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ABSTRACT

A field experiment was conducted to study the effects of
elements zinc (Zn), boron (B) and sulfur (S) and their
interactions on quantitative and qualitative agronomic
characteristics of rapeseed. Minimum grain oil and seed yield
were obtained from control treatments and the highest seed
yield were obtained from S + B + Zn treatments. The
maximum of oleic acid (229.6 mg g™) and linolenic acid
(27.14 mg g™) were obtained from B + Zn + S treatment.
Maximum of linoleic acid (55.55 mg g*) were obtained from
B + Zn treatment. However, the highest superoxide dismutase
activity was obtained from S + B + Zn treatments 10.24 unit
mg™ and the highest peroxidase activity were obtained from
Zn treatment 0.87 pmol g™ FM min. Regard to this experiment
results, application of B, S and Zn fertilizers with NPK
fertilizer can help to increase the yield and yield components
in rapeseed. Also fatty acids composition of rapeseed are
influenced by nutrients and since quality of edible oils
depends on unsaturated fatty acids, especially linoleic and
linolenic acids and these acids are essential fatty acids for the
human body that must be supplied through diet. Therefore this
research showed that we are not only able only to increase oil
yield but also oil quality with desired fatty acid composition.
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IZVLECEK

UCINKI CINKA, BORA IN ZVEPLA NA PRIDELEK
ZRNJA, AKTIVNOST NEKATERIH
ANTIOKSIDACIJSKIH ENCIMOV IN SESTAVO
MASCOBNIH KISLIN OLJNE OGRSCICE (Brassica
napus L.)

Izveden je bil poljski poskus za preucevanje uc¢inkov Zn, B in S
ter njihovih interakcij na koli¢inske in kakovostne agronomske
lastnosti oljne ogrs¢ice. NajmanjSa pridelka zrnja in olja sta bila
dobljena v kontrolnem obravnavanju in najvec¢ja pri obravnavanju
S + B + Zn. Najve¢ oleinske (229.6 mg g™) in linolenicne kisline
(27.14 mg g™) je bilo pri obravnavanju B + Zn + S. Najved
linoleni¢ne kisline (55.55 mg g™) je bilo dosezeno pri B + Zn
obravnavi. Najvecja aktivnost superoksid dizmutase je bila pri S +
B + Zn obravnavi (10.24 enot mg™) in najvecja aktivnost
peroksidaze pri obravnavi samo s cinkom (0.87 pmol g FM
min). Glede na rezultate raziskave sklepamo, da uporaba B, S in
Zn gnojil s NPK gnojili lahko pomaga povecati pridelek in
njegove dele pri oljni ogrscici. Gnojila vplivajo tudi na sestavo
mascobnih kislin v olju, kar vpliva na kakovost jedilnega olja, ki
je odvisna od vsebnosti nezasi¢enih mascobnih kislin, predvsem
linolei¢ne in linoleni¢ne, ki sta za ¢loveka esencialni in jih mora
dobiti s hrano.V tem pogledu je raziskava pokazala, da nismo
sposobni le povedati pridelka olja ampak tudi dosegati Zeljeno
sestavo mascobnih kislin v njem.

Kljuéne besede: eruci¢na kislina; olje v zrnu; linolei¢na kislina;
superoksid dismutaza; oljna ogrséica

1 INTRODUCTION

Rapeseed (Brassica napus L. ssp. napus) is grown in
different agro-climatic zones of the world, differing in
soil nutrient status (Bybordi & Mamedov, 2010).
Canola is an important agricultural crop, grown
primarily for oil production, but also as a valuable

break-crop in cereal crop rotations (Gammelvind et al.,
1996).

