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ABSTRACT
Two field experiments were conducted at El-Tahrir South on the Farm of Ali Moubark, Agric., Res. Center during the growing seasons of 2009  and 2010 to study the effect of seed coating with Zn and Cu on wheat plants (triticum aestivum,L.). Zinc and Cu were applied individually as seed coating (mineral or chelating) at rates of 0.2, 0.4 and 0.6 g/kg seed. Obtained results show that the grains, straw and biological yields were positively affected by the application of Zn and Cu as coating seed in both mineral and/or chelating from, the superior values were obtained at the second applied (0.4g/kg seed) treatment. The maximum responses were observed under Zn and Cu addition in chelating form comparing with the non-chelating ones. Macro and micronutrients content (N, P, K, Fe, Mn, Zn and Cu) in both grains and straw of coated seeds were significantly increased, chelating form being an almost similar to that of wheat plant growth.

INTRODUCTION
Wheat is considered the main source of food in the worlds as well as in Egypt. Raising wheat production through increasing the productively of land area unit and the cultivated area, which is the most important national target to minimize the gap between the Egyptians production and consumptiom, Osman et al., (2000). Increasing wheat yield per land area unit can be achieved by chosen the suitable forms and requirements of micronutrients fertilizers throughout plant development to maintain growth. Micronutrients are generally considered to be enzyme activators in plants. Enzymes are small protein clusters that carry out a specific and necessary function in the plant, each enzyme requires a specific micronutrient to activate it. Micronutrients effect directly on photosynthesis respiration and synthesis. The rates of photochemical reactions and activities of the carboxylation enzymes i.e phosphocenol pyruvic, catoxylase, ribulose biophosphate as well as carbonic anhydrase were increased by the application of Zn, Mn, Fe, B, Mo and Cu in a descending order compared with the control application of micronutrients significantly increased yield components as well as seeds and straw yields (Eissa et al.,1992, Rashid and Fox (1992) and Nassar et al., 2002). The positive relationship between micronutrient application and/or uptake by plants has been extensively handled by several investigators, Waly (1996) on pea who found that there was a competitive effect for Zn-application on Fe-content, Hassan (1996) and Nassar  (1997) on wheat and hinted to the positive effect of Zn on Fe-uptake, Osman et al.,(2000) on wheat who observed that the treatment of seed coating by micronutrients resulted to a noticeable increment in plant growth and nutrients content. Nassar et at., (2002) and El-Shikha (2004) found that the application of some micronutrients (Zn, Mn and their combination) caused increases  in content of N,P,K and some micronutrients in seed and straw of broad bean. Organic sources are synthetic or natural organic chelating compounds of the metallic micronutrients Cu, Fe, Mn, and Zn. The chelating agents tend to keep the micronutrients in solution and being available under soil pH conditions in which the nutrients normally form insoluble compounds. They may be more efficient than inorganic micronutrients under certain soil conditions. This efficiency ratio is usually related directly to the recommended rate of application. Chelating compounds, in general, are more costly than the inorganic compounds (Regis 1998).
Therefore, the aim of this work is to shade some light on the impact seed coating with Zn and Cu applied in chelating and non-chelating forms on the yield and nutrients contents of grains and straw of wheat plant.

