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Growth patterns of cucumbers (Cucumis sativies L.) were studied by photographing developing fruit at 2-

or }-day intervals over a 30-day period beginning with pollination (day 0). Nine cultivars were studied: ‘Chinese Long
Green', ‘Sprint 440°, ‘Marketmore 76", and ‘Minisol’ (all fresh-market types); ‘Riesenschil’ (a schilgurken type);
and ‘Marbel’, ‘Kobus’, ‘Calypso’, and ‘Wisconsin SMR-18' (all pickling types). Analysis of the photographs showed
that all sections of the fruit grew in length at a constant rate during the 30-day period. The paitern of growth was
fairly uniform, except that there was slightly more growth in the center section than at the ends, and slightly more
growth at the blossom end than at the peduncle end of the fruit. Fresh-market and schilgurken types had the longest
fruit over the 30-day period of growth, but pickling types had the highest percent change in length. Pickling types
produced shorter fruit because they stopped growing earlier than the two other types (12 vs. 14 days, respectively).

Fruit size and shape are important considerations in cucumber
breeding programs. For best quality, fresh-market cucumbers to
be grown for field production in the United States should be
long and narrow: greater than 152 mm in length and less than
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60 mm in diameter (9). In contrast, pickling cucumbers to be
grown for field production in the United States should be short
and cylindrical with a length about 3 times the diameter. Fruit
greater than 51 mm in diameter are usually not salable.

Sinnott (8) found that fruit shape in several Cucurbita specics
was related to the orientation of cell division. According to his
findings, one would expect the plane of cell division to be mainly
perpendicular to the long axis of a cucumber fruit. The exception
would be the spherical fruit that develop from hermaphroditic
flowers, where a random orientation of the plane of cell division
would be expected.

Growth of cucumber fruit was first noticeable 24 hr after
pollination (4), and the most rapid increase in length occurred
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Table 1. Fruit length of 9 cultivars of cucumbers, 2 to 30 days after pollination.
Fruit length (mm}
Fresh-market Pickling
Chinese
Long Sprint  Marketmore Wisconsin

Days  Green 440 76 Minisol  Riesenschil Marbel Kobus Calypso SMR-18

2 46 36 3l 49 4] 30 27 28 29

4 e ] 63 50 13 64 48 53 52 66

7 150 131 a5 132 121 93 m 105 98

9 200 174 134 175 ial 114 135 131 137
11 224 202 162 208 195 130 154 152 160
14 252 224 183 225 223 133 161 162 182
16 257 229 188 230 228 135 166 164 185
I8 267 236 195 211 233 138 168 167 190
21 271 241 202 237 243 138 170 170 195
23 275 244 204 238 247 139 172 170 195
25 215 244 206 240 248 139 172 170 196
28 215 247 210 245 253 139 175 171 198
30 276 249 210 245 254 139 175 171 199
Lso 5% = 32
*For comparison among both rows and columns; cv = 12%.

in the 4th through 12th day after anthesis (5). Growth in length Materials and Methods

reached a peak about 20 days after anthesis in pickling cucumber
fruit (5). Therefore, we chose to study cucumber fruit growth
during the 30 days following pollination.

We analyzed growth pattems to determine whether fruit growth
occurs at the stem end, middle section, or blossom end, or
whether it occurs uniformly over the whole fruit. The method
used was a hybrid between the classical experimental methods
of Sachs (6), who used evenly spaced dots on the root of a maize
{Zea mays L.) seedling, and the photographic methods of Er-
ickson et al, (1, 2, 3, 7). The objective of this experiment was
to determine where the growth fields of cucumber fruit were
located for several different fruit types.

Nine cultivars were chosen to represent diverse cucumber
types. Four were fresh-market types: ‘Chinese Long Green'
(monoecious), ‘Sprint 440" (gynoecious hybrid), *Marketmore
76" (monoecious), and ‘Minisol” (gynoecious hybrid). One was
a schillgurken: ‘Riesenschil’ (monoecious). Four were pickling
types: ‘Marbel’ (gynoecious hybrid), ‘Kobus' (gynoecious hy-
brid), "Calypso’ (gynoecious hybrid), and *Wisconsin SMR-18"
(monoecious).

Growth of cucumber fruit was analyzed in one dimension by
adapting Erickson's (1) method for studying root growth. Plants
were grown in the greenhouse in Spring 1981. Seeds of the 9

Table 2. Percent change per day in length of fruit of 9 cultivars of cucumber, 2 to 30 days after pollination.

Fruit-length change (% per day)

Fresh-market Pickling
Chinese

Long Sprint  Marketmore Wisconsin

Days  Green 440 76 Minisol  Riesenschil Marbel Kobus Calypso SMR-18
2 B s el o s
4 40.2 37.5 3.6 26.5 28.0 30.0 48.1 42.9 63.8
7 26.9 36.0 30.0 25.3 29.7 3.2 36.4 34.0 16.2
9 16.7 i6.4 20.5 16.3 16.5 11.3 12 12.4 19.9
11 6.0 E.0 10.4 9.4 10.6 7.0 7.0 80 8.4
14 4.2 3.6 4.3 5.7 4.8 0.8 1.5 2.2 4.6
16 1.0 1.1 1.4 25 1.1 0.8 1.6 0.6 0.8
18 1.9 1.5 1.9 0.5 1.1 1.1 0.6 0.9 1.4
21 0.5 0.7 1.2 2.0 1.4 ° 0.0 0.4 0.6 0.9
23 0.7 0.6 0.5 0.5 0.8 04 0.6 0.0 0.0
25 0.0 0.0 0.5 1.0 0.2 0.0 0.0 0.0 0.3
28 0.0 0.4 0.6 1.7 0.7 0.0 0.6 0.2 0.4
0 0.2 0.4 0.0 0.0 0.2 0.0 0.0 0.0 0.3

