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Abstract

Objective

Improving both yield and oil quality is important for increasing the economic value of safflower
under local environmental conditions. Therefore, the aim of the current study was to evaluate the
effect of different planting dates and foliar application of nano-boron on seed yield, oil content,
and fatty acid composition of safflower (Carthamus tinctorius L.).

Materials and methods

A field experiment was conducted during the winter growing season of 2024-2025 at two
locations, Raseediyah and Wana. The treatments included three planting dates (20 November, 5
December, and 20 December) and three concentrations of nano-boron foliar spray (0, 2.5, and 5
g L ™). The experiment was performed in a randomized complete block design (RCBD) with three
replications at each site. Data were collected for thousand seed weight, seed yield, seed oil
percentage, oil yield, and the fatty acid composition of the oil. They were oleic, linoleic, palmitic,
and stearic acids. Standard agronomic practices were applied throughout the growing season.
Then statistical analysis was carried out to evaluate the main effects and interactions between
treatments.

Results

The results showed that planting date had a significant effect on safflower productivity and oil
quality. Early planting on 20 November produced the highest values for thousand seed weight,
seed yield, seed oil percentage, oil yield, and the proportion of oleic and linoleic acids at both
locations. In contrast, later planting dates (5 and 20 December) resulted in higher contents of
palmitic and stearic acids in the oil at Raseediyah and Wana. Foliar application of nano-boron
significantly improved all measured traits compared with the control treatment. The highest nano-

boron concentration (5 g L) gave the greatest values for yield components, oil content, oil yield,
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and all studied fatty acids. A significant interaction was observed between the early planting date
(20 November) and the application of 5 g L' nano-boron, which produced the highest seed yield
at both experimental sites.

Conclusions

The study concluded that early planting combined with foliar feeding of nano-boron is an
effective practice for improving safflower yield and fatty acid quality. Planting on 20 November
with a nano-boron concentration of 5 g L™ is recommended under similar environmental
conditions.
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Introduction

Safflower is considered an important oil crop, both medicinally and economically, due to
its edible oil content, which ranges from 20-40% in the seeds. It is considered one of the healthiest
vegetable oils, based on its antioxidant content, unsaturated fats (oleic and linoleic), and high
protein content. The seeds and flower petals also comprise substances with wide medical uses. In
addition, the dyes extracted from the petals, carthamin and carthamidin, are used to dye clothing
and foods (Laftah and Alabdulla, 2022). It has also recently received important attention as an
animal feed (Landau ef al., 2004). Food and Agriculture Organization of United Nations (FAO)
notes that safflower is still grown in relatively small regions when compared to other oilseed crops
(Al-Juheishy, 2024). The leading producers of safflower are India, the United States, Mexico, and
China (Rowland, 1993). India stands as the top safflower producer globally, responsible for 46%
of the total output (421,000 tons), primarily utilizing it for oil extraction (Esendal, 2001). Mexico

is the second largest producer, producing it primarily for oil production for domestic consumption
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and export (Bassil and Kaffka, 2002). Safflower is grown in temperate regions within arid and

semi-arid environments around world (McPherson ef al., 2004). The Middle East is considered
the original home of this crop, with evidence indicating that Iran is one of its centers of origin
(Zareie et al., 2013; Khalili ef al., 2014). One of oilseed crops that can withstand drought best is
safflower, which may generate large amounts of seeds even in semi-arid conditions. Its good
salinity tolerance is an important attribute, especially with the continued expansion of salt-
affected agricultural areas worldwide (Weiss, 2000). Safflower's significance has made a
thorough investigation into its growth and production needs imperative. It has been observed that
the planting date plays a significant role in raising crop quality and output. Since environmental
factors during crop's growth and development phase greatly influence the height of plant, seed
yield and its components, length of growing season, oil yield, and fatty acid composition, decision
regarding when to sow is made by ensuring a variety of favorable conditions that impact plant
productivity (Adugna and Labuschagne, 2003). Nanotechnology has been used in recent years in
many fields such as agriculture, chemistry, medicine, etc., as it is environmentally friendly and
reduces environmental pollution due to its use in small doses. Nanofertilizers are effective and
efficient alternatives to traditional fertilizers. Numerous investigations have found that tiny size
of nanomaterials makes it easier for the surface mass ratio of particles to increase. This causes a
significant amount of nutritional ions to be absorbed and released gradually over time. Therefore,
fertilizer nano-formulations guarantee crops appropriate nutrition throughout growth phase,

