
802
J. AMER. SOC. HORT. SCI. 117(5):802-807. 1992.

Cucumber Cultivars Differ in Their Response to
Chilling Temperatures
Roberto M. Cabrera and Mikal E. Saltveit, Jr.
Department of Vegetable Crops, Mann Laboratory, University of California, Davis, CA 95616
Ken Owens
Peto Seed Research Center, Woodland, CA 95695
Additional index words. conductivity, Cucumis sativus, ethylene forming enzyme activity, exudate, overall quality

Abstract. The physiological responses associated with chilling of horticulturally mature cucumber (Cucumis sativus
L.) fruit were examined using 13 lines that differ in chilling sensitivity. The low correlation coefficient between pitting
and decay suggested that these two early manifestations of chilling injury are not significantly related. Likewise, fruit
pitting and decay were not highly correlated with the tolerance of seedlings to chilling, suggesting that fruit and
seedlings of the same line may have dissimilar sensitivity to chilling temperatures. Exudates from fruit cut in half
transversely were collected on filter paper. The amount of exudate showed a significant correlation with pitting,
decay, and percent ion leakage after 10 days of chilling. The fresh and dry weight of the exudates from fruit kept
for 8 days at 12.5C ranged from 141- to 346-mg fresh weight and from 15 to 47-mg dry weight, respectively. Cucumber
lines that were more sensitive to chilling had watery exudate, as indicated by their lower dry weight and percent
solids. The conductivity of exudates from sensitive lines was higher (60 µsiemen/cm) than from chilling resistant lines
(30 µsiemen/cm). Chilling-induced ethylene production was higher in sensitive than in resistant lines, and chilling
caused a greater loss of ethylene forming enzyme activity in resistant lines than from chilling sensitive lines.
Chilling injury is an economically important postharvest
problem that reduces the overall quality and marketability of
many harvested fruits and vegetables indigenous to the tropics
and subtropics (Couey, 1982; Lyons, 1973; Saltveit and Mor-
ris, 1990). Sensitivity to chilling injury varies among species
of Passiflora (Patterson et al., 1976) and Lycopersicon (Paull,
1981), among cultivars of avocados (Persea americana Mill.;
Hatton et al., 1965), cucumbers (Jasim and Marr, 1989), pa-
payas (Carica papaya L. ; Chen and Paull, 1986), tomatoes
(Lycopersicon esculentum Mill.; Burgis, 1970; King and
Ludford, 1983), and watermelons (Citrullus lunatus L.; Risse
et al., 1990).

Chilled cucumbers exhibit reduced shelf life characterized
by accelerated water loss, surface pitting, and increased sus-
ceptibility to disease (Eaks and Morris, 1956, 1957; Ryall
and Lipton, 1979). A significant increase in solute leakage
was observed from mesocarp tissue excised from cucumbers
exposed to chilling temperatures (Cabrera and Saltveit, 1990;
Tatsumi and Murata, 1978; Tatsumi et al., 1981). Jasim and
Marr (1989) observed that leakage of Mg+ and K+ was greater
in sensitive than in resistant cultivars of cucumbers after 20
days at 4.4C. Surface pitting developed on ‘Poinsett 76’ fruit
that were exposed to 2.5C for > 3 days (Cabrera and Saltveit,
1990). Similar results were observed by Jasim and Marr (1989)
in resistant cultivars, (e.g., ‘Dasher II’ and ‘Universal’), but
not in sensitive cultivars, (e.g., ‘Monarch’ and ‘Sweet Slice’),
which showed slight pitting after the fruit were exposed to
4.4C for 3 days.

The objectives of this present study were to characterize
the physiological responses of fruit from various cucumber
cultivars to chilling temperatures, and to correlate these changes
with subjective evaluations of chilling injury in those fruit.
Materials and Methods

Plant material and data analyses. Thirteen lines of cucumber
plants with known differences in tolerance to cold temperatures
were grown at the Peto Seed Demonstration farm in Woodland,
Calif. Fruit from nonchilled greenhouse-grown plants were hand
harvested at horticultural maturity and handled as previously
described (Cabrera and Saltveit, 1990). Uniform fruit free of
visual defects were blocked for size and shape among treat-
ments. Fruit were not washed. Fruit in each replicate were placed
in shallow plastic trays that were covered loosely with plastic
film to minimize water loss.

Depending on the number of fruit available at each harvest,
from three to five fruit were used as replicates. Each experiment
was repeated with similar results. Data were subjected to an
analysis of variance and, if significant differences were detected
(P = 0.05), LSD values were calculated at P = 0.05 and used
to separate treatment means. The coefficient of linear correlation
(r) was calculated between some sets of data.

