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Abstract: Durum wheat has a comparative adaptive advantage over bread wheat under hot and dry conditions. Accordingly, it feeds millions of people in the Middle East and North Africa. Under these conditions, the deficiency of nutrients, including micronutrients, is a major concern for many reasons, including calcareous soil under drought stress conditions. Therefore, growth, yield, iron (Fe) and zinc (Zn) concentration in durum wheat cultivar grains were investigated. A factorial experiment based on a randomized complete block design with three replications was conducted in the Dryland Agricultural Research Institute (DARI) – Moghan. The first factor comprised spraying at four levels, including the control and foliar spraying with Fe, Zn, and Fe+Zn and the second factor consisted of genotypes at four levels: Dehdasht (G1), Seymareh (G2), and two new genotypes (G3 and G4). Solutions of Fe and Zn fertilizers were sprayed at the tillering, early ear emergence, and milk stages, with a ratio of 2 and 1.5 g fertilizer/1000 ml solution (W/V), respectively. The results showed that genotypes G1, G3 and G4 produced higher grain yield per square meter than G2. This increase was due to the higher weight of 1000 grains in G3 and G4 genotypes and 1000-grain weight with a higher grain number in G1. G1 and G2 had greater spike length, number of grains per spike and spikelet than G3 and G4 genotypes. In all studied traits, except Fe and Zn concentration, the combination of Fe+Zn showed the highest and control had the lowest performance. Also, the application of Zn was superior to Fe. The highest Fe concentration of G1, G2, G3, and G4 was observed at Fe+Zn, control, Zn, and Fe levels, respectively. The highest Zn concentrations were observed in the G3 genotype when only Zn was used or in combination with Fe. According to the results, the Fe and Zn spray application increased durum wheat yield on Fe and Zn deficient soil. 
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Introduction

