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Abstract

Changes in the incidence of fruit cracking, yield, number, and characteristics of cherry tomato (Solanum lycopersicum L.) in Japan
over a 20-years period were investigated. Ten cultivars released in Japan during this period were compared in a short-term experiment
conducted from fall through winter in hydroponics. The incidence of fruit cracking in cherry tomato cultivars decreased gradually
with year of release from 1987-2009. The incidence of fruit cracking was negatively correlated with fruit yield and number among the
10 cultivars tested. With regard to fruit characteristics, the incidence of fruit cracking was negatively correlated with the fruit weight,
the ratio of flesh weight to locular gel weight (F/G), and thickness of exocarp and mesocarp, but not with the flesh weight, soluble
solid content or firmness of exocarp and mesocarp among the 10 cultivars tested. These results indicated that, by breeding in cherry
tomato cultivars released in Japan over the past two decades, the decreased incidence of fruit cracking was related to the increase in
the fruit yield and number per plant, and to the increase in fruit weight and F/G, in association with an increase in the total volume of

water inflow into fruits.
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Introduction

Cherry tomatoes have become an important fruit vegetable in
many countries. Since fruit cracking is apt to occur in cherry
tomatoes, and the fruit yield per plant is lower than that in
common tomatoes, growers need to produce higher yields with a
reduced number of cracked fruits for maximum profitability (Ohta
et al., 1991; Halmann and Kobryn, 2003). The marketable fruit
yield is reduced by the occurrence of cracked fruits, which do not
have commercial value. Therefore, cracking resistance is one of
the important factors for breeding in cherry tomatoes. In addition,
some consumers demand fruits with high soluble solids content
(SSC). If in cherry tomatoes, the number of fruits per truss and/
or fruit weight could be increased, an increase in fruit yield could
be expected. However, great care must be taken in breeding for
these characteristics, since it is possible that SSC would decrease
by increasing the fruit weight (Ohta ef al., 1993b). Moreover,
high SSC cultivars are apt to crack due to their reduced osmotic
potential resulting increased inflow of water (Ohta et al., 1993b).

Because fruit cracking in cherry tomatoes is a major physiological
disorder that occurs during the harvest period between the breaker
and overripening stages (Dominguez et al., 2008; Maboko and
du Plooy, 2008; Liebisch et al., 2009), as well as during transport
after harvest (Lichter et al., 2002), it is commercially desirable
to reduce the incidence of fruit cracking. However, it would be
difficult to decrease fruit cracking to anywhere near 0% in cherry
tomatoes because of the movement of water into fruits in which
SSC is high (Ohta et al., 1993b, 1994). Fruit cracking is also
particularly apt to occur in hydroponics, when plant is grown
with its roots always immersed in a culture solution (Ohta et
al., 1993a). Moreover, because Japan receives rainfall of about

1500-2000 mm per year, high air humidity conditions can occur
in greenhouses, increasing the likelihood that fruits will crack
(Ohta, 1996).

Some researchers (Peet, 1992, 2008; Saltveit, 2005; Kinet
and Peet, 2006) have reported that the environmental and
physiological causes of fruit cracking in tomatoes are not well
understood. They suggested that fruit cracking was related to the
environmental and cultivation conditions, and that the anatomical
characteristics of crack-susceptible cultivars were large fruit size,
low skin (exocarp)-tensile strength, and/or low skin extensibility,
as well as thin skin, thin pericarp and/or mesocarp, and few fruits
per plant. Although differences in resistance to fruit cracking have
been demonstrated among cherry tomato cultivars (Ohta et al.,
1991; Ohta, 1996), the physiological differences underlying these
fruit characteristics have not been fully elucidated. Yamada and
Murase (1994) and Ohta (1996) described a strong relationship
between fruit cracking and the vascular bundle in mesocarp,
which serves as a water pathway in cherry tomatoes (Fig. 1),
whereas little information is available about the relationships
between the incidence of fruit cracking and several potentially
related fruit characteristics, namely, flesh weight (weight minus
locular gel), thickness, and firmness.

