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The sunflower is the third most important source of edible oil
and accounts for about 14% of world production of seed oils. Al-
though the sunflower is well adapted to semi-arid regions, low
soil fertility and nutrients deficiencies are important yield-limit-
ing factors for sunflower production. The current experiment was
carried out to study the effects of farmyard manure (zero (M),
20 (M,) t ha™) and nanostructured fertilizers (Mn, Fe, Zn ) on
the agronomical traits, yield and yield components of the com-
mon sunflower (Helianthus annuus L.). The experiment was
conducted during 2015-2016 growing seasons at a research field
in Maragheh in the north-western part of Iran. Application of
farmyard manure significantly improved such agronomic traits as
plant height, leaf area, the number of leaves, the internode length,
the stem diameter, the diameter of the branch head, the number
of branches, the length of branches, achene length and achene
width, the main capitulum diameter, 100-achene weight, oil con-
tent in an achene compared with non-manure condition. Results
revealed that plants grown under M, showed earlier flowering and
possessed a higher chlorophyll concentration in leaves. Moreover,
application of nano-chelated Zn and Fe considerably decreased
the proportion of empty achenes and increased oil concentration,
the achene yield and the harvest index. However, the best perfor-
mance was obtained by combined application of nano-chelated
Zn under manure conditions. The findings pointed to the impor-
tance of micronutrient deficiencies and balanced nutrition in this
area. The overall results show that the integrated application of
organic manure and nano-chelated micronutrients are more ef-
fective in improving the yield of sunflowers in semiarid produc-
tion systems.
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INTRODUCTION

The common sunflower (Helianthus annuus L.)
is an annual erect broadleaf oilseed crop with
a strong tap root system. Most of the area of
sunflower cultivation lies in arid and semiarid
regions due to its wide adaptability, suitability
to mechanization, low labour needs, and high
protein and oil contents (Canavar et al., 2010).
Although sunflowers perform well across vast
climatic and soil conditions (Nasim et al., 2016),
they are quite responsive to agronomic prac-
tices, soil moisture, planting time and efficient
nutrition management in accordance with local
climatic and soil factors. However, in the Medi-
terranean semi-arid region the sunflower is still
facing low production and productivity chal-
lenges which may partly be attributed to poor
soil fertility, inappropriate nutritional manage-
ment, and poor agronomic practices (Ryan,
2008; Ryan et al., 2012).

It has been estimated that world production
of sunflower seeds exceeded 44.7 million tonnes
from 25.5 million hectares of land (FAOSTAT.
2013). The annual production of sunflower seeds
in Iran is close to 90,000 tonnes from 70,000
hectares (FAOSTAT. 2013). However, the aver-
age yield of this crop in the semi-arid region is
relatively low. The potential of high-yield mod-
ern variety can only be fully exploited by careful
application of inputs at proper growth stages.

Although the conditions of soil and wa-
ter are vastly different from place to place, all
plants need permeable soils with high organic
matter and sufficient concentrations of essen-
tial elements for acceptable growth. Therefore
a balanced fertilization strategy with macro and
micronutrients in plant nutrition is highly im-
perative for crop production in these areas.

Among agronomical practices, the advan-
tages of the utilization of plant residues or
farmyard manure for improving the physico-
chemical properties of soil have been partially
recognized (Rudrappa et al., 2006). The soil of
semi-arid regions of Iran is intensively tilled;
it is low in organic matter content and, conse-
quently, has weak structural stabilities (Shira-
ni et al.,, 2002). In literatures several researchers

