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ABSTRACT  
 

A field experiment was conducted in two successive seasons (2009/2010 and 2010/2011) at Shbeen El 
Knatr, El Qualubia, Governorate to study the effect of farmyard manure (FYM) at (0, 10 and 20 m3 fed-1) soil 
application of  humic acid (0, 1 and 2%) and 0.5% zinc as Zinc sulphate foliar application on yield and chemical 
composition of wheat. Results indicated that, application of FYM and humic acid within all tested rates, resulted 
in significant increase in grains, weight of 100 grain, biological yield and straw yields of wheat compared to 
control treatment. Application of the FYM at the rate of 20 m3 fed-1 + 0.5% Zn produced the highest values of 
grain yield, weight of 100 g grains, as well as straw yield of wheat plants compared with other applied 
treatments. The second best treatment was the application of 2% Humic acid combined with 0.05% Zn as foliar 
application followed by soil application of the FYM at the rate of 10 m3 fed-1. Application of FYM at the rate of 
20 m3 fed-1 alone were similar in their effects on grain yield production as compare to application of  2% Humic 
acid combined with 0.05% Zn and the difference between them were insignificant in most traits. Application 
FYM significantly increased nitrogen and phosphorus content and uptake in grain and straw over humic acid 
application. Moreover, application of FYM, or humic acid combined with zinc had significant effect on Fe, Mn 
and Zn uptake as compared with the control treatment. Highly significant and positive correlations were 
observed between grain and straw wheat yield and macro and micronutrients. Results revealed that fertilizing of 
wheat plants with FYM or Humic acid combined with Zinc is important to increase the yield production and 
nutrients uptake by wheat plants.  
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Introduction 

 
Wheat (Triticum aestivum L.) is cultivated worldwide primarily as a food commodity and a strategic 

commodity. Globally, wheat is the leading source of vegetable protein in human food, having higher protein 
content than either maize (corn) or rice, the other major cereals (FAO 2004). Egypt is now one of the major 
world's importers of wheat. 

Good quality farmyard manure (FYM) is perhaps the most valuable organic manure. It must be stressed that 
the value of FYM in soil improvement is due to its micronutrient content, besides helping in the improvement of 
soil structure and water holding capacity of soil. Further, it stimulates the activity of microorganisms that help 
the plants to get the macro and micronutrients throughout the biological decomposition (Nardi et al. 2004).  

Zeidan et al. (2005) found that farmyard manure application significantly enhanced the yield and N, P and 
K uptake of wheat.  Sieling et al. (2006) found that N treatments (pig slurry) enhanced grain yield and total N 
uptake of wheat compared with the unfertilized control, Yaduvanshi and Sharma (2008), found that application 
farmyard manure with chemical amendment increased wheat yield and N, P and K uptake in grain yield. Enke 
Liu et al. (2010) indicated that, long-term additions of organic manure have the most beneficial effects on grain 
yield of wheat and maize. 

Yassen et al. (2010) found that  application of farmyard manure residue gave a significant increase in grain 
and straw weight, total yield, crop index, harvest index, curd protein, N, P and K content and uptake. Humic 
substances have been reported to influence plant growth both directly and indirectly. The indirect effects of 
humic compounds on soil fertility include. (i) Increase in the soil microbial population including beneficial 
microorganisms. (ii) Improved soil structure. (iii) Increase in the cation exchange capacity and the pH buffering 
capacity of the soil. Directly, humic acid compounds may have various biochemical effects either at cell wall, 
membrane level or in the cytoplasm, including increased photosynthesis and respiration rates in plants, 
enhanced protein synthesis and plant hormone like activity (Chen et al., 2004 and Delfine et al., 2005). Foliar 
application of humic acid stimulates growth, yield and the quality of wheat crop (Ulukan 2007). The stimulatory 
effects of humic substances have been directly correlated with enhanced uptake of macronutrients, such as 
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nitrogen, phosphorus and micronutrients, that is, Fe, Zn, Cu and Mn (Jones et al. 2007 and Verlinden et al. 
2009). 

