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ABSTRACT

Pumpkin (Cucurbita pepo L.) is a medicinal plant recently
under common cultivation in Iran. The seeds and its products
are used in the treatment of some diseases. Due to the lack of
information about the intra-row spacing and nutritional
demands of the plant a factorial experiment with Randomized
Complete Block Design with three replications was planned in
Azarbaijan Shahid Madani University Research Field in 2013.
The treatments were 5 levels of Urea fertilizer (0, 50, 100,
150, 200 kg/ha nitrogen), and intra-row spacing in 3 levels
(30, 60 and 90 cm). The result showed that interaction effects
of intra-row spacing and nitrogen treatment had significant
effect on some morphological traits such as plant
height, number of auxiliary branches and leaf number per
plant. Application of 200 kg/ha nitrogen increased the plant
height, the number for auxiliary branches and leaves as well as
the leaves dry mass, mainly due to the prolonged vegetative
growth period and delayed flowering and fruiting.
150 kg/ha nitrogen combined with 60 c¢cm intra-row spacing
hold the highest number of female flowers, fruit number and
intact fruit number and fruit fresh weight, and the highest dry
weight of the intact seeds. The results for some physiological
traits showed that interaction effects of nitrogen and intra-row
spacing had significant effects on chlorophyll b at the late
stages of flowering period and the contents for chlorophyll a
and carotenoids were significant at the end of growing season.
The highest oil content was recorded in 150 kg/ha nitrogen
and 60 cm intra-row spacing. Based on results obtained,
150 kg/ha nitrogen and 60 cm intra-row spacing were the best
regime for the production of this plant.

Key words: Cucurbita pepo L., nitrogen, intra-row spacing,
yield, oil content

1ZVLECEK

UCINKI OBRAVNAVANJA Z DUSIKOM IN
MEDVRSTNIH RAZDALJ NA MORFOLOSKE IN
FIZIOLOSKE LASTNOSTI BUC (Cucurbita pepo L.)

Gojenje bu¢ (Cucurbita pepo L.) kot zdravilnih rastlin je v
zadnjem casu splosno razsirjeno v Iranu. Semena in pripravki
iz njih se uporabljajo za zdravljenje razli¢nih bolezni. Zaradi
pomankanja informacij o vplivu medvrstnih razdalj setve in
potrebah po hranilih na pridelek je bil izveden nakljuéni
faktorski poskus s tremi ponovitvami na Azarbaijan Shahid
Madani University Research Field v letu 2013. Obravnavanja
so obsegala 5 ravni gnojenja z ureo (0, 50, 100, 150, 200 kg
N/ha), in 3 medvrstne razdalje setve (30, 60 in 90 cm).
Rezultati kazejo, da so imela ta obravnavanja znacilen ucinek
na nekatere morfoloske znake kot so dolZina rastlin, $tevilo
stranskih poganjkov in $tevilo listov na rastlino. Uporaba
200 kg N/ha je povecala viSino rastlin, Stevilo stranskih
poganjkov in $tevilo listov kot tudi suho maso listov predvsem
zaradi podaljSane vegetativne faze rasti in zakasnjenja
cvetenja in tvorbe plodov. 150 kg N/ha v kombinaciji s 60 cm
medvrstno razdaljo setve je dalo najve¢ zenskih cvetov, najvec
plodov, najvecjo maso svezih plodov in najve¢jo maso suhih
semen. Rezultati meritev nekaterih fizioloskih parametrov so
pokazali znacilne u¢inke inteakcije obravnavanja z duSikom in
medvrstne razdalje na vsebnost klorofila b v zadnji fazi
cvetenja in na vsebnost klorofila a in karotenoidov na koncu
rastne sezone. Najvedja vsebnost olja je bila zabelezena
pril50 kg N/ha in 60 cm medvrstni razdalji setve. Na osnovi
dobljenih rezultatov lahko zaklju¢imo, da je za najvecji
pridelek bu¢ najprimernej$e gnojenje s 150 kg N/ha in 60 cm
medvrstna razdalja setve.

