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Abstract: The biometric attributes such as seedling length, weight, plug compactness, stem and spread diameter of 25-, 32-, and 40-days old 
tomato plug seedlings relevant to the design and selection of various components of vegetable transplanter were investigated. The seedlings 
were grown in pro-trays having truncated square pyramid (104 cells) and right circular cone (98 cells) shape cells. The seedling length and plug 
compactness were more in truncated square pyramid cells pro-tray whereas seedlings' weight, stem diameter, and spread diameter were 
more in truncated right circular cone cells pro-tray. The maximum seedling length and plug compactness score were 208 mm and 8.8 
corresponding to truncated square pyramid cells and 40 days seedling age on the other hand maximum seedlings weight, stem diameter, and 
spread diameter was 10.57 g, 3.02, and 136 mm corresponding to truncated right circular cone and 40 days seedling age. With the increase in 
seedling age all of the selected attributes of tomato seedlings increased for both types of cells.
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In India, more than 70 different types of vegetables are 

grown, but only a few are grown in portrays. Sowing, 

planting, and transplanting methods are used to propagate 

vegetable crops such as tomato, chilli, onion, cauliflower, 

brinjal, and cabbage. These crops are grown in a nursery 

(Khadatkar et al 2020). Among this tomato (Solanum 

lycopersicum L.) is one of the most important vegetable 

crops grown for their fleshy fruits and is a significant 

commercial and dietary vegetable crop. Tomato area, 

production, and productivity in India were approximately 814 

thousand hectares, 20515 thousand MT, and 25.20 MT·ha , -1

respectively, in 2018-19 (Gaikwad et al 2020). The growing 

importance of agricultural operations utilising modern 

machinery for horticultural crop production necessitates a 

better understanding of their engineering properties so that 

machines, processes, and handling operations can be 

designed for maximum efficiency and end-product quality 

(Khadatkar et al 2020). Physical properties such as shape, 

size, height, weight, stem diameter, etc are important 

parameters to consider when designing a transplanter for 

vegetable seedlings (Gaikwad 2010, Turbathmath 2010, 

Pandirwar et al 2015). It is critical to have an accurate 

estimate of the shape, size, weight, height, and other 

physical and mechanical properties that may be used as 

engineering parameters for product development. 

Furthermore, mechanical damage to seedlings during 

handling and transplanting can have a serious impact on 

viability, germination, damage, growth, and crop yield 

(Gaikwad 2010, Pandirwar et al 2015, Khadatkar 2019). 

Some researchers investigated the engineering and 

biometric properties of the onion crop concerning crop-based 

machine design (Khura et al 2010, Turbathmath 2010, 

Pandirwar et al 2015). Some research has also been 

conducted on the engineering properties of garlic to design 

crop production and processing equipment such as planting, 

handling, storing, aeration, drying, bulb breaking, and 

peeling (Masoumi et al 2006, Manjunatha et al 2008, 

Rathinakumari et al 2015, Bakhtiari and Ahmed 2015). 

Abubakar et al (2020) determined the physical and 

mechanical properties of four-week-old tomato seedlings 

such as stem thickness, height, weight, spread diameter, 

angle of friction, frictional coefficient, impact, compressive 

and tensile properties for the design of a mechanical tomato 

transplanter. Khadatkar et al (2020) investigated biometric 

properties such as weight, stem diameter, height, critical 

canopy diameter, drop shatter height, compressive strength, 

and coefficient of static friction that were relevant to the 

design of a vegetable transplanter for 30, 45, and 60-day old 

tomato and chilli plug seedlings. Xifeng et al (2015) 

investigated the physical and mechanical features of a 23-

day tomato seedling pot that were directly related to the 

design of autonomous transplanting machine key 

components such as the seedling picking and transplanting 

mechanism. Therefore, keeping in view the importance of 



biometric attributes relevant to the development of 

transplanting machinery, the present study was conducted to 

determine the biometric attributes of tomato vegetable 

seedlings, which could be useful in designing and 

development tomato transplanters.

MATERIAL AND METHODS

Nursery raising in pro-trays: Standard agronomic 

practises were used to grow the seedlings. The soilless 

growing medium, which is made by combining coco peat, 

vermiculite, and perlite in a 3:1:1 ratio, was placed in the two 

different type of pro-trays having the square and round cells. 

Per cell, one seed was sown. For seed sowing, small 

depressions were made in the centre of the plugs with 

fingertips or mechanical tools. Depending on the season or 

the optimum temperature required for early and better 

germination, the tomato trays were then placed in a 

polyhouse or shade. Every day, water was sprayed evenly 

across each tray using a fine sprinkler boom.

