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ABSTRACT 
 
 Two field experiments were carried out during 2011/2012 and 2012/2013 winter seasons at the farm of 
research and production station, National Research Centre, Al Emam Malek Village, Nubria District, Al Behaira 
Governorate, Egypt,to study the effect of spraying micronutrients (untreated control) spraying with water, Fe, 
Zn, Mn at the rate of 1000 ppm of each as well as the mixture of these micronutrients and addition to 
commercial foliage nutrient fertilizer named Micromix on yield and its components of wheat cultivar Sakha-93. 
Results indicated that applicationof each Fe + Zn + Mn, micromix,Fe + Zn, Fe + Mn as well as Zn + Mn 
significantly increased plant height, number of spike/m2 and  grain weight/spike (in the combined only) while 
number of spikes/m2 and 1000 grain weight were significantly increased in the first season and combined. 
However spike length, number of grains/spike and grain weight/spike were not significantly affected by 
micronutrients. Grain yield/fad was significantly increased in the two seasons and the combined but straw yield 
and biological yield were significant effect in the first season and the combined, harvest index significantly 
increased in the first season only on carbohydrate, K, P percentage were not significantly affected by 
micronutrients but protein percentage significant affected (in the combined analysis). 
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Introduction 
 
 Wheat (Triticum aestivum L.) is one of the most important cereal crops in the world as well as in Egypt. 
Wheat represents the stable food for more than one third of the world population in Egypt wheat provides 37% 
of the total calories for the people and 40% of the protein in the Egyptian diet (Ministry of Agriculture Statistic 
Year Book, 2000). Also, it is a major source of straw for animal feeding. Micronutrients, such as transition 
metals like Fe, Cu, Mn and Zn are essential for growth and development of the living plants, as they are found 
in most redox reactions fundamental for cellular processes and in proteins and enzymes for structural and 
catalylic enzyme activities (Hall and Willams,2003)Soil organic matter use led to a significant and direct impact 
on the availability of Zn, Fe and Mn but has little influence on the availability of soil Cu (Zhang et al., 2001) In 
addition the interaction of other soil macro and micro nutrients also affected micronutrients uptake by crops 
(Aulakh and Malhi, 2005). However, the soil application of micronutrients fertilizers in the cultivation may not 
meet the crop requirement for growth and nutrients use ;thus the alternative effective approach is to apply these 
micronutrients as a foliar spray (Arif et al., 2006). Karamasos et al. (2004) reported that maximum grain yield of 
wheat was obtained by foliar Cu application. Kassab et al. (2004) concluded that the foliar application with 2% 
solution from each of Fe, Mn, Zn and Mg significantly increased wheat yield components, grain and straw yield 
as well as carbohydrates yield fed. 
 
Materials and Methods  
 
 Two field experiments were conducted at research and production station, National Research Centre Al 
Emam Malek Village Nubaria District Al Behaira Governorate, Egypt 2011/2012 and 2012/2013 winter seasons 
investigated the effect of spraying micronutrients Fe, Zn and Mn as well as their combinations in addition to 
commercial foliage nutrient fertilizer named micromax on yield and its components of wheat cultivar Sakha-93. 
This experiment includes nine spraying treatments.  
1-control (sprayed with water)   2-Iron (Fe) 12%    3-Zinc (Zn) 14% 
4- Manganese (Mn) 14%  5- Fe 12% + Zn 14% 
6- Fe 12% + Mn 14%                      7- Mn 14% + Zn 14% 
8- Fe 12% + Mn 14% + Zn 14%  9- Micromix (A commercial    foliage fertilizer) composition N19% P2O5 
19% K2O 19%, Mg2%, Zn 0.02%, Fe0.04%, Mn 0.02%, S 1.4%, Cu 0.01%, B. 0.01, Mo 0.001% 1000 ppm of 
each of Zinc, Iron and manganese were applied the rate of solutions the commercial foliage fertilizer used was 1 
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kg/fad.. The solutions of these micronutrients were sprayed twice the first was equivalent rate of 400 litre/fad 
after 45 days from sowing and 600 litre/fad after 75 days from sowing. Wheat seeds was used plot area was 7.5 
m2 (3 x 2.5 m) it includes 15 rows, 20 cm apart and each of 2.5 m in length sowing. Dates experiments were on 
November 27th in both seasons and harvested on May Calcium super phosphate 15.5% P2O5 at 46.5 kg/fad as 
well as 48 kg K2O/fad as potassium (48% K2O) were applied at sowing time and 100 kg N/fad in form of 
ammonium sulphate (20.5% N) Experimental design was a randomized complete block design with three 
replicates At harvest the data recorded are plant height (cm), number of spikes/m2, spike length (cm), number of 
grains/spike, grain weight/spike (g), 1000-grain weight (g), biological yield (ton/fad), harvest index (economical 
yield/biological yield × 100)and grain quality :where Carbohydrate content – total available carbohydrate was 
extracted from dried grain material with HCl for 6 hours at 100 C and was litrated estimation was carried out 
photometrically using Nelson's reagent as reported by Cherry (1973). 
 Crude protein content – it was determined as the total nitrogen following the micro kjieldhl method 
according to A.O.A.C (1980) and them total N content was multiplied by 5.7 to obtain the protein content in 
grain. 
Protein yield (kg/fed) = protein % × grain yield/fad. 
All data were statistically analyzed and combined analysis was conducter for the date of the two seasons 
according to Svab (1973). 
 