Wheat is the most important crop grown in Iran and provides more than 45% of protein and 55% of the calories needed by the people (Malakouti, 2007). Compared to bread wheat, durum wheat (Triticum turgidum L.) tends to store more Zn and Fe in grains (Conti et al., 2000). Durum wheat, as the hardiest wheat species, is well adapted to semi-arid and dryland climates and it is superior to bread wheat in hot and dry conditions (Elias and Manthey, 2005). The reasons for the low availability of Fe and Zn are high pH, high calcium carbonate content, heavy texture, low organic matter and low soil moisture (Cakmak et al., 1996). Most of these factors are present in rain-fed conditions. It is estimated that 80 percent of the Iranʼs farms are potentially deficient in Zn (Malakouti, 2007). In another study, 37% of wheat fields had severe Fe deficiency and 40% of wheat fields had severe Zn deficiency (Dorostkar et al., 2013). Recent researches support the hypothesis of declining the concentration of micronutrients in new wheat cultivars over time (Fan et al., 2008). In developing countries, the decline in micronutrient concentration is more intense due to poor crop management and soil degradation. The average Zn concentration of modern wheat is low compared to the early and wild wheat (Cakmak, 2000). For instance, Nikolic et al. (2016) concluded that the levels of Zn and Fe in the grain of two bread wheat cultivars grown in Serbia were rather low, whereas only 13% of the soil samples were Zn deficient and none was Fe deficient. However, the study of 57 durum wheat cultivars grown under field conditions in Italy showed a low genetic variation in Zn (29 to 46 mg kg-1) and Fe (34–67 mg kg-1) (Ficco et al., 2009). The amount of Zn in durum wheat grains was 8 to 12 mg kg-1 under lower Zn availability and 15 to 25 mg kg-1 under higher Zn availability conditions (Erdal et al., 2002). The concentration of Zn may also be reduced to 10 mg kg-1, which is not enough to meet human needs (Cakmak, 2008). Research over the past two decades has proven that there is a close relationship between healthy soil, healthy plants and healthy humans, and malnutrition is often associated with illnesses in humans (Sanchez and Swaminathan, 2005). The use of micronutrients to improve crop yield and human health is greatly increased (Alloway, 2008).
Fe deficiency disrupts the synthesis of chlorophyll, electron transfer chain, photosynthesis (Ziaeian and Malakouti, 2006), and decreases leaf green pigments (Kumar and Sool, 2000), and the aboveground growth (Mohamed and Ali, 2004). These traits have a close relationship with the yield of crops. The application of Zn increased leaf and stem growth (Brennan, 2007), spike fertility (Lotfollahi et al., 2007), the number of grains per spike (Yilmaz et al., 1997) and 1000-grain weight of wheat (Malakoti and Hasanpor, 2003; Yilmaz et al., 1997). Seadh et al. (2009) reported that among the micronutrient elements, Zn had a major role in plant height, spike length, number of spikelets per spike, number of grains per spike, 1000-grain weight, grain yield, straw yield, protein and carbohydrates. Ziaeian and Malakouti (2001) have described that the application of micronutrient elements increases grain yield, straw yield, 1000-grain weight and protein content of the grains. The experiment conducted on wheat crop in 25 locations of Iran included Zn, Fe, manganese (Mn) and copper (Cu) showed that Zn application significantly increased grain yield (about 15%), 1000-grain weight, grain number per spikelet, Zn concentration and protein content (Ziaeian and Malakouti 2001). Hussain et al. (2005) have stated that the use of a micronutrient spray at the tillering, boot and milk stages increases wheat grain yields by increasing plant height, number of grains per spike and 1000-grain weight. The soil and foliar application of Zn-containing fertilizers improved Zn concentrations in bread and durum wheat (Cakmak, 2008). The application of zinc sulphate in Zn-deficient soil increased Zn concentration and grain yield (Yilmaz et al., 1997). An increase in Zn concentrations was reported by Graham et al. (1992) and Shivay et al. (2008) under field conditions. Ming and Yin (1992) have found that Zn application reduces Fe concentration. Cakmak et al. (1999) concluded that lines with high Zn efficiency had higher Zn uptake by roots, but not higher Zn concentration in grains because increased Zn uptake is used to increase dry matter production. An increase in grain Fe concentration with a foliar spray of FeSO4 was reported by Zhang et al. (2010) and Singh et al. (2004). On the other hand, Gupta (1991) identified that foliar Fe fertilizers did not affect grain Fe concentration. There are mostly antagonistic (Saha et al., 2015; Tiwari and Pathak, 1982) and seldom synergistic (Zeidan et al., 2010) relationships between Zn and Fe concentrations in cereals. Monasterio and Graham (2000) and Grusak and Cakmak (2005) believe that grain Fe and Zn concentrations are positively correlated in cereals, biofortification is independent of environment, and raised grain Fe and Zn concentrations can be combined with improved agronomic traits. Thus, breeding for biofortification of Fe and Zn in cereals is feasible. Generally, tetraploid (ssp. durum) varieties showed less genetic variability for Fe and Zn concentrations (Monasterio and Graham, 2000; Grusak and Cakmak, 2005). An increase in inorganic concentrations might be a consequence of slower growth, reduced yield, low harvest index or smaller seeds (Monasterio and Graham, 2000). Yield increase led to a decline in nutrient concentration named the yield dilution effect.

The purpose of this study was to investigate the effect of Zn and Fe foliar application on the yield and quality of durum wheat grains.

Material and Methods

This study was carried out as a factorial experiment in a randomized complete block design with three replications at the Dryland Agricultural Research Institute (DAIR) – Moghan during the 2015–2016 cropping season. Soil characteristics of the study farm are given in Table 1. The DTPA micronutrient extraction method was used to estimate the potential soil availability of Zn and Fe. Critical levels of soil Fe and Zn were 8.5 and 0.55 mg/kg, respectively (Feiziasl, 2006). Therefore, the level of the two elements was lower (Table 1). The first factor comprised foliar spraying at four levels including control and spraying with Fe, Zn and Fe+Zn. The second factor consisted of different genotypes of durum wheat at four levels including Dehdasht (G1), Seimareh (G2) and two new genotypes (G3 and G4). The genealogy and the code of the genotypes are shown in Table 2. Each experiment plot consisted of 6 rows with 5-meter length and 20-cm inter-row space. The seeds were disinfected with carboxin thiram then cultivated with an automatic planter (Wintersteiger) at depths of 5 to 7 cm. Sowing time and harvest time were 6 November 2015 and 5 June 2016, respectively. Seed density within one square meter was 300. Approximately 28.5 kg/ha N and 12 kg/ha P were utilized before planting.

Table 1. Soil test results (depth of 0 to 30 cm).

	Kava.
(ppm)
	Pava.
(ppm)
	Nt.
(%)
	OM

(%)
	EC (ds.m-1)
	pH
	Zn

(ppm)
	Fe

(ppm)
	Mn

(ppm)
	Cu

(ppm)

	307
	23.6
	0.01
	0.98
	0.79
	7.9
	0.45
	5.6
	3.2
	0.21


Table 2. The pedigree of genotypes cultivated for the experiment.