Kljuéne besede: Cucurbita pepo L., gnojenje z duSikom,
medvrstna  razdalja  setve, pridelek,
vsebnost olja
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1 INTRODUCTION

Nowadays, the importance of medicinal plants is
thoroughly known to everyone. Millions of people
worldwide are active in planting, harvesting and
processing of medicinal plants (Stepleton et al.,
2000). Medicinal pumpkin (Cucurbita pepo L.) is
an important annual plant that belongs to the
Cucurbitaceae family (Ebadi et al.,, 2008). The
seeds of pumpkin contain medicinal raw materials
that are used for producing some pharmaceutical
products such as people to overcome prostatic
hypertrophy and urinary tract irritation (Horvath
and Bedo, 1998; Younis and Al-Shihry, 2000).
Studies on plant density have shown that this
agronomic  criterion can influence plant
development, growth and the marketable yield
(Khasmakhi-Sabet et al., 2009). Plant density is
one of the main factors determining seed yield in
pumpkin (Ebadi et al., 2008). Abdi et al. (2012)

tried to study the sowing date and plant density in
Cucurbita pepo and showed that the highest grain
yield belonged to the density of 12500 plant/ha.
The other agricultural practices are the fertilizer
application, especially nitrogen in terms of its type
and rate. It had been observed that nitrogen
fertilizer is an essential component of any system
in which the aim is to maintain good yield (Law
and Egharevba, 2009). The productivity of
pumpkin is highly responsive to N fertilizer
(Moradi et al., 2014). Sara et al. (2002) reported
that nitrogen fertilizer increased fruit mass, yield
and fruit number of Cucurbita maxima Duchesne.
Therefore, the aims of this experiment were to find
the best intra-row spacing and nitrogen level for
Cucurbita pepo plants cultivated under field
condition in Northwest Iran.

2 MATERIALS AND METHODS

This study was carried out at the Research Farm of
Azarbaijan Shahid Madani University, Iran, in the
growing season of 2013. A factorial experiment
with Randomized Complete Block Design with
three replications was planned to study the effects
of nitrogen fertilizer and intra-row spacing in
pumpkin. The treatments were 5 levels of nitrogen
fertilizer (0, 50, 100, 150 and 200 kg/ha), and
intra-row spacing in 3 levels (30, 60 and 90 cm).
Each plot had three rows and spacing was 3 m
between rows. Each row had 8 plants. There was
considered a one row between treatments as a
border. After the preparation of the field in early
June, according to the planting pattern, seeds
(Cucurbita pepo L. convar. pepo var. styriaca)
were planted in rows. Three seeds were located in
every hole. After germination, the strongest plant
was kept. The first irrigation was done after
planting and the subsequent irrigations were
performed based on the climatic conditions. Weeds
control was done manually during the growth
period. Nitrogen fertilizer (urea) was divided into
three equal parts and used at three different phases
(planting time, flowering time and fruit set) before
irrigation on narrow and at the uniform (10 cm)
depth. To study the effect of different levels of
nitrogen fertilizer and planting density, after
discarding margins, three random samples were
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selected from each experimental unit and were
analyzed for the following characteristics: plant
height, number of auxiliary branches, leaves, the
number of male and female flowers, intact fruits of
each plant, fruits mass, fruit yield, mass of the
intact dry seeds, chlorophyll a, chlorophyll b and
carotenoids contents.

2.1 Plastid pigments measurements

Chlorophyll (Chl) and carotenoids were extracted
from 0.5 g of fresh leaves by grounding in 0.5 mL
of acetone (80 % V/V). The absorption was
recorded at 645 nm (Chl a), 663 nm (Chl ) and
470 nm (carotenoids) in a spectrophotometer (PG
Instrument LTD T80" UV/VIS. Measurements
were carried on the fully expended leaves.
Photosynthetic pigment contents were calculated
from the following equations as described by
Lichtenthaler and Wellburn (1983).

