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The soils of semi-arid regions have serious nutrient deficiencies,
and it seems that the qualitative aspects of crops are strongly in-
fluenced by fertiliser management and planting patterns. The cur-
rent experiment was carried out to evaluate the fatty acid compo-
sition of safflower oil under the application of different fertilisers
(control, farmyard manure at 10 and 20 t ha™', NPK (nitrogen,
phosphorus, potassium), nano Fe+Zn) and four different planting
patterns (planting in-furrow or on-ridge with inter-row distances
of 40 cm or 60 cm) in the semi-arid region of north-western Iran
(Maragheh). Results showed that all oil compositions significant-
ly responded to fertiliser treatments. Utilisation of farmyard ma-
nure (FYM) increased seed oil content, and the highest oil content
was recorded in planting on-ridge, which was 18% higher than
the control condition. The highest percentage of seed protein was
obtained by application of NPK and planting on-ridge with wider
inter-row distance. Evaluation of saturated fatty acids (palmitic,
stearic, myristic, lauric) showed that the application of high le-
vels of FYM significantly increased these compositions. However,
the effect of FYM20 application on main unsaturated fatty acids
(linoleic acid) was much more evident, and it increased iodine
value. Taken together, the results of this study indicated a positive
and significant effect of the application of high levels of FYM in
on-ridge planting with wider row spacing on the qualitative and
nutritional aspects of safflower oil.

Keywords: inter-row distance, iodine value, oil composition,
planting pattern, protein content, saturated fatty acids

INTRODUCTION

it has not been considered the focus of attention
by farmers and has been classified as neglected

Safflower (Carthamus tinctorius) is an annual plant
from the Asteraceae family. Although it is one
the oldest cultivated crops, during recent decades
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and underutilised crops when compared to other
crops. This may be partially due to the unavail-
ability of domesticated cultivars and lack of suf-
ficient information about the agronomic man-
agement of this crop (Emongor, 2010). However,
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some unique characteristics of this plant, such
as adaption to a wide range of environments in
semi-arid regions, low input requirements, high
plant vigour, abiotic stress tolerance, and high
oil quality, have recently attracted the attention
of farmers to some extent (Zanetti et al., 2022).
During 2021, its total cultivated area was about
850.000 ha with an estimated total production
of 631.000 tonnes and an average seed yield of
750 kg ha™' (FAOSTAT, 2021). Although the saf-
flower has a deep and well-expanded root, its
response to nutrient management is not well
known. Various factors may impact crop yield
and its qualitative characteristics in agricultural
systems. Safflower performance can be influ-
enced by such factors as genotype, environment,
and agronomic practices (Voronov et al., 2022;
de Oliveira Neto et al., 2022). It appears that im-
proving soil conditions and choosing efficient
fertiliser management can increase the quanti-
tative and qualitative characteristics of saffron
(Pasandi et al., 2018). Agronomic practices such
as inter- and intra-row spacing (plant density)
of safflower vary significantly depending on en-
vironmental conditions, production systems,
safflower cultivars, germination rate, soil fertil-
ity, and water availability (Steberl et al., 2020).
The planting pattern and obtained plant density
in the field affect the access rate of environmen-
tal factors for plants. Plant density and planting
patterns will determine the rate of water and
nutrient absorption, competition state within
and between species that the mentioned fac-
tors determine the plant productivity and crop
yield (Craine, Dybzinski, 2013). By reducing
the distance between planting rows, the canopy
will be closed earlier during the growing sea-
son, the field will reach the leaf area index (LAI)
needed to absorb maximum solar radiation
sooner, more photosynthetic material will be
produced for vegetative growth and it can result
in larger seed yield (Bai et al., 2016). However,
the increase in density can lead to an increase
in plants only up to the desired level and on
the condition that other resources are not lim-
ited. Therefore, in order to choose the best op-
tions, it is necessary to evaluate the densities un-
der different environmental and management

conditions. The investigations by Steberl et al.
(2020) into the response of safflower genotypes
to row spacing (12 and 33 cm) and densities
(40 and 75 plants m~?) showed that larger spac-
ing between rows and lower density increased
the number of branches and capitula per plant
and yields of florets and carthamidin. Reduc-
tion of the distance between planting rows in
soybean caused an increase in the growth rate
of the crop during the vegetative growth pe-
riod and early reproductive growth, more light
absorption throughout the growing season,
and ultimately increased grain yield (Liu et al.,
2010). In very high densities, the rate of leaf fall
increases due to shading, severe competition for
light, and deficiency of environmental factors.
This may reduce the beneficial effects of early
rapid growth, and with low soil moisture and
nutrient deficiencies, it may cause a decrease in
yield (Azari, Khajehpour, 2003).

