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Abstract

The aim of the study was to determine the influence of drip irrigation 
on the nutritive value of winter squash ‘Rouge vif d’Etampes’ fruits ana-
lyzed directly after the harvest and after the storage. The plants were grown 
on the very light soil in the region of decreased rainfall amounts during the 
vegetation period. The field experiment was conducted in 2007-2008 at 
Kruszyn Krajeński near Bydgoszcz on the soil of quality class V-VI (very 
weak and weak-rye-soil-complex). The field water capacity in the soil lay-
er 0-50 cm was 57.5 mm, while the effective useful retention amounted 
29.3 mm. The experiment was designed as one-factorial trial in four repli-
cations; drip irrigation as the experiment factor was applied. As the control 
the plots without irrigation were considered. The single plot area was 11.2 
m2. The drip irrigation was conducted according to the soil tensiometer 
indications (-0.04 MPa). The research material was the eatable parts of 
fresh fruits that were analyzed directly after the harvest and after the stor-
age for six months at the temperature 10°C and the relative air humidity 
75%. The drip irrigation performed during the cultivation of winter squash 
increased the content of vitamin C, total carotenoids including ß-carotene, 
as well sugars in the fruits, both after the harvest and after the storage. 
After six months of the storage the rise of the content of dry matter, total  
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carotenoids including ß-carotene, as well monosaccharides was noted, 
while the level of vitamin C, total sugar, and saccharose have been reduced. 
 
Key words: carotenoids, chemical composition, dry matter, pumpkin, 
sugars, vitamin C

INTRODUCTION

The chemical composition of pumpkin depends on the cultivar as well as 
the climate conditions during growing season (Danilcenko et al. 2004, Korze-
niewska et al. 2004, Biesiada et al. 2006, Rolbiecki et al. 2006). Cucurbitaceous 
plants due to the high fertility and production of giant aboveground mass, as 
well the high rate of transpiration, have a large water needs that estimated at 400 
mm (Kaniszewski 2005). So, one of the most important factors influenced the 
quality of pumpkin fruit is irrigation (Rolbiecki et al. 2006, Wojdyła et al. 2007, 
Wichrowska and Wojdyła 2011).

The mature fruits that are stored not longer than two months, have the 
highest nutritional value, especially in terms of the content of provitamin A, 
vitamin C and sugars. However, with the extension of storage period of fruits, 
the content of the chemical components is significantly reduced (Arvayo-Ortiz 
et al. 1994, Sokół-Łętowska 2004, Niewczas et al. 2005, Niewczas and Mitek 
2007, Wojdyła et al. 2007, Iacuzzo and Dalla-Costa 2009, Wichrowska and  
Wojdyła 2011).

The food processing industries mostly uses the pumpkin pulp that is the 
basis for the production of candies, dried products, frozen food, jam, pickles and 
pumpkin puree (Gliemmo et al. 2009, Nawirska-Olszańska 2010, Ciurzyńska 
et al. 2013). The pumpkin pulp is also used in juice production (Kurzeja et al. 
2011), while dried pumpkin pulp is suitable for preparing of the roasted snacks 
(Ciurzyńska et al. 2013). Nowadays, the pumpkin pulp is often used as the nat-
ural dye for food products. The carotene powder is added to the confectionery, 
bakery products, pasta and gelled products. Especially appreciated are the pump-
kins with orange pulp that contain high level of carotenes, mainly α-carotin, 
β-carotin and lutein (Murkovic et al. 2002, USDA 2004, Kunachowicz et al. 
2005, Stangret i in. 2001, USDA 2004).

The objective of the researches was to determine the influence of the drip 
irrigation on the chemical composition, such as the content of dry matter, vita-
min C, total carotenoids including ß-carotene, and sugars in the fruits of winter 
squash ‘Rouge vif d’Etampes’ measured directly after the harvest as well as six 
months after the storage.
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MATERIAL AND METHODS

The field experiment was conducted in the years 2007-2008 on the very 
light soil of the V-VI quality class, with the weak and very weak rye-soil-com-
plex under the eastern end of Krajeńskie Lake (Kruszyn Krajeński near Bydgo-
szcz). The water capacity in the soil layer of 0-50 cm was 57.5 mm, while the 
effective useful retention amounted to 29.3 mm. The plant material was the fruits 
of winter squash ‘Rouge vif d’Etampes’.

The field experiment, designed using the method of drawing blocks, was 
established as one-factorial study and conducted in four replications. The re-
searched treatment was drip irrigation, while as the control the plants without 
irrigation were tested .The experiment included 8 plots (2 × 4) and the area of 
single plot was 11.2 m2. To determine the timing and dose of irrigation the ten-
siometers of soil were used. The drip irrigation was started when the soil water 
pressure was below – 0.04 MPa. The drip irrigation was done using the ‘T-Tape’ 
drip line, where the distance between the dripers was 20 cm and an expense of 
water was about 5 l m-1.