showed the importance of farmyard manure
on increasing crop yield. Farmyard manure
is rich in nutrients and can supply all major
macronutrients (N, P, K, Ca, Mg, S) essential
for plant development, as well as micronutri-
ents. A small portion of its nitrogen is readily
available for plant uptake and a large portion
is released during and after decomposition
(Mwahija, 2015). Application of farmyard ma-
nure significantly increases the organic matter
content in soil. The organic matter serves as
a reservoir of nutrients and water in the soil,
helps to reduce compaction and surface crust-
ing, and increases water infiltration into the soil
(Schmidt et al,, 2011). Furthermore, it can in-
crease the availability of nutrients for plant up-
take; it improves soil physical properties such
as structure and water holding capacity, and
creates suitable environment for the activity of
soil microorganisms (Mwahija, 2015).
Micronutrients are nutrients required by
plants in small quantities throughout their life
to organize a range of physiological functions
(Marschner, 2012). Although these elements
are used in very small amounts, they are just as
important to plant development and profitable
crop production as the macronutrients. Among
the micronutrients, manganese, iron and zinc are
essential for crop growth and food production.
Manganese (Mn) is an important plant mineral
nutrient that plays a key role in several physi-
ological processes, particularly photosynthesis,
lignin synthesis, and stress tolerance (Alloway,
2008). It also has a key role in the activation of
enzymes involved in nitrogen metabolism (glu-
tamin synthetase, arginase), gibberellic acid bio-
synthesis, RNA polymerase activation, and fatty
acid biosynthesis (Hdnsch, Mendel, 2009). Iron
(Fe) isinvolved in the production of chlorophyll,
in photosynthesis, mitochondrial respiration,
hormone biosynthesis (ethylene, gibberellic
acid, jasmonic acid), production and scaveng-
ing of reactive oxygen species, and osmoprotec-
tion (Marschner 2012). Besides, zinc is a neces-
sary component of various enzyme systems for
energy production, protein synthesis, and en-
ergy production; it maintains the structural in-
tegrity of biomembranes and growth regulation
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(Alloway, 2008; Hansch, Mendel, 2009; Marsch-
ner, 2012). However, the soil of the Mediterra-
nean semi-arid regions is characterized by poor
structure, low organic carbon content, high pH,
low cation exchange capacity and salinity/alka-
linity problems, and these conditions exacerbate
micronutrient deficiencies.

It has often been argued that intensive ap-
plication of chemical fertilizers began during
the Green Revolution, in order to meet high
nutrient requirements of high-yielding varie-
ties (Evenson, Gollin, 2003). It seems that there
exists some significant interaction between
farmyard manure application and efficiency
of micronutrient fertilizer (Gorttappeh et al.,
2000; ElI-Ghamry et al., 2009). Also, it has been
revealed that a sunflower hybrid gave a higher
yield from a combination of organic manures
with chemical fertilizers (Munir et al., 2007).
Although conventional chemical fertilizers
have some advantages, their performance needs
standard basic chemical and physical condition
soils. It means that chemical fertilization has
met with success only in some situations, and
negative effects of conventional fertilizers ap-
plication such as a high probability of leaching,
spray drift (wind), volatilization, high energy
consumption for their production, the risk of
toxic chemicals, stimulation of the vegetative
growth and depletion of soil water storage on
plant growth in semi-arid region have been re-
ported (Rai et al., 2015).

Nanotechnology is one of the most powerful
tools in modern agriculture, and it is estimated
to become a driving economic force in the near
future. It is predicted that nanotechnology
can boost agricultural production through
the nano-formulations of agrochemicals and
production of nanofertilizers (Sekhon, 2014).
Nanofertilizers deal with active nutritional in-
gredients at nanoscale (1-100 nm) dimensions.
When reduced to the nanoscale, these materials
display some characteristics which differ from
what they exhibit on a bulk scale, facilitating
unique applications. Nanoparticles have large
surface area to the volume ratio, which provides
a better opportunity for interaction (Naderi,
Danesh-Shahraki, 2013). The tools and mech-

anisms used in nanofertilizers enable them to
partially synchronize the nutrient release with
crop requirements. In a new type of nanoferti-
lizers the nutrients can be released in response
to environmental factors (DeRosa et al., 2010).
The present study was planned because so far
there have been only few studies on the interac-
tion of nanofertilizers and farm-yard manure.
Keeping these aspects in view, the efficiency of
nanofertilizers under different organic manure
levels should be acknowledged clearly and this
will create the angle of vision for the applica-
tion of nanofertilizers in the semi-arid region.