which ultimately results in increased agricultural output (Monreal et al., 2016). The creation of

nucleic acids (DNA and RNA), lignin, cellulose, proteins, ion absorption, enzyme activity, and
glucose transport all depend on nano-boron, a vital micronutrient. It enhances pollen tube growth
as well. B concentration in plant tissues is positively correlated with both percentage of
unfertilized flowers and total number of blooms (Wimmer and Eichert, 2013). The results of
Samanci and Kaynak (2003) in their study, which used different planting dates during the spring
season (25/4, 5/5, 15/5/1998), revealed that the early planting date (25/4) was importantly superior
in seed yield and seed oil percentage, while there were no significant variations between sowing
dates for oleic and linoleic acids. Mirshekari et al., (2013) noticed significant variations between
sowing dates in their study of three planting dates during the spring season (19/4, 5/5, 20/5/2009)
in seed oil percent, oil yield, palmitic and stearic acids. Weight of a thousand seeds, seed yield,
percentage of oil in seeds, and oil yield all significantly improved with early date (1/12), according
to the results of Ghareeb (2024) experiment, which employed 3 sowing dates (1/12, 15/12, and
31/12/2022). Bahadori et al. (2025) demonstrated in his study of 3 sowing dates (6/12, 26/12,
15/1/2019) that the first date (December 6) important ly outperformed the first date in terms of

thousand seed weight, seed yield, seed oil percent, and oil yield. In his investigation of several
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nano-boron treatments, Goudar (2017) revealed that spraying sunflowers with a 0.2% nano-boron
concentration important ly increased the number of seeds, seed yield, seed oil percent, and oil
yield. According to their investigation of nano-boron treatments on sunflowers, Vadlamudi et al/.,
(2022) said that the 0.2% treatment performed noticeably better than the 0.2% treatment in terms
of seed yield and seed oil percentage. Al-kakayie and Al-Juhayshi (2024) observed notable
variations in thousand seed weight, seed yield, seed oil %, seed yield, oleic and linoleic acids
among the three nano-boron treatments (0, 1, 2, and 3 g/L) he studied on sunflower crops. The
study sought to determine the best planting date for safflower, the right amount of nano-boron,

and the quantity and quality of fatty acids.

Materials and methods

A field experiment was conducted during the winter growing season of 2024-2025 at two
locations, Raseediyah and Wana. It was performed to study the effects of planting dates and foliar
application of nano-boron on safflower productivity and fatty acid quality. The experiment was
arranged as a factorial experiment using a randomized complete block design (RCBD) with three
replications. Two factors were studied. The first factor consisted of three planting dates (20
November, 5 December, and 20 December). The second factor included three nano-boron
concentrations (0, 2.5, and 5 g L™"). The total number of experimental units was 27 (3 x 3 x 3).
Each experimental unit consisted of four rows, each 2 m long. The distance between rows was 50
cm, and plants were spaced 30 cm apart within the rows. Data were collected from plants grown
in the two middle rows to avoid border effects. The distance between experimental units was 1
m, and the distance between blocks was 1.5 m. Before planting, the field was prepared by
perpendicular plowing using a disc plow, followed by leveling and soil preparation. Sowing was
carried out on 20 October 2024. After seedling emergence, thinning was performed two weeks
after planting, leaving one plant per hole. Weed control and hoeing were carried out as required
during the growing season. Fatty acid composition was determined using a fat esterification
method according to the AOAC (1995) procedure. Methanolic potassium hydroxide was prepared
by dissolving 11.2 g of potassium hydroxide in 100 mL of methanol. For esterification, 1 g of oil
sample was mixed with 5 mL of hexane and 8 mL of methanolic potassium hydroxide. The
mixture was shaken vigorously for 30 seconds and then allowed to separate into two layers. The
upper hexane layer, containing fatty acid methyl esters, was collected and injected into the gas
chromatograph. Fatty acid analysis was performed using a Shimadzu GC-2010 gas
chromatograph equipped with a flame ionization detector (FID) and a ZB-1 capillary column (30
m X 0.25 mm). The injector temperature was set at 280°C, the detector temperature at 340°C, and

