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ABSTRACT

Fruit maturity and its effect on the morphological 
and physiological development of the seed, in the range of 
20 to 38 days from pollination, were investigated in the 
wild xerophytic gourd. Cucurbita foetidissima HBK. Also, 
the influence of a 20 day period of fruit storage on the 
seed development was studied„

Fruit size and seed number per fruit were not influ- ' 
enced by fruit age. However, a linear positive association 
was found between fruit size and its number of seeds. A 
marked and positive effect of fruit.age on seed weight was 
also observed. It appeared that the complete physical seed 
development was reached by the 38th day from pollination.

Fruit storage had little effect on seed weight when 
compared to the influence of fruit age.

Both the stage of fruit maturity and the period of 
fruit storage had marked effect on seed germination and 
viability. Possible mechanisms through which they influence 
seed germination and viability were discussed.

The seedlings after the germination period were 
classified according to their degree of development, and it 
was found that the highest percentage of well-developed 
seedlings was recorded for the 38 day old fruits, stored for 
20 days after harvest.

viii



INTRODUCTION

It has long been known that the stage of maturity 
of the fruit affects seed viability and germination in many 
species of the Cucurbitaceae family. Quite a number of 
workers have studied this problem in cultivated cucurbits, 
but little has been done with respect to the wild species 
such as Cucurbita foetidissima HBK, the subject, of this 
study.

This species is a perennial xerophytic gourd which 
is found growing wild in the arid regions of the South
western United States and Northern Mexico. The plant is 
well adapted to the arid and semi-arid areas, it has a very 
elongated tap root which permits its survival during long 
periods of drought. Also, it has the capability of exten
sive vegetative growth and produces an abundant yield of 
fruits (Curtis, 1946; Dittmer and Talley, 1964). The seed 
is rich in protein (34%) and edible oil (34%), and this fact 
along with the characteristics of the plant already men
tioned, indicate that this species has the potentiality of 
becoming a crop of considerable economical importance in 
areas of the world deficient in protein and oil sources 
(Curtis, 1946; Bemis et al., 1967; Weber et al., 1969).

Cucurbita foetidissima is cross-compatible with the 
cultivated Cucurbita moschata Poir. (Whitaker and Bemis,
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1964) and presently, it is being used in a breeding program 
conducted by the Department of Horticulture, The University 
of Arizona. The plant is reproduced primarily by asexual 
means. During periods of favorable growth, adventitious 
roots are produced at the nodes of the vines, and colonies 
may develop from a central plant (Whitaker and Bemis, 19 64). 
However, the need for sexual propagation seems quite obvious 
since in a breeding program, the use of seeds to produce new 
plants is an essential step.

The objectives of this study were basically:
1. To answer questions dealing with the morphological 

and physiological development of the seed, related 
to the stage of maturity of.the fruit.

2. To investigate the phenomenon of the after-ripening 
process in the species.

3. To find a way by which the germination of seeds of 
this species can be improved so as to produce the 
highest percentage of well developed seedlings.



LITERATURE REVIEW

Botany , -
The wild gourd, foetidissima HBK is a rough, 

coarse, perennial plant having trailing stems or vines 
arising from tuberous fleshy roots. This species has a very 
elongated tap root which produces laterals near its distal 
end, the central tap root reaching weights up to 72 kg.
The leaves are gray-green in color, large, entire, and 
triangular with numerous hairs on both the upper and lower 
surfaces. However, there seems to be considerable 
variability within this species with respect to leaf 
lobing and shape. The plant is monoecious and the presence 
of insect pollinators seems to be necessary for the pro
duction of fruits and seeds. The fruits are pepos, approx
imately round, small in size (about 8 cm in diameter), and 
green in color with lighter stripes (Bailey, 1943; Dittmer 
and Talley ', 1964; Whitaker and Bemis, 1964; Ba-amer and 
Bemis, 1968),

Fruit Development and Seed Number 
The relationship between the presence of seeds and 

the development of the fruit has been of interest to many 
authors. In many plants studied, marked correlations were

3
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shown to exist between seed number and ultimate fruit size, 
and also between seed distribution and fruit shape.

Mann (1953), studying fruit development in 
cantaloupe (Cucumis melo L»), noted an increased size in 
melons due to greater number of seeds. He found that an 
increase of 180 seeds per fruit added 77.18 g to fruit 
weight, of which less than 4.54 g was due to the weight of 
the seeds themselves. In the same work he reported that 
open-pollinated flowers produced larger fruit and more seed 
than hand-pollinated flowers, where the. efficiency of 
pollination and fertilization was believed to be lower.

Reports on the relationship between number of seeds 
and fruit size in tomato (Lycopersicon esculentum Mill) are 
somewhat conflicting^ Houghtaling (19 35) found a signifi
cant correlation between ovary size at anthesis and mature 
fruit size. She also reported that fruit size was related 
to cell size as well as cell number, but that cell number 
did hot increase after anthesis. In a comprehensive study 
using the cultivars Rutgers and Pritchard, Pollack and 
Larson (1955) found a highly significant association between 
fruit weight and seed number. However, from their data it 
was not possible to determine the independent variable.
They reported seed number to be a function of fruit size. 
Dempsey and Boynton (1965) carried out experiments in which 
flowers were selected to ensure ovaries of similar size.
They obtained fruits with a wide range in seed number, s^ze.



and maturity. It was found in the cultivars. Pearson and 
San Marzano that number of seeds per fruit was significantly 
correlated with fruit weight. Each additional seed increased 
fruit weight by about 1 g. Maturity was also positively 
associated with seed number. •

The physiological role of the seed has also been 
extensively studied. Hatcher (1945), Nitsch (1950), and 
Luckwill (1953) have reported that seed, particularly the 
endosperm, is a rich source of auxin and this has led to the 
belief that the mechanism by which seeds control fruit 
development and growth is hormonal in nature. This idea 
was supported by the fact that the parthenocarpic development 
of certain fruits, such as tomato and fig, could be 
stimulated by the application of auxin to unpollinated 
flowers.

