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Effects of nitrogen and micronutrients on 
the growth of safflower under limited water 
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Beneficial nanoparticles are at the  leading edge of the  rapidly 
developing field of nanotechnology. Nanotechnology applied 
to nanofertilizers could play a  fundamental role in improving 
the  availability of plant nutrients under unfavourable environ-
mental conditions. To evaluate the  effects of different levels of 
nitrogen fertilizer (0, 75, and 150  kg  ha–1) and nanostructured 
micronutrients (Zn, Fe, Cu) on the seed yield of spring safflower, 
a  study was carried out in the  highland region of Baneh, Iran. 
Specific objectives were to assess the effects of combined applica-
tion of nano-chelated micronutrients and nitrogen on safflower 
under rainfed conditions. Assessments of morphological traits 
revealed that application of nitrogen at the rate of 75 kg ha–1 sig-
nificantly increased the  plant height, canopy spread, stem dia-
meter, and plant dry weight. Also, ground cover, canopy spread, 
capitulum diameter, and the number of the secondary branches 
were considerably affected by nano-chelated micronutrients, so 
the highest values were observed in the plants grown with the ap-
plication of zinc and copper. Results showed that the  effects of 
interaction of nitrogen and micronutrients were significant for 
the biological yield, seed number, 1000-seed weight, the percent-
age of unfilled seeds, and seed yield. A comparison of combined 
treatments showed that the  best performance was recorded for 
plants grown with the application of N0-Zn, N75-Zn, and N150-Cu. 
The results of the present experiment agreed with the conclusion 
that utilization of nitrogen may affect the efficiency of micronu-
trients. Altogether, the results suggested that the application of in-
termediate levels of nitrogen fertilizers along with nano-chelated 
Zn can improve safflower production under rainfed condition.
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INTRODUCTION

Mountainous and highland areas have signifi-
cant roles in crop production and enhancement 
of food security in many countries of the world. 
Highlands are the  areas with altitude of more 
than 800 metres above sea level and rugged 
land with cool to extremely cold winter. Ag-
riculture in these regions is mainly based on 
rainfed production system with winter cereals 
as the main crops, as well as drought-resistant 
oil crop (Roozitalab et al., 2011). Food security 
in a highland semi-arid region is generally in-
fluenced by water and nutrient management. 
The precipitation is the most important environ-
mental factor limiting agricultural activities in 
semi-arid regions (Tilahun, 2006). The amount 
and pattern of precipitation are among the most 
important factors that affect productivity of ag-
ricultural systems. In the Mediterranean semi-
arid region, most of the rainfall occurs during 
the  winter and precipitation is often low and 
erratic in the  beginning and towards the  end 
of the growing season. Under these conditions, 
crops are subjected to drought stress in both 
seeding and terminal growth stages, which 
causes a considerable decrease in crop produc-
tion (Singh, Matsui, 2002). Nevertheless, it is 
worth knowing how long a  wet spell is likely 
to persist, and what the probabilities of experi-
encing dry spells of various durations at critical 
times during the  growing season are (Mzeze-
wa et al., 2010).

Likewise, it seems that soil moisture status 
may significantly affect the nutrient availability 
and plant nutrition. It has been recognized that 
micronutrient deficiencies are widespread in 
Mediterranean semi-arid regions, and the soils 
in these areas are deficient in major and essen-
tial elements such as nitrogen and phosphorus 
and some micronutrients, but they are generally 
well supplied with potassium and both calcium 
and magnesium (Ryan, 2010). Micronutrients 
are nutrients required by plants throughout 
life in small quantities to organize a  range of 
physiological processes. While micronutrients 
are required in relatively smaller quantities for 
plant growth, they are as important as macro-

nutrients and play imperative roles in plants 
growth (Marschner, 2012).

This is despite the  fact that intensive crop 
rotation and imbalanced fertilizer use have 
exacerbated micronutrient deficiency in this 
area. Meanwhile, semi-arid regions have not 
benefited from the “green revolution” as much 
as the areas with high rainfall (FAO, 1998). Be-
sides, the full potential yield of crop plants can 
only be achieved by application of unlimited 
amounts of water, fertilizers, and usually large 
inputs of pesticides. All the  above-mentioned 
referred to serious nutritional problems in 
semi-arid areas. Due to the poor condition of 
the soil, crop responses to conventional fertiliz-
ers have generally been low and imperceptible 
in these areas (Reynolds  et  al., 2009). Erratic 
rainfall in the semi-arid region makes agricul-
tural productivity less predictable, while seri-
ous concerns about the environment highlight 
the need of producing more efficient micronu-
trient fertilizers.

