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SUMMARY

Seven tomato cultivars and lines were studied under high temperature conditions. Fruit set varied
between 77.3% in the heat tolerant cv. Hotset, 627 in cv. Gamad and 16.37 in the most sensitive
cv. Hosen-Eilon. The characters contributing to low fruit set were bud drop, splitting of the anthe-
ridial cone, style exsertion and reduction of the quantity and/or functionality of the gametes. Em-
ploying the above characters as criteria for selection, fruit set of an F4 line, phenotypically similar
to the sensitive parent, was improved to 63.1%%. Improved fruit set, 87.6 7%, was also obtained in an
F1 hybrid between ‘Hotset’ and ‘Gamad’. The importance is discussed of various easily recognizable
flower components contributing to satisfactory fruit set under high temperatures and their possible
use in breeding is elaborated.

INTRODUCTION

High temperatures induce drop of buds and flowers in the tomato (RADSPINNER, 1932;
SmitH, 1935; LEoroLD & ScoTT, 1952; Sarro & Ito, 1967; ABDALLA & VERKERK,
1968). Flower drop is essentially a result of lack of fertilization which, in turn, is af-
fected by a number of factors. Under high temperatures, gametogenesis is disturbed,
gamete viability is reduced (IWAHORI & TAKAHASHI, 1964 ; IWAHORI, 1965, 1966) and
less pollen is produced in the flower (ABDALLA & VERKERK, 1968). High temperatures
can also affect the germination and the elongation of the pollen tube into the style
and thus inhibit fertilization (SmiTH, 1935; SMITH & COCHRAN, 1935; IWAHORI &
TAKAHASHI, 1964 ; IWAHORI, 1967).

Tomatoes are self-pollinated at a rate of 989, or more (DoNALD, 1916; LESLEY,
1924). Under high temperatures, morphological changes in the flower structure such
as style exsertion out of the antheridial-cone (SmiTH, 1932; Saito & Ito, 1967;
ABDALLA & VERKERK, 1968), browning and drying of the stigma (YOUNG, 1963;
ABDALLA & VERKERK, 1968) are observed. Any of these changes may prevent or
reduce self-pollination, resulting in low rates of fruit set.

Differences between cultivars in fruit set under high temperatures have been
reported (LOCKE, 1952; SCHAIBLE, 1962; OGNYANOVA & SHUKAROV, 1970). Some
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works were concerned with the general reaction to high temperature (IWAHOR1 &
TaKAHASHI, 1964; IWAHORI, 1965, 1966, 1967; ABDALLA & VERKERK, 1968) while
others dealt with differences between genotypes in one or more of the specific
mechanisms affected (SCHAIBLE, 1962; ABDALLA & VERKERK, 1968 ; OGNYANOVA &
SHUKAROV, 1970; CHARLES & HaRRIs, 1972). However, until now, the relative con-
tribution of each of the above characters for fruit set has not been established. Know-
ledge of the relative importance of such factors is imperative for elaborating an ideo-
type characterised by maximum fruit set under high temperature conditions.

MATERIALS AND METHODS

The responses of various components of the reproductive process to the effect of
high temperatures were studied in two sets of experiments. Plants with 6-7 true
leaves of seven cultivars and crosses (Table 1) were transplanted in July from an open
nursery to the experimental field. At this stage of development, no flower bud
primordia were visible. Day length decreased progressively from 14.07 hours on the
day of planting to 12.00 hours in September. During flower development, the daily
maximum and minimum temperatures in the field varied between 36.5°C to 38.7°C
and 16.5°C to 20.0°C, respectively. Style length was scored at anthesis in the first
three flowers of the first three clusters on a scale of three grades (see Table 1 for
details). The percent of fruit set was determined two weeks after anthesis, counting
ovaries which had reached a diameter of 1 cm or more. The relations between style
length and flower drop was established by contingency test (SNEDECOR & COCHRAN,
1969). A second experiment with the two cultivars Hotset and Hosen-Eilon was
conducted under controlled conditions. Fifty plants of each of the two cultivars were
grown in 10-liter pots. The photoperiod was 12 hours and a combination of fluo-
rescent and incandescent lamps maintained light intensity of 4000 ft-c at the growing
points. Day and night temperatures were: normal, 23 + 3°Cand 17 + 3°C (ABDALLA
& VERKERK, 1968) and hot, 33 + 2°C and 23 + 2°C, respectively. Bud drop, style
exsertion, splitting of the antheridial-cone and fruit set of the first three flowers of the
first three inflorescences were determined. All the lateral branches except the first
one below the first truss were removed. Crosses were made with and pollen samples
were taken from flowers of this lateral branch. Pollen was collected by an electric
shaker and mean pollen weight was determined on each of 1020 flowers at anthesis.
Pollen viability was measured following germination on BREWBAKER & Kwack
(1963) medium for one hour at 25°C under illumination. About 100 pollen grains
were observed in each sampie. Germinated pollen was classified into two grades
according to their tube lengths: a) up to 0.15 mm; b) longer than 0.15 mm.