MATERIALS AND METHODS

Two field experiments were carried out at El-Tahrir South on the farm of Ali Moubark, Agric., Res. Center during the winter season of 2009and 2010to study the impact of coating wheat seed with Zn and Cu in the forms of mineral and chelating on the wheat yield and its nutrients composition. Wheat (triticum aestivum,L.) seeds variety Sakha 93 were grown on sandy soil in plots. The selected soil was characterized by sandy texture, 4.65% CaCO3, 8.50 pH, 0.71 EC (soil paste), 0.16 % O.M. and the available nutrients were noted 21.30, 2.10, 67.40, 0.77, 0.29, 0.13 and 0.08 mg/kg of  N, P, K, Fe, Mn, Zn and Cu, respectively. Soil characteristics were determined according to Chapman and Pratt (1961). Each plot was 3.0 m in wide and 3.5 m in length (3.0 x 3.5m). A randomized complete design blocks with three replicates was used. Plots received supper phosphate (15% P2O5), potassium sulphate (48% K2O) and ammonium sulphate (20.5% N) fertilizers before the sowing at the rate of 15, 30 and 24 kg /fed-1, respectively. The remainder of N fertilizer (90 kg N/fed-1) added in three equal doses at 15 days intervals starting from 15 days after sowing. Zinc and Cu forms as mineral (zinc-sulphate and copper-sulphate) or chelating (Zinc-EDTA and Copper- EDTA) were added as seed coating method. Coating treatments were carried out before planting hence seeds were coated with Zn and Cu as mineral or chelating at rates of 0.2, 0.4 and 0.6 gm/kg seed, respectively. Seeds were first damped with a solution of a sticker substance Triton –B (0.5 ml/l) and mixed with the chelating and mineral substances for tested micronutrients. Then the coated seeds were air dried until just before sowing. Wheat seeds were sown in rows on 15th November 2009 and 2010 growing seasons.
At harvesting, straw and grain yield/fed-1 as well as biological yield and grain/straw ratio were recorded. The dry weights were recorded before grinding and finally stored for macronutrients (N, P and K) and micronutrients (Fe, Mn, Zn and Cu) were determination according to Chapman and Pratt (1961).

Data were statistically analyzed where LSD at 5% level of significance was used for comparison between the means of different treatments, Gomez and Gomez (1984).
RESULTS AND DISCUSSION

Wheat yield growth.
Data in Table (1) show that Zn and Cu applied at different rates of both mineral and chelating forms achieved highly significantly increase in grain, straw and biological yields of wheat plants compared with the untreated one, the superior values were obtained at rate of 0.4g/kg seed for both elements in mineral and/or chelating form. The positive effect of the micronutrients under this investigation on both grains and straw can be explained as the Zn and Cu are involved directly or indirectly in the formation of starch, protein and other biological components in wheat grains through their role in the respiratory and photosynthesis mechanisms beside their roles in affecting activity of various enzymes, the grain quality may be attributed to the interaction of Zn with several enzymes to produce more gelatin and protein content, thus the optimum application of micronutrients especially Zn is necessary for the subsequent metabolic plant functions of wheat crops (Monged el al., 1993). Micronutrients play an important role in stimulating the vegetative growth through increasing cell size and leaf thus the rate of photosynthesis increases (Mahmoud et al., 1987 and El-Shikha, 2004).Wheat is more sensitive to Fe or Zn deficiency than any cereal crop and the favorable effect of Zn or Cu could be attributed to their low content in the experimental soil or to the important function of them in plant metabolism since they participates in photosynthesis and chloroplast development. There also very important role of  Zn and Cu hence some enzymes containing them such as ascorbic acid oxidase, cytocro-meoxidase and polyphenoloxidase act in plant respiration and proteins biosynthesis (Amberger., 1974).

Table (1): Effect of seed coating with mineral and chelating forms of Zn and Cu on the yield of wheat during 2010 and 2011 seasons

	            Element
	Grain yield       ton/fed
	Straw yield ton/fed
	Biological yield ton/fed
	Grain/ straw ratio

	Forms
	Rates (gm/kg)
	Season

	
	
	2010
	2011
	2010
	2011
	2010
	2011
	2010
	2011

	Control
	0
	1.56
	1.53
	7.15
	7.10
	8.17
	8.6
	0.22
	0.22

	Mineral
	Zn
	0.2
	1.63
	1.62
	7.67
	7.65
	9.30
	9.4
	0.21
	0.21

	
	
	0.4
	1.75
	1.74
	7.71
	7.85
	9.46
	9.6
	0.23
	0.23

	
	