However, in Mediterranean semi-arid areas 
safflower (Carthamus tinctorius L.) is considered 
one of the most important crops (Yau, 2007). Saf-
flower is a highly branched, herbaceous, thistle-
like annual plant. It is commercially cultivated for 
the oil extracted from the seeds. The flowers from 
the spiny cultivars are grown for oil, while some 
spineless cultivars are used for dye production 
(FAO, 2015). The oilseed crop safflower (Cartha-
mus tinctorius) is believed to have been domes-
ticated in the Fertile Crescent. Overall, the Near-
Eastern origin of safflower was confirmed on 
the  basis of previous researches (Singh, Nimb-
kar, 2006). Safflower can be grown in dryland 
areas at altitudes ranging from below 1000 me-
tres to 2300 metres above sea level (Haghighati 
Malek, Ferri, 2014). In 2013, global production 
of safflower seeds was 718,161 tonnes, with Ka-
zakhstan accounting for 24% of the total. Other 
significant producers were India, the  United 
States, Mexico, and Argentina (FAOSTAT, 2013). 
However, safflower is a  drought-tolerant plant. 
Introduction of safflower as a  drought resist-
ant crop is mainly based on its ability to draw 
water from a depth of up to 3.5 m (Yau, 2007). 
Although the  rooting system of safflower is 
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extensive and in deep soils roots, it requires 
a fertile, fairly deep and well-drained soil (FAO, 
2015). Hence, nutrient management in safflower 
production system is a  crucial issue, and defi-
ciencies in some elements such as nitrogen, zinc, 
iron, and manganese are very prevalent (Kumar, 
Sharma 2013). Balanced crop nutrition supply-
ing all essential nutrients is a cost-effective man-
agement strategy.

It appears that nanotechnology has a poten-
tial to provide solutions to fundamental agri-
cultural problems caused by conventional fer-
tilizer management (Mastronardi et al., 2015). 
Nanotechnology is the application of beneficial 
particles at the atomic or molecular level, usu-
ally at scales <100 nm. In recent years, research 
into nanofertilizers has increased. Nanofer-
tilizers can be more soluble or more reactive 
than conventional fertilizers (DeRosa  et  al., 
2010; Dimkpa, Bindraban 2016; Monreal et al., 
2015; Subramanian  et  al., 2015). Utilization 
of nanofertilizers can improve solubility and 
dispersion of insoluble nutrients in soil, re-
duce nutrient immobilization (soil fixation), 
and increase bio-availability (Naderi, Danesh-
Shahraki, 2013). Although there are numerous 
examples of the  positive effects of application 
of micronutrients to crop growing (Ryan, 2010; 
Janmohammadi et al., 2015; Dimkpa, Bindrab-
an, 2016), information about nanostructured 
micronutrient fertilizers and their interaction 
with macronutrients application is not suf-
ficient. The  evaluation of the  exact effects of 
applying micronutrients nanofertilizers alone 
or in combination with nitrogen to safflower 
crops in semi-arid region need to be better 
established. The present investigation was un-
dertaken to improve the  understanding about 
the interaction of nano-chelated iron, zinc, and 
copper fertilizers with different level of nitrogen 
fertilizer on the yield and yield components of 
spring safflower in a semi-arid, high-elevation 
Mediterranean environment.

MATERIALS AND METHODS

A field experiment was conducted during 
the  growing season of 2015/16 at a  farmer’s 

field in Dousineh, Baneh region. Baneh is lo-
cated in north-western province of Kurdistan 
in the west of Iran. The field is located at 45°53’ 
East longitude and 35°59’ North latitude, at an 
altitude of 1610 metres above sea level. The cli-
mate of Baneh is temperate. The winter months 
are much rainier than the  summer months in 
Baneh. According to Köppen-Geiger climate 
classification, the  climate of this region is BS 
(cold semi-arid Steppe). The  average annual 
temperature is 12.2°C in Baneh. Mean annual 
rainfall in the area is 714 mm (mean value for 
a 30-year period, 1984–2014), but there is a high 
interannual variability with the  occurrence of 
dry and wet years. The  2011/2012 agricultural 
year (from September 2011 to August 2012) was 
a dry one, with only 341 mm of rainfall, while 
the 2013/2014 agricultural year was a very wet 
year, with 724 mm of rainfall. Normally, during 
the spring-sown chickpea crop cycle, the amount 
of rainfall is usually very low. The  precipita-
tion was 105.7 mm during the cropping season. 
The soil of experimental site is sandy clay loam, 
with pH 7.4, low in organic carbon (0.51%), total 
nitrogen 0.26%, CaCo3 17%, electrical conduc-
tivity (EC) 6.15 ds m–1, iron 1.58 ppm, manga-
nese 7.09 ppm, copper 0.66 ppm, zinc 0.78 ppm 
and potassium 642 ppm.