RESULTS

The cultivars and crosses studied under field conditions varied in their reaction to
high temperatures. Differences were found in style exsertion and flower drop, with
cv. Hosen-Eilon reaching the highest values (Table 1). Hotset and its F; cross with
cv. Gamad were the least affected. Within each line, a strong relationship was found
between style exsertion and flower drop (Table 1). However, flower drop also occurred
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Table 1. Fruit set and grade of style exsertion in tomato cultivars and lines under field conditions.

Cultivar and Gradeof  Total Ya 5 o flowers with 76 fruit
origin style number of flower x2 exserted style set
exsertion! flowers  drop (grades 2 and 3) (total)
Roma 1 241 336 63.84 25.6 53.4
2 83 84.3 P <0.001
3 0 0
Hotset 1 180 9.4 89.76 20.0 773
(ANONYMOUS,
1958) 2 45 75.6 P <0.001
3 0 0
Gamad 1 168 23.2 56.85 28.2 62.0
(RETIG & KEDAR, 2 61 73.8 P <0.001
1968) 3 5 100.0
F; (Hotset X 1 205 5.9 65.15 12.4 87.6
GAMAD) 2 29 58.6 P <0.001
3 0 0
F2 (Hotset x 1 327 15.0 130.97 314 69.2
Gamad) 2 136 61.8 P <0.001
3 14 100.0
Hosen-Eilon® 1 32 50.0 34.81 79.1 16.3
2 96 90.6 P <0.001
3 25 100.0
F. line (Hotset x 1 160 23.7 43.75 289 63.1
Hosen-Etlon) 2 59 66.1 P <0.001
3 6 100.0

! Grade 1: style at antheridial-cone level or below; 2: style exserted up to 1 mm out of the antheri-
dial cone; 3: style exserted more than 1 mm out of the antheridial-cone.

2 Examining dependence between grade of style exsertion and flower drop.

3 Local semi-determinate cv. with large oblate fruits.

in flowers with normal styles (grade 1).

In the following experiment under controlled conditions we tried to evaluate the
importance of additional mechanisms involved in the response to high temperatures
(Table 2). High temperature treatment induced drop of flower buds, reduced the
quantity of viable pollen and caused style exsertion. These responses were much more
pronounced in the susceptible cv. Hosen-Eilon than that in the heat tolerant cv.
Hotset. Another symptom occurring in ‘Hosen-Eilon’ only, was splitting of the an-
theridial-cone (Fig. 1). Such a change, found under high temperatures in nearly
40% of the flowers with exserted styles, constitutes another mechanical barrier to
self-pollination. Each flower with a split antheridial-cone has dropped. The differen-
tial sensitivity to high temperatures of male and female gametes was studied by
reciprocal crosses within the two cultivars between plants grown under the two tem-
perature regimes (Table 3). The functionality of both types of gametes was reduced
by high temperatures as expressed by the reduced rates of fruit set. Microspores,
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Table 2. The effect of high temperatures on some components affecting fruit-set. Twenty-five
plants of each cultivar were grown under each temperature regime.