Aalders and Hall (1961) suggested that the growth of 
the blueberry is largely influenced by factors provided by 
the seeds. On the other hand, Wood, Collins, and Barker 
(1966) observed some blueberry clones which produced large 
fruits with only a few seeds and others which were naturally 
parthenocarpic. Render and Desrochers (1970), studying the 
changes in endogenous auxin, gibberellin-like substances, 
and inhibitors in developing blueberry fruits, suggested 
that high levels of natural gibberellins in growth stage I 
may possibly account for these situations replacing the 
function of the seed. Mainland and Eck (1968) found that
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the growth curve for parthenocarpic blueberries closely 
resembled that of seeded fruits when induced with high 
KGA3 levels. At lower KGA3 concentrations, growth rates in 
stages I and III were of lower magnitude> suggesting a 
deficiency of endogenous gibberellin. •

Jackson and Coombe (1966), working with apricot 
fruit, found that the concentrations of gibberellin-like 
substances in the seed, endocarp, and mesocarp correlate 
well with growth rates in these tissues between anthesis 
and maturity,

Dennis (1967) carried out experiments to investigate 
the role of the seeds on the development of apple fruit.
An extract of immature 'Wealthy apple seeds, containing 
substances with gibberellin activity, was. applied to un
pollinated blossoms of the same variety, resulting in the 
-production of mature seedless fruits. He reported that the 
immature seed and its high gibberellin-like activity 
provides strong support for the hypothesis that gibberellins 
produced in the fertilized ovule are responsible for the 
fruit-set in apple.

Crane (19 64), in his review of growth substances in 
fruit setting and development, reported that it seems 
certain that the developing seed is a center of production 
of auxin and possibly gibberellin-like and kinin-like 
substances and that the hormonal factors emanating from the 
seeds are stimulators of fruit growth. It was also reported
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that one can think o-f the seeds as mobilization centers with 
the surrounding fruit tissues utilizing and storing some of 
the nutrients and other substances.

Stage of Fruit. Maturity Related to Seed 
. Development and Germination

The literature pertaining to the effect of fruit
■ - " '

maturity on seed development and germination of different 
plants is extensive. Borthwick (1931), studying germination 
of carrot "seeds" (Daucus carota L.), reported that the 
seeds from the. first and second order umbels presented 
higher germination than those from the third order, the 
stage of maturity being accounted for this difference.

Inoue and Suzuki (19 62) , working on ’Snap1 bean 
(Phaseolus vulgaris L.), found that seeds harvested 15 days 
after anthesis did not germinate at all without after- 
ripening. However, germination increased in samples 
harvested 20 to 30 days after anthesis, and seeds harvested 
35 days after anthesis exhibited 100% germination without 
after-ripening.

In asparagus (Asparagus officinalis L . ), Scheer, 
Ellison, and Johnson (1960) also found an association 
between seed germination and fruit maturity.

In cucurbits, several investigations have been 
conducted in this direction. Whitaker and Davis (19 62) 
stated that cucurbit fruits should be allowed to reach full 
maturity if they are to be used for seed. Harrington (19 59)



studied the effect of fruit maturity on germination of 
muskmelon seed (Cucumis melo). He reported that the 
germination of.the seed was strongly affected by the stage 
of maturity of the fruit and that the low germination of 
seed obtained from immature fruits was most probably not a 
post-harvest dormancy phenomenon,since it persisted for as 
long as 9 months after harvest. He also indicated that in 
order to ensure fully mature seed with high germination, the 
fruit should be picked at the half-slip stage or later.

Stanek, Hosek, and Wasserbauer (1961), working with 
cucumber (Cucumis sativus L . ), found that the fermentation 
of the seed improved germination and was only undesirable 
in the case of over-mature fruits in which fermentation had 
already started during ripening. 1

Young (1949) carried out experiments to investigate 
the effect of maturity and storage on germination of 
'Butternut' squash (Cucurbita moschata) seed. He found that 
mature squash produced 24.6 g of seed per squash, while 
immature fruits (mature for the market),contained only 
18.1 g. An increase in weight per 100 seeds after 2-1/2 
months of storage was found in both mature and immature 
squashes. It was reported also that the seed removed from 
mature squash at the start of the storage had an average 
germination of 90.8% and germination increased to 96.8% with 
two weeks of storage. Only 19% of the seed from immature 
squash at the start of the storage period germinated. After



the storage period the germination reached a maximum of 
67.2%. His data are an indication that in order to obtain 
good germination, it is necessary to harvest only very 
mature squash for seed. Holmes (1953), working with the 
same plant came to similar results. Only his values were 
somewhat different from those reported by Young (1949).

Byvsih (19 67) reported that seeds of varieties of 
Cucurbita pepo L. and Cucurbita maxima Duch. continued to 
ripen in the harvested fruit, receiving plastic substances 
from the pericarp. In his study, the seeds were capable of 
germination before biological maturity, but after—ripening 
improved the speed and percentage of germination. He also 
observed that plants from after-ripened seeds produced 
higher yields than those from seeds harvested at earlier 
stages of maturity.



