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Growth and Postharvest Quality Characteristics of Cucumber
(Cucumis sativus L.) as Affected by Cultivation Method and
Postharvest Film Packaging: Analysis of Preharvest and
Postharvest Factors and Modeling via a Moderated Mediation Model

Jung-Soo Lee*

National Institute of Horticultural & Herbal Science, Rural Development Administration, WanJu, 58500, Korea

Abstract This study investigated the effects of cultivation method (open-field vs. greenhouse cultivation) and post-
harvest film packaging on quality changes in cucumbers during storage at 10°C. At harvest, open-field-grown cucumbers
had greater fruit weight and length, as well as higher firmness and chlorophyll content, whereas greenhouse-grown
cucumbers had higher flesh moisture content. These results indicated that preharvest cultivation conditions affected fruit
growth and initial quality characteristics. During storage, the effects of cultivation method on firmness and chlorophyll
content persisted to some extent, whereas fresh weight loss was more strongly affected by film packaging, indicating that
postharvest treatment could modify quality characteristics formed before harvest. Similarly, changes in moisture content
during storage were more strongly affected by film packaging than by cultivation method, with greater changes observed
in non-packaged cucumbers. Moderated mediation analysis showed that postharvest film packaging (P) moderated the
pathway through which initial quality characteristics (H), formed by preharvest cultivation method (C), affected cumu-
lative quality changes (Y, AUC) during storage. Based on these findings, this study proposes the concept of “Variation
in quality and morphology across pre- and post-harvest stages,” termed SuHyoung Variation, to describe the continuous
changes in quality characteristics initially formed before harvest as they are subsequently modified by postharvest factors
such as packaging and storage conditions. In conclusion, these results demonstrate the importance of linking preharvest
cultivation conditions with postharvest management to maintain cucumber quality and marketability during storage.
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Fig. 1. “Veteran’ cucumber grown under differnt cultural methods in Korea. (A) ‘Veteran’ cucumber on open field culture; (B) ‘Veteran’

cucumber on plastic house culture.

Fig. 2. Different packaging types of cucumber in plastic box with or without inner PE(polyethylene) film. (C) ‘Veteran’ cucumber in
unpackaged plastic box; (D) ‘Veteran’ cucumber in plastic box with PE film packaging.
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Table 1. Growth parameters of ‘Veteran’ cucumber as affected by cultural methods

Fruit Soluble [Fruit firmness (N . Fruit color

. Moisture Hue [Total chlor

Cultural i | heish i solids rent angle | ophyll

conten

method? | Weight | height |width 4 conten | g | fresn | < L* a* b N B

(2) (cm) (ecm) | ony. (%) ) |(ng'mL™)
(°Brix)
Oifllmf;leeld 2479 | 25.1 37.1 29 | 404 | 246 | 958 | 592 | —162 | 304 | 1181 | 235

Plastic house

194.8 22.5 34.3 2.9 33.7
culture

22.2 96.6 64.7 | -157 | 294 117.6 11.4

T-test * *ok NS NS *

* NS NS NS NS *

DRefer to Fig. 1 for cultural method.

A Folapt QA ke, WEE YeRlls Lk

A AE7E 59.20]5L AR 7E 64701900, A =S
EfllE a*e 77t 1629 157, FANES Uepls b
7zt 3049} 29.42 ZANERIO P, hue angledlIA] XA u)
7} 118.1°%F A2l 7L 117.6°% VFeR, Auia] kel A1
7doll e frojatols IFEA] e AR HATH T o
24 e A7) 235 pgml oL A Q0)7) 114
pg-ml o] ESlEEe .JJ]7} 95.8%<1Hl Aldo] 96.6%
o7, RIS AL Ax, T A5L T 5 A
Ao e AAF B2 ol A %ﬂl UERTE &2 AsfollA] A
a2 o] wt @olo] A2 AlAful R =2 A u) 7t o
A FHoR AN F GEL FH Tl =of, A =719
e BARI ool gEbd Btk # AgelA] e
Qo17t FY FEUoE Bt A B FE 549 A
ol WSl AL Al 3¢ zjolof| whE AR FE
Park’, Ku 59 Kim 5!, Lee 5'¥3} Choi 599 <
Toll W=, AldAElE =] vle FRE B v
Hel| =XAulE AR ET F3d0] oF 30~40% H2 512
2 BuEo] glo], Lee T'¥0] A FA9 w}i} 2ol
A el 270l wet sl I 4 AUSS Hole
At o] Al Al e 3 2 7hHA 29l 2
o7} 2olo} 72 A2 A F4H 54 I3 B
&S vzl Aow ke

ry

O

o2 Uit Fig 4
b 9olE 10C A4 A 1 *gzﬂ sl T
A T PR AN 2017% 4304813, A A
oo} 28%e) AAFE 7HaE nom, BEEY A2l
A A AA 2 7k Aol7k AL] et srom o
03% FE02 FASILh Lee S99) Wish o] 53

el

—m— A+C" |

16 --O-- A+D 1 A
—h— B+C -

14 4 --7--B+D a __— -

Fresh weight loss (%)
o
'
3
W
,
"