Zinc is a structural part of several enzymes or is
necessary for enzyme activation; thus Zn deficiency
also affects carbohydrate metabolism, damages pollen
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structure, and decreases the yield (Das et al., 2005;
Pandy et al., 2006; Fang et al., 2008). Applying zinc to a
Zn-deficient soil could also advance the seed yield of
rapeseed (Singh Grewal et al., 1997; Singh Grewal &
Grahma, 1999). Zinc is a cofactor of over 300 enzymes
and proteins and has an early and effect on cell division
and protein synthesis (Marschner, 1986). Low solubility
of zinc in soils rather than low total amount of Zn is the
main reason for the general occurrence of Zn deficiency
problem in crop plants (Cakmak, 2008). High seed- Zn
has very vital physiological roles during germination
and seedling growth (Cakmak, 2008). The review by
Cakmak (2008) provides further reasons and relevant
research for profit of high seed Zn on plant growth.

Rapeseed, one of the main oil crops in Iran as well as in
the world, is sensitive to B deficiency (Chu et al., 1996).
Boron plays roles in structure and cell wall synthesis,
and possibly membrane stability (Matoh 1997;
Goldbach et al., 2001; Brown et al., 2002; Iwai et al.,
2006). It promotes the strength and rigidity of cell wall
structure and therefore, supports the figure and power of
the plant cell (Brown et al., 2002). Furthermore, boron
is maybe concerned in the integrity of the plasma
membrane (Brown et al., 2002: Cara et al., 2002;
Dordas & Brown, 2005). B deficiency causes irregular
development of reproductive organs (Dell & Huang,
1997; Huang et al., 2000), and reduces plant yield (Chen
et al., 2005; Nabi et al., 2006). Boron is involved in
carbohydrates metabolism and it is basically necessary
for protein synthesis, pollen germination and seed and
cell wall development.

Boron and Zn deficiencies are more possible early in the
season for the reason that the translocation of elements
from the root to the aboveground part may not be
sufficient before leaf expansion (Neilsen et al., 2004).
Applications Zn and B have been experimental to have
a positive effect on chlorophyll contents in B - and Zn
deficient plants (Kaya & Higgs, 2002). Sinha et al.
(2000) noted a synergistic interaction among Zn and B

in black mustard (Brassica nigra L.) when both
nutrients were also in small or excess supply.

Sulfur is main nutrient in crop production. Deficiency of
S affected all crop, from forage to oilseed, but the
clearest effects have been seen in canola for the cause
that of its high S required (Malhi et al., 2005). Rapeseed
has a high protein concentration with a high proportion
of the amino acids as cysteine and methionine
(Anderson 1975; Clandinin, 1981; Grant & Bailey,
1993). It has been experimental proved that rapeseed
requires 3-10 times more S than barley (Bole & Pitman,
1984). Rapeseed has a high requirement for S to
optimize yield (Grant & Bailey, 1993), i.e., about 1.5 kg
of S to manufacture 100 kg of grain (Nyborg et al.,
1974). For maximum seed vyield rapeseed, the S
requirement is greater than that for cereals (Hamm
1967; Bole & Pitman, 1984). Therefore, rapeseed is
more likely to respond to S fertilization. Sulphate-S
application is reported to increase concentration of oil in
rapeseed seed (Nuttal et al., 1987; Malhi & Gill 2002;
Grant et al.,, 2003), but in some reported a decrease
(Wetter et al., 1970) or no alter (Ridley, 1973) was
found. Rapeseed oil has a lower level of saturated fats
(only 6 %) than any other edible oil plant and also has a
high amount of un-saturated fat containing a good
combine of both poly and monounsaturated fats.
Relative proportion of different fatty acid determines
the quality of edible oil. Higher percentage of
polyunsaturated fatty acid is considered beneficial for
lowering cholesterol in human body (Cunnae, 1995).
Sulfur increases the percentage of oil content of the seed
(Chaudhry et al.,, 1992), glucosinolate content and
erucic acid (Marschner, 1986).

Most researchers have studied the effect of a single
element fertilizer on the crop yield, whereas few have
payed attention on the function of the combined
applications of nutrients in improving the yield. In this
present study, the effects of Zn, B, S and their
interactions on the quality and seed yield rapeseed were
examined.