The experimental field was ploughed twice: 
in early autumn and two weeks before planting, 
subsequently soil was harrowed twice to bring 
the soil to fine tilth. After the second primary 
tillage operation, well-rotten farmyard manure 
was applied as per the treatment and thorough-
ly mixed into the top soil. After opening of fur-
rows, the seeds were hand planted on 19 April, 
2015. The spring safflower (Carthamus tincto-
rius  L.) cv.  ‘Goldasht’ was used in the  experi-
ment. The experimental design was a split plot 
with three replicates. Main treatments were as-
signed to nitrogen fertilizer (0, 75, 150 kg ha–1) 
and sub-plots allocated to the  nano-chelated 
micronutrients (Zn, Fe, Cu). Each plot was 
4  m2 consisting of eight rows, 2  m long and 
25  cm apart. Seeds were sown 4  cm apart at 
5 cm depth. After the emergence, the seedlings 
were thinned manually to achieve optimum 
plant density. Weeds were frequently controlled 
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manually, prior to capitulum emergence. Metal 
oxide nanoparticles were formulated as chelat-
ed form in nano-fertilizers. Nanoparticles have 
a large surface area, sorption capacity, and con-
trolled release. They can accurately release their 
active ingredients in response to environmental 
triggers such as moisture or temperature fluc-
tuations and biological demands. Nanoparti-
cles of metal oxides (nano-ZnO, nano-Fe2O3, 
nano-CuO) were applied for the  synthesis of 
nanofertilizers. The  chelate metal-ethylenedi-
amine di(o-hydroxy-phenylacetic acid) (metal-
EDDHA), was used as an effective source of 
micronutrients in correcting metal deficiency 
in soil. From the TEM image, the morphology 
of the  sample was spherical. It can be clear-
ly observed that metal oxides particles were 
separately located on chelating agents. Nano-
chelated fertilizers were applied at the  rate of 
1 kg ha–1. Urea fertilizer was utilized for nitro-
gen treatments as spilt application. The  first 
split application was applied in anhydrous form 
as close to the  plants as possible in order to 
minimize N losses. The second and third por-
tions were applied as top-dress during the vege-
tative and reproductive growth stages. To avoid 
surface volatilization, topdressing was carried 
out shortly before the rains. Nano-chelated mi-
cronutrients were banded below the soil surface 
(subsurface banding) during planting. Plants 
were grown under rainfed conditions and not 
irrigated. Gravimetric water content (θg) at 30, 
60, and 90 days after the sowing date at a depth 
of 30 cm was 39%, 26%, and 18%, respectively.

At the  maturity stage when the  most of 
the  leaves turned brown and very little green 
remained on the bracts of the  latest flowering 
heads (from late June to early July), plants were 
manually harvested at the  ground level. Data 
on growth characteristics and yield compo-
nents were recorded on ten plants randomly 
selected from three middle rows. The  evalu-
ated agronomic traits included first capitula 
height, the  number of branches per plant, 
stem diameter (mm), capitula diameter (mm), 
the  number of capitula per plant, the  num-
ber of seeds per capitula, the  weight of seeds 
per capitula, unfilled (hollow) seeds per plant, 

1000-seed weight. Plant height was evaluated 
from the ground level to the tip of main stem 
at maturity time. Biological yield was obtained 
by cutting the plant at ground level at maturity 
stage. Straw yield was calculated by subtracting 
seed yield from dry matter yield. The  harvest 
index was calculated as the ratio of grain yield 
to aboveground dry matter at maturity.

All data were subjected to variance analysis 
(ANOVA) for each character to determine crop 
parameter response to nano-chelated micronu-
trients and N rates. Statistical analysis of the data 
was performed using the SAS program. The least 
significant difference (LSD) at 5% was used to 
compare between the means. Pair-wise Pearson’s 
correlation coefficient was calculated among 
twenty agronomic traits. Cluster analysis was 
performed for the traits and treatment combina-
tions. The principal components analysis (PCA) 
based on Everitt and Dunn (1992) was used.