Although breeders would have made great strides in increasing
the cracking resistance of tomato cultivars (Peet, 2008), the
genetics of cracking resistance remain poorly understood, because
many genes may be involved in the control of this phenomenon
(Walter, 1967). Nonetheless, the incidence of fruit cracking in new
cherry tomato cultivars in Japan has decreased in more recently
released cultivars compared to older cultivars (Nishikawa et al.,
2005; Matsunaga, 2006). It is presumed that several changes
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in the cultivation conditions would also contribute to such a
decrease, including improvements in greenhouse environmental
controls and cultivation techniques, such as relatively higher
night temperatures by using heating equipments, and relatively
lower humidity achieved with circulation fans. Additionally,
because seed companies have performed most of the breeding of
cherry tomato cultivars in Japan, one would expect that cultivars
with high fruit yield and cracking resistance would have been
selected and produced. However, it has not been verified that
the fruit yield and incidence of fruit cracking have actually been
improved by breeding in Japanese cherry tomato cultivars over
the past 20 years.

The aim of this study was thus to investigate whether the cherry
tomato cultivars released in Japan from 1987-2009 show changes
in the incidence of fruit cracking, fruit yield, number, and certain
characteristics when grown under the same conditions. Several
parameters that may affect the incidence of fruit cracking
are known to be determined by underlying physiological and
anatomical characteristics; therefore, the relationships among
these traits were also investigated in a short-term experiment
conducted from fall through winter in hydroponics.

Materials and methods

Plant materials: The cherry tomato cultivars ‘Mini Carol’
(Sakata Seed Co., Ltd., Yokohama, Japan), ‘Coco’ (Takii Co.,
Ltd., Kyoto, Japan), ‘Chika’ (Takii Co., Ltd.), ‘Sun Cherry 250’
(Tokita Seed Co., Ltd., Saitama, Japan), ‘Aiko’ (Sakata Seed
Co.), ‘Lovely Ai’ (Mikado Kyowa Seed Co., Ltd., Chiba, Japan),
‘Lovely Sakura’ (Mikado Kyowa Seed Co., Ltd.), ‘Kosuzu sp’
(Mikado Kyowa Seed Co.), ‘Sun Cherry Pure’ (Tokita Seed Co.,
Ltd.), and ‘Pinky’ (Nanto Seed Co., Ltd., Kashihara, Japan), all
of which have been popular in the Japanese market, were used
for this experiment. Table 1 lists the year of release, fruit shape,
and skin color of mature fruits of the cherry tomato cultivars
used in this study.

Experimental site and growing conditions: Seeds were sown
in yellowish pumice (diameter 2-5 mm) in plastic containers (34.5
x 27.0 x 7.5 cm) on 16 Aug, 2010 at Shimane University, Matsue,
Japan (35°49° N, 133°07” E). All containers were placed in an
air-conditioned room with natural light under day/night (0900-
1800 HR/1800-0900 HR) temperatures controlled to 28/20 °C,

respectively. Seedlings were grown hydroponically for two
weeks in plastic containers with 20 L of aerated nutrient solution
consisting of half-strength Otsuka-B solution (OAT Agrio Co.,
Ltd., Tokyo, Japan) with an electrical conductivity of 1.4-1.6 dS
m’'. The nutrient solution contained the following elements: 115
mg L total nitrogen (TN); 20 mg L' phosphorus (P); 157 mg
L' potassium (K); 78 mg L' calcium (Ca); 24 mg L' magnesium
(Mg); 1.5 mg L' iron (Fe); 0.01 mg L' copper (Cu); 0.02 mg L™!
zinc (Zn); 0.01 mg L' molybdenum (Mo); 0.39 mg L' boron (B);
and 0.16 mg L' manganese (Mn).