The analyses of the nutritive value of winter squash ‘Rouge vif d’Etampes’ 
fruits were performed in 3 replications. The research material was the eatable 
parts of fresh fruits (6 pieces) that were tested directly after the harvest (AH) and 
six months after the storage (AS) performed at the temperature 10°C and relative 
air humidity 75%. The dry matter content of the fruits [g 100 g-1 f.m.] was deter-
mined by gravimetric method according to PN-A-75101/03 (1990). The sugars 
content [g 100 g-1 f.m.] was measured using a spectrophotometer (600 nm) tech-
nique according to Talburt and Smith method (1987). The vitamin C content [mg 
100 g-1 f.m.] was determined by Tillman’s method using PN-A-04019 (1998). 
The content of carotenoids and ß-carotin [mg 100 g-1 f.m.] was measured accord-
ing to PN-A-75101/12 (1990).

The obtained data were statistically evaluated using computer package 
ANALWAR-5.FR. The calculations were performed using Fisher-Snedecor test 
in order to determine the significance of treatments. The differences between the 
means were estimated using Tukey test at a significance level P = 0.05.

The mean air temperature in Kruszyn Krajeński during the growing of 
winter squash ‘Rouge vif d’Etampes’ (V-IX) in 2007-2008 was 16.0°C that was 
0.3°C higher than the mean temperature for long-period (Table 1). In the first 
year of the study (2007) the temperatures in May (13.8°C) and June (18.2°C) 
were higher comparing to the mean temperature for long period. In the second 
year of the research (2008) the highest temperature was noted in July (19.2°C, ie. 
1.0°C above the mean temperature for long period).

The precipitation between 1st May and 30th September in the years 2007-
2008, was 273.9 mm on average (Table 1). The higher level of rainfall (358.6 
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mm) was noted in the first year of the study (2007) comparing to the year 2008 
(189.6 mm). Particularly high amounts of rainfalls (103.4 mm and 111.3 mm) 
were recorded in June and July 2007, respectively. The lowest rainfall (3.2 mm) 
was noted in May 2008 that was less than 8% of the mean rainfall for long-term. 
Low rainfalls were also noted in June, July and September of the second year of 
the study, 59, 71 and 59%, respectively, below the mean for long-term.

The seasonal irrigation water rates applied during the experiment were 
closely related to the course of thermal and precipitation conditions for the plants 
of winter squash and amounted to 68.0 and 101.5 mm in the years 2007 and 
2008, respectively.

Table 1. Air temperature and rainfall during the vegetation period of winter squash 
‘Rouge vif d’Etampes’ in Kruszyn Krajeński

Study years
Months

Mean
V VI VII VIII IX

Air temperature (°C)
2007 13.8 18.2 18.0 17.8 12.4 16.0
2008 13.2 17.6 19.2 17.8 12.4 16.0

Mean for 2007-2008 13.5 17.9 18.6 17.8 12.4 16.0
Mean for long-period 13.1 16.2 18.2 17.8 13.0 15.7

Rainfall (mm)
2007 49.1 103.4 111.3 59.2 35.6 358.6
2008 3.2 32.3 46.6 81.5 26.0 189.6

Mean for 2007-2008 26.1 67.8 78.9 70.3 30.8 273.9
Mean for long-period 40.7 54.8 65.4 51.4 44.3 256.6

RESULTS AND DISCUSSION

The objective of the study was to evaluate the influence of the drip irriga-
tion on the content of dry matter, vitamin C, total carotenoids including ß-car-
otene, as well sugars measured in the fruits of winter squash ‘Rouge vif d’Eta-
mpes’. The analysis of nutritive value of the pulp was performed directly after 
the harvest and after six months of the storage. The drip irrigation treatment 
significantly increased the content of vitamin C, carotenoids including ß-carotin 
and sugars, both, in the case of fruits tested directly after the harvest, as well as 
after the storage (Tables 2 and 3). In the study reported by Wojdyła et al. (2007) 
the irrigation treatment also influenced the growth of vitamin C and carotenoids  
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content. In comparison with the control, the drip irrigation applied during the 
growing of winter squash ‘Rouge vif d’Etampes’ did not influenced the rise of 
dry matter level measured directly after the harvest but significantly increased 
the content of dry matter analyzed after the storage (Table 2).

It was noted that the winter squash ‘Rouge vif d’Etampes’ fruit pulp pre-
sented especially intense orange colour, which was caused by the high content 
of total carotenoids including ß-carotin that during measurement performed di-
rectly after the harvest ranged from 6.84 mg 100 g-1 f.m. for the control to 7.89 
mg 100 g-1 f.m. for the irrigated plants and after the storage period ranged from 
8.56 mg 100 g-1 f.m. for the control to 9.01 mg 100 g-1 f.m. for the irrigated plants 
(Table 2).