In addition to the differences between spe-
cies in terms of reaction to density, the response
to sowing density is strongly influenced by
other aspects of agronomic management such
as fertiliser application and the planting pat-
tern. Shahrokhnia and Sepaskha (2017) showed
that safflower responded significantly to plant-
ing on-ridge or in-furrow under different ni-
trogen fertilisers and the best growth perfor-
mance and highest seed yield was recorded for
in-furrow planting with high nitrogen applica-
tion (92 kg ha™' of nitrogen). The position of
seed planting on-ridge or in-furrow can affect
the amount of accessed water, nutrients, and
the competitive strength of crop plants against
weeds. Crop plants can be more competitive if
they have fast seedling emergence and establish-
ment, forceful growth, particularly at stages when
weeds are emerging. Improving plant growth by
choosing the best planting intervals and plant-
ing patterns can improve oil quality by improv-
ing the supply of photoassimilates and fatty ac-
ids (Mohtashami, Tadayon, 2020; Pasandi et al.,
2018). In semiarid regions, low soil moisture,
limited and irregular precipitation, high pH, and
low soil organic matter are the major factors lim-
iting agricultural productivity (Gan et al., 2013;
Naorem et al., 2023). The mentioned limitations
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explain the importance of using farmyard ma-
nures (FYM) for improving the physicochemical
characteristics of soil and of investigating differ-
ent planting patterns in these areas. Therefore,
the purpose of the present experiment was to
determine the possible effects of different man-
agement strategies/approaches (chemical and
organic fertilisers, plant density, and the plant-
ing pattern; on-ridge and in-furrow sowing ) on
the composition of safflower oil in a semi-arid
ecosystem.

MATERIALS AND METHODS

The experiment was carried out during the grow-
ing season of 2021-2022 in the research sta-
tion of the Faculty of Agriculture, University of
Maragheh, Iran (46°16’ E and 37° 23’ N at the al-
titude of 1494 m). The soil textural of the re-
search station was clay loam with pH of 7.49,
electrical conductivity (EC) = 0.82 dsm™, organ-
ic matter = 0.94 g kg™, nitrogen (N) = 0.076%,
phosphorus (P) = 7.61 mg kg™, and potassium
(K) =284 mgkg'. The minimum and maximum
temperature of the location during the grow-
ing season was 9°C and 29°C, respectively.
The amount of precipitation during the grow-
ing season was 179 mm. The land of the ex-
perimental site was ploughed by chisel during
the autumn. After secondary tillage with discs in
early March 2021, the ridge plough was used to
split the field into ridges and furrows. The trial
was carried out as a factorial (5 x 4) based on
Randomized Complete Block Design with three
replications. First factor was different fertiliser
management including: F1 - no-fertiliser ap-
plication (control), F2 - application of 10 t ha™
farmyard manure (FYM10), F3 - 20 t ha™
farmyard manure (FYM20), F4 - chemical
NPK fertiliser (130 kg N ha™', 60 kg P ha™ and
45 K ha™), F5 — nanostructured Fe and Zn fer-
tiliser. The second factor was different plant-
ing patterns and inter-row distances, including:
P1 - planting in-furrow with an inter-row dis-
tance of 40 cm, P2 - planting in-furrow with
an inter-row distance of 60 cm, P3 - planting
on-ridge with an inter-row distance of 40 cm,
P4 - planting on-ridge with an inter-row dis-

tance of 60 cm. Specified amounts of well-de-
composed FYM were utilised on the surface and
mixed to 15 cm depth during the preparation of
the ridge and the furrow. Seeds of a facultative
type of safflower ‘Saffeh’ variety were obtained
from Pakan Bazr Company, Isfahan. All the rec-
ommended amounts of phosphate and potas-
sium fertilisers were used in a strip band during
planting. One-third of the amount of nitrogen
fertiliser was used during planting and the rest
was rationed during stem elongation (BBCH 31:
1 visibly extended internode) and capitulum ap-
pearance stages (BBCH 55: capitulum separated
from youngest foliage leaves; Flemmer et al,
2015). Nano-Fe and nano-Zn particles were ob-
tained from the Iranian Nano Pishgaman Com-
pany (Mashhad) and applied as a foliar spray
(10 g L") during stem elongation and capitulum
appearance stages. Point of zero charge, the pH
of nano-Zn and nano-Fe was ~6.2 and 6.7, re-
spectively. The drip tape irrigation system was
used for water supply during the growing season.

