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Abstract: The aim of this study was to determine the possible effects of pruning the side
branches at different stages, designed as a single stem/single head, on the growth and
development characteristics of the safflower (Carthamus tinctorius L.) plant and its agricultural
potential under the different plant spacing. In the research, which was established with 3
replications according to the split-plot, 3 pruning times (beginning of budding, end of budding
and beginning of flowering) and 3 different row distances (15 x 10, 30 x 10, and 45 x 10 cm)
were applied. While pruning treatments had positive effects on chlorophyll content, plant
height, head diameter, seed number, and 1000 seed weight, they had negative effects on seed
weight, harvest index, oil ratio, seed and oil yield. Chlorophyll content, plant height, the
number of branches, head diameter, the number of heads, the number of seeds, seed weight,
and 1000 seed weight increased as row spacing widened; harvest index, seed and oil yield
decreased; oil ratio was unaffected. The research findings showed that pruning time and
sowing distances had non-significant effect on fatty acid composition. Despite having more
seeds and a heavier 1000 seed weight, plants with a single stem/single head had lower seed
and oil yields because they did not have as many heads as branched plants. The research
findings are important in providing data that can be a role model for genetically non-branching
plants.

Keywords: Agronomic potential, morphological design, pruning, safflower, single-stem and
single-head

Aspir (Carthamus tinctorius L.) Bitkisinin Budanmasi ile Olusturulan Tek Sap
ve Tek Tabla Seklindeki Morfolojik Tasarimin Bilyiime ve Gelisme Ozellikleri
ile Tarimsal Potansiyeli Uzerine Etkisi

Oz: Bu arastirma, tek bir ana sap lzerinde tek bir ana tabla kalacak sekilde yan dallari
budanarak dizayn edilen aspir (Carthamus tinctorius L.) bitkisinin farkl ekim sikhigi kosullarinda
blyime ve gelisme 0Ozellikleri ile tarimsal potansiyelinin belirlenmesi amaciyla yluratalmustar.
Bolinmuis parseller deneme desenine gore 3 tekerriirli olarak kurulan galismada, kontrol
(budama yok) ile birlikte 3 budama zamani (tomurcuklanma baslangici, tomurcuklanma sonu
ve giceklenme baslangici) ve 3 sira arasi mesafe (15 x 10, 30 x 10 ve 45 x 10 cm) uygulanmustir.
Budama ile birlikte klorofil igerigi, bitki boyu, tabla ¢api, tohum sayisi ve 1000 tane agirhgi
olumlu yonde, tohum agirhgi, hasat indeksi, yag orani, tohum ve yag verimi olumsuz yénde
etkilenmistir. Sira arasi mesafe genisledikce klorofil icerigi, bitki boyu, dal sayisi, tabla ¢ap,
tabla sayisi, tohum sayisi, tohum agirhgi ve 1000 tane agirhg artarken, hasat indeksi, tohum
ve yag verimi azalmis, yag orani 6nemli diizeyde etkilenmemistir. Yag asitleri kompozisyonu
lizerine hem budama zamaninin hem de ekim sikliginin énemli bir etkisi olmamistir. Tek
sap/tek tabla birakilan bitkilerin tablada tohum sayilari ve 1000 tane agirliklari fazla da olsa, Alinis (Received): 06/03/2023
dallanan bitkiler kadar ¢ok tabla sayisina sahip olmadiklarindan tohum ve yag verimleri disik Kabul (Accepted): 07/06/2023
kalmistir. Budama yapilarak tek sap/tek tabla birakilan bitkilerden elde edilen arastirma

bulgularinin, genetik dallanmayan bitkiler icin rol model olabilecek veriler sunmasi bakimindan

olduk¢a 6nemli oldugu sonucuna varilmistir. 1Department of Field Crops, Faculty of
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1. Introduction

Safflower (Carthamus tinctorius L., 2n = 2x = 24) is a
valuable annual and herbaceous cultivar from the
Asteraceae/Compositae family (Knowles, 1980). The
seeds of the safflower plant, which are rich in fatty acids,
are considered a source of omega vegetable oil, and the
flowers, which are rich in color pigments such as
carthamidin and carthamin, are used as a source of dye
stuffs (Weiss, 2000). Safflower seeds contain between 13-
46% crude oil (Johnson et al., 1999), and cultivars that are
richin linoleic acid (omega-6) and oleic acid (omega-9) are
traditionally cultivated. Safflower oil is used as both
cooking oil and industrial oil, especially for biodiesel
production (Baydar and Erbas, 2007). In recent years,
safflower oil has also been used as a healthy weight-loss
diet oil because it contains more conjugated linoleic acid
(CLA) than other vegetable oils (Ma et al., 1999).

The worldwide vegetable oil crisis and price hikes have
increased the importance of safflower oil sources, which
may be used as an alternative to oil plants such as palm,
soybean, rapeseed, sunflower, and peanut. Safflower,
which completes its biological growth and development
cycles within 4-5 months, is gradually increasing its
importance as an alternative plant that can be utilized,
especially in agricultural areas where irrigation is not
available in dry farming conditions (Baydar and Erbas,
2014). The oil percentage of registered commercial
safflower varieties in Turkey varies between 24-41%, and
varieties that are rich in linoleic and oleic acid are
cultivated (Arslan et al., 2019).

The three most important selection criteria determining
the seed yield in safflower are the number of heads per
plant, the number of seeds per head and unit seed weight
(Ashri et al.,, 1974; Knowles, 1982; Golkar et al., 2011;
Shinwari et al., 2014). High-yielding genotypes can be
developed by selection, especially considering the
number of heads per plant and the number of seeds per
head (Erbas, 2012). Both wild and cultivated varieties of
safflower are branched, and the degree of branching is
determined by both genotype and environment (Smith,
1996). Among safflower plants, unbranched, single-
stemmed and single-headed plants are rarely seen
(Deshpande, 1940; Claassen, 1952; Sheelavanter et al.,
1974; Singh and Nimbkar, 2016), this idiotype is inherited
as monogenic recessive (Deokar et al., 1978). Deshpande
(1940), stated that plants forming a single terminal head
on a single main stem carry a sufficient number of flowers
with a normal appearance but produce very few seeds (1-
20) due to sterility, whereas the number of seeds in
normal branched and multi-headed plants is very high
(200-2000).