Tomato plants were then transplanted into a closed irrigation
system with a randomized complete block design at a density of
2.2 plants m™ on 13 September, 2010 in a steel-frame greenhouse
at Shimane University. Each plot contained five plants. The
closed irrigation system consisted of a culture bed with a
circulating hydroponic system. The plants were fertilized with a
nutrient solution (standard-strength Otsuka-B solution) with an
electrical conductivity of 2.0-2.5 dS m™' until the end of harvest.
The nutrient solution was supplied for 15 min at 1-h intervals
during the day (0600-1800 HR). Concentrations of the nutrients
nitrate nitrogen (NO;), phosphate (PO,*), K*, Ca,”, and Mg*" in
the solution were checked using an RQflex® 10 Reflectoquant®
reflectometer (Merck, Germany) twice each week during the
experiment, and readjusted as necessary by the addition of
concentrated fertilizers. The pH of the nutrient solution was also
measured twice weekly, and when necessary, corrected with 1.0
MH,SO, to maintain a pH of 6.0-7.0. The nutrient solution was
renewed at 4-week intervals.

Fruit setting was promoted by spraying with 15 mg L' 4-CPA
(4-parachlorophenoxy acetic acid) twice weekly during the
flowering period. The average air temperature in the steel-frame
greenhouse during the cultivation period was 16.4 °C, with
a maximum temperature of 30.9 °C and a minimum of 10 °C
maintained after 10 Nov, 2010, using an electric fan heater. All
plants were trained vertically, and pinching was performed on
the third fruit trusses leaving two leaves. All lateral shoots were
periodically removed.

Fruit harvest: Fruits were harvested when they were completely
ripe. Fruits from all 10 cultivars were harvested twice weekly
between 19 Nov and 20 Dec, 2010.

Table 1. Year of release, fruit shape, and fruit color in cherry tomato cultivars in Japan

Cultivar Year of Fruit Fruit skin color?
release shape L a b a/bY

Mini Carol 1987 Round 324+0.21 21.3+0.31 15.8+0.21 1.35+0.01
Coco 1994 Round 32.8+0.21 23.6 £0.60 16.4+0.33 1.45 +0.02
Chika 1999 Round 332+0.14 24.3+0.48 16.8£0.19 1.45+£0.01
Sun Cherry 250 2000 Round 32.5+£0.20 22.2+0.81 16.1 £0.78 1.40 £ 0.02
Aiko 2004 Oval 33.4+0.35 23.3+0.15 17.1+£0.32 1.37 £0.03
Lovely Ai 2005 Round 33.1+0.20 22.9+0.46 16.6 £ 0.45 1.38 £0.01
Lovely Sakura 2005 Round 32.7+0.40 22.0+£0.27 16.4+0.25 1.34 £ 0.01
Kosuzu sp 2005 Round 33.2+£0.20 25.1+£0.47 16.8 £0.27 1.50 £ 0.01
Sun Cherry Pure 2006 Round 33.6+0.29 24.7+1.00 17.1£0.56 1.45+£0.03
Pinky 2009 Round 342+0.19 27.5+0.25 12.0+0.21 2.31+£0.03

“ Values are the mean + SE (n = 46-58). ¥ a/b indicates maturity.
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Fig. 1. Fruit anatomy in a longitudinal section of cherry tomato.

Measurements of fruit characteristics: The incidence of
fruit cracking was evaluated by checking all harvested fruits.
Measurement of fruit characteristics was conducted using 46-58
mature fruits per cultivar. Fruit skin color was measured with a
color meter (CR-10, Konica-Minolta Co., Ltd., Tokyo, Japan)
and calculated a/b value as maturity. Fruits with a/b value over
1.30 were judged as mature fruits (Ohta, 1996). Fruit weight was
determined using an electronic scale. SSC values were evaluated
using a digital refractometer (APAL-1, AS ONE Corp., Osaka,
Japan) to measure Brix values of fresh juice samples. Fruits
were cut into halves, and the locular gel was removed. The skin
(exocarp) of one-half of each fruit was peeled with tweezers to
measure the thickness of the exocarp and mesocarp. Fruit firmness
was estimated at the fruit equator, as described in a previous
report (Kamimura ef al., 1972), and fruit thickness was measured
using digital micrometers (MDC-25MX, Mitsutoyo, Kawasaki,
Japan). The firmness of the exocarp and mesocarp of the other
half of each fruit was measured using a rheometer (Compac-100,
Sun Scientific Co., Ltd., Tokyo, Japan). Fruit was compressed
from the inside to the outside with a 3-mm diameter plunger at
a compression speed of 40 mm min'. Penetrating resistance was
determined as the point of tissue failure. Data were presented as
the maximum force recorded during pericarp compression and
failure, according to the method described by Ohta ef al. (1991).