Seedling age: The seedling age of 32 days is recommended 

for tomato crop seedling transplanting. In addition to the 

recommended seedling transplanting age, two additional 

seedling ages (one week before and after the recommended 

seedling age) were chosen to investigate the effect of 

seedling age variation. The tomato variety Himsona 

seedlings at ages 25, 32, and 40 days were chosen for the 

current study to assess the impact of different seedling ages 

on the developed transplanter.

Cells type: Two trays with cell numbers 104 and 98 and 

morphologies of truncated square pyramid (C ) and s

truncated right circular cone (C ) were chosen from the local r

market, with measurements displayed in Figure 1. The 

volume of truncated square pyramid cell was 16.99 cm  3

whereas truncated right circular cone cell had volume of 

20.49 cm . Figure 2 depicts a dimensional image of a 3

truncated square and right circular cone shape cell.

Measurement of Biometric Properties

Seedling weight (S ): w Thirty seedlings were randomly 

selected and weighted using an electronic weighing balance 

with a minimum count of 1 g. 

Seedling length (S ): l To determine the average length, the 

seedlings were gently pulled from the plug and 30 

observations were made in each case. The seedling length of 

each sample was measured using the ASNS (2014) method, 

in which the seedlings were laid on a table, and the distance 

from the tip of the seedling to the end of its root was measured 

using a 300 mm scale with an accuracy of 1 mm.

Seedling stem diameter (S ): s The stem diameter of thirty 

uprooted seedlings of various ages and cells was measured 

using a digital micrometre with a minimum count of 0.01 mm. 

Fig. 1. Truncated square pyramid (C ) and right circular cone s

(C ) cell shape pro-traysr  

Fig. 2. Square and round cell

Fig. 3. Measurement of the seedling stem diameter and 
length 

To maintain uniformity, the plant's stem diameter was 

measured at a height of 20 mm from the bottom end 

(Mohsenin 1986). 

Seedling spread diameter (S ): d The 30 randomly selected 

tomato seedlings samples were placed in the field in their 

natural state, and the spread diameter was measured using a 

ruler with a 1 mm accuracy (ASNS 2014).  

Seedling plug compactness (S ):c  Based on the qualitative 

evaluation, a plucking rating of 10 was assigned based on the 

damage to the plug. It received a 10 if the nursery seedlings 

were removed without damaging the plug. At random, plugs 

were taken from thirty plants of varying ages and cell types.

Statistical analysis: Descriptive statistical analysis was 

performed using SPSS (version 26) to investigate the effect 

of different seedling ages and cell type/shape on the 

biometric properties of tomato seedlings.

RESULTS AND DISCUSSION

Seedling length (S ): l At 25 days and 40 days of seedling 
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age, the average minimum and maximum seedling lengths 

were 118.67 mm and 208 mm, respectively. At 25 days 

seedling age, cell C  and C  had average minimum seedling s r

lengths of 118.67 mm and 144.33 mm, respectively. At 40 

days of age, the cell C  and C  had the longest average s r

seedling lengths of 208 mm and 195.5 mm, respectively 

(Table 1). The effect of seedling age on seedling length was 

significant whereas the effect of cell type on seedling length 

was not. The interaction between seedling age and cell effect 

was also significant.

Seedling weight (S ): w The average minimum and maximum 

seedling weight of 8.73 g and 10.79 g was at 25 days and 40 

days seedling age respectively. The average minimum 

seedling weight of 8.73 g and 9.25 g was observed in the 

case of cell C  and C  at 25 days seedling age. The average s r

maximum seedling weight of 9.87 g and 10.79 g was in cell C  s

and C  at 40 days seedling age respectively (Table 1). The r

effect of seedling age on seedling weight was non-significant 

while the effect of cell type was significant. The seedlings age 

and the cell type interaction was insignificant.

