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Abstract The relationship between ripening behaviour and
stem scar region of fruit in different tomato varieties (stored
at 30.5±1°C or 25±1°C) was studied by blocking the stem
scar region either completely or to different extent with
high vacuum silicone grease. In ‘Pusa Ruby’ (a fast
ripening variety) and ‘Pusa Gaurav’ (slow ripening variety),
complete blockage of stem scar region of fruits at green
mature stage showed 3-fold reduction in ripening index at
14 days after treatment (DAT) but with increased rottage. It
was demonstrated in ‘Pusa Ruby’ and ‘Pusa 120’ that the
extent of blockage of stem scar region has dependence on
the rate of respiration and ripening suppression. The extent
of climacteric rise was reduced significantly in the treated
fruits. These suppressive effects of treatment were found to
diminish with the advancement in the ripening stage of
tomato fruit.
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Diffusion of gases across the fruit’s boundary occurs
through aqueous and waxy layers of epidermis, gaseous
pores (stomates and lenticels) and from stem scar region
(Solomos 1987, Ben-Yehoshua and Rodov 2003). There is
morphological and anatomical basis of gaseous exchange in
fruits (Kader and Saltveit 2003a, b) including tomato
(Wilson and Sterling 1976, Cameron and Yang 1982). The
gaseous exchange determines the relative O2 and CO2

levels inside the fruits (Nuevo et al 1984) and therefore the
inside composition of fruit is always different from the

external atmosphere in which the fruits are kept (Dadzie et
al 1993). Tomato fruits have a relatively thick waxy cuticle
without any network of pores, channels or polar pathway
(Wilson and Sterling 1976, Das and Barringer 1999,
Thompson 2003). Therefore, it may not contribute signif-
icantly to the overall gaseous exchange across the fruit.
Instead of stomates, trichomes have been noticed on the
epidermis and they get transformed into lenticels with
maturity of tomato fruit (Clendenning 1941, Blanke 1986,
Paul and Srivastava 2006). Earlier studies by Burg and
Burg (1965), Cameron and Yang (1982) and de Varies et al
(1995) have demonstrated 60, >97 and 85–90% of ethylene
exchange through the stem scar region of tomato fruit,
respectively. Yang and Shewfelt (1999) found that sealing
of stem scar portion of tomato fruit in cultivars ‘Kada
Gigante’ and ‘Floradade’ greatly reduced the ripening rate
and extended the storage life at 20–24°C. No study was
available where the stem scar region was blocked to
different extents and fruits were stored at relatively higher
temperatures (30 and 25°C) prevailing in tropical and sub-
tropical parts of world where tomato is one of the important
crops.

The present study, therefore examines the ripening
response of different tomato cultivars whose stem scar
region was blocked either completely or to different extents
at different ripening stages. The fruits were stored at
30–30.5±1°C or 25±1°C.

Materials and methods

Seeds of different tomato cultivars (‘Pusa ruby’, ‘Pusa Gaurav’,
‘Pusa Early Dwarf’, ‘Pusa Sheetal’ and ‘Pusa 120’) were
obtained from Division of Vegetable Crops of the institute.
Tomato crop was grown in the field during 2005–2006 and
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2006-2007 as per the recommended cultural practices. Healthy
tomato fruits of 40–50 g each were harvested manually at
required ripening stages (UFFVA 1975). Fruits were washed
in tap water and air-dried.

Blocking the stem scar region The stem scar region of
tomato fruits was blocked as described by Yang and
Shewfelt (1999). The blocking was done either completely
or to different extent by placing the minimum quantity of
silicone (high vacuum silicone grease) (HiMedia Laborato-
ries Pvt. Ltd., Mumbai, India) at required ripening stage/s
on the stem scar region. Silicone was not applied to the
control fruits. The silicone was applied one day after the
harvest. This one-day rest was given for the fruits to adapt
and normalize from the immediate and subsequent effects
of injuries, stress or induced respiration due to plucking
from plants.

Storage of tomato fruits Each replication lot of control as
well as treated fruits was stored in well-ventilated plastic
baskets either at room conditions (30.0±1°C or 30.5±1°C
and 35±6% or 38±6% RH) or in cold room (25±1°C and
70±10% RH) up to required days after treatment (DAT).