Statistical analysis: Data were subjected to regression analysis
in SPSS ver. 19.0.0 (SPSS, Chicago, IL) at P = 0.05 or 0.01, and
the differences among means were determined using ANOVA,
followed by Tukey’s test at P = 0.05.

Results

Figure 2 shows the incidence of fruit cracking, yield, and
number of fruits for the 10 cultivars. The incidence of fruit
cracking tended to decrease gradually in new cultivars among
the 10 cultivars released over the period from 1987-2009. The
incidence of fruit cracking in ‘Mini Carol’ and ‘Coco’, among

the earlier cultivars released was high at about 27% and 19%,
respectively (Fig. 2a). While, in ‘Chika’, ‘Sun Cherry 250’ and
‘Aiko’, released between 1999 and 2004, it ranged from about
12-25%. In addition, the incidence of fruit cracking was about
7-12% lower in cultivars released during 2005-2009, including
‘Lovely Ai’, ‘Lovely Sakura’, ‘Kosuzu sp’, ‘Sun Cherry Pure’,
and ‘Pinky’. Fruit yield in ‘Mini Carol’, which was released in
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Fig. 2. Incidence of fruit cracking (a), fruit yield (b) and number of fruits
(c) for cherry tomato cultivars released in different years in Japan. Letters
indicate significant differences by Tukey’s test (P < 0.05) and vertical
bars indicate SE (n = 5). B1987—-1994 released cultivars; [1999-2004
released cultivars; [12005-2009 released cultivars.
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Fig. 3. Regression analysis of fruit weight (a), flesh weight (weight minus locular gel) (b), flesh weight/locular gel weight (F/G) (c), and
soluble solids content (SSC) (d) for the incidence of fruit cracking in cherry tomato cultivars released in different years in Japan. Regression
lines are based on the data for the 10 Japanese cultivars. NS, * or ** indicate non-significance or significance at P < 0.05 or 0.01, respectively,
and vertical bars indicate SE (n =46-58). M 1987-1994 released cultivars;l1999-2004 released cultivars; [12005-2009 released cultivars.

1987, was lowest, at 0.78 kg per plant, and that in ‘Aiko’, released
in 2004, was highest, at 1.37 kg per plant (Fig. 2b). Yield in
‘Lovely Sakura’, ‘Kosuzu sp’, ‘Sun Cherry Pure’, and ‘Pinky’
released between 2005 and 2009, was higher at 1.12-1.20 kg
per plant. The number of fruits in ‘Mini Carol” and ‘Sun Cherry
250’, released in 1987 and 2000, were lowest, at 33.8-34.6 fruits
per plant, and that in ‘Pinky’, released in 2009, was highest, at
448 fruits per plant (Fig. 2c). Among the 10 cultivars, both fruit
yield and number of fruits per plant were significantly negatively
correlated with the incidence of fruit cracking (Table 2).

Figure 3 shows the relationship between incidence of fruit
cracking and fruit weight, flesh weight, the ratio of flesh weight
to locular gel weight (F/G), and SSC in the 10 cultivars tested.

The fruit weight and F/G were significantly negatively correlated
with the incidence of fruit cracking (Figs. 3a, c); flesh weight and
SSC, however, did not show a significant correlation with the
incidence of fruit cracking among the 10 cultivars (Figs. 3b, d).