Cereals are inherently low in protein and mineral micronutrients such as Fe and Zn (White and Broadley 
2009). Zinc is one of the eight essential trace elements or micronutrients for the normal healthy growth and 
reproduction of crop plants (IZA 2009). The micronutrients play an important role in increasing crop yield. 
Micronutrients have prominent effect on dry matter, grain yield and straw yield on wheat (Cakmak 2008).  

Potarzycki and Grzebisz (2009) reported that zinc exerts a great influence on basic plant life processes, such 
as (i) nitrogen metabolism, uptake of nitrogen and protein quality; (ii) photosynthesis, chlorophyll synthesis, 
carbon anhydrase activity. Zn-deficient plants reduce the rate of protein synthesis and protein content. Foliar 
application of different micronutrients on wheat could be equal or more effective than soil applications and used 
effectively to overcome the problem of micronutrients deficiency in subsoil (Maralian 2009 and Pahlavan Rad 
Pessarakli 2009). Hasina Gul et al. (2011) concluded that growth performance of wheat was highly influenced 
by the application of two time's spray of 0.5 % N, 0.5% K and 0.5% Zn solutions.  

The purpose of this research work was to determine the effects of organic materials (farmyard manure, 
humic acid) and foliar application of zinc on yield and nutrient uptake by wheat plants. 

 
Materials and methods 

 
A field experiment was conducted in two successive seasons (2009/2010 and 2010/2011) at Shbeen El 

Knatr, El Qualubia Governorate, Egypt to study the effect of organic materials (farmyard manure, humic 
substances) and foliar application of zinc on yield and chemical composition of wheat. Some soil physical and 
chemical characteristics of the studied soil and farmyard Manure are recorded in Table (1 and 2). 

 
Table 1: Physico-chemical characteristics of the studied soil. 

Physical properties Chemical properties Available 
macronutrients 

Available micronutrient  

Sand Silt Clay 
Texture pH 

EC 
(dSm-1) 

CaCO3 

(%) 
OM 
(%) 

N P K Fe Mn Zn 
(%) (ppm) (ppm) 

0.80 69.7 29.4 
Clay 
loam 

7.80 1.57 2.68 2.34 57 7.2 201 3.7 1.8 0.54 

 
Table 2: Some properties of farmyard manure (FYM). 

Characteristics pH EC (dSm-1) 
OM 
(%) 

OC 
(%) 

Total macronutrients (%) 
Available micronutrient 

(ppm) 
N P K Fe Zn Mn 

Farmyard 
Manure 

7.97 2.6 66.68 38.76 1.78 0.31 0.89 412 138 281 

 
A field experiments included 9 treatments with three replicates arranged in completely randomized design 

as follows in Table (3). 
 
Table 3: Treatment details of the field experiment. 

Treatment details Abstraction 
Control  T1 
Farmyard manure (10 m3 fed-1) soil application noted as FYM1 T2 
Farmyard manure (20 m3 fed-1) soil application noted as FYM2 T3 
Humic acid (1%) foliar application noted as HA1 T4 
Humic acid (2%) foliar application noted as HA2 T5 
FYM1 + 0.5% Zn as ZnSO4 foliar application  T6 
FYM2 + 0.5% Zn as ZnSO4 foliar application T7 
HA1 + 0.5% Zn as ZnSO4 foliar application T8 
HA2 + 0.5% Zn as ZnSO4 foliar application T9 

 
    Basal dose of 50 kg P2O5 fed-1 and 50 kg K2O fed-1 in the form of Superphosphate (15.5% P2O5) and 

potassium sulphate (48% K2O) were added before transplanting. The organic materials (Farmyard manure) were 
thoroughly mixed with 0–30 cm of the surface soil layer before sowing, the rates of 0, 10 and 20 m3 fed-1. Foliar 
spray of humic acid at two rates of (0, 1% and 2%) was applied in two sprays at 4 weeks intervals. The first was 
after 60 days of cultivation. Foliar spray of zinc sulfate was added at a rate of 0.5 % Zn as Zn SO4 tillering and 
boot stages from cultivation.  