Plants were harvested at the maturity stage
(BBCH: 97), most of the leaves turned a brown
colour and very little green remained on
the bracts of the latest flowering heads. The seed
oil content was determined using the standard
method AACC, 30-10 (2003), and the amount of
protein was determined according to the method
AACC, 4-10 (2003) (5.7 was considered as con-
version factor of nitrogen to protein). The per-
oxide value was calculated according to AACC,
8-25 (2003). Saponification and the iodine value
were determined according to AACC, 1-25 and
19-90 (2003). The iodine value is described as
the amount of iodine absorbed by 100 g of oil for
saturating the unsaturated bonds. For chemical
and physical analysis, oil extraction was done by
the cold extraction method using industrial hex-
ane. In the first stage, the samples were mixed
with hexane at a ratio of 1:5 (grain: hexane) and
mixed on a magnetic stirrer at a medium speed
for 24 h. To determine the amount of different
fatty acids in the samples, gas chromatography
methods were used. Fatty acid methyl ester was
prepared according to the method reported by
Ortega et al. (2004). First, 50 ml of the sample
was poured into a test tube with a lid and 1 mL
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of hexane was added to it. After the oil was com-
pletely dissolved, 100 pL of methoxide metha-
nolic sodium was added to it and it was shaken
for 15 min at room temperature. After the time
required for the appearance of the supernatant
in the tube, the hexane phase was taken out and
transferred to another test tube containing some
sodium sulfate (to remove excess moisture). At
the time of injection into the device, 1 uL of
hexane phase was used. To determine the fatty
acid profile in oil samples, a gas chromatogra-
phy device (Agilent 6890N, USA), equipped
with an FFAP-TC capillary column 30 m long,
0.32 mm diameter of, and a thickness of the thin
layer inside the tube (phase constant) of 0.25 pm
was applied. The detector of the FID type device
was at 250°C, and the carrier gas was nitrogen.
The thermal programme used was as follows:
starting the programme at a temperature of
150°C and staying at the same temperature for
1 min, then increasing the temperature to 190°C

at a rate of 5°C per minute and staying at this
temperature for 2 min. The methylated sam-
ple was injected into the device in a volume of
1 pL and all analysis was done on the sample.
The methylated sample was injected into the de-
vice in a volume of 1 pL and all analysis was
done on the sample (Ahmadzadeh et al., 2014).
The gathered data related to different traits were
subjected to statistical analysis in the form of an
RCBD using SAS software, and if the treatment
effect was significant, the LSD test was used to
compare their means.

RESULTS AND DISCUSSION

Assessment of the oil content among the in-
vestigated treatments indicated that the main
effects of fertiliser treatments (P < 0.01) and
the planting pattern (P < 0.05) were signifi-
cant on this trait (Table). The comparison of
means showed that despite the application of all

Table. Effects of organic and chemical fertilisers on the quantitative characteristics of safflower oil

grown under different plant density

Fertiliser | PA | STA | OL | LAU | ALA | MA | v | sv PV
F1 450b  197d 618> 088d 147d 153b 15551d  16433b  3.85a
F2 447b  329b  621b  145c  198bc  1.30c  167.25b 182.16a  2.71b
F3 428b  329b 6952 2052 243 237a  180.08a 16350b  23lc
F4 498a  356a  678a 1.83b 212b  158b 169.00b 176.00ab  3.62a
F5 5040 274c  623b  173b  1.92c  250a  161.75c 1854la  3.6la

Density
P1 454b  30lab 556bc  ldlc  1.83c 157c  160.80c  173.26a  32la
P2 460ab 2826  6.32ab  153bc 185 175bc  16486b 176.86a  3.30a
P3 472b 3052  645ab 163b 205b  1.90b 167.93b 170.00a  3.25a
P4 480a  3.00ab  7.55a  1.80a 222la  220a 173.26a  177.00a  3.12a
P s . " - - - - s s
FxP ns ns * ns el ns ns ns ns