RESULTS

Variance analysis revealed that nitrogen fer-
tilizer significantly affected the  plant height 
(p ≤ 0.01). The tallest plants were obtained by 
applying 75 kg N ha–1. However, neither nitro-
gen nor nano-chelated micronutrient fertilizers 
could affect the first branch height and first ca-
pitulum height from the ground level (Table 1). 
The canopy spread was significantly affected by 
both fertilizer factors, and also the interaction 
effect of nitrogen × nano-chelated micronutri-
ents was significant for this trait. Mean com-
parison of the canopy spread between different 
combined treatments showed that the  larg-
est canopy was recorded for plant grown with 
75 kg N ha–1 along with nano-chelated Zn (N75-
Zn), which was followed by plants grown by in-
tegrated application of 150 kg N ha–1 and nano-
chelated Cu (Fig. 1). Also, the interaction effects 
of nitrogen × nano-chelated micronutrients 
was statistically significant (p ≤ 0.05). The high-
est ground cover percentage was related to 
the  plants grown by integrated application of 
150 kg N ha–1 and nano-chelated Cu (N150-Cu) 
which fallowed by N75-Zn and N0-Zn. However, 
the lowest amount of ground cover was recorded 
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Table  1 .  The effect of different levels of nitrogen and nano-chelated micronutrients on some morpho-
logical traits of safflower (Carthamus tinctorius L.)

Nitrogen fertilizer PH FBH FCH CS GC SD DW SB MCD BY
** NS NS ** NS * ** NS NS NS

Zero 49.00 
b

28.41a 40.73a 22.10b 61.11a 6.88b 29.77b 6.66a 22.55b 3181.15a

75 kg ha–1 60.76a 26.26a 44.60a 27.37a 59.44a 7.77a 35.77a 7.33a 25.88a 3045.00a
150 kg ha–1 50.18b 29.55a 39.08a 20.73b 61.33a 6.77b 28.55b 6.55a 22.00b 2860.17a

Nano micronutrient (M)
NS NS NS ** * ** NS * * NS

Fe 51.90a 29.97a 41.46a 20.00b 56.66b 6.44b 29.56b 6.11b 21.11c 2711.80a
Zn 54.44a 26.05a 40.68a 25.91a 63.88a 7.55a 33.88a 8.00a 25.77a 3297.20a
Cu 53.28a 28.20a 42.26a 24.30a 61.33ab 7.44a 30.66ab 6.44b 23.55b 3077.25a

N × M NS NS NS ** * ** * NS ** *
PH – plant height at maturity (cm), FBH – the first branch height (cm), the height of the first capitulum (cm), CS: 
canopy spread (cm), GC: ground cover (%), SD  –  stem diameter (mm), DW  –  plant dry weight (g), SB  –  number 
of secondary branches, MCD  –  mean of capitulum diameter (mm), BY  –  biological yield (kg  ha–1), N  –  nitrogen 
fertilizer, M – micro-nutrient, NS – not significant, * –  significant at 5% level of probability, ** –  significant at 1% 
level of probability. Mean values of the  same category followed by different letters are significant at p  ≤  0.05 level.

Fig. 1. The effect of combined application of nitro-
gen and nano-chelated micronutrients on the cano-
py spread in the safflower plants grown under rain-
fed condition in Baneh region. Vertical bars show 
the standard error. Values with the same letter were 
not significantly different

for plants grown with the application of N0-Fe 
and N75-Cu. Evaluation of the  stem diameter 
showed that both nitrogen (p ≤ 0.05) and nano-
chelated micronutrient fertilizer (p ≤ 0.01) af-
fected this trait. Mean comparison of the stem 
diameter revealed that the  thickest stem was 
related to the plant grown with the application 
of N75-Zn and N150-Cu. Nitrogen application 
considerably (p  ≤  0.01) influenced plant dry 
weight (Table  1). Also, the  interaction effect 
of nitrogen  ×  nano-chelated micronutrients 
were significant for this character. The highest 
value was recorded for integrated application 

of 75  kg  N  ha–1 and nano-chelated Zn, while 
the  lowest dry weight were related to plants 
grown with the application of N0-Fe.

