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The Results of a Pre-study to Determine The Effects of Zinc and Iron Foliar Fertilizer on
Canola (Brassica napus L.)
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Abstract: Increasing canola yield, a winter oil crop, is important for its cultivation in the product pattern of the Mediterranean
climate zone. Therefore, a study was planned to determine the impact of foliar application zinc (Zn), iron (Fe) and Zn + Fe
combination on the yield and quality of canola. The experiment was arranged in a Randomized Complete Block Design with
four replications. Zinc (3.0% v/v), iron (7.5% w/w), and their combination were foliar sprayed at rosette and flowering stages.
The highest number of siliques per plant, number of seeds per silique, seed index, and seed yield were recorded in the Fe
application. Zn + Fe combination significantly increased the oil and protein content, whereas Zn application exhibited higher
oil and protein yield performance. It was concluded that using iron and zinc separately regarding yield and quality is
economically beneficial.

Keywords: Canola, iron (Fe), oil and protein quality, yield components, zinc (Zn)
Kanolada (Brassica napus L.) Ginko ve Demir igerikli Yaprak Giibrelerinin Etkisi Uzerine Bir On Calisma

Oz: Kislik bir yad bitkisi olan kanolanin veriminin artirilmasi, Akdeniz iklim bélgesinin iiriin deseninde yetistirilmesi yoniinden énemlidir. Bu
nedenle, ¢inko (Zn), demir (Fe) ve Zn + Fe kombinasyonunun yapraktan uygulanmasinin kanolanin verim ve kalitesi lzerindeki etkisini
belirlemek igin bir calisma planlanmistir. Deneme Tesad(if Bloklari Deneme Desenine gére dort tekrarlamali olarak diizenlenmistir. Cinko (%3,0
v/v) ve demir (%7,5 w/w) ve bunlarin kombinasyonu rozet ve ¢iceklenme asamalarinda yapraktan uygulanmustir. En yiiksek bitkide harnup
sayisi, harnupta tohum sayisi, tohum indeksi ve tohum verimi Fe uygulamasinda kaydedilmistir. Zn + Fe kombinasyonu yad ve protein igerigini
énemli 6lgiide artirirken, Zn uygulamasi yag ve protein verimi icin daha yliksek performans sergilemistir. Calisma sonucunda demir ve ¢inkonun
ayri ayri kullanilmasinin hem verim hem de kalite agisindan ekonomik olarak faydali oldugu sonucuna varilmistir.

Anahtar kelimeler: Cinko (Zn), demir (Fe), kanola, verim bilesenleri, yag ve protein kalitesi

INTRODUCTION In another study, the highest grain yield, biological yield, oil

Canola is the world's most cultivated and consumed oil crop
after soybean (Anonymous, 2020). Canola cultivation area
and production worldwide are approximately 36.1 million ha
and 74.0 million tons, respectively (Anonymous, 2023). In
Tirkiye, 188 thousand tons of canola are produced on
approximately 52.5 thousand ha, and the average vyield is
3430 kg ha! (TUIK, 2020). In many plant cultivations, it has
been reported that the application of microelements in the
form of foliar fertilizers increases the effectiveness of macro
elements and that foliar sprays are more effective than soil
application due to adverse soil properties such alkalinity (Arif
et al., 2006; Narimani et al., 2010; Zayed et al., 2011). Oil
crops such as canola are highly susceptible to Fe and Zn
deficiency, which manifests as reduced leaf area, chlorosis
and dwarfism (Vanisha et al., 2013; Sanwal et al., 2016).
Especially in many alkaline and calcareous agricultural areas,
zinc deficiency occurs, although the results of soil analyses
show that it is sufficient (Hacisalihoglu, 2020). Moreover, Zn
interacts negatively with iron (Fe) due to the interference of
Fe in the absorption of Zn on root surfaces in plants (Prasad
etal.,, 2016).
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yield and oil content were recorded in Fe+Zn foliar
application (Zakerin et al., 2014). Similarly, foliar spray of
Fe+Zn+Mg combination increased 1000-kernel weight, grain
yield, oil content and harvest index, according to the study
conducted by Bahrani and Pourreza (2014).
researchers found that soil Zn application significantly
affected seed yield but increased oil content insignificantly
(Aytag et al., 2016). Foliar application of Zn and Fe together
with urea increased Zn and Fe content in grain and stover,
and grain and biological yield were significantly higher
(Dhaliwal et al., 2021). In dose experiments with Zn, a foliar
spray of 5 g/L exhibited the highest oil and seed yield, yield
components, chlorophyll content and relative water content
in the leaf (Afsahi et al., 2020).