Ripening index (RI), red tomatoes (RT), rottage and rate
of respiration were determined and results analyzed
statistically as mentioned in Part I of this paper (Paul et al
2010).

Results and discussion

Complete blockage treatment of green mature tomato fruits
in 2 varieties led to a drastic reduction in RI (about 3- fold)
at 14 DAT (Table 1). ‘Pusa Ruby’ being a fast ripening
variety in comparison with ‘Pusa Gaurav’ showed lower
RT. Rottage %, increased significantly due to complete
blockage. In treated fruits, rottage was 20.5 and 23.8% in
‘Pusa Ruby’ and ‘Pusa Gaurav’, respectively, as compared
7% and 1.5%, respectively in control (Table 1). Fruits
harvested and treated at breaker stage (Table 2) showed
trend comparable to fruits at green mature stage (Table 1).
However, the treatment at breaker stage was less effective
in delaying the ripening especially in ‘Pusa Ruby’ and it
also led to more rottage (Table 2) as compared to fruits at
green mature stage (Table 1).

Respiration rate was reduced significantly in treated
fruits (Table 3). Except at breaker stage (10 DAT), the
reduction was highly significant in treated fruits of ‘Pusa
Ruby’. In ‘Pusa Gaurav’ the reduction was significant at 3
DAT for both the ripening stages but not at 10 DAT. ‘Pusa
Gaurav’ exhibited lower rate of respiration irrespective of
treatments and ripening stages (Table 3).

The extent of ripening suppressed by the treatment
decreased gradually with the advancement in the ripening
stage (Table 4). The differences in RI between control and
treated fruits became lesser with the progress in the

Table 1 Effect of complete blockage of stem scar region of tomato fruits at green mature stage stored at 30±1°C and 35±6% RH on ripening
index (RI), red tomatoes (RT) and rottage at 14 days after treatment (DAT)

‘Pusa Ruby’ ‘Pusa Gaurav’

RI, % RT, % Rottage, % RI, % RT, % Rottage, %

C (Control) 78.9** 31.0* 7.0 45.3* 0.0 NS 1.5

T (Treatment) 26.2 5.0 20.5** 15.1 0.0 23.8**

(n=3 lots with 15 fruits in each lot)

*p≤0.05, **p≤0.01 for each column based on the comparison of 2 means by t-test. NS: Not significant

Table 2 Effect of complete blockage of stem scar region of tomato fruits at breaker stage stored at 30±1°C and 35±6% RH on RI, RT and rottage

‘Pusa Ruby’ ‘Pusa Gaurav’

RI, % RT, % Rottage, % RI, % RT, % Rottage, %

5 8 10 5 8 10 14 5 8 10 5 8 10 14

C 86.9* 89.6* 97.5* 59.1* 63.3* 93.3* 10.0 53.0** 65.1** 79.5** 0.0 NS 0.0 NS 14.6** 3.0

T 52.6 71.0 77.5 9.9 36.2 43.0 29.2* 19.4 23.5 28.7 0.0 0.0 0.0 46.5**

(n=3 lots with 15 fruits in each lot)

*p≤0.05, **p≤0.01 for each column based on the comparison of 2 means by t-test. RI, RT, DAT, C, T: As in Table 1. 5, 8, 10, 14 represent
DAT
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ripening stages of fruits. Respiration rate of treated fruits
was significantly lower at green mature and breaker stages
but not at the turning stage (Table 4). Thus, the suppressive
effect of complete blockage treatment of stem scar region
on RI and rate of respiration was dependent on the ripening
stage at which the fruits were treated. Fruits of ‘Pusa Early
Dwarf’ and ‘Pusa Sheetal’ (fast ripening varieties) when
treated at turning stage showed the response (Table 5)
comparable to the results presented for the same stage in
Table 4. This confirmed that the treatment was less
effective in delaying ripening at later stages of ripening.