The number of the secondary branches no-
ticeably affected by nano-chelated micronutri-
ents and the highest number of the secondary 
branches were observed in plants grown with 
nano-chelated Zn (Table 1). The assessment of 
the capitulum diameter revealed that the main 
effect of nano-chelated micronutrients and in-
teraction effects of nitrogen  ×  nano-chelated 
micronutrients was statistically significant. 
The largest capitulum were recorded for plants 
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grown with N75-Zn and N150-Cu, while there 
was no significant difference between other 
treatments (Fig.  2). A  comparison of com-
bined treatments for biological yield showed 
that the  lowest biological yield was related to 
the plants grown with the application of N150-
Fe, N150-Zn, and N75-Fe (Fig.  3). Interestingly, 
the  results showed that the  consumption of 

large amounts of nitrogen along with iron and 
zinc could not lead to an increase of biological 
yield under water-limited conditions.

The number of the  secondary capitulum 
per plant noticeably responded to micronutri-
ents. The highest number of secondary capitula 
were recorded for plants grown with application 
of Zn and Cu (Table  2). Nitrogen application 

Table  2 .  The effect of different levels of nitrogen and nano-chelated micro-nutrients on the yield and 
yield components of Safflower (Carthamus tinctorius L.)

Nitrogen fertilizer SCN SNP SNS SPP USN TSW SY HI
NS * NS * NS NS NS NS

Zero 7.33a 30.77ab 21.88a 187.67a 6.60a 35.55a 922.66a 29.39a
75 kg ha–1 6.66a 33.22a 21.00a 133.56b 7.21a 35.66a 879.11a 30.19a
150 kg ha–1 6.40a 28.44b 21.22a 131.89b 7.94a 35.55a 853.89a 31.04a

Nano micro-nutrient
* NS * NS * NS * NS

Fe 5.22b 29.88a 19.66b 144.56a 7.27ab 35.22a 862.78ab 32.88a
Zn 7.66a 32.55a 24.68a 164.22a 6.01a 35.77a 936.11a 29.02a
Cu 7.55a 30.00a 25.77bc 144.33a 8.47a 35.31a 856.78b 28.71a

N × M NS NS * * * ** * NS
SCN  –  number of secondary capitulum per plant, SNP  –  number of the  seed in the  main capitulum, SNS  –  seed 
number in the  secondary capitulum, SPP  –  seed number in the  plant, USN  –  percentage of unfilled seeds per 
plant, TSW  –  1000-seed weight (g), SY  –  seed weight (kg  ha–1), HI  –  harvest index (%), N  –  nitrogen ferti-
lizer, M  –  micro-nutrient, NS  –  not significant, *–  significant at 5% level of probability, **  –  significant at 1% lev-
el of probability. Mean values of the  same category followed by different letters are significant at p  ≤  0.05 level.

Fig. 2. The  effect of different nitrogen levels and 
nano-chelated micronutrients on the  capitulum 
diameter in safflower plants grown under rainfed 
condition in Baneh region

Fig. 3. The effect of different nitrogen levels and na-
no-chelated micronutrients on the biological yield 
in the safflower plants grown under rainfed condi-
tion in Baneh region
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significantly affected the  number of seeds in 
the  main capitulum. Interestingly, the  lowest 
number was recorded for plants grown with 
a high level of nitrogen and plants grown with 
75 kg N showed the highest number. The effects 
of the interaction of nitrogen × nano-chelated 
micronutrients were significant for the  seed 
number in the secondary capitulum (Table 2). 
Mean comparison for this trait showed that 
the highest value were related to plants grown 
with application of N0-Zn, N75-Zn and N150-
Cu (Fig.  4). A  similar trend was observed for 
the  seed number per plant, so that the  high-
est value was obtained from plants grown 
with application of N0-Zn. The  main effect of 

nano-chelated micronutrients and the  effect 
of the interaction of nitrogen × nano-chelated 
micronutrients were statistically significant 
for the  percentage of unfilled seed (Table  2). 
The  lowest amount of unfilled seeds were re-
corded in the  plants grown with application 
of N0-Zn and N75-Zn. Evaluation of the 1000-
seed weight between the combined treatments 
revealed that the  heaviest seeds came from 
the plants grown with application of N75-Zn and 
N150-Cu (Fig. 5). The effect of the interaction of 
nitrogen  ×  nano-chelated micronutrients was 
significant for the  seed yield, and the  highest 
yield was recorded for plants grown with appli-
cation of N0-Zn, N75-Zn and N150-Cu (Fig. 6).

