
Literature Cited
1. Abdalla, A. A. and K. Verkerk. 1968. Growth, flowering and fruit- 

set of the tomato at high temperature. Neth. J. Agric. Sci. 16:71-76.
2. Anonymous. 1974. Asian Vegetable Research and Development 

Center. Annual Report for 1972-1973:27-32.
3. Aung, L. H. 1976. Effects of photoperiod and temperature on vege-

tative and reproductive responses of Lycopersicon esculentum Mill. 
J. Amer. Soc. Hort. Sci. 101:358-360.

4. Bar-Tsur, Avri. 1977. High temperature effects on gas exchange 
characteristics, flowering and fruit-set in tomatoes. MS Thesis. 
Hebrew University of Jerusalem, Rehobot, Israel.

5. Bohning, R. H., W. A. Kendall, and A. J. Linck. 1953. Effects of 
temperature and sucrose on growth and translocation in tomato. 
timer. J. Bot. 40:150-153.

6. Calvert, A. 1964. Pollen viability, germination and tube growth in 
the tomato {Lycopersicon esculentum Mill.). A review of the litera-
ture. Rep. Glasshouse Crops Res. Inst. 1963, 131-142.

7. Charles, W. B. and R. E. Harris. 1972. Tomato fruit set at high and 
low temperature. Canad. J. Plant Sci. 52:497-506.

8. Chaudhary, R. C. 1973. Summer tomatoes in north Indian Plains. 
I. Problems of fruitlessness and parthenocarpy. Bhartiya Krishi 
Anusandhan Patrika 1:39-44 (In Hindi with English summary).

9. Davis, R. M., Jr., P. G. Smith, V. H. Schweers, and R. W. Scheur- 
man. 1964. Independence of floral fertility and fruit set in the 
tomato. Proc. Amer. Soc. Hort. Sci. 86:552-556.

10. El Ahmadi, A. B. and M. Allen Stevens. 1978. Genetics of high 
temperature fruit set in the tomato. J. Amer. Soc. Hort. Sci. Sub-
mitted.

11. Hewitt, S. P. and O. F. Curtis. 1948. The effect of temperature on 
the loss of dry matter and carbohydrates from leaves by respiration 
and translocation. Amer. J. Bot. 35:746-755.

12. Howlett, F. S. 1962. Introductory Remarks. Proc. Plant. Sci. Symp. 
Campbell Soup Co., 59-64.

13. Iwahori, S. 1965. High temperature injuries in tomato. IV. De-
velopment of normal flower buds and morphological abnormalities 
of flowers treated with high temperature. J. Jap. Soc. Hort. Sci. 
34:33-41.

1 4 . ___________  1966. High temperature injuries in tomato. V. Fertili-

zation and development of embryo with special reference to the 
abnormalities caused by high temperature. J. Jap. Soc. Hort. Sci. 
35:379-384.

1 5 . ____________  1967. Auxin of tomato fruit at different stages of
its development with a special reference to high temperature in-
juries. Plant & Cell Physiol. 8:15-22.

16. Leopold, A. C. and F. I. Scott. 1952. Physiological factors in tomato 
fruit set. Amer. J. Bot. 39:310-317.

17. Levy, A., H. O. Rabmowitch, and N. Kedar. 1978. Morphological 
and physiological characters affecting flower drop and fruit set of 
tomatoes at high temperature. Euphytica 27:211-218.

18. Lewis, D. 1953. Some factors affecting flower production in the 
tomato./. Hort. Sci. 23:207-220.

19. Liverman, J. L. and S. P. Johnson. 1957. Control of arrested fruit 
growth in tomato by gibberellins. Science 125:1086.

20. Moore, E. L. and W. O. Thomas. 1952. Some effects of shading and 
parachlorophenoxyacetic acid on fruitfulness of tomatoes. Proc. 
Amer. Soc. Hort. Sci. 60:289-294.

