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Abstract: The field experiment was conducted in the season of 2017-2018 at the Agricultural Research Department-AL-Azafrinih/Baghdad-Iraq. This study aimed to determine the effect of adding the Foliar Fe fertilization (Nano-Fe) and ground fertilization
of (N, P) in the growth and production yield of rapes (Brassica napus L.). The experiment included three levels of foliar fertilization
(Nano-Fe) that is (0, 5, 10 Kg. ha-1) and one level of ground fertilization (N 100 Kg. ha-1, P 250 Kg. ha-1). The experiment designed
according to Randomized Complete Block Design (R.C.B.D) with three replications each parameter. The studied traits were nutrients content (macro-micro) in seeds and soil, the percentage of protein, oil, and carbohydrate. All data were analyzed and used
statistically. Results showed a significant difference between Nano-Fe fertilization and nutrient content (N, Mn, K, Ca, Mg, S, and
Cu), pH in soil at the level of 10 kg. ha-1, compared to no-fertilization. Moreover, the significant difference between Nano-Fe fertilization, yield (1425.6 kg. ha-1), the percentage of oil (52.16%), protein content in seeds (46.5%), carbohydrate (26.8%), Nutrient
content N and P in seeds at the level of 10 kg. ha-1, compared to no-fertilization and the nutrient content (Ca, Mg, Fe) in seeds at
levelof5 kg. ha-1, compared to no-fertilization. Current results suggested that Nano-Fe fertilization at the level of 10 kg. ha-1 can
be adopted as the best level for rapes (Brassica napus L.) cultivation under semi-arid conditions.
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Introduction
Brassica napus L. classifies to the Brassicaceae family and has become one of the important oilseed crops in the
agricultural systems of semi-arid regions where water deficit
and high temperatures restrict growth and yield during the
reproductive growth in Iraq. Canola seeds contain ≥49%oil
contents. Oil in rapeseed is often determined by fertilization
of the plants 7. For winter type canola growth, 50 - 100 kg.
ha-1fertilizer containing nitrogen with potassium and about 20
- 40 kg. ha-1calcium with phosphorus should be applied before
or during planting 8. In severe winters conditions, a substantial
proportion of the canola leaves are killed by frost and is lost
from the plant 12. The decrease in yield oil content may be due
to a deficiency of Fe that controls the metabolic transformations in the plants, so the quality of grain is determined by oil
and protein seed content 26.
According to the limitations of soil usage of micro-nutrients consolidation and residual effects, the foliar spraying
or leaf feeding is one of the effective ways to resolve plants
food requirement to micronutrients 25. High phosphorus in the
soil, high pH, high lime, high soil moisture, are the causes of Fe
deficiency in the soil 21. If adequate and absorbable amounts
of Fe are not available for the plant chlorophyll production in
leaf decreases and the leaves become pale. It should be noted
that not only Fe deficiency results in yellowish leaf, but also in
some cases deficiency of nitrogen and some other nutrients,
some pests, diseases, and low light lead to pale leaf 22. Nano
fertilizers are the most important function of nanotechnology
in the production phase of agriculture.
Application of Nano fertilizers instead of conventional
fertilizers, nutrients are provided to plants gradually. The na-

notechnology increases the application efficiency of fertilizers,
reduces soil pollution and environmental risks of chemical fertilizers 11. Nanomaterials are much smaller and lighter; they
interact better in the environment and may be a solution to the
problem of iron nutrition in saline and lime soils. Iron Nano oxide is smaller than the conventional iron oxides and forms more
complexes and makes the Fe more available to plants 10 Fe deficiency is a widespread nutritional problem in plants growing
mainly in high pH and calcareous soils. Foliar application of Fe
compounds with the technology of Nano may be a solution to
the problem 1. Iraq with arid and semi-arid climates always is
faced with water shortages. Therefore, this study aimed to investigate the effect of Fe- foliar of Nano-iron on yield and yield
components, soil minerals of B. napus.