Wheat seeds (Triticum aestivum L.) cv. Sakha 92 was sown in the chosen soil on the last of November. The 
grains were broadcasted on the soil at the rate of 60 kg/fed.  At the maturity stage, the plants were harvested and 
separated into grains and straw. Grain yield was calculated by harvesting whole plants in each plot and left to 
dry in air, then they were threshed and the grains (which were at 13% moisture) were weighted (kg), then 
converted to tons per fed. The straw resulted from each experimental plot was weighted in kg, then it was 
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converted to tons per fed. Plant samples were digested with the acid mixture. Total nitrogen, phosphorus and 
potassium were determined according to the method described by Faithfull (2002). The physical and chemical 
properties of the soil were determined according to Rebecca (2004). All data were statistically analyzed 
according to the technique of analysis of variance (ANOVA) for the Completely Randomized Design (CRD) 
using MSTATC computer software package according to Gomez and Gomez (1984). Least Significant 
Difference (LSD) method was used to test the differences between treatment means at 5% level of significance. 
Correlation studies were made between grain and straw yield and major and micronutrients uptake by wheat 
plant at harvest. The values of correlation coefficient (r) were calculated and tested for their significance at 1 
and 5 %.  

 
Results and Discussion 

  
Wheat yield production: 

 
Data in Table (4) represent the wheat production under different treatments of farmyard manure, humic acid 

and foliar application of zinc sulfate. 
The application of farmyard manure (FYM) and humic acid within all tested rates, resulted in significant 

increase in grains, weight of 100 grain, biological yield and straw yields of wheat compared to control 
treatment. Applying FYM and humic acid individually at a rate of 20 m3 fed-1 and 2 % were more effective in 
producing grain and straw yield than application FYM and humic acid at a rate of 10 m3 fed-1 and 1%. 
Application of FYM at (20 m3 fed-1) and humic acid (2%) increased the grain and straw yield of wheat by (54.3 
and 44.1 %) and (26.8 and 23.8 %) as compared to the control, respectively. These results are in agreement with 
that obtained by Sebastiano et al. (2005) and Yassen et al. (2010). They found that the addition of farmyard 
manure or/and humic acid had a beneficial effect on grain and straw of wheat plant. From the above-mentioned 
results, the increase in wheat yield may be attributed to better growth under favorable physical condition of 
treated soil and can be related to the beneficial effect of application of FYM and humic acid containing a 
considerable amount of organic matter and nutritional elements for plant growth (Weil and Magdoff 2004 and 
Celik, et al. 2004). Data also indicated that addition of FYM increased grains and straw yield as compared with 
humic acid addition. 

Concerning the effect of application of FYM and Humic acid foliar application in combination with zinc 
sulfate, data showed a significant increase in grain and straw, biological yield of wheat comparing with the 
individual application of FYM and humic acid alone and control treatment. Application of FYM at (20 m3 fed-1) 
+ 0.5% Zn and humic acid (2%) + 0.5 % Zn increased the grain and straw yield of wheat by (59.6 and 54.3 %) 
and (33.7 and 27.1 %) as compared to the control, respectively. This finding confirms those obtained by Kaya et 
al. (2005) and Cakmak 2008. They found that micronutrients such as zinc have prominent affects on dry matter, 
grain yield and straw yield in wheat. 

 From Table (4) it can be noticed that the most favorable treatment on grain and 100 grain weight yield was 
FYM at a rate of (20 m3 fed-1) + 0.5% Zn as Zn SO4 followed by humic acid (2%) + 0.5% Zn as ZnSO4. Data 
also, observed that application FYM and humic acid did not significantly increased crop index and harvest index 
compared the control. 

 
Table 4: Effect of FYM, humic acid and zinc application on wheat yield. (Data mean of two seasons). 