While old varieties of sunflower (Helianthus annuus L.),
which is in the same family as safflower (Compositeae)
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and is one of the most important vegetable oil sources in
the world, branch and form multiple heads, today's
modern hybrid sunflower varieties form a single stem and
a single head as a product of genetic and breeding studies
(Tang et al., 2006). In order for the sunflower varieties
forming a single stem/single head to compete with the
varieties forming many branches/multi-heads, the plant
height was shortened, the diameter of the main head was
enlarged, the number of seeds in the head and the seed
size were increased, and the number of plants per unit
area was increased (Fick et al., 1985; Skoric et al., 2007).
Earliness, homogeneous flowering and maturation were
achieved by the morphological design of the sunflower
with genetic interventions, thus increasing the yield
potential, oil percentage and market value (Heiser, 1955;
Vear, 2016). However, all of the currently cultivated
safflower cultivars branch and form many capitulums in
primary, secondary and tertiary branches. The
heterogeneous flowering interval, which starts with the
main stem head and continues with the secondary and
tertiary heads, respectively, from top to bottom and from
the outside to the inside (Baydar and Turgut, 1999), delays
the maturation period, reduces the generative efficiency
(harvest index) and makes harvest mechanization difficult
(Heiser, 1955; Singh and Nimbkar, 2016). Moreover,
plants that branch excessively and produce more
secondary and tertiary capitula prevent dense planting
and tend to lodge due to excessive mass weight (Weiss,
2000).

Safflower is a very suitable plant for developing
phenotypic designs or idiotypes with its very rich gene
resources (Singh and Nimbkar, 2016). It has not been
clarified yet what the ideal idiotype should be in order to
obtain high quality safflower with a high yield. However,
when a single main stem that develops upright and has a
solid structure and carries a single large main head, it may
be possible to eliminate the aforementioned problems to
a large extent. The two main ways to develop a single-
stemmed and single-headed plant in safflower are: (1) to
obtain genetically unbranched mutant plants or (2) to
leave a single main stem by physically pruning the plant
(Baydar et al., 2022). Singh and Nimbkar (2016), reported
that there is a wide variation in the number of seeds per
head in unbranched mutant safflower plants, with some
having no or very few seeds and some with 50—60 seeds.
In the safflower genetics and breeding studies carried out
at Isparta University of Applied Sciences, Faculty of
Agriculture, Department of Field Crops, it was found that
60 of a total of 2800 plants (2.15%) were single-stemmed
and single-headed spontaneous mutants in the trial field
where the branching and multi-headed Olas variety was
grown. It has been reported that they show sterility to a
large extent due to pollination, fertilization and
germination problems; however, there are also those with
high fertility among them (Baydar et al., 2022).
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Another way to develop safflower plants with a single
stem and a single head is to physically remove the side
branches by pruning (removing all the buds from the
nodes on the main stem or removing the shoots by
pruning) and design them with a single main stem
consisting of only the main head. For example, in castor
oil (Ricinus communis L.), lateral buds are plucked and
shoots are pruned to provide dwarfism and earliness and
to increase yield and quality (Patel et al., 1976). To date,
only one study has been found on pruning in safflower.
Karve et al. (1976), by pruning all the side branches of the
safflower plant except the main stem, determined that
the main plate was larger, the number of seeds was higher
and the unit seed weight was higher.

The aim of this study was to determine the growth and
development characteristics and agricultural potential of
safflower plants, which were grown in three different
densities and designed with a single main stem and a
single main head by pruning the side branches at three
different times, in order to develop modern safflower
cultivars with a single stem and a single head similar to the
morphological design of sunflowers.

2. Material and method

This research was carried out at Isparta University of
Applied Sciences, Faculty of Agriculture, Department of
Field Crops' Experimental Field in 2021. The safflower
variety “Olas” (thorny, yellow-flowered, white-seeded
and rich in oleic acid) developed by Trakya Agricultural
Research Institute was used as genetic material. The soil
structure of the experimental area was clay-loam, the
amount of lime was 7.2%, the amount of salt was
determined as 0.4 mmhos/cm, usable phosphorus was 3.9
kg/da and potassium was 0.119 kg/da. In addition, it was
determined that the soil in the trial area was slightly
alkaline (pH 7.5) and insufficient in terms of organic
matter (1.1%). The climate data for the year 2021, when
the field trial was established, are given in Table 1 in
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comparison with the data for the long years (1929-2020).
It is seen that the experimental area has properties
suitable for safflower cultivation in terms of both its
physical and chemical structure and climatic
characteristics.

The field experiment was set up as a split-plot design in a
complete randomized block design with 3 replications.
Each main plot of the experiment was formed from 12
rows with a length of 5 m and each subplot was formed
from 3 rows. Three different sowing densities (45 x 10 cm,
30x 10 cm and 15 x 10 cm) were placed on the main plots
and 3 different pruning times (BB: the beginning of the
budding stage, EB: the end of the budding stage, and BF:
the beginning of the flowering stage) together with
unpruned plants (C: Control) were applied on the sub
plots. Thus, a total of 12 parcels, 3 main and 4 sub-parcels,
took place in each replication. On March 29, 2021, seeds
were planted at a depth of 3-5 cm in rows opened with a
marker at 15, 30 and 45 cm intervals, and thinning was
done at 10 c¢cm intervals on each row after emergence.
Thus, plants were grown in three different densities: 45 x
10 cm (22.2 plants/m?), 30 x 10 cm (33.3 plants/m?) and
15 x 10 cm (66.6 plants/m?). During sowing, 10 kg/da of
DAP (18% N and 46% P20s) fertilizer and 20 kg/da of AS
(21% N) fertilizer were applied to the experimental plots
during the stemming period; all of the phosphorus and
half of the nitrogen were added with planting and the
other half of the nitrogen was added during the stemming
period (Erbas, 2012). At the beginning of budding, at the
end of budding and at the beginning of flowering, the
lateral branches were pruned from the leaf axils with the
help of pruning shears, leaving only the main head on the
main stem (Figure 1). After pruning, the plants were kept
under constant observation, and the shoots from the leaf
axils were cut off and discarded. One of the sub-plots was
left as a control and no pruning was applied. The dry
farming cultivation techniques recommended for
safflower were applied from emergence to harvest.