Fig. 4. The effect of combined application of nitrogen 
and nano-chelated micronutrients on the seed num-
ber in the secondary capitulum of the safflower plants 
grown under rainfed conditions in Baneh region

Fig. 5. The effect of different nitrogen levels and na-
no-chelated micronutrients on 1000-seed weight of 
the safflower plants grown under rainfed condition 
in Baneh region

Fig. 6. The effect of combined application of nitro-
gen and nano-chelated micronutrients on seeds of 
the safflower plants grown under rainfed condition 
in Baneh region
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The correlation coefficient between the seed 
yield and other morpho-physiological traits are 
presented in Table  3. In this study, highly sig-
nificant positive and negative correlations were 
obtained. The highest correlation coefficient was 
found between the canopy spread and the stem 
diameter, plant dry weight, the number of sec-
ondary branches, the  number of capitula per 
plant, capitulum diameter, seed number in capit-
ulum, 1000-seed weight, and the biological yield. 
A  negative correlation was observed between 
the percentage of unfilled seeds and yield com-
ponents. There was a significant positive corre-
lation between seed yield and capitulum diame-
ter, seed number in the  secondary capitulum, 
ground cover percentage, thousand seeds weight 
and biological yield. A similar status was also re-
ported by Mahasi et al. (2006), Janmohammadi 
(2015), and Shahrokhnia and Sepaskhah (2017).

Cluster analysis of agronomic and morpho-
physiological traits divided them into three 

groups according to the similarity of the response 
to fertilizer treatments (Fig. 7). The first cluster 
included the  plant height, the  first capitulum 
height, the canopy spread, the number of seeds 
in the main capitulum, dry weight, the diameter 
of the main capitulum, stem diameter, the num-
ber of the capitulum per plant, and the number 
of secondary branches. In this group, the  best 
performance was observed with application of 
N75-Zn, and the lowest value was recorded with 
application of N0-Fe and N150-Zn. The  second 
cluster included the  number of the  second-
ary capitulum, the  diameter of the  secondary 
capitulum, ground cover, the  number of seeds 
in the  secondary capitulum, seed yield, 1000-
seed weight, and the  biological yield (Fig.  7). 
In this group, the  highest value was obtained 
with application of N0-Zn, N75-Zn and N150-Cu. 
The third cluster included the first branch height, 
the harvest index, and the unfilled seed percent-
age, the  lowest amount of which was recorded 
with application of N0-Zn. Also, cluster analysis 
of combined treatments regarding the effect of 
treatments on the  morpho-physiological traits 
divided the  treatments into three cluster. Clus-
ter I included N0-Fe, N0-Cu, and N75-Cu, which 
had no prominent effects. Cluster   II included 
N75-Fe, N150-Fe, and N150-Zn, with the  applica-
tion which the lowest value for most traits was 
recorded. Cluster   III included N0-Zn, N75-Zn, 
and N150-Cu, through which approximately 
the best performance was achieved (Fig. 8).

Fig. 7. Cluster analysis of agronomic and morpho-
physiological traits in safflower (Carthamus tincto-
rius  L.) under rainfed condition in Baneh region. 
PH – plant height at maturity, FBH – the first branch 
height, the height of the first capitulum, CS – cano-
py spread, GC – ground cover, SD – stem diameter, 
CPP – number of capitulum per plant, DW – plant 
dry weight, SB  –  number of secondary branch-
es, mean of capitulum diameter, BY  –  biological 
yield, SCN = number of secondary capitulum per 
plant, SNP  –  number of the  seed in main capitu-
lum, SNS – seed number in secondary capitulum, 
SPP – seed number in plant, USN – percentage of 
unfilled seed per plant, TSW  –  1000-seed weight, 
SY – seed weight, HI – harvest index

Fig. 8. Grouping of different combined treatments 
of nitrogen and micronutrient fertilizer in terms of 
similarities in influencing the growth and yield of 
safflower
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DISCUSSION