	0.6
	1.72
	1.70
	7.69
	7.72
	9.41
	9.4
	0.22
	0.22

	
	Mean
	1.70
	1.69
	7.69
	7.74
	9.39
	9.5
	0.22
	0.22

	
	Cu
	0.2
	1.90
	1.95
	7.53
	7.65
	9.43
	9.6
	0.25
	0.25

	
	
	0.4
	2.09
	2.12
	8.20
	8.35
	10.3
	10.5
	0.25
	0.25

	
	
	0.6
	1.95
	1.98
	8.15
	8.12
	10.1
	10.1
	0.24
	0.24

	
	Mean
	1.98
	2.02
	7.96
	8.04
	9.94
	10.1
	0.25
	0.25

	Chelating
	Zn
	0.2
	2.08
	2.15
	8.20
	8.35
	10.3
	10.5
	0.25
	0.26

	
	
	0.4
	2.15
	2.25
	8.65
	8.78
	10.8
	11.0
	0.25
	0.26

	
	
	0.6
	2.12
	2.10
	8.60
	8.71
	10.7
	10.8
	0.24
	0.24

	
	Mean
	2.12
	2.17
	8.48
	8.61
	10.6
	10.8
	0.25
	0.25

	
	Cu
	0.2
	2.10
	2.14
	8.15
	8.30
	10.3
	10.4
	0.27
	0.27

	
	
	0.4
	2.40
	2.46
	8.90
	9.12
	11.3
	11.6
	0.27
	0.27

	
	
	0.6
	2.17
	2.18
	8.20
	8.35
	10.4
	10.5
	0.26
	0.26

	
	Mean
	2.22
	2.26
	8.42
	8.59
	10.6
	10.9
	0.27
	0.27

	L.S.D.

(5%)
	Forms (1)
	0.78
	0.61
	0.58
	0.70
	

	
	Elements(2) 
	0.72
	0.38
	N.S.
	N.S.
	

	
	Rates (3)
	0.35
	0.39
	N.S.
	N.S.
	

	
	(1)x(2)
	1.06
	0.62
	0.88
	0.65
	

	
	(1)x(3)
	1.08
	0.55
	0.68
	0.52
	

	
	(2)x(3)
	1.20
	0.62
	0.55
	0.58
	

	
	(1)x(2)x(3)
	1.50
	1.78
	1.05
	0.02
	


Concerning to chelating form, data in Table (1) show that a significant increase in grain, straw and biological yields when Zn or Cu addition as chelating form compared with their application as mineral form, which the chelating form of the elements studded increasing the grain value (by 20% and 25%), the straw value (by 10% and 5%) and the biological yields (by 11% and 6%), respectively. Chelating compounds, in general, are more costly than the inorganic compounds (Regis 1998).
The enhancing effect of the investigated elements as chelating on the grain and straw may be attributed to changes induced by these nutrients in these nutrients in the endogenous hormone ratios (Szirtes et al., 1986 and Ibrahim and Shalaby 1994 and Shaban and Negm 2008). In this respect Nassar el al., (2002) and El-Fiki et al., (2008) showed that the increase of both grains and straw yield of wheat may be due to these elements which enable the plants to grow well and to improve the photosynthetic substances from leaves to grains during the synthesis processes because of their effect on the enzymatic groups.

It may be worth to mention that, although the enhancing effect of the investigated elements as mineral or chelating form, Cu element being more effective than Zn in all previously subjected.  

Regarding to the grain/straw ratio, the differences between the treatment were pronounced as shown in Table (1) during the two seasons may be  due to the bases of the role of micronutrients under study in both vegetative and reproductive stages.  Bader et al., (1996) and Shaban and Negm (2008) reported that the role of specific micronutrients in prolonging the vegetative stage was accompanied by a competition between vegetative and reproductive growth.