Table 1. Isparta province's monthly average climatic data for the trial year*

Months Long years (1929 — 2020) 2021 Year
Rains (mm) Temperature (°C) Humidity (%)  Rains (mm) Temperature (°C) Humidity (%)

January 81.0 1.8 75.3 88.3 5.2 77.8
February 67.6 2.9 71.7 16.3 6.5 62.5
March 58.8 6.0 65.9 45.0 6.7 62.4
April 52.1 10.7 61.3 8.0 12.8 54.2
May 57.0 154 59.2 2.3 19.6 42.7
June 343 19.9 52.7 145.0 19.9 58.6
July 159 23.4 45.6 8.4 259 39.4
August 14.3 23.3 46.3 1.1 26.3 34.6
September 18.5 18.9 52.2 135 204 47.3
October 384 134 62.3 12.8 14.9 53.7
November 44.8 7.8 69.9 22.1 11.8 61.4
December 86.7 3.6 76.0 124.9 6.0 77.0

Total 569.4 - - 487.7 - -
Average - 12.3 61.5 - 14.7 56.0

* Climate data from Isparta Provincial Directorate of Meteorology, Isparta Province, Central District.
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Chlorophyll concentration measurements were made in
leaves with the Minolta SPAD-502 (Minolta Co. Ltd.,
Japan) during the full bloom period. Plant height (cm), the
number of branches, the number of heads, diameter of
the main head (mm), the number of seeds in the main
head, 1000 seed weight (g), harvest index (%) [(Seed
Weight/Plant Weight) x 100] were determined in 10
randomly selected plants in the experimental plots that
were not affected by the margin effect, and seed yield
(kg/da) was determined in the remaining all plants in the
plot harvested after the border effect was removed
(Baydar and Erbas, 2016). After drying for 48 hours in an
oven set at 70 °C, the seed samples representing each trial
plot were read in a Nuclear Magnetic Resonance (NMR)
device (Bruker: mq one Total Fat Analyzer), and the oil
percentage (%) was determined. After grinding the
safflower seeds used in NMR measurement, cold
extraction was performed with n-hexane and the crude
oils obtained were converted into fatty acid methyl esters
(FAME), and the percentages of fatty acids (palmitic C16:0,
stearic C18:0, oleic C18:1, linoleic C18:2, and linolenic
C18:3) that make up safflower oil were determined by
injecting them into the column (Teknokroma TR-CN100)
of the Gas Chromatography device (Shimadzu GC/FID-
2025) (Baydar and Ebas, 2016). The collected data were
analyzed for variance using the TOTEM-STAT statistical
program based on the split plot design in a completed
randomized block, and the differences between the
averages were classified into significance groups using the
Duncan test (Acikgoz et al., 2004).

3. Results and Discussion

Table 2 shows the results of planting in different densities
and pruning of the safflower plant in terms of the effects
of morphological design in the form of single stem and
single head plants on growth and development
characteristics and Duncan's important groups. Plants
that were not pruned (control) flowered 86 days after
emergence, plants pruned at the beginning of budding
flowered 81 days after emergence, plants pruned at the
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end of budding flowered 83 days after emergence and
plants pruned just before the flowering period begins
flowered 85 days after emergence. According to these
results, the plants that are pruned to leave a single
stem/single head bloomed earlier than the plants that are
not pruned, and the transition to flowering is delayed as
the pruning time is delayed. During the full flowering
period, SPAD readings were made on the leaves and the
total chlorophyll amounts were measured. In terms of
chlorophyll content, statistically significant differences
were found among sowing densities at the level of 5%
(P<0.05) among pruning times and between sowing
density x pruning time interaction at the level of 1%
(P<0.01). While the average SPAD value was determined
as 72.3 in unpruned plants, this value was measured as
86.9 at the first pruning time and 74.7 at the third pruning
time (Table 2). According to these results, as the pruning
time was delayed, the average SPAD value of the leaves
decreased. The removal of the side branches, which
reduced the light radiation by creating a shadow effect in
the plant habitus, increased the chlorophyll density in the
leaves exposed to more light on the main stem.

The effects of sowing density, pruning time and the
interaction of sowing density x pruning time on plant
height were found to be statistically significant (p<0.01).
The average plant height values of pruned plants
measured in the BB, EB and BF times (55.3, 60.2 and 57.7
cm, respectively) were higher than the average plant
height value measured in the unpruned control (55.1 cm)
plants. On the other hand, plant height values were
measured as 52.5, 60.4 and 58.4 cm at 15, 30 and 45 cm
row spacing, respectively. The plants grown with 30 cm
and 45 cm row spacing gave higher average plant heights
than plants grown with 15 cm row spacing (Table 2). In
studies on the effect of planting density on plant height in
safflower, it was generally seen that plant height
increased in crowded densities compared to uncrowded
densities (Omidi and Sharifmogadasi, 2010; Zarei et al.,
2011; Hamza, 2015; Kose and Bilir, 2017; Sampaio et al.,
2017; Caliskan and Yiksel, 2022), while in some studies,
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importance groups
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Table 2. Averages obtained for characteristics measured in the safflower at different planting distances and pruning times and Duncan

Row spacing (cm)