21. Mullison, W. R. and E. Mullison. 1948. Effects of several plant 
growth regulators on fruit set, yield and blossom end rot of six 
tomato varieties grown under high temperatures. Bot. Gaz. 110: 
501-505.

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

23. Rudich, J., E. Zamski, and Yael Regev. 1977. Genotypic variation 
for sensitivity to high temperatures in the tomato: Pollination and 
fruit set. Bot. Gaz. 138:440^52.

24. Santiago, Anthony. 1976. Tomato growing in the humid tropics. 
World Crops 28:89-91.

25. Schaible, L. W. 1962. Fruit setting responses of tomatoes to high 
temperatures. Plant Sci. Symp. Campbell Soup Co., p. 89-98.

26. Siegel, S. 1956. Nonparametric statistics. McGraw-Hill, New York.
27. Smith, O. and H. L. Cochran. 1935. Effect of temperature on pollen 

germination and tube growth in the tomato. N.Y. (Cornell) Agr. 
Expt. Sta. Mem. 175.

28. Went, F. W. 1944. Plant growth under controlled conditions. III. 
Correlation. Amer. J. Bot. 31:597-618.

29. White, T. H. 1918. The pollination of greenhouse tomatoes. Md. 
Agr. Expt. Sta. Bui. 222:92-101.

J. Amer. Soc. Hort. Set 104(5):691-696. 1979.

Genetics of High-temperature Fruit Set in the Tomato1
A. Beshir El Ahmadi2 and M. Allen Stevens
D epartm ent o f  Vegetable Crops, University o f  California, Davis, CA 95616
Additional index words. Lycopersicon esculentum, diallel analysis, flower production, fruit set, seed set, stigma 
exsertion.
Abstract. The genetics of high-temperature fruit set was studied with a complete diallel cross using 5 cultivars 
with excellent high temperature tolerance and a California cultivar lacking stigma exsertion. The cultivars differed 
genetically for number of flowers per cluster, percent fruit set, number of seeds per fruit and stigma exsertion. At 
normal and high temperatures recessive genes are associated with greater flower number and heritability for this 
character was high. Percent fruit set is under the control of a largely additive system with a moderate heritability 
at high temperature. Nonallelic gene interaction was involved in seed set and dominance components exceeded 
additive at both temperatures. Heritability for seed set was low at high temperature. Stigma exsertion at high 
temperature is controlled by partially dominant genes with a high diallel additive component and heritability. The 
results suggest that a scheme of selection for specific combining ability would be useful to combine the strengths 
of the high temperature tolerant lines with needed characters from a successful cultivar.

Schaible (13) mentioned results indicating quantitative genetic 
control of heat tolerance but presented no data.

A study of the reproductive responses of 6 genotypes with 
superior high temperature fruit-set characteristics showed that 
they have varying strengths under high temperature conditons 
(3, 4). BL6807 partitioned more of available photosynthate to 
flowers and fruits. ‘Saladette’ had no stigma exsertion. ‘Sal- 
adette’, CIAS161 and BL6807 ha greater pollen dehiscence. 
CIAS161 and S6916 had the smallest decrease in pollen viability 
and PI 262934 ovule viability was greater. The combination of

Studies are lacking on the inheritance of fruit set in the 
tomato {Lycopersicon esculentum Mill.) at high temperature.

1 Received for publication August 14,1978.
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the physiological strengths of these genotypes into a single culti- 
var should result in extraordinary high temperature of fruit set 
performance.

Studies of inheritance of stigma position at normal tempera-
ture (1, 2, 12) all considered it to be a discrete character. Rick 
and Dempsey (11) measured the distance between the stigma 
and the staminal orifice to indicate the degree of stigma ex- 
sertion or insertion and found simple genetic control for the 
character. The only inheritance study of stigma exsertion 
at high temperature (9) found a broad-sense heritability of 0.43.

The purpose of this study was to define the inheritance of 
certain reproductive characteristics that are crucial to high 
temperature fruit set.