Treatments  
Grain 

(ton/fed) 
Straw 

(ton/fed) Biological yield 
Weight of 

100 g grain 
Crop  
index 

Harvest 
index 

Control  1.88 3.62 5.10 3.65 51.93 36.86 
FYM1 2.76 4.51 7.27 4.67 61.2 37.96 
FYM2 2.90 4.59 7.49 4.89 63.18 38.72 
HA1 2.66 4.43 7.09 4.59 60.05 37.52 
HA2 2.71 4.48 7.19 4.74 60.49 37.69 
FYM1 + 0.5% Zn   2.93 4.73 7.66 5.37 61.95 38.25 
FYM2 + 0.5% Zn  3.00 4.84 7.84 5.55 61.98 38.27 
HA1 + 0.5% Zn  2.81 4.57 7.38 5.11 61.49 38.08 
HA2+ 0.5% Zn  2.90 4.60 7.50 5.23 63.04 38.67 
LSD (0.05) 0.92 1.22 1.81 1.46 NS NS 

Crop index = grain /straw x 100, Harvest index = grain /total yield x100. 

 
Macronutrient composition of wheat: 

 
Data presented in Table (5 and Fig 1&2) represent the effect of FYM, humic acid and foliar application of 

zinc sulfate on N, P and K content and uptake by wheat plants.  
All treatments tended to increase nitrogen, phosphorus and potassium content and uptake in grain and straw 

as compared with the control treatments. Comparing between applications farmyard manure and humic acid data 
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showed that farmyard manure increase nitrogen, phosphorus and potassium content and uptake in grain and 
straw as compared with humic acid application. These results may be due to continuous mineralization of 
organic manures.  

According to the analysis results, farmyard manure, and humic acid levels had positive effect on mineral 
elements uptake (N, P and K) of the wheat especially at high rate of organic matter. Data also, indicated that 
application of farmyard manure, at a rate of (20 m3 fed-1) and humic acid at a rate of (2%) with zinc sulfate gave 
significant increase in nitrogen, phosphorus and potassium uptake in grains (237,373,240 %) and (213, 211,148 
%) and in straw (117,165,158 %) and (80,108,116 %) as compared with control. Our results coincide with the 
findings of Sieling et al. (2006) who found that N treatments (pig slurry) enhanced total N uptake of wheat 
compared with unfertilized control. Yaduvanshi and Sharma (2008) found that application FYM increased grain 
yield and N, P and K content and uptake by wheat yield. Fagbenro et al. (1993) and Verlinden et al. (2009) 
indicated that humic substances enhanced uptake of nitrogen, phosphorus and potassium of teak seedlings. 

 
Table 5: Effect of FYM, humic acid and zinc application on macronutrient uptake (Kg/fed). (Data mean of two seasons).   

Treatments 
Macronutrient in grains (kg/fed) Macronutrient in straw (kg/fed) 

N P K N P K 
Control 24.4 2.6 8.3 21.0 4.0 55.7 
FYM1 65.4 7.7 21.3 33.4 7.2 116.8 
FYM2 74.2 11.3 24.1 40.9 8.3 123.9 
HA1 58.0 4.8 14.1 29.7 5.8 99.2 
HA2 62.1 5.4 15.7 32.7 6.3 106.6 
FYM1 + 0.5% Zn 74.1 10.8 23.7 41.6 9.0 134.3 
FYM2 + 0.5% Zn 82.2 12.3 28.2 45.5 10.6 143.7 
HA1 + 0.5% Zn 68.6 6.5 18.5 32.4 7.3 112.4 
HA2+ 0.5% Zn 76.3 8.1 20.6 37.7 8.3 120.1 
LSD (0.05) 10.8 1.5 4.2 7.7 2.3 NS 

 

 
Fig. 1: N, P & K content of wheat grain. 
 

 
 
Fig. 2: N, P & K content of wheat straw. 

 
Micronutrient composition of wheat: 

 
Application of FYM, and humic acid had statistically significant effect on Fe, Mn and Zn content and 

uptake as compared with the control treatment as presented in Table (6 and Fig 3&4).  
Comparing between the rates of FYM (10 and 20 m3 fed-1) and humic acid (1% and 2%) data showed that 

high rate of FYM, and humic acid in combination with zinc increased Fe, Mn and Zn uptake in grain 
(212,117,205 %) and (124,110,148 %) and in straw (147,168,182 %) and (79,73,119 %) of wheat plants as 
compared with the control treatment.  