Characteristics Pruning time 15 30 45 Average
Beginning of Budding (BB) 83.0 A b* 86.0ADb 91.7Aa 86.9a
End of Budding (EB) 74.0Bb 82.0Ba 80.3Ba 78.8b
Chiorophyll content (SPAD) Beginning of Flowering (BF) 76.0Ba 720Db 76.0Ca 74.7 c
Control (C) 70.7Cb 76.0Ca 70.3Db 723 c
Average 75.9B 79.0 AB 79.6 A
Beginning of Budding (BB) 58.6Aa 545Bb 52.8Bb 55.3b
Plant height (cm) End of Budding (EB) 58.5Aa 62.7Aa 59.4Aa 60.2 a
g Beginning of Flowering (BF) 49.1Bb 62.5Aa 61.6 Aa 57.7 ab
Control (C) 436Chb 62.0Aa 59.6 Aa 55.1b
Average 52.5B 60.4 A 58.4 A
Beginning of Budding (BB) 1.0 1.0 1.0 1.0b
N f h I
umber of branches (plant) ¢ 1 ¢ B\ dding (EB) 44c 6.2b 8.9a 6.4a
Beginning of Flowering (BF) 1.0 1.0 1.0 1.0b
N fh I
umber of heads (plant) Control (C) 53¢ 11.0b 13.7a 10.0a
Average 5.8B 7.2A 73A
Beginning of Budding (BB) 26.6 Ab 27.8Ab 313Aa 28.6a
. . End of Budding (EB) 26.3Ab 29.1Aa 29.6Ba 28.3a
Main h
ain head diameter (mm) Beginning of Flowering (BF) 242Bb  263Ba  263Ca 25.8b
Control (C) 19.2Ch 21.1Ca 21.7Da 20.7 c
Average 24.1B 26.2A 27.2A
Beginning of Budding (BB) 433 Aa 40.3Aa 38.7Bb 40.7 a
End of Budding (EB) 46.1Aa 419Ab 44.0Aa 44.0a
Number of seeds (head) Beginning of Flowering (BF) 359Bb 441 Aa 42.7Aa 40.9 a
Control (C) 18.1Ch 27.4Ba 30.7Ca 25.4b
Average 35.8B 384A 39.1A
Beginning of Budding (BB) 459ADb 529Aa 55.5Aa 514 a
. End of Budding (EB) 449Ab 496 Ab 57.7Aa 50.8 a
1000 seed weight (g Beginning of Flowering (BF) 426Ab 415Bb 52.7Aa 45.6 a
Control (C) 35.5Ba 35.6Ba 38.8Ba 36.6b
Average 42.2B 4498B 51.2A
Beginning of Budding (BB) 10.7Ca 8.7Ba 11.1Ba 10.0b
. End of Budding (EB) 13.1Ba 10.2Bb 11.7Ba 11.7b
H 0,
arvest index (%) Beginning of Flowering (BF) 15.1Ba 9.6Bb 12.7Ba 125b
Control (C) 193 Aa 16.1Ab 16.1Ab 17.2a
Average 144 A 11.1B 129 AB
Beginning of Budding (BB) 133.7Ba 713Bb 42.0Bb 82.4b
. End of Budding (EB) 125.7Ba 67.9Bb 54.8Bb 82.8b
Seed yield (kg/da) Beginning of Flowering (BF) 102.4Ba 65.3Bb 55.1Bb 74.2b
Control (C) 211.7Aa 201.3Aa 159.4Ab 190.6 a
Average 1433 A 101.5B 77.8B

*There is no statistical difference between the averages shown with the same character(s). Capital characters indicate the importance
level of planting density, small characters indicate the importance level of pruning time.

similar to our findings, it has been reported that plant
height decreases with an increase in plant density (Yau,
2009; Noroozi and Kazemini, 2013). The relationship
between plant density and plant height is related to the
competition between plants in terms of light, air, water
and nutrients. Plants can get stressed under high-density
growing conditions and shorten their height.

According to the analysis of variance results, both the
number of branches per plant and the number of heads
per plant were statistically significantly (p<0.01) affected
by the pruning time in the branching plants left as
controls. Unpruned plants formed 4.4, 6.2 and 8.9
branches, 5.3, 11.0 and 13.7 heads, respectively, at 15, 30
and 45 cm row spacings, and as the plant density
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decreased, the number of branches and the number of
heads per plant increased (Table 2). The number of plants
per unit area has a very decisive effect on the number of
branches and indirectly on the number of heads (Weiss,
2000), as the number of plants per unit area decreases,
the plants branch more and increase the number of
secondary and tertiary tables, thus compensating for the
possible decrease in yield (Weiss, 2000; Elfadl et al., 2009).

The effects of sowing density, pruning time and the
pruning time x sowing density interaction on the main
head diameter was found to be statistically significant
(p<0.01). The head diameter of pruned safflower plants
was higher than that of unpruned safflower plants. By
delaying the time for pruning from the beginning of
budding to the beginning of flowering, the average head
diameter decreased from 28.6 mm to 25.8 mm. On the
other hand, as the spacing between rows expanded, the
average head diameter increased from 24.1 mm to 27.2
mm (Table 2). It has also been reported in many other
research findings that the diameter of the main head
increases as the row spacing increases (Uslu et al., 1998;
Bellé et al., 2012; Al-Doori, 2013; Kose and Bilir, 2017;
Jaffar and Al-Refai, 2021).

The effect of the sowing density on the number of seeds
per head was statistically significant at the level of 5%, the
pruning time and the interaction of pruning time x sowing
density were found to be significant at the level of 1%. As
the spacing between rows expanded, the number of seeds
produced per head also increased (35.8, 38.4 and 39.1,
respectively) (Table 2). There are many research findings
that the number of seeds produced per head increases as
the planting distances increase (Hoag et al., 1968; Abel,
1976; Nasr et al., 1978; Ehsanzadeh and Baghdad-Abadi,
2003; Mohamadzadeh et al., 2011; Caliskan, 2018; Glirsoy
et al., 2018; Omidi et al., 2021). In our study, the number
of seeds per head in pruned plants increased almost twice
as much as compared to unpruned plants (Table 2). On
average, 100 flowers are formed per head of safflower
plant, but only half of these flowers can form seeds. The
fact that plants whose lateral branches are removed by
pruning, leaving only one main head, devote all the
products of photosynthetic absorption to feeding this
main head, may have caused the flowers formed in the
main head to form more seeds. Based on our research
findings, it is possible that single-stemmed/single-headed
plants, whether they were obtained by genetic
intervention or physical intervention, compete with
standard branching varieties by planting so densely that
the number of plants per unit area increases at least 10
times compared to the standard planting density applied
to branching varieties.

