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Article 
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Yield and Nutrient Use Efficiency of Wheat  
(Triticum aestivum L.) in Tigray Highlands of 
NORTHERN ETHIOPIA 
Mulugeta Sebhatleab 1,*, Girmay Gebresamual 1, Gebreyohannes Girmay 1, Yemane Tsehaye 2 
and Mitiku Haile 1 

1 Land Resources Management and Environmental Protection, Mekelle University 
2 Dry Land Crop and Horticulture Sciences, Mekelle University 
* Correspondence: mulusk96@gmail.com; Tel.: +251-914726755 

Abstract: Wheat is a vital staple crop addressing significant nutritional needs. However, it faces 
micronutrient deficiencies in Ethiopia, prompting use of balanced nutrient fertilizers to obtain better 
yields, nutrient concentration, and nutritional quality. This study investigated the effect of different 
P and Zn fertilizer combinations on wheat yield and nutrient efficiency across three locations (i.e., 
Adigolo, Seret, and Mekelle sites) in Tigray, Ethiopia. A randomized complete block design (RCBD) 
was used with four P levels (0, 10, 20, 30 kg P ha⁻¹), three Zn levels (0, 5, 10 kg Zn ha⁻¹) in three 
replications. Results varied across locations due to differences in climate and topography. Balanced 
application of P and Zn fertilizers significantly increased wheat grain and biomass yields while 
applying higher rates of both nutrients (i.e., 30 kg P ha⁻¹ and 10 kg Zn ha⁻¹) reduced yields. The 
combined application of 20 kg P ha⁻¹ and 5 kg Zn ha⁻¹ achieved the best yield which also improved 
Zn and P use efficiency. This combination maximized yield and zinc bioavailability for supporting 
food security in diverse agro-climatic conditions. 

Keywords: phosphorus & zinc; balanced application; wheat nutrtional quality; food security; Tigray 
 

1. Introduction 

Wheat is one of the dominant staple food crops in the world. It is the leading among grain crops 
in coverage and production [1] and provides a major share of nutritional requirements for the world 
population [2]. Ethiopia has largest area (1.87 million ha-1) of wheat production in Africa but its yield 
(3.1 t ha-1 ) is low compared for example to that of  4.4 t ha-1 in South Africa [3]. Most cereal crop 
production especially wheat and barley are grown on soils often deficient in nitrogen, phosphorus 
and micronutrients [4]. 

Phosphorus (P) and nitrogen (N) deficiencies are widespread in the global cereal production 
systems [5]. Similarly, P and N deficiencies are common [6] in Ethiopia, with 80-90% of soil samples 
from the highlands contain P levels below 10 mg kg-1 [7,8] and N levels below 0.1% [7,8]. The 
application of P fertilizers has shown increase in wheat grain yield by up to 30% [7], and of N by up 
to 96%[9]  

While optimal use of N and P fertilizers significantly boost wheat yield, continuous application 
can however lead to deficiencies in other essential nutrients such as zinc (Zn), iron (Fe), and sulfur 
(S) [10,11]. Phosphorus deficiency often occurs alongside deficiencies in nitrogen, sulfur, zinc, boron, 
and molybdenum [8,12] further indicating to a need to refine P application rates based on crop type, 
nutrient interactions, soil conditions, and agro-ecological zones [13]. High phosphorus application 
can induce zinc deficiency in soils [14]. In soils with low available zinc, the phosphorus content in 
leaf dry matter can exceed 0.24%, reaching toxic levels [15]. Zinc and Fe deficiencies are widespread 
in the sub-Saharan Africa [16]. The deficiency of these nutrients has resulted in "hidden hunger" 
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where the soil lacks micronutrients sufficient for optimal plant health. In Ethiopia, with 98% of soil 
samples in the highlands being Zn deficient [17], Zn deficiency poses significant challenges to crop 
productivity and human health [18]. A study [19] also found that 72% of the population was zinc 
deficient. 