MATERIALS AND METHODS

The plants used in this study were part of a seven- 
year-old colony of C. foetidissima vines initiated from a 
common plant by asexual means. The colony was grown under 
natural rainfall conditions and established in an area 
adjacent to the Horticulture Department greenhouse at 
Campbell Avenue Farm in Tucson, Arizona.

Beginning on July 1, 1970, female flowers were 
tagged at different days in the morning on which anthesis 
had occurred. At this time, the flowers were assumed to 
have been naturally pollinated by native bees. A schedule 
was then prepared in order to have the fruits harvested in 
the desired stage of maturity.

The ages or stages of maturity selected for this 
study ranged from 20 to 38 days from pollination, with a 
two day interval between one age and another. A total of 
10 consecutive six-fruit samples were collected, so that for 
each treatment or stage of fruit maturity, six fruits were 
available.

Immediately after being harvested, the fruits were 
taken to the laboratory where they were weighed on a small 
triple beam balance and their diameters were measured with 
outside calipers.

10
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Seeds were extracted from three fruits of each 

treatment on the day they were harvested„ The other three
•' Qfruits were stored in paper bags at room temperature (25 C) 

for a 20-day period, after which the fruits were again 
weighed and had the seeds extracted from them. This was 
done in order to investigate the changes in the weight of 
the fruits and also the effect of the storage period in the 
development and germination of the seeds.

Seed Preparation 
The seeds were extracted manually by cutting the 

fruit with a sharp knife. The cut was done reaching the 
mesocarp in all extension, in the direction of the fruit 
equator. Care was exercised not to injure the seeds. The 
two hemispheres were separated by twisting them in different 
directions. The pulp with the seeds was then extracted and 
placed in a bucket of water where the seeds were hand . 
separated from the pulp. Following separation, the seeds 
were put in a wire screen and washed for several minutes in 
order to remove pieces of pulp and mucilaginous materials. 
The seeds were then spread on a folded paper towel placed on 
a paper plate where they were dried for 12 days at room 
temperature (25°C). From previous experiences this period 
of time has shown to be sufficient to obtain a good room dry 
seed.
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After removal of small pieces of dried pulp, empty 

seed coats, and other materials, the seeds were weighed, 
counted, and the data recorded. ,

Seed Germination and Seedling 
Classification

The germination tests were carried but in the 
laboratory and the method used for testing seed was the so- 
called "rolled towel test" described by Hartman and Kester 
(1968) with slight modifications.

The seeds were arranged in one row.on two layers of 
light brown paper towels (Kimberly-Clark Corporation, Neenah, 
Wisconsin), moistened with distilled water, and covered with 
plastic wrap. The towels were rolled up and each roll, with 
25 seeds inside, was placed in a 150 ml beaker containing 
distilled water at the bottom.

To assure uniform and proper conditions for germina
tion the beakers were placed in a Mangelsdorf germinator set 
for a constant temperature of 29°C. Loss of water by 
evaporation from the towels was found to be negligible 
during the period of germination.

As mentioned earlier, each treatment or stage of 
fruit maturity was split into stored and non-stored with 
three fruits or replicates for each sub-treatment. Three 
samples of 25 seeds from each fruit were tested for germina
tion, making up a total of 225 seeds in each sub-treatment.
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Percentage germination of all samples was calculated 

and recorded after a 12-day period. At this, time the 
seedlings were classified in three types according to their 
degree of development.

1. Type I - Seeds with radicle just emerging.
2. Type II - Weak and abnormal seedlings with radicles

3 to 5 cm long. ■
3. Type III - Well developed seedlings with radicle

more than 5 cm long, cotyledonary leaves, and 
visible epicotyl.

Only types II and III; were considered as germinated 
seeds, and the objective of this classification was to find 
out whether the fruit age had any effect on the development 
of the seedling.

Seed Viability 
After the germination tests the seeds were tested 

for viability by the Tetrazolium method. The procedures 
adopted in this study for preparation and staining of the 
seeds and interpretation of the test results were those 
suggested by Delouche et al. (1962) for watermelon 
(Citrullus lanatus [Thunb.] Mans.), with slight modifica^ 
tions. Such techniques had been applied in preliminary 
works with very satisfactory results.

The first step was to excise the entire embryo from 
the seed coat and the nucellar membrane which surrounds the
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seed„ In order to do this, the seeds were soaked in warm 
water (35°C) for 30 minutes after which the seed coat could 
be removed by using razor blades and forceps. The seeds were 
again soaked in warm water for an additional one hour period 
and then the nucellar membrane covering the embryo was 
rubbed off.

Once the membrane was removed the excised embryos 
were immediately placed in petri dishes and covered with a 
1% solution of 2,3,S-triphenyltetrazolium chloride 
(Nutritional Biochemicals Corporation, Lot No. 5339). The 
petri dishes were then placed in an oven at 4b°C for one 
hour, time in which the embryos were stained. After 
Staining, the solution was drained off and the embryos were 
examined under a stereoscope microscope for classification 
of stain development.



RESULTS AND DISCUSSION 1 

Fruit Development

Fruit Shape and Size
The polar and equatorial diameters of all fruits of 

different ages were measured and the mean values are shown 
in Table 1. The ratio between polar and equatorial diameters 
was calculated and the mean values are presented in the same 
table. ,

, Linear regression analysis of polar/equatorial 
diameter ratio on fruit age was performed and a summary of 
the analysis of variance for the regression line is presented 
in Table 2. The regression coefficient (b = 0.0008) and 
correlation coefficient (r = 0.234) were found not signifi
cant at 5% level, indicating that the mean ratio polar/ 
equatorial diameter does not vary statistically through the 
entire harvest period. This indicates that the fruit shape 
does not change with the stage of fruit maturity within the 
harvest period considered. Thus, either polar or equatorial 
diameter could be taken as a. measurement of the fruit size.