Materials and Methods
Six cultivars (‘Saladette’, BL6807, PI 262934, CIAS161, 

S6916, and VF36) were used as parents in a complete diallel 
cross. The physiological basis of their high temperature per-
formance has been described (4). These cultivars were used 
in the diallel because of their probable use in programs to 
develop improved cultivars with high temperature performance.

Five replications of the diallel cross progeny were planted 
in June, 1975. Each replicate consisted of 42 plots representing 
the 30 hybrids and the parents in duplicate; each plot consisted 
of 4 plants. Two weeks after seeding, 2 replicates were trans-
planted to the field and 2 to the greenhouse. Field conditions 
represented normal temperature, and the greenhouse was kept 
at high temperature. Plants of the 5th replicate were kept in 
the high-temperature greenhouse to replace plants that were 
lost.

Seedlings were transplanted to the field at a spacing of 150 
x 120 cm and irrigated immediately. Data were obtained from 
2 plants of each progeny in each replicate on: 1) number of 
flowers and fruits in each of the first 6 clusters; 2) number of 
seeds per fruit in 5 early fruits per plant.

The greenhouse used for the high-temperature study was 
fiberglass, transmitting about 50% solar radiation. The ground- 
bed area, about 9 x 30 m, was divided in the center by a walk 
creating 2 sections used as the 2 replicates of the experiment. 
Seedlings were planted at 45-cm spacing in rows 60 cm apart.

Temperatures were monitored with 16 thermocouples, 8 
in each replicate. An attempt was made to keep the day tem-
perature within 37-42°C. The night temperature, controlled 
automatically, usually varied between 27 and 30°. At anthesis, 
flowers on 2 plants of each progeny were self-pollinated with 
an electric vibrator fitted with a geletin capsule. The following 
data were obtained: number of flowers and fruits in each of 
the first 6 clusters (obtained on pollinated plants only), and 
mean stigma exsertion to the nearest 0.5 mm based on 13-20 
flowers per plant.

The data were analyzed with the Jinks-Hayman diallel 
analysis (5, 6, 7).

Results
Average maternal effects and reciprocal differences, tested by 

an analysis of variance of diallel tables (5) were found to be 
nonsignificant at both temperature conditions. There was no 
indication that the performance of the F1 depended on the 
direction of the cross.

Number o f flowers per cluster. Variation in number of 
flowers was highly significant among parents and among Fxs 
at both temperatures. At normal temperature the Fxs had 
fewer flowers than the parents but not at high temperature 
(Table 2). The correlation between mean values for the two 
environments was highly significant (Table 1).

The Wr, Vr regression was significantly different from zero 
and not significantly different from one at both temperatures 
(Fig. la  and lb), indicating that a simple additive-dominance 
model is adequate. Wr — Vr was constant over arrays (Table 4).

At normal temperature the position of the arrays along the 
regression line shows that the parents fell roughly into 3 groups: 
more dominant than recessive genes (S6916, VF36, PI 262934, 
and CIAS161); intermediate ( ‘Saladette’); and more recessive 
than dominant (BL6807) (Fig. la). At high temperature the 
order is about the same except that ‘Saladette’ moved to a 
position indicating more dominant genes (Fig. lb). At both 
temperatures, recessive genes are associated with higher flower 
numbers. The correlation is highly significant at normal tem-
perature (r = 0.92) and significant at high temperature (r = 
0.89). It should be noted that BL6807, which has the highest 
number of flowers per cluster and has mostly recessive genes, 
is the only parent among those studied which has a branching 
truss (compound), a character conditioned by a single recessive 
gene.

The position of the Wr, Vr regression line and the value of 
(H1/D)1/2 both indicate that dominance is partial at both tem-
peratures (Table 4). Asymmetry of the proportions of positive 
and negative alleles at loci exhibiting dominance is indicated 
at both temperatures. Also at both temperatures, dominant 
genes are more frequent than recessive genes. The relative 
magnitudes of the genetic components are remarkably similar 
at both temperatures. Heritability is high and of the same 
magnitude at both temperatures (Table 5).