the column temperature was programmed from 100 to 300°C at a rate of 10°C min". The carrier
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gas pressure was maintained at 100 kPa. Statistical analysis was performed using analysis of
variance (ANOVA) with the Statistical Analysis System (SAS, 2005). Mean comparisons were

conducted using Duncan’s multiple range test at 1% and 5% probability levels.

Results and discussion

Thousand-seed weight: The results presented in Table 1 show that planting dates had a
significant effect on thousand-seed weight at both Rashidiya and Wana sites. The early planting
date (20 November) produced the highest thousand-seed weight. It reached 43.42 g at Rashidiya
and 43.73 g at Wana. While the late planting date (20 December) resulted in the lowest values
(41.23 and 41.65 g, respectively). This improvement under early planting may be attributed to a
longer growth period. As it enhanced photosynthetic activity and allowed greater translocation
and accumulation of assimilates in the seeds during the seed-filling stage. These results are in
agreement with those reported by Ghareeb (2024) and Bahadori et al. (2025). According to Table
2, nano-boron application significantly affected thousand-seed weight at both sites. The highest
values were obtained with the 6 g L™ nano-boron treatment (43.71 and 44.14 g). Whereas, the
control treatment (0 g L") recorded the lowest values. This response may be related to the role of
boron in improving nutrient transport, pollen viability, and seed development during the
reproductive stage. Similar findings were reported by Goudar (2017), Goudar et al. (2018) and
Al-kakayie and Al-Juhayshi (2024). The interaction between planting dates and nano-boron
treatments had no significant effect on thousand-seed weight, as shown in Table 3.

Seed yield: As shown in Table 1, seed yield was significantly influenced by planting date at
both experimental locations. The highest seed yield was recorded for the 20 November planting
date (1101.23 and 1106.59 kg ha™ at Rashidiya and Wana, respectively). Whereas, the lowest
yield was observed with the 20 December planting date. The superiority of early planting may be
associated with its positive effect on thousand-seed weight and favorable climatic conditions
during flowering and seed filling. These findings are consistent with Ghareeb (2024) and
Bahadori et al. (2025). Nano-boron foliar application also had a significant effect on seed yield
(Table 2). The 6 g L treatment produced the highest seed yield at both sites. While, the control
treatment resulted in the lowest values. This increase in yield may be attributed to improved
nutrient uptake, enhanced photosynthetic efficiency, and better seed filling. These results agree
with those reported by Goudar (2017), Goudar et al. (2018), Vadlamudi et al. (2022), and Al-
kakayie and Al-Juhayshi (2024). A significant interaction between planting dates and nano-boron
treatments was observed (Table 3). Where, the combination of 20 November planting and 6 g L™

nano-boron produced the highest seed yield at both sites.
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Table 1. Effect of planting dates on yield components, oil content, oil yield, and fatty acid

