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ABSTRACT 

Two field experiments were conducted at the Rosseta region, El_Behira Governorate, Egypt, 
during 2017/2018 and 2018/2019 growing seasons to study the impact of micronutrient and butyric 
acid and fulvic acid on the yield, its components and quality characters in wheat plant (Giza 168), in 
split plot design based on three replications. The main plots included foliar application of 
micronutrients fertilizer (water spraying, one spray of Zn, Fe and Mn, twice spray of Zn, Fe and Mn), 
while the bio- stimulants (water spray, foliar application of butyric acid, soil application of butyric 
acid, foliar application of fulvic acid, foliar application of butyric + fulvic acid and soil application of 
butyric + fulvic acid) are arranged randomly in the sub plot. The results concluded that application of 
micronutrients, biostimulator and their interaction affected significantly on wheat yield and its 
components, where yield, its components of wheat crop increased with the application of the mixture 
of (Zn + Fe + Mn) with T5 (Soil application of butyric acid + fulvic acid) or T5 (Foliar application of 
butyric acid + fulvic acid under study conditions. 
  
Keywords: wheat, Zn, Fe, Mn, butyric acid, fulvic aid, yield, grain quality, bio- stimulants 

 
Introduction 

Wheat (Triticum aestivum L.) is the first important and strategic cereal crop for the majority 
of world’s populations as well as Egypt. It is the most vital staple food of about two billion persons 
(36% of the world population). Wheat is an important source wide because of its good nutritional and 
technical properties (Bayoumi and El-Demardash, 2008). Cereals are an important dietary source 
through the world. Because they constitute the main protein and energy supply in the most countries 
(Boss et al., 2005). Fulvic acid (FA) contains many nutritional elements beneficial for improving crop 
yields together with improvement of physicochemical and biological environment of soil. Due to the 
application of FA, exchangeable all concentration evidently decreased in comparison to the only P 
treatment, which in turn significantly increased available P concentration. FA also increased the 
movement length of P that reached 4.5, 5.5 and 6.5 cm depth for treatments reinforced with 0.1, 0.2 
and 0.3 g FA per column, respectively. As FA was added into soil, microbial population, organic 
matter content and cation exchange capacity (CEC) all clearly raised. It is recommended that P 
fertilizer and FA are fertilized together may be considered as an optimum choice for the improvement 
of P availability and soil physicochemical conditions (Yang et al., 2013). Foliar application of Fulvic 
acid on wheat plants improved labeled P uptake by roots and yield. Fulvic acid has smaller molecules 
and more acidic groups than humic acids (Xudan, 1986). 

 Indole - 3 – butyric acid has various effects on growth of plant and development when 
applied exogenously (Ludwing et al., 2000). And increasing concentration of indole - 3 – butyric acid 
from 25 to 100 mg/l caused increase in photosynthetic pigments content / leaves, yield and its quality 
as well as biochemical constituents of onion bulb. The higher concentration (100 mg/l) was more 
effective than other concentrations (Amin et al., 2006). Also, Indole-3-butyric acid significantly 
increased vegetative growth and improve average yield and its quality of onion (Midan et al., 1982; 
Amin et al., 2006). Indole-3-butyric acid (IBA) significantly increased vegetative growth, yield & its 
components and chemical constituents of maize grains (Amin et al., 2006). Foliar application with 
indole-3-butyric acid at the concentration 50 and 100 mg/l increased yield of crops (Baraldi et al., 
1993; Shafey et al., 1994; Chhun et al., 2004). 

Foliar application of micronutrients particularly Zn and Fe in small amounts had significant 
positive effect on 1000 grain weight, plant height, biological yield, grain yield, harvest index and oil 
content of sunflower (Babaeian, 2011). Furthermore, foliar application of macronutrients caused a 
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significant and/or highly significant effect on some of growth parameters and yield components 
during the two seasons. In addition, some nutrient of wheat grains content i.e. K, Zn, Mn and Cu were 
significant and\or highly significant increased due to foliar application of macronutrients (Abd El-
Ghany et al., 2013). The highest grain number per panicle was recorded when Fe + Si and mixture of 
the three Zn, Fe and Si elements were applied. Meanwhile, maximum 1000- grain weight was 
obtained in Zn+ Si foliar application treatment. The simultaneously application of these elements had 
the highest biomass weight and grain yield. Also, grain yield in Zn + Fe foliar application treatment 
was 9 and 13 percent greater than those in Fe and Zn treatments, respectively (Esfahani et al., 2014). 
Also, Zn application, significantly increased tillers m–2, total biomass and paddy yield, as well as the 
Zn concentration in the grain and the straw, except phosphorus (P) content in the paddy and straw. 
Incorporeity Zn-EDTA in soil (10.0 kg/ha), resulted in greater values for grain, its components and 
grain chemical composition parameters of crop as compared to other sources of Zn application. 
Application Zn in soil recorded the highest yield, biomass, N and K contents in the grain. Foliar 
application caused greater P concentration in both grain and straw, however, chlorophyll, K contents 
in grains. Application of Zn-EDTA significantly enhanced yield components, as well as nutrient 
contents in grains. Application of Zn-EDTA will be helpful to reduce zinc deficiency in rice (Waleed 
and Kashif, 2014). The foliar application of Zn + Fe gave the highest mean values of yield and yield 
components, and chemical compositions of wheat grain. The greatest grain yield was obtained by Zn 
+ Fe during both seasons. Thus, it is possible to get highest yield, yield component, and chemical 
compositions of grain wheat through soil application of mixture of (nitrogen + potassium) and foliar 
of micronutrients of Zn + Fe (Gomaa et al., 2015). Therefore, the present investigation was conducted 
to study the effect of micronutrient and bio-stimulants on the productivity and quality characters of 
wheat plants. 
 
