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Abstract

Safflower (Carthamus tinctorius) is an annual herbaceous plant in the Asteraceae family. Safflower was previously
cultivated for its seeds and flowers, which were used to add colour and flavour to food, in dyes, and medicine. Recently,
the plant has been cultivated mainly for the vegetable oil extracted from the seeds. Saffron flowers are sometimes used
as a substitute for safflower. Safflower is one of mankind's oldest crops but remains a minor crop compared to other
oilseeds. Today, safflower is mostly cultivated for the production of vegetable oil. The main objective of the present
research was to study the biology and productivity of the species Carthamus tinctorius L. with the aim of understanding
its adaptability to the climatic conditions in Central Moldova. Safflowers matures 110-150 days after sowing; the
optimal harvest time is when the seeds are matte white. Under the conditions of S.C.D.A. Secuieni, the highest seed
production was obtained in the variant sown in the first decade of April at a distance of 70 cm between plants/row.
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INTRODUCTION

Safflower has been cultivated since ancient
times in China, Egypt and India. In the Middle
Ages it was grown in Europe, Central America
and South America. In the United States
safflower started to be cultivated in the year
1925 (Walsh et al., 2008).

Safflower (Carthamus tinctorius L.) seed is an
important source of oil also its flowers are an
important source of spice. Safflower flowers
can be in red, orange, yellow and rarely white
colors (Erbas and Baydar, 2017; Hiiseyin et al.,
2018). With global demand, there is a need to
develop varieties that have higher oil content,
higher productivity, and are resistant to
different challenging environments (Weselake,
2016; Zafar et al., 2019; Kotecka-Majchrzak et
al., 2020; Hassani et al., 2020; Dobrin et al.,

2021).
Safflower oil contains linoleic, palmitic and
oleic acids with admixtures of stearic,

arachidic, and meristic acids (Sazhin et al.,
2017; Norov, 2019). The predominant acid in
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safflower oil is linoleic acid, the content of
which is 78.5% (Mateev et al., 2017; Smetneva
et al., 2020; Rathaur et al., 2023). Vegetable
oils help reduce diseases of the cardiovascular
system and metabolic diseases and help
normalize painful human conditions (Smetneva
et al., 2020). Growing safflower for use in
feeding cattle and small ruminants, poultry
farming also has a positive effect in the
summer in eliminating the deficiency of protein
and fat in animal diets (Belikina et al., 2021;
Muscalu et al., 2022; Belyakov and Nazarova,
2023; Rathaur et al., 2023).

Safflower culture has importance to agriculture,
the main reason of this cultivation being the
following: high resistance to drought and soil
salinity; tolerance to high temperatures and
drought; mature seeds are not shaken and
cannot be eaten by birds because of their
specific inflorescence; it can be introduced into
crop rotation in any agricultural system,
including organic, having a deep root system;
cultivation and harvesting can be fully
mechanized; and it has lower production costs



(Gilbert, 2008; Cucu, 2014). Safflower seeds
are used in food industry for the production of
oil. Depending on the variety there are two
kinds of oil: oil with a high content of linoleic
acid, and oil with a high content of oleic acid.
Safflower seeds are wused both in the
pharmaceutical industry, because of their
therapeutic properties, and in varnish and paint
industry (O'Brien, 2008; Dajue and Miindel,
1996).

Be aware of the different stages of growth
period involves the emergence, shooting,
button, flowering and maturation makes to
evaluate the required conditions in each stage
and it is close to the plant optimal conditions to
increase the crop yield (Koocheki and
Sarmadnia, 2000). Different investigation
among safflower genotypes as terms of the
phonological duration and time of phonological
stages had difference because of genetic
characteristics and environmental factors
(Behdani et al., 2008). Increasing the plant
density due to reducing the light absorption
inside the plant canopy and creating
competition among plants, caused to increase
the plant height and early flowering (Dadashi,
2001). With the increasing of planting row
interval, due to more light absorption into the
plant canopy, the number of sub branches
increased (Azari, 2001).