composition of safflower at Rashidiya and Wana sites

. Oil .
Planting Thousa.n d- .Seed oil yield Ol?lc Linoleic Palmitic Stearic
date seed weight yield (kg content (k acid acid (%) acid (%) acid (%)
® hat) %) S (%) ’ ’ ’
Rashidiya
site
14.64
20 Nov 43.42a 110123 a 3093 a 341.22a a 68.88a 9.64b 6.15Db
16.05
5 Dec 4243b 1079.54b 28.99b 313.46b a 70.18a 11.53a 7.66a
15.57
20 Dec 4123 ¢ 1059.65¢ 27.85c¢ 29543c a 69.67a 108la 7.06a
Wana site
20 Nov 43773a 1106.59a 30.70a 340.23 a 15555 69.65a 10.76b 6.83b
16.49
5 Dec 42.73b 1085.76b 29.46b 320.40b a 7041a 11.29ab 7.8la
17.06

20 Dec 41.65¢c 1063.57c¢ 2832c 301.54c a 7135a 12.0la 849a

Note: Values followed by different letters within the same column and site are significantly different at P

<0.05 according to Duncan’s multiple range test.

Table 2. Effect of nano-boron foliar application on yield components, oil content, oil yield,

and fatty acid composition of safflower at Rashidiya and Wana sites

Nano-boron ;‘;3‘32;;1 Seed yield co:l)t‘;n , Oil yield 2:2]“ Linoleic  Palmitic  Stearic
(gL @ (kg ha™) (%) (kg ha™) (%) acid (%) acid (%) acid (%)
Rashidiya
site
0.0 41.15¢ 1025.11¢ 2791b 286.23¢c 11.75¢ 66.40¢ 7.84 ¢ 374 ¢
2.5 42220 1076.56 b 29.65a 319.55b 1542b 69.67b 10.51b  691b
5.0 4371 a 1138.75a 30.21a 34434a 19.09a 72.66a 13.63 a 10.22 a
Wana site
0.0 41.35¢c 1030.73 ¢ 28.10b 289.77c¢ 11.93¢ 66.96¢ 8.11c 4.03c¢c
2.5 42.62b 1101.93b 29.82a 32891b 1640b 70.67b 11.41b 7.70b
5.0 44.14 a 1123.25a 30.56a 343.49a 20.77a 73.78a 14.53 a 1141 a

Note: Values followed by different letters within the same column and site differ significantly at P < 0.05.
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Table 3. Interaction effect of planting dates and nano-boron treatments on yield

components, oil content, oil yield, and fatty acid composition of safflower at Rashidiya and

Wana sites
. il . .
Planting Nano- Thousa.n d- ‘Seed oil yield Ol?lc Linoleic Palmitic Stezfrlc
date boron seed weight yleld_(kg content (kg acid acid (%) acid (%) acid
(g/L) ® ha™) (%) ha™') (%) (%)
Rashidiya
site
20/11 0 41.76 103733 g 29.35 30445 11.50 66.10 7.44 3.60
20/11 3 43.01 1100.90d 31.66 348.60 14.56 68.89 9.25 5.65
20/11 6 45.50 116546a 31.80 370.61 17.88  71.65 12.25 9.20
5/12 0 41.58 1027.56h 27.43 28191 11.77 66.32 7.98 3.74
5/12 3 42.33 107520 e 29.50 317.18 16.05 70.55 11.65 8.11
5/12 6 43.38 113586 b 30.05 341.18 20.33  73.69 14.98 11.14
20/12 0 40.11 1010431 2695 27231 12.00 66.80 8.12 3.89
20/12 3 41.33 1053.60 f 27.80 29233 15.65 69.58 10.65 6.98
20/12 6 42.26 1135.86 ¢ 28.80 292.89 19.08 72.65 13.66 10.32
Wana site
20/11 0 41.90 104536 f 29.11 30437 11.74 66.50 7.98 3.85
20/11 3 43.51 1128.80b 31.05 35049 15.12 69.80 10.65 6.65
20/11 6 43.51 1145.61a 3193 365.83 19.80  72.65 13.65 10.00
5/12 0 41.78 1031.55g 27.80 286.76 11.95 66.89 8.12 4.00
5/12 3 41.61 1101.85d 30.01 330.73 16.88  70.66 11.25 7.80
5/12 6 42.63 1123.88¢c 30.58 343.72 20.65 73.69 14.50 11.65
20/12 0 41.95 101530 h 27.40 278.19 12.10 67.49 8.25 4.25
20/12 3 40.55 1075.16 e 2841 305.52 1722 71.56 12.35 8.66