The respiration rates were lowest in tomato fruits with
complete blockage treatment in ‘Pusa Ruby’ at green
mature stage (Fig. 1a). The rates of respiration in partially
blocked (1/4th and 1/2 blocked treatments) fruits were
comparable to the control except for 5 DAT at which, the
rates of respiration in partially blocked fruits were also
significantly lower in comparison to control (Fig. 1a). The
RI was negatively related to the extent of blockage
(Fig. 1b). Likewise, the extent of suppression in respiration
rate, climacteric peak and RI were also negatively related

with the degree of blockage in ‘Pusa Ruby’. ‘Pusa 120’ also
showed similar trend for respiration and ripening (Table 6).
This indicates the role of available surface area of stem scar
region in determining not only the rate of respiration but
also the progress of ripening.

Yang and Shewfelt (1999) observed that leaving the
pedicel attached to the harvested tomato fruit lowered its
rate of ripening. They also reported rapid reduction in O2

level (dropped below 3%) and increase in CO2 level (up to
6%) by a few days of sealing the stem scar region of fruits.
Hypoxia or low O2 to CO2 ratio and anaerobic condition
decreased the synthesis as well as action of ethylene
(Kanellis et al 1989a, Gorny and Kader 1996, Mathooko
1996). Hypoxia condition in the microenvironment of the
tomato fruit was reported to increase the activity of pyruvate
decarboxylase and alcohol dehydrogenase (Chen and Chase
1993, Longhurst et al 1994). As a result, production of
acetaldehyde and ethanol was also triggered in tomato
(Longhurst et al 1994). Likewise, mandarins accumulate
larger amount of acetaldehyde and ethanol after harvest than
the grapefruit because of higher activity of alcohol dehydro-

Table 3 Effect of complete blockage of stem scar region of tomato fruits stored at 30±10 C and 35±6% RH on rate of respiration (μmole CO2 g
-1

fr. wt. h-1) at different DAT

Treatment (T) ‘Pusa Ruby’ ‘Pusa Gaurav’

Control Treated Mean (RS) Control Treated Mean (RS)

Green mature [3 DAT] 20.4a 9.0c 14.7a 11.6b 3.1c 7.4b

Green mature [10 DAT] 15.2b 4.8d 10.0b 3.8c 2. 8cd 3.3c

Breaker [3 DAT] 18.7ab 9.4c 14.0a 20.6a 1.7d 11.1a

Breaker [10 DAT] 5. 4cd 3.6d 4.5c 4.1c 3.3c 3.7c

Mean (T) 14.9a 6.7b 10.0a 2.7b

RS=** T=**, RS×T=** RS=**, T=**, RS×T=**

(n=3 lots with 15 fruits in each lot)

Values followed by different superscript/s are significant over one another at

**p≤0.01. DAT: As in Table 1, RS: Ripening stage

Ripening stage (RS) Green mature Breaker Turning Mean (T)

Respiration rate at 5 DAT

C 19.1a 10.8b 7.3bc 12.4a

T 4.8c 6.2c 7.5bc 6.1b

Mean (RS) 11.9a 8.5b 7.4b

RS=**, T=**, RS×T=**

RI (%) at 10 DAT

C 86.0ab 92.7ab 98.1a 92.3a

T 26.6d 68.2c 81.1b 58.6b

Mean (RS) 56.3c 80.4b 89.6a

RS=**, T=**, RS×T=**

Table 4 Effect of complete
blockage of stem scar region of
tomato fruits at different ripen-
ing stages stored at 25±1°C and
70±10% RH on rate of respira-
tion (μmole CO2 g

-1 fr. wt. h-1)
at 5 DAT and RI% at 10 DAT in
‘Pusa Ruby’

(n=4 lots with 12 fruits in each
lot)

Values followed by different
superscript/s are significant over
one another at **p≤0.01. DAT,
C, T, RI: As in Table 1

J Food Sci Technol (Sept–Oct 2010) 47(5):527–533 529



genase in the juice and lesser permeability of peel towards
the exit of gases in mandarins (Shi et al 2007). Since, ethanol
and acetaldehyde have been already reported to delay
ripening in tomato and other fruits (Beaulieu et al 1997,
Pesis 2005, 2006), the delayed ripening of treated fruits in
the present investigation could also be due to the accumu-
lation of ethanol and acetaldehyde. Lower availability of O2

may also lead to decrease in activities of cellulase and
polygalacturonase enzymes (Kanellis et al 1991) as fruit
softening is known to require oxygen (Knee 1982).