MATERIALS AND METHODS

A field experiment with the sunflower hybrid
Iroflor was carried out during 2015-2016 grow-
ing season in Maragheh (46°16'E and 37°23'N
with an altitude of 1485 m) in the north-west of
Iran. The experiment was established on a silty
loam soil (25% clay, 51% silt and 24% sand) with
pH 8.07, organic matter content 0.92%, total ni-
trogen 0.13%, Caco3 17%, electrical conductiv-
ity (EC) 0.8 ds m™, phosphorous 15.31 ppm and
potassium 820 ppm (0 to 60 cm depth). The pre-
vious crop in the experimental field was saftlow-
er (Carthamus tinctorius L.). Maragheh is rep-
resentative of the highland semi-arid zone and
has a mean annual temperature of 11 °C and an-
nual rainfall of 375 mm. The total rainfall during
the growing season was 137 mm. In this region
irrigation is necessary because the rains were low
and poorly distributed throughout the season.
The trial was performed in a split-plot ex-
periment according to randomized complete
block design with three replications keeping
farmyard manure (zero (M), 20 (M,) t ha) in
main plots and nano-chelated micronutrient
(Mn, Fe, Zn) in sub plots. Chemical properties
of farmyard manure included 31.4% of organ-
ic matter, 1.65% of total N, 850 ppm of avail-
able P and 3096 ppm of available K, pH 8.23,
Ec 3.1 ds m™. The experimental fields were
ploughed two times in early autumn and two
week before planting, subsequently soil har-
rowed twice to bring the soil to fine tilth. After
the second primary tillage operations, well rotten
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farmyard manure was applied as per treatment
and thoroughly mixed into the top soil. Each
plot was 4 m long and 3 m wide. Row-to-row
and plant-to-plant (in a row) distances were
60 cm and 20 cm, respectively. Sunflowers were
sown on 3 April and harvested on 21 August,
which is equivalent to 141 days from planting
to harvesting. Two or three seeds were dibbled
in each hill to facilitate better emergence and to
provide uniform stand of plants. Thinning was
attended at 10 to 12 days after sowing to retain
one healthy seedling per hill.

Nano-chelated fertilizers were obtained from
the Sepeher Parmis Company, Iran. They con-
tained zinc oxide, ferric oxide and manganese
(IT) oxide nanoparticles. Synthesized nanopar-
ticles were characterized morphologically by
transmission electron microscopy (Fig. 1). Na-
no-chelated fertilizers were applied at the rate
of 1 kg ha™! through fertigation 30 and 60 days
after the sowing date. Surface irrigation was
applied nine times during the growth season.

Weeding was done three times during
the growth season. Hand hoes were used to keep
the plots free from weeds. The first weeding was
done when the seedlings were 5 cm tall with 3-4
true leaves and during vegetative growth stage
6 when plants had 12 to 14 true leaves. The last
weeding was done during flowering at reproduc-
tive stage II (R2). There was no incidence of pest
or disease on the plants during the experiment.

Leaf area was estimated at the end of the flow-
ering stage (R 5.8). Leaf relative water content was
estimated at upper leaves during the initiation of

the flowering stage (R4) when the inflorescence
began to open. For this purpose, five fresh leaves
of the same size and same age of five plants from
each treatment were collected and weighed (Fw).
Leaf segments were kept immersed in distilled
water for 24 h at room temperature in the dark.
The turgid weight (Tw) of the leaves were meas-
ured and then oven-dried at 80 °C for 72 h
until constant weight and reweighting (Dw).
The relative water content was determined as
RWC (%) = [(Fw-Dw) / (Tw-Dw)] x 100 (Hay-
atu et al., 2014). Phenology and plant develop-
ment were evaluated according to Schneiter and
Miller (1981). Leaf number was measured dur-
ing the initiation of the reproductive stage when
terminal bud forms a miniature floral head rath-
er than a cluster of leaves (R1). The chlorophyll
concentration was measured with a hand-held
dual wavelength meter (SPAD 502, Chlorophyll
meter, Japan) in fully expanded upper leaves at
the flowering stage. Plant height was measured
from the soil surface to the top of the upper-
most plant organ. Stem diameter measurements
were taken from the same (second) internode of
the plants throughout the trial.