While the effect of sowing density and pruning time on
1000 seed weight was statistically significant (p<0.01), the
interaction of pruning time x sowing density was not
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significant. The 1000 seed weight of the pruned plants was
higher than the control. Although all three pruning times
are in the same importance group, the plants pruned at
the beginning of budding had a higher 1000 seed weight
than the other two pruning times (Table 2). Similarly,
Karve et al. (1976), reported that safflower plants with
pruned lateral branches had higher seed size and unit
weight. In our study, as the distance between sowing rows
expanded, the number of heads per plant, the number of
seeds per head and the weight of seeds per plant
increased, as well as the 1000 seed weight (p<0.01). 1000
seed weight was 42.2,44.9 and 51.2 g at 15,30 and 45 cm
row spacings, respectively (Table 2). Polat (2007) reported
that the 1000 seed weight of the plants increased as the
spacing between rows expanded.

While sowing density and pruning time did not have a
statistically significant effect on the harvest index, the
interaction of pruning time x sowing density was found to
be statistically significant (p<0.01). In the safflower plant,
the harvest index expresses the share allocated to the
seed in the total photosynthetic dry matter production. In
our study, the harvest index in control plants that were
not pruned was determined to be 17.2%, while the
harvest index in single-steemed/single-headed pruned
plants varied between 10-12.5%. With a delay in pruning
time, the harvest index increased from 10% to 12.5%
(Table 2). As the distance between the rows increased, the
harvest index decreased from 14.4% to 12.9% (Table 2).
When the plants are grown at wider distances, the harvest
index decreases due to excessive branching. In support of
our research findings, Ehsanzadeh and Baghdad-Abadi
(2003), found that the harvest index decreased as the
planting distances increased in safflower.

While there were statistically significant differences at the
level of 1% between sowing densities and pruning times
in terms of seed vyield, the interaction of pruning time x
sowing density was not significant. While the average
seed yield of the controls was 190.6 kg/da, it was 82.4,
82.8 and 74.2 kg/da, respectively, in the BB, EB and BF
pruning times (p<0.01). The highest seed yield (211.7
kg/da) was obtained from control plants grown at 15 cm
row spacing, while the lowest seed yield (42.0 kg/da) was
obtained from plants pruned at the beginning of budding
and grown at 45 cm row spacing. Although pruning times
are in the same importance group, seed yield was higher
on plants pruned at the beginning of budding compared
to the other two pruning times. As the distance between
sowing rows expanded, the seed yield decreased
significantly due to the decrease in the number of plants
per unit area (p<0.01); it was 143.3, 101.5 and 77.8 kg/da
at 15, 30 and 45 cm row spacings, respectively (Table 2).

Although the most important yield determinants such as
the number of heads per plant, the number of seeds per
head and 1000 seed weight increased as the planting
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distances expanded, the seed yield decreased as the
number of plants per unit area (45x10 cm = 22.2
plants/m?2, 30x10 cm = 33.3 plants/m? and 15x10 cm = 66.6
plants/m?) decreased significantly. In support of our
findings, there are many studies reporting that seed yield
decreases as planting spacing is expanded in safflower
(Hoag et al., 1968; Nasr et al.,, 1978; Ehsanzadeh and
Baghdad-Abadi, 2003; Yau, 2009; Sharifmoghaddasi and
Omidi, 2009; Mohamadzadeh et al., 2011; Zarei et al.,
2011; Hamza, 2015; Caliskan and Caliskan, 2018).
Although the number of seeds per head and the 1000 seed
weight of pruned plants with a single stem/single head
were higher, the seed yields of the pruned plants were
lower because they do not branch as much as unpruned
plants. It is only possible for single-stemmed/single-
headed plants to compete with classically branching
plants in conditions where planting is done very densely,
because as the planting distances decrease, the number
of branches on the branching plants decreases rapidly.

The crude oil percentages and fatty acid compositions of
the single-steemed, steemed/single-headed pruned
plants and the unpruned control plants are presented in
Table 3.

While the effect of sowing density on oil percentage was
not statistically significant, the effect of pruning time was
significant (p<0.01). The seeds of single-steemed/single-
headed pruned safflower plants contained less crude oil
than the seeds of unpruned plants. In addition, as the
pruning time was delayed, the crude oil percentage in the
seeds increased from 25.4% to 28.3% (Table 3).
Photosynthetic assimilates produced by leaves attached
to the main stem are transferred to the seeds on the main
head, making them bigger and heavier, whereas in single-
headed pruned plants, the hull ratio increases. Due to the
significant and negative relationships between hull ratio
and oil percentage (Knowles, 1967, Ebert and Knowles,
1968; Urie and Zimmer, 1970; Ranga Rao et al.,1977; Urie,
1986), and between 1000 seed weight and oil percentage
(Eslam et al., 2010; Erbas, 2012; Eryigit et al., 2015; Demir,
2021), the oil percentage decreased as the hull ratio and
1000 seed weight increased. The sowing density did not
have a significant effect on the crude oil percentage.
Similarly, Nasr et al. (1978), reported that the seed oil
content of safflower is not affected by sowing density.
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According to the results of the GC/FID analysis,
approximately 10% of safflower (cv. Olas) oil is saturated
fatty acids like palmitic (C16:0) and stearic (C18:0), and
90% is unsaturated fatty acids like oleic (C18:1) and
linoleic (C18:2). Different pruning times and planting
density had no significant effect on the fatty ascid
composition (Table 3). It has been found that single-
steemed/single-headed pruned plants contain lower oleic
acid and higher linoleic acid than unpruned branching
plants. Baydar et al. (2022), reported that single-
stemmed/single-headed safflower mutants have a similar
fatty acid composition to the Olas variety from which they
originate, containing 6.3% palmitic acid, 1.5% stearic acid,
77.0% oleic acid and 15.2% linoleic acid. There is a
significant and negative relationship between oleic and
linoleic acids, since fatty acids are synthesized by elongase
and desaturase enzymes under the control of FAD1//FAD2
genes, following a pathway as Palmitic - Stearic - 0Oleic
-Linoleic - Linolenic (Baydar, 2021).