Percent fruit set. Analysis was based on -^/arcsin values. 
Differences among parents and among Fxs were highly signifi-
cant at both temperatures. Fxs averaged significantly higher 
fruit set than parents under both temperature conditions 
(Tables 1 & 2). Correlation in fruit set between high and normal 
temperatures was not significant (Table 1).

The regression of Wr on Vr was significantly different from 
zero and not significantly different from one at both tempera-
tures (Fig. 2), and Wr — Vr did not vary significantly among 
arrays (Table 3). Positions of the arrays along the regression 
line at normal temperature show that the parents fell into 3 
groups: more dominant genes, (CIAS161 and VF36); equal 
proportions of dominants and recessives (S6916 and ‘Saladette’); 
and more recessive genes, (BL6807 and PI 262934) (Fig. 2a). 
At high temperature the position of certain arrays is changed. 
Most striking is the reversal of array 6 . VF36 became the parent 
with mostly recessive genes; the others contain mostly domi-
nant genes (Fig. 2b). At normal temperature the correlation 
between Wr + Vr and Yr is negative but not significant (r = 
—0.50); at high temperature the correlation is negative and 
significant (r = —0.85), indicating that dominant genes have 
positive effects, i.e., increased % fruit set.

The position of the Wr, Vr regression lines and the values 
of (Hj/D)1/2 (Table 4) indicate partial dominance for the genes 
controlling this character at both temperatures. The diallel 
estimators (Table 4) indicate unequal frequencies of positive 
and negative alleles under both temperature conditions. The 
estimator (4DH!)1/2 + F/(4DHx)1/2 -  F indicates that dominant 
genes among the parents are less frequent than the recessive 
genes at normal temperature. That is corroborated by the 
negative F value (Table 5). At high temperature the situation 
is reversed. Dominant genes are more frequent (Tables 4 and 5).

The diallel components have much higher values at high 
temperature, although the relative magnitudes of the additive 
and dominance components are little changed. Heritability 
is moderate at high temperature, and high at normal tempera-
ture (Table 5).

Number o f  seeds per fruit. Mean number of seeds per fruit 
was determined from 20 fruits of each genotype at normal 
temperature. At high temperature, mean values were deter-
mined from widely varying numbers and are thus of unequal 
precision. Analysis was made on values transformed to loga-
rithms. Differences among parents were highly significant 
at both temperatures (Table 2). Differences among Fxs were 
highly significant at normal temperature but not significant at
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Table 1. Number of flowers per cluster, % fruit set and mean number of seeds per fruit of parents, and F^s at normal and 
high temperatures and stigma exsertion at high temperature.

Parent
or
Fl

No. of flowers per 
cluster Fruit set (%)

Mean no. of seeds/ 
fruit Mean length 

stigma exsertion (mm) 
at high temp

Normal
temp

High
temp

Normal
temp

High
temp

Normal
temp

High
temp

BL6807 (1) 14.8 11.4 46.0 31.8 48.4 10.6 0.25
Saladette (2) 8.1 8.4 70.2 26.8 101.4 21.0 0.05
CIAS161 (3) 4.0 3.3 81.1 7.6 135.6 34.6 1.65
PI 262934 (4) 7.1 6.6 71.6 40.2 111.1 44.2 1.15
S6916 (5) 6.6 5.4 66.6 28.8 120.0 24.6 2.20
VF36 (6) 4.0 4.0 58.8 2.0 82.4 8.5 0.00
1x2 10.8 8.1 58.2 37.2 84.1 18.3 0.80
1x3 7.7 5.1 81.9 26.4 122.6 49.5 1.80
1x4 8.3 7.1 59.2 31.4 85.0 15.6 1.50
1x5 7.4 7.0 70.8 47.6 129.2 49.9 2.15
1x6 6.8 6.2 62.0 38.5 62.2 40.1 0.05
2x3 5.6 5.2 81.2 25.3 143.9 42.8 2.10
2x4 7.6 7.0 70.4 32.4 119.8 17.2 1.05
2x5 7.2 8.4 78.2 46.5 113.0 52.0 1.70
2x6 6.8 6.2 64.2 31.1 136.3 59.6 0.00
3x4 5.8 4.3 85.5 27.8 158.0 52.2 2.20
3x5 5.4 4.7 85.2 26.0 137.8 64.1 2.35
3x6 5.2 4.3 73.8 21.1 191.6 50.8 1.15
4x5 6.8 7.9 80.3 40.8 131.5 56.6 1.90
4x6 6.1 5.7 57.8 27.3 106.7 42.1 0.25
5x6 5.6 6.2 68.4 29.2 185.0 31.2 1.90
C.V. 9.9 8.0 5.91z 10.862 2.16^ 14.24y 13.9
LSD 1.4 1.1 7.05 7.34 0.093 0.442 0.36