The yield and yield components were re-
corded on ten randomly selected plants. Plants
were harvested at physiological maturity (R9),
when the bracts became yellow and brown. At
maturity, the capitula were further separated
into vegetative components and achenes. Filled
and unfilled achenes were separated by hand
and the number of achenes for each group was
determined. The harvested capitula were sun

Fig. 1. Transmission electron microscopy (TEM) image of (a) synthesized nanoparticles of ferric oxide (b)

manganese (II) oxide, and (c) zinc oxide utilized for nano-chelated fertilizers
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dried, and yield components such as the num-
ber of achenes per capitulum, empty achenes,
100-achene weight, achene length, achene
width, and achene yield were recorded. Similar-
ly, biological yield weight of harvested air dried
plants (stalk + capitulum) was recorded on plot
basis and then converted into kg ha™'. The Har-
vest Index (HI) indicates the ratio of the achene
yield to the biological yield. Oil concentration
in mature achenes was measured using a Near-
infrared seed analyzer (Zeltex). Analysis of var-
iances and mean comparison was performed
using a SAS computer program and the least
significant difference (LSD) test was utilized
for the mean comparisons. Correlation analy-
sis and principal component analysis (PCA),
based on the rank correlation matrix and biplot
analysis, were performed by SPSS v. 16, STA-
TISTICA v. 8 and Minitab v.16.

RESULTS

Variance analysis for plant height revealed that
this trait is significantly (P < 0.01) affected by
farmyard manure and nanofertilizers (Table 1).
Application of farmyard manure increased plant

height up to 18% over control. On the other hand,
evaluation of this trait between different levels of
nanofertilizers showed that the tallest plants were
obtained by the utilization of nano-chelated Fe
and Zn. Likewise, leaf area noticeably responded
(P <0.01) to both types of fertilizers and the trend
was largely similar to plant height (Table 1). Evalu-
ation of the leaf number per plant also reflects this
trend. It means that the application of farmyard
manure and nano-chelated Zn increased the leaf
number up to 44% and 13% over control.

Plants grown under manure conditions had
significantly thicker stems compared to those
grown under non-manure conditions. Also,
the effect of nanofertilizers on the stem diame-
ter was significant at the 5% level and the tickets
stems was recorded for plants grown by nano-
chelated Zn. Application of farmyard manure in-
creased the internode length up to 33% over con-
trol. Furthermore, plant grown by nano-chelated
Zn and Fe showed the longest internode. This
trend was also observed for RWC (Table 1). In-
teraction effect of farmyard manure x nanoferti-
lizers was significant for RWC, which means that
the highest RWC was recorded for plants grown
under concomitant application of farmyard ma-
nure and nano-chelated Zn or Fe (Fig. 1).

Table 1. The effect of farmyard manure and nano-chelated micro-nutrients on some morphological traits of

the sunflower (Helianthus annuus L.)

Farm-
yard PH LA SD IL RWC CC DF MCD DM LN
manure
ok ok ok ok ok ok ot ok ok ot
non 135.41°  1951.25° 17.76® 499  54.56° 43.33> 68.00° 13.02® 113.41° 12.50°
with  159.50° 2556.75* 23.70° 6.67° 66.60° 55.10° 60.33°* 14.74* 122.08* 18.00°
Nano micro-nutrient
ok ok * * ok * * * ot ot
control  132.83¢ 2178.75*  18.55" 575>  58.96°  44.62° 67.330° 13.01° 118.50" 14.50°
Mn 141.83> 2160.25° 20.49®° 531> 58.82° 46.42>* 68.00° 13.72* 113.83¢ 15.33"
Fe 155.00° 2314.50* 20.67° 6.11*  62.04*° 53.02*° 60.00° 13.91®> 116.50* 15.50°
Zn 160.16° 2362.25° 23.21° 6.160  62.50° 51.79° 61.00° 14.87*° 122.16* 16.33°
MxN NS NS NS * * * NS NS bl NS