4, Conclusion

Pruning is an agricultural process used primarily in fruit
and vegetable species, as well as some perennial and
shrub forms of medicinal and aromatic plants, to create a
balance between vegetative and productive organs, give
them shape, provide light and air distribution, and, finally,
to improve performance and quality by physically
interfering with the plant's growth and development. The
goal of this study was to develop a more homogenous,
early, more resistant to lodging, and more suited
mechanization in crowded planting situations by
designing a big single head on a strong main stem in the
safflower plant.

Even though the number of seeds per head and 1000 seed
weight of single-steemed/single-headed plants were
higher, the seed yield and harvest indexes remained low
as they did not have as many heads as the branched
plants. It has been predicted that the plants with a single
stemmed/single headed can compete with classically
branching plants, but only in conditions where planting is
done very densely. However, even at the highest plant
density of 15 x 10 cm, an average of 1.6 times lower yield
was obtained compared to unpruned branching plants. In
addition, the seeds of single-steemed/single-headed

Table 3. Crude oil content and fatty acid composition (%) at different pruning times and different planting densities

Applications Oil Percentage (%) Palmitic (C16:0) Stearic (C:180) Oleic (€C18:1) Linoleic (C18:2)
Pruning 1 (BB) 25.4d* 5.46 1.72 75.78 17.16
Pruning 2 (EB) 26.9c¢ 6.22 2.71 74.58 16.49
Pruning 3 (BF) 28.3b 6.00 1.72 74.37 17.92
Density 1 (15 cm) 27.5¢ 6.12 1.77 73.50 18.70
Density 2 (30 cm) 27.4c 6.79 1.73 75.48 16.00
Density 3 (45 cm) 27.8c 6.02 1.71 74.60 17.67
Control (C) 29.7 a 5.56 1.86 77.71 14.86

*There is no statistical difference between the averages shown with the same character(s).

Ziraat Fakiiltesi Dergisi, Cilt 18, 40-49, 2023

DOI: 10.54975/isubuzfd.1260726



safflower plants contained an average of 2.8% less oil than
the seeds of unpruned (control) plants, lower oleic acid
and higher linoleic acid compared to unpruned branching
plants.

It is reported that the plants forming a single head should
produce 400-500 seeds in the main head in order to
compete with the multi-headed classic safflower plants.
However, the average number of seeds in the main head
is 35-45 in plants where we left a single main stem by
pruning. Our research findings have shown that single-
stemmed/single-headed safflower plants that will be
grown in dense planting conditions where the number of
plants per unit area will be at least 10 times higher
compared to the standard planting density, will be able to
compete with standard branching varieties. But pruning
plants and forming single-stemmed/single-headed plants
in large areas where commercial safflower cultivation is
carried out is not economical and practical. As a result,
substantial studies are required to choose productive
types with high fertility among the mutant plants that
occur naturally in safflower populations and produce one
giant head on a strong short main stem, as in oil sunflower
varieties, and cultivate them under dense growing
conditions. The research findings we obtained from the
single-steemed/single-headed pruned safflower plants
were found to be very important in terms of providing
data that can be a role model for the genetically
unbranched plants.

Acknowledgements

This research article was produced from the master's
thesis submitted by Firooz Ahmad NIKZAD at Isparta
University of Applied Sciences Graduate Education
Institute, Department of Field Crops

Author Contributions
The authors contributed equally to the article.

Conflict of Interest

As the authors of this study, we declare that we do not
have any conflict of interest statement.

Ethics Committee Approval

As the authors of this study, we declare that we do not
have any ethics committee approval.

References

Abel, G. H. (1976). Effects of irrigation regimes, planting dates,
nitrogen levels, and row Spacing on safflower cultivars.
Agronomy Journal, 68(3), 448-451.

F. A. Nikzad and H. Baydar / The Effects of Pruning Safflower (Carthamus tinctorius L.) as a Single Stemmed and Single-Headed Morphological Design on Growth and
Development Characteristics and Agricultural Potential

Acikgdz, N., llker, E., & Gokgol, A. (2004). Assessment of
biological research on the computer (2nd ed.). EU
TOTEM, Izmir.

AL-Doori, S. A. M. (2013). Performance of some safflower
genotypes (Carthamus tinctorius L.) according to varying
row spacing and nitrogen fertilizer levels. Journal Tikrit
Universit for Agricultural Sciences, 13(3), 15-19.

Arslan, B., Cakir, H., & Culpan, E. (2019). Yeni gelistirilen aspir
(Carthamus tinctorius L.) cesitlerinin bazi oOzellikleri
bakimindan karsilastirilmasi. 2. Uluslararasi 19 Mayis
Yenilik¢i Bilimsel Yaklasimlar Kongresi, Uygulamali
Bilimler, 113-121.

Ashri, A., Zimmer, D. E., Urie, A. L., Cahaner, A., & Marani, A.
(1974). Evaluation of the world collection of safflower,
Carthamus tinctorius L. IV. Yield and yield components
and their relationships. Crop Science, 14(6), 799-802.

Baydar, H. (2021). Bitki Genetigi ve Islahi. (2. Basim). Nobel
Akademik Yayincilik, Ankara.

Baydar, H., & Erbas, S. (2007). Turkiye'de yemeklik yag ve
biyodizel Uretimine uygun aspir islahi. Ulusal Yagl
Tohumlu Bitkiler ve Biyodizel Sempozyumu, 28(31), 378-
386.

Baydar, H., & Erbas, S. (2014). Yag Bitkileri Bilimi ve Teknolojisi.
Siileyman Demirel Universitesi Ziraat Fakiiltesi Yayin No:
97, Isparta

Baydar, H., & Erbas, S. (2016). Aspir (Carthamus tinctorius L.)’de
verim, yag ve oleik asit igerigi yliksek hat gelistirme islahi.
Tarla Bitkileri Merkez Arastirma Enstitiisi Dergisi, 25(2),
155-161.

Baydar, H., & Turgut, I. (1999). Yagh tohumlu bitkilerde yag
asitleri kompozisyonunun bazi morfolojik ve fizyolojik
ozelliklere ve ekolojik bolgelere gore degisimi. Turkish
Journal of Agriculture and Forestry, 23(1), 81-86.