When the linear regression of mean equatorial 
diameter on fruit age was performed, the regression and 
correlation coefficients were respectively, b = -0.0124 and 
r = -0.3523, both not statistically significant at 5% level

15
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Table -1. Mean fruit polar and. equatorial diameters, and 

mean polar/equatorial diameter ratio in centi
meters of a six-fruit sample of foetidissima at 

. different ages from pollination.

Days from 
pollination

Polar
diameter

Equatorial
diameter

Polar/equatorial 
diameter ratio

20 6.98 6.60 1.06
22 6. 65 6.57 .. 1.01
24 7.33 6.87 1.07
26 7.27 6.90 1.05
28 6.82 6.32 1.08 .
30 6. 68 6. 38 1.05
32 7.02 6.71 1.04
34 7.18 6.65 1.08
36 6. 65 6. 33 1.05
38 7.02 6.62 1.06

Table 2. Analysis of variance for the 
mean fruit polar/equatorial 
fruit age.

linear regression of 
diameter ratio on

Degrees of Sum of Mean . F
Source freedom squares. squares value

Regression 1 0.00022 0.00022 . 47 ns
Residual 8 0.00378 0.00047

Total 9 0.00400

Regression coefficient: b = 0.0008 ns.
Correlation coefficient: r = 0.2340 ns.
ns = Not significant at 5% level.
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(Table 3). Thus, the equatorial diameter does not change 
with the fruit age within the range of ages selected in this 
study, indicating that the full fruit size, as measured by 
the equatorial diameter, had been reached at the 20th day 
from the bloom date. •

Table 3. Analysis of variance for the linear regression of 
mean fruit equatorial diameter on fruit age.

Source
Degrees of 
freedom

Sum of 
squares

Mean
squares

F
value

Regression 1 . 0.0509 0.0509 1.13 ns
Residual 8 0.3591 0.0449

Total 9 0.4100

Regression coefficient: b = -0.0124 ns 
Correlation coefficient: r =  -0.3523 ns 
ns = Not significant at 5% level.

The equatorial diameter averaged 6.59 cm for all 
fruits harvested, ranging from 5.6 to 7.2 cm. The polar 
diameter averaged 6.96 cm and varied from 5.6 to 7.7 cm.

Fruit Weight
The mean fruit weights at harvest for,the different 

stages of fruit maturity are presented in Table 4. The 
fruit weight at harvest averaged 151.79 g for the 60 fruits 
collected, ranging from 91.4 to 196.9 g.
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Table 4. Mean fruit weight at harvest of a six-fruit sample 

of C. foetidissima at different ages.

Fruit age 
days

. Weight
grams

20 152.25
22 145.45
24 174.28
26 173.78
28 134.68
30 136.30
32 156.20
34 159.37
•36 132.17
38 153.48

The regression of mean fruit weight on fruit age was 
calculated and a summary of the analysis of variance for the 
regression line is presented in Table 5. The regression and 
correlation coefficients were respectively, b = -0.6289 and 
r = -0.2538, found to be not significant at 5% level.

Table 5. Analysis of variance for the linear regression of 
mean fruit weight on fruit age.

Source
Degrees of 
freedom

Sum of 
squares

Mean
squares

F
value

Regression 1 130.5498 130.5498 . 55 ns
Residual 8 1896.6153 237.0769

Total 9 2027.1642
Regression coefficient: b = -0.6289 ns 
Correlation coefficient: r = -0.2538 ns 
ns = Not significant at 5% level.
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Thus, fruit size, as measured by the equatorial 

diameter or by fruit weight, was shown not to vary with 
fruit age within the range of 20 to 38 days from pollina
tion. . -

Changes in Fruit Weight During Storage
Mean fruit weight at harvest in grams, and the mean 

weight loss during storage expressed as the percentage of 
the harvest fruit weight, at different ages from pollination 
are shown in Table 6. The mean loss in weight per fruit 
ranged from 13.1 to 26.ES g, and 8.9 to 18.9% of harvest 
weight. From these data, it is apparent that the loss in 
weight per fruit decreases with the fruit age, at least up 
to 34 days after the bloom date. The regression analysis of 
mean weight loss on fruit age was computed (Table 7), and 
the regression coefficient (b = -0.490) and correlation 
coefficient (rz= -0.889) were found to be highly signifi
cant, indicating that a negative linear relationship exists 
between mean weight loss and fruit age.

Assuming the loss in moisture content to be the most 
important factor in the reduction of fruit weight during 
storage, it might be expected that the younger fruits with 
more fleshy tissues and less fibers lose more weight than 
those in a more advanced stage of maturity. Also, it might 
be assumed that the seeds in a higher degree of development,
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Table 6. Mean fruit weight at harvest and 

fruit expressed in percentage of 
at different ages (mean of three

mean loss per 
harvest weight, 
fruits).

Fruit age Mean weight Mean loss
(days ) at harvest (g) % of harvest weight
20 142.4 18.9
22 149.8 17.8
24 164.7 . 13.2
26 167.4. 13.1
28 130.3 12.8
30 132.9 13.4
32 160.7 10.1
•34 149.8 8.9
36 134.9 10.1
38 149.3 10.4

Table 7. Analysis of variance for the regression of mean 
loss in fruit weight expressed in percentage of 
harvest weight on fruit age.