Table 1: Physical and chemical soil characteristics. 

Sand % Silt % Clay % Soil 
texture 

pH O.M % CaCO3 % E.C (ds/m-

1) 
Available nutrients (ppm) 
N P K 

91.2 3.7 5.1 sandy 7.3 0.3 1.4 0.3 8.1 3.2 20 

 
Results and Discussion 
 
Yield and yield components:  
 
 The results clearly show that, plant height and grain weight /spike of wheat was not affected by 
micronutrients application in both seasons mean while the combined analysis showed significant increase in 
Table (2) adding the combination (Fe + Zn), (Fe + Mn), (Zn + Mn) or (Fe + Zn + Mn) as well as micromex 
composition tended to produce taller plants and raising the weight of grains/spike compared with the check 
treatment. The stimulating effects of micronutrients on nutritional status of plants. The biosynthesis or organic 
nutrients as well as the biosynthesis of natural harmones could give a reasonable explanation for their improving 
effect of plant height the obtained results are generally in harmony with Sarhan (2004), Abd El-Hammed (2006) 
and Gehan (2011) – Spike length (cm) and number grains\spike showed in Table (2) of wheat were 
insignificantly affected by different micronutrients application on wheat plants in both seasons as well as the 
combined analysis although the difference could not reach the level of significance in both seasons and their 
combined ,The lowest number of grains/spike was achieved by untreated plants in addition tri-combination of 
Fe, Zn, Mn appeared to produce the highest number of grains/spike as compared with the control the obtained 
results are in agreement with those reported by El-Habbal et al. (1995), Salem and El-Beshbeshy (1995) and 
Gehan (2011) who noticed that wheat plants sprayed by such micronutrients possessed pronounced increments 
regarding number of grains/spike. 
 Number of spikes/m2 in Table (2) showed highly significantly differences in first season and the combined 
analysis- mean while the differences could not reach the significance level in the second season. The results 
show that (Fe + Zn + Mn) as tri combination and the commercial fertilizer gave greater values of spike 
number/m2 than the single treatment of Fe, Zn and Mn and the water sprayed check in this connection several 
investigators included, Salem and El-Beshbeshy (1995) and Gehan (2011). 
 1000 grains weight (g) and straw yield (ton/fad) these results in Table (2) indicate the effect of different 
micronutrients was not affected in the second season by applying micronutrients. The results of the first season 
and the combined analysis showed that the tri-combination (Fe + Zn + Mn) was more effective in this concern. 
The favorable effect of different nutrients on wheat 1000-grains weight was documented by,Sarhan and 
Hammad (1995) on Mn, Fe and Zn application. This favorable effect of these elements in stimulating the 
photosynthesis and other biological processes in wheat plants, which were positively reflected on enhancing the 
final straw yield/fed were found to be similar to reported by Salwan (1994) on Mn and Zn and Seidh et al. 
(2009) on mixture of some micronutrients. 
 The results in Table (3) clearly showed that biological yield was not affected in the second season by 
micronutrients fertilization however it could be concluded that the first season and the combined analysis 
cleared that adding the different micronutrients to wheat plants significantly increased biological yield. As show 
inthe combined analysis the highest biological yield of wheat was obtained by adding Fe, Zn and Mn as tri 
combination followed by micromex compared with control and spraying micronutrients as single or 
dicombination whereas application of single micronutrients failed to reach the level of significance when 
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compared with control. This behavior is similar to that recorded in biological yield components i.e. grain and 
straw yield/fad. This distinguished impact of the different nutrients was show also by other workers of them. 
Anton et al. (1999), Atallah (2001) with micronutrients as compared with control and Gehan (2011). 
 
Table 2: Effect of spraying micronutrients and their combinations as well as micromex on yield and its components. 