Different experiments results on safflower
(Zareian, 2001: Azari, 2001), Soybean
(Khadem Hamzeh, 1995), Chickpea (Gan et al.,
2003) represents the reducing, sub branches is
influencing of increasing plant density. Number
of head in per plant is one of the main
components of seed yield in safflower which
high vegetative growth and plant ramifications
are the reasons of the increasing yield
(Pourdad, 1999; Omidi Tabrizi et al., 2002).
The plant growth analysis has become
increasingly  significant, particularly in
controlled conditions, as it offers wvaluable
insights into the physiological aspects of plant
breeding (Fourcaud et al., 2008). It has been
reported that through these analyses,
determining the optimal planting time and plant
density becomes feasible, leading to enhanced
yield and quality when accompanied by timely
irrigation and fertilization practices (Abbas et
al., 2019). The determination of the optimal
sowing time relies on the temperature and
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humidity conditions specific to the area.
Moreover, timely sowing enhances grain
retention in the field, leading to increased seed
yield and high-quality oil production. Although
several research have evaluated the adaptability
of the safflower plant in Tirkiye and in the
world (Steberl et al., 2020; Culpan, 2023;
Kamle et al., 2023; Yilmaz et al., 2023),
comprehensive research focusing on its growth
and development period remains scarce.
Furthermore, there is a limited understanding
of the physiological growth and development
patterns exhibited by safflower plants.

This research was conducted to determine the
effects of planting time on the growth
parameters of the safflower plant, considering
the effects of cultivation techniques on the
growth parameters of the safflower plant.

The purpose of the research carried out during
2021-2023 period was to determine the
influence of meteorological conditions on the
biology, yield and quality of safflower seeds in
the center of Moldova region.

MATERIALS AND METHODS

The Agricultural Research and Development
Station (A.R.D.S.) Secuieni is located in the S-
E part of Neamt County, being located between
the geographical coordinates of 26°51'00" east
longitude and 46°51'15" north latitude. From
an agro - ecosystem point of view, the territory
belongs to the Central Moldavian Plateau, and
from a morphostructural point of view, most of
it is identified with the Moldavian platform.
The area where the unit is located has a
temperate  continental  climate (D.f.b.x.
Ko&ppen), characterized by short springs, cool
summers and harsh winters, with an average
annual temperature of 10.1°C and an annual
amount of precipitation of 537 mm (Trotus et
al., 2020). In the conditions of A.R.D.S.
Secuieni we experimented three sowing
epochs: V1 (control) - sown in the first decade
of April; V2 - sown in the second decade of
April; V3 - sown in the third decade of April.

To establish the optimal nutrition space, a
bifactorial experiment was set up according to
the subdivided plot method with the following
factors: A - the distance between rows with
graduations: al - 25 cm, a2 - 50 cm and a3 - 70
cm and B - the distance between plants per row



with graduations: bl - 15 cm, b2 - 25 cm and
b3 -35cm.

During the safflower vegetation period,
phenological observations were made, also
establishing the required thermal degrees for its
growth and development for the species under
study.

From a thermal point of view during the
safflower growing season, in 2021 there were
monthly deviations from the multi-year average
between -2.0°C (April) and 1.8°C (July). The
spring was cool and the summer months were
normal (June and August) and hot (July). In
2022, the safflower growing season was warm,
with monthly deviations from the multi-year
average ranging from 0°C (April) to 3.2°C
(August) (Figure 1).
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Figure 1. Temperatures recorded during the safflower
growing season in the period 2021-2023
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Figure 2. Precipitation recorded during the safflower
growing season in the period 2021-2023

With regard to the rainfail recorded during the
safflower growing season, in 2021 there were
monthly deviations from the multi-annual
monthly amount between -36.5 mm
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(September) and 16.6 mm (August). The
safflower growing season in 2022 was
characterized as dry. The recorded precipitation
had deviations from the multiannual average
between -47.1 mm (July) and -8.5 mm (April)
(Figure 2). The precipitation that fell in 2023
characterized the safflower growing season as
dry (Naie et al., 2024). Meteorological data
comes from the unit's own weather station,
located in the experimental field of ARDS
Secuieni.

RESULTS AND DISCUSSIONS

In the case of the species Carthamus tinctorius
L. sown in first decade of April, on average
over three years, the plants emerged after 16
days from sowing, accumulating a sum of
degrees of 128.5°C and the sum of precipitation
totaling 14.6 mm. From emergence to the
appearance of the flowering stem, 38 days were
totaled, requiring a sum of degrees of 452.3°C
and 29.6 mm of precipitation (Table 1).

From the appearance of the flowering stem to
the beginning of flowering, 31 days were
needed, the sum of thermal degrees recorded
for this period was 534.5°C and 32.2 mm of
precipitation (Table 1).

The seeds were harvested 32 days after the
beginning of fruiting, accumulating 795.2°C
and 26.2 mm of precipitation (Table 1).