Some
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Also, it was found that Zn and Fe application was more
effective on yield and increased the protein content of the
seed, especially in cultivation under arid conditions in
rapeseed (Pourgholam et al., 2013) and sunflower (Yadavi
and Khadem Hamzeh, 2018). Considering that in the coastal
zone of the Aegean Region, the information on the impact of
Fe and Zn combined application on vyield attributes and
quality characteristics in rapeseed is scarce, the aim of this
study was to assess the variability of agronomical and quality
parameters in winter rapeseed affected by Fe and Zn foliar
sprays in strong alkaline and calcareous soil.

MATERIAL AND METHODS

The study was conducted in the experimental field of Adnan
Menderes University Faculty of Agriculture Research and
Application Farm (37°45'22" N; 27°44'52" E). The canola
cultivar, DK Exception (Brassica napus L.), was grown in the
2021-2022 winter growing season. The seeds were sown on
22 November 2021, according to the Randomized Complete
Block Design with four replications. The factors examined in
the study were the foliar application of iron and zinc and
their combination with the control. Each plot consisted of 4
rows with a length of 8.75 m. The distance between rows
was 20 cm, and the distance between rows was 5 cm. 11.0
kg ha! seed was used.

The meteorological data of Aydin province for a long-term
period show that the lowest average minimum temperature
was in January at -1.95 °C, and the highest average
temperature was in June at 39.82 °C. The highest average
precipitation was 107.88 mm in January, and the lowest was
12.71 mm in June. The highest long-term average humidity
was 73.79 in December, and the lowest was 50.07 in June.
When the climate data of the Kogarli district of Aydin
province in 2021-2022 were investigated, the lowest average
minimum temperature was recorded in January at -4.60 °C
and the highest average temperature was recorded in May
at 36.60 °C. The maximum amount of precipitation was
155.90 mm in December. The highest average humidity was
84.60 in December.

The soils of the experiment area were loamy, salt-free,
calcareous and strongly alkaline, and the amount of organic
matter was low. Phosphorus and potassium contents were
found to be insufficient. Indeed, the soil of the experimental
area contains a very high level of iron and sufficient zinc
(Mert-Akga and Atatanir, 2020).

Each plot was fertilized with 500 kg ha! of compose fertilizer
(15:15:15) as basal fertilizer and 200 kg hat of ammonium
sulphate as top dressing at the stem elongation stage. Foliar
fertilizer containing zinc (3% v/v) was supplied from Agro
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Flora® and iron (6.0% w/w) from a commercial fertilizer
named RedFER®.The usage dose of both foliar fertilizers was
300 cc dal and 150 cc 100 L of spreader-adhesive was
applied. The 3rd application factor is the combined use of
these two fertilizers. All three treatments were applied at
two different periods, rosette and flowering. Control plots
were sprayed with only 40 L da'! of water. The experimental
area was hoed once by hand for weed control. Plants were
harvested on 6 June 2023.

Seed yield (Yield; kg ha1), plant height (PH; cm), the number
of siliques per plant (NS/P), the number of seeds per silique
(NS/S), the number of lateral branches per plant (NLB/P) and
seed index (SI; g) were measured. The protein and oil
content (%) of the seed by NIRS (near-infrared spectroscopy)
were determined. Protein and oil yield (kg hal) were
calculated based on protein content, oil content and seed
yield. Data were analyzed according to Randomized
Complete Block Design using the JMP® statistical package
program (JMP, 2018). For each trait, the means were
compared using the LSD method at the 5% significance level
(Steel and Torrie, 1980). A simple economic cost for 2023
was estimated, considering the selling price of the foliar
fertilizers used and the cost of foliar fertilization.

RESULTS AND DISCUSSION

Variance analysis results are summarized in Table 1. The
effects of foliar spray on NS/P, NS/S, seed yield, protein and
oil content were significant. The difference between the
treatments showed that Fe and Zn were sufficient in the soil
where the experiment was carried out, but in calcareous and
alkaline soils, the treatments may significantly affect yield
and yield components. This finding is in agreement with the
results reported by Arif et al. (2006), Narimani et al. (2010)
and Zayed et al. (2011). Non-significant differences for the
seed index indicated that different yield values resulted from
NS/P and NS/S rather than the seed index.

Table 1. The results of the variance analysis of the effects of
treatments on yield and quality parameters.

Treatment (df=3) Error (df=9)

PH 61.34 44.21
NLB/P 0.86 0.40
NS/P 8292.86** 423.73
NS/S 6.22* 1.14
Sl 0.28 0.18
Yield 15960.43** 700.82
Oil Content 46.30** 0.47
Protein Content 13.22** 0.31

¥ ** significant at the 0.05 and 0.01 probability levels,
respectively

PH; Plant height, NLB/P; the number of lateral branches per
plant, NS/P; the number of siliques per plant, NS/S; the number
of seeds per silique, Sl; seed index.