Zinc is an essential trace element in the nutritional requirements of crop plants, animals, and 
humans [20,21]. The prevalence of zinc deficiency varies spatially, suggesting the need for targeted 
interventions [19]. Reports showed that above 30% of global soils on average were deficient in Zinc 
[22]. Several studies verified that the fertilization of Zn to deficient soils has significantly increased 
the yield of crops [23–27]. Wheat (Triticum aestivum L.), grain Zn content commonly ranges between 
20–35 mg kg-1 [28]. Enhancement of Zn concentrations beyond 40 mg kg-1 in wheat [29] is an important 
global challenge. However, researchers stated that Zn uptake by plants is adversely affected by 
factors like soil pH, organic matter content and amount of phosphorus applied to the soil [14,30]. 

Ethiopia has been promoting blended multi-nutrient fertilizers since 2015 [31] to address 
micronutrient depletion caused by continuous use of only N and P fertilizers [32,33]. By incorporating 
a mix of micronutrients tailored to different regions’ specific soil needs; Ethiopia’s multi-nutrient 
fertilizer strategy supports a more holistic approach to soil management. The promotion of blended 
fertilizers has been supported by research and pilot projects aiming to determine the specific nutrient 
profiles required for various crops and soils across Ethiopia’s diverse agro-ecologies. The country 
aims to increase crop productivity, enhance resilience to environmental stresses and nutritional value 
of food, contributing to better food security and health outcomes. 

Zinc content in the NPSZn blended fertilizer, at around 2.5 to 3.3 kg Zn ha-1, is notably lower 
than the average application rate ranging 5 to 15 kg ha-1 to effectively address soil deficiencies and 
improve both yield and protein content of wheat [34]. And the current application rates do not 
sufficiently meet the micronutrient needs of Ethiopia’s soils, especially in areas with significant Zn 
deficiencies, such as the Tigray region [35]. The phosphorus application and utilization hinders 
uptake of Zinc by a plant [36]. The effective way to reduce the problem could be by application of Zn 
containing fertilizer to soil considering P fertilizer rates [37]. 

A study on faba-bean revealed that the combined application of inoculants, P, and Zn fertilizers 
significantly increased grain yield, nutrient uptake, and nodulation [38,39]. These findings highlight 
the importance of considering P and Zn interactions in crop nutrition management, especially in 
calcareous soils. However, there is a lack of information on effects of P and Zn interaction on yield 
and nutrient use efficiency of wheat in Ethiopia. 

Thus, this study aims at establishing optimum rates of Zn and P fertilizers for better yield and 
nutrient use efficiency of wheat grown in selected locations of Tigray, Northern Ethiopia. Obtaining 
full understanding on combined rates of P and Zn fertilizer application, and their interactions on 
yield and nutrient uptake of staple cereals in specific geographical contexts will enhance 
bioavailability of Zn for improved food and nutritional security in the highlands of Ethiopia. 

2. Materials and Methods 

2.1. Description of Experimental Sites 

This study was conducted on farmers’ plots in Seret (Degua Temben Woreda), Adigolo (Ofla 
Woreda) and Mekelle (Mekelle University research field) in Tigray, northern Ethiopia (Figure 1). 
Seret and Adigolo are situated in Tepid to Cool Sub-Moist Mountains and Plateau (SM2-5), and 
Meklle site is in Tepid to Cool Sub-Moist Mid Highland (SM2-8) sub-agro ecological zones. These 
sites have mixed farming systems. Cereal crops like wheat, barley, teff and maize and pulses like faba 
bean, peas and lentiles are dominant grown. 
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Figure 1. Location map of the study areas. 

Mekelle and Seret are characterized with dry climate during September to May and rainfall 
season during July to August. Adigolo has a bimodal rainfall with main rain season from July to 
September and short rains during February to April. The mean annual rainfall at the Mekelle site was 
about 618 mm, 760 mm at Seret, and 901.88 mm at Adigolo (Figure 2). The maximum and minimum 
temperatures range from 26 to 11°C at MU, 23 to 10°C at Seret, and from 18 to 8°C at Adigolo. 
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Figure 2. Average monthly rainfall and daily temperatures (Data Source: EMA 2000 to 2019). RF stands for 
rainfall, Min Temp for minimum temperature and Max Temp for maximum temperature. 

