


Influence interaction of zinc mineral and chelate at different levels of potassium fertillizer in some zinc nutrient use efficiency indices for wheat crop grown in gypsiferous soil




Abstract
A field experiment was carried out in Salah al-Din Governorat, to study the effect interaction of zinc from two sources, chelated and mineral, at different potassium levels on wheat indices. The experiment was designed according to a randomized complete block design  and included two factors: the first factor Zinc fertilizer (chelate , mineral) and three levels for each it is (stander) for both , zinc mineral (10 , 20) Kg h-1 , zinc chelate (10 ,20) Kg h-1 and the second factor is potassium sulphate (K2SO4) and levels (0 , 80 , 160 ,240) Kg h-1 . The results showed the highest value interaction of physiological efficiency (PE) was obtained from the combination of (Zn4 K2) and significantly different from other treatment which reached an average of (15926.70) Kg Kg-1 while the treatment (Zn3 K2) gave the highest value for the Agronomic efficiency (AE) trait which significantly outperformed the rest of the traits within the same potassium fertilizer level as it reached (135.5) ) Kg Kg-1, The treatment (Zn3 K3) also gave the highest rate of Apparent recovery efficiency (ARE) which was significantly superior, reaching (1.93 ) % , As for the Utilization Efficiency (UE) it reached the highest value (28656.4) ) Kg Kg-1 which was recorded by the treatment (Zn3 K2).	Comment by husamalsarhan2021@gmail.com: It used a randomized complete block design  	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: at	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: at	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: mention the treatment levels 	Comment by husamalsarhan2021@gmail.com: 
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Introduction	Comment by husamalsarhan2021@gmail.com: Introduction
	Comment by husamalsarhan2021@gmail.com: 
Zinc (Zn) is classified as one of the micronutrients important for plant growth and life, it has an important and distinctive role as a substrate, mineral component, or a factor with a functional or structural synergistic character in regulating a large number of enzymes function of a wide range of enzymes indicates that the metabolism of proteins, carbohydrates (Romheld Marschner, 1991). It is also considered a nutrient that is essential for plant growth and development, as it is absorbed by plant roots in the form of a divalent cation. It is involved in several metabolic activities, including the activation of hydrogenases and carbonic anhydrase, cytochrome formation, ribosomal break stability, auxin metabolism, pollen function, and fertilization (Das et al., 2020). Although the soils suffer from zinc deficiency, especially gypsiferous soils, these soils respond to fertilizer additions of zinc fertilizer in a study conducted by (Panwar et al,2025) indicated that adding zinc sulfate fertilizer (ZnSO4.7H2O) by spraying it on rice plants increased physiological efficiency, while agronomical efficiency decreased with increasing zinc levels. The results indicated (Muthukumararaja and Sriramachandrasekharan,2012) that increasing the addition of zinc to rice plants in flooded soils led to a decrease in the apparent agricultural and physiological recovery and use efficiency, while it was higher at a low level of zinc use. The results obtained by (Khardia,2024) when using two types of zinc fertilizer (Zn-EDTA and ZnSO4.7H2O) showed that the interaction between them increased physiological and agronomic efficiency.	Comment by husamalsarhan2021@gmail.com: structural synergistic character in regulating a large number of enzymes function that the   wide range of enzymes indicates the metabolism of proteins	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 1991	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Das et al., 2020	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Although the soils suffer from zinc deficiency, especially gypsiferous soils, it is respond to fertilizer additions of zinc in a study conducted by	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Panwar et al,2025	Comment by husamalsarhan2021@gmail.com: 
	Comment by husamalsarhan2021@gmail.com: Deleted 	Comment by husamalsarhan2021@gmail.com: 
Potassium It is the third and most important nutrient for crop growth, is a major nutrient essential for crop development and growth. It promotes and activates enzymes and protein synthesis, and facilitates photosynthesis. It also plays a significant role in improving crop quality and increasing their resistance to diseases and other environmental conditions (Lin et al,2006 and Watanabe et al,2005). The amount of available potassium that plants can use represents only about 2% of the total potassium in the soil (Li et at,2020). Potassium is a fast-moving element within plants, and plays an influential role in regulating and arranging the osmotic pressure within the cell, as well as working to balance the cations and anions in the cell cytoplasm (Kaiser, 1982; Hu et al., 2016a). The results reported by (Geng  et al.2024)  showed that potassium had a positive effect, Specifically the KS200 (200 K2O ha-1) treatment significantly improved the soil potassium as the level significantly improved potassium agronomic efficiency, and potassium recovery efficiency Compared with the other treatments. Therefore, the aim of this study is to determine the effect of interaction between the type of zinc fertilizer and its levels with different levels of potassium on some nutrient efficiency indicators.	Comment by husamalsarhan2021@gmail.com: , promotes the active enzymes 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: , protein 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: that increases their resistance to diseases and other environmental conditions	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Watanabe et al,2005 and Lin et al,2006 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Li et at,2020	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Hu et al., 2016a	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: (Geng  et al.2024	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: soil potassium	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: potassium agronomic efficiency, and recovery efficiency	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Mention the problem of the research that you can solve it	Comment by husamalsarhan2021@gmail.com: 