2 MATERIALS AND METHODS

The field experiment was conducted at University of
Guilan, Guilan Province, Rasht, Iran (37° 16" 21" N, 51
°3" 36" E), during 2014 cropping seasons. Prior to the
beginning of experiment, soil samples were taken to
determine the chemical and physical properties. A
composite soil samples were collected at a depth of O -
30 cm. The chemical properties of the clay loam were:
pH (1:2 soil:H,0) 6.9, total nitrogen 0.12 %, available P
14.9 mg kg™, available K 202 mg kg™, available Zn
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0.94 mg kg, available B 0.02 mg kg, soluble SO,
0.64 meq I, EC 0.255 dS m™.

After ploughing and disk harrowing twice, the land was
flatted by leveler and then plots were prepared. The
experiment with completely randomized block design
was performed with eight treatments in three replicates.
Treatment consisted control, Zn, B, S, Zn + S, Zn + B,
B + S, and S + B + Zn. Sulfur treatment added as sulfur
flower at the rate 100 kg ha™ in plots and mixed with
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surface soil before seed sowing. Boron was added as
H;BO; at the rate of 8 kg ha *, zinc was added as
ZnS0,.7H,0 at the rate of 30 kg ha ' were applied in
plots.

The plots had 5 m length and 2.25 m width consisted of
8 rows. Between all plots, 1.5 m distance was kept to
eliminate all influenced of lateral water movement.
According to results of soil analysis 150 kg ha™
ammonium phosphate, 150 kg ha® potassium, and
120 kg ha™* urea was used. All of ammonium phosphate,
potassium and one third of urea were distributed in plots
and mixed with surface soil before seed sowing. Side
dressings of nitrogen fertilizer were applied at bolting
and flowering stages.

‘Hyola 401’ a double low (low erucic acid and low
glucosinolate) rapeseed (B. napus L.) cultivar was used.

When rapeseed commenced flowering, twelve plants in
each plot were randomly marked with tags for analysis
of yield components, including thousand-seed mass,
seeds number per silique and siliques number per plant.
The remaining plants in each plot were harvested to
measure the plots seed yield at maturity.

At 80 % flowering (BBCH, 67), five upper leaves were
collected for determined of Zn, B and S content of
leaves. Leaves were washed with distilled water, dried
at 70 °C for 48 h, ground to pass 1 mm sieve, stored in
bags before analyses, and analyzed. Zinc was
determined by atomic absorption spectrophotometry

(AAS) (Perkin Elmer model 3030). Boron was
measured with the curcumin spectrophotometric method
(Lieten, 2002). Sulfur was measured with the
turbidimetric method (Benton, 2001).

Oil seed amount was measured by soxhlet (Soxtec
system HT 1043) method. The fatty acid compositions
of the canola seed oils were determined by gas
chromatography (model, Unicam 4600).

2.1 Enzymes Assay

Superoxide dismutase activity was determined by
measuring its ability to inhibit the photoreduction of
nitro blue tetrazolium according to the methods of
Beauchamp and Fridovich (1971).

Peroxidase activity was assayed in leaves by the
oxidation of guaiacol in the presence of H,0,. The
increase in absorbance was recorded at 470 nm (Chance
& Maehly, 1955).

2.2 Statistical Analysis

A completely block randomized design in three
replications was used. The statistical analyses of data
were performed by ANOVA procedure from SAS 9.1
(SAS Institute, United States). Differences between
means were evaluated by the least significant difference
methods. The 0.05 and 0.01 probability values were
used to determine significant difference.

3 RESULTS AND DISCUSSION

3.1 Effects of B, Zn, S and their interactions on seed
yield

Statistical analysis of the data on seed yield revealed
significant difference among treatments (p < 0.01)
(Table 1). The highest seed yield was produced from B
+ Zn + S treatment. The minimum seed yield was
recorded for control (Table 2). Results showed in the
three single nutrient treatments the application of B, Zn
and S significantly increased the seed yield over that of
the control (Table 2). This indicated that B, Zn and S

fertilizer played a very important role in promoting the
seed yield of ‘Hyola 401°. The application of B with S
or Zn fertilizer increased the seed yield by a future 25 %
and 19.7 %, respectively, compared to that of the
control. Elements of Zn + S without B increased the
seed yield for 23 % (Table 2). The effectof B+ Zn+ S
was the biggest, indicating that the combined
application of the three nutrients was beneficial for the
seed yield of rapeseed.
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Table 1: Mean squares from analysis of variance of yield, yield components, seed oil, S, Zn and B contents of

rapeseed
S.0.vV df Mean Squares
Seed -
Seed yield 1000 number Siliques Seed oil Zn B
seed number S content content
mass PEr per plant content
Silique