PA - palmitic acid (%), STA - stearic acid (%), OL - oleic acid (%), LAU - lauric acid (%), ALA - linolenic acid (%),
MA - myristic acid (%), IV - iodine value, SV - saponification value (mg KOH/g), PV - peroxide value. For each trait,

the levels of fertiliser treatments with common letters do not have statistically significant differences. F1 - no fertiliser

application (control), F2 — application of 10 t ha-1 FYM, F3 - application of 20 t ha-1 FYM, F4 - chemical NPK ferti-

liser, F5 - Fe+Zn nano fertiliser, P1 - in-furrow planting with inter-row distance 40 cm, P2 - in-furrow planting with

inter-row distance 60 cm; P3 - on-ridge planting with inter-row distance 40 cm, P4 — on-ridge planting with inter-row

distance 60 cm. In each column, rows with dissimilar letters are statistically different at the 5% level.
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fertilisers increasing the amount of oil sig-
nificantly compared to the control, the highest
amount of oil was recorded in plants grown with
FYM20 (23.48%) and NPK (22.88%) (Fig. 1).
On the other hand, the comparison of the means
of the oil content among different densities
and planting patterns showed that the highest
amount of oil was recorded for on-ridge plant-
ing with an inter-row spacing of 60 cm (22.83%)
and with a row spacing of 40 cm (22.24%). Over-
all, the application of large amounts of FYM and
NPK fertiliser for the on-ridge planting me-
thod with a large inter-row distance increased
the amount of oil. The effect of the planting
pattern under the application of FYM10 was
quite evident and on-ridge planting showed sig-
nificant advantage. In this regard, Voronov et al.
(2022) reported that the tillage system (mould-
board, chisel ploughing, disc ploughing) and

the seeding rate significantly affected the oil con-
tent of safflower. The highest oil seed (28.75%)
was recorded under deep chisel ploughing and
a seeding rate of 300,000 and 400,000 seeds ha™'.
Our findings revealed that the quantity of oil in
on-ridge planting with large inter-row spacing
increased and it can be due to the effective use
of the available resources. It seems that due to
the movement of surface soil during the prepa-
ration of the furrow and ridge construction,
the reduction of soil density, higher penetration
of moisture, and increased availability of re-
quired nutrients led to the advantage of on-ridge
planting over in-furrow planting.

Analysis of Variance (ANOVA) of the fatty
acids showed that the amount of palmitic acid
was significantly affected by the use of fertilisers.
Comparison of means indicated that the highest
amount of palmitic acid was obtained through

Fig. 1. The effects of different fertilisers on safflower oil content under different

planting patterns. C - no fertiliser application (control), FYM10 - application of
10 tha™ FYM, FYM20 - application of 20 t ha™ FYM, NPK - chemical NPK fertilis-
er, Fe+Zn - nano fertiliser. P1 - in-furrow planting with inter-row distance 40 cm,

P2 - in-furrow planting with inter-row distance 60 cm; P3 - on-ridge planting with

inter-row distance 40 cm, P4 - on-ridge planting with inter-row distance 60 cm.
Statistical differences greater than LSD are statistically significant at the 5% level
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the use of inorganic macronutrient andmicro-
nutrient fertilisers. It is interesting to note that
short-chain fatty acids significantly responded
to the application of nano Fe+Zn fertilisers,
and their application increased the content of
the mentioned fatty acids. It seems that iron and
zinc play a key role in the biosynthesis of short
and saturated fatty acids. This result supports
the ideas of Ghiyasi et al. (2023), who described
the positive effects of foliar application of nano
zinc oxide on the performance of safflower in
a similar agro-climatic region. The analysis of
short and saturated fatty acids such as lauric acid
(12:0) indicated a significant effect of fertiliser
treatments and planting patterns on the content
of these fatty acids. All the examined fertilisers
induced a significant increase in lauric acid con-
tent compared to the control (no-fertilisation);
however, the highest content of this fatty acid
was obtained through the application of high
levels of farmyard manure (FYM20), which in-
creased lauric acid content by 132% compared
to the control. The use of NPK and nano-Fe+Zn
could increase the lauric acid content by 107%
and 96% over control, respectively. The effect of
planting patterns was similar to the previously
measured components, and the highest amount
of lauric acid was recorded for plants grown on
ridge and with large row spacing. This was also
observed for myristic acid (14:0), and it seems
that the response of short fatty acids to ferti-
liser treatments and planting patterns are partly
similar: the use of FYM20, NPK, and Fe+Zn in-
creased the amount of these fatty acids through
the stimulation of related biochemical pathways.
These results are consistent with the findings of
other researchers, and it seems that supplying all
macro-nutrients and trace elements is necessary
to improve the growth and required processes
for the production of fatty acids, and the inte-
grated management of supplying all the elements
should be seriously considered (Saeidi et al.,
2018; Moradzadeh et al., 2021). On the other
hand, large distances between plant rows and
on-ridge planting improve the amount of fatty
acids through better development of the leaves.
An increase in source size can enhance the pro-
duction of photoassimilates and improve