r=0.87** r=-0.03 ns r=0.56 **

ZC.V. and LSD obtained from transformed values (arcsin).
yAnalysis based on log transformation. For comparison, means should be converted to log value.

high temperature. Seed set was significantly greater in the 
Fxs than in parents at both temperatures (Tables 1 and 2). 
The correlation in seed set between the 2 environments was 
highly significant (Table 1).

At normal temperature the regression of Wr on Vr was 
significantly different from zero and not significantly dif-
ferent from 1.0. The Wr — Vr analysis indicated significant 
array differences (Table 3). On the other hand the values 
of Wr -  Vr did not vary significantly at high temperature. 
The regression of Wr on Vr was not significantly different 
from one (t = 0.93) but it was also not significantly different

Table 2. Mean squares for orthogonal comparisons among genotypes.

Comparison

Character Temp
Among
parents

Among
FlS

F i s vs. 
parents2

Flowers per 
cluster

Normal
High

31.831**
17.880**

4.026**
3.608**

2.704* ( - )  
0.625ns ( -)

Fruit set (%) Normal
High

291.216**
291.063**

197.301**
46.601**

316.681** (+) 
511.748** (+)

No. of seeds 
per fruit (log)

Normal
High

0.051**
1.483**

0.035**
0.089ns

0.103** 
0.996** (+)

Stigma exsertion High 1.707** 1.286** 2.229** (+)

ZA plus sign indicates that the mean of all F^s is higher than the mean of 
the parents. A minus sign indicates the opposite.
*, **Significant at 5% (*) or 1% (**) level.

from zero (t = 2.45). The Wr, Vr graphs were very similar at 
both temperatures (Fig. 3.) No attempt was made to obtain a 
better fit. The data will be examined as they are, bearing in 
mind that an additive-dominance model is probably not ade-
quate for this character.

VF36 under both conditions appears to be the parent with 
mostly recessive genes (3). The other parents have more domi-
nant genes except for BL6807, which at normal temperature 
appears to have more recessive than dominant genes (Fig. 3a). 
At both temperatures there is a significant association be-
tween dominant genes and increased seed set (r = 0.77, high; 
r = 0.83, normal). The position of the regression line is close 
to the origin at normal temperature and below the origin at 
high temperature, indicating overdominance. ( ^ / D f 2 indi-
cates overdominance at both temperatures (Table 4). Genes 
with positive and negative effects are equally frequent at nor-
mal temperature but occur with unequal frequencies at high 
temperature. Dominant and recessive genes are equally fre-
quent at normal temperature but dominant genes are more 
frequent at high temperature. The dominance components 
are relatively higher than the additive component at both 
temperatures (Table 5).

Stigma exsertion at high temperature: Stigma exsertion 
did not occur at normal temperature. Significant differences 
were found among parents and among Fxs in the degree of 
stigma exsertion. Mean stigma exsertion was significantly 
higher in the Fxs than in the parents (Tables 1, 2). There was 
no significant correlation between stigma exsertion and the 
number of fruits produced by the unpollinated plants.