Block 2 26117.41 0.005 0.29 777754 7.73 4726.52 25.04 87.16
Treatment 7  418462.67**  0.39**  9.18**  4685.8** 27.53** 115889.71** 110.77** 54.59**
Error 14 30539.34 0.0028 0.29 259.54 0.34 1391.08 1.56 2.89
Cv (%) - 18.8 16.1 13.9 16.1 15.5 6.5 13.1 104

ns and *, **: non-significant and significant at 5 % and 1 % probability levels, respectively

Mei et al., (2009) showed that seed yield of the B + Mo
+ Zn treatment was the highest in all treatment, 68.1 %
above the control. Fang et al. (2008) showed that zinc
increased seed yield because it can give an optimum
effect on photosynthesis rate. The increase in yield with
Zn might have been the results of increased branch
number per plant, siligues number per plant, seed
number per silique and thousand-seed mass. In proceed
to the previous studies (Cakmak et al., 1999), all
methods of Zn application for plants significantly
increased grain  yield. Micronutrients increase
photosynthesis rate and improves leaf area duration thus
seed yield will be increased. Zinc plays important role
in tryptophan biosynthesis, later in its role as precursor
of auxin. Zinc is also found in phosphoenolpyruvate
carboxylase structure.

Zhang (2001) also showed that the critical range of the
B concentration corresponding to 90 % of the maximum
oilseed rape yield was 0.04-0.52 mg kg™. Thus it is not
unexpected that the plants showed B deficiency
symptoms at the lack of B even though a small amount
of basal B was added to prevent complete loss of
reproductive yield. One of the essential physiological
roles of B in plants is to improve pollen tube growth and
fertilization in reproductive growth (Dell & Huang,
1997). Thus, B deficiency results in a typical symptom
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called "flowering without seed setting" (Liu, 1999). In
the study, use of B increased the number of siliques per
plant and seeds per silique, therefore resulting in a
significant increase in the seed yield. This confirmed the
important role of B in pollen development and
fertilization reported earlier (Dell and Huang, 1997;
Huang et al., 2000). Rapeseed has a high requirement
for S to optimize yield (Grant & Bailey, 1993), i.e.,
about 1.5 kg of S to produce 100 kg of seed (Nyborg et
al., 1974). For high seed yield, the S requirement for
rapeseed is greater than that for cereals (Hamm, 1967;
Bole and Pitman, 1984). Rapeseed responded to S
fertilization through increasing number of siliques per
plantand so increased yield (Table 2).

3.2 Effects of B, Zn, S and their interactions on
yield components:

The components of seed yield were the number of
siliques per plant, seeds per silique, and the thousand
seed mass. As seen in Table 1 analysis of variance
showed effects of fertilizer treatment on siliques number
per plant, seeds number per silique, and the thousand
seed mass were significant (p<0.01) (Table 1). The
highest siliques number per plant (319.7) was produced
from B + Zn + S treatment and minimum (199.7) was
recorded for control (Table 2).
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Table 2: Effects of boron (B), zinc (Zn), sulfur (S), and their interactions on the seed yield, yield components, seed
oil and S, Zn and B content in leaf of rapeseed

Treatment Seed yield 1000 seed Seed Siliqua Seed oil S content Zn content | B content
(kg hal) mass (g) number per | number per (%)

silique plant (mg kg}) (mgkg™) | (mgkg?)
Control 3860.6° 4.82° 24.3° 199.7° 33.65" 223.97° 30.319 10.21°
B 4377.9™ 4.86° 27 227.7% 37.89¢ 391.13° 34.99 17.35%
Zn 4091.6% 4.94% 25.74 250.3% 35.47° 490.53¢ 41.1° 13.3%
S 4496.1%¢ 5.04% 27.3 264°¢ 39.37% 730.5° 38.81% 12.87°%
B+S 4808.7% 5.57° 27.7° 282.3%¢ 40.02" 609.79° 37.6° 19.29°
B+Zn 4620.8® 5.17° 27.3° 272. 77 41.26® 559.96° 40.37% 16.64™
S+Zn 4744.9% 5.58" 29.3° 306.3%® 40.54% 745.55%® 49.49° 16.01%