Pitting and decay. The severity of pitting and decay was
determined subjectively on an 8-point Hedonic scale as previ-
ously described (Cabrera and Saltveit, 1990). The scoring sys-
tem was 0 = no pitting or decay (0% of the surface was pitted
or decayed), 2 = slight (1% to 5%), 4 = moderate (6% to
15%), 6 = severe (16% to 75%), and 8 = very severe (>75%).
Measurements were made from 0 to 6 days after transfer from
the chilling temperature to 20C.

Overall quality. The overall quality, based on the general
appearance of the fruit, was measured subjectively on an 8-
point Hedonic scale where 0 = poor (extremely defective), 2
= fair (defective), 4 = good (moderately defective), 6 = very
good (slightly defective), 8 = excellent (not defective). Fruit
were scored for quality before chilling and after 8 days at 2.5C
plus an additional 6 days at 20C.

Resistance of seedlings. Subjective evaluation of the viability
of field- and greenhouse-grown cucumber plants to chilling tem-
peratures were used to rank cultivars on a scale of 1 = most
susceptible to 10 = most resistant (observations by K. Owens).
Abbreviation: EFE, ethylene forming enzyme.
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Yellowing. Yellowing was scored on an 8-point Hedonic scale,
where 0 = green (no trace of yellow), 2 = slight yellow (1%
to 25% yellow), 4 = moderately yellow (26% to 50% yellow),
6 = mostly yellow (51% to 74% yellow), 8 = yellow (75% to
100% yellow). Initial color was determined before chilling at
2.5C and then at 2 and 4 days after transfer to 20C.

Firmness. Firmness of the mesocarp was determined at two
opposite locations near the peeled middle section of the fruit
with a Univ. of California firmness tester (Western Industrial
Supply, San Francisco) equipped with a 9-mm probe.

Measurement of ion leakage. Ion leakage was determined as
described by Cabrera and Saltveit (1990). Epidermal mesocarp
disks were excised with a stainless steel cork borer from the
central region of each fruit, trimmed of seed cavity tissue to 4-
mm thickness with a stainless steel razor blade, and washed for
1 min in two changes of 20 ml each of deionized water. Two
4-mm thick × 9-mm diameter disks, weighing a total of ≈ 0.7
g, were placed in 50-ml centrifuge tubes containing 15 ml of
0.3 M mannitol, and the tubes were weighed. The tubes were
shaken at 100 cycles per minute before and between readings.
Conductivity was measured after 0.5 and 1.5 h with an Extech
conductivity meter Model 480 (Extech, Waltham, Mass.). The
tubes containing the tissue were boiled for 5 min, cooled to
room temperature, made to their original weight with deionized
water, and their conductivity was determined after 30 min of
shaking. Ion leakage during 0.5 to 1.5 h is expressed as a per-
centage of the total conductivity after boiling.

Exudates. Fruit were cut in half transversely at a midpoint
between blossom and stem ends, and exudates were collected
from the stem end half as follows. The cut end of each of three
fruit was put on a weighed 9-cm diameter Whatman #1 filter
paper positioned in the center of a weighed 30 × 30 cm sheet
of plastic cling film. The initial weights of the filter paper and
plastic film were determined after drying them over CaCl, for
24 h in a desiccator at room temperature. After the exudates
had been absorbed by the filter paper from the cut surface of
the fruit for 60 sec, the fruit was removed and the filter paper
was immediately wrapped in the plastic film to prevent moisture
loss during weighing. The filter paper, without the plastic film,
was dried over CaCl, in a desiccator for 24 h (with the first 4
h in-vacua) before the dried weight was measured. The weight
of the solids was the dry weight minus the initial weight of the
filter paper. A measure of the relative ion content among the
exudates was determined by measuring the conductivity of 50
ml of deionized water in which the dried filter paper was in-
cubated for 1 h with shaking at 100 cycles per min. The con-
ductivity was measured with the Extech conductivity meter.

Ethylene and CO2 production. The rates of C2H4 and CO2

evolution from each of three fruit replicates kept at 2.5C were
calculated from an analysis of 1-ml samples taken from the
headspace gas that accumulated during 1 h in 4-liter glass jars
(Cabrera and Saltveit, 1990; Saltveit and McFeeters, 1980).

EFE activity. Ethylene forming enzyme (EFE) activity was
analyzed in washed epidermal mesocarp disks that were excised
from the middle of fruit with a stainless steel cork borer (Cabrera
and Saltveit, 1990). The disks were trimmed of seed cavity
tissue to 4-mm thickness with a stainless steel razor blade and
washed for 1 min in two changes of 20-ml deionized water.
Excess moisture was removed with paper towels. Two 4-mm
thick × 9-mm diameter disks, weighing a total of ≈0.7 g, were
placed in 16 × 100-mm glass culture tubes with 3 ml of 2 mM

1-aminocyclopropane-1-carboxylic acid (ACC) or deionized water
and vacuum infiltrated for 30 sec. Disks were then blotted dry
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and sealed with a serum stopper in a 16 × 100-mm culture
tube. After 1 h of incubation, a l-ml sample of headspace gas
was withdrawn and injected in a Carle (Loveland, Colo.) gas
chromatograph equipped with a flame ionization detected to
quantitate the C2H4 produced. EFE activity was calculated as
the difference between C2H4 produced with and without ACC.