Chl a (mg.g”" fr. Wt.) = 11.75 x Aggs — 2.35 X Ags
Chl b (mg.g" fr. Wt.) = 18.61 X Agss — 3.96 X Ages
Carotenoids (mg.g" fr. Wt.) =4.69 x Ayp — 0.268
X (202 X Agys+ 8.02 X A653)
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2.2 Seed oil extraction and quantification

Oil was extracted from the crushed seed powder
(20 g) of the plant by petroleum ether (300 ml) as
solvent at 60 °C using soxhlet method according to
American Oil Chemists’ Society (1983). The
obtained extracts were filtered through the
Whatman No. 1 filter paper under vacuum.
Thereafter, solution was collected and concentrated
with a rotary evaporator at 45 °C to reach the pure

oil, and then weighted precisely and the percentage
of seed oil was determined accordingly.

2.3 Statistical analysis

The data were analyzed using the SAS statistical
software. A factorial experiment based on
randomized complete block design was carried out
with three replicates (n=3). Duncan’s Multiple
Range Test (P < 0.01) was used to compare the
means.

3 RESULTS AND DISCUSSION

3.1 Plant height

The interaction effects of nitrogen fertilizer and
intra-row spacing on the height of the pumpkin
was significant at 1 % level of probability (Table
1). The maximum height of plants was obtained at
150 & 200 kg/ha of nitrogen and 30 or 90 cm intra-
row spaces, respectively (Table 2). The result of
this experiment was in agreement with the studies
of Moazzen et al. (2006). Plant height depends on
plant vigor, plant growth habits, and soil fertility. It
seems that the plant height was increased when
fertilizer rates increased.

3.2 Number of auxiliary branches

The number of auxiliary branches in pumpkin was
affected by the interaction of experimental factors
(Table 1). The maximum number of auxiliary
branches was observed in intra-row spacing of
90 cm and 200 kg/ha nitrogen fertilizer (Table 2).
Moazzen et al. (2006) showed that there was not a
significant effect between planting density and
auxiliary branches of pumpkin at the early
flowering stage.

3.3 Number of leaves and leaf dry mass

There was a significant interaction effect between
nitrogen and intra-row spacing on the number of
pumpkin leaves (Table 1). The maximum number
of leaves was related to 90 cm planting distance
and when N fertilizer rates applied was 200 kg/ha
(Table 2). The additive effect of nitrogen levels on
the pumpkin leaves was associated to the plant
metabolism that resulted in increasing of the
photosynthetic  products, and consequently,
increased biomass (Omidbeigi, 2000).

Moazzen et al. (2006) demonstrated that with
reducing planting density, due to increasing the
spacing for each plant, the availability of nutrients
and other growth factors increased which in turn
increased the plant height, number of nodes,
auxiliary branches and the leaves compared with
high planting densities.

3.4 The number of male and female flowers

Different levels of nitrogen and intra-row spacing
had significant effect on the number of male and
female flowers (Table 1). The highest number of
male and female flowers was observed at
150 kg/ha nitrogen fertilizer and within row-
spacing of 60 and 90 cm (Table 2). Appearance of
male and female flowers in pumpkins is controlled
by endogenous hormones of plant which is
severely affected by the environmental conditions
(Stepleton et al., 2000). Studies by Hafideh (2002)
on Cucurbita pepo showed that by reducing the
distance within a row from 30 to 20 and from 20 to
10 cm in two consecutive years, the number of
flowers and yield of plants were increased. In the
Cucurbitaceae family, high density of plant with
narrow distances may increase male flowers. This
is possible by reducing the light incidence to the
plant due to the high density (Lower, 1983).

3.5 The total number of fruits per plant

The total number of fruits per plant was
significantly affected by intra-row spacing and
nitrogen fertilizer (Table 1). The highest number of
fruits per plant was related to 50 and 150 kg/ha
nitrogen fertilizer within row-spacing of 60 and
90 cm (Table 2). According to Edelstein et al.
(1989) there is negative relationship between the
high density and the number of fruits per plant in
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pumpkin. Result of this experiment is in agreement
with the finding of Edelstein et al. (1989).