Our findings revealed that application of me-
dium levels of nitrogen apparently improved 
the morphological traits and crop growth para-
meters. However, there was no significant differ-
ence between control (no nitrogen application) 
and 150 kg N ha–1. This finding supports previous 
research that reported that soils in the highlands 
area in the west of Iran are usually low in nitro-
gen and organic carbon content (less than 0.6%) 
and generally need basal or topdressing applica-
tion of N‐fertilizer for viable and economic ag-
ricultural production (Roozitalab  et  al., 2011). 
With regard to structural and functional roles 
of nitrogen, improved growth with nitrogen ap-
plication seems to be reasonable. Nitrogen-con-
taining compounds such as protein, nucleic acid, 
chlorophyll, and functional enzymes are very 
important in the biochemical process (Marsch-
ner, 2012). It is encouraging to compare this fig-
ure with that found by Zareie et al., (2011), who 
found that application of 100  kg  N  ha–1 along 
with foliar application of iron sulfate (2000 ppm) 
was a useful combination treatment and signifi-
cantly improved the seed yield of safflower geno-
types in semi-arid region. It seems necessary to 
remind that crop production in semi-arid areas 
is constrained by soil deficiencies in moisture 
and plant nutrients (particularly nitrogen and 
micronutrients). Therefore, sufficient levels of ir-
rigation and nitrogen are required to secure ac-
ceptable yields. However, the results showed that 
application of 150 kg N ha–1 could not improve 
the growth-related characteristics. In this regard 
it has been suggested that under water-limited 
conditions, increased nitrogen utilization will 
induce rapid plant growth during the vegetative 
period which will enhance the rate of evapotran-
spiration and the depletion of limited soil mois-
ture reserves, and, consequently, result in de-
creased dry matter production (Ali et al., 2005). 
Nonetheless, safflower is still a suitable crop for 
the semi-arid region, because the deep root sys-
tem of safflower helps to extract the water and 
nutrients from much deeper layers of soil com-
pared to other crop plants and thus makes it an 
ideal crop for rain-fed cropping systems (Singh, 

Nimbkar, 2006). The  goal of suitable nitrogen 
management is to enhance the efficiency of ni-
trogen use; currently, values in the  Mediterra-
nean semi-arid rainfed area range from 20% to 
70%. The findings showed that the efficiency and 
effectiveness of medium level of nitrogen was 
more prominent than that of high level.

The results also revealed that safflower 
plants noticeably responded to nano-chelated 
micronutrient. The  best growth performance 
and the highest yield were recorded for plants 
grown with nano-chelated zinc and copper fer-
tilizers. Zinc is a  fundamental component of 
many functional enzymes and structural pro-
teins. It plays an imperative role in a wide range 
of processes, such as stabilizing RNA and DNA 
structures, in maintaining the activity of DNA 
synthesizing enzymes, controlling the  activity 
of RNA degrading enzymes, growth hormone 
production (auxin), and internode elongation 
(Alloway, 2008). This element is also necessary 
for the synthesis of chlorophyll and some car-
bohydrates and for conversion of starches to 
sugars (Hänsch, Mendel, 2009). Furthermore, 
Zn application can show a synergistic influence 
on uptake of other micronutrient cations at 
flowering stage of the crop (Suresh et al., 2013). 
Copper also participates in numerous physi-
ological processes and it is an essential metal 
for normal plant growth and development. At 
the  cellular level, it has critical roles in sign-
aling of transcription and protein trafficking 
machinery, oxidative phosphorylation (Yruela, 
2005; Hänsch, Mendel, 2009).

It is well recognized that the acceptable plant 
growth and optimum crop yield depends not 
only on the  total amount of nutrients present 
in the soil at a particular time, but also on their 
availability which in turn is controlled by such 
physico-chemical characteristics as soil texture, 
organic carbon and calcium carbonate, cation 
exchange capacity, pH, and electrical conductiv-
ity of soil (Bell, Dell 2008; Kumar, Babel, 2011). 
In semi-arid soils the  mentioned properties 
are insufficient. Furthermore, the  interaction 
between nitrogen and micronutrients occurs 
frequently, and mostly synergistically, in crops 
(Monreal  et  al., 2015). Increasing the  rates of 
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nitrogen fertilizer and micronutrients (Zn, Cu, 
Mn, Fe, Mo, and B) added in combination to 
a silty loam soil resulted in significant grain yield 
increases of rice under well-watered conditions 
(Roshan et al., 2011). Our results revealed that 
under rain-fed conditions the interaction trend 
based on the  amount of nitrogen application 
may be somewhat different. In general, the  in-
teraction between nitrogen and micronutrients 
stimulate plant growth. However, such stimula-
tion may cause micronutrients deficiency under 
a  limited supply of the  microelements in soils 
(Fageria, 2001). The  present findings seem to 
be consistent with conclusions of other stud-
ies which showed that integrated application of 
nitrogen and micronutrients significantly in-
creased micronutrient efficiency (Monreal et al., 
2015). Among the yield components, 1000-seed 
weight (TWS) was not influenced by nitrogen 
and micronutrients. Similarly, Shahrokhnia and 
Sepaskhah (2017) found that among the  yield 
components, TWS did not show a  significant 
response to nitrogen fertilizer. In general, appli-
cation of irrigation strategies, planting methods, 
and N fertilization showed minor influences on 
TSW in safflower. Indeed, the harvest index of 
safflower was stable across fertilizer treatments 
that is in agreement with the results reported by 
Shahrokhnia and Sepaskhah (2017).