B+S+Zn 4965° 5.748 29.7° 319.7°8 42.66° 802. 6% 46. 4° 242

* Means followed by the same letter(s) in each column are not significantly different (P = 0.05).

The application of B with Zn or S fertilizer increased
the siliques number per plant by a further 41.4 % and
37 % respectively, compared to that of the control. The
addition of S + Zn without B also increased the siliques
number per plant for 53.4 % (Table 2). The effect of B +
Zn + S was the biggest (60 %), indicating that the
combined application of the three nutrients was
beneficial for the siliques number per plant of rapeseed.
This beneficial effect might be due to interaction effect
of sulphur, zinc, boron and their role in synthesis of
IAA, metabolism of auxin and formation of chlorophyll
synthesis.

Sulfur fertilizer effect on the plant height was increased
due to more light penetration into plant canopy and
increased the number of branches per plant and silique
number per plant. Rathinavel et al. (2000) reported for
flax (Linum usitatissium L.) that zinc transfered
assimilates more effectively and directly affected flax
capsule mass. Zinc is involved in synthesis of indole-3-
acetic acid. This hormone is the main factor preventing
loss in the number of flax capsula, and Zn can also be
used for preventing the losses of rapeseed siliquas. Also,
the reason for that the potential loss of silique per plant,
may be a poor pollination (Azizi et al., 2006). Based on
the results of previous research the cause of decreased
formation of male and female sexual organs and the
lack of pollination processes is due to zinc deficiency.
They attributed this to a decrease in the production of
indole acetic acid (Brown et al., 1993). The researchers
also stated that boron is essential element needed for
pollen germination and pollen tube growth (Marschner,
1995). They believe that the low absorption of boron in
the soil impairs the plant's pollination, resulting in plant
sterility (Vitosh et al., 1997).

3.3 Seed number per silique

Seed number per silique is an important yield
component, since the seeds are produced as storage
organs. It seems that the number of seeds per silique is
larger sink to store more materials there. The highest
seed number per silique (29.7) was produced from B +
Zn + S treatment and minimum (24.3) was recorded for
control (Table 2).

Increased seed number per silique as effect of zinc and
boron fertilizer might be because of boron key role in
translocation water and nutrients from the roots to the
shoots (Rehem et al.,, 1998). Production of more
chlorophyll and IAA which delayed plant senescence
and thus prolonged the period of photosynthesis. This
improves carbohydrate production and their transfer it
to the growing seeds (Vitosh et al., 1997). Mc-Grath and
Zhao (1996) and Roe et al. (1997) in their research
showed that sulfur ratio of reproductive organs to the
total dry matter increased. Sulfur deficiency inhibits the
growth of reproductive organs and even leads to sterility
of siliques.

Table 2 showes the effects of the single nutrient
treatments of B, Zn, S as the increased seed number per
silique, 12.3, 6 and 11.1 %, respectively. Also, all
combined application of two nutrients resulted in a
significant increase in the seed number per silique in
comparison with the single nutrient application. The
maximum seed number per siliques in comparison with
the control indicates that the combined application of
the three nutrients gives the best results (22.2 %) (Table
2). According to Brown et al. (1993) formation of male
and female reproductive organs and pollination process
are disturbed in Zn deficiency, which results in a severe
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reduction in plant yield, this is due to reduction of indol
acetic acid (IAA) synthesis. Rehem et al. (1998) stated
that B plays a key role in water and nutrients
transportation from root to shoot and they believed that
B shortage can causes barren and small stalks in corn
and soybean.