	Genotype No.
	Genotypes

	G1
	Dehdasht

	G2
	Seymareh

	G3
	SILK_3/DIPPER_6/3/ACO89/DUKEM_4//5*ACO89/4/PLATA_7/ILBOR_1//SOMAT_3/5/LLARETA INIA/YEBAS_8/3/MINIMUS_6/PLATA_16//IMMER/4/D86135/ACO89//PORRON_4/3/SNITANCDSS07Y00046S-099Y-099M-18Y-2M-04Y-0B

	G4
	BCRIS/BICUM//LLARETAINIA/3/DUKEM_12/2*RASCON_21/5/1A.1D5+1-06/3*MOJO//RCOL/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1CDSS07Y00068S-099Y-099M-4Y-3M-04Y-0B


The Zn and Fe nano-chelate fertilizer of Khazra Company was sprayed with a ratio of 1.5 and 2 g fertilizer/1000 ml solution (w/v), respectively, at the tillering, early ear emergence and milk stages. Main stems from one square meter were harvested and then plant height, peduncle length, spike length, number of spikelets per spike, number of grains per spike, number of grains per spikelet, and 1000-grain weight of main spikes were assessed. Grain yields comprised the weight of grains of all plants harvested in a square meter. After cleaning the grain samples, they were dried at 70°C for 2 h, then were milled into flour and passed through a sieve of one millimeter. All samples of flour were digested by using the HNO3-HCl mixture, and Fe and Zn concentrations were measured by an atomic absorption spectrometer (Shimdzu, AA-6300) at wavelengths of 248.3 and 233.9 nm, respectively.
SAS software was used for the analysis of variance (ANOVA). Duncan’s multiple range test at p < 0.05 was used to determine differences between treatment means.

Results and Discussion

Stem height
Stem height was affected by spraying and genotypes (Table 3). Mean comparisons showed that Zn and Fe+Zn treatments gave significantly greater stem height in comparison to control. The difference between Zn and Fe treatments was insignificant. Genotype G2 had the lowest stem height, and G3 and G4 showed a significant advantage over others (Table 4). El-Magid et al. (2000) concluded that the Fe and Zn foliar application increased the height of the wheat plants. Khan et al. (2008) achieved a similar result by the zinc sulfate soil application for wheat. Seadh et al. (2009) reported that the highest wheat plant height was related to Zn treatment among micronutrient elements applied.
Table 3. The analysis of variance of the effect of spraying and genotype on stem height, peduncle length, spike length, spikelet number/spike and grain number/spike.
	Source of variation
	MS

	
	df
	Stem height
	Peduncle length
	Spike length
	Spikelet number/spike
	Grain number/spike

	Replication
	2
	0.56
	3.19
	0.28
	1.61
	0.005

	Spraying (A)
	3
	101.5**
	56.3**
	1.19**
	11.98**
	0.18**

	Genotype (B)
	3
	195.5**
	37.8**
	2.86**
	9.22**
	1.105**

	A×B
	9
	8.27ns
	2.6ns
	0.05ns
	0.67ns
	0.023ns

	Experimental error
	30
	6.48
	1.25
	0.05
	0.49
	0.027

	C.V (%)
	
	2.81
	3.1
	3.95
	3.94
	6.97


**and *are significant at 1% and 5% probability levels, respectively.
Peduncle length

The effect of spraying and genotypes on peduncle length was significant (Table 3). The foliar application of Fe+Zn gave the largest peduncle length and Zn, Fe and control treatments had lower values, respectively. Genotypes G1, G3 and G4 had the greatest peduncle length and genotype G2, with the lowest stem length, produced the minimum peduncle length (Table 4). Genotypes G3 and G4 also had the greatest stem height.

Table 4. Mean comparison of the effect of genotype and spraying on stem height, peduncle length, spike length, spikelet number/spike and grain number/spike.
	