The novelty of this experiment was the ap-
plication of nano-chelated micronutrients. 
With nanotechnology, micronutrients can be 
produced in the nano-size range, with the ad-
vantage of initial fast release of plant-usable 
ions at application, and then a more sustained 
slow release over time (Ranjan  et  al., 2016). 
Principally, this status can result in reduced 
ionic losses relative to conventional fertilizers, 
but increased availability during plants growth 
relative to bulk particles. The  findings high-
lighted that macronutrient fertilizers of N and 
nano-chelated fertilizers of Zn and Cu could 
have significant effects on growth and yield of 
safflower. Integrated application of nitrogen 
and micronutrients can result in more uni-
form seedling emergence, higher ground cover 
by canopy, increased fertilizer efficiency, and 
a higher seed yield.

CONCLUSIONS

Our findings revealed that nitrogen deficiency is 
one the major limiting factors in the evaluated 
region. The  efficiency of micronutrients, espe-
cially zinc and copper, significantly depended on 
the availability of nitrogen. The lowest efficiency 
was observed for nano-chelated iron. The present 
investigation concluded that under no-nitrogen 
application conditions there was little differ-
ence between micronutrients. However, results 
showed that safflower can be successfully pro-
duced in a highland region with precise medium 
fertilizer input. An evaluation of growth and 
yield parameters revealed that the most effective 
micronutrients were zinc and copper. The find-
ings of this study showed that nano-chelated mi-
cronutrient fertilizer with smart delivery systems 
which can react to environmental changes could 
be a suitable option to overcome the micronutri-
ent deficiencies in semi-arid regions. However, 
the efficiency and effectiveness of nano-chelated 
fertilizer is strongly influenced by availability 
and abundance of macronutrients. The findings 
of the current study showed that there were ob-
vious simplifications in the concept of nutrient 
interactions and this was greatly influenced by 
other environmental factors such as water avail-
ability. The results highlighted the need for low 
rates of fertilizer N application along with nano-
chelated zinc to optimize spring safflower yields. 
Overall, the  environmental benefits of nano-
fertilizers in the  rainfed area will be realized 
only when a  balanced nutrient management is 
designed. Future research should therefore aim 
at evaluation of the interaction of nano-chelated 
micronutrients and macronutrients with differ-
ent levels of consumption under different soil 
moisture conditions.
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AZOTO IR NANOMIKROELEMENTŲ PO-
VEIKIS DAŽINIO DYGMINO AUGIMUI 
RIBOTO VANDENS KIEKIO AUKŠTUMOSE 
SĄLYGOMIS

Santrauka
Pagrindinis sparčiai besivystančių nanotechnolo-
gijų bruožas yra naudingosios nanodalelės. Nano-
trąšos gali iš esmės pagerinti augalų maistinių 
medžiagų įsisavinimą nepalankiomis aplinkos sąly-
gomis. Norint įvertinti skirtingo azoto trąšų (0, 75 
ir 150 kg/ha) kieko ir nanostruktūruotų mikroele-
mentų (Zn, Fe, Cu) poveikį dažinio dygmino sėklų 
daigumui, buvo atliktas tyrimas kalnuotame Baneh 
regione (Irakas). Siekta įvertinti kompleksinį nano-
chelatinių mikroelementų ir azoto poveikį dažiniam 
dygminui lietaus sąlygomis. Morfologinės savybės 
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atskleidė, jog naudojant 75 kg/ha azoto reikšmingai 
padidėjo augalo aukštis, lajos plotas, koto diametras 
ir augalo sausasis svoris. Didžiausios šių parametrų 
vertės nustatytos, kai augalai buvo auginami įterpus 
cinko ir vario. Rezultatai rodo, jog azoto ir mikro-
elementų sąveika buvo reikšminga sėklų skaičiui ir 
svoriui. Geriausias augalų derlingumas nustatytas 
patręšus kompleksinėmis N0-Zn, N75-Zn ir N150-Cu 
trąšomis. Gauti rezultatai patvirtina, azoto poveikį 
mikroelementų įsisavinimui. Vidutinis azoto trąšų 
kiekis kartu su nanochelatiniu cinku gali pagerinti 
dažinio dygmino dygimą lietaus sąlygomis.

Raktažodžiai: pasėlių produktyvumas, sausu-
mos sąlygos, aktyvūs nanoingredientai, nanostruk-
tūrinės trąšos, maistinių medžiagų sąveika


