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Introduction 
 

Tomato (Solanum lycopersicum L), 2x = 24, a 

member of Solanaceae, originated from the 

Andean region now consisting parts of Chile, 

Bolivia, Ecuador, Columbia and Peru (Sims, 

1980). With the revised phylogenetic 

classification of the family Solanaceae, the 

genus Lycopersicum was re-integrated into 

genus Solanum, attaining its new 

nomenclature. Solanum section Lycopersicum 

encompasses the cultivated tomato (S. 

lycopersicum) along with its wild relatives 

(Peralta et al., 2006). Contrast to the rich 

reservoir in wild species, cultivated tomatoes 

are genetically poor with <5% of genetic 

variation of their wild relatives (Miller and 

Tanksley, 1990). Besides that tomato being a 

predominantly self-pollinated crop tends to 

lose its genetic variability even without 

selection. One of the avenues given for 

improving the productivity is developing and 

adopting hybrid tomato cultivation. Hybrids 

combine good characters from both the 

parental lines and have an advantage over 

their parental lines or any other open 
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The present study is an attempt to differentiate tomato hybrids from its parental 

lines using stomatal characters like stomatal density, length and width of guard 

cells on both the adaxial and abaxial surfaces and to assess the genetic variation 

for these traits. Significant differences were found for stomata characters like 

stomata density, length, width and area of stomata on both adaxial and abaxial 

surfaces of cotyledonary leaf. Hybrids recorded significantly higher stomata 

densities than one or both their parental lines. The differences were more 

conspicuous on the abaxial surface than adaxial surface. The present study was an 

attempt to differentiate hybrid from its parental lines and the hybrid had clear 

distinction from one of its parental line 
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pollinated varieties. For conducting genetic 

purity testing, a cultivar has to be defined with 

its distinguishing characters. Further, India 

being a signatory to WTO agreement on 

TRIPS, passed the Protection of Plant 

Varieties and Farmers Right Act (2001) for 

protecting new varieties. The identity of a 

cultivar has to be established using 

morphological, physiological, biochemical 

and molecular characters. Until date, 

morphological characters both qualitative and 

quantitative form the bulk of varietal 

characterization and they have been 

universally accepted, as undisputed characters 

when used in sequential fashion thus making 

them convenient for distinguishing the 

different varieties. The narrow genetic base in 

the process of evolving new tomato genotypes 

makes it difficult to distinguish genotypes 

easily. Also, the time taken to observe the 

characters over a growing season has 

generated interest in searching and utility of 

other morphological markers which are 

precise in varietal identification. The present 

study is aimed to know the genetic variation of 

different stomatal and root characters in 

hybrids and their parental lines of tomato. 

 

Materials and Methods 

 

A total of four tomato hybrids and their 

parental lines (Table 1) developed and 

released by Division of Vegetable Science, 

ICAR-Indian Agricultural Research Institute, 

New Delhi were used in the present study. 

 

For studying the stomatal characters 

experiment was conducted on seedlings raised 

in plug-trays, in the divisional walk-in-room 

germinator maintaining 25°C. Seedlings from 

all genotypes were raised in plug trays with 

single seedling in each plug for 15 days. Fully 

expanded cotyledonary leaves of seedlings, 

15-18 days old, were selected for stomata 

studies (stage coincided with the emergence of 

apical primordial leaf). Epidermal peels of ten 

seedlings were obtained from both abaxial and 

adaxial surfaces. For deriving the epidermal 

peels, the cotyledonary leaf was placed on a 

flat surface and covered with a clear 

cellophane tape. Gentle pressure was applied 

all along the tissue and the tape pulled off 

from the leaf by holding the leaf with other 

hand. The epidermal peel still adhered to the 

tape is mounted as such on to a slide. The 

specimen was observed under 10X 

magnification of Leica DM750 stereo 

microscope. Observations on stomata density 

(number per mm
2
), length (µm), width (µm) 

and area (µm
2
) were recorded.  

 

Pair wise comparisons (between the parental 

lines, hybrid with female parental line and 

hybrid with male parental line) were made 

following ‘t’-test proposed by Cochran and 

Cox approximation (Chandel, 1993) for all the 

traits. 

 

Results and Discussion 

 

Significant differences were found for stomata 

characters like stomata density, length, width 

and area of stomata on both adaxial and 

abaxial surfaces of cotyledonary leaf (Table 2 

and 3). 

 

Stomata density was higher on abaxial surface 

than adaxial surface of cotyledonary leaf for 

all genotypes under study. PH-1 (15.6), PH-2 

(16.7) and PH-4 (16.1) were significantly 

different from their respective parental lines. 

PH-2 and PH-4 recorded mid-parent values 

(intermediate values between the parental 

lines), whereas PH-1 was superior to the better 

parental line for stomata density. Hybrid PH-8 

(16.1) recorded on par stomata density with its 

female parental line (16.9), and recorded 

significantly higher values than its male 

parental line (13.0).  