3.4 1000 seed mass

The highest 1000 seed mass was observed inB + Zn + S
treatment (Table 2). Zinc is necessary for the
biosynthesis of the plant growth regulator such as IAA
and for carbohydrate and N metabolism which leads to
high yield and yield components. This may be due to
provision of macro and micro nutrients at latter stages
which might have improved accumulation of assimilate
in seeds and thus resulting in heavier seed. The results
of this investigation are in consonance with the findings
of Mei et al. (2009) that to effects of B + Mo + Zn
treatment increased 1000 seed mass in rapeseed plant.

These results were in agreement with those reported by
Brown et al. (1993), Cakmak et al. (1996), Grewal et al.
(1998) and Hosseini et al. (2007) that Zinc application
increased thousand grain mass in corn plant.
Hemantaranjan and Gray (1988) observed that optimum
utilization of Zn and Fe significantly increased thousand
grain mass in wheat. They declared that total content of
carbohydrates, starch, 1AA, chlorophyll and seed
protein were significantly increased by consumption of
these two nutrients. They believe that more production
of chlorophyll and IAA can causes delay in plant
senescence and prolong the period of photosynthesis.
This event improves the production of carbohydrates
and their transportation to the growing seeds.

3.5 Seed oil content

Analysis of variance showed significant difference
among treatments (p < 0.01) (Table 1). B + Zn + S
treatment produced the highest seed oil content. The
lowest seed oil content was obtained from control
(Table 2). Application of B, Zn and S single or together
increased the seed oil content compared with the
control, and the increase in oil content with combined
nutrients application was higher than that with single
application (Table 2). Singh and Sinha (2005) reported
the decline in oil concentration may be due to oxidation
of some polyunsaturated fatty acids.

The results showed that zinc deficiency would prevent
the activity of antioxidant enzymes, leading to
widespread and severe damage to lipid membranes,
Therefore the lack of zinc can reduce the oil content of
seeds (Cakmak, 1997). In the study of sulfur effects on
rapeseed have been reported in India that the use of
different sulphur sources before flowering increased
grain yield and oil content (Sharma et al., 1991). Ahmad
et al. (2007) found that sulfur treatment increased the
rapeseed oil yield for 20 kg ha™. Malhi et al. (2007)
showed that sulfur treatment increased oil and protein
content.

This might be due to role of sulfur in oil synthesis;
sulfur played an important role in the formation of
glucosides and glucosinolates (mustard oil). This
confirms the findings of Mishra & Agarwal (1994) in
soybean, Ravi et al. (2008) in safflower and Gangadhara
etal. (1990) in sunflower.

3.6 B, Zn and S content in leaves

F value and level of significance from ANOVA on
content of plant nutrients in rapeseed plant traits are
shown in Table 1. B, Zn and S contents in plant leaves
as affected by B, Zn and S application are shown in
Table 2.

Table 3: Mean squares from analysis of variance of antioxidant enzyme activity and fatty acid of rapeseed

S.0.vV df Mean Squares

. .. . Linoleic  Linolenic . .
POD SoD Stegrlc Palrr_utlc Ole_lc acid acid Erucic acid
acid acid acid
Block 2 0.038 0.13 4.39 1.23 240.7 21.11 11.37 0.106
Treatment 7 0.058** 0.64** 1.48* 3.37** 1585.2** 53.06**  28.91** 0.064**
Error 14 0.0049 0.072 0.83 0.318 88.82 1.94 3.59 0.0015
Cv (%) - 10.6 9.7 16.6 41 4.7 12.8 8.1 5.7

ns and *, **: non-significant and significant at 5 % and 1 % probability levels, respectively
POD: Peroxidase = SOD: Superoxide dismutase.
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The highest leaf sulphur content (802.6 mg kg™) was
produced from B + Zn + S treatment and minimum
(223.97 mg kg™) was recorded for control (Table 2).
The application of B, Zn and S single treatments
increased the leaf sulphur content by a further
226.119 % and 74.6 % compared to the control and the
highest leaf sulphur content (802.6 mg kg“) was
obtained from B + Zn +S treatment. S and Zn had a
grater effect than the application of B.