Adigolo is found in Jurassic sedimentary rocks topped by Trap volcanic of the Ashangi Group 
[40]. Seret is found in Amba-Aradam formation consisting of coarse-grained, compact, and altered 
fluviatile sandstone and shale [41], overlain by a fine-grained basalt layer. The Mekelle site is 
characterized by a widespread presence of dolerite dykes and sills at 2000 m asl [42]. The dominant 
soil type in Adigolo include Leptosols, Fluvisols, and Vertisols [43]. Cambisols, Fluvisols and 
Vertisols dominate in Seret, [44], and Cambisols are quite common at the Mekelle site. 

2.2. Treatments and Experimental Design 

A randomized complete block design in factorial arrangements was used with four P levels (0, 
10, 20, and 30 kg P ha-1), and Zn levels (0, 5, and 10 kg Zn ha-1) with three replications. The Zn level 
for treatments were used by many researchers [45,46]. The experiment was conducted during 2019 
and 2020 rainy seasons. The treatment plot area was set at 3×4 m², each received split of 23 kg N ha-1 
as starter-N, and a month after sowing while P and Zn were applied during sowing. Triple 
superphosphate (46% P), Urea (46% N), and zinc oxide (80% Zn) were used as sources of fertilizers. 
The ET-13-A2 (ENKOY/UQ105) wheat variety was used in the experiment at a sowing rate of 150 kg 
ha-1. 

2.3. Data Collection and Measurements 

Soil Sampling and Analysis 

Composite soil samples were collected at a depth of 0-30cm, prepared and analyzed following 
standard laboratory procedures in Mekelle Soil Research Center and Mekelle University laboratories. 
The soil particle size was analyzed using Bouyoucous hydrometer method [47]. Soil pH and EC were 
measured from a solution of 1:2.5 soils to water ratio. Soil organic carbon (OC) was determined 
following the Walkley and Black procedure [48]. Total nitrogen (TN) was determined using the 
modified micro-Kjeldahl method [49]. Available Phosphorus was determined using Olsen method 
[50]. Cation exchange capacity (CEC) and exchangeable bases (Ca, Mg, and K) were measured by the 
1N NH4OAc at pH 7 method [51]and read from a flame photometer for exchangeable potassium 
(Exchangeable. K) and Atomic Absorption Spectrophotometer (AAS) for exchangeable Ca and Mg 
[52]. The micronutrient content of soil extractable Zn was also determined using DTPA extractable 
micronutrients solution measured in ASS [53]. Based on physiographical and soil data, a cluster 
analysis for all sites data were analyzed using the Minitab Software Application [54]. Plant samples 
were collected from each treatment plot in all sites at physiological maturity, at 65°C for 72 hours. 
Whole plant and grain samples were ground separately using a mill for digestion with nitric and 
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perchloric acids. Phosphorus was analyzed using the Molybdenum Blue method [55], while zinc (Zn) 
was determined through atomic absorption spectroscopy [56]. 

Yield Data and Nutrient Uptake Efficiency 

Dry biomass and grain yield were measured after harvesting. The harvest index was also 
calculated using: 

 
(1)

where:    ,  
The Nutrient uptake for P and Zn was calculated by multiplying the grain yield (kg ha-1) with 

the per cent nutrient concentration) of each treatment, and was further used to calculate the nutrient 
use efficiency [51] as follows: 

 
(2)

where 
  

, ,

, , 

 

2.4. Data Analysis 

After checking the normality of all the quantitative data gathered from all sites, analysis of 
variance were conducted using the general linear models (GLM) procedure of Minitab Software 
Application [54]. Significant means were separated using the Fisher’s protected least significance 
difference (LSD) at 5% level of probability using Genstat 17 software [57]. 