3.6 Fresh mass of fruit

Nitrogen treatments have significant effects on the
mass of fresh pumpkin fruit. The maximum fresh
mass of fruit was observed in 150 kg/ha N
fertilizer (Table 2). The results of this experiment
corresponded with the findings of the experiment
of Gholipoori et al. (2007) on the term of
increasing fruit mass by nitrogen. Any increase in
nitrogen applications are associated with increase
in leaf area and mass, chlorophyll content, increase
in light capture, photosynthetic activities of leaf
and ultimately leads to the increase in the number
and size of fruit cells (Marcelis, 1992). Yadeghari
and Barzegar (2010) stated that there was a
negative correlation between the mass of the fruit
and number of fruits. In other words, increasing
plant density, led to competition between the
plants. Fruit mass was reduced and the yield was
correspondingly affected.

3.7 Number of intact fruits per plant

Number of intact fruits per plant was significantly
affected by nitrogen fertilizer and intra-row
spacing (Table 1). The maximum number of safe
fruits was obtained in 50 kg N/ha of applied
fertilizer within row-spacing of 90 cm (Table 2).
Effect of nitrogen fertilizer on plants was related to
its role in plant metabolism and photosynthetic
products (Omidbeigi, 2006). Chlorophyll is
required to absorb light and to precede
photosynthesis, and N fertilizer had a positive role

in this area. An adequate availability would cause
disruptions in the vital metabolism of plants
(Salisbury and Ross, 1991).

3.8 Fruit yield

Fruit yield was significantly affected by the intra-
row spacing, nitrogen, and the interaction of these
two treatments (Table 1). Highest fruit yield was
obtained when fertilizer and intra-row spacing
were 150 kg N/ha and 60 cm, respectively (Table
2). The application of fertilizers amount above
150 kg N/ha increased plants height, auxiliary
branches and leaf number. Reducing the plant
density went to a reduction in plant competition
and enhanced the yield of fruits. More possibly
reducing the fruit yields in 200 kg N/ha nitrogen
application has been the result of excessive
vegetative growth due to high level of applied
fertilizer. Fertilizer application has to be restorable
interns of production cost (Khajehpoor, 2010).
Since higher levels of nitrogen in addition to the
increase in production costs, yield and fruit quality
decreases.

3.9 Seed dry weight

Seed dry weight was significantly affected by
nitrogen fertilizer and intra-row spacing (Table 1).
The highest fruit yield was obtained when fertilizer
and intra-row spacing were 150 kg N/ha and
60 cm, respectively (Table 2). The application of
150 kg N/ha increased number seed per plant (data
not shown) and also seed dry weight. It had been
observed that the productivity of pumpkin is highly
responsive to N fertilizer (Moradi et al., 2014).

Table 1: Analysis of variance for some traits investigated in pumpkin in response to nitrogen fertilizer rates & intra-

row spacing

Means of Square

Number of

S Plant . . Leafdry Number number of . Total number Number of mass of the
ource d.f. N auxiliary Number of - e Fresh mass Fruit - . - .
heigh branches per leaves mass of female male of fiuit yield of fruits per intact fruits intact dry
- ; flowers flowers plant per plant seeds
plant
block 0.18™ 16.02™ 2.86™ 0.07™ 11.26™ 30.86™ 105325.32™  2450.94™ 4.20™ 0.35™ 308.74"
Factor a (nitrogen 2917 941.41" 3626.137 1220 178977 4835.63"  1414167.41" 568021 58.66" 6.07" 5436.52"
fertilizer levels)
F"““’:pl;gzg)a'“’w 2 0.23° 3202.48" 850.86 " 0.19" 44.60" 962.60"  17305642™  52948.5" 2326" 0.95™ 161.56°
Interaction a’b 8 0.48” 183.87" 55787 0.03™ 2.29™ 32.93™ 63952.34™ 571.72" 526" 0.84" 77.43™
Error 28 0.07 7.92 10.24 0.40 3.52 17.79 8751.19 189.57 2 0.35 48.66

**and * significant at 0.01 and 0.05 probability levels, respectively; ns, non significant
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Table 2: Means values for some traits investigated in pumpkin in response to nitrogen fertilizer rates & intra-row