Source
Degrees of 
freedom

Sum of 
squares

Mean
squares

F
value

Regression 1 77.87 . 77.87 30.42**
Residual 8 20.45 2.56

Total 9 . 98. 32

Regression coefficient: b = -0.490**
Correlation coefficient: r = -0.889**
** = Significant at 1% level.
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present in the older fruits, are less susceptible to loss in 
moisture content.

Seed Development

Seed Number Versus Fruit Age .
The mean seed number per fruit at different fruit 

ages is shown in Table 8. The number of seeds per fruit 
averaged 315.37 for all fruits harvested, ranging from 173 
to 448 seeds per fruit.

As mentioned earlier, during seed extraction the 
distinguishable empty seed coats were removed. The seeds 
from fruits at different ages showed marked differences in 
appearance at the time of the counting. Thus, the numbers 
of seeds per fruit presented in Table 8 do not mean 
necessarily that all the seeds are viable or germinable.
These numbers estimate only the number of fertilized ovules 
per fruit.

The linear regression analysis of mean seed number 
per fruit bn fruit age showed no significant association 
between these two factors (Table 9), indicating that the 
variation in seed number per fruit is not affected by 
variation in fruit age. Since the seed number in this study 
is represented by the number of fertilized ovules, the 
efficiency of pollination by natural pollinators might be 
considered as a contributing factor to variation in seed 
number per fruit.



Table 8. Mean seed number of a six-fruit sample for differ
ent fruit ages in (3„ foetidissima.

Fruit age 
days

Mean seed 
number

20 314.5
22 318.2
24 321.5
26 I 340.2
28 294.8
30 322.5

’ 32 349.3
34 295.2
36 259.8
38 337. 7

Table 9. Analysis of variance for the regression of mean 
seed number per fruit on fruit age.

Source
Degrees of 
freedom

Sum of Mean F 
squares squares. value

Regression 1 231.67 231.67 0.31 ns
Residual 8 6049.89 756.24

Total 9 6281.56

Regression coefficient: b = -0.838
Correlation coefficient: r = -0.192
ns = Not significant at 5% level.



Seed Number Versus Fruit Size .
Seed number is related to fruit weight and fruit 

equatorial diameter as shown in Table 10. From this table 
of mean values, no association is apparent between seed 
number and the two other characteristics. However, when the 
regression of fruit weight on seed number and the regression 
of equatorial fruit diameter on seed number were performed 
for the 60 individual fruits, highly significant positive 
correlation coefficients were obtained (Tables 11 and 12), 
indicating that a striking linear relationship exists 
between seed number and fruit size, as measured by fruit 
weight or fruit equatorial diameter.

The fruit weight and fruit equatorial diameter were 
plotted against seed number per fruit in Figures 1 and 2.
It can be seen in these graphic representations that seed 
number per fruit is considered as the independent variable, 
fruit size being a function of seed number. It could seem 
plausible, however, that seeds per fruit is the dependent 
variable and therefore a direct function of fruit weight or 
fruit equatorial diameter. By this reasoning a larger fruit 
with more seeds would originate from a larger ovary con
taining more ovules which could be fertilized.

From this study, it can not be concluded positively 
which variable should be considered as the independent one. 
However, if the number of ovules per ovary were assumed to 
be nearly constant, and the number of seeds per fruit a
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Table 10. Fruit weight and equatorial diameter at harvest 

versus seed number per fruit o-f'C. foetidissima 
(means of six fruits).

Fruit age 
days

Fruit weight
g

Equatorial
diameter

cm
Seed

number

20 152.25 6. 60 314.5
22 145.45 6. 57 318.2
24 174.28 6.87 321.5
26 173.78 6.90 340.2
28 134.68 6.32 294.8
30 136.30 6.38 322.5
32 156.20 6.71 349.3
34 159.37 6.65 295.2
36 132.17 6,33 . 259.8
38 153.48 6. 62 337.7
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Table 11o Analysis of variance for the regression of fruit 

weight on seed number.

Source
Degrees of 
freedom

Sum of 
squares

Mean
squares

F
value

Regression 1 13,432.31 13,432.31 45.67**
Residual 58 17,056.47 294.08

’ Total 59 30,488.78

Regression coefficient: b = 0. 299**
Correlation coefficient: r = 0.664**
* * _ Significant at 1% level.

Table 12. Analysis of variance for the regression of fruit 
equatorial diameter on seed number.

Source
Degrees of 
freedom

Sum o f 
squares

Mean
squares

F
value

Regression 1 3.54 , 3.54 57.09**
Residual 58 3.61 0.06

Total 59 7.15

Regression coefficient: b = 0.0049** 
Correlation coefficient: r = 0.7036** 
** = Significant at 1% level.
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function of the efficiency of pollination by natural 
pollinators, fruit size would be clearly a function of seed 
number and not the converse.

Most of the studies done in this direction, with 
different plants, agree with this idea, the seed being 
considered as a source of hormonal factors which stimulate 
fruit growth.

1

Seed Weight Versus Fruit Age
The mean seed number per fruit, the mean seed weight 

per fruit, and the mean .weight per 100 seeds of a six-fruit 
sample for the different harvest dates are presented in 
Table 13. From these data it is apparent that seed weight 
per fruit increases with fruit age. When the linear 
regression of seed weight per fruit on fruit age was cal
culated, a highly significant correlation coefficient 
(r = 0.913) was obtained (Table 14). Thus, while fruit age 
was not a contributing factor to variation in seed number, 
it was shown to affect significantly the seed weight per 
fruit.