Storage time (days)

Fig. 3. Change in fresh weight loss of cucumber cultivar, ‘Vet-
eran’ as affected by cultural method and film packaging at
10°C. a-cSmall letters mean values with different superscript
letters within storage times are significantly different by Dun-
can’s multiple range test at p <0.05. ns, not significant at P >
0.05. Data represent the mean = SD of 5 replications. Some bars
are not shown when masked by symbol. 1)Treatment com-
binations based on the cultural methods and film packaging
types shown in Figs. 1 and 2 are as follows: A+C, open-field
cultivation without film packaging; A+D, open-field cultivation
with PE film packaging; B+C, greenhouse cultivation without
film packaging; and B+D, greenhouse cultivation with PE film
packaging.
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Fig. 4. Change in pericarp firmness of cucumber cultivar,
“Veteran’ as affected by cultural method and film packaging at
10°C. *®Small letters mean values with different superscript
letters within storage times are significantly different by
Duncan’s multiple range test at p < 0.05. ns, not significant at
P > 0.05. Data represent the mean + SD of 5 replications.
Some bars are not shown when masked by symbol. "Treatment
combinations based on the cultural methods and film
packaging types shown in Figs. 1 and 2 are as follows: A+C,
open-field cultivation without film packaging; A+D, open-
field cultivation with PE film packaging; B+C, greenhouse
cultivation without film packaging; and B+D, greenhouse
cultivation with PE film packaging.
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Fig. 5. Change in flesh firmness of the cucumber cultivar, ‘Veteran’
as affected by cultural method and film packaging at 10°C. *®
Small letters mean values with different superscript letters within
storage times are significantly different by Duncan’s multiple
range test at p<0.05. ns, not significant at P>0.05. Data
represent the mean + SD of 5 replications. Some bars are not
shown when masked by symbol. DTreatment combinations based
on the cultural methods and film packaging types shown in Figs.
1 and 2 are as follows: A+C, open-field cultivation without film
packaging; A+D, open-field cultivation with PE film packaging;
B+C, greenhouse cultivation without film packaging; and B+D,
greenhouse cultivation with PE film packaging.
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Fig. 6. Change in moisture content of cucumber cultivar, ‘Veteran’
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Small letters mean values with different superscript letters within
storage times are significantly different by Duncan’s multiple
range test at p <0.05. ns, not significant at P>0.05. Data
represent the mean + SD of 5 replications. Some bars are not
shown when masked by symbol. PTreatment combinations based
on the cultural methods and film packaging types shown in Figs.
1 and 2 are as follows: A+C, open-field cultivation without film
packaging; A+D, open-field cultivation with PE film packaging;
B+C, greenhouse cultivation without film packaging; and B+D,
greenhouse cultivation with PE film packaging.
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Fig. 7. Change in SSC(soluble solid content) of cucumber cultivar,
“Veteran’ as affected by cultural method and film packaging at 10°C.
#bSmall letters mean values with different superscript letters within
storage times are significantly different by Duncan’s multiple range
test at p < 0.05. ns, not significant at P > 0.05. Data represent the
mean + SD of 5 replications. Some bars are not shown when masked
by symbol. Treatment combinations based on the cultural methods
and film packaging types shown in Figs. 1 and 2 are as follows:
A+C, open-field cultivation without film packaging; A+D, open-
field cultivation with PE film packaging; B+C, greenhouse culti-
vation without film packaging; and B+D, greenhouse cultivation
with PE film packaging.
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Fig. 8. Change in hue angle of cucumber cultivar, ‘Veteran’ as
affected by cultural method and film packaging at 10°C. &
Small letters mean values with different superscript letters within
storage times are significantly different by Duncan’s multiple range
test at p < 0.05. ns, not significant at P > 0.05. Data represent the
mean = SD of 5 replications. Some bars are not shown when
masked by symbol. PTreatment combinations based on the cultural
methods and film packaging types shown in Figs. 1 and 2 are as
follows: A+C, open-field cultivation without film packaging; A+D,
open-field cultivation with PE film packaging; B+C, greenhouse
cultivation without film packaging; and B+D, greenhouse
cultivation with PE film packaging.
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Fig. 9. Change in total chlorophyll content of cucumber cultivar,
“Veteran’ as affected by cultural method and film packaging at
10°C. **Small letters mean values with different superscript letters
within storage times are significantly different by Duncan’s
multiple range test at p < 0.05. ns, not significant at P > 0.05. Data
represent the mean + SD of 5 replications. Some bars are not
shown when masked by symbol. DTreatment combinations based
on the cultural methods and film packaging types shown in Figs.
1 and 2 are as follows: A+C, open-field cultivation without film
packaging; A+D, open-field cultivation with PE film packaging;
B+C, greenhouse cultivation without film packaging; and B+D,
greenhouse cultivation with PE film packaging.
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Fig. 10. Change in general appearance of cucumber cultivar,
“Veteran’ as affected by cultural method and film packaging at
10°C. ns, not significant at P > 0.05. Data represent the mean
+ SD of 5 replications. Some bars are not shown when
masked by symbol. "Treatment combinations based on the
cultural methods and film packaging types shown in Figs. 1
and 2 are as follows: A+C, open-field cultivation without film
packaging; A+D, open-field cultivation with PE film packaging;
B+C, greenhouse cultivation without film packaging; and
B+D, greenhouse cultivation with PE film packaging.
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Fig. 11. Outside appearance of ‘Veteran’ by cultural method and film packaging at 10°C. VRefer to Fig. 1 and Fig.2 for cultural method
and film packaging types. "Treatment combinations based on the cultural methods and film packaging types shown in Figs. 1 and 2
are as follows: A+C, open-field cultivation without film packaging; A+D, open-field cultivation with PE film packaging; B+C, green-
house cultivation without film packaging; and B+D, greenhouse cultivation with PE film packaging.
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Moderated Mediation Model of Cucumber Storage Quality
Affected by Cultivation Method and Film Packaging