Materials and Methods 
 
  To investigate the effect of some micronutrients application and bio- stimulants on growth, 
productivity, chemical compositions, and quality of wheat. Two field experiments were conducted in 
Rosetta zone, El- Behera during 2017/2018 and 2018/2019 growing seasons. A split plot design with 
three replicates was used. The treatments can be illustrated as follows: Main plots (Foliar application 
of micronutrients) were as follows; Control (water); One spray of Zn + Fe + Mn (500 g/fed) at 30 
DAS; Twice spray of Zn + Fe + Mn (500 g/fed/time) at 30 and 45 DAS, While, sub-plots (bio- 
stimulants) were as follows; T0: Control; T1: Foliar application of Butyric acid at concentration of 2% 
at the rate of 100 g/fed.; T2: Soil application of butyric acid at concentration of 2% at the rate of 100 
g/fed.; T3: Foliar application of fulvic acid at concentration of 70 % at the rate of 100 g/fed.; T4: Soil 
application of fulvic acid at concentration of 70 % at the rate of 2 kg/fed.; T5: Foliar application of 
butyric acid + fulvic acid and T6: Soil application of butyric acid + fulvic acid at the rate of 2kg/fed. 
Nitrogen fertilizer at rate of 70 kg N/fed was added in three doses. The first dose was added at sowing 
time, the second dose was added with the first irrigation (25 days after sowing) and the third dose was 
added (25 days after the first irrigation). N- fertilizer was added on the form of urea (46.5 % N). Super 
phosphate fertilizer was applied before sowing at rates of 200 kg/fed (the recommended dose). 
Potassium fertilizer was applied before sowing (during seedbed preparation) at rate of 50 kg/ha in the 
form of potassium sulphate (48 % K2O) (the recommended dose). The micronutrients foliar as Zn 
EDTA (15%), Fe EDTA (13%), Mn EDTA (13%) and nutrient mixture (Zn+ Fe + Mn) were sprayed 
at the rate of (500 g/fed) after 45(one time) or 45 and 60 (two times) days from sowing (as mentioned 
treatments above). The preceding crop was maize in the two growing seasons. Soil samples of the 
experimental sites were taken at the depth of (0-30 cm). Physical and chemical analysis are presented 
in Table (1) were done according to the method described Chapman and Pratt (1978).  

 
 
 
 
 
 



Middle East J. Agric. Res., 8(3): 839-844, 2019 
ISSN: 2077-4605 

841 

Table 1: Some Physical and chemical properties of the experimental soil in both seasons 
Soil characteristics 

Properties 
Seasons 

2017/2018 2018/2019 
Soil texture (%) Clay loam 
Clay % 56.99 58.22 
Silt % 9.63 8.92 
Sand % 33.38 32.86 
pH (1: 2.5 water suspension) 8.30 8.00 
EC (dSm-1) 0.958 0.988 
Cations (meq/L.) 
Ca+ + 1.87 1.77 
Mg+ + 3.27 2.98 
Na+ 5.50 5.30 
K+ 5.10 4.98 
Anions (meq/L.) 
HCO3

- 2.00 1.95 
Cl- 3.85 3.77 
SO4- - 10.50 12.20 
O.M. (%) 1.85 1.90 
CaCO3 (%) 0.198 0.192 
Available N(mg/kg) 89.40 90.60 
Available P (mg/kg) 20.12 28.50 
Available Fe (mg/kg) 2.10 2.30 
Available Zn (mg/kg) 0.99 1.00 
Available Mn (mg/kg) 1.80 1.75 

 
Results and Discussion 
 

Statistical analysis of the data revealed that micronutrients fertilizer led to a significant increase 
in wheat yield and its components during both seasons (Tables 2 and 3).  
 