PH = plant height at maturity, LA = leaf area (cm?), SD = stem diameter (mm), IL = internode length, RWC = relative water

content (%), CC = chlorophyll concentration (SPAD unit), DF = days to 50% flowering, MCD = main capitulum diameter (cm),

DM = days to maturity, LN = leaf number. M = farmyard manure, N = 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.
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The chlorophyll concentration significantly
responded to fertilizer treatments (Table 1).
Mean comparison for the interaction effect of
farmyard manure x nanofertilizers revealed
that the highest chlorophyll concentration was
obtained under manure condition with applica-
tion of nano-chelated Zn and Fe and the low-
est value was related to the plants grown un-
der no-fertilizer condition (Fig. 2). Assessment
of the main capitulum diameter showed that
the application of farmyard manure improved
this trait considerably. On the other hand,
the plants grown with utilization of nanoferti-
lizers had larger capitula compared to control,
while the largest capitulum was obtained by
the use of nano-chelated Zn (Table 1). The phe-
nological development was significantly affect-
ed by fertilizer treatments. Although the appli-
cation of farmyard manure and nanofertilizers
accelerated the initiation of the flowering stage,
their application led to the postponement of

physiological maturity (Table 1). Application of
nano-chelated Mn could not significantly affect
the phenological development compared with
control (no-fertilizer application). However,
the plants grown under no-manure conditions
showed early maturity. The highest number of
days to maturity was recorded for the plants
grown by application of farmyard manure along
with nano-chelated Zn. They were followed by
the plants grown under manure conditions
with non-application of nano- micronutrient
fertilizers (Fig. 4).

The effect of farmyard manure and nano-che-
lated micronutrients on achene yield and yield
components are shown in Table 2. The number
of achene per capitulum is one of the most im-
portant yield components in the sunflower. Re-
sults revealed that the application of farmyard
manure increased the number of achenes up to
17% over non-manure condition. Also, nanofer-
tilizers could significantly improve this trait and
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the highest achene number was recorded for
the plants grown witch nano-chelated Zn and Fe
under manure conditions (Fig. 5). A brief com-
parison of the influence of chemical nanoferti-
lizers and farmyard manure on the number of
achenes per capitulum indicated that the posi-
tive effect of manure was more prominent.

The percentage of empty achenes was also
affected by the application of farmyard manure.
Likewise, there was a significant interaction
(P < 0.01) between farmyard manure and na-
nofertilizers. Mean comparison for the percent-
age of empty achenes showed that the lowest
empty achenes were related to the plants grown
with farmyard manure and nano-chelated
Zn. However, under non-manure conditions
the lowest empty achenes was obtained by nano-
chelated Fe (Fig. 6). Evaluation of achene weight
showed that the application of farmyard manure
increased the 100-achene weight up to 19% over
non-manure conditions (Table 2). However, na-

nofertilizers could not affect the achene weight.
Assessment of the achene size revealed that both
factors significantly affected the achene length,
so that the application of farmyard manure in-
creased this trait up to 13% over non-manure
conditions. On the other hand, mean compari-
son between different levels of nanofertilizers
showed that the longest achene was obtained
by the application of nano-chelated Fe and Zn.
Achene width only responded to manure factor,
so that the plants grown under manure condi-
tions had wider achenes.

Under non-manure conditions, the appli-
cation of the nanofertilizers could not affect
the achene oil content, while the application of
nano-chelated Zn and Fe under manure condi-
tions significantly improved this trait (Fig. 7).
Achene and biological yields significantly re-
sponded to both evaluated factors. Application
of farmyard manure increased the achene yield
up to 31% over the non-manure conditions.
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Table 2. The yield and yield component of the sunflower under different levels of farmyard manure and

nano-chelated micro-nutrients

F d
armyar NAC EA |HAW| AL | AW | ocC AY BY HI
manure
%% %t %% %t X% %t %% %% %t
non 498.67° 857% 471" 11.24> 446> 3849 2267.17° 766791  29.54
with 6253*  5.62° 5620 1273 495 41.69° 2990.50°  9470.73*  31.55°
Nano micro-nutrient
* NS NS * NS * *% * X
control 52450  7.33 490° 11.24° 456° 39.48° 237331¢ 788625  29.94b
Mn 560.50%  7.28° 485 12.00° 476° 39.38° 2540.82% 844626  30.03b
Fe 57583 6.57° 4.92° 12.67° 479 4081° 2696.80° 865872  30.95°
Zn 587.17° 7.2 508 12.03° 4.82° 40.69° 290431°  928630°  31.26°
MxN NS »“ NS NS NS * NS NS NS