Table 2. Regression analysis for the relation between fruit cracking
incidence and fruit yield and number of fruits in cherry tomato cultivars
in Japan

Trait Incidence of fruit cracking
Correlation R? Significance

Fruit yield y=-0.016x +1.278 0.398 wx

Number of fruits  y =-0.364x +44.536 0.343 Hok

**Statistically significant at P < 0.01.
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Fig. 4. Regression analysis of the firmness of the exocarp (a) and mesocarp (b) and thickness of the exocarp (c) and mesocarp (d) and
their relation to the incidence of fruit cracking in cherry tomato cultivars released in different years in Japan. Regression lines are based
on the data for the 10 Japanese cultivars. NS or ** indicate non-significance or significance at P < 0.01, respectively, and vertical
bars indicate SE (n = 46-58). B 1987-1994 released cultivars; [1999-2004 released cultivars; [12005-2009 released cultivars.

Figure 4 shows the relationship between the firmness and
thickness of the exocarp and mesocarp for the 10 cultivars tested.
The firmness of the exocarp and mesocarp was not correlated with
the incidence of fruit cracking (Figs. 4a, b), whereas the thickness
of the exocarp and mesocarp was significantly negatively
correlated with the incidence of fruit cracking (Figs. 4c, d).

Discussion

Not only fruit cracking, but also low fruit yield were major
problems in commercial cherry tomato cultivars introduced
in the 1990s in Japan (Ohta ef al., 1991; Yamada and Murase,
1994). Therefore, we surmised that one of the most important
aims for cherry tomato breeding in Japan has been to obtain fruit-
cracking-resistant and high-yield cultivars. The results revealed
that, indeed, the cultivars released after 2005 have relatively high
fruit-cracking resistance compared to those before 1994 (Fig.
2a), and that fruit yields have improved in the more recently

released cultivars. Fruit yield and number of fruits per plant were
significantly negatively correlated with the incidence of fruit
cracking among 10 cultivars (Table 2). The results of this study
indicated that increasing fruit yield and number of fruits per plant
which would affect the capacity of water absorption decreased
the incidence of fruit cracking.

Fruit weight was significantly negatively correlated with the
incidence of fruit cracking among the 10 cultivars (Fig. 3a). In
common tomatoes, the incidence of cuticle cracking decreased
with increasing fruit yield and number of fruits per plant and/or
decreasing fruit size (Emmons and Scott, 1998; Demers et al.,
2007). In cherry tomatoes, the incidence of fruit cracking may
have been reduced because plants with greater fruit yield, number
per plant, and higher fruit weight were better able to distribute an
influx of water under high-humidity conditions.

The incidence of fruit cracking in modern cultivars was
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significantly decreased compared to that in older ones (Fig. 2a).
Water moves into fruit along a path through vascular bundles in
the fruit flesh, not through the locular gel in tomato fruits (Fig.
1) (Yamada and Murase, 1994). The F/G in modern cultivars
was higher than that in older ones. Because the capacity of
fruit to absorb water had been increased in modern cultivars,
the incidence of fruit cracking might have decreased due to
characteristics such as higher extensibility of exocarp, which
would allow more water inflow into fruits through the mesocarp
and placenta (Ohta ef al., 1994). Hence, it is suggested that the
F/G would be one of the important factors in the incidence of fruit
cracking in cherry tomatoes. These results revealed that if the
fruit weight and F/G were increased, water absorption capacity
would be greater, and fruit cracking-resistance would rise. SSC
has not changed much, from 6.7 to 8.1% over the past 20 years
(Fig. 3d). Therefore, the result in the present study suggests that
the incidence of fruit cracking in high-SSC cherry tomatoes would
not be related to SSC, although in low-SSC common tomatoes
the incidence of fruit cracking might be related to the difference
in SSC.