The cultivars with slow ripening (‘Pusa Gaurav’ and
‘Pusa 120’) responded better than the fast ripening variety
(‘Pusa Ruby’) towards the treatment-mediated delay in
ripening. Zagory and Kader (1988) have reported that
resistance of plant organ to gaseous diffusion depends on

type, varieties, organ and the stage of development or
maturity of plants. Our earlier works have demonstrated
that surface morphology and tendency of conversion of
trichome base cells into lenticels and density of lenticels
differed in fruits of 2 contrasting varieties of tomato (‘Pusa
Ruby’ and ‘Pusa Gaurav’) (Paul and Srivastava 2006).
Morphological and mechanical properties of cuticle as well
as epidermis undergo considerable change during growth
and ripening of tomato fruit (Bargel and Neinhuis 2005).
Gas transport in fruit tissue is governed by diffusion as well
as permeation. The permeation ability is determined by not
only the overall pressure gradient of a given gas (Ho et al
2006a, b) but also by structural arrangement of cells and

Table 5 Effect of complete blockage of stem scar region of tomato
fruits at turning stage stored at 25±1°C and 70±10% RH on rate of
respiration (μmole CO2 g

-1 fr. wt. h-1) at 5 DAT and RI % at 10 DAT

‘Pusa Early Dwarf’ ‘Pusa Sheetal’

Respiration rate RI, % Respiration rate RI, %

C 8.0NS 92.1** 7.1NS 3.4**

T 6.0 60.7 5.0 65.5

(n=3 lots with 12 fruits in each lot)

**p≤0.01 for each column based on the comparison of 2 means by t-
test. NS: Not significant. DAT, RI, C, T: As in Table 1
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Fig. 1 Effect of different degrees of blocking the stem scar region of
tomato fruits at green mature stage on rate of respiration (a) and RI % (b)
in 'Pusa Ruby'. Fruits were stored at 25±1°C and 70±10% RH.

Histograms with different alphabetic letter are significant over one
another at p≤0.01. Bars indicate ± SE. (n=4 lots with 12 fruits in each
lot)

Table 6 Effect of different degrees of blocking stem scar region of
tomato fruits at green mature stage stored at 25±1°C and 70±10% RH
on RI % at 12 DAT and rate of respiration at 5 DAT in ‘Pusa 120’

Respiration rate (μmole CO2 g
-1 fr. wt. h-1) RI, %

C 6.7a 49.7a

1/4th blocked 3.3b 17.1b

1/2 blocked 2.8b 7.4c

Complete
blocked

2.9b 2.3d

(n=4 lots with 12 fruits in each lot)

Values (for each column) followed by different superscript/s are
significant over one another at p≤0.01. RI, DAT, C: As in Table 1
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intercellular spaces of fruit (Cloetens et al 2006, Mendoza
et al 2007, Verboven et al 2008). Existence of varietal
differences in above said parameters will not only influence
the internal gaseous environment of fruits but also the final
effect of blockage treatments as noticed in this study.

The gradual reduction in the effectiveness of treatment in
delaying the ripening beyond the green mature stage (Table 5)
could be explained in view of the differences in the resistance
to the gaseous diffusion on the maturity stage in different
fruits (Zagory and Kader 1988, Kader and Saltveit 2003a, b),
in tomato (Bargel and Neinhuis 2005), in mango (Paul et al
2007) and in pear (Ho et al 2008). Saltveit (1999) reported
that with the onset of ripening in climacteric fruits (including
tomato) the internal ethylene concentration increases quickly
due to the stronger diffusion resistance at later stages of fruit
ripening. So, possibly the lower levels of internal ethylene in
fruits treated at early ripening stage (green mature) can be
one of the reasons for more pronounced delay in ripening of
treated fruits at this stage in comparison to the advanced
ripening stages (breaker and turning).