Material and Methods	Comment by husamalsarhan2021@gmail.com: Material and Methods
	Comment by husamalsarhan2021@gmail.com: 
Experiment site : A field experiment was conducted at the research station of the Department of Soil Sciences and Water Resources / College of Agriculture, Tikrit University, for the winter season  2019-2020	Comment by husamalsarhan2021@gmail.com: 2-1 Experiment site :	Comment by husamalsarhan2021@gmail.com: 
Soil Sample preparation for laboratory analysis : Soil samples were taken from the field before planting from different locations (10) of the agricultural area in order to include a completely homogeneous sample from the of surface horizon (0-30) cm by soil drill (Auger)  air dried and sieved with a 2 mm sieve and its type was soil texture sandy loam, table) 1( shows the properties of the soil which the physical and chemical properties were estimated.	Comment by husamalsarhan2021@gmail.com: 2-2 Soil Sample preparation for laboratory analysis	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Soil samples were taken from the ten different locations in the field before planting the crops in the area	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: to include a completely homogeneous sample, the sample was taken from the surface horizon (0-30) cm by soil drill (Auger)  	Comment by husamalsarhan2021@gmail.com: 
Table 1. Some Chemical and physical properties of the experiment soil before planting
	Estimation method

	Unit
	Value
	Characteristics

	
Pipette method (black,1965)
	

g Kg-1
	441	Comment by husamalsarhan2021@gmail.com: 441	Comment by husamalsarhan2021@gmail.com: 
	Sand

	
	
	320	Comment by husamalsarhan2021@gmail.com: 320	Comment by husamalsarhan2021@gmail.com: 
	Silt

	
	
	239	Comment by husamalsarhan2021@gmail.com: 239	Comment by husamalsarhan2021@gmail.com: 
	Clay

	
	
	Sandy Loam
	Texture Class

	Using pH-meter (Page et al ,1982)
	
	ـــــــــــــــ
	pH (1:1)

	Using device EC (Page et al ,1982)
	ds m-1
	2.21
	EC (1:1)

	Simplified methylene blue method (black,1965)
	Cmol  Kg-1 soil
	14.25
	CEC

	Dilution method (Lagerwerff et al,1965)
	

g Kg-1
	55.7
	CaSO4

	gravimetric method (Page et al ,1982)
	
	231
	CaCO3

	Wet oxidation (black,1965)
	
	9.84
	O.M

	KCL 2M (black,1965)
	

mg Kg-1 soil
	22.3
	Available N

	NaHCO3 0.5 M (Olsen et al,1954)
	
	.276	Comment by husamalsarhan2021@gmail.com: 6.27	Comment by husamalsarhan2021@gmail.com: 
	Available P

	NH4CH3COOH (1N) (Pratt , 1965)
	
	132	Comment by husamalsarhan2021@gmail.com: 132	Comment by husamalsarhan2021@gmail.com: 
	Available K

	DTPA (0.005M Lindsay and norvall,1978)
	
	0.31	Comment by husamalsarhan2021@gmail.com: 0.31	Comment by husamalsarhan2021@gmail.com: 
	Available Zn



Experiment factors 	Comment by husamalsarhan2021@gmail.com:  2-3 Experiment factors 