	
	Stem height (cm)
	Peduncle length (cm)
	Spike length (cm)
	Spikelet number/spike
	Grain number/spike

	Genotype
	G1
	90.24b
	37.69a
	6.38a
	18.69a
	45.69a

	
	G2
	84.58c
	33.88b
	6.00b
	17.88b
	43.72a

	
	G3
	93.30a
	37.05a
	5.47c
	17.95b
	40.94b

	
	G4
	92.97a
	37.41a
	5.36c
	16.58c
	38.08c

	Spraying
	Control
	87.61c
	34.11d
	5.52c
	16.63d
	36.91d

	
	Fe
	88.76bc
	35.63c
	5.61c
	17.41c
	40.66c

	
	Zn
	90.43b
	37.11b
	5.97b
	18.05b
	43.14b

	
	Fe+Zn
	94.70a
	39.19a
	6.20a
	19.00a
	47.72a


Means with the same letter are not significantly different based on Duncanʼs test (p≤0.05).
Spike length
Plants from control plots produced the least spike length, and there were no significant differences between control and Fe treatment (Table 4). Zn and Fe+Zn foliar application meaningfully increased spike length compared to control, and the greatest spike length was observed for Fe+Zn application. Genotypes G3 and G4 had the lowest spike length, and the highest length was related to the genotype G1. Genotypes G3 and G4 produced the least length of the spike, although they had the greatest stem and peduncle length. Hemantaranjan and Grey (1988) also observed that soil Fe and Zn application increased spike length. Sultana et al. (2016) reported that 0.02% and 0.006% Zn foliar application significantly increased spike length in comparison to control.
Number of spikelets per spike

Comparison of the means (Table 4) showed that the control level produced the lowest number of spikelets per spike. Fe, Zn and Fe+Zn foliar sprays significantly increased the spikelet number per spike over the control. Combined Fe and Zn foliar application caused the highest number of spikelets in each spike. The genotype G4 formed the lowest number of spikelets per spike, and the highest spikelets belonged to the genotype G1. The genotypes G2 and G3 were intermediate. Seadh et al. (2009) found that Zn treatment produced the highest number of spikelets per spike. Khan et al. (2008) also stated that zinc sulfate application increased the number of spikelets per spike in wheat.

Number of grains per spike

Control treatment had the least number of kernels per spike (Table 4). Foliar application of Fe, Zn and Fe+Zn significantly increased the number of kernels per spike over the control. Fe+Zn treatment, which had a significant difference with Fe and Zn sprays, produced the greatest number of kernels per spike. The genotype G4 produced the lowest number of kernels per spike, but genotypes G2 and G1 which had greater spike length and spikelet number per spike significantly improved the number of kernels per spike. An increase in the number of kernels per spike (Hemantaranjan and Grey, 1988; Yilmaz et al. 1997; Malakoti and Hasanpor, 2003) as a result of Zn application has been reported. Seadh et al. (2009) found that Zn application produced the highest number of kernels per spike in wheat.
Number of grains per spikelet

The results of the analysis of variance (Table 5) and mean comparisons (Table 6) are presented. The results showed that the control had the least number of kernels per spikelet and the application of Fe alone and especially in combination with Zn significantly amplified the kernel number. Genotypes G1 and G2 had significantly more kernels than genotypes G3 and G4. A significant increase in the number of kernels per spikelet was reported by Ziaeian and Malakouti (2001). 

Table 5. The analysis of variance of the effect of spraying and genotype on grain yield attributes and grain Fe and Zn concentration.
	Source of variation
	MS

	
	df
	Grain number/spikelet
	Grain yield/m2
	1000-grain weight
	Grain Zn concentration (mg kg-1)
	Grain Fe concentration (mg kg-1)

	Replication
	2
	0.005
	3547.12
	2.27
	0.12
	4.4

	Spraying (A)
	3
	0.18**
	59761.7**
	6.12ns
	9.52**
	30.3ns

	Genotype (B)
	3
	0.105*
	13233.4**
	248.4**
	8.37**
	0.86**

	A×B
	9
	0.023ns
	2731.1ns
	3.6ns
	18.61**
	89.32**

	Experimental error
	30
	0.027
	2865.4
	10.6
	0.44
	3.04

	C.V (%)
	
	6.97
	9.69
	8.63
	2.61
	1.96


**and *are significant at 1% and 5% probability levels, respectively.
The weight of 1000 grains

The results showed that the genotype G2 had the lowest 1000-grain weight (32.6) and the other genotypes G1 (35.7), G3 (39.3) and G4 (43.1) significantly enhanced 1000-grain weight (Table 6). The genotype G4 had fewer kernels per spikelet and spike than the rest of the genotypes (Table 4), and as a result, fewer kernels absorbed more photosynthetic material and increased their weight. The high yield of genotypes G3 and G4 was associated with higher kernel weight of them. Hussain et al. (2005) have reported that a micronutrient spray increases the weight of 1000 grains at the tillering, boot and milk stages. In the present study, as the application of the micronutrients has increased the number of spikelets and the number of kernels in both spikelets and spikes, more kernels as a sink have been produced and photosynthetic materials have been allocated among more kernels and thus there was no significant difference among spray treatments.