Foliar sprays of Fe significantly and positively affected the
NS/P, NS/S and yield. The effect of Zn on yield and NS/S was
found to be statistically similar to Fe, while Zn followed Fe
application in terms of NS/P. Despite all these findings, the
lowest NS/P was recorded in plots where Fe and Zn were
applied together. NS/S and yield of these plots were higher
than the control, whereas the values were lower than those
of Fe and Zn applied separately. Many authors have stated
that Zn+Fe combination treatment increased the yield and
yield components in wheat (Habib, 2009; Sultana et al.,
2018), soybean Heidarian et al. (2011), psyllium
(Behrouznajhad et al. (2011) and common bean (Yousefil et
al., 2023). On the contrary, it was reported that excess Zn
nutrient element has an antagonistic effect with some
microelements such as Fe, Mn and Cu under normal
conditions (Aydin et al., 2005). Supporting this hypothesis,
Bybordi and Mamedov (2010) determined that Fe, Zn and
Fe+Zn combined treatments have similar yields in canola.
Moreover, it was emphasized that the antagonism between
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iron and zinc may differ between plants depending on ferric-
chelate reductase activity (Rietra et al., 2017). In our study,
the effects of iron and zinc applications, both separately and
together, were found to be more pronounced on oil and
protein content. The combined treatment increased the oil
content by 19.7 % and protein content by 23.1 % compared
to the control. Zn and Fe applications followed the combined
application for both quality parameters, respectively.
According to the control, it is clearly seen that both separate
and combined Fe and Zn applications positively affected the
quality characteristics.

Bybordi and Mamedov (2010) reported that Fe, Zn and
Fe+Zn combinations had similar oil content performances,
whereas combined treatment had higher protein content
than Zn and Fe, respectively. It has been emphasized in
many studies that the use of these nutrients increases
protein content by supporting amino acid synthesis (Zakaria
et al., 2001; Kaya and Higgs, 2002).

Table 2. Comparison of means on yield, yield components and quality parameters of canola

Control Fe Zn Fe+Zn LSD
PH (cm) 160.10 156.93 151.08 153.70 -
NLB/P 5.73 5.90 6.58 5.50 -
NS/P 256.37 b 321.64a 282.97 b 213.37 ¢ 32.93
NS/S 22.69b 25.65a 24.81a 24.28 ab 1.71
Sl (g) 3.48 4.02 3.54 3.47 -
Seed Yield (kg hat) 2900.20 ¢ 4188.80 a 4171.50a 3375.80 b 423.50
Oil Content (%) 40.10d 43.13 ¢ 4573 b 48.00 a 1.09
Protein Content (%) 16.78 ¢ 16.93 ¢ 18.73 b 20.65 a 0.89
Qil yield (kg ha') 1163.00 1806.60 1907.60 1620.40 -
Protein Yield (kg ha) 486.70 709.20 781.30 697.10 -

PH; Plant height, NLB/P; the number of lateral branches per plant, NS/P; the number of siliques per plant, NS/S; the number of seeds per

silique, SI; seed index.

The applications and the yield difference obtained in return
were evaluated as the essential cost. The cost calculation
was based on conditions where these foliar fertilizers were
not used. Based on 2023 prices, the litre price of Agro Flora™
ZnP foliar fertilizer is 120 TL, and the 5 kg package price of
RedFER™ fertilizer is 660 TL. The cost per hectare is 240 TL
for Agro Flora ZnP and 800 TL for RedFer. When 6.0 L ha'!
fuel was used for the sprayer, a cost of approximately 280 TL
was found for two applications. The vyield difference
compared to the control for both Zn and Fe was 1280 kg ha-
1, When the current canola price is approximately 130 TL kg-
1 the total income difference was calculated as 16640 TL ha-
1, Thus, the net profit for Zn was calculated as 16120 TL ha
and the net profit for Fe as 15560 TL ha™. It is seen that foliar
fertilizer applications are economically advantageous in both
applications.

CONCLUSION

The primary result of the study was that iron and zinc foliar
applications significantly increased the number of siliques
per plant and seed yield. The combination of Iron and Zinc

increased the quality traits of protein and oil content.
Considering the application costs and yield increase, it can
be said that foliar fertilization will be profitable. The
recommendations obtained as a result of the study could be
summarized as follows: (1) future studies should be
continued in different and more years, (2) dose studies of the
nutrients to be used together and separately should be
carried out, and (3) in addition, the number of plant
nutrients to be used in combination should be increased.
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