Cultivar Temp. (°C) Dropof Pollen Pollen % pollen Average Y

———— flower weight/  germi- with tubes  grade of set
day night buds(*%) flower nation, longer than  style
(mg) ) 0.15 mm exsertion’
Hosen- 23 17 122 b 1.21 67.7a 183a 21b 31.8b
Eilon 33 23 66.2 a 0.45 48.6b 46b 28a 58¢
Hotset 23 17 21b 0.60 734a 20.0 a 1.2d 788 a
33 23 1000 0.54 66.0 a 17.5a l6c 63.0a

! See Table 1.
Values within a column not followed by the same letters are significantly different at the 574 level.

Table 3. Effect of temperature treatments of female and male parents on fruit set. Twenty-five
plants of each cultivar were grown under each temperature regime.

Female parent Day/night Pollinator Day/night temp. (°C)
temp. (°C)
23/17 33/23
Hotset 23/17 Hotset 100! 78.8
33/23 84.7 69.8
Hosen-Eilon 23/17 Hosen-Eilon 100! 31.6
33/23 453 20.9

1 The considered 10074 absolute rates of fruit set were 89.5% and 73.1% in Hotset and Hosen-
Eilon, respectively, at 23/17°C.

however, were more affected than macrospores. There were also marked differences
between the two cultivars in this respect. The combined effect of high temperatures
treatment of both the male and female parents resulted in about 709 and 219 fruit
set in ‘Hotset’ and ‘Hosen-Eilon’, respectively, when compared to normal tempera-
ture controls.

DISCUSSION AND CONCLUSIONS

While the effect of temperature on flower bud drop has been reported earlier (RAD-
SPINNER, 1932; SmiTH, 1932), the relative importance of this phenomenon has not
been established. Flower bud drop under high temperature was 667, of all buds
produced in cv. Hosen-Eilon as compared to 109 only in cv. Hotset (Table 2). Such
a high rate of bud drop may result in a drastic reduction of the yield and may be critical
in cultivars for single harvest. The great difference between ‘Hosen-Filon’ and
‘Hotset’ in the rate of bud drop suggests the possibility of using breeding techniques
to overcome this problem.

Many studies have shown that high temperatures disturb the process of game-
togenesis and the efficiency of the fertilization process (SMITH & COCHRAN, 1935;
JouNSsON & HaLL, 1952; Iwanori & TaKAHASHI, 1964 ; IwaAHORI, 1965, 1666, 1567).
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Fig. 1. Splitting of the antheridiai-cone, C. V. Hosen-Eilon.

The viability of both pollen and ovules was reduced (ABDALLA & VERKERK, 1968) but
microsporogenesis was more affected (IwaHORT & TAKAHASHI, 1964). CHARLES &
HarRris (1972) however, reported that under their experimental conditions stigma
receptivity was affected. In the present work it was found that high temperatures
during development of the flowers in the sensitive cv. Hosen-Eilon strongly affected
the quantity of pollen, its viability and the growth rate of the pollen tubes when
examined in vitro at 25°C (Table 2); the cv. Hotset was found to be less sensitive.
Dempsey (1970) found that following pollination of excised flowers which had
developed under optimum conditions, high temperature caused a marked decrease
in pollen germination in vivo.

A great difference was found in vivo between the two genotypes in the sensitivity
of their male and female gametophytes (Table 3). In the cv. Hotset, the rate of fruit
set was about twice or more that of "Hosen-Eilon’, when either the male or the female
parent was subjected to high temperatures. When both parents were grown under
the high temperature regime, the rate of fruit set in ‘Hotset” was three times that of the
sensitive cultivar. The reduction in fruit set after exposure of the female parent to
high temperatures might be caused by damage to the ovules (IWAHORI, 1966; AB-
DALLA & VERKERK, 1968) as well as by reduced stigma receptivity (CHARLES &
Hagris, 1972).
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Another important character affecting fruit set under high temperatures (BURK,
1929) or soil moisture stress (CoYNE, 1968) is the stigma position relative to the
antheridial-cone. Pollination was prevented or reduced when the stigma extended
beyond the top of the antheridial-cone (BURK, 1929; SMITH, 1932; WARNER, 1939;
YounG, 1963). No style elongation was observed in several cultivars (CHARLES &
HaRrRIs, 1972) while a great variability in this respect between cultivars was shown in
other studies under high temperatures (JounsoN & HaLL, 1953). The present work
confirmed the wide genotypic variation in style exsertion. The frequency of such
distorted flowers ranged from 12.5%, to 80%, of all the flowers in the hybrid ‘Hotset” x
‘Gamad’ and in ‘Hosen-Eilon’, respectively(Table 1). A strong relationship was found
between style exsertion and flower drop. No fruit set was ever observed of flowers
with style protruding more than 1 mm out of the antheridial-cone. In flowers with
style exserting up to 1 mm, flower drop ranged between 609, in the ‘Hotset” x
‘Gamad’ hybrid to 90% in ‘Hosen-Eilon’. Splitting of the antheridial-cone is probably
another mechanical barrier preventing self pollination. This character was not found
in ‘Hotset’, whereas in ‘Hosen-FEilon’, its frequency reached 40%, of all flowers with
exserted style.