Since fruit weight in modern cultivars increased compared to
that in older cultivars (Fig. 3a), the thickness of exocarp and
mesocarp would be increased according to the fruit weight
(Figs. 4c, d). Although fruit cracking-resistant cultivars had
high fruit exocarp and/or mesocarp firmness in previous studies
(Kamimura et al., 1972; Saltveit, 2005; Kinet and Peet, 2006;
Dominguez ef al., 2012; Toya et al., 2012), the present study did
not indicate that these parameters had a clear relationship to the
incidence of fruit cracking for the 10 cultivars tested. The cracks
on these cherry tomatoes are almost side cracks, and appeared
as minute lesions on the surface of the fruit epidermis adjacent
to the base of calyx (Ohta et al., 1995). Cuticle cracking is a
physiological disorder due to decreased exocarp elasticity or
extensibility (Allende et al., 2004; Dorais ef al., 2004; Matas et
al., 2004; Bargel and Neinhuis, 2005). The observed cracks thus
might have been the same phenomenon as cuticle cracks. Cuticle
cracking-resistant cultivars have thicker epidermal and cuticle
layers than susceptible cultivars (Emmons and Scott, 1998).
Therefore, the results in this experiment supported the results
of previous study. Because the incidence of fruit cracking in the
present experiment was not related to the exocarp firmness of
cherry tomatoes, the exocarp thickness of modern cherry tomatoes
might have provided sufficient strength for cracking resistance
of the entire fruit.

In conclusion, the results of this experiment indicated that in
cherry tomatoes the decreased incidence of fruit cracking was
related to the increase in fruit yield and number per plant, and
to the increase in fruit weight and F/G as fruit characteristics,
in association with water absorption capacity. Further studies
should be undertaken to elucidate the relationships between fruit
cracking-resistance and water absorption by plants, as well as the
structure of the epidermis in cherry tomato cultivars.

Acknowledgments

I thank Professor H. Itamura for thoughtful comments and support
over the course of this study.

References

Allende, A., M. Desmet, E. Vanstreels, B.E. Verlinden and B.M. Nicola,
2004. Micromechanical and geometrical properties of tomato skin
related to differences in puncture injury susceptibility. Postharvest
Biol. Technol., 34: 131-141. doi: 10.1016/j.postharvbio.2004.05.007

Bargel, H. and C. Neinhuis, 2005. Tomato (Lycopersicon esculentum
Mill.) fruit growth and ripening as related to the biomechanical
properties of fruit skin and isolated cuticle. J. Expt. Bot., 56: 1049-
1060. doi: 10.1093/jxb/eri098

Demers, D.A., M. Dorais, P. Athanasios and P. Papadopoulos, 2007. Yield
and russeting of greenhouse tomato as influenced by leaf-to-fruit
ratio and relative humidity. HortScience, 42: 503-507.

Dominguez, E., G. Lopez-Casado, J. Cuartero and A. Heredia,
2008. Development of fruit cuticle in cherry tomato (Solanum
lycopersicum). Functional Plant Biol., 35: 403-411. doi: 10.1071/
FP08018

Dominguez, E., M.D. Fernandez, J.C.L. Hernandez, J.P. Parra, L. Espanal,
A. Heredia and J. Cuartero, 2012. Tomato fruit continues growing
while ripening, affecting cuticle properties and cracking. Physiol
Plant., 146: 473-486. doi: 10.1111/j.1399-3054.2012.01647 x.

Dorais, M., D. Demers, A.P. Papadopoulos and W.V. Ieperen, 2004.
Greenhouse tomato fruit cuticle cracking. Hort. Rev., 30: 163-184.

Emmons, C.L.W. and J.W. Scott, 1998. Ultrastructural and anatomical
factors associated with resistance to cuticle cracking in tomato
(Lycopersicon esculentum Mill.). International J. Plant Sci., 159:
14-22.

Halmann, E. and J. Kobryn, 2003. Yield and quality of cherry tomato
(Lycopersicon esculentum var. Cerasiforme) cultivated on rockwool
and cocofibre. Acta Hort., 614: 693-697.

Kamimura, S., H. Yoshikawa and M. Ito, 1972. Studies on fruit cracking
in tomatoes. Bull. Hort. Res. Stn. Ser. C, Morioka, 7: 73-138 [in
Japanese with English summary].

Kinet, .M. and M.M. Peet, 2006. 6. Tomato. Physiological disorders.
In: The Physiology of Vegetable Crops. H.C. Wien (ed.). CABI
Publ. p. 227-241.

Lichter, A., O. Dvir, E. Fallik, S. Cohen, R. Golan, Z. Shemer and M.
Sagi, 2002. Cracking of cherry tomatoes in solution. Postharvest
Biol. and Tech., 26: 305-312.