	Comment by husamalsarhan2021@gmail.com: 

· Potassium Fertilizer : Potassium added in four levels is (0 , 80 . 160 and 240) Kg K h-1  as potassium sulfate (K2SO4) and symbolized (K0 , K1 ,K2 ,K3),The fertilizer addition was divided into two batches: half of the first batch was added after germination, while the other half was added at the beginning of the elongation stage in the form of banding.	Comment by husamalsarhan2021@gmail.com: 2-3-1 Potassium Fertilizer	Comment by husamalsarhan2021@gmail.com: 
· Zinc Fertilizer : Two types of zinc fertilizer were added to the soil, they are mineral zinc sulfate ZnSO4.7H2O and chelated zinc as Zn-EDTA, Zinc fertilizer is added in a similar method to potassium fertilizer on the one hand of batches. at five levels of both fertilizers. The fertilizer treatments were as follows:	Comment by husamalsarhan2021@gmail.com: 2-3-2 Zinc Fertilizer	Comment by husamalsarhan2021@gmail.com: 
· Zn0 = without fertilizer (stander) for both types.
· Zn1 = 10 Kg Zn h-1  zinc sulfate ZnSO4.7H2O.
· Zn2 = 20 Kg Zn h-1  zinc sulfate ZnSO4.7H2O
· Zn3 = 10 Kg Zn h-1  zinc chelate (Zn-EDTA).
· Zn4 = 20 Kg Zn h-1  zinc chelate (Zn-EDTA).

· Yield Components and  Chemical properties of grains : After harvesting the experimen, the grain yield, the biological yield, the amount of zinc absorbed in the grains, grains and straw together were calculated, and mentioned in the table (2) to benefit from the calculation of the properties below and studied in the experiment.	Comment by husamalsarhan2021@gmail.com: 3-3-3 Yield Components and  Chemical properties of grains	Comment by husamalsarhan2021@gmail.com: After harvesting the crops, the grain yield, the biological yield, the amount of zinc absorbed in the grains, grain and straw together were calculated, and mentioned in the table (2) to benefit from the calculation of the properties below and studied in the experiment	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 

Table 2. Effect of Zinc and Potassium and the interaction them on grain , straw yield and the amount of  zinc absorbed in straw and grains 

	Grain Yield (Kg ha-1)

	
	Zn0
	Zn1
	Zn2
	Zn3
	Zn4

	K0
	1928.83 n
	1984 n
	2155.33 m
	2093.67 m
	2440.83 l

	K1
	2497.50 l
	2750.83 k
	2871.33 j
	2973.67 i
	3150.33 h

	K2
	2886.67 ij
	3281.33 g
	3784.17 e
	4241.67 c
	4879.83 a

	K3
	2854.67 j
	3184.50 h
	3586.50 f
	4107.67 d
	4687.50 b

	 Straw Yield (Kg ha-1)

	
	Zn0
	Zn1
	Zn2
	Zn3
	Zn4

	K0
	2068.33 n
	2295 m
	2545.67 l
	2678 kl
	2824.83 k

	K1
	3104 j
	3361.33 i
	3796.50 h
	4127.00 g
	4651.83 f

	K2
	4498 f
	5079.67 e
	6137.50 cd
	6145.00 cd
	7235.00 a

	K3
	4493.17 f
	4995.33 e
	6316.17 c
	6018.17 d
	6734.83 b

	Uptake Zinc (Grain + Straw) g Zn ha-1

	
	Zn0
	Zn1
	Zn2
	Zn3
	Zn4

	K0
	73.14 m
	92.35 lm
	129.45 jk
	135.90 ijk
	168.61 hi

	K1
	118.39 kl
	160.10 hij
	215.03 fg
	235.37 ef
	279.05 d

	K2
	191.58 gh
	255.82 de
	363.68 c
	389.72 c
	488.24 a

	K3
	192.73 gh
	251.35 de
	368.09 c
	380.21 c
	453.82 b






· Studied Parametes	Comment by husamalsarhan2021@gmail.com: 3-4 Studied Parameters