3. Results 

3.1. Soil Characteristics 

The soil analyses results indicate that the soils of both Adigolo and Seret have clay texture, 
Mekelle site being clay loam (Table 1). Adigolo soil has neutral pH, and the soil of Seret and Mekelle 
were slightly alkaline. The OC and TN content of soils of all locations were low. The available P of all 
three sites is below the critical soil available P value (10 mg P kg-1) established for Ethiopian soils [58]. 
The Zn content of all soils were found below the critical value (1 mg Zn kg-1) required for optimum 
production of wheat [59]. The Cation exchange capacity was high [60]. The sites showed 95% 
similarity in their top soil properties. Their variation was in rainfall, temperature, agro-ecology and 
topography. 

Table 1. Soil physical and chemical properties and cluster analysis. 

Parameters* Research sites 
Seret Adigol

o 
Mekelle 

Sand (%) 25.4 22.21 34.50 
Silt (%) 30.2 32.29 27.15 
Clay (%) 44.4 45.50 38.35 
Textural class C C CL 
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pH 7.84 7.25 7.92 
SOC (%) 0.95 1.032 0.71 
TN (%) 0.18 0.192 0.17 
Av P (mg kg-1) 6.55 6.91 5.46 
Zn ( mg kg-1) 0.73 0.98 0.65 
CEC (cmol(+) kg-1) 45.5 42.25 38.56 
Exch K (cmol(+) kg-1) 0.22 0.2 0.20 
Exch Ca (cmol(+) kg-1) 28.3 25.16 33.25 
Exch Mg (cmol(+) kg-1) 10.1 8.72 12.42 

* C- Clay; CL- Clay Loam; SOC- soil organic carbon; SOM- soil organic matter; Av P- available 

phosphorus; TN- total nitrogen; CEC- Cation Exchange Capacity; Exch K, Ca, Mg-Exchangeable 

Potassium, Calcium, Magnesium 

3.2. Effect of Zn and P on Yield and Yield Components of Wheat 

Wheat grain and dry biomass yield were significantly (p<0.001) affected by the application rates 
of P and Zn (Table 2) across all three locations. Application of 10, 20 and 30 kg P ha-1 increased wheat 
grain yield increased by 24%, 70% and 44%; and biomass yield by 20%, 56% and 39%, respectively. 
Increasing application of phosphorus to 20 kg P ha-1 resulted in increase by about 37% grain and 31% 
biomass yield. Zinc application increased wheat grain yield by 25% and 24%; and biomass yield by 
23% and 18%.  

Table 2. Main plot effects of P and Zn application on grain and dry biomass yield of wheat. 

Site/treatments Grain yield (t ha-1) Biomass yield (t ha-1) 

Due to location   

Adigolo 4.46a 12.95a 

Mekelle 3.81c 9.54c 

Seret 4.32b 11.36b 

LSD(0.05) 0.03 0.101 

Due to P levels   

P 0 3.11d 8.76d 

P 10 kg ha-1 3.87c 10.47c 

P 20 kg ha-1 5.30a 13.68a 

P30 kg ha-1 4.50b 12.22b 

LSD(0.05) 0.034 0.117 

Due to Zn levels   

Znc0 3.67c 9.95c 

Zn 5 kg ha-1 4.53a 12.19a 

Zn 10 kg ha-1 4.38b 11.71b 

LSD(0.05) 0.03 0.101 

Means within column followed by the same letter are not significantly different from each other at < 0.05. 

Maximum yield were recorded when 20 kg P ha-1 and 5 kg Zn ha-1 were applied. Further increase 
in application rates (e.g. 10 kg Zn ha-1 and 30 kg P ha-1) decreased yield. Yield was reduced by 18% 
when P application increased to 30 kg P ha-1. As a result of the interaction of 5 kg Zn and 20 kg P ha-

1, maximum wheat grain and biomass yield were achieved (Table 3). Maximum wheat grain yield 
increased by 125, 140 and 145% over control in Seret, Adigolo and Mekelle sites, respectively. 
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Table 3. Interaction effects of P and Zn application on wheat grain and dry biomass yield. 