Seedling stem diameter (S ): s The average minimum stem 

diameter of 1.82 mm and 2.40 mm was observed in cell C  and s

C  at 25 days seedling age. The average maximum stem r

diameter of 2.95 mm and 3.02 mm was in cell C  and C at 40 s r 

Seedling age

25 days

Attributes S (mm)l S (g)w S (mm)s S (mm)d 

Cell shape Cs Cr Cs Cr Cs Cr Cs Cr

Maximum 140 172 11.6 11.60 2.00 2.57 72 120

Minimum 95 125 6.50 8.10 1.50 2.25 45 55

Average 118.67 144.33 8.73 9.25 1.82 2.40 59.67 81.67

SD 16.15 17.44 1.83 1.24 0.176 0.13 10.13 22.54

CV (%) 13.61 12.09 20.96 13.45 9.674 5.39 16.98 27.61

32 days

Maximum 185 165 10.0 11.80 2.30 3.27 90 102

Minimum 130 116 8.0 8.50 1.60 2.40 40 78

Average 164.83 171.17 9.13 10.47 1.86 2.65 73.67 88.83

SD 19.26 18.93 0.70 1.23 0.24 0.35 18.67 10.09

CV (%) 11.68 13.04 7.64 11.71 13.06 13.27 25.35 11.36

40 days

Maximum 245 236 11.0 12.20 3.15 3.50 154 175

Minimum 182 148 8.70 7.50 2.77 2.78 100 109

Average 208.00 195.50 9.87 10.79 2.95 3.02 127.83 136.00

SD 25.67 34.75 0.87 1.94 0.14 0.25 17.74 25.78

CV (%) 12.34 17.78 8.85 18.35 4.85 8.37 13.87 18.96

Table 1. Biometric attributes of tomato seedling at different age and cell type
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Fig. 4. Effect of the seedling age and cell type on the S, S , S  l w s

and Sd

days seedling age respectively (Table 1). The effect of 

seedling age and cell type on stem diameter was significant. 

The seedling age and cell type interaction was also significant.
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Seedling spread diameter (S ): d The average minimum and 

maximum seedling spread diameter of 59.67 mm and 136.00 

mm was at 25 days and 40 days seedling age respectively. 

The average minimum seedling spread diameter of 59.67 

mm and 81.67 mm was in cell C  and C  was observed at 25 s r

days seedling age. The average maximum seedling spread 

diameter of 127.83 mm and 136.00 mm was in cell C  and C  s r

at 40 days seedling age respectively (Table 1). The effect of 

seedling age and cell type on seedling spread diameter was 

significant whereas their interaction was found to be 

insignificant.

Plug compactness (S ): c The average minimum and 

maximum plug compactness score of 6.4 and 8.8 was at 25 

days and 40 days seedling age respectively. The average 

minimum plug compactness score of 6.7 and 6.4 was in cell 

C  and C  at 25 days seedling age whereas the average s r

maximum plug compactness score of 8.8 and 8.4 was in cell 

C and C  respectively (Table 2). The influence of cell type on s r

plug compactness score was not statistically significant. 

Effect of seedling age was significant and interaction 

between cell type and seedling age was insignificant.

The tomato seedling attributes such as seedling length 

(mm), weight (g), stem diameter (mm), spread diameter 

(mm) and plug compactness selected for the present study 

differs significantly under different seedling ages and 

increased with an increase in the seedling age for each type 

of cell shape. This could be due to the maturation of tomato 

seedlings with age. The variation in physical attributes 

caused by changes in cell shapes was attributable to the 

seedlings' differing responses to varying amounts of cell 

medium as seedling age increased. Bhambota et al (2019) 

observed that seedling age, medium, and cell size had a 

significant influence on plant height, stem diameter, and 

spread diameter (seedling growth parameters) in tomato, 

brinjal, and chilli crops. They also stated that seedling growth 

characteristics increased with seedling age.

CONCLUSIONS

For both kinds of cells, all of the specified attributes of 

tomato seedlings were observed to increase with seedling 

Seedling age 25 days 32 days 40 days

Cell type Cs Cr Cs Cr Cs Cr

Maximum 9 9 10 10 9 10

Minimum 4 4 6 5 5 5

Average 6.7 6.4 7.9 7.3 8.8 8.4

SD 1.64 1.51 1.66 1.64 1.40 1.71

CV (%) 24.42 23.52 21.05 22.42 15.89 20.39

Table 2.  Plug compactness score of tomato seedling at selected age and cell type

age. The seedling length and plug compactness score of 

truncated square pyramid cells were larger, but the seedling 

weight, stem diameter, and spread diameter of truncated 

right circular cone cells were greater. The maximum seedling 

length and plug compactness score were 208 mm and 8.8, 

respectively, corresponding to truncated square pyramid 

cells and 40 days seedling age. The maximum seedling 

weight, stem diameter, and spread diameter, respectively, 

were 10.57 g, 3.02 mm, and 136 days seedling age. These 

characteristics of vegetable seedlings are significant for 

designing and selecting various components of a vegetable 

transplanter.
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