	Comment by husamalsarhan2021@gmail.com: 

· Physiological Efficiency: Physiological Efficiency is defined as the biological yield obtained per unit of nutrient uptake. It can be calculated by:	Comment by husamalsarhan2021@gmail.com: 3-4-1 Physiological Efficiency	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 

PE (kg kg-1) =   BYf (kg) – BYu (kg)   ÷   Nf (kg)  –  Nu (kg)

Where : BYf is the biological yield (grain plus straw) of the fertilized plot (kg) , BYu is the biological , yield of the unfertilized plot (kg) , Nf is the Zn uptake (grain plus straw) of the fertilized plot (kg) , Nu is the Zn uptake (grain plus straw) of the unfertilized plot (kg).	Comment by husamalsarhan2021@gmail.com: Add reference 	Comment by husamalsarhan2021@gmail.com: 

· Agronomic efficiency : The Agronomic Efficiency is defined as the economic production obtained per unit of nutrient applied. It can be calculated by: 	Comment by husamalsarhan2021@gmail.com: 3-4-2 Agronomic efficiency	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 
AE (kg ha-1) = ( Gf – Gu)  ÷  Na
Where : Gf is the grain yield of the fertilized plot (kg) , Gu is the grain yield of the unfertilized plot (kg)  , Na is the quantity of zinc applied (kg).	Comment by husamalsarhan2021@gmail.com: Add reference	Comment by husamalsarhan2021@gmail.com: 
· Apparent recovery efficiency : Apparent Recovery Efficiency is defined as the quantity of nutrient uptake per unit of nutrient applied. It can be calculated by:	Comment by husamalsarhan2021@gmail.com: 3-4-3 Apparent recovery efficiency	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 
ARE (%) =  × 100
where  : Nf is the Zinc uptake (grain plus straw) of the fertilized plot (kg) Nu is the Zinc uptake (grain plus straw) of the unfertilized plot (kg), Na is the quantity of  Zinc applied (kg).	Comment by husamalsarhan2021@gmail.com: Add reference	Comment by husamalsarhan2021@gmail.com: 

· Utilization Efficiency : Nutrient utilization efficiency is the product of physiological and apparent recovery efficiency. It can be calculated by :	Comment by husamalsarhan2021@gmail.com: 3-4-4 Utilization Efficiency	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add reference	Comment by husamalsarhan2021@gmail.com: 
UE (kg kg-1 ) =  PE  × ARE

Statistical analysis	Comment by husamalsarhan2021@gmail.com: 3-5 Statistical analysis
	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 
The experiment was designed in accordance with a randomised complete block design (RCBD) with three replicates. Duncan's test was used to compare treatment means at the 0.01 level by using a statistical program (SAS). 	Comment by husamalsarhan2021@gmail.com: Check the font and size	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add reference	Comment by husamalsarhan2021@gmail.com: 

Result and Discussion	Comment by husamalsarhan2021@gmail.com: 3 Result and Discussion
	Comment by husamalsarhan2021@gmail.com: 
Physiological Efficiency: Through the data in Table )3( the results showed that there is a significant positive effect of zinc on the physiological efficiency trait over the rest of the treatments, as the level (Zn4) which is chelated zinc (20 Kg Zn ha-1) gave the highest increase in the average, which reached (14654.78) Kg Kg-1 and surpassed the other of the level ,These results were consistent with what was mentioned by (Dhaliwal et al,2022). While the effect of potassium fertilizer was noted through the data, there are significant differences in all treatments, as the level (K2) was superior in this trait and gave an average of (15129.59) Kg Kg-1  and the lowest treatment was the level (K1) as it reached (12912.15) Kg Kg-1, It was found that the physiological efficiency (PE) decreased with increasing potassium fertilizer level and increased at the third level and then also decreased, This may be attributed to the fact that excessive increase in the use of potassium fertilizer led to inefficient and ineffective use of potassium for wheat plants. This result is consistent with the result of (Dohuki,2008). The interaction between zinc and potassium was positive and significant differences appeared in the treatments, as the fertilizer combination (Zn4K2) gave the highest average (15926.70) Kg Kg-1, while the lowest average was reached in the treatment (Zn4K3) it was (7775.60)Kg Kg-1.	Comment by husamalsarhan2021@gmail.com: 3-1 Physiological Efficiency	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com:  the data in Table )3(showed that there is a significant positive effect of zinc on the	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: gave the highest levels of the traits 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Dhaliwal et al,2022	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: the data table ()	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: add reference to this statement ( This may be attributed to the fact that an excessive increase in the use of potassium fertilizer led to inefficient and ineffective use of potassium for wheat plants)	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: mention to the control	Comment by husamalsarhan2021@gmail.com: 