Treatment Grain Yield (t.ha-1) Biomass (t.ha-1) 

Zn (Kg ha-1) P (Kg ha-1) Seret Adigolo Mekelle Seret Adigolo Mekelle 

0 0 2.57j 2.83k 2.18k 6.72k 8.47k 5.83k 

0 10 3.37i 3.67i 3.05i 8.59j 10.90i 7.82i 

0 20 4.88d 4.99d 4.35d 13.39c 15.04c 10.13e 

0 30 4.16g 4.36f 3.61g 10.64g 12.71f 9.15g 

5 0 3.39i 3.29j 2.66j 9.11i 9.93j 6.90j 

5 10 4.43f 4.61e 3.85f 9.76h 12.15g 10.76d 

5 20 5.81a 6.05a 5.36a 15.38a 17.10a 12.69a 

5 30 5.17c 5.19c 4.59c 14.45b 16.54b 11.47c 

10 0 3.84h 3.91h 3.32h 11.95e 11.52h 8.43h 

10 10 4.05g 4.11g 3.67g 11.46f 13.15e 9.61f 

10 20 5.37b 5.79b 5.06b 12.55d 14.38d 12.45b 

10 30 4.73e 4.69e 4.01e 12.35d 13.47e 9.19g 

LSD(0.05) 0.115 0.121 0.071 0.46 0.335 0.239 

Means within column followed by the same letter are not significantly different from each other at < 0.05. 

The dry biomass yields were also increased by 129, 102 and 118% in Seret, Adigolo and Mekelle 
sites respectively when combined 5 kg Zn ha-1 and 20 kg P ha-1 was applied (Table 3). Wheat 
production is greatly impacted by increasing Zn treatment with an optimal P fertilizer rate in the 
different sites. Further increase in P and Zn rates resulted in declining grain and biomass yield in all 
sites. 

3.3. Effect of Zn and P Application on Grain Nutrient Concentration 

Interaction effect of P with Zn significantly increased grain Zn content, at lower P rate. The 
highest Zn concentration (55.5 mg kg-1) is recorded at 10 kg Zn ha-1 and 10 kg P ha-1 (Table 4). When 
P application increased the availability of Zn in grain reduced. A 5.7 g kg-1 grain P was obtained with 
combined application of 30 kg P ha-1 and 5 kg Zn ha-1. 

Table 4. Interaction effects of P and Zn application on wheat grain and dry biomass yield. 

Treatment Grain Zn mg/kg  Grain P g/kg 

Zn (Kg ha-1) P (Kg ha-1) Adigolo Seret Mekelle  Adigolo Seret Mekelle 

0 0  19.57k 17.55l 16.77k  2.95k 2.23k 2.18l 

5 0 40.75e 35.68f 33.93e  3.20j 3.24i 2.94j 

10 0 49.91b 43.78b 43.45b  3.64i 3.06j 2.54k 

0 10 28.43i 26.58j 25.39i  4.13g 3.24i 3.51g 

5 10 43.85d 38.83d 35.81d  3.98h 3.56g 3.47h 

10 10 55.48a 48.14a 47.13a  3.72i 3.4h 3.2i 

0 20 31.17h 29.26i 27.69h  4.65d 3.95f 4.35c 

5 20 37.88f 33.51g 32.41f  4.5e 4.65c 3.86e 

10 20 47.85c 41.61c 40.28c  4.3f 4.11e 3.69f 

0 30 26.42j 24.27k 23.02j  5.18b 4.27d 5.05a 

5 30 34.99g 31.20h 30.94g  5.70a 5.35a 4.81b 

10 30 41.56e 37.16e 34.3e  5.09c 4.95b 4.17d 
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LSD(0.05) 1.865 0.928 1.339  0.102 0.198 0.046 

Means within column followed by the same letter are not significantly different from each other at < 0.05. 