Table 2: Plant attributes of wheat as affected by micronutrients, Bio- stimulants application and their interaction 

during 2017/2018 and 2018/2019 seasons. 

Treatments 
Spike length (cm) 

number of 
spikes/m2 

Number of spikelets 
/spike 

Number of grains 
/spike 

1000- kernel weight 
(g) 

Season 
2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 

A) Micronutrients 

Water  12.05 12.65 278.86 309.86 19.71 18.81 57.09 54.05 46.60 47.68 

One spray 12.44 13.36 293.57 321.24 20.0 19.14 57.29 55.00 49.98 51.20 
Twice spray  13.96 14.73 298.62 313.48 20.24 19.76 58.29 56.90 52.62 54.47 
LSD at 0.05 0.62 0.53 11.55 22.4 0.89 0.82 2.24 2.85 3.05 3.42 

B) Bio- stimulants 
T0 12.39 12.97 249.67 275.44 18.11 17.11 52.89 49.89 45.57 47.01 
T1 13.12 13.77 299.67 325.89 20.56 19.56 59.44 56.00 48.78 51.53 
T2 12.06 12.61 281.78 308.67 18.44 17.44 55.33 52.56 47.99 50.59 
T3 12.19 13.24 294.00 310.11 19.89 18.89 57.67 55.11 48.82 51.42 
T4 12.53 13.45 295.33 327.56 19.89 18.89 58.97 55.78 49.76 51.40 
T5 13.18 14.11 297.22 325.11 20.22 19.78 56.56 56.89 51.83 50.38 
T6 14.22 14.92 314.78 331.22 22.78 23.00 62.33 61.00 55.4 55.49 
LSD at 0.05 0.64 0.69 14.15 15.84 1.13 1.15 3.54 3.57 4.11 4.03 

Interaction 

Micronutrients 
x Bio- 

stimulants 
* * * * * * * * * * 

 
T0 Control. 
T1 Foliar application of Butyric acid at concentration of 2% at the rate of 100 g/fed. 
T2 Soil application of butyric acid at concentration of 2% at the rate of 100 g/fed. 
T3 Foliar application of fulvic acid at concentration of 70 % at the rate of 100 g/fed. 
T4 Soil application of fulvic acid at concentration of 70 % at the rate of 2 kg/fed. 
T5 Foliar application of butyric acid + fulvic acid at concentration of 70 % at the rate of 100 g/fed. 
T5 Soil application of butyric acid + fulvic acid at the rate of 2 kg/fed. 

- * : significant at 0.05 level of probability. 
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The highest mean values of all yield and its components as spike length (13.96 and 14.73 cm), 
number of spikes/m2 (298.62 and 313.48), number of spikelets/spike (20.24 and 19.76), number 
grains/spike (58.29 and 56.90), 1000- grain weight (52.62 and 54.47g), straw yield (4.30 and 4.76 
t/fed.), grain yield (2.51 and 2.71 t/fed.), biological yield (6.81 and 7.47 t/fed.) and harvest index 
(36.86 and 36.28 %) were produced by mixture application (Zn + Fe + Mn) twice spray than untreated 
plots. Therefore, the increase in grain yield owing to applied mixture (Zn + Fe + Mn) was the logical 
resultant of the achieved increase in components. These results are in agreement with those reported 
by Ali (2002), Babaeian et al. (2011), Esfahani et al. (2014), and Gomaa et al. (2015) who recorded 
that application of micronutrients as Fe, Zn and Mn caused an increase in yield and its components of 
wheat. 
 
Table 3: Yield attributes of wheat as affected by micronutrients, Bio- stimulants application and their 

interaction during 2017/2018 and 2018/2019 seasons. 

Treatments 

Straw yield  
(t/fed.) 

Grain yield  
(t/fed.) 

Biological yield (t/fed.) 
Harvest index  

(%) 
Season 

2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 
A) Micronutrients: 

Water  3.67 4.19 2.04 2.27 5.71 6.46 35.73 35.14 
One spray 4.07 4.66 2.42 2.68 6.49 7.34 37.29 36.51 
Twice spray  4.30 4.76 2.51 2.71 6.81 7.47 36.86 36.28 

LSD at 0.05 0.12 0.17 0.18 0.23 0.29 0.32 1.21 2.33 
B) Bio- stimulants: 

T0  3.79 4.15 2.24 2.27 6.03 6.42 37.15 35.36 
T1  4.00 4.63 2.31 2.61 6.31 7.24 36.61 36.05 
T2  3.82 4.45 2.13 2.35 5.95 6.80 35.80 34.56 
T3  3.91 4.53 2.22 2.52 6.13 7.05 36.22 35.74 
T4  3.92 4.43 2.19 2.53 6.11 6.96 35.84 36.35 
T5  4.18 4.69 2.37 2.66 6.55 7.35 36.18 36.19 
T6  4.48 4.88 2.80 2.92 7.28 7.80 38.46 37.44 