the translocation of photosynthetic products to
the reproductive sinks and, finally, the increased
availability of photoassimilates can stimulate
the biosynthesis of fatty acids (Taiz et al., 2022).
Furthermore, this superiority can be caused by
further development of root systems due to lower
soil density and better access to nutrients, water,
and also the use of light sources (Shahrokhnia,
Sepaskhah, 2017). The ANOVA showed that fer-
tiliser treatments and planting patterns affected
the amount of seed protein at statistical levels of
1% and 5%, respectively. The means compari-
son indicated that the highest protein content
(23.55%) was obtained with the use of conven-
tional macronutrient fertilisers, so that the ap-
plication of NPK increased protein content by
27% compared to the control condition (Fig. 2).
The application of large quantities of cow ma-
nure (FYM20) increased the amount of seed
protein by about 19% compared to the control;
however, no significant difference was observed
between FYM20 and nano Fe+Zn. This shows
that providing both groups of macro and micro-
nutrients and improving the physicochemical
conditions of the soil is important for improving
the percentage of seed protein.

The mean comparison of protein content at
different levels of the planting pattern indicated
the significant superiority of on-ridge planting,
and the highest amount of protein was recorded
in long distances between the rows (21.56%).
The lowest seed protein content was recorded
for in-furrow planting with a short inter-row
distance (40 cm). Altogether, on-ridge planting
along with the application of FYM20 and NPK
resulted in the highest seed protein content.
Nitrogen is the most imperative nutrient for
oil seed crops, having an active influence on all
growth and seed-quality-determining processes.
The seed protein content is strongly influenced
by nitrogen absorption and the nitrogen sent
through the process of re-transportation. It seems
that a long inter-row distance, on-ridge planting,
and the utilisation of FYM and NPK provided
more effectively the nitrogen needed for protein
production (Marschner, 2011; Taiz et al., 2022).

The content of stearic acid as a saturated
long-chain fatty acid (18:0) was significantly
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Fig. 2. Saftlower seed protein content affected by fertiliser and different planting patterns in a semiarid

region. C - no fertiliser application (control), FYM10 - application of 10 t ha™! FYM, FYM20 - application
of 20 t ha! FYM, NPK - chemical NPK fertiliser, Fe+Zn- Fe+Zn nano fertiliser. P1 - in-furrow planting
with inter-row distance 40 cm, P2 - in-furrow planting with inter-row distance 60 cm, P3 - planting on-

ridge with inter-row distance 40 cm, P4 - on-ridge planting with inter-row distance 60 cm

affected by fertiliser treatments (P < 0.01).
Although all fertiliser applications increased
the amount of this fatty acid compared to
the control, the application of NPK increased
the amount of this fatty acid by about 81% com-
pared to the control. Regardless of the amount
of FYM consumed, the application of these or-
ganic fertilisers increased the amount of stearic
acid by 67% compared to the control. The in-
vestigation of linolenic acid as a polyunsatu-
rated fatty acid (18:3) indicated a significant
effect of fertiliser application (F) and planting
patterns (P), so the interaction effects of P x F
were significant for this component. Stearic
acid increased strongly with the application of
high levels of cow manure (FYM20) under on-
ridge planting with long inter-row distance.