Weight per 100 seeds for the different ages were 
calculated and are given in 'the last column of Table 13. 
These values were computed because they were believed to 
give a better measurement of seed development, since the 
seed.weight per fruit within a given harvest date may be 
expected to vary with the seed number per fruit.
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Table 13. Mean seed number, seed weight per fruit, and

weight per 100 seeds at different harvest dates 
for a six-fruit sample of C_. foetidissima.

Fruit age 
days

Seed
number

Seed weight 
per fruit

g
Weight/100 seeds

g
20 314. 5 6.13 1.95 a
22 318. 2 7.05 2.21 a
24 321. 5 8.55 2. 68 b
26 340.2 10.17 2.95 be
28 294.8 7. 58 2.56 a
30 -322.5 10.67 3. 32 cd
32 349 i 3 11.42 3. 34 d
34 295.2 11.83 4.04 e
36 259.8 11.25 4. 33 e
38 337.7 14 . 82 4. 39 e

Means having 
level of significance

the same 
, Duncan'

letter are not different at 5% 
's new multiple range test.

Table 14. Analysis of variance for 
seed weight per fruit on

the regression of mean 
fruit age.

.Degrees of Sum of Mean F
Source freedom squares squares' * value

Regression 1 51.88 51.88 40.21**
Residual 8 10.37 1.29

Total 9 62.25

Regression coefficient: b = 0.397**
Correlation coefficient: r = 0.913**
** = Significant at 1% level.
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Weight per 100 seeds for the different fruit ages 

were statistically analyzed in a completely randomized 
design. From the analysis of variance given in Table 15, it 
can be seen that the statistical difference among treatments 
(fruit ages) was highly significant. Duncan's new multiple- 
range test was used to find the differences among treatment 
means (Table 13). Also, the regression analysis of weight 
per 100 seeds on fruit ages was performed and highly 
significant positive regression coefficient (b = 0.138) and 
correlation coefficient (r = 0.9 67) . were obtained (Table 16),' 
supporting the statement made before that seed weight is
positively influenced by fruit age.

In Figure 3, weight per 100:seeds as the dependent 
variable is plotted against fruit age. From the regression 
equation it can be seen that an increase of one day in fruit 
age added 0.138 g to weight per 100 seeds.

Effects of Fruit Storage on Seed Development
In order to find out if the storage of the fruit for

20 days had any effect oh the development of the seed, weight 
per 100 seeds extracted from fruits at the time of harvest 
and after the storage period were calculated, and the mean 
values are presented in Table 17.

A statistical comparison between weights per 100 
seeds for stored and non-stored fruits was performed and the 
"t11 value calculated was found to be highly significant.
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Table 15. Analysis of variance of weight per 100 seeds as 

influenced by "fruit age. •

Degrees of 
Source freedom

Sum of 
squares .

■ Mean 
squares

F
value

Treatments (ages) 9 40.43 4.49 42.76**
Error 50 

• Total 59
•5.26
45.69

0.105
•

** = Significant at 1% level.

Table 16. Analysis of variance for the. 
per 100 seeds on fruit age.

regression of weight

Source
Degrees of 
freedom

Sum of 
squares

Mean 
squares.

F
value

Regression 1 6.282 6.282 116.33**
Residual 8 0.431 0.054

Total 9 6.713

Regression coefficient: b = 0.138**
Correlation coefficient: r = 0.967**
** = Significant at 1% level.
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Table 17, Mean weight per 100 seeds (mean of 3 fruits) for 

stored and non—stored fruits of- (X foetidissima. 
at different harvest dates.

Fruit age 
days

Non-stored fruits Stored fruits
g

20 1.90 2.00
22 2.16 2.25
24 2.47 2.90
26 2.84 3.05
30 3.16 3.47
32 3.00 3. 69
34 . 4.03 4.06
36 00H 4.49
38 ; 4.37 4.42

"t" value calculated = 3.66**
Average increase in weight per 100 seeds during 

storage: d - 0.237.
** = Significant at 1% level.
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This indicates clearly, that seed development as measured by 
increase in seed weight, does not stop when the fruit is 
excised from the plant. Instead, a significant increase in 
Seed weight was observed during the storage period, suggest
ing that some morphological changes in the seed must have 
occurred while it remained in the fruit held in storage.

Weights per 100 seeds for stored and non-stored 
fruits and for the different harvest dates were arranged in 
a factorial experiment. The analysis of variance (Table 18) 
revealed highly significant differences for both fruit age 
and storage period, while no significance was observed for 
the interaction fruit age x storage, confirming the earlier 
results given in Tables 15 and 17.

Table 18. Analysis of variance for weight per 100 seeds
compared to different ages of fruit and storage.

Source
Degrees of 
freedom

Sum of 
squares

Mean
squares

F
value

Fruit age - 9 40.43 4.49 46.77**
Storage 1 0.85 0.85 8.85**
Age x storage 
(interaction) 9 0.57 0.063 0.66 ns

Error 40 3.85 0.096
Total 59 45.70

** = Significant at 1% level,
ns = Not significant at 5% level.
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From Table 17, it is apparent that the differences 

among weight per 100 seeds for different fruit ages were 
proportionally greater than those for storage period. In 
fact, while a 2-day interval in fruit age added an average 
0.276 g in weight per 100 seeds (regression equation Figure 
3) , the average increase in seed weight, during the 20-day 
storage period was only 0.237 (Table 17). Thus, seed weight 
increases with fruit age and also, during the storage 
period, however, the increases with time are much greater 
when the fruit is attached to the plant than when it was 
excised and held in storage. It might be suggested that the 
slight increase in seed weight during the storage period 
must have occurred in the 2 or 3 days following the separa
tion of the fruit from the vine. During this time, the 
fruit still had some substrate provided by the plant, to 
•induce a certain growth in the seed. Reasoning in this 
way, it seems evident that for the seed to complete its 
physical development, it is necessary that the fruit remain 
attached to the plant during a certain minimum period of 
time after it has reached its full size.

