucumber (COSTA et al., 2009; LUQUI et al., 

2015), eggplant (COSTA et al., 2013), beet (ECHER et 

al., 2007) and tomato (RODRIGUES et al., 2010). 

 

 

4. Conclusions 

Polypropylene tubes with volume of 120 cm3 and 

plastic cups with volume of 180 cm3 are more 

appropriate containers for the production of high quality 

cucumber seedlings.  

The production of cucumber seedlings in 128-cells 

trays should not be recommended for the producers of 

seedlings, because it results in lower quality seedlings. 

The sturdiness quotient (SQ) was not a good 

indicator for the classification of cucumber seedlings at 

different levels of vigor or quality. 

The Dickson quality index (DQI) is a good indicator 

of the standard of quality of cucumber seedlings.  
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