Table 6. The effect of genotype and foliar spraying on grain number/spike, grain yield and 1000-grain weight.
	
	
	Grain number/spikelet
	Grain yield/m2
	1000-grain weight (g)

	Genotyp
	G1
	2.44a
	568.7a
	35.7c

	
	G2
	2.42a
	502.9b
	32.6d

	
	G3
	2.27b
	561.2a
	39.3b

	
	G4
	2.28b
	575.2a
	43.1a

	Spraying
	Control
	2.21c
	472.5c
	-

	
	Fe
	2.33bc
	529.4b
	-

	
	Zn
	2.39ab
	565.3b
	-

	
	Fe+Zn
	2.51a
	641/0a
	-


Means with the same letter are not significantly different based on Duncanʼs test (p≤0.05).
Grain yield per square meter

Plants from control plots had the lowest grain yield. Spraying with Fe and Zn significantly improved grain yield compared to control. The highest grain yield was obtained from plants sprayed with Fe+Zn, which had a significant advantage over Fe and Zn foliar spray. Genotypes G1, G3 and G4 had significantly higher grain yield than the genotype G2 which had the lowest grain yield. Ziaeian and Malakouti (2001) reported that wheat grain and straw yield were increased by the foliar spray of Fe and Zn. Experiments on wheat in 25 locations in Iran with treatments including Zn, Fe, Mn and Cu revealed that Zn application significantly improved grain yield (about 15%). Seadh et al. (2009) found that among the micronutrient elements, the Zn treatment produced the highest grain yield. Hussain et al. (2005) reported that the micronutrient spray at tillering, boot and milk stages enhanced wheat grain yield by increasing plant height, number of kernels per spike and 1000-grain weight. Pahlavan-Rad and Pessarakli (2009) stated that the application of 80 kg zinc sulfate per hectare increased the number of kernels per spike and grain yield. Different varieties of wheat not only have different growth potentials, but may also be different in terms of the response to fertilizers (Hemantaranjan and Gray, 1988). Khoshgoftarmanesh et al. (2005) have concluded that wheat cultivars respond differently to the application of zinc sulfate. Rengel and Graham (1995) also showed that Zn fertilizer increased wheat grain and straw yield, and the wheat cultivars showed different responses.

Fe grain concentration

Grain Fe concentration was affected by the interaction of spraying × cultivars (Table 5). The G1 and G2 genotypes accumulated more Fe in comparison with the G3 and G4 genotypes when they were not sprayed with micronutrient fertilizers. The application of Fe and Zn increased the Fe concentration in genotypes G3 and G4 over control but decreased their concentration in genotype G2. A single spray of Fe and Zn in comparison with control reduced the Fe content of grains in the G1 genotype, but Fe combined with Zn increased it. Therefore, in new genotypes, contrary to cultivars, the spray of micronutrients increased the Fe concentration (Fig. 1). Findings of previous studies differ in Fe concentration. Abbas et al. (2009) found that the application of 8 kg Zn/ha increased the amount of Fe absorbed, while the higher levels had a decreasing effect. Khan et al. (2014) reported the highest concentrations of Fe at Fe treatment and Yassen et al. (2010) at the micronutrient combination treatment.
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Figure 1. Grain Fe concentration in wheat under different treatments.
Zn grain concentration