Another question which arises from this study is, 
did the seed reach its complete development by the end of 
the harvest period? From Table 13, it can be seen that the 
three last mean values for weight per 100 seeds did not 
differ significantly at 5% level, which indicates that at 
least the complete morphological development as measured by
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seed weight, must have been reached by the end of the 
harvest period (38 days from pollination)«

Seed Germination and Viability
The mean seed germination percentage and the mean 

percentage of viable seeds for no n-s to red and stored fruits, 
at different harvest dates, are given in Table 19. The 
germination data are means over 9 samples of 25 seeds and as 
mentioned earlier, the seeds with radicle just emerging were 
not considered as germinated. Several authors (Kahn, 1960; 
Ungar, 1967; Wiggans and Gardner, 1959) have used radicle 
emergence as a criterion for seed germination; however, as 
indicated by Frisco and O'Leary (1970), a radicle might 
emerge but this does not necessarily mean that it has the 
capacity for further growth. Seed viability was determined 
by the Tetrazolium test, and the data presented in this 
study are means over 2 samples of 50 seeds.

From Table 19 it can be seen that for non-stored 
fruits, germination starts with 0.88% for the 26-day old 
fruits and rises up to only 29.32% for the fruits harvested 
38 days from anthesis. For the stored fruits the results 
are quite contrasting; in this group germination could be 
obtained for all harvest dates considered in this work, 
ranging from 38.22% for the 20th day to 96.43% for the 38th 
day from pollination. Thus, from Table 19, a noticeable 
difference in percentage of germination can be observed
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Table 19, Percentage germination and viability of seeds 

from non-stored and stored fruits of C_. 
foetid.issima at different harvest dates.

Fruit age 
days

Non-stored fruits Stored fruits
Germination

%
Viability

%
Germination

%
Viability

%

.20 0 0 38.22 55
22 0 0 66. 66 70 ,
24 0 0 85. 32 88
26 0.88 1 86.66 95
28 1.77 1 . ' 90.22 95
30 6.22 5. 88.88 96
32 10.22 18 91.10 96
34 9.77 36 9 3.32 100
36 26.66 74 98. 22 100
38 29.32 90 96.43 99
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between seeds extracted from non-stored and stored fruits, 
and also among seeds extracted from fruits at different days 
from pollination.

From the data on percentage of viable seeds it can 
be noted that for stored fruits seed vitality as measured by 
germination is closely related to viability as measured by 
the Tetrazolium test, through all the harvest period. How
ever, for the non-stored fruits, vitality is related to 
viability only up to the 32nd day from pollination. For the 
last three harvest dates, percentage of viability is much 
greater than percentage of germination.

From the studies on seed weight and the data on 
germination and viability, it might be established that the 
difference in germination within each group (non-stored and 
stored fruit), at least up to the 32nd day of fruit age, is 
attributed mainly to the condition of morphological maturity 
of the embryo. The low germination percentages within this 
range of fruit ages may well be explained by the low number 
of viable seeds which might be attributed part to the fact 
that the seed had not reached a sufficient physical develop
ment to remain alive after extraction from the fruit, and 
drying during a 12-day period at room temperature.

This explanation, however, is not completely satis
factory to explain the low viability percentage of the seeds 
extracted from non-stored fruits. A comparison between non- 
stored and stored fruits for the first harvest dates reveals
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a great difference in viability that cannot be explained on 
the basis of morphological development of the seed only. It 
might be suggested that during fruit storage the seed 
becomes pre-disposed. to dehydration without destroying or 
killing tissues of the embryo. Seed not so pre-disposed 
would be unable to-s'urvive the dehydration after removal 
from the fruit. Seed from a 26-day-old fruit must have been 
viable at the time the fruit was harvested, but was killed 
during dehydration (12-day period). Seed from a 26-day-old 
fruit, but given a 20-day storage period, had a viability of 
95%. ' It was not killed during dehydration.

For the last three harvest dates, considering non
stored fruits, the low germination percentages cannot be 
explained on the basis of the number of viable seeds which 
was relatively higher. At the 38th day from pollination the 
-percentage of germination was 29.32% while the percentage of 
viability was 90%, which suggests a dormancy condition.

A comparison between the two groups (non-stored and 
stored) with respect to the last three fruit ages shows a 
great difference in seed germination percentage which can 
not be explained on the basis of morphological changes, 
since no noticeable difference in seed weight is apparent. 
Here, the difference in seed germination between the two 
groups may be attributed mainly to physiological changes 
which occur while the seed is in the fruit, during the 
storage period. Such physiological changes seem to occur
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only if the seed is kept inside the fruit, since germination 
tests carried out 3 months later with the seeds extracted 
from the non-stored, 36- and 38-day-old fruits, showed no 
apparent difference in percentage of germination.