The use of FYM20 and on-ridge planting
in open rows (60 cm) increased linolenic acid
content by 97% compared to plants grown in-
furrow with low row spacing (40 cm) under
the of no-fertilisation condition. The signifi-
cant effect of organic fertilisers and NPK on this
fatty acid indicates that there was macronutri-
ent insufficiency and micronutrient deficiency
and the limitation in the soil and the significant
effect of the nutrients supply on the biosynthe-
sis of this fatty acid.

However, the application of the mentioned
fertilisers requires proper soil tillage and prepa-
ration of a suitable seedbed of low density (on-
ridge planting). Despite some of the described
advantages of in-furrow planting, it seems that
in the current experiment, the advantage of
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planting in-furrow has been reduced to a great
extent due to spring sowing. In autumn sowing,
the moisture condition of the soil in the Medi-
terranean semi-arid region can be improved
due to the accumulation of runoft and the trap-
ping of snow in the furrow. Furthermore, dur-
ing the studied growing season the amount of
rainfall was not so high.

Investigating the qualitative components
of the oil such as the iodine index (IV) also
indicated a significant effect of the use of cow
manure in cultivation with open rows planted
on ridges. IV refers to the amount of unsatu-
rated fatty acid in oil. In the mentioned condi-
tions, the amount of unsaturated fatty acids in-
creased, and this led to an increase in the iodine
index. The saponification index was affected by

fertiliser treatments (P < 0.05) and the use of
FYM10, NPK, and Fe+Zn increased this index.
Examining the amount of peroxidation indi-
cated the decreasing effect of animal manure
application on this component. This can signifi-
cantly improve the storability of seeds and oil,
which is very important from the point of view
of post-harvest physiology.

The investigation of linoleic acid (18:2) as
the main fatty acid in safflower oil was strongly
influenced by the planting pattern and fertiliser
management. The effect of planting patterns
was evident under no fertilisation condition, so
on-ridge planting increased the content of this
fatty acid by 3% compared to in-furrow plant-
ing (Fig. 3). Despite the superiority of on-ridge
planting, this superiority was more evident

Fig. 3. Mean comparison of linoleic acid content extracted from safflower seeds grown under various

planting pattern along with different fertiliser managements strategies. C - no fertiliser application (con-
trol), FYM10 - application of 10 t ha™ FYM, FYM20 - application of 20 t ha™ FYM, NPK - chemical
NPK fertiliser, Fe+Zn — Fe+Zn nano fertiliser. P1 - in-furrow planting with inter-row distance 40 cm,

P2 - in-furrow planting with inter-row distance 60 cm; P3 - on-ridge planting with inter-row distance

40 cm, P4 - on-ridge planting with inter-row distance 60 cm
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under the application of high levels of cow ma-
nure (FYM20). The strong response of this fatty
acid to cow manure indicated the limitations in
the physicochemical conditions of the soil to
supply elements and factors necessary for the bi-
osynthesis of this fatty acid. However, access to
environmental sources such as light was very
significant for the biosynthesis of this fatty acid.
The main and interactive effects of fertiliser treat-
ments and planting patterns were significant for
the amount of lauric acid. Application of high le-
vels of FYM20 fertiliser increased the amount of
this fatty acid by 132% compared to the control
(Fig. 4). The highest values of lauric acid were
recorded in rows with a large distance (60 cm)
and with the application of FYM (2.05%), NPK

(1.83%), and Fe+Zn (1.73%). The effect of
the planting patterns was more prominent un-
der the conditions of applied farmyard manure.
This indicates that due to the inappropriate soil
characteristics in the studied site and semi-arid
region, the use of farmyard manure and on-
ridge cultivation can improve plant growth and
oil quality. This improvement is caused by a re-
duction of soil density and the increase in per-
meability. The root provides factors to improve
plant growth. In such conditions, the supply of
more photoassimilates provides the basis for
increasing the synthesis of fatty acids. The prin-
cipal component analysis indicated there is
a significant positive correlation between oil
content, linoleic acid, linolenic acid, lauric acid,

Fig. 4. Mean comparison of lauric acid content extracted from safflower seeds grown under various

planting pattern along with different fertiliser managements strategies. C — no fertiliser application (con-
trol), FYM10 - application of 10 t ha™ FYM, FYM20 - application of 20 t ha™! FYM, NPK - chemical
NPK fertiliser, Fe+Zn - Fe+Zn nano fertiliser. P1 - planting in-furrow with inter-row distance 40 cm,