Macronutrients content in wheat plant 

Data in Table (2) show that application of Zn and Cu at different rates of both mineral and/or chelating forms significantly increases the N, P and K contents in grain and straw of wheat plants during the two seasons if compared with control treatment. As wheat yield growth, the superior values were obtained at rate of 0.4g/kg seed for both elements in mineral and/or chelating form. The synergistic effects of these elements on macronutrients uptake can be attributed to play an important roles in assimilation processes e.g. proteins and nucleic acids synthesis (Delvin and Withman 1983). They are considered as essential components of various enzymes necessary for metabolic mechanisms, trace elements under investigation play an important role in the assimilation processes of organic and inorganic phosphorus compounds i.e. phospholipids, phosphor-proteins and phosphor-carpohydrates (Callee and Wacker 1973).
On the other hand, data in Table (2) show that the chelating form addition and its effect on macronutrients contents in grain and straw, a trend almost similar to that of wheat plant growth. The superior effect may be due to the suitable balance between the fore mentioned micronutrients which enable the plants to grow well and to absorb more quantities of N, P and K. In this respect, Waly (1996) on pea and Nassar (1997) and El-Fiki et al., (2008) on wheat, who found that the addition of micronutrients simultaneously gives an additional enhancing effect on N, P and K contents.
Table (2): Effect of seed coating with mineral and chelating forms of Zn and Cu on some macronutrients content (kg/fed) in wheat plants during 2010 and 2011 seasons.

	Element
	N
	P
	K

	Form
	Rate (gm/Kg)
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw

	Seasons
	2010
	2011
	2010
	2011
	2010
	2011
	2010
	2011
	2010
	2011
	2010
	2011

	Control
	0
	22.5
	21.8
	36.3
	38.5
	5.12
	4.96
	6.20
	6.15
	5.60
	5.24
	85.7
	72.7

	Mineral


	Zn
	0.2
	35.6
	35.2
	52.3
	51.6
	5.80
	5.78
	6.85
	6.90
	5.86
	5.90
	88.6
	78.6

	
	
	0.4
	43.5
	42.6
	55.5
	52.6
	6.25
	6.12
	7.15
	7.38
	6.18
	6.32
	91.5
	92.3

	
	
	0.6
	42.6
	41.5
	52.6
	50.5
	6.15
	6.10
	6.92
	6.80
	5.95
	6.40
	90.2
	90.6

	
	Mean
	40.6
	39.8
	53.5
	51.6
	6.07
	6.00
	6.97
	7.03
	6.00
	6.21
	90.1
	87.2

	
	Cu
	0.2
	43.6
	41.7
	42.6
	42.8
	7.12
	7.30
	8.60
	8.50
	6.80
	6.90
	89.2
	92.6

	
	
	0.4
	48.6
	47.5
	51.3
	58.6
	7.60
	7.73
	9.25
	9.30
	7.16
	7.25
	96.5
	96.3

	
	
	0.6
	44.6
	45.5
	48.3
	48.7
	7.28
	7.40
	8.72
	8.83
	7.12
	7.08
	90.2
	92.5

	
	Mean
	45.6
	44.9
	47.4
	50.0
	7.33
	7.48
	8.86
	8.88
	7.03
	7.08
	92.0
	93.8

	Chelating
	Zn
	0.2
	44.6
	45.2
	78.6
	75.6
	7.22
	7.80
	7.35
	7.30
	7.20
	7.30
	102
	100

	
	
	0.4
	46.5
	49.5
	84.5
	85.5
	8.15
	8.45
	8.64
	8.90
	8.12
	8.15
	108
	117

	
	
	0.6
	44.9
	48.2
	78.2
	72.6
	7.72
	7.80
	7.85
	8.15
	7.65
	7.60
	103
	112

	
	Mean
	45.3
	47.6
	80.4
	77.9
	7.70
	8.02
	9.95
	8.12
	7.66
	7.68
	104
	110

	
	Cu
	0.2
	45.2
	42.6
	70.5
	72.3
	9.02
	9.15
	9.90
	10.1
	7.15
	7.30
	117
	105

	
	