The processes, such as respiration and transpiration, occurred in the cells 
of the stored raw plant products, caused the changes in the content of nutritive 
compounds. In the present study, after six months of the storage of winter squash 
fruits under optimum conditions (temperature 10°C and relative air humidity 
75%) influenced the increase of dry matter content in the pulp (by 4.5%) as well 
as raised the level of total carotenoids (by 15%) and monosaccharides (by 5.7%) 
(Tables 2 and 3). In the research presented by Niewczas and Mitek (2007) dur-
ing storage of the fruits of winter squash ‘Bambino’ and ’Justynka’ the content 
of total carotenoids increased from 3.35 mg per 100 g f.w. to 4.60 mg per 100 g 
f.w. and from 4.74 mg per 100 g f.w. to 9.39 mg per 100 g f.w., respectively. The 
rise of the carotenoids level after the storage, evaluated in the fruits of different 
winter squash cultivars, was reported also by Bonina-Noseworthy et al. (2016). 
According to Gross (1991) during the storage of the winter squash the content 
of total carotenoids also increased, although the level of these changes was de-
pendent on the tested cultivar. Additionally, the differences in the case of the 
carotenoids level were noted also between different fruits of the same cultivar.

In the present study, the content of vitamin C, total sugar and saccha-
rose, evaluated in the fruit pulp of the winter squash ‘Rouge vif d’Etampes’, 
decreased after the storage period (Tables 2 and 3). However, the fall of the 
total sugar and saccharose contents after storage of the winter squash fruits were 
caused by the distribution of complex sugars into monosaccharides, which level 
in the present study increased after the storage. The loss in vitamin C content 
in fruits after six months of storage was significant and amounted to 34.3%. 
However, similar waste in the level of vitamin C in the stored fruits has been 
noted also by Niewczas et al. (2005) and Nawirska-Olszańska et al. (2011), 
Nawirska – Olszańska (2011).
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Table 2. Influence of drip irrigation on the content of dry matter, vitamin C and total 
carotenoids including ß-carotin in fruits of winter squash ‘Rouge vif d’Etampes’

Treatments Study 
years

Dry matter
[g 100 g-1 f.m.]

Vitamin C
[mg 100 g-1 f.m.]

Total carotenoids
including ß-carotin

[mg 100g-1 f.m.]
AH AS AH AS AH AS

Control
(without irrigation)

2007 5.89 6.02 12.35 7.89 7.15 8.56
2008 4.98 5.11 11.58 8.03 6.84 7.99

Mean for control 5.44 5.57 11.97 7.96 7.00 8.28

Drip irrigation
2007 6.00 6.54 12.98 8.15 7.89 9.01
2008 5.06 5.28 12.04 8.54 7.02 8.54

Mean for drip irrigation 5.53 5.91 12.51 8.34 7.45 8.77
Mean 5.48 5.74 12.24 8.15 7.23 8.53

LSD0.05 ns 0.235 0.155 0.188 0.344 0.134
AH – after harvest; AS – after storage; ns – not significant at P < 0.05

Table 3. Influence of drip irrigation on the of content sugars in fruits of winter squash 
‘Rouge vif d’Etampes’

Treatments Study 
years

Monosaccharides
[g 100 g-1 f.m.]

Total sugar
[g 100 g-1 f.m.]

Saccharose
[g 100 g-1 f.m.]

AH AS AH AS AH AS

Control
(without irrigation)

2007 2.38 2.44 3.20 3.01 0.83 0.57
2008 2.11 2.18 2.95 2.86 0.84 0.68

Mean for control 2.25 2.31 3.08 2.94 0.84 0.63

Drip irrigation
2007 3.24 3.51 4.70 4.53 1.47 1.02
2008 2.96 3.18 4.11 4.03 1.22 0.85

Mean for drip irrigation 3.10 3.35 4.41 4.28 1.35 0.94
Mean 2.67 2.83 3.74 3.61 1.09 0.78

LSD0.05 0.121 0.127 0.230 0.235 0.192 0.201
Explanations: see Table 2

CONCLUSIONS

The drip irrigation applied during the growing of winter squash ‘Rouge 
vif d’Etampes’ increased the content of vitamin C, total carotenoids including 
ß-carotin, as well as sugars in the fruit, both directly after the harvest and after 
the storage. After six months of the storage of winter squash fruits it was ob-
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served the increase in the level of dry matter, total carotenoids including ß-caro-
tene and monosaccharides, while the content of vitamin C and total sugar, as well 
as saccharose decreased.
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