Baydar, H., Erbas, S., & Nikzad, F. A. (2022). Spontan mutasyonlar
ile ortaya c¢ikan dallanmayan tek tablali aspir
mutantlarinin karakteristik 6zellikleri ve i1slah potansiyeli.
International Field Crops Congress, September 29 -
October 2, 2022, Rize, Turkey.

Bellé, R., Rocha, E., Backes, F., Neuhaus, M., & Schwab, N. (2012).
Safflower grown in different sowing dates and plant
densities. Ciéncia Rural, 42, 2145-2152.

Galiskan, R., & Yuksel, O. (2022). Farkh ekim sikligl ve hasat
donemlerinin aspir (Carthamus tinctorius L.)’de kuru
madde verimi ile bazi kalite ozellikleri Gzerine etkileri.
Akademik Ziraat Dergisi, 11(1), 147-154.

Caliskan, S., & Caliskan, M. E. (2018). Row and plant spacing
effects on the yield and yield components of safflower in
a mediterranean-type environment. Turkish Journal of
Field Crops, 23(2), 85-92.

Claassen, C.E. (1952). Inheritance of sterility, flower color,
spinelessness, attached pappus and rust resistance in
safflower, Carthamus tinctorius. Historical Research
Bulletins of the Nebraska Agricultural Experiment Station
(1913-1993), 133.

Ziraat Fakiiltesi Dergisi, Cilt 18, 40-49, 2023

DOI: 10.54975/isubuzfd.1260726



Demir, i. (2021). Relationship between photosynthetic pigments
and seed yield components in soybean cultivars in a
semi-arid region. Pakistan Journal of Botany, 53(3), 859-
863.

Deokar, A. B., Patil, F. B., & Patil, G. D. (1978). Inheritance of
monocapitulum character in safflower. Journal of
Maharashtra Agricultural University, 3(3), 257-258.

Deshpande, R. B. (1940). A sterile mutant in safflower
(Carthamus tinctorius L.). Current Science, 9, 370-71.

Ebert, W., & Knowles, P. F. (1968). Developmental and
anatomical characteristics of thin-hull mutants of
Carthamus tinctorius L. American Journal of Botany, 63,
771-782.

Ehsanzadeh, P., & Baghdad-Abadi, A. Z. (2003). Yield, yield
components and growth characteristics of two safflower
genotypes under varying plant densities. Isfahan
University of Technology-Journal of Crop Production and
Processing, 7(1), 129-140.

Elfadl, E., Reinbrecht, C., Frick, C., & Claupein, W. (2009).
Optimization of nitrogen rate and seed density for
safflower (Carthamus tinctorius L.) production under
low-input farming conditions in temperate climate. Field
Crops Research, 114(1), 2-13.

Erbas, S. (2012). Melezleme islahi ile tohum verimi, yag ve olelik
asit igerigi yliksek aspir (Carthamus tinctorius L.)
hatlarinin gelistirilmesi. Stileyman Demirel Universitesi
Fen Bilimleri Enstitlsi, Doktora Tezi, Isparta, Tirkiye.

Eryigit, T., Akis, R., & Kaya, A. R. (2015). Screening of different
nitrogen rates and intra-row spacing effects on yield and
yield components of safflower (Carthamus tinctorius L.)
under microclimate conditions, Igdir Plain, Turkey.
Canadian Journal of Plant Science, 95(1), 141-147.

Eslam, B. P., Monirifar, H., & Ghassemi, M. T. (2010). Evaluation
of late season drought effects on seed and oil yields in
spring safflower genotypes. Turkish Journal of
Agriculture and Forestry, 34(5), 373-380.

Fick, G. N., Caroline, J. J., Auwarter, G. E., & Duhigg, P. M. (1985).
Agronomic characteristics and field performance of
dwarf sunflower hybrids. 11th International Sunflower
Conference, Mar del Plata, Argentina, 739-742.

Golkar, P., Arzani, A., & Rezaei, A. M. (2011). Determining
relationships among seed yield, yield components and
morpho-phenological traits using multivariate analyses
in safflower (Carthamus tinctorious L.). Annals of
Biological Research, 2(3), 162-169.

Glrsoy, M., Basalma, D., & Nofouzi, F. (2018). Farkli sira arasi ve
sira Uzeri mesafelerin aspir (Carthamus tinctorius L.)
cesitlerinin verim ve verim oGgelerine etkileri. Selcuk
Journal of Agriculture and Food Sciences, 32(1), 20-28.

Hamza, M. (2015). Influence of different plant densities on crop
yield of six safflower genotypes under Egyptian newly
reclaimed soils conditions. International Journal of
Agriculture and Crop Sciences, 8(2), 168.

Heiser, C. B. (1955). The origin and development of the
cultivated sunflower. The American Biology Teacher,
17(5), 161-167.

F. A. Nikzad and H. Baydar / The Effects of Pruning Safflower (Carthamus tinctorius L.) as a Single Stemmed and Single-Headed Morphological Design on Growth and
Development Characteristics and Agricultural Potential

Hoag, B. K., Zubriski, J. C., & Geiszler, G. N. (1968). Effect of
fertilizer treatment and row spacing on yield, quality and
physiological response of safflower. Agronomy Journal,
60(2), 198-200.

Jaffar, R. A. A., & Al-Refai, S. I. (2021). Response of safflower to
(NPK) fertilizer combinations and plants distribution. In
I0P Conference Series: Earth and Environmental Science,
IOP Publishing, 1-5.

Johnson, R. C., Bergman, J. W., & Flynn, C. R. (1999). Oil and meal
characteristics of core and non-core safflower accessions
from the USDA collection. Genetic Resources and Crop
Evolution, 46, 611-618.

Karve, A. D., Nagvekar, D. V., & Nimbkar, N. B. (1976). Seed-set
on self-pollination in safflower. Indian Journal of
Genetics and Plant Breeding, 36, 108-110.

Knowles, P. F. (1980). Safflower. Hybridization of Crop Plants
(pp. 535-548).

Knowles, P. F. (1967). Modification of quantity and quality of
safflower oil through plant breeding. AOCS Meeting,
Chicago.