The relative importance of the factors responsible for fruit-set under high
temperature conditions could be estimated as follows: About two thirds of the flower
buds of the heat sensitive cv. Hosen-Eilon aborted (Table 2). Amongst the remaining
buds which developed into flowers, almost 80% were malformed and most of them
did not set fruit (Table 1). The combined effect of the above components resulted in
a fruit set of only 6% (Table 2). Fruit set was increased to 459 when the mechanical
barriers to self-pollination and the effect of heat on microsporogenesis were over-
come by hand pollination with normal pollen (Table 3).

The heritability (KAMPTHORNE, 1969) in style exsertion in our experiments was
estimated from the variances measured in the cvs. Hotset and Gamad and in the
F; and F, generations of the cross between them. The relatively high value found
(H = 43%)is in accordance with other reports (Rick & DEMPSEY, 1969) and indicates
the practical possibilities for selecting lines with normal style position under high
temperatures.

The marked differences between cultivars in their sensitivity to high temperatures
as expressed by bud drop, style exsertion and splitting of the antheridial-cone might
be employed as visual parameters for breeding of better adapted lines. Indeed, such
criteria were applied on a cross between ‘Hotset’ and ‘Hosen-Eilon’. After only
two generations of selection, rate of fruit set of an F, line with a phenotype similar
to the sensitive parent, reached a value of 63%, as compared with only 16.3% of the
sensitive cultivar (Table 1). A more sophisticated method is needed to select for
improved functionality of the gametes under high temperature stress. The genetic
material with such desirable characters is readily available (JouNson & HaLL, 1953;
SCHAIBLE, 1962; ABDALLA & VERKERK, 1968; OGNYANOvA & SHUKAROV, 1970;
CHARLES & HARRIS, 1972; ANONYMOUS, 1974; and Tables 1, 2, 3).

A comparison between the standard cv. Gamad, the heat-tolerant cv. Hotset and
their F; cross shows that the rate of flowers with exserted style was the lowest and
fruit set was the highest in the F; hybrid (Table 1). This might indicate that improved
fruit set can be obtained also by choosing the adequate parent combination for F,

hybrids.
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216



FLOWER DROP AND FRUIT SET IN TOMATO

REFERENCES

ABDALLA, A. A. & K. VERKERK, 1968. Growth, flowering and fruit-set of the tomato at high tem-
perature. Neth. J. agric. Sci. 16: 71-76.

ANoONYMoUS, 1958. Hotset: a summer and fall tomato for east Texas. Texas agric. Exp. Stan. Leaflet
L. 386, 4 pp.

ANONYMOUS, 1974. The tomato. In: Annual Report of the Asian Vegetable Research and Develop-
ment Center. Shanhua, Taiwan, pp. 53-76.

BREWBAKER, J. L. & B. H. KwacCk, 1963. The essential role of calcium ion in pollen germination and
pollen tube growth. Am. J. Bot. 50: 859-865.

Burk, E. F., 1929. The role of pistil length in the development of forcing tomatoes. Proc. Am.
Soc. hort. Sci. 26:239-240.

CHaRLES, W. B. & R. E. Harrlis, 1972. Tomato fruit-set at high and low temperatures. Can. J.
Pl. Sci. 52: 497-506.

CoynE, D. P., 1968. Differential response of stylar length in tomatoes to soil moisture levels.
HortScience 3:39.

Dempsey, W. H., 1970. Effects of temperature on pollen germination and tube growth. TGC Rept.
20: 15-16.