20/12 6 41.71 1100.25d 29.16 32091 21.88 75.00 15.44 12.58

Note: Means followed by different letters indicate significant differences at P <0.05 according to Duncan’s

multiple range test.

Fatty acid composition: Planting dates did not significantly affect oleic and linoleic acid contents
(Table 1). It agrees with the findings of Samanci and Kaynak (2003). However, nano-boron
application significantly increased oleic and linoleic acid contents (Table 2). They likely due to
improved photosynthesis and fatty acid biosynthesis, as reported by Al-kakayie and Al-Juhayshi
(2024). In contrast, palmitic and stearic acids were significantly higher under later planting dates.
They possibly due to higher temperatures during seed filling that favor saturated fatty acid
accumulation. This observation agrees with Mirshekari et al. (2013). Nano-boron treatments
significantly increased palmitic and stearic acids. While, the interaction effects were not

significant (Table 3).
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Figure 1. Fatty acids curve at planting date of 20/11 with nano-boron treatment of 0 g/L for
sites of Rashidiya (1) and Wana (10)
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Figure 2. Fatty acids curve at planting date of 20/11 with nano-boron treatment of 2.5 g/L
for sites of Rashidiya (2) and Wana (11)

Gas chromatographic analysis of fatty acids: Gas chromatography (GC) analysis was used
to identify and quantify oleic, linoleic, palmitic, and stearic acids in safflower oil samples from
both Rashidiya and Wana sites. The chromatograms corresponding to different planting dates and
nano-boron treatments are presented in Figures 1-9. They clearly illustrate variations in fatty acid

profiles under different treatments.
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Figure 3. Fatty acids curve at planting date of 20/11 with nano-boron treatment of 5 g/L for

sites of Rashidiya (3) and Wana (12)
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Figure 4. Fatty acids curve at planting date of 5/12 with nano-boron treatment of 0 g/L for

sites of Rashidiya (4) and Wana (13)
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Figure 5. Fatty acids curve at planting date of 5/12 with nano-boron treatment of 2.5 g/L for

sites of Rashidiya (5) and Wana (14)
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Figure 6: Fatty acids curve at planting date of 5/12 with nano-boron treatment of 5 g/L for
sites of Rashidiya (6) and Wana (15)
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Figure 7. Fatty acids curve at planting date of 20/12 with nano-boron treatment of 0 g/L for
sites of Rashidiya (7) and Wana (16)
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Figure 8. Fatty acids curve at planting date of 20/12 with nano-boron treatment of 2.5 g/L
for sites of Rashidiya (8) and Wana (17)
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Figure 9. Fatty acids curve at planting date of 20/12 with nano-boron treatment of 5 g/L for
sites of Rashidiya (9) and Wana (18)

Conclusion: This study showed that planting safflower on 20 November improved seed
weight, seed yield, seed oil percentage, oil yield, and the contents of oleic and linoleic acids in
comparison with later planting dates. Early planting provided better growth conditions. These
conditions helped increase photosynthesis and oil formation in the seeds. Foliar application of
nano-boron at 6 g L' also had a positive effect on all measured traits. This treatment increased
thousand-seed weight, seed yield, seed oil percentage, and oil yield. It also improved oil quality
by increasing oleic, linoleic, palmitic, and stearic acids. In general, planting safflower on 20
November combined with foliar spraying of 6 g L' nano-boron can be recommended to achieve

higher yield and better oil quality under the conditions of this study.
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