	0.4
	48.8
	49.2
	75.6
	76.3
	10.1
	10.3
	10.7
	10.4
	9.12
	9.20
	121
	113

	
	
	0.6
	44.5
	43.5
	68.8
	70.5
	9.15
	9.86
	10.3
	10.3
	8.55
	8.60
	109
	113

	
	Mean
	46.2
	45.1
	71.6
	73.0
	9.42
	9.77
	10.3
	10.3
	8.27
	8.37
	116
	110

	L.S.D.

(5%)
	Forms (1)
	1.72
	1.70
	5.70
	2.75
	1.20
	1.12
	N.S.
	N.S.
	0.35
	0.28
	6.80
	6.15

	
	Elements  2)
	1.55
	1.45
	4.82
	3.85
	1.65
	1.35
	N.S.
	0.30
	0.72
	0.42
	5.02
	5.30

	
	Rates (3)
	3.48
	3.12
	2.50
	2.80
	0.80
	0.78
	0.42
	0.41
	0.62
	0.55
	N.S.
	N.S.

	
	(1) x(2)
	2.65
	2.52
	4.30
	3.15
	0.72
	0.65
	0.46
	0.44
	N.S.
	0.44
	6.12
	5.13

	
	(1)x(3)
	2.60
	2.15
	1.25
	2.30
	0.78
	0.75
	N.S.
	N.S.
	N.S.
	0.32
	5.15
	4.18

	
	(2)x(3)
	3.18
	3.30
	4.30
	4.30
	0.92
	1.05
	0.55
	0.54
	0.72
	0.76
	4.10
	4.60

	
	(1)x(2)x(3)
	4.12
	3.12
	5.85
	5.75
	0.75
	1.68
	0.62
	0.55
	0.82
	0.78
	5.50
	7.05


Micronutrients content in wheat plant 
Micronutrients function largely in plant enzyme systems and are required in very small amounts. The factors that determine the amounts available to grow plants are related to soil conditions and plant species. One of such factors according to several reports is coating as mineral or chelating forms. 

Data in Table (3) revealed that all investigated micronutrients (Fe, Mn, Zn and Cu)  content in grain and straw of wheat plant were significantly increase with application of both Zn and Cu as coating seed (mineral or chelating forms) if compared with the control treatment during the two seasons, excepted Zn and Cu contents the high values were obtained at rate of 0.4g/kg seed for both elements in mineral and/or chelating form. It is evident that the effect of treatment under investigation on micronutrients uptake was more pronounced in grain than in straw. The above mentioned results can be explained on the basis of raising the corresponding values of both grains and straw yields. Wheat seed coating with Zn or Cu promotes the proliferation of roots and leads the plant to grow well. Osman et al., (2000) and Allam (2006) observed that the treatment of seed coating by micronutrients resulted to a noticeable increment in wheat plant growth and its nutrients content.
Table (3): Effect of seed coating with mineral and chelating forms of Zn and Cu on some micronutrients content in wheat plants during 2010 and 2011 seasons.

	Element
	Fe (kg/Fed)
	Mn (g/Fed)
	Zn (g/Fed)
	Cu (g/Fed)

	Form
	Rate (gm/Kg)
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw

	Seasons
	2010
	2011
	2010
	2011
	2010
	2011
	2010
	2011
	2010
	2011
	2010
	2011
	2010
	2011
	2010
	2011

	Control
	0
	0.16
	0.14
	1.35
	1.30
	22.5
	25.6
	89
	82
	20.6
	20.6
	68
	62
	6.4
	6.4
	48.4
	42.6

	Mineral
	Zn
	0.2
	0.38
	0.36
	2.50
	2.50
	36.3
	32.6
	120
	121
	54.2
	56.2
	140
	146
	12.8
	13.8
	70.6
	72.6