NAC = number of achenes per capitulum, EA = Empty achenes (%), HAW = 100-achene weight (g), AL = achene length
(mm), AW = achene width (mm), OC = oil concentration (%), AY = achene yield (kg ha™'), BY = biological yield (kg ha™'),
HI = harvest index (%). M = farmyard manure, N = 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.

Furthermore, application of the nanofertilizers
improved the economic yield, and the highest
achene yield was achieved by nano-chelated Zn
(Table 2). A similar trend was also detected for
the biological yield. In addition to the promot-
ing impact of manure application on harvest
index, application of nano-chelated Zn and Fe
considerably improved this trait.

Evaluations of correlation coefficientsamong
morphophysiological traits are shown in Fig. 8.
The correlation coefficient between any two
traits is approximated by the cosine of the angle
between their vectors. There was a positive sig-
nificant correlation between the plant height,
leaf area, stem diameter, internode length, rela-
tive water content, chlorophyll concentration,
main capitulum diameter, leaf number, number
of achenes per capitulum, 100-achene weight,
achene width, and achene yield as indicated
by the small obtuse angles between their vec-
tors (r = cos 0 = +1). The highest amount of
the mentioned traits were achieved by com-
bined application of farmyard manure and na-
no-chelated Zn and Fe (M,- Nano Fe and Zn),
as shown by the smaller angle between the two
traits. These results indicate that the chloro-
phyll concentration, the relative water content

and the main capitulum diameter can be used
as acceptable criteria. Also a positive significant
correlation was recorded between days to 50%
flowering (DF) and the percentage of empty
achenes (EA), also among the oil content and
achene length. DF and EA had negative corre-
lation with yield and yield components (Fig. 8)
as indicated by the near perpendicular vectors
(r=cos180 =-1).

To better understand the similarity and rela-
tionships between the treatments, the relation-
ships are displayed in clusters (Fig. 9). Cluster
analysis of treatment showed that the dendro-
gram was divided into three clusters. Cluster
I consisted of control (no-chemical fertilizer),
nano-chelated Fe and nano-chelated Mn un-
der non-manure conditions (M -C, M, -Mn,
M,-Fe). Cluster II contained the nano-chelated
Zn under nan-manure condition (M,-C) and
no-chemical fertilizer under manure condition
(M,-C). Cluster III contained the nano-chelat-
ed Zn, nano-chelated Fe, and nano-chelated
Mn under manure conditions (M,-Zn, M, -Fe,
M,-Mn). This cluster included the most effec-
tive combined treatments that resulted in high-
est growth and seed yield.
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DISCUSSION

Results of the current study show that vegetative
growth parameters considerably improved by
both manure and nano-micronutrient fertiliz-
ers. The findings of the current study are consist-
ent with those of El-Ghamry et al. (2009) who
found that farmyard manure plays an important
role in supplying some essential plant nutri-
ents. The source-sink relationship determines
the crop yield, and it is largely regulated by wa-
ter and nutrients in semi-arid regions. The ratio
between organ assimilate demand and assimi-
late supply at the plant scale has been found to
be one of the key factors affecting plant growth
and development (White et al., 2016). In the cur-
rent study both sink and source organs were af-
fected by nutrient management. Consequently,
the leaf number and leaf area are noticeably af-
tected by both organic and inorganic fertilizers.
The leaf is the most important photosynthetic
organ and assimilate supplying source that play
critical roles in light interception, evapotranspi-
ration and significant response to fertilizers and
irrigation (Pandey, Singh, 2011). In addition to
ground covering and decreasing the evaporation
from soil surface, increased leaf area can directly
affect the rate of photoassimilate production. In
dry land cropping systems with limited water
resources, reduction of the evaporation of water
vapour from the soil surface can improve water
conservation for critical growth stages and en-
hance water use efficiency (Evans, Sadler, 2007).
This also accords with our earlier observations,
which showed that an appropriate nutrient man-
agement considerably increased the source size
in safflower (Janmohammadi et al., 2016).
Furthermore, the chlorophyll concentration
noticeably responded to nutrients management
and the highest value was obtained by combined
application of farmyard manure and nano-che-
lated Fe and Zn. There is a close relationship
between the capacity of photosynthetic carbon
dioxide fixation and the chlorophyll concent-
ration. Therefore, the increase in the chloro-
phyll content can be considered equivalent to
the increased source strength. A general defi-
nition of source strength should therefore con-