 

Stomata density on adaxial surface was found 

to be significantly different for the hybrids and 
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their parental lines. For PH-1 (9.1), PH-2 

(10.1) and PH-4 (9.3), the values were on par 

with their female parental line (9.0, 10.1 and 

10.1, respectively) and significantly different 

from their corresponding male parental lines 

(7.7, 10.8 and 7.7, respectively). PH-8 (10.1) 

had stomata density on par with its male 

parental line (10.2), and recorded significantly 

lower stomata density than its female parental 

line (11.4). 

 

Length of stomata on abaxial surface was on 

par for two hybrids PH-1 (31.0 µm) and PH-2 

(30.7 µm) than their parental lines. PH-4 (30.6 

µm) had significantly smaller stomata (guard 

cells) length than its male parental line (32.4 

µm). PH-8 (29.6 µm) had significantly longer 

stomatal guard cells than both of its parental 

lines. Length of stomata guard cells on adaxial 

surface was observed to be on par with their 

respective parental lines in PH-2 (30.7 µm) 

and PH-4 (30.4 µm). For PH-1 (30.4 µm), the 

difference was significantly greater than its 

female parental line (28.8 µm), and on par 

with its male parental line (30.5 µm). PH-8 

(29.6 µm) recorded significantly higher 

stomata length against its male parental line 

(28.1 µm), and was on par with its female 

parental line (28.9 µm) (Table 2 and 3). 

 

Stomata width on abaxial surface was 

observed to be on par with their parental lines 

for hybrids PH-1 (21.0 µm) and PH-2 (20.6 

µm). PH-4 (21.5 µm) and PH-8 (20.4 µm) 

recorded stomata width, which was on par 

with their male parental line (20.2 µm and 

19.4 µm, respectively). Width of adaxial 

stomata was found to be statistically different 

from their respective female parental lines for 

PH-2 (19.7 µm) and PH-8 (20.2 µm), and on 

par with their male parental lines (19.8 µm 

and 19.9 µm, respectively). Stomata width 

was observed to be on par with both the 

parental lines in PH-4 (20.0 µm), and 

significantly different from both the parental 

lines in PH-1 (19.7 µm) (Table 2 and 3). 

Size of stomata on abaxial surface was 

statistically higher than both of its parental 

lines in PH-8 (606.1 µm
2
). In PH-1 (649.6 

µm
2
), PH-2 (633.9 µm

2
) and PH-4 (657.9 

µm
2
), the values observed were on par with 

both parental lines. PH-1 (599.2 µm
2
), PH-2 

(608.6 µm
2
) and PH-4 (609.1 µm

2
) could not 

be distinguished from both of their parental 

lines with adaxial surface stomata size 

whereas the values were found to be 

statistically higher than those to both of 

parental lines in PH-8 (599.5 µm
2
). 

 

Ratio of stomata density on adaxial to abaxial 

surface was observed to be statistically 

different than those to both of parental lines in 

PH-2 (0.61). In PH-1 (0.55), the observations 

recorded on ratio of stomata showed that the 

hybrid had on par ratio with the male parental 

line (0.57), and significantly lower stomata 

density ratio against its female parental line 

(0.60). PH-8 recorded on par ratio for stomata 

density (0.63) in adaxial to abaxial surface 

with its female parental line, and significantly 

lower ratio with its male parental line (0.80). 

PH-4 recorded on par stomata density ratio 

(0.58) with both of its parental lines. 

 

Stomata are small pores surrounded by guard 

cells (Bosoet al., 2010). They are primarily 

engaged in gas exchange and regulation of 

water losses. The distribution of stomata 

varies from surface to surface of leaves, 

position of leaves on the shoot and external 

weather conditions. So, the results tend to vary 

if genotypes under question are not raised 

under similar climatic conditions (Campo et 

al., 2004). Therefore, to study the differences 

in stomata characters, seedlings were raised in 

walk-in-room germinator in the division of 

Seed Science and Technology, ICAR-IARI, 

New Delhi and samples were taken from 15 to 

18-day-old cotyledonary leaf to minimize the 

effect of environment on stomata 

development. Significant differences were 

observed for stomata density, length, width 
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and area on both surfaces of cotyledonary leaf 

among the genotypes studied. Hybrids 

recorded significantly higher stomata densities 

than one or both their parental lines. The 

differences were more conspicuous on the 

abaxial surface than adaxial surface. No clear 

relationship was seen regarding the number 

and size of stomata. For instance, hybrids in 

general having higher stomata density had on 

par stomata measurements with parental lines 

having lower stomata density (eg: PH-1). 