	
	
	0.4
	0.44
	0.41
	2.78
	2.75
	39.6
	38.6
	136
	138
	58.5
	58.5
	165
	162
	13.8
	14.6
	73.2
	76.6

	
	
	0.6
	0.42
	0.40
	2.70
	2.73
	36.2
	34.9
	132
	136
	59.2
	59.4
	167
	166
	12.9
	13.7
	72.1
	75.2

	
	Mean
	0.41
	0.39
	2.66
	2.66
	37.4
	35.4
	129
	132
	57.3
	58.0
	157
	158
	13.1
	14.0
	72.0
	74.8

	
	Cu
	0.2
	0.30
	0.32
	2.24
	2.20
	32.2
	30.6
	112
	114
	36.6
	38.5
	124
	128
	11.6
	11.2
	75.3
	72.6

	
	
	0.4
	0.39
	0.46
	2.60
	2.65
	36.4
	37.7
	141
	147
	42.2
	46.5
	141
	140
	12.9
	13.1
	86.4
	85.1

	
	
	0.6
	0.33
	0.38
	2.36
	2.30
	35.2
	33.2
	132
	144
	40.0
	44.7
	137
	138
	13.0
	13.8
	86.5
	85.4

	
	Mean
	0.34
	0.39
	2.40
	2.38
	34.6
	33.5
	128
	135
	39.9
	43.2
	134
	135
	12.5
	12.7
	82.6
	81.0

	Chelating
	Zn
	0.2
	0.55
	0.52
	3.20
	3.20
	37.3
	36.8
	172
	170
	55.3
	56.6
	155
	160
	12.8
	14.6
	70.5
	71.3

	
	
	0.4
	0.60
	0.62
	3.85
	3.89
	38.7
	38.6
	185
	182
	58.4
	62.2
	187
	185
	13.8
	15.3
	75.5
	78.2

	
	
	0.6
	0.58
	0.58
	3.15
	3.62
	38.2
	38.4
	180
	179
	59.8
	62.3
	188
	187
	13.7
	15.2
	76.3
	77.4

	
	Mean
	0.58
	0.57
	3.40
	3.57
	38.1
	39.9
	179
	177
	57.8
	60.4
	177
	177
	13.4
	15.0
	74.1
	75.6

	
	Cu
	0.2
	0.46
	0.42
	3.35
	3.30
	37.2
	36.4
	180
	160
	40.6
	40.5
	148
	151
	16.0
	16.3
	82.3
	85.6

	
	
	0.4
	0.58
	0.56
	3.65
	3..55
	40.5
	42.5
	185
	186
	45.7
	46.4
	170
	173
	17.4
	17.4
	86.2
	87.2

	
	
	0.6
	0.55
	0.55
	3.00
	3.32
	34.8
	38.6
	144
	178
	45.6
	46.3
	150
	153
	17.6
	17.5
	86.5
	88.2

	
	Mean
	0.53
	0.51
	3.33
	3.39
	37.5
	39.2
	170
	175
	43.7
	44.4
	156
	159
	17.0
	17.1
	85.0
	87.0

	L.S.D.

(5%)
	Forms (1)
	0.30
	0.30
	0.88
	0.85
	1.35
	1.25
	3.16
	5.22
	2.50
	2.15
	6.30
	6.20
	1.42
	1.40
	3.15
	3.12

	
	Elements(2) 
	0.15
	0.18
	0.82
	0.78
	2.90
	2.80
	3.32
	3.50
	3.15
	2.30
	5.12
	5.32
	1.20
	1.05
	1.20
	1.30

	
	Rates (3)
	0.12
	0.14
	0.44
	0.42
	2.15
	2.20
	2.15
	2.20
	4.35
	3.15
	N.S.
	N.S.
	0.86
	0.38
	3.42
	3.62