sider the export rate of a photoassimilates from
the source tissue (White et al., 2016).

Nutrient management can affect the sink
size, resource allocation, and plant develop-
ment. Our findings showed that sink compo-
nents (the main capitulum diameter, the num-
ber of achenes per capitulum, achene weight,
achene size) were dramatically improved by
both organic and nanofertilizer. The formation
of a large sink size might require larger vege-
tative organs (source size) and higher pho-
toassimilates production. Only under a bal-
anced source-sink ratio it is possible to achieve
a higher achene yield and acceptable perfor-
mance. Therefore, in the experimental trial,
plants grown with the application of nano-
chelated Zn and Fe under manure conditions
containing higher net assimilation rate during
the growth created a greater number of achenes
per plant. In this context, it can be stated that
proper nutrition can increase the initiation of
the reproductive organ and accelerate the cell
growth, and eventually it will strengthen sinks.

Likewise, the results showed that the percent-
age of empty achenes significantly decreased
by application of farmyard manure and nano-
micronutrient fertilizers. Achene filling depends
on the photoassimilates supplement from two
resources: photosynthetic organs (current as-
similates) and remobilization of stored resources
wherein assimilates redistributed from reserve
pools in vegetative tissues (Yang, Zhang, 2006).
The increase of the achene weight under fer-
tilizer application can be attributed to the im-
proved supply of photoassimilates resulting
from the abundance of essential elements that
are utilized for the enlargement of the sink cells
(Dordas, Sioulas, 2008), or it can be due to in-
creased assimilates translocation from vegetative
tissues to the achenes. It is encouraging to com-
pare this finding to Janmohammadi et al. (2014),
who found that manure application increased
the lentil yield through the improvement of
the both sink and source strength.

Phenological development affected by fertiliz-
ers application and the highest number of days
to maturity recorded for plant grown by nano-
chelated Zn and Fe under manure condition. It
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seems that farmyard manure could bring a suit-
able condition for plant growth that resulted in
accelerated vegetative growth, long reproductive
period and greater green area duration. Farm-
yard manure is known to enhance soil fertility,
which in turn invigorates vegetative growth and
extends time to maturity. Also, the highest oil
content was obtained by application of nano-
chelated Zn and Fe under manure conditions.
The present findings seem to be consistent with
other research which found that combination
of the organic sources with inorganic nutrients
gives higher oil content rapeseed and Indian
mustard (Tripathi et al., 2011; De, Sinha, 2014).
It has been revealed that nutrient management
can affect the fatty acids biosynthesis pathway
in oil crops and it seems that under nutritional
imbalance a large proportion of photosynthates
is diverted to protein formation. Deficiency of
carbohydrates may stimulate the degradation
fatty acids to acetyl co-enzyme A and it leads to
a decreased oil content (Marschner, 2012).