Table 3. Effect of Zinc and Potassium and the interaction them on Physiological Efficiency for zinc nutrient (Kg Kg-1)
	Average 
K
	Zn4
	Zn3
	Zn2
	Zn1
	Zn0
	Zn
K

	13419.94 b
	13352.63 i
	12696.36 j
	12797.09 j
	14833.68 d
	ـــــــ
	K0

	12912.15 d
	13668.69 h
	14828.03 d
	10993.09 l
	12158.80 k
	ـــــــ
	K1

	15129.59 a
	15926.70 a
	15162.12 c
	14173.29 g
	15256.25 c
	ـــــــ
	K2

	13091.23 c
	15671.11 b
	14319.58 f
	14598.62 e
	7775.60 m
	ـــــــ
	K3

	
	14654.78 a
	14251.52 b
	13140.52 c
	12506.08 d
	ـــــــ
	Average Zn




Apparent Recovery Efficiency: The results in Table )4( showed that zinc had a significant effect and the higher the zinc level (Zn3) gave the higher the apparent recovery efficiency it was (1.35)%, while a decrease was seen at the level (Zn4) and was (1.01)% of zinc, These results are consistent with the results of (Nagar et al,2024), The reason may be attributed to the fact that the plant reached a state of saturation at this level, as this soil is considered poor in its content of available zinc in the soil (table 1) as a result it is exposed to in terms of adsorption and sedimentation, so it responds to the fertilizer addition to a certain level. The apparent recovery efficiency was affected by the addition of potassium, which led to a noticeable increase with increasing levels, and the percentage of increase was compared to the control treatment (K0)  and was (76.31 , 221.05 , 239.47) % at levels (K1 , K2, K3) respectively,  the reason for this increase may be due to the fact that gypsum soils behave like sandy soils, as the fertilizer additions in them, especially potassium, are exposed to washing and fixation. Therefore, we tended to add potassium in two doses, the first at planting and the second at the vegetative growth stage, which was reflected positively on the recovery efficiency and increased with the increase in the addition levels, while chelated zinc (10 Kg Zn ha) with potassium (K2) achieved the highest interaction of apparent recovery efficiency, which reached (1.93) % and outperforming all treatments.	Comment by husamalsarhan2021@gmail.com: 3-2 Apparent Recovery Efficiency	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Deleted 	Comment by husamalsarhan2021@gmail.com: Add reference (The reason may be attributed to the plant reached a state of saturation at this level,)	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Check the number (K1 0.67, K2 1.22, K3 1.29 )	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add reference 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: ? check it 	Comment by husamalsarhan2021@gmail.com: 
Table 4. Effect of Zinc and Potassium and the interaction them on Apparent Recovery Efficiency for zinc nutrient (%)
	Average 
K
	Zn4
	Zn3
	Zn2
	Zn1
	Zn0
	Zn
K