Several explanations might be proposed for* the type 
of physiological changes which occur in the seed. The 
author suggests that the seed may have reached its complete 
physical development by the 38th day from pollination, but 
it is- still physiologically immature by this time, which 
explains the low germination obtained. During the fruit 
storage, some substances needed for germination may have 
been formed or transported to the seed, or a favorable 
balance between inhibitory and germination promoting 
substances may have been reached during that period, in a 
process which seems dependent on the fruit.

Summarizing, during the period of fruit storage the 
seed becomes less susceptible to death by dehydration and 
goes through morphological and/or physiological changes 
which affect favorably its viability and germination.

In order to answer questions related, to the last 
objective proposed in this study, the seedlings after the 
germination period were classified in three types according 
to their degree of development and the data are presented in 
Table 20.

From this table, it can be observed that there was a 
consistent increase in the number of well-developed seedlings



Table 20= Classification of the seedlings of C= foetidissima according to their 
degree of development after a 12-day period of germination.

Non-■stored fruits Stored fruits

Fruit
age

days

Well 
• developed 
(type III) 

%■
Undev. 
(type II)

%

Radicle
emerg.
(type . I )

%

Well
developed Undev. 
(type III) (type II)

% ■ %

Radicle 
emerg. 
(type I)

. %  '
20 0 0 0 4.44 33.70 * 12.44
22 0 0 0 15.55 51.11 7.55
24 0 0 0 24.88 60.44 3? 11
26 0 0.88 0.44 ; 26.66 60.00 2.66
28 0 1.77 0.44 34.66 55.55 1.33 .
30 3.11 3.11 1.77 50 . 66 38.22 1. 77
32 2.66 7. 55 4.44 . 62.22 . 28.88 2.22
34 2.22 7.55 7.11 51.55 41.77 : 2. 66
36 13.77 12.88 9.77 66.22 . 32.00 1.77
38 13.77 15.55 13.22 68. 88 27. 55 ' 1. 33
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(type III) with the fruit age, which indicates that the more 
mature the fruit, the higher the number of well-developed 
seedlings obtained.

Thus, a good number of germinating seeds (90.22%) 
could be obtained from 28-day-old fruits (Table 20); however, 
the highest percentage of well-developed seedlings was 
obtained when the fruits were allowed to develop on the 
vine for 38 days and then stored for 20 days at room 
temperature.



SUMMARY AND CONCLUSIONS

This work was planned to study the effects of fruit 
maturity, including a post-harvest storage period, on the 
development of the seed, viability, and its subsequent 
germination rate in _C„ foetidissima. "

Fruits .were harvested at two day intervals within 
the range of 20 to 38 days from pollination. For each age, 
the fruits were split into two groups, one having the seeds 
extracted on the day of harvest and the other receiving a 
20-day period of storage at room temperature, prior to seed 
extraction.

Fruit size measured by equatorial diameter or weight 
did not vary with fruit' age within the range studied, indi
cating full physical development by 20 days from pollina
tion.

. A reduction in fruit weight during the storage 
period ranged from 8.9 to 18.9% of harvest weight and was 
attributed mainly to loss in moisture content. A signifi
cant negative correlation was found between weight loss 
during storage and fruit age at harvest.

Number of seeds per fruit varied from 173 to 448 and 
was not associated with fruit age. The variation in seed 
number was considered to be a function of the efficiency of 
pollination by natural pollinators.



Number of seeds per fruit was positively correlated 
with fruit size and the latter was considered as the depend
ent variable.

Seed development as measured by increase in weight 
per 100 seeds was considerably slower than fruit develop
ment, as measured.by its size. The mean weights per 100 
seeds for all harvest dates ranged from 1.90 to 4.37 g. A 
highly significant positive correlation was found between 
seed weight and fruit age. Since there was no significant
difference in the mean seed weight for the last three fruit
' ' ^ages, it was assumed that the full physical seed development, 
was reached by the end of the harvest period.

A slight but significant increase in seed weight 
during fruit storage was observed. The average increase in 
seed weight during the 20-day period of fruit storage was 
0.237 g per 100 seeds, which was less than the average 
increase in seed weight during a 2-day interval between 
harvests (0.276 g). •

Fruit age had a marked effect on seed germination 
and viability which was attributed to the degree of maturity 
of the embryo, Seeds from non-stored fruits harvested 
between 20 and 24 days were not germinable or viable. For 
the fruits harvested between 26 and 32 days, seed germina
tion increased from 0.88 to 10.22% while viability increased 
from 1 to 18%. For the last three fruit ages, 34 to 38 
days, seed viability was 36, 74, and 90% respectively, while
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the germination was only 9.77, 26.65, and 29.32%, which 
suggests a dormancy condition.

Although the 20-day fruit storage period had little 
effect on the physical development of the seed, it was shown 
to influence drastically seed germination and viability. 
Seeds from stored fruits harvested between 20 to 24 days 
from pollination had germination of 38.22, 66.66, and 88.32% 
respectively, and viability of 55, 70, and 88%. No viable 
seeds were found for comparable non-stored fruits. After 
24 days from pollination, considering stored fruits, seed 
germination and viability were near or above 90%.

These data suggest that the seed during fruit 
storage, particularly those from fruits in the range of 24 
to 32 days from pollination, undergo some type of physio
logical change which pre-disposes them to dehydration, i.e., 
seed drying, without loss of viability.

For the last three harvest dates, the dormancy 
condition suggested,whatever is, appears to be nullified by 
the 20-day storage period in a process dependent on the 
fruit.

The highest proportion of well-developed seedlings 
was obtained when the fruit was permitted to develop 
attached to the plant for 38 days after pollination and 
then stored for 20 days at room temperature.
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