 

Table.1 Tomato hybrids and their parental lines used in the study 

 

Hybrid Female Male 

PH-1 Female-1 Male-1 

PH-2 Female-2 Male-2 

PH-4 Female-2 Male-1 

PH-8 Female-3 Male-3 

 

Table.2 Stomata* characters of cotyledonary leaves in tomato hybrids and their parental lines 

 

Genotype Stomata 

Density   Length (µm) Width (µm) Area (µm
2
) 

Female-1 15.1 ± 0.2a 31.4 ± 0.5a 21.1 ± 0.4a 660.0 ± 15.8a 

PH-1 15.6 ± 0.1c 31.0 ± 0.6a 21.0 ± 0.4a 649.6 ± 19.1a 

Male-1 13.6 ± 0.4b 32.4 ± 0.6a 20.2 ± 0.5a 678.8 ± 23.4a 

 
Genotype Stomata 

Density   Length (µm) Width (µm) Area (µm
2
) 

Female-2 19.0 ± 0.5c 30.7 ± 0.6a 19.7 ± 0.4a 603.2 ± 22.2a 

PH-2 16.7 ± 0.1b 30.7 ± 0.8a 20.6 ± 0.5a 633.9 ± 23.7a 

Male-2 14.9 ± 0.3a 29.8 ± 0.6a 19.4 ± 0.4a 581.2 ± 21.3a 

 
Genotype Stomata 

Density   Length (µm) Width (µm) Area (µm
2
) 

Female-2 19.0 ± 0.5c 30.7 ± 0.6a 19.7 ± 0.4a 603.2 ± 22.2a 

PH-4 16.1 ± 0.2b 30.6 ± 0.6a 21.5 ± 0.8b 657.9 ± 22.2a 

Male-1 13.6 ± 0.4a 32.4 ± 0.6b 20.2 ± 0.5ab 678.8 ± 23.4a 

 
Genotype Stomata 

Density   Length (µm) Width (µm) Area (µm
2
) 

Female-3 16.9 ± 0.6a 27.9 ± 0.3b 19.5 ± 0.3a 544.7 ± 11.0a 

PH-8 16.1 ± 0.2a 29.6 ± 0.3a 20.4 ± 0.2b 606.1 ± 8.1b 

Male-3 13.0 ± 0.4b 27.9 ± 0.4b 19.4 ± 0.5ab 543.3 ± 20.1a 
*Stomata were studied from lower surface (LS) or abaxial surface, where, values are mean values ± standard error, 

Values with same letters are statistically on par; and with different letters are significantly different  
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Table.3 Stomata* characters of cotyledonary leaves in tomato hybrids and their parental lines 

 

Genotype Stomata 

Density  Length (µm) Width (µm) Area (µm
2
) Density ratio (US/LS) 

Female-2 10.1 ± 0.3a 30.6 ± 0.3a 20.6 ± 0.1a 631.0 ± 7.2a 0.50 ± 0.02a 

PH-2 10.1 ± 0.2a 30.7 ± 0.3a 19.7 ± 0.3b 608.6 ± 11.0a 0.60 ± 0.01b 

Male-2 10.8 ± 0.2ab 30.2 ± 0.3a 19.8 ± 0.4ab 597.9 ± 17.6a 0.70 ± 0.02c 

 
Genotype Stomata 

Density  Length (µm) Width (µm) Area (µm
2
) Density ratio (US/LS) 

Female-2 10.1 ± 0.3a 30.6 ± 0.3a 20.6 ± 0.1a 631.0 ± 7.2a 0.50 ± 0.02a 

PH-4 9.3 ± 0.3a 30.4 ± 0.3a 20.0 ± 0.5a 609.1 ± 16.7a 0.57 ± 0.02a 

Male-1 7.7 ± 0.4b 30.5 ± 0.8a 20.5 ± 0.2a 626.0 ± 19.6a 0.60 ± 0.03a 

Genotype Stomata 

Density  Length (µm) Width (µm) Area (µm
2
) Density ratio (US/LS) 

Female-3 11.4 ± 0.4a 28.9 ± 0.4a 19.2 ± 0.3a 555.3 ± 11.8a 0.70 ± 0.03a 

PH-8 10.1 ± 0.1b 29.6 ± 0.3a 20.2 ± 0.2b 599.5 ± 9.2b 0.62 ± 0.01a 

Male-3 10.2 ± 0.3b 28.1 ± 0.5ab 19.9 ± 0.3ab 559.5 ± 14.2ac 0.80 ± 0.02b 
 

* Stomata were studied from upper surface (US) /adaxial surface, where, values are mean values ± standard error, 

Values with same letters are statistically on par; and with different letters are significantly different 

 

Wilkinson (1995) reported the stronger 

variability for stomata density rather than 

stomata index between varieties of a species. 

The genetic control of stomata distribution 

was reported by Meiselet al (2011), wherein 

they proposed specialized vision system 

which allows to perceive light signals 

initiating biochemical events. This in turn 

triggers downstream response. Sugano et al 

(2010) also reported an intercellular signal 

factor called stomagen produced by 

mesophyll cells in Arabidopsis. It interacts 

with epidermal cell factors to influence 

stomata density. 

 

Further, no clear relationship could be seen 

between leaf size and stomata density or 

stomata size. The present study was an 

attempt to differentiate hybrid from its 

parental lines provides interesting results as 

the hybrid had clear distinction from one of 

its parental line (mostly males in the present 

study). The utility of this character in 

establishing hybridity as against its 

conventional reference for drought screening 

is reported (Medrano et al., 2002; Venora and 

Calcagno, 1991). 
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