The regression of Wr on Vr was significantly different from 
zero and not significantly different from one (Fig. 4). Wr — Vr 
was homogeneous over arrays (Table 3). The parents fell into
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Fig. 1. Wr, Vr regression and limiting parabola for number of flowers per 
cluster a) at normal temperature, b) at high temperature. Numbers of 
arrays: 1) BL6007, 2) ‘Saladette’, 3) CIAS161, 4) PI 262934, 5) 
S6916, 6) VF36.

Table 3. Wr-V r mean squares for different characters at normal and 
high temperatures.

Source of variation
Character Temp Reps. Arrays Error

No. of flowers 
per cluster

Normal
High

0.003 ns 
0.047 ns

0.950 ns 
0.274 ns

0.674
0.306

Fruit set (%) Normal
High

4589.871 ns 
27.298 ns

766.100 ns 
429.181 ns

985.678
359.716

Number of seeds/ 
fruit (log)

Normal
High

0.000 ns 
0.004 ns

0.001** 
0.0046 ns

o.ooo2
0.0008

Stigma exsertion High 0.020* 0.003 ns 0.002

zSmall but positive values.
*, **, nsSignificant at 5% (*) or 1% (**) level or nonsignificant (ns).

three groups in array positions along the regression line: mostly 
recessive genes (BL6807, ‘Saladette’, and VF36); about equal 
proportions of dominant and recessive genes (PI 262934); 
and mostly dominant genes (S6916 and CIAS161). The cor-
relation between parental order of dominance and degree 
of stigma exsertion was highly significant (r = 0.97). The posi-
tion of the regression line and the value of both
indicated that stigma exsertion is controlled by partially domi-
nant genes. 1 ^ /4 ^  indicated a slight asymmetry in the fre-
quencies of positive and negative alleles (Table 4). The value 
of (4DH!)1/2 + F/(4DH!)1/2 -  F and the negative value of F 
(Tables 4 and 5) show more dominant genes than recessive 
ones among the parents. The allele additive component “D” 
was relatively large, and heritability was high (Table 5).

Discussion
Levy (9), using 2 cultivars, found that stigma exsertion 

showed partial dominance of short styles. The present study 
found partial dominance for long styles. The parents with 
exserted stigmas, PI 262934 was genetically different from 
CIAS161 and S6916 as indicated by array position along the 
Wr, Vr graph (4). Lewis (10), in a discussion of gene-environ-
ment interaction, presented data indicating almost complete 
dominance for low number of flowers at low temperature 
13°C) and absence of dominance at high temperature (25°). 
The present results indicate partial dominance of low flower 
number at both temperatures.

Flower production is probably not a limiting factor in fruit 
yield at high temperature. Although there was a highly sig-
nificant positive correlation between % fruit set and number 
of flowers (r = 0.83 for Fxs), valid conclusions about this 
relationship require the development and use of isogenic lines.

Stigma exsertion is of great importance under high-tempera- 
ture field conditions. Since the genetic variance for this charac-
ter is largely additive (Table 5), selection for low stigma posi-
tion could be effective and rapid.

Seed set is an index of the fertility of both male and female 
gametes. It was not possible with large populations to examine 
separate gamete viabilities by the techniques used for the 
parents in the earlier study (4). The results indicated that 
nonallelic gene interaction was involved in this character. Al-
though the parents varied significantly in seed content at high 
temperature, the Fxs did not. Also the Fxs had significantly 
higher seed content than the parents. The relation of seed 
content to fruit size was discussed earlier (4). It is unlikely that

Table 4. Values of diallel cross estimators for different characters at
normal and high temperatures.