The highest zinc content was observed in S + Zn
treatment (49.49 mg kg™). The smallest zinc content
was observed in control (30.31 mg kg™) (Table 2).
Grawel & Graham (1999) have reported that zinc
application increases zinc concentration in seed, roots
and leaves. These results were in agreement with those
reported by El-Gazzar et al (1979) and Foregoni et al.
(1984). Zinc plays an important role in auxine and
protein synthesis and it is essential for seed setting
(Bybordi & Mamedov, 2010).

Table 4: Effects of boron (B), zinc (Zn), sulfur (S), and their interactions on antioxidant enzyme activity and fatty

acid of rapeseed

Treatment POD SOD Stearic acid Palmitic Oleic acid Linoleic Linolenic Erucic
(umol g* FM | (Unitmg™) | (mgg™) acid(mg | (mgg? acid acid acid
A -1 -1 -1 -1
min) 9 (mgg’) (mgg™) (mgg™)
Control 0.477 8.8° 6.112% 13.27° 158.3° 41.41° 17.11¢ 0.8782
B 0.53% 9.15% 4.542° 13.18° 197.1 48.03% 23.25™ 0.641%
Zn 0.87° 9.57"1 5.078% 13.77™ 193.6¢ 47,034 22.51° 0.75°
S 0.64%¢ 9.47% 6.096® 12.88° 188. 3¢ 46.06° 22.05° 0.815®
B+S 0.56%7 9.544 4. 833" 12.74° 211.8™ 52.32P 23.65%°¢ 0.579%
B+Zn 0.74% 0.82%°¢ 6.527° 14. 67® 227. 6% 55.55° 26. 58% 0. 432
S+Zn 0.68% 10.03% 5.151% 15473 203.2% 48.58% 24.45%¢ 0.661°
B+S+Zn 0.82% 10.247 5.514%® 15.147 229. 6% 49. 48° 27.14° 0.557¢

* Means followed by the same letter(s) in each column are not significantly different (P = 0.05).

POD: Peroxidase SOD: Superoxide dismutase.

The application of single B, Zn and S increased the leaf
zinc content by a further 28, 36 and 15.4 % compared to
the control and the highest leaf zinc content (53 %)
compared to the control was obtained from B + Zn + S
treatment (Table 2). At leaf zinc content, sulphur and
zinc had a greater impact than the single boron.

The highest boron content was observed in B + Zn + S
treatment (24 mg kg*). The lowest boron content was
observed in control (10.21 mg kg™) (Table 2). These
results were in agreement with those reported by
Bybordi & Mamedov (2010) who made the evaluation
of application of zinc and iron in oilseed rape.

The application of single B, Zn and S increased the leaf
B content by a further 26, 30.3 and 70 % compared to
the control and the highest leaf boron content (135 %)
was obtained by the B + Zn + S treatment (Table 2).
Regarding leaf boron content, the effects of boron and
zinc were more comparable than that of the treatment
sulphur.

3.7 Antioxidant enzyme activity

Analysis of variance showed that effects of fertilizer
treatment on POD and SOD were significant (p < 0.01)
(Table 3). The highest POD activity was observed in Zn
treatment (0.87 pmol g FM.min) while the lowest
activity was related to control treatment (0.47 pmol g'l
FM.min) (Table 4). It seems that Zn causes the increase
of POD activity. Our finding was in agreement with the
results reported by Jiang & Huang (2001) and Habibi et
al. (2004).

The role of zinc is known in the effects on the activity
of many enzymes (Grotz & Guerinot, 2006). It seems
that zinc enhances the activity of the enzyme POD. The
results are consistent with the findings of Jiang &
Huang (2001) and Bybordi & Mamedov (2010).

The highest POD activity in comparison to the control
was observed in Zn treatment (85.5 %). The application
of S, Zn and B singly increased POD activity by a
further 36.1, 85.5 and 12.8 % compared to the control.
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The highest POD activity (74.5 %) compared to the
control was produced from B + Zn + S treatment (Table
4).