P2 - planting in-furrow with inter-row distance 60 cm; P3 - planting on-ridge with inter-row distance

40 cm, P4 - planting on-ridge with inter-row distance 60 cm
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Fig. 5. Plot of the first two PCAs showing relation among various oil qualitative traits in safflower grown

in a semi-arid region. Pro — protein content, Oil - oil content, AA — arachidonic acid, PA - palmitic acid,
STA - stearic acid, OL - oleic acid, LAU - lauric acid, ALA - linolenic acid, MA: myristic acid, IV: iodine
value, SV: saponification value. C: no fertiliser application (control), FYM10 - application of 10 t ha' FYM,
FYM20 - application of 20 t ha™ FYM, NPK - chemical NPK fertiliser, F5 — Fe+Zn nano fertiliser. P1 - in-
furrow planting with inter-row distance 40 cm, P2: in-furrow planting with inter-row distance 60 cm; P3:

on-ridge planting with inter-row distance 40 cm, P4: on-ridge planting with inter-row distance 60 cm

and the iodine index (Fig. 5). Also, a significant
correlation was observed between the content of
seed protein and myristic acid, and the applica-
tion of NPK fertilisers. Planting on-ridge had
the strongest effect on the mentioned compo-
nents. The lowest oil quality was related to plants
grown in-furrow with no fertilisation or with
the use of FYM10.

CONCLUSIONS

The results of the present study show that
the qualitative aspects of the oil extracted from
safflower seeds were affected by the fertiliser
treatments. The use of organic fertilisers had
a more positive effect on improving the quality
of oil compared to traditional macronutrient

and nano-micronutrient chemical fertilisers.
However, the percentage of seed protein in-
creased significantly with the use of traditional
macronutrient chemical fertilisers. The cur-
rent results stress that improving the physico-
chemical properties of soil in the studied region
through the use of FYM as a key priority should
be considered before the application of chemi-
cal fertilisers. According to the characteristics
of the soils and existing limitations in dry areas,
on-ridge or in-furrow planting affected some
oil composition. Our result showed that on-
ridge planting and the use of wide row spacing
had better effects. Application of higher levels
of FYM before the secondary tillage and on-
ridge planting with a 60 cm inter-row distance
resulted in the best oil quality.
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IVAIRIU TRASU IR SODINIMO BUDY
POVEIKIS DAZINIY DYGMINU ALIEJAUS
RIEBALU RUGSCIU SUDECIAI

Santrauka
Pusiau sausringy regiony dirvozemiams labai
triksta maistiniy medziagy, tad paséliy kokybei
didele jtaka turi trados ir sodinimo biidai. Siuo eks-
perimentu siekta jvertinti dygminy aliejaus riebaly
ragscéiy sudétj tresiant jvairiomis traSomis (kontro-
lé, méslas po 10 ir 20 t/ha!, NPK, nano Fe+Zn) ir
sodinant 4 jvairiais budais (sé¢jama vagomis arba
gubriais, atstumas tarp eiliy yra 40 cm arba 60 cm)
pusiau sausringame $iaurés vakary Irano regione
(Maragheh). Rezultatai rodo, kad aliejaus sudétis
reik§mingai reagavo j trady panaudojima. Tresimas
méslu (FYM) padidino sékly aliejaus kiekj, taciau
didziausias aliejaus kiekis buvo uzfiksuotas vagose
pasodintuose augaluose - jis buvo 18 % didesnis nei
kontrolinémis salygomis. Didziausias sékly balty-
my procentas gautas panaudojus NPK ir pasodinus
vagoje didesniu atstumu tarp eiliy. Sociyjy riebaly
rugsciy (palmitino, stearino, miristo, lauro) kiekius
gerokai padidino gausesnis tresimas FYM. FYM,|
poveikis pagrindinéms nesociosioms riebaly rags-
tims (linolo ragsciai) buvo daug ryskesnis, taip pat
padidéjo jodo kiekis. Sio tyrimo rezultatai atsklei-
dé teigiamg ir reik§mingg didelio FYM kiekio po-
veikj dygminy aliejaus kokybiniams ir maistiniams
aspektams sodinant vagoje didesniu atstumu tarp
eiliy.

Raktazodziai: atstumas tarp eiliy, jodo kiekis,
aliejaus sudétis, sodinimo budas, baltymy kiekis,

sociosios riebaly ragstys