Character Temp

Estimator

(Hi/D)* H2/4H j
(4DH1)‘f+F/ 
(4DHi) - F

No. of flowers Normal 0.52 0.15 4.14
per cluster High 0.67 0.13 2.78

Fruit set (%) Normal 0.89 0.16 0.89
High 0.84 0.17 2.59

No. of seeds/ Normal 1.14 0.23 0.98
fruit (log) High 1.22 0.16 3.46

Stigma exsertion High 0.89 0.21 0.65

(Hx/D)1/2 = weighted average degree of dominance.
H2/4H1 = average frequencies of positive and negative alleles at dominant 
loci.
(4DH1)1//2+F/(4DH1)1//2-F  = ratio of dominant to recessive alleles.
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Table 5. Diallel variance components and narrow sense heritability for number of flowers per cluster, % fruit set (arcsin) and high temperatures and 
stigma exsertion at high temperature and number of seeds per fruit (log).

Component

No. of flowers per cluster Fruit set (%) (^arcsin) No. of seeds per fruit (log) Stigma 
exsertion at 
high temp

Normal
temp

High
temp

Normal
temp

High
temp

Normal
temp

High
temp

D 15.60 ± 0.71 8.75 ± 0.32 47.87 ± 7.99 137.30 ±9.53 0.02 ± .003 0.15 ± 0.04 0.83 ± 0.04
Hi 4.21 ± 1.79 3.96 ± 0.80 41.21 ±0.28 98.05 ±24.19 0.03 ± .007 0.23 ±0.11 0.66 ± 0.10
h 2 2.51 ± 1.60 2.11 ± 0.71 25.16 ± 8.12 67.97 ± 21.61 0.03 ± .006 0.15 ± 0.10 0.56 ± 0.09
F 9.90 ± 1.73 5.55 ± 0.77 -14.68 ± 19.52 102.64 ± 23.28 0.0006 ± 0.0067 0.21 ± 0.10 -0.32 ± 0.09
E 0.48 ± 0.27 0.26 ± 0.12 11.43 ± 3.02 12.39 ± 3.60 0.0020 ± 0.0010 0.04 ± 0.02 0.03 ± 0.014
D-Hx 11.39 ± 1.58 4.79 ± 0.70 6.66 ± 17.81 39.25 ± 21.24 -0.008 ± 0.006 -0.08 ± 0.09 0.17 ± 0.014
Heritability2 0.77 0.76 0.69 0.52 0.59 0.30 0.79

zHeritability = 0.5(D + Hx -H 2 -  F)/0.5(D + Hx) -  0.25 H2 -  0.5 F + E.

direct selection for higher seed set will be pursued as a breeding 
objective. Unpollinated plants in the greenhouse completely 
failed to set seed. The relatively good seed set of the pollinated 
plants shows that gamete viability was not a factor in lack of 
seed set in the unpollinated plants. Stigma exsertion was proba-
bly not a factor, since there were many genotypes that did not 
exsert stigmas and yet did not set any seed. The most plausi-
ble explanation is low pollen production and indehiscence
(4 ).

Genetic analysis of % fruit set showed that the additive 
genetic variation was larger than the dominance variation 
(Table 5). The question is which cross or crosses are likely to 
give the best results. Without information on advanced genera-
tions, the question cannot be answered with certainty. Selec-
tion of the cross with the highest value has been recommended 
(8), especially when the genetic variation is largely additive.

Fig. 2. Wr, Vr regression and limiting parabola for % fruit set at a) normal 
temperature and b) high temperature. Numbers of arrays: 1) BL6807, 
2) ‘Saladette’, 3) CIAS161, 4) PI 262934, 5) S6916, 6) VF36.

The highest array values belong to S6916, particularly the 
FjS involving this parent with Saladette and BL6807.

The results of the diallel analysis suggest that a scheme 
of selection for specific combining ability would be useful to 
combine the strengths of the high-temperature-tolerant lines 
with needed characters from a good horticultural type. A 
cultivar with high yield and good fruit size could be used as 
the homozygous tester, while a bulk hybrid population of the 
best high-temperature parents provides the heterozygous popu-
lation. CIAS161 could be excluded, since it has several un-
desirable characteristics.