Spacing
Total .
Plant Nun{bgr of Leaf dry number of ~ Number of Fresh - . number Number of mass of the
. X auxiliary Number mass of Fruit . X N intact dry
Experimental Factors height . female male . . B of fruits intact fruits
branches per of leaves mass (g) 3 fruit yield (tha™) seeds (gr per
(m) flowers flowers per per plant :
plant (g/plant) fruit)
plant
nitrogen treatment(kg N/ha)
0 3.07¢ 24.88d 8.83¢ 2.59e 11.77d 24e 1582.2a 36.73 ¢ 5.55¢ 2.33b 9.21d
50 3470 30.55¢ 30.55d 2.94d 1444 ¢ 36.44d 1901 b 76.76 ab Ila 4a 30.27¢
100 3.67b 34.11b 4333 ¢ 372¢ 16.66 b 49.66 ¢ 20263 b 70.58 b 10.55a 344a 37.09b
150 437a 48.33a 54.66 b 4.48b 2222a 84.77a 2445.6 a 86.77a 11.66 a 3.55a 7543 a
200 435a 46.66 a 5822a 546a 11.22d 59.11b c1434.9 3lc 7.88b 2.11'b 25.46¢
Intra- row spacing treatment
(cm)
30 3.74 ab 24.64¢c 3lc 3.71b 13.40b 43.66 ¢ 1759.1a 51.32b 8b 2.8b 32.67b
60 3.69b 33.26b 40.53b 387a 15.60 a 49.26 b 1968 a 66.60 a 9.53a 3.2ab 39.10a
90 393a 53a 45.86a 393a 16.80 a 59.46a 1907 a 62.83a 10.46 a 3.26a 34.71 ab

Within columns, mean values followed by the same letter are not significantly different at the 0.05 level, according

to Duncan’s multiple range test.

3.10 Leaf chlorophyll and carotenoid content
during the pumpkin seed development (early
flowering and late flowering)

The studied treatments factors effects and their
interactions on chlorophyll a, chlorophyll b and
carotenoid in the early flowering stage were not
significant (Table 3). The content of chlorophyll b
in late flowering stage was influenced by the
interaction of experimental treatments (Table 3).
There was a significant difference between the
control and 150 kg N/ha nitrogen on chlorophyll b
in late flowering stage (Table 4). The highest
content for chlorophyll b was obtained in intra-row
spacing of 30 cm (Table 4). Different rates of
nitrogen fertilizer and intra-row spacing didn’t
have significant effect on the amount of

chlorophyll b in the last stage of growth in
pumpkin. Content of chlorophyll a and carotenoid
were affected by the interaction of studied
treatments (Table 3). Chlorophyll b is highly
unstable under high temperature conditions, its
activity is strongly reduced and also heat stress
denaturates 33 kDa proteins responsible for the
stability of Mn*" in the reaction center of
photosystem II (oxygen-evolving complex in
photosystem II). As a result, Mn>" atoms are
released from the reaction center and this causes
the instability of chlorophyll b (Tiaz and Zeiger,
2010). Nitrogen is one of the essential structural
elements of chlorophyll, therefore the increase in
the rate of N in growth environment results in
increasing the levels of chlorophylls (Gross, 1991).

Table 3: Means values for some traits investigated in pumpkin in response to nitrogen fertilizer rates & intra-row

spacing
Mean of Square
Chlorophylla  Chlorophy ; o N ) -
phyll a B arotenoid ~ Chlorophyll a Chlorophyll Carotenoid ~ Chlorophyll a Chlorophyll U
. IIbin X . . Carotenoid in
Source in early of in early of in late of b In late of in late of In last stage b In last stage
d.f. 4 early of A . X . last stage of
flowering fl N flowering flowering flowering flowering of growth of growth
owering growth
Block 2 0.006™ 0.979™ 0.067™ 0.058™ 0.061™ 0.200™ 0.002™ 0.016™ 0.008™
Factor a (nitrogen fertilizer levels) 4 0.335™ 0.530™ 0.260™ 0.184™ 0.360™ 0.088"™ 0.077™ 0.558™ 0.351"
Factor b (Intra-row spacing) 2 0.078™ 0.076™ 0.063™ 0.061™ 0.993™ 0.556™ 0.405™ 0.109™ 0.467 "
Interaction a*b 8 0.088™ 0.499™ 0.057™ 0.217™ 0.167" 0.343™ 0.308 " 0.492™ 0.393 7
Error 28 0.150 0.390 0.108 0.144 0.165 0.117 0.073 0.138 0.027