Sanders and de Wild (2003) reported lower O2 partial
pressure inside the fruit than outside due to O2 consumption
and resistance to O2 diffusion into tomato. It has been already
reported that blockage of stem scar region of tomato reduced
the internal O2 to CO2 ratio (Yang and Shewfelt 1999). Stem
scar region of tomato has been demonstrated as the major site
for gaseous exchange (Cameron and Yang 1982). Lower rate
of respiration in fruits where stem scar portion was completely
or partially blocked (Tables 3, 4 and 6 and Fig. 1a) could be
due to lower ratio of O2 to CO2 concentration inside the fruit
due to the higher resistance to the net influx of O2 and net out
flux of CO2 in the modified atmosphere packaging as reported
by Banks (1984) and Smith et al (1987) for apple fruits. This
change was shown to shift the respiration in favour of
glycolytic fermentation in tomato (Klieber et al 1996).
Besides this, higher CO2 concentration reduces the activity
or synthesis of various enzymes of the respiratory metabolism
(Lange and Kader 1997a) by altering the intercellular pH
(Lange and Kader 1997b).

Extent of reduction in rate of respiration and delay in
ripening were related with the degree to which the stem scar
region was blocked (Fig. 1 and Table 6). Gorny and Kader
(1996), Solomos and Kanellis (1997) and Pech et al (2003)
showed that low O2 and high CO2 in the microenvironment
of fruits delayed the onset of rise in ethylene and reduced
the respiration rate. Further, the potential shelf-life of plant
tissue or plant part after harvest is closely related to its rate
of respiration (Kader 1987, Kader and Saltveit 2003b,
Varoquaux and Ozdemir 2005).

Lower reduction in the rate of respiration of tomato fruits
treated either at breaker or turning stages in comparison with
green mature stage (Table 4) could be due to the changes in
resistance to gaseous diffusion with the maturity of fruit

(Zagory and Kader 1988). In tomato, varietal dependent
increase in the density of lenticels was reported with the
progress of ripening (Paul and Srivastava 2006). Further,
hypertrophy of lenticels on mango fruit was documented
with the progress of ripening (Larson et al 1993) and it was
also dependent on mango variety (Paul et al 2007).
Hagenmaier (2005) reported that exchange of gases in fruits
through the peel by diffusion from openings (stomates or
lenticels) was proportional to the area of such openings.

Banks (1984) reported that deterioration of fruits by
application of artificial diffusion barriers was because of
altered endogenous concentrations of O2, CO2 and ethylene.
Tomato fruits blocked at stem scar end showed delay and
decrease in the evolution of ethylene (Yang and Shewfelt
1999). Low O2 to CO2 ratio was also reported to suppress not
only the biosynthesis but also the action of ethylene (Kanellis
et al 1989a, b). There are various factors that affect the
production and release of ethylene by fruit. In this regard, a
theory of ethylene emission was developed and used as the
base to develop simulation model called ‘ETHY’ by Genard
and Gouble (2005). This model was highly sensitive to factors
like permeability of skin surface, internal concentration of O2,

CO2 and 1-amino-cyclopropane-1-carboxylic acid (ACC),
change in fruit growth and temperature, activities of ACC-
oxidase and ACC-synthase, concentration of ethylene itself
and production status of ATP. Since the level of ethylene has
been positively involved in defense against pathogen (Saltveit
1999, Van Loon et al 2006), its lower endogenous levels
(Gorny and Kader 1996, Solomos and Kanellis 1997, Yang
and Shewfelt 1999) and suppressed action (Kanellis et al
1989a, b, Pech et al 2003) explain the higher rottage in tomato
fruits under the influence of blockage of stem scar region.

Conclusion

Blocking the stem scar region of tomato fruits either
completely or to different extent reduced the available or
effective surface area of this region, which suppressed
respiration and ripening. This suppression might have been
due to the changes in the internal gaseous composition of fruit
in view of reduced gaseous exchange under the influence of
blockage. For delaying ripening it would be worthy to make
an attempt for an overall reduction in the permeance ability of
the tomato fruit through the breeding strategies.
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