Fig. 3. Wr, Vr regression and limiting parabola for number of seeds per 
fruit (log) at a) normal temperature and b) high temperature. Num-
bers of arrays: 1) BL6807, 2) ‘Saladette’, 3) CIAS161, 4) PI 262934, 
5) S6916, 6) VF36.

J. Amer. Soc. Hort. Sci. 104(5):691—696. 1979. 695

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-04 via O
pen Access. This is an open access article distributed under the C

C
 BY-N

C
-N

D
license (https://creativecom

m
ons.org/licenses/by-nc-nd/4.0/). https://creativecom

m
ons.org/licenses/by-nc-nd/4.0/



Fig. 4. Wr, Vr regression and limiting parabola for stigma exsertion at 
high temperature. Numbers of arrays: 1) BL6807, 2) ‘Saladette’, 
3) CIAS161,4) PI 262934, 5) S6916, 6) VF36.
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Crop Response in a Greenhouse Environmentally Controlled 
with Air Drawn from a Coal M ine1
J. W. Buxton, J. N. Walker, L. D. Collins, Dean E. Knavel, and J. R. Hartman2
University o f  K entucky, L exington , K Y  405 4 6
Additional index words. carbon dioxide, relative humidity, temperature, Chrysanthemum morifolium, 
chrysanthemum, Antirrhinum mafus, snapdragon
Abstract. The environment created by ventilating a greenhouse with mine-air was suitable for the production of 
high quality spray chrysanthemums (Chrysanthemum morifolium Ramat.) and snapdragons {Antirrhinum majus 
L.) from mid-February through November without any additional energy requirement. The environment created 
in the greenhouse from December to February was extremely humid and favored botrytis development and 
physiological problems which reduced crop quality.

A previous study (5) showed that a quonset-greenhouse 
located in Eastern Kentucky could be heated in winter and 
cooled in summer with air drawn from an abandoned coal 
mine. The temperature of the mine-air was 12°C during the 
winter and rose to 15° during the summer (Table 1). Tempera-
tures inside the greenhouse varied depending upon the tempera-
ture difference between the inside and outside and light in-
tensity. On a night when the temperature was —12° outside,

1 Received for publication December 4, 1978. The investigation reported 
in this paper (78-10-2-11-195) is in connection with a project of the 
Kentucky Agricultural Experiment Station and is published with ap-
proval of the Director. This research was supported by a grant from 
ARS-ERDA Division of Solar Energy.
The cost of publishing this paper was defrayed in part by the payment of 
page charges. Under postal regulations, this paper must therefore be 
hereby marked advertisement solely to indicate this fact.
^Associate Professor, Department of Horticulture and Landscape Archi-
tecture; Professor, Dept, of Agricultural Engineering; Research Specialist, 
Associate Professor, Dept, of Horticulture and Landscape Architecture 
and Extension Plant Pathologist respectively.

696

the temperature within the greenhouse dropped only to 10°. 
On cloudy winter days, solar energy warmed the air slightly 
above the mine-air temperature; on bright winter days, depend-
ing upon total solar energy received, the temperature rose at 
least 6° above that of the mine air. On bright summer days, 
the mine-air reduced the greenhouse temperature below ambient; 
when the outside temperature was 36° the temperature within 
the greenhouse rose only to 28°.

The relative humidity of the mine-air remained at 100% 
throughout the year. Depending upon solar input or heat 
loss, the air passing through the greenhouse was either heated 
or cooled, which caused a change in relative humidity. At night, 
especially during winter, condensation occurred and the relative 
humidity remained near 100% (Table 1). On cloudy winter 
days the relative humidity was also close to 100% and dropped 
little below this on sunny days. However, on bright summer 
days when the temperature rose to 29°C, the relative humidity 
dropped to values as low as 45%.

As the result of oxidation of coal, the CO2 concentration of 
the mine-air reached as high as 2500 ppm. Possible toxic gases 
such as ethylene and methane were not detected (4).
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