Materials and methods
Field experiments were carried out at the Agricultural
Research Department-AL-Azafrinih/Baghdad-Iraq in the season of 2017-2018. This study aimed to determine the effect
of adding the Foliar Fe fertilization (Nano-Fe) and ground fertilization of (N, P) on the growth and production yield of rapes
(Brassica napus L.). The soil was plowed, rotivated and leveled. The experiment divided to 3 blocks designed according
to Randomized Complete Block Design (R.C.B.D) with three
replications each parameter. Blocks were divided into 6 plots
with an area of (1 x 2) m2, and the plots were separated by 0.5
m in width from all sides to avoid the effect of fertilization.
Soil properties of the application areas shown in Table 1.
Treatments included the application of N and P in 100,
250 kg. ha-1 respectively. Another plot in each block has not
been fertilized. Nano-Fe was added as Foliar fertilizer with le-
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vels of 0, 5, 10 kg. ha-1. Rap was planted in rows aside plot with
distance of 30 cm between each rows. Soil was irrigated after
depletion of 40% of F.C. using gravimetric method.
Plants were harvested after maturity; soil samples were
collected at the depth of 0-30 cm and ground. Samples of a
plant were oven dried at 65 °C. The powder was digested using
according to (Page, 1982). The contents of the mineral elements for Ca, Na, Mg, Mn, K, Zn, Cu, and Fein soil determined
using the DTPA method and analyzed by Atomic Absorption
Spectroscopy (AAS). Electrical conductivity values were determined by EC meter in 1: 1soil water mixture (WTW, Page,
1982). pH was determined by a glass electrode pH meter calibrated with a standard solution in a 1: 1 soil-water mixture
(Mclean, 1982). Available phosphorus (P) determined by the
ascorbic acid method of 882 nm in a spectrophotometer (Olsen 1982). N percentage determined by the Kjeldahl method.
Organic matter (OM) determined by Wakley - Black method
(Nelson and Sommers, 1982). Soil texture determined by reading the hydrometer in water mixture for 40 seconds and 2
hours (Gee and Bauder, 1986). The contents of the mineral
elements for Ca, Na, Mg, Mn, K, Zn, Cu and Fe in the plant determined using the digestion method and analyzed by Atomic
Absorption Spectroscopy (AAS). The oil ratio, ash, carbohydrate, fiber and Humidity determined by the method of the Association of Official Analytical Chemists (AOAC) (5). Total protein
content was determined by the Kjeldahl method (a nitrogen
conversion factor of 5.95), methods described by Page (1982).
Statistical analysis was done and Means have compared at
Least significant differences (L.S.D). SAS and EXCEL software
have been used.

Table 1. Soil properties of the area under study.

Results and discussion
Table 2 showed significant increase of N content in the
seeds, which were 31.6 - 33.7 mg kg-1, and decrease in P
content which were 7.5 - 6.1mg kg-1atlevel (10 kg. ha-1) Na-

no-Fe fertilization, compared to no-fertilization. For level (5
kg. ha-1) Nano-Fe fertilization, shows significant increase in
the Ca and Mg content in the seeds which were 7.3 - 8.1
mg kg-1, 3.2- 3.5mg kg-1respectively, and the decrease in Fe
content which were 94.1- 85.2mg kg-1 content, compared
to no-fertilization. Increased nutrient content in seeds can
be explained, because of addition Foliar Fe fertilization (Nano-Fe) and ground fertilizers (N, P). Iron is a critical element
in cell metabolism, and it is contributory in photosynthesis,
respiration, enzymes activity, chlorophyll production. 15 Nitrogen is an essential nutrient for the synthesis of fat, which
requires both N and carbon during seed development 14. On
the other hand, nitrogen plays the most critical role in building the protein structure 6. P is an integral component of
several essential compounds in plant cells, including the sugar-phosphates contributory in respiration, photosynthesis
and the phospholipids of plant membranes, the nucleotides
used in plant energy metabolism and in molecules of DNA
and RNA 23. Calcium (Ca) is essential in cell nucleus matrix.
It activates enzymes, particularly those that are membrane-bound. It is thought that Ca is vital in the formation of
cell membranes and lipid structures 18.
Values marked with the same letter no significant difference at p ≤ 0.05
The Data of Table 3 showed significant increasing of N,
K, Ca, Mg, S, Mn and Cu content in the soil which were 0.140.16mg kg-1, 125–158mg kg-1, 1200.3 - 1375.2 mg kg-1, 1260–
1358mg kg-1, 340–420mg kg-1, 3.1- 3.5 mg kg-1, 52.1- 55.2mg
kg-1 , 0.86- 1.3mg kg-1respectivelyand decrease in pH from
6.91 to6.36, at level(10kg.ha-1) Nano-Fe fertilization, compared
to no-fertilization. For level (5 kg. ha-1) Nano-Fe fertilization,
showed significant increasing of K, Ca, Mg, Fe, Cu content in
the soil which were 128- 135mg kg-1, 1257- 1397mg kg-1, 320–
399mg kg-1, 0.97 - 1.2 mg kg-1, 0.88 - 1.17 mg kg-1respectively,
and decrease in pHfrom6.90to6.71, compared to no-fertilization. The increase in the concentration of nutrients in the soil
can be explained, because of decrease the pH 6.91 - 6.36, when
an addition of fertilizers and the soil texture of the application
areas was silt clay loam. Management of plant nutrition is important to prevent reactions in reducing nutrient availability in
the soil. Soil pH regulates the capacity of soils to store and