In the G1 genotype, the application of Fe alone and in combination with Zn concentration significantly reduced grain Zn concentration compared to control. Also, Zn concentrations for Zn treatment and control were similar. The Zn and Fe application significantly reduced the Zn concentration of the genotype G2 in comparison with control, but the combined application of Zn and Fe caused a slight reduction in grain Zn concentration. Spraying of micronutrients, especially Zn alone or in combination with Fe, significantly increased grain Zn concentration of the genotype G3 in comparison to the control. Grain Zn concentration of the G4 genotype was the same among different levels of the foliar spray. Wang et al. (2012) found that the Zn foliar application, not soil application, increased the amount of Zn in wheat grains. Ravi et al. (2008) concluded that the combined application of Zn and Fe increased grain Zn concentration. It has been stated that micronutrient concentration in wheat grains mainly depends on environmental factors and interactions between the genotypes and the environment (Morgounov et al., 2007; Nan et al., 2002). Biofortification strategies include the application of mineral nutrients and the development of genotypes that take up more Zn from the soil and collect it in edible organs (White and Broadley, 2011). There are genotypes with a higher concentration of nutrients (White and Broadley, 2005). In our study, foliar spraying treatments clearly increased Zn concentration of G3 over control. It is notable that G3 along with G1 and G4 had higher grain yield. Therefore, there was no relation between grain nutrient concentration and grain yield. A decrease in nutrient concentration at sprayed treatments might be due to the dilution effect since grain yield has been increased by foliar treatments at the tillering stage.
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Figure 2. Fe concentration variation under different treatments.

Conclusion
New genotypes (G3 and G4) produced greater stem length, peduncle length, number of kernels per spike and 1000-grain weight than cultivars (G1 and G2) grown in the 2015–2016 cropping system. Grain yield of the genotypes G3 and G4 was equal to or higher than that of the genotypes G1 and G2. The foliar application of Fe and Zn, especially the combined application of Fe+Zn, improved the number of grains per spike and grain yields compared to control. Also, the treatment with Zn achieved better results than the treatment with Fe. The foliar application of Fe for the G4 genotype and Fe+Zn for the G3 genotype caused the highest concentrations of Fe and Zn, respectively. Due to the high ratio of Fe to Zn (2.7 to 3/3), it seems necessary to increase the quality of wheat. Efforts should be made to raise Zn concentration in grains, since this ratio should be less than 2.
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UTICAJ FOLIJARNE PRIMENE MIKROELEMENATA NA MORFOLOGIJU, PRINOS, KONCENTRACIJU GVOŽĐA I CINKA U ZRNU GENOTIPOVA TVRDE PŠENICE
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R e z i m e

Tvrda pšenica se prilagođava toplim i sušnim uslovima bolje nego hlebna pšenica. Prema tome, služi za ishranu miliona ljudi na Srednjem istoku i u severnoj Africi. U ovakvim uslovima, nedostatak hraniva, uključujući mikroelemente,  od velikog je interesa iz mnogih razloga, uključujući karbonatna zemljišta u uslovima stresa izazvanog sušom. Stoga su ispitivani rast, prinos, koncentracija gvožđa (Fe) i cinka (Zn) u zrnima sorti tvrde pšenice. Faktorijalni ekperiment zasnovan na potpuno slučajnom blok sistemu sa tri ponavljanja sproveden je na Institutu za poljoprivredna istraživanja u uslovima suvog ratarenja (engl. Dryland Agricultural Research Institute – DARI) u Moghanu. Prvi faktor je uključivao četiri tretmana, i to kontrolu i folijarne tretmane gvožđem, cinkom, i kombinaciju Fe+Zn, a drugi faktor je podrazumevao četiri genotipa: Dehdasht (G1), Seymareh (G2), i dva nova genotipa (G3 i G4). Rastvori đubriva sa gvožđem i cinkom primenjivani su u fazama bokorenja, ranog klasanja i mlečne zrelosti, u odnosu  2 g odnosno 1,5 g đubriva/1000 ml rastvora (w/v). Rezultati su pokazali da su genotipovi  G1, G3 i G4 dali viši prinos zrna po metru kvadratnom nego genotip G2. Ovo povećanje je posledica veće mase 1000 zrna kod genotipova G3 i G4 i veće mase 1000 zrna sa većim brojem zrna kod genotipa G1. Genotipovi G1 i G2 su imali veću dužinu klasa, broj zrna po klasu i klasiću nego genotipovi G3 i G4. Kod svih ispitivanih osobina, osim koncentracije gvožđa i cinka u zrnu, kombinacija Fe+Zn pokazala je najveći a kontrola najniži učinak. Takođe, primena cinka je dala bolje rezultate u odnosu na gvožđe. Najviša koncentracija gvožđa kod genotipova  G1, G2, G3, i G4 uočena je kod kombinacije Fe+Zn, kontrole, Zn, odnosno Fe. Najviše koncentracije cinka su zabeležene kod genotipa  G3 kada je korišćen samo Zn ili u kombinaciji sa Fe. Prema rezultatima, folijarna primena gvožđa i cinka povećala je prinos tvrde pšenice na zemljištu deficitarnom u cinku i gvožđu.
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