Treatments Plant height (cm) Number of spikes/m2 Spike length (cm) 1000-grain weight (g) Number of grain/spike Grain weight/spike
2011/
2012 

2012/ 
2013 

combined 2011/ 
2012 

2012/ 
2013 

combined 2011/
2012

2012/
2013

combined 2011/ 
2012 

2012/ 
2013 

combined 2011/ 
2012 

2012/ 
2013 

combined 2011/ 
2012 

2012/ 
2013 

combined

control 79.64 77.55 78.59b 404.6d 405.6 405.1d 8.5 8.2 8.3 31.07c 30.53 30.79c 39.4 38.8 39.1 1.53 1.70 1.61c 
Fe 82.5 83.49 82.99ab 410.6cd 413.0 411.8cd 8.7 8.2 8.4 31.41c 32.85 32.13c 40.4 39.6 40.0 1.68 1.80 1.74bc 
Zn 83.27 81.73 82.5ab 412.0bcd 414.6 413.3cd 9.2 8.4 8.8 31.61c 35.11 33.36c 41.4 41.1 41.2 1.86 1.79 1.82bc
Mn 83.38 82.28 82.83ab 413.6bcd 418.3 416.0cd 9.2 8.4 8.8 31.61bc 34.98 33.29c 41.4 40.6 41.00 1.85 1.83 1.84abc 

Fe + Zn 86.13 87.56 86.84a 417.0bcd 420.3 418.6bcd 9.4 8.7 9.1 32.61bc 37.90 35.25bc 42.1 41.6 41.8 1.92 1.94 1.93abc 
Fe + Mn 86.24 84.15 85.19a 419.3bc 420.3 419.8bc 9.4 8.8 9.1 32.65bc 37.57 35.11bc 41.9 41.8 41.8 1.93 1.94 1.94abc
Zn + Mn 86.57 87.67 87.12a 425.6bc 422.0 423.8bc 9.4 8.8 9.1 33.56bc 36.66 35.11bc 41.8 41.2 41.5 1.91 1.93 1.92abc 

Fe+Zn+Mn 90.86 88.88 89.87a 436.3a 439.3 437.8a 9.8 9.4 9.6 39.29a 39.89 39.59a 44.0 44.5 44.2 2.15 2.14 2.17a 
Micromex 88.77 86.9 89.85a 424.3b 436.6 430.5ab 9.5 9.2 9.3 36.88ab 39.52 38.20ab 42.5 43.2 42.8 1.98 2.02 2.00ab 

F-test NS NS * ** NS ** NS NS NS ** NS ** NS NS NS NS NS *

 
 Grain yield (kg/fad) of wheat as impacted by the different micronutrients treatments during two seasons and 
their combined analysis in Table (3) a gradual increase in grain yield/fad was obtained due to spraying wheat 
plants by the three micronutrients as single or combinations treatments as well as micromex compared to control 
plants and this was the fact in both seasons as well as in the combined analysis. The differences between the all 
treatments under study were highly significantly as shown in the combined analysis the increment in grain yield 
with spraying such micronutrients may be due to the fact these nutrients play an active role in building 
merestemic cells cell elongation and increasing photosynthesis activity in addition such micronutrient could 
encourage the increase in number of grain and accumulation of organic compounds in wheat plants to utilize 
nutrients. These results are align with those reported Mourad et al. (1992)on zn and different trace elements. El-
Habbal et al. (1995) and Gehan (2011) on different trace elements. 
 Harvest index showed in Table (3) the results of the first season showed that application of three 
micronutrients and their combinations as well as dimixtures of Mn with either Fe or Zn tended to produce higher 
values for harvest index when compared with control. This trand was highly significant however it could be 
concluded that harvest index was not affected by applying micronutrients since the results of the second season 
as well as the combined analysis were not significant in the respect. These results are in agreement with Baza et 
al. (1994). 
 
Table 3: Effect of spraying micronutrients and their combinations as well as micromex on yield and its components. 

Treatments Harvest index (%) Grain yield  
(kg/fed) 

Straw yield  
(ton/fed) 

Biological yield (ton/fed) 

2011/ 
2012 

2012/ 
2013 

Combined 2011/
2012 

2012/
2013 

combined 2011/
2012 

2012/
2013 

combined 2011/ 
2012 

2012/ 
2013 

Combined

control 29.4e 41.9 35.6 1114.4h 1235.2g 1174.8i 2.68e 1.82 2.25bc 3.79h 3.06 3.43e 
Fe 32.8cd 45.2 39.0 1247.4g 1444.7f 1346.1h 2.56g 1.75 2.16c 3.81h 3.20 3.50e 
Zn 32.4cd 46.7 39.5 1265.9f 1687.5c 1476.7g 2.64f 1.96 2.30bc 3.91g 3.65 3.78e 
Mn 32.7cd 45.3 39.0 1301.0e 1688.1e 1494.6f 2.68e 2.07 2.38bc 3.98f 3.76 3.87cde 