The most interesting finding was that the ap-
plication of nanofertilizers under non-ma-
nure conditions could not considerably affect
the achene yield components and the oil con-
tent. As indicated in the chemical composition
of manure, its application can supply consider-
able amounts of different essential macronu-
trients and small amounts of micronutrients to
crop plants. Hence, the concomitant use of mi-
cronutrient and farmyard manure could pro-
vide balanced nutrition for crop plants and
facilitate profitable and sustainable oil produc-
tion. The considerable effect of Zn on growth
parameters in this study corroborates these ear-
lier findings (Janmohammadi, 2015). Zinc is an
essential micronutrient and plays a key role as
a structural constituent or regulatory cofactor
of a wide range of different enzymes and pro-
teins in many important biochemical pathways.
Likewise, Zn application can show a synergistic
influence on uptake of other micronutrient cati-
ons at flowering stage of the crop (Suresh et al.,
2013). Despite the positive effects of nano-mi-
cronutrient fertilizers, supplementing nanoferti-
lizers with a considerable proportion of organic
manures is necessary to boost up sunflower pro-
duction in semi-arid region.

CONCLUSIONS

Low soil fertility is one of the major factors lim-
iting sunflower production and productivity in
the north-west of Iran. Our findings showed
that the effect of manure and nanofertilizers on
most of the evaluated agro-morphological traits
was significant. The data regarding vegetative
growth, achene yield, and oil content clearly
showed that the impact of manure addition was
more prominent than nano-micronutrients
fertilizer application. However, the applica-
tion of farmyard manure in combination with
nano-chelated micronutrients had a remark-
able effect on all quantitative yield characteris-
tics. Mean comparison between nanofertilizers
revealed that the application of nano-chelated
Zn and Fe could significantly improve some
of the morphological traits and yield compo-
nents. On the basis of these results it can be
concluded that the application of farmyard ma-
nure along with nano-chelated Zn appeared to
be most appropriate and suitable for harvesting
a good crop of the sunflower. It seems that for
the appearance of the positive effects of a na-
nofertilizer, soil conditions must be relatively
favourable. It is further noted that in a semi-
arid region with relatively poor soil, nanofer-
tilizers should not be applied alone, rather in
combination with organic fertilizers to obtain
the maximum yield of the crop by increasing
the efficiency of the applied nanofertilizers.
Our results revealed that appropriate nutrient
management is an essential agronomic option
for improving the achene yield of the sunflow-
er in a highland semi-arid region under well-
irrigated conditions.
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ORGANINIU TRASU IR NANO NEORGA-
NINIU TRASU POVEIKIS SAULEGRAZU
AUGIMUI, DERLIUI IR ALIEJAUS KIEKIUI
TINKAMOMIS LAISTYMO SALYGOMIS

Santrauka
Saulégrazos (Helianthus annuus L.) yra trecias svar-
biausias maistinio aliejaus $altinis ir sudaro apie 14 %
pasaulinés sékly aliejaus produkcijos. Nors saulé-
grazos yra gerai prisitaikiusios prie pusiau sausrin-
gy regiony salygy, ta¢iau mazas dirvozemio derlin-
gumas ir maistiniy medziagy trikumas yra svarbus
saulégrazy produkcijos derliy ribojantis veiksnys.
Siame straipsnyje aprasomas 2015-2016 m. augini-
mo sezong moksliniy tyrimy laukuose, Maragheh
regione (Siaurés Vakary Iranas), atliktas tyrimas.
Tre$imas méslu labai pagerino Siuos agronominius
rodiklius: augaly aukstj, lapy plotj ir skaiciy, tarpu-
bambliy ilgj, stiebo ir graizo skersmenj, Saky skaiciy
ir ilgj, lukstavaisiy ilgj, plotj ir svorj, aliejaus kiekj
lukstavaisiuose. Rezultatai rodo, kad méslu tresiami
(20 t/ha™") augalai anksciau prazydo ir turéjo dides-
ne chlorofily koncentracija lapuose. Be to, tresiant
nano chelatiniais Zn ir Fe, gerokai sumazéjo tus-
¢iy lukstavaisiy ir padidéjo aliejaus koncentracija,
branduoliy derlius ir derliaus nuémimo indeksas.
Geriausias nasumas buvo gautas naudojant ir nano
chelatinius mikroelementus, ir méslg.
Raktazodziai: agronominiai rodikliai, méslas,
nano neorganinés trasos, mikroelementai, cinko
oksidas