**and * significant at 0.01 and 0.05 probability levels, respectively; ns, non significant. Units of pigments is mg.g-1

fr. Wt..
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Table 4: Means values for some traits investigated in pumpkin in response to nitrogen fertilizer rates & intra-row

spacing
Chlorophyll a Chlorophyll Carotenoid ~ Chlorophyll ~ Chlorophyll  Carotenoid Chlorophyll a in Chlorophyll Carotenoid in
in early of b in early of in early of a in late of b in late of in late of last stage of b in last stage last stage of
flowering flowering flowering flowering flowering flowering growth of growth growth
Nitrogen treatment (kg N/ha)
0 0.82ab 1.46ab 0.83 a 0.88ab 0.85a 0.38a 0.36 a 0.37 be 0.20d
50 0.83ab 1.34ab 0.78ab 0.02a 0.87ab 0.57a 0.39 a 0.79 a 0.53 b
100 0.96a 1.63a 092a 0.91ab 0.62ab 0.57 a 0.49 a 0.50 abc 0.37¢
150 046a 1.02b 0.48b 0.65b 093a 0.60a 060 a 0.16¢ 0.73a
200 0.65ab 1.58ab 0.65ab 0.97ab 1.77b 0.63a 047 a 0.67 ab 0.51 b
Intra- row spacing treatment
(cm)
30 0.69 a 1.37a 0.67a 0.94a 1.03 a 039b 0.63a 0.59 a 0.67a
60 0.72a 1.39a 0.73a 0.90 a 0.60 b 0.77a 0.30b 0.49 a 0.33b
90 0.83a 1.49a 0.80 a 0.82a 0.57b 0.49 b 0.46ab 0.42a 0.41b

Within columns, mean values followed by the same letter are not significantly different at the 0.05 level, according

to Duncan’s multiple range test. Units of pigments is mg.g™ fr. Wt.

3.11 Seed oil percentage

Effect of nitrogen fertilizer treatments on seed oil
content was significant (Table 5). The highest seed
oil content was related to 150 kg N/ha and 60 cm
intra-row spacing (Table 6). Nitrogen is considered
as effective element contributing to the increase in
leaf area and photosynthesis rate. Therefore, the

appropriate amount of nitrogen can increase fatty
acids & plant oil content and yield. Moradi et al.
(2014) have studied the effects of different levels
of nitrogen and planting distance on oil content of
pumpkin. The results showed that the highest
percentage of pumpkin oil was related to 250 kg/ha
of nitrogen fertilizer and density of 1.25 plant/m’.

Table 5: Analysis of variance for the seed oil percent in pumpkin in response to nitrogen fertilizer rates

Means of Square

Source d.f. -
Seed oil percent
block 2 192.1
Factor a (nitrogen level) 4 292.46"
Error 2 0.381

**and * significant at 0.01 and 0.05 probability levels, respectively; ns, non significant

Table 6: Means values for the seed oil percent in pumpkin in response to nitrogen fertilizer rates

nitrogen treatment (kg N/ha)

Seed oil percent

40 ¢
150 84.47 a
200 31440

Within columns, mean values followed by the same letter are not significantly different at the 0.05 level, according

to Duncan’s multiple range test.

4 CONCLUSIONS

The main goal of planting pumpkin was the use of
its seeds. According to the results of the
experiment, in the tested ecological region at
150 kg/ha of nitrogen fertilizer & intra-row
spacing of 60 cm, maximum number of female
flowers, fruit number, intact fruit number, fruit
diameter, fruit mass, fruit yield and seed dry
weight was observed. The highest content of
chlorophyll b and a, as well as carotenoid in the
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late growing pumpkin were related to 150 kg N/ha
fertilizer treatments and intra-row spacing of
30cm. The highest percent of seed oil was
obtained from 150 kg/ha fertilizer treatments and
intra-row spacing of 60 cm. Based on the results
observed, it would be the best to apply nitrogen
fertilizer at the rate of 150 kg N/ha & intra-row
spacing of 60 cm for pumpkin production.
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