	0.38 d
	0.47 m
	0.61 k
	0.27 o
	0.19 p
	ـــــــ
	K0

	0.67 c
	0.80 i
	1.00 f
	0.48 l
	0.42 n
	ـــــــ
	K1

	1.22 b
	1.48 c
	1.89 b
	0.89 g
	0.64 j
	ـــــــ
	K2

	1.29 a
	1.30 d
	1.93 a
	0.87 h
	1.07 e
	ـــــــ
	K3

	
	1.01 b
	1.35 a
	0.62 c
	0.58 d
	ـــــــ
	Average Zn



Agronomic efficiency: The results of table (5) showed that with increasing the level of added zinc, the agronomical efficiency value increased and reached its highest value at the level (Zn3) of zinc (81.38) kg ha-1  while it decreased from the level of zinc (Zn4) and reached (62.38) kg ha-1  this result is consistent with the results of (Mashri at al.2022) the significant increase in (AE) at (10 Kg Zn ha-1 chelate)  is attributed to the fact that chelated zinc is free in the soil and is not subjected to precipitation and adsorption reactions in the soil and is available to the plant, thus possibly improving productivity (grain yield) and increasing agronomical efficiency, The values in the table also indicate that potassium fertilizer had a positive effect, with significant differences between the treatments and an increase compared to the control treatmen (82.06 , 368.17 , 319.81)%  at levels (K1, K2 K3) respectively, In addition the fertilizer combination resulting from the interaction of chelated zinc with potassium (Zn3K2) achieved the highest average of (135.50) kg ha-1. 	Comment by husamalsarhan2021@gmail.com: 3-3 Agronomic efficiency	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Correct the name Mishra et al, 2022	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Mashri et al,.2022	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: treatment	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 31.06, 79.87 , 7.62 %	Comment by husamalsarhan2021@gmail.com: 



Table 5. Effect of Zinc and Potassium and the interaction them on Agronomical Efficiency for zinc nutrient (kg ha-1)
	Average 
K
	Zn4
	Zn3
	Zn2
	Zn1
	Zn0
	Zn
K

	17.06 d
	25.60 j
	17.14 m
	20.00 k
	5.51 n
	ـــــــ
	K0

	31.06 c
	32.64 i
	47.61 e
	18.69 l
	25.33 j
	ـــــــ
	K1

	79.87 a
	99.65 c
	135.50 a
	44.87 f
	39.46 g
	ـــــــ
	K2

	71.62 b
	91.64 d
	125.30 b
	36.59 h
	32.98 i
	ـــــــ
	K3

	
	62.38 b
	81.38 a
	30.03 c
	25.82 d
	ـــــــ
	Average Zn



Utilization Efficiency : The results of the table (6) indicate that zinc achieved a significant difference between the treatments for the zinc use efficiency trait, as the fourth level (chelated zinc 10 Kg Zn ha-1) was superior and gave the highest value of (19458.2) kg kg-1 these results are consistent with a study (Yadav et al,2022), this increase may be attributed to The available zinc in the soil is below the critical limit and thus the growing plant responds to the fertilizer additions and an increase in the amount of zinc absorbed from grains and straw, as well as an increase in the biological yield (table 1) , which led to an increase in the efficiency of  fertilizer use. While adding potassium increased the efficiency of using zinc and the third level gave the highest average of one (18651.8) kg kg-1 and the lowest average was in the comparison treatment, which amounted to (5023.5) kg kg-1,  these results are consistent with the results of (Dohuki,2008) as the addition of potassium increased the efficiency of zinc utilization, It can be said that potassium here may have stimulated the roots to secrete phytosiderophores that bind to the zinc element and increase its availability in the soil, which increases the rate of its absorption by the plant, In addition, the fertilizer combination resulting from the interaction of zinc levels with potassium (Zn3K2) gave a value (28656.4) kg kg-1 that was significantly superior to all other combinations.	Comment by husamalsarhan2021@gmail.com: 3-4 Utilization Efficiency 	Comment by husamalsarhan2021@gmail.com: 








Table 6. Effect of Zinc and Potassium and the interaction them on utilization efficiency for zinc nutrient (kg ha-1)
	Average 
K
	Zn4
	Zn3
	Zn2
	Zn1
	Zn0
	Zn
K

	5023.5 d
	6275.7 k
	7544.8 j
	3455.2 m
	2818.4 m
	ـــــــ
	K0

	9578.3 c
	10935.0 g
	14994.7 e
	7276.7 j
	5106.7 l
	ـــــــ
	K1

	18651.5 a
	23571.5 c
	28656.4 a
	12614.2 f
	9764.0 h
	ـــــــ
	K2

	17007.5 b
	20372.5 d
	26636.8 b
	12700.8 f
	8319.9 i
	ـــــــ
	K3

	UE
	15288.7 b
	19458.2 a
	9011.7 c
	6502.2 d
	ـــــــ
	Average Zn
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