Foliar application of Humic acid at a rate of 2 % was much more effective than at 1 % on Fe, Mn and Zn 
uptake by wheat plants. Results are in agreement with Fagbenro et al. (1993) and Delfine et al. (2005) and Ali 
Vahap Katkat et al. (2009). Interaction effect between farmyard manure, humic acid and foliar application of 
zinc sulfate was found significant concerning Fe, Mn and Zn content and uptake in grain and straw when 
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compared with the control treatment and application of farmyard manure and humic acid alone. These results 
are in line with those obtained by Eyheraguibel et al, (2008) and Ali Vahap Katkat et al. (2009) who found that 
foliar application of the humic acid significantly increased Fe, Cu, Zn and Mn uptake by wheat plant. Also, 
Çelik et al. (2008) stated that the soil application of humus at 1 and 2 g kg-1 doses had statistically significant 
effect on Fe, Mn and Zn uptake of maize plant.   

 
Table 6: Effect of FYM, humic acid and zinc application on micronutrient uptake (g/fed). (Data mean of two seasons). 

Treatments  
Micronutrient in grains (g/kg)  Micronutrient in straw (g/kg)  

Fe Mn Zn Fe Mn Zn 
Control  120.3 41.4 62.0 141.2 39.8 65.2 
FYM1 242.9 80.0 115.9 221.0 72.2 112.8 
FYM2 272.6 75.4 142.1 252.5 68.9 128.5 
HA1 202.2 71.8 101.1 194.9 53.2 97.5 
HA2 216.8 65.0 111.1 215.0 53.8 116.5 
FYM1 + 0.5% Zn   342.8 108.4 167.0 312.2 94.6 165.6 
FYM2 + 0.5% Zn  375.0 90.0 189.0 348.5 106.5 183.9 
HA1 + 0.5% Zn  247.3 92.7 137.7 246.8 82.3 132.5 
HA2+ 0.5% Zn  269.7 87.0 153.7 253.0 69.0 142.6 
LSD (0.05) 39.9 16.9 22.7 46.7 12.1 19.6 

 

 
 

Fig. 3: Fe, Mn & Zn content of wheat grain. 
 

 
 
Fig. 4: Fe, Mn & Zn content of wheat straw. 
 
Correlation: 

 
The results of the correlation coefficients between straw and grain wheat yield and N, P, K and Fe, Mn and 

Zn uptake at harvest are presented in (Table 7). Grain and straw yield of wheat were highly significant and 
positively correlated with macro and micronutrients investigated in this research work. This means that, 
application of FYM, Humic acid and zinc improved the nutrient uptake consequently enhanced the increase in 
straw and grain yield of wheat plant.   

 
Table 7: Correlation between wheat yield and nutrients uptake. 

 Grain Straw 
N P k Fe Mn 

Grain Straw Grain Straw Grain Straw Grain Straw Grain Straw 
Straw 0.993**            

N 0.990** 0.898**           
P 0.799** 0.881** 0.844** 0.974**         
K 0.873** 0.975** 0.912** 0.963** 0.974** 0.953**       
Fe 0.857** 0.862** 0.891** 0.946** 0.933** 0.976** 0.951** 0.928**     
Mn 0.847** 0.801** 0.841** 0.848** 0.722* 0.926** 0.779** 0.871** 0.855** 0.956**   
Zn 0.875** 0.882** 0.921** 0.940** 0.908** 0.972** 0.934** 0.932** 0.978** 0.991** 0.860** 0.937** 

** Highly significant, * Significant 
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Conclusions: 
 
As a whole, the obtained results showed that application of FYM at 20 m3 fed-1 in combination with foliar 

application of ZnSO4 at the rate of 0.5% produced the highest values of wheat straw and grain yields as well as 
nutrient content and uptake by wheat plants followed by the high level of humic acid applied with ZnSO4 as 
foliar spray. Therefore, application of FYM and /or humic acid combined with two times foliar spray at tillering 
and boot stages is recommended for best growth of wheat under the agro-climatic zone of Shbeen El Knatr, El 
Qualubia Governorate. 
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