From sowing to harvest, plants sown in the first
epoch needed an average of 150 days, with a
degree sum of 2498.9°C and 158 mm of
precipitation.

Due to the higher temperatures during the
vegetation period, the plants sown in the
second and third epochs had a faster evolution.
In the second epoch, from sowing to seed
harvesting, 134 days were required, the sum of
the accumulated temperatures was 2426.9°C
and the precipitation amounted to 149 mm
(Table 1).

In the third epoch, the plants had a vegetation
period of 110 days to reach maturity. The sum
of the temperatures recorded for this epoch was
2138.4°C and the precipitation amounted to
129.4 mm (Table 1).



Table 1. Growth phenophases of the species Carthamus tinctorius L.
under the conditions of A.R.D.S. Secuieni in the period 2021-2023

Average growing
season duration in the tEmaveratie z av e{atg.e
Phenological observations period 2021-2023 ¢ poe rature precipitation
o) (mm)
(days)
Epoch
Sowing - - -
Emergence 16 128.5 14.6
The appearance of flowering 38 452.3 29.6
rods
The beginning of blooming 31 534.5 32.2
The beginning of fructification 33 588.4 55.9
Harvesting for seeds 32 795.2 26.2
TOTAL 150 2498.9 158.5
Epoch II
Sowing - - -
Emergence 15 131.3 22.2
The appearance of flowering 35 526.6 30.8
rods
The beginning of blooming 28 529.3 40.9
The beginning of fructification 30 621.9 26.4
Harvesting for seeds 26 617.8 28.7
TOTAL 134 2426.9 149.0
Epoch III
Sowing - - -
Emergence 11 145.8 14.2
The appearance of flowering 30 522.5 314
rods
The beginning of blooming 23 477.9 334
The beginning of fructification 26 616.1 26.4
Harvesting for seeds 21 376.1 24.0
TOTAL 110 21384 129.4

Table 2. Influence of the interaction between row spacing and plant spacing
on average seed production at Carthamus tinctorius L. (safflower) in the period 2021-2023

Distance Production
Distance between between plants (kg/ha) % Diff. Significance
rows (A) (B)
bl-15cm 623 53.75 -536 000
al -25cm b2-25 cm 718 61.95 -441 00
b3-35 cm 802 69.20 -357 00
bl-15 cm 1124 96.98 -35 -
a2 - 50 cm b2-25 cm 1368 118.03 209 *
b3-35 cm 1278 110.27 119 -
bl-15 cm 1498 129.25 339 **
a3 -70 cm b2-25 cm 1589 137.10 430 *x
b3-35 cm 1436 123.90 277 *x
Average 1159 100 Ct.
LSD 1% 131.3 kg/ha
LSD 0.1% 259.6 kg/ha
LSD 5% 489.4 kg/ha

Under the conditions at SCDA Secuieni, the  experience (1159 kg/ha), production increases
interaction of the studied factors influenced the  ranging from 209 to 430 kg/ha were obtained,
average seed production of the safflower  being statistically assured and interpreted as
species. Compared to the average of the  distinctly significant positive. The interaction
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a3xb2 (70 cm row spacing and 25 cm between
plants per row) with an average production of
1589 kg/ha was noted (Table 2).

The average seed production ranged between
1241 kg/ha for the variant sown in the III™
decade of April and 1593 kg/ha for the variant
sown in the T decade of April (control).
Compared to the control, the production
deficits were statistically confirmed and
interpreted as negatively significant and
distinctly significant and were obtained for the
variants sown in the second period (210 kg/ha)
and the third period (352 kg/ha) (Table 3).

Tabel 3. Average seed production at safflower obtained
depending on the sowing season at A.R.D.S. Secuieni in
the period 2021-2023

. Production
Variant _
kg/ha % Diff Sign.
V1 - I* decade 1593 100 Ct.
of April
V2 - 11" decade | 1383 | 86.81 | -210 0
of April
V3 -1 decade | 1241 | 77.90 | -352 00
of April
LSD 5% 123.5 kg/ha
LSD 1% 243.6 kg/ha
LSD 0.1% 384.7 kg/ha
CONCLUSIONS

Safflower has the ability to capitalize on poorly
productive soils, unsuitable for sunflowers. The
average production of safflower varies widely
depending on climatic conditions, the sowing
season and the varieties cultivated.

It is recommended to sow safflower in the first
decade of April and at a distance of 70 cm
between rows. Ensuring the nutrition space is
very important for obtaining high productions
for safflower. On safflower yields are strongly
influenced by the conditions of experimental
time of sowing.
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