	
	(1) x(2)
	0.32
	0.33
	0.65
	0.62
	2.52
	2.15
	2.20
	2.15
	3.82
	3.30
	5.30
	6.32
	1.56
	1.55
	3.28
	3.25

	
	(1)x(3)
	0.63
	0.32
	0.45
	0.45
	3.12
	1.62
	1.60
	1.62
	4.20
	3.60
	6.20
	6.25
	1.88
	1.78
	4.60
	4.24

	
	(2)x(3)
	0.24
	0.26
	0.18
	0.18
	3.16
	8.15
	8.52
	8.15
	0.18
	3.12
	5.16
	5.65
	1.50
	2.55
	4.80
	4.35

	
	(1)x(2)x(3)
	0.72
	0.68
	1.80
	1.20
	4.18
	3.20
	7.35
	7.20
	4.10
	4.15
	7.30
	7.32
	2.48
	2.40
	4.60
	4.68


Corresponding, the effect of coating seed as chelating form on micronutrients content, a trend almost similar to that of wheat plant growth and its macronutrients content. Consequently plant roots absorb more nutrients and collect the suitable requirements from Zn and Cu, results are in harmony with those obtained by Osman el al., (1991) on faba bean, Hassan (1996) Nassar el al., (2002) and El-Fiki et al., (2008) on faba bean El Shikha (2004) on rice.
It will be useful to mention that, although the positive effect of the investigated elements as mineral or chelating form, Zn element being more effective than Cu in all previously subjected excepted Cu content.  

From the foregoing results it can be concluded that seed coating with micronutrients (Zn and Cu) in chelating form has a positive effect on the quantity and quality of wheat yield compared with the mineral form. Application of Zn and Cu led to the highest values of yield components of wheat as well as macro and micronutrients content. The greatest response of wheat plants to Zn and Cu as coating means that the amount of Zn or Cu in the soil under study are not sufficient to face the requirements of wheat plants from these nutrients.      
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تاثير تغليف التقاوى بالزنك و النحاس فى الصورة المعدنية و المخلبية على محصول القمح
حمدي محمد متولي صيام  و سهام محمود عبد العظيم  و  احمد السيد احمد حسانين.
معهد بحوث الاراضي والمياه والبيئه –مركز البحوث الزراعيه –الحيزه
اقيمت تجربتان حقليتان خلال موسمى النمو 2009/ 2010 و 2010/ 2011 بمحطة بحوث جنوب التحرير (قرية على مبارك – منطقة البستان – محافظة البحيرة ) لدراسة تاثير تغليف تقاوى القمح  بعنصرى الزنك والنحاس فى صورتيهما المعدنيه و المخلبيه على محصول الحبوب   و القش و محتواهما  من العناصر الغذائية الكبرى و الصغرى . حيث غلفت تقاوى القمح قبل الزراعة بعنصرى الزنك والنحاس فى الصورتين المعدنيه و المخلبيه بمعدلات 0.2 و 0.4 و 0.6 جم عنصر / كجم تقاوى .
اشارت النتائج المتحصل عليها الى:-

1- استجابة محصول الحبوب ، القش و المحصول البيولوجى للقمح لاضافات الزنك  و النحاس فى صورتيهما المعدنيه و المخلبيه، مقارنة بالكنترول وكانت اعلى استجابه مع الاضافه الثانيه (0.4 جم عنصر/كجم تقاوى ).  
2- ازداد محتوى الحبوب و القش من العناصر الكبرى ( النيتروجين، الفوسفور و البوتاسيوم) و العناصر الصغرى ( الحديد، المنجنيز، الزنك و النحاس ) زياده معنويه، مماثل فى ذلك الى نمو القمح.
3- تحققت افضل الاستجابات لمحصول القمح و محتوى كلا من الحبوب والقش من العناصر الغذائية سواء الكبرى او الصغرى عند اضافة الزنك والنحاس فى الصوره المخلبيه مقارنة بمثيلتها المعدنيه . 
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