LSD at 0.05 0.22 0.28 0.19 0.23 0.37 0.48 1.54 1.53 
Interaction: 

Water 

T0 3.25 3.10 1.74 1.50 4.99 4.60 34.87 32.61 
T1 3.48 4.10 1.79 2.09 5.27 6.19 33.97 33.76 
T2 3.56 4.18 1.87 2.17 5.43 6.35 34.44 34.17 
T3 3.78 4.41 2.09 2.39 5.87 6.80 35.60 35.15 
T4 3.59 4.22 2.14 2.44 5.73 6.66 37.35 36.64 
T5 3.91 4.53 2.22 2.52 6.13 7.05 36.22 35.74 
T6 4.13 4.76 2.44 2.74 6.57 7.50 37.14 36.53 

One spray 

T0 3.93 4.56 2.49 2.79 6.42 7.35 38.79 37.96 
T1 4.48 5.10 2.79 3.09 7.27 8.19 38.38 37.73 
T2 3.84 4.47 2.15 2.45 5.99 6.92 35.89 35.40 
T3 3.69 4.32 2.00 2.30 5.69 6.62 35.15 34.74 
T4 3.91 4.54 2.22 2.52 6.13 7.06 36.22 35.69 
T5 4.21 4.84 2.52 2.82 6.73 7.66 37.44 36.81 
T6 4.45 4.80 2.73 2.97 7.18 7.77 38.02 38.22 

Twice spray 

T0 4.17 4.80 2.48 2.51 6.65 7.31 37.29 34.34 
T1 4.05 4.68 2.36 2.66 6.41 7.34 36.82 36.24 
T2 4.07 4.70 2.38 2.43 6.45 7.13 36.90 34.08 
T3 4.24 4.87 2.55 2.85 6.79 7.72 37.56 36.92 
T4 4.26 4.52 2.20 2.63 6.46 7.15 34.06 36.78 
T5 4.41 4.69 2.38 2.63 6.79 7.32 35.05 35.93 
T6 4.86 5.07 2.23 3.06 7.09 8.13 31.45 37.64 

LSD at 0.05 0.39 0.48 0.33 0.40 0.64 0.82 2.67 2.65 
T0  Control. 

T1  Foliar application of Butyric acid at concentration of 2% at the rate of 100 g/fed. 

T2  Soil application of butyric acid at concentration of 2% at the rate of 100 g/fed. 

T3  Foliar application of fulvic acid at concentration of 70 % at the rate of 100 g/fed. 

T4  Soil application of fulvic acid at concentration of 70 % at the rate of 2 kg/fed. 

T5  Foliar application of butyric acid + fulvic acid. 

T6  Soil application of butyric acid + fulvic acid at concentration of 70 % at the rate of 100 g/fed. 

 
With regard to the effect of bio- stimulants on wheat yield and its components, the obtained 

results are shown in Tables (2 and 3). It could be concluded that T6 (Soil application of butyric acid + 
fulvic acid) or T5 (Foliar application of butyric acid + fulvic acid) ; encourage the increase of spike 
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length (14.22 and 14.92 cm), number of spikes/m2 (314.22 and 331.22), number of spikelets/spike 
(22.78 and 23.00), number grains/spike (62.33 and 61.00), 1000- grain weight (55.4 and 55.49 g), 
straw yield (4.48 and 4.88 t/fed.), grain yield (2.80 and 2.92 t/fed.), biological yield (7.28 and 7.80 
t/fed.) and harvest index (38.46 and 37.44 %), when compared with the other treatments. On the other 
hand, T0 (control) recorded the lowest mean values of traits in both seasons. This finding may be 
taken place due to the effect of butyric acid and fulvic acid which plays an important role in the 
assimilation of wheat plants that, reflected on enhancing these characteristics. Also, they could be 
attributed to the role of plants phytohormones like IAA, GAs and CKs which promote plant growth 
cell division, breaking an apical dominance; hence encouraging the photosynthesis and assimilation 
accumulation (El-Khawas, 1990). These results are in harmony with those recorded by Midan et al. 
(1982), Xudan (1986), Baraldi et al. (1993), Shafey et al. (1994), Ludwing-Muller (2000), Chhun et 
al. (2004), and Yang et al. (2013) who revealed that using fulvic acid and butyric acid increased plant 
attributes and yield. 
 
Conclusion 

As a result of these two growing seasons field’s study, it was concluded that yield, its 
components of wheat crop increased with foliar application mixture (Zn + Fe + Mn) with Soil 
application of butyric acid + fulvic acid or Foliar application of butyric acid + fulvic acid under study 
conditions at Rosseta, El-Behira Governorate, Egypt. 
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