DonaLp, J. F., 1916. Natural cross-pollination in the tomato. Science 43: 508-510.

IwaHORI, S., 1965. High temperature injuries in tomatoes. [V. Development of normal flower buds
and morphological abnormalities of flower buds treated with high temperature. J. Jap. Soc. hort.
Sci. 34: 33-41.

Iwanorl, S., 1966. High temperature injuries in tomato. V. Fertilization and development of em-
bryo with special reference to the abnormalities caused by high temperature. J. Jap. Soc. hort.
Sci. 35: 379-386.

IwAHORL S., 1967. Auxin of tomato fruit at different stages of its development with special reference
to high temperature injuries. Pl. Cell Physiol. 8: 15-22.

IwaHORI, S. & K. TAKAHASHI, 1964. High temperature injuries in tomato. I11. Effects of high tem-
perature on flower buds and flowers of different stages of development. J. Jap. Soc. hort. Sci.
33: 67-74.

Jonunson, S. P. & W. C. HaLL, 1953. Vegetative and fruiting responses of tomatoes to high tem-
perature and light intensity. Bot. Gaz. 144: 449-460.

KAMPTHORNE, O., 1969. An introduction to genetic statistics. John Willey & Sons Inc. The lowa
State Univ. Press. Ames, lowa, USA.

LeopoLD, A. C. & F. 1. ScoTT, 1952. Physiological factors in tomato fruit set. Am. J. Bot. 30: 310-317.

LEsLEY, J. W. 1924. Cross-pollination of tomatoes: varietal differences in amount of natural cross-
pollination, an important factor in selection. J. Hered. 15: 233-235.

Lockk, L. F., 1952, F; hybrids as a mean of improving home garden production of tomatoes in the
southern great plains. Proc. Am. Soc. hort. Sci. 60: 412-414.

OGNyaNOva, A. & L. SHUKAROv, 1970. Inheritance of flower abscission in four tomato crosses.
Genet. Pl. Breed. 3: 181-197.

RADSPINNER, W. A, 1932. Blossom drop in tomato. Proc. Am. Soc. hort. Sci. 18: 71-82.

RETIG, N. & N. KEDAR, 1968. Gamad, a tomato cultivar for processing. Hassadeh 48: 927-929.
(Hebrew).

Rick, C. M. & W. H. DEMPSEY, 1969. Position of the stigma in relation to fruit setting of the tomato.
Bot. Gaz. 130: 180-186.

Sarro, T. & H. ITo, 1967. Studies on the growth and fruiting in the tomato. IX. Effects of the early
environmental conditions and the cultural treatments on the morphological and physiological
development of flowers and the flower drop. I. Effects of night temperature, light intensity and
fertility of bed soil. J. Jap. Soc. hort. Sci. 36: 195-205.

ScHABLE, L. W., 1962, Fruit setting response of tomatoes to high night temperatures. In: YOUMKIN,
S. G. (Ed.), Proc. PI. Sci. Symp. on fruit-set. Campbell Soup Co., Camden, N. J., pp. 89-98.

SMITH, O., 1932. Relation of temperature to anthesis and blossom drop of the tomato together with a
histological study of the pistils. J. agric. Res. 44: 183--190.

SmiTH, O., 1935. Pollination and life-history studies of the tomato Lycopersicon esculentum MILL.
Cornell Univ. agric. Exp. Stan memoir 184. pp. 1-16.

Euphytica 27 (1978) 217



A.LEVY, H. D. RABINOWITCH AND N. KEDAR

SmrtH, O. & H. L. CocHrAN, 1935. Effect of temperature on pollen germination and tube growth in
the tomato. Cornell Univ. agric. Exp. Stan memoir 175. pp. 1-11.

SNEDECOR, G. W., & W. G. COocHRAN, 1969. Statistical methods (6th edition). Iowa State Univ.
Press. Ames, Iowa, USA.

WERNER, H. O., 1939. Varieties of tomatoes recommended for various localities in Nebraska on the
basis of their physiological adaptation. A. Rep. Nebraska State Board of Agric. p. 415.

Young, P. A., 1963. Two-way varieties for hot or cold climates. Am. Vegetable Grower 11: 13.

218 Euphytica 27 (1978)