Fe + Zn 31.1de 46.2 38.6 1316.0d 1720.6d 1518.3e 2.92c 2.25 2.58abc 4.29e 3.97 4.10bcd 
Fe + Mn 35.1ab 41.6 38.4 1506.4c 1730.9c 1618.6d 2.78d 2.43 2.61abc 4.29d 4.16 4.23bcd 
Zn + Mn 35.0ab 41.9 38.4 1566.1b 1730.9c 1648.5c 2.91c 2.45 2.68abc 4.48c 4.18 4.33bc 

Fe+Zn+Mn 36.3a 42.1 39.2 1888.0a 1883.4a 1885.7a 3.13a 2.63 2.97a 5.20a 4.51 4.86a 
Micromex 34.1bc 43.4 38.7 1568.0b 1842.8b 1705.4b 3.03b 2.42 2.72ab 4.56b 4.26 4.43ab 

F-test ** NS NS ** ** ** ** NS * ** NS ** 

 
Grain quality and chemical compositions:  
 Quality parameters of grains (protein and carbohydrates percentages) and chemical composition i.e. N, P 
and K concentrations in grains. 
 These results in Table (4) carbohydrate percentage and protein percentage were not significantly affected by 
micronutrients fertilization in wheat in both seasons as well as the combined analysis. The expecting increases 
in the carbohydrate content in wheat grain by applying the different micronutrient under study were suggested to 
be a result of increasing the efficiency of photosynthesis and in turn the carbohydrate metabolism and 
accumulation inside grains while the difference in this concern did not reach the level of significance. These 
results are in disagreement with those reported by AbdelSalam et al. (1993) on Zn and Mn application.  
 Generally grain protein percentage was not affected by applying Fe, Zn and Mn and their combinations as 
well as micromex fertilizer of both seasons, meanwhile the combined analysis showed that spraying 
micronutrients as well as applying micromex tended to increase grain protein content% when compared with 
control treatment except when Fe or Zn was sprayed as single treatment, the differences were not significant. 
Also, the differences between adding micronutrients either single or in combination as well as micromex 
fertilizer for grain protein % did not reach the level of significance. The excess in grain protein content in 
response to micronutrients tests might be due to the effect of these nutrients in raising N absorption from the soil 
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and its translocation from the synthetic surfaces to the grains the findings are confirmed by the observation 
made by El-Habbal et al. (1995) by using as a mixture of micronutrients. 
 Chemical composition i.e. N, P and K concentration in grain show not significant response to 
micronutrients foliar application treatment and micromex in both seasons and combined analysis as shown in 
Table (4). 
 
Table 4: Effect of spraying micronutrients and their combinations as well as micromex on yield and its components. 

Treatments Carbohydrate (%) Protein (%) P (%) K (%) N (%) 
2011/ 
2012 

2012/ 
2013 

combined 2011/ 
2012 

2012/ 
2013 

combined 2011/ 
2012 

2012/ 
2013 

combined 2011/ 
2012 

2012/ 
2013 

combined 2011/ 
2012 

2012/ 
2013 

Combined 

control 70.1 70.5 70.3 10.07 10.16 10.12b 0.236 0.236 0.236 1.22 1.26 1.24 1.77 1.78 1.7 
Fe 70.4 71.5 70.9 11.08 10.92 11.01ab 0.284 0.281 0.282 1.31 1.37 1.34 1.94 1.91 1.5 
Zn 71.1 71.5 71.3 10.92 11.20 11.06ab 0.295 0.289 0.292 1.35 1.42 1.38 1.91 1.96 1.5
Mn 71.1 71.8 71.4 11.01 11.37 11.19a 0.273 0.284 0.278 1.35 1.40 1.37 1.93 1.99 1.9 

Fe + Zn 71.1 71.8 71.8 11.26 11.49 11.38a 0.246 0.246 0.246 1.24 1.28 1.26 1.97 2.01 1.9 
Fe + Mn 71.5 71.8 71.7 11.55 11.49 11.53a 0.256 0.246 0.251 1.22 1.25 1.23 2.02 2.01 2.0 
Zn + Mn 71.2 72.2 71.7 11.62 11.55 11.59a 0.262 0.272 0.267 1.28 1.37 1.32 2.03 2.02 2. 03

Fe+Zn+Mn 71.9 72.2 72.0 11.97 11.59 11.78a 0.311 0.317 0.314 1.37 1.44 1.41 2.10 2.03 2.03 
Micromex 71.9 72.2 72.0 11.81 11.88 11.85a 0.312 0.319 0.315 1.38 1.45 1.41 2.07 2.08 2.02 

F-test NS NS NS NS NS * NS NS NS NS NS NS NS NS NS
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