Lso 5% = 2.4

*For comparison among both rows and columns; cv = 28%.
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Fig. |. Growth of fresh-market and pickling cucumber fruit. Each

point on the fresh-market curve represents the mean of the length
of 3 fruit of ‘Minisol’, ‘Chinese Long Green', ‘Marketmore 76°,
‘Sprint 440, and ‘Riesenschil' (actually a schilgurken pickling
type), while each point on the pickling curve represents the mean
of the length of 3 fruit of *Marbel', *Kobus', *Calypso’, and “Wis-
consin SMR-18".

cultivars were planted May 26 in peat pots containing a standard
soil mix of 1 soil : 1 sphagnum peatmoss : 1 sand (by volume).
Seedlings were transplanted at the cotyledon stage to 15-cm
diameter plastic pots. Additional plants of each gynoecious line
were grown nearby as a pollen source, and were sprayed with
silver nitrate at the cotyledon stage to induce staminate flower
formation. Plants were grown under standard greenhouse con-
ditions with daily watering, regular fertilization, and application
of pesticides to control insects and diseases. Temperature was
maintained at 27°C (day) and 21° (night). Flowers were polli-
nated on 55-day-old plants, and measurements of developing
fruit made from July 22 to August 19.

Spots of India ink were placed at regular intervals on ovaries
2 days after they were pollinated. It was necessary to wait 2
days to make sure that the ovaries were developing normally.
Fruit that developed without observable defects were photo-
graphed at 2- or 3-day intervals from day 2 to day 30. Photo-
graphs were taken on the same day that fruit length was measured
using a Canon AT-1 35-mm single-lens reflex camera and a 50-
mm £3.5 macrolens. The film was Kodak Panatomic-X. A Canon
Databack A was used to mark each frame of the film during
exposure with the replication number, number of days after
pollination, and line number. Decreasing lens magnification was
used as the fruit increased in length to keep the developing fruit
a constant size on the negative. This was done to make it easy
to produce prints of the same size for analysis of growth fields.
Contact prints were made and individual frames mounted on a
large poster board for initial organization and study. Enlarge-
ments were made of selected photographs so that the fruit length
on each print was 154 mm,

The experiment was a completely random design with 3 rep-
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lications. Fruit-length data was subjected to an analysis of var-
iance, and the Waller-Duncan least significant difference (LsD)
was calculated for comparison of means using a “'k’’ ratio of
100:1.

Results and Discussion

Comparisons of fruit length of all cultivars indicated that there
was little growth after the 14th day from pollination, and that
growth could be portrayed accurately using only 5 or 6 photo-
graphs (dates) rather than all 13 for each cultivar.

Of the 9 cultivars studied, ‘Chinese Long Green' had the
longest fruit 30 days after pollination (Table 1). The fresh-market
cultivars and the schilgurken type (‘Riesenschil') had longer
fruit than the pickling cultivars at all stages. They started out
longer and maintained their growth rate for a longer period of
time.

The greatest percent change in fruit length per day occurred
in the first few days after pollination (Table 2). Pickling cultivars
had a greater percent change than the schiilgurken type and the
fresh-market cultivars, and *Wisconsin SMR-18" had the largest
percent change of all cultivars. ‘Minisol’, the cultivar with the
largest fruit on day 2 (Table 1), had the lowest initial percent
change of all cultivars, and the lowest overall change of the
schilgurken and the fresh-market cultivars (Table 2).

In agreement with the report by Hammett et al. (5), cucumber
fruit increased in length through the 12th day after pollination
for the pickling types before ceasing (Fig. 1). For fresh-market
and schilgurken types, growth continued through the 14th day.
The latter types had longer fruit than pickling types, not because
of higher growth rates, but because they grew for a longer period
of time. The growth rates of the 2 types, as shown by the slope
of the growth curves, were approximately the same (Fig. 1).

Photographs of developing fruit of 2 of the 9 cultivars used
in this study are shown in Fig. 2. ‘Kobus' represents the growth
habit of the pickling cucumbers, while *‘Marketmore 76 rep-
resents the fresh-market cucumbers. A major difference betwezn
root growth [as described by Erickson (2)] and fruit growth was
that the fruit became blunt at the ends as their length increased,
causing dots near the end to disappear around the end. Thus,
from the side, the dots appear to be closer to the end than they
really are.

The photographs were enlarged so that fruit in all prints are
the same length (154 mm) and each print was located on the y-
axis according to the actual length of the fruit (Fig. 2). This
permitted analysis of growth fields for 2 characteristics. First,
if lines drawn between identical spots on each of the 5 or 6
prints of the developing fruit are parallel, then fruit growth
between those lines was uniform in comparison to the growth
of the whole fruit. Second, if the line through the same ink spot
on each print is straight, then growth in that area was constant
in relation to growth of the whole fruit. ,

According to those criteria, growth of the fresh-market and
pickling cucumbers studied in this experiment occurred fairly
evenly over all parts of the fruit. However, growth was slightly
greater in the center section of the fruit than on the ends, and
slightly greater on the blossom end than on the peduncle end
(Fig. 2). Furthermore, growth was uniform over the whole fruit,
since most of the lines run fairly straight through the spots on
the 5 or 6 successive prints. These results are in agreement with
a preliminary study made on 6 lines of pickling and fresh-market
cucumbers in the greenhouse in the spring of 1981 (data not
shown).
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Fig. 2. Growth fields of 'Kobus’ fruit 2, 4, 7, 11, and 28 days after pollination, respectively, (A) and ‘Marketmore 76" fruit 2, 4, 7, 9, 14,
and 28 days after pollination, respectively, (B} are shown by vertical lines.
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