The results showed that B + Zn + S treatment (10.24
unit mg™) increased significantly SOD activity. The
lowest activity was observed in control (8.8 unit mg™)
(Table 4). Cacmak (2000) reported that Zn deficiency
may inhibit the activities of a number of antioxidant
enzymes.

It has been demonstrated that environment stress
induces oxidative stress in plant tissues. Exposition of
chloroplasts to excessive excitation energy may
increases generation of reactive oxygen species and
induces the oxidative stress. To overcome the effects of
oxidative stress, plants make use of a complex
antioxidant system. Relatively higher activity of
reactive oxygen species scavenger enzymes have been
reported in many stressed plants, which suggests that
the antioxidant system plays an important role in plants
against environmental stresses (Habibi et al., 2004).

Superoxide dismutase may function as a reactive
oxygen species scavenger, by converting O, to H,0,
(Baily et al., 2000). Even thought high SOD activity
protects plants against superoxide radicals, it can not be
considered solely responsible for membrane protection
against peroxidation. In general, nutrients application
and different effects on antioxidant enzymes activity, in
some case increase and in some cases decrease were
observed.

The application of single B, Zn and S increased SOD
activity to the 7.6, 8.7 and 4 % compared to the control
and combined application of two nutrients further
enhanced activity of SOD than single nutrient. The
highest SOD activity (16.4 %) compared to the control
was produced by B + Zn + S treatment (Table 4). These
results agree with the findings of Bybordi and Mamedov
(2010).

3.8 Fatty acids

Analysis of variance showed that effects of fertilizer
treatment on fatty acids were significant (p < 0.01)
(Table 3). Rapeseed oil consists of different types of
saturated and unsaturated fatty acids (palmitic acid,
oleic acid, linoleic acid, linolenic acid, erucic acid, etc.).
The palmitic acid and stearic acid are the major
saturated fatty acids, whereas oleic and linoleic,
linolenic acids are unsaturated. Fatty acid composition
of rapeseed in particular and other oil seed crops in
general, are influenced by fertilizing management. The
findings of present study show that fatty acid
composition is affected by B + Zn + S application, for
example Bybordi & Mamedov (2010) found that
application zinc and iron increased the percentage of
unsaturated fatty acids and decreased saturated fatty
acids of rapeseed.

Applications of B, Zn, and S resulted in a significant
decrease in the erucic acid content compared with the
control (Table 4). Analysis of fatty acids by GC showed
that, the application of B, Zn, and S increased the fatty
acids compared to the control (Table 4). The maximum
of oleic acid (229.6 mg g™) and linolenic acid (27.14 mg
g™) were obtained from B + Zn + S treatment (Table 4).
Maximum of linoleic acid (55.55 mg g™*) were obtained
from B + Zn treatment. The highest contents of stearic
and palmitic acid were obtained from B + Zn and S +
Zn treatments which were 6.527 and 15.47 mg g™,
respectively. The highest erucic acid content (0.878 mg
g™) was found at control treatment (Table 4).

The increased monounsaturated fatty acid composition
associated with the application of B, Zn, and S may
offer several health benefits. Rapeseed oil with higher
levels of monounsaturated fatty acids reduced blood
cholesterol levels, thereby reducing the incidence of
cardiovascular diseases (Weaver et al., 2000). Such
rapeseed oil is also more chemically stable than
conventional rapeseed oil because it is less susceptible
to oxidation. The use of rapeseed oil with a greater
content of monounsaturated fatty acids may improve the
food quality of meat (Brown et al., 2000; Cromwell,
2000). Higher levels of monounsaturated fatty acids
used in animal feed result in meat products that remain
fresher longer, with less oxidation.

4 CONCLUSIONS

Regarding to this experiment results, application of Zn,
B and S fertilizers with NPK fertilizer can help to
increase the yield and yield components in rapeseed.
Also fatty acids composition of rapeseed are influenced
by nutrients and since quality of edible oils depends on
unsaturated fatty acids, especially linoleic and linolenic
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acids and these acids are essential fatty acids for the
human body that must be supplied through diet.
Therefore this research showed that we are not only able
to increase oil yield with these treatments but we can
also increase oil quality with increasing fatty acid
content and changed composition.
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