Knowles, P. F. (1982). Safflower Genetics and Breeding, in:
Improvement of Oilseed and Industrial Crops by Induced
Mutations. International Atomic Energy Agency. 91-101.

Kose, A., & Bilir, . (2017). Aspir bitkisinde (Carthamus tinctorius
L.) farkh sira arasi mesafelerin ve ekim normunun tag
yaprak verimi ve bazi bitkisel 6zellikler tzerine etkisi.
Tiirk Tarim ve Doga Bilimleri Dergisi, 4(1), 40-47.

Ma, D. W., Wierzbicki, A. A., Field, C. J., & Clandinin, M. T. (1999).
Preparation of conjugated linoleic acid from safflower
oil. Journal of the American Oil Chemists' Society, 76(6),
729-730.

Mohamadzadeh, M., Siadat, S. A., Norof, M. S., & Naseri, R.
(2011). The effects of planting date and row spacing on
yield, yield components and associated traits in winter
safflower under rain fed conditions. American-Eurasian
Journal of Agricultural & Environmental Sciences, 10(2),
200-206.

Nasr, H. G., Katkhuda, N., & Tannir, L. (1978). Effects of N
fertilization and population rate-spacing on safflower
yield and other characteristics. Agronomy Journal, 70(4),
683-685.

Noroozi, M., & Kazemini, S. A. R. (2013). Effect of water stress
and plant density on growth and seed yield of safflower.
Iranian Journal of Field Crops Research, 10(4), 781-788.

Omidi, A. H., & Sharifmogadasi, M. R. (2010). Evaluation of
Iranian safflower cultivars reaction to different sowing
dates and plant densities. World Applied Science Journal,
8(8), 953-958.

Omidi, A. H., Jabbari, H., & Ramezani, Z. (2021). Effects of row-
spacing and plant density on seed yield and vyield
components of safflower cultivars under irrigated
conditions. Research Achievements for Field and
Horticulture Crops, 10(1), 23-32.

Patel, P. K., Vaishnani, N. L., & Patel, B. R. (1976). Nipping of
branches increases yield in castor. Indian farming. 26(3),
35.

Ziraat Fakiiltesi Dergisi, Cilt 18, 40-49, 2023

DOI: 10.54975/isubuzfd.1260726



Polat, T. (2007). Farkh sira araliklari ve azot seviyelerinin kuru
sartlarda yetistirilen aspir (Carthamus tinctorius L.)
bitkisinin verim ve verim unsurlari Gizerine etkisi. Atatiirk
Universitesi, Fen Bilimleri Enstitusli, Doktora Tezi,
Erzurum, Tirkiye.

Ranga Rao, V., Ramachandram, M., & Arunachalam, V. (1977).
An analysis of association of components of yield and oil
in safflower (Carthamus tinctorius L.). Theoretical and
Applied Genetics, 50, 185-191.

Sampaio, M. C., Santos, R. F., Bassegio, D., de Vasconselos, E. S.,
da Silveira, L., Lenz, N. B. G., & Tokuro, L. K. (2017). Effect
of plant density on oil yield of safflower. African Journal
of Agricultural Research, 12(25), 2147-2152.

Sharifmoghaddasi, M., & Omidi, A. H. (2009). Determination of
optimum row-spacing and plant density in Goldasht
safflower variety. Advances in Environmental Biology,
3(3), 233-238.

Sheelavantar, M. N., Krishnamurthy, K., Nalini, A. S., & Shetty, A.
N. (1974). New monocapitulum non-branching safflower
(Carthamus tinctorius L.). Science and culture, 40(2): 73-
75

Shinwari, Z. K., Rehman, H., & Rabbani, M. A. (2014).
Morphological traits based genetic diversity in safflower
(Carthamus tinctorius L.). Pakistan Journal of Botany,
46(4), 1389-1395.

Singh, V., & Nimbkar, N. (2016). Safflower. In Breeding Oilseed
Crops For Sustainable Production (pp. 149-167).
Academic Press.

Skoric, D., Jocic, S., Hladni, N., & Vannozzi, G.P. (2007). An
analysis of heterotic potential for agronomically
important traits in sunflower (Helianthus annuus L.).
Helia, 30(46), 55-74.

Smith, J. R. (1996). Safflower. AOCS Publishing, New York.

Tang, S., Leon, A., Bridges, W. C., & Knapp, S. J. (2006).
Quantitative trait loci for genetically correlated seed
traits are tightly linked to branching and pericarp
pigment loci in sunflower. Crop Science, 46(2), 721-734.

Urie, A. L. (1986). Inheritance of Partial Hull in Safflower. Crop
Science, 26(3), 493-498.

Urie, A. L., & Zimmer, D. E. (1970). Registration of reduced-hull
safflower lines, reduced-hull-1,-2,-3 and-4.(Reg. Nos. GP
6 to GP 9). Crop Science, 10, 732.

Uslu, N., Akin, A., & Halitligil, M. B. (1998). Cultivar, weed and
row spacing effects on some agronomic characters of
safflower (Carthamus tinctorius L.) in spring planting.
Turkish Journal of Agriculture and Forestry, 22(6), 533-
536.

Vear, F. (2016). Changes in sunflower breeding over the last fifty
years. OCL, 23(2), 202.

Weiss, E. A. (2000). Safflower. In Oilseed Crops (p. 129). Blackwell
Science, London.

Yau, S. K. (2009). Seed rate effects on rainfed and irrigated
safflower yield in Eastern Mediterranean. The Open
Agriculture Journal, 3(1), 32-36.

F. A. Nikzad and H. Baydar / The Effects of Pruning Safflower (Carthamus tinctorius L.) as a Single Stemmed and Single-Headed Morphological Design on Growth and
Development Characteristics and Agricultural Potential

Zarei, G., Shamsi, H., & Fazeli, F. (2011). Effect of planting density
on yield and yield components of safflower cultivars in
spring planting. International Journal of Agricultural and
Biosystems Engineering, 5(12), 929-931.

Ziraat Fakiiltesi Dergisi, Cilt 18, 40-49, 2023

DOI: 10.54975/isubuzfd.1260726