Results

Pitting. The severity of pitting depended on cultivar, ranging
from 0.0 to 7.7 in fruit chilled for 8 days at 2.5C and kept for
an additional 6 days at 20C (Table 1). ‘Marketmore 76F’ de-
veloped no pits, while ‘Line 159’ and ‘Dasher II’ developed a
few pits. The most pitted fruit were ‘Poinsett 76’, followed by
‘MDR I’ and ‘Poinsett 110’ or ‘Eurol × Sampson’, but the
differences among the most pitted fruit were nonsignificant.

After 8 days of chilling at 2.5C, but before being kept at
20C, no pitting was observed on ‘Marketmore 76F’, ‘Dasher
II’, ‘Poinsett 83’, and ‘Line 159’. In contrast, ‘Poinsett 76’,
‘MDR I’, and ‘Maram’ had scores of 2 (data not shown). Slight
pitting (<2) was observed on ‘Poinsett 110’, ‘Navajo F1’,
‘D2F5Mo’, ‘Eurol × Sampson’, and ‘PSX 34885’. ‘Marketmore
76F’ appeared to be the most resistant to pitting, whereas ‘Poin-
sett 76’ appeared to be the most susceptible.

Decay. ‘Dasher II’, ‘Marketmore 76F’, ‘Poinsett 83’, and
‘PSX 34885’ fruit did not show any decay when kept for 8 days
at 2.5C followed by 6 days at 20C (Table 1). More sensitive
lines, e.g., ‘Poinsett 110’ and ‘Eurol × Sampson’ had decay
scores of 5.0 and 3.0, respectively, after 6 days at 20C.

Overall quality. There were no significant differences in in-
itial quality among the cultivars (Table 1). After 8 days of chill-
ing at 2.5C and an additional 6 days at 20C, a 90% decline in
quality from 6.7 to 0.7 was observed in ‘Eurol × Sampson’
fruit. In contrast, only a slight reduction in quality was observed
in ‘Marketmore 76F’, ‘Poinsett 83’, ‘PSX 34885’, and ‘Dasher
II’. Apart from ‘Eurol × Sampson’ and ‘Mara’, which had very
poor quality after chilling (Table 1) and were very yellow after
chilling (Table 2), the correlation between overall quality after
8 days of chilling plus 6 days at 20C (Table 1) and color after
8 days of chilling plus 4 days at 20C (Table 2) for the other
cultivars was poor (r = -0.22).

Resistance of seedlings. The resistance of seedlings to chilling
ranged from a susceptible 2.5 for ‘Navajo F1’, ‘Poinsett 76’,
and ‘Poinsett 110’, to a resistant 7.0 for ‘D2F5Mo’, ‘Market-
more 76F’, and ‘PSX 34885’ (Table 1).

Yellowing. After 8 days of chilling plus 2 days at 20C, the
yellowing scores ranged from 1.7 to 3.0 and increased to 2.3
to 6.0 after an additional 2 days at 20C (Table 2). No yellowing
was observed in ‘Marketmore 76F’ and ‘PSX 34885’ after 8
days at 2.5C and up to 2 days at 20C. Moreover, these two
lines plus ‘D2F5Mo’ and ‘MDR I’ showed only moderate yel-
lowing after 4 days at 20C. In contrast, more severe yellowing
occurred in ‘Eurol × Sampson’ and ‘Maram’ after 2 or 4 days
at 20C. The initial low yellowing score of ‘Navajo F1’ made
its moderate score after 4 days the largest increase in yellowing
(4.3-fold).

Firmness. While ‘Eurol × Sampson’ and ‘Line 159’ were
softer after storage at 2.5C than when stored at 12.5C, most
cultivars were either similar in firmness (three cultivars) or firmer
(eight cultivars) after storage at 2.5C (Table 3). The greater
firmness of fruit stored at 2.5 vs. 12.5C ranged from ≈11%
(9% to 13% in five cultivars), to ≈27% (20% to 32% in two
cultivars). The correlation between firmness at 12.5 and 2.5C
was only 0.46, while the correlation between firmness at 12.5C
803



Table 4. Comparison of the percent total ion leakage from various
lines of cucumbers. Disks were excised from fruit that were chilled
for 6 or 10 days at 2.5C and then kept 1 day at 20C.

zMeans separation within columns are by LSD, P = 0.05.
Six lines were selected to characterize the exudate from chilled
fruit. The amounts of fresh exudate from the chilled fruit were
more poorly correlated with dry weight (r = –0.15) than in
nonchilled fruit, but it was again highly correlated with con-
ductivity (r = 0.98). The correlation between dry exudate weight
and percent solids (r = 0.88) was much higher than in non-
chilled fruit. With the exception of ‘Poinsett 76’, which had the
lowest percent solids and the highest conductivity, the correla-
tion between percent solids and conductivity was again very
poor (r = 0.06). The correlation between the conductivity of
exudates from chilled and nonchilled fruit was also very poor
(r = 0.01).