Table 2: The effect of foliar Nano- Fe fertilization and ground fertilizer (N 100 kg. ha-1, P 250 kg. ha-1) on the nutrient content of seed of winter
rape in AL-Azafrinih station (2017-2018)
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supply nutrients, and thus contributes substantially to controlling productivity 4.
Table 4 shows significant increase in the seed yield from
1298.6 to 1425. 6kg.ha-1at level (10 kg. ha-1) Nano-Fe fertilization, compared to no-fertilization. This may be due to increasing the number of capsules in the plant and the number of
seeds in capsules. Recent research has shown that a small
number of nutrients, especially Zn, Fe, and Mn applied by foliar
spraying increases the yield of crops 19 significantly. Keikha et
al.9 found in studied the effect of Fe foliar application at the
beginning of the flowering stage on canola and observed that
the treatment increased grain yield from 4136 to 4557 kg. ha1
. The status of seed yield is the most important field scale,
giving the final evaluation of agricultural operations to produce
new recommendations on production.
Values marked with the same letter no significant difference at p ≤ 0.05
The results showed a significant increase in the percentage of oil 52.16% at level (10 kg. ha-1) Nano-Fe Fertilization,
compared to no-fertilization (Table 4). This may be due to increase in leaves area and surface area of capsules that were
involved in the process of carbon representation and then increase the accumulation of dry matter and this has reflected
positively on the percentage of oil in the seeds. The quality of
rapeseed grain is determined by its oil and protein content 17.
Bahrani, A., 2 showed oil percent and oil yield, NPK fertilizer
and foliar application of Fe, Zn and Mn treatments were significant in oil percent.
Chemical components, including protein, are essential
traits to be taken into account in the study of rapes (Brassica
napus L.). In results show increase percentage of seed protein
46.5 %at level (10 kg. ha-1) Nano-Fe fertilization, compared to
no-fertilization (Table 4). This may be due to the inverse relationship between the percentage of oil and protein, increasing
the percentage of oil in the seeds leads to decrease the percentage of protein, and conversely, this is similar with (24).
The other results: percentage of carbohydrate, Ash, Fiber
and Humidity which were 26.8%, 5.56%,7.49 %, 9.2%, respectively found at level Nano-Fe fertilization (10 kg. ha-1), compared to no-fertilization (Table 4). In addition to oil production,

rapeseed leaves and stems provide high-quality feed because
of their low fiber content and high protein content and can be
ground in animal feeds 3.
Values marked with the same letter no significant difference at p ≤ 0.05
Table 4: The effect of foliar Fe fertilization and ground fertilizer (N 100

kg.ha-1, P 250 kg.ha-1) on the Organic composition of the seed of winter
rape in AL-Azafrinih station (2017-2018)
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Conclusions
Brassica napus L. (canola) responded positively with increasing level Foliar Fe fertilization (Nano-Fe10 kg. ha-1) and
ground fertilizers (N 100 kg. ha-1, P 250 kg. ha-1). Crop growth
and yield significantly affected by higher amounts of applied
fertilizers. Seed quality aspects, i.e. protein content and oil
content represented the variable response to each increment
in Foliar Fe fertilization (Nano-Fe10 kg. ha-1).
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