Liebisch, F., F. Johannes, J. Max, G. Heine and W.J. Horst, 2009.
Blossom-end rot and fruit cracking of tomato grown in net-covered
greenhouses in Central Thailand can partly be corrected by calcium
and boron sprays. J. Plant Nutr. Soil Sci., 172: 140-150. doi: 10.1002/
jpln.200800180

Maboko, M.M. and C.P. du Plooy, 2008. Effect of pruning on yield
and quality of hydroponically grown cherry tomato (Lycopersicon
esculentum). S. Afr. J. Plant Soil., 25: 178-181. doi: 10.1080/0257
1862.2008.10639914.

Matas, A.J., E.D. Cobb, D.J. Paolillo, Jr. and K.J. Niklas, 2004. Crack
resistance in cherry tomato fruit correlates with cuticular membrane
thickness. HortScience, 39: 1354-1358.

Matsunaga, H. 2006. Breeding for bunch harvestable short-internode
cherry-tomatoes. Proc. Veg. Tea Sci., 3: 55-59 [in Japanese].

Ohta, K., N. Ito, T. Hosoki and Y. Sugi, 1991. Influence of relative
humidity on fruit cracking of cherry tomato grown on hydroponic
culture and its control. J. Japan. Soc. Hort. Sci., 60: 337-343 [in
Japanese with English summary]. doi: 10.2503/jjshs.60.337.

Ohta, K., N. Ito, T. Hosoki and S. Kaida, 1993a. Incidence of fruit
cracking on cherry tomato cultivars grown by hydroponics. Kinki
Chugoku Agric. Res., 85: 46-49 [in Japanese].

Ohta, K., N. Ito, T. Hosoki, K. Endo and O. Kajikawa, 1993b. Influence
of the nutrient solution concentrations on cracking of cherry tomato
fruit grown hydroponically. J. Japan. Soc. Hort. Sci., 62: 407-412
[in Japanese with English summary]. doi: 10.2503/jjshs.62.407.

Journal of Applied Horticulture (www.horticultureresearch.net)



28 Changes in fruit cracking and other factors in cherry tomatoes

Ohta, K., N. Ito, T. Hosoki, K. Inaba and T. Bessho, 1994. The influence of
the concentration of the nutrient culture solutions on the cracking of
cherry tomato with special emphasis on water relationship. J. Japan.
Soc. Hort. Sci., 62: 811-816. doi: 10.2503/jjshs.62.811.

Ohta, K., T. Hosoki and K. Inaba, 1995. Initiation of minute cuts and
the occurrence of cracking in cherry tomato fruits. Acta Hort., 396:
251-256.

Ohta, K. 1996. 4 study on the mechanism of fruit cracking in cherry
tomato and its control. Ph.D. Thesis, Kyoto Univ., 1996. 115 pp.
[in Japanese].

Peet, M.M. 1992. Fruit cracking in tomato. HortTechnology, 2: 216-223.

Peet, M.M. 2008. Physiological disorders in tomato fruit development.
Acta Hort., 821: 151-159.

Saltveit, S.E. 2005. Fruit ripening and fruit quality. In: Tomatoes. E.
Heuvelink (ed.). CABI Publ. p. 145-170.

Toya, J., M. Masuda and K. Murakami, 2012. Pericarp characteristics
of the F| hybrid medium-fruited tomato between the male sterile
mutant (T-4) of the large-fruited ‘First’ and a small-fruited pure line
with soft pericarp. Sci. Rep. Fac. Agr., Okayama Univ., 101: 19-24
[in Japanese with English summary].

Walter, J.C. 1967. Hereditary resistance to disease in tomato. Annu. Rev.
Phytopathol., 5: 131-162.

Yamada, H. and H. Murase, 1994. Reduction in fruit cracking in the
NFT cultivated cherry tomato by pumping control for hydroponic
solution circulation. Environ. Cont. Biol., 32: 1-7 [in Japanese with
English summary].

Received: October, 2016; Revised: November, 2016;
Accepted: November, 2016

Journal of Applied Horticulture (www.horticultureresearch.net)