The two cultivars with low pitting scores and higher overall
quality, e.g., ‘Dasher II’ and ‘Marketmore 76F’ (Table 1), pro-
duced the least fresh exudate from chilled fruit, and the exudate
had the lowest conductivity. The two cultivars with the highest
pitting scores, e.g., ‘MDR I’ and ‘Poinsett 76’, produced the
most fresh exudate from chilled fruit, and the exudate had the
highest conductivity. The amount of the exudate was highly
correlated with pitting (r = 0.85), decay (r = 0.85), and per-
cent ion leakage after 10 days of chilling (r = 0.92). In contrast,
there were much lower correlations between exudate and seed-
Table 5. Fresh and dry exudate weight, percent solids, and conductivi
eight days at 12.5C (nonchilled) or 10 days at 2.5C (chilled). Exudat
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ling tolerance to chilling (r = 0.44), or percent ion leakage in
fruit chilled for a shorter period (r = 0.27, after 6 days of
chilling).

Respiration and ethylene production. Production of CO2 ranged
from 4.8 to 8.7 mg (kg·h)–1 from fruit of seven selected lines
kept for 3 days at 2.5C and from 4.3 to 7.0 mg (kg·h)–1 after
6 days at 2.5C (Table 6). ‘Marketmore 76F’ had the highest
respiration rate after 3 days of chilling, while ‘Eurol × Sampson’
had the highest after 6 days. ‘Poinsett 83’ and ‘PSX 34885’ had
the lowest respiration rates after 3 days at 2.5C, while ‘PSX
34885’ had the lowest rate after 6 days. Some lines showed
slight increases in respiration from 3 to 6 days of chilling, e.g.,
‘Dasher II’, ‘Poinsett 83’, and ‘Eurol × Sampson’, whereas
slight decreases were observed in ‘Marketmore 76F’, ‘MDR I’,
and ‘PSX 34885’. No significant increase or decrease in CO2

production was observed in ‘Poinsett 76’, which agreed with
our previous observations (Cabrera and Saltveit, 1990).

Ethylene production in seven lines ranged from 5.5 to 22.3
nl C2H 4 (kg·h) –1 and 2.2 to 14.3 nl C2H 4 (kg·h) –1 after 3 and
6 days, respectively, of storage at 2.5C (Table 6). All lines
showed a 23% to 71% decrease in C2H4 production after 3 to
6 days of storage at 2.5C.

The correlation between CO2 production on day 3 and 6 was
much smaller (r = 0.46) than between C2H4 production on day
3 and 6 (r = 0.74). The correlation between CO2 and C2H 4

production on day 6 (r = 0.38) was larger than on day 3 (r =
0.11), although both indicate a poor relationship. The percent
change in CO2 production was slightly correlated with the per-
cent change in C2H4 production (r = 0.57).

EFE activity. EFE activity was measured in tissue from three
cultivars that were selected on the basis of their development
of pitting, decay, and percent ion leakage. Tissue from these
cultivars showed a decline in EFE activity upon chilling (Table
7). For both chilled and nonchilled fruit, EFE activity was high-
est in ‘Eurol × Sampson’ and lowest in ‘MDR I’.

Discussion

The severity of chilling-induced damage varied among cuc-
umber cultivars. Pitting and decay are two visual symptoms of
chilling injury in cucumber fruit (Eaks and Morris, 1957) that
are interrelated in the cultivar ‘Poinsett 76’ (Cabrera and Salt-
veit, 1990). However, the low correlation between pitting and
ty of various lines of nonchilled and chilled cucumber fruit kept for
es were collected and analyzed at 20C.
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ethylene production was consistent with our previous findings
with chilled ‘Poinsett 76’ cucumber fruit (Cabrera and Saltveit,
1990).

Conclusion. Fruit from various cucumber cultivars exhibited
significant differences in sensitivity to chilling as shown by
various subjective and objective measurements. The variability
in correlations among the measurements of chilling sensitivity
within and among these cucumber cultivars indicates that their
physiological and horticultural response to chilling is complex.
Breeding for chilling resistance and devising postharvest strat-
egies to reduce chilling injury must, therefore, adopt several
approaches to encompass the diversity of these responses.
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