This study examined how preharvest cultivation methods (C) affect storage quality
evaluated by cumulative quality indicators (Y, AUC) through initial harvest quality (H),
and how postharvest film packaging (P) moderates the postharvest relationship.

QO AHHIEHON Ih= TpAL ST} Sate HE

Hypotheses

H1: Cultivation method affects harvest quality indicators.

H2: Harvest quality indicators (H) are associated with
cumulative quality (Y).

H3: Cubltivation method affects cumulative quality {Y)
indirectly through harvest quality .

H3
R e = e i H4: Postharvest film packaging has a direct effect on the
! = =3 L, [ cumulative quality.
™\
Cultivation Harvest Quality Cumulative Change in H5: Postharvest film packaging moderates the relationship
Method (C) H1 (H) H2 Storage Quality (Y) between harvest quality (H) and cumulative quality (Y} .
T + Fresh weight —‘h (AUC)
M.--_d + Firmness : = Fresh weight loss
* Chi il 1 * Firmness change o :
Open field = 1 oePD! ] Conditional Indirect Effect
i * Hue angle 1 = Chlorophyll change
L Greenhouse = 0 | H5 | * Appearance change ) * [Ep.y (Nopackaging) = ay x fy
\ J < -
i
1

—— Direct effect

===» Indirect (mediated) effect
— Direct effect (moderator)
=== Moderating effect

J .

Film packaging = 1
No packaging = 0 |

Postharvest Packaging (P)

For the

analysis, the
C = 1 for open field and 0 for greenhouse; P = 1 for film packaging and 0 for no packaging.

* IEp.; (Film packaging) = a; x (B3 + f)

Matte: Storage quality () was quantified as the area under the
curve (AUC) of quality changes (fresh weight loss, firmness,
«chiorophyll content, and appearance) during 28 days of storage
a10°C.

variable (C, cultivation method) and the moderator (P, film packaging) were dichotomized as follows:

167

Fig. 12. Proposed moderated mediation model illustrating the relationships among cultivation method, harvest quality, postharvest film
packaging, and cumulative storage quality expressed as area under the curve (AUC).
The following hypotheses guide the model:
H1: Cultivation method has a significant effect on the major indicators of harvest quality (a,).
H2: Major indicators of harvest quality (H) are significantly associated with the cumulative quality change during storage ().
H3: Cultivation method indirectly affects the cumulative quality change during storage (Y, AUC) through the major indicators of har-
vest quality (o, %Ps).
H4: Postharvest film packaging has a direct effect on the cumulative quality change during storage (B,).
HS5: Postharvest film packaging moderates the relationship between initial harvest quality (H) and cumulative quality change during

storage (By).
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