3.4. Nutrient Use Efficiency of Wheat 

At Seret and Adigolo, the highest P utilization efficiency was achieved when 10 kg P ha-1 with 
10 kg Zn ha-1 and 20 kg P ha-1 with 5 kg Zn ha-1 were applied (Table 5). MU site exhibited highest 
nutrient use efficiency when 10 kg P ha-1 with 5 or 10 kg Zn ha-1 was applied. Lowest P use efficiency 
recorded when applying 30 kg P ha-1 and 10 kg Zn ha-1. When P is applied with zinc at a low rate, its 
use efficiency rises. 

Zinc use efficiency was highest when 5 kg Zn ha-1 combined with 20 kg P ha-1 (Table 5). A 
combined 10 kg Zn ha-1 and 10 kg P ha-1 application provided the lowest Zn uptake across all 
locations. Increasing P application rate to 20 kg P ha-1 increased Zn use efficiency, further increasing 
P and Zn significantly reduced Zn use efficiency.  

Table 5. Phosphorus and Zinc use efficiency of wheat. 

Treatment P use efficiency  Treatment Zn use efficiency 
P  

(kgha-1)
Zn 

(kgha-1) 
Seret Adigolo Mekelle 

Zn 
(kgha-1) 

P  
(kgha-1) 

Seret Adigolo Mekelle 

10 0 187.6f 243.8g 198.9e 5 0 478.4e 292.2f 213.3f 
10 5 303.7cd 375.7c 492.6a 5 10 607.4c 737.9c 985.1c 
10 10 474.1a 458.2a 377.3b 5 20 1731.7a 1727.6a 1370.7a 
20 0 334.1c 328.9d 214.6d 5 30 1546.3b 1614.5b 1126.9b 
20 5 432.9b 431.9b 342.7c 10 0 523.5de 305.5f 259.4f 
20 10 291.6d 295.7e 330.6c 10 10 474.1e 468.0e 377.3e 
30 0 130.8g 141.5i 110.4f 10 20 583.2cd 591.4d 661.1d 
30 5 257.7e 273.7f 187.8e 10 30 563.6cd 500.0e 336.4e 
30 10 187.9f 166.7h 112.1f      

LSD(0.05) 30.05 26.12 19.56 LSD(0.05) 127.16 68.54 58.17 
Means within column followed by the same letter are not significantly different from each other at < 0.05. 

4. Discussion 

With the clay and clay loam textures, soils could exhibit similar properties. Variations in site 
characteristics such as climate, landscape positions, and topography and soil depth determined 
wheat yield responses to applications of phosphorus (P) and zinc (Zn). Climate influences soil 
moisture levels and temperature regimes, both of which affect nutrient cycling, microbial activity, 
and plant growth. Landscape positions influence water drainage and nutrient movement within the 
soil profile. Effective soil depth determines the rooting depth of wheat plants and the volume of soil 
available for nutrient uptake [61]. 

This study showed increasing application of phosphorus to 20 kg P ha-1 increased grain yield by 
about 37% and biomass yield 31% over control. Many researches revealed that P application 
increased wheat grain and biomass yield [62–64]. However, application of excess P in soil reduce 
grain yield due to reduced uptake of micronutrients, particularly Zn [65] and excess P may even have 
adverse effects on yield [66]. The critical P requirements and optimum levels needs to be specified 
[67]. 

It is also showed that Zn application led to notable increases in grain yield (ranging from 21% to 
25%) across locations, showing its consistent positive effect on grain yield. These results are strongly 
supported by many researchers [24,68] indicating that application of Zn fertilizer significantly affects 
grain and biomass yields. Zinc plays a crucial role in enzyme activation, hormone regulation, and 
protein synthesis [69]. Ensuring optimal zinc availability through appropriate fertilization practices 
is essential for maximizing grain yield. 
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The accessibility of nutrients to crops is significantly impacted by interactions as an excess of 
one nutrient might lead to a deficiency of another [70]. The interactions of nutrients within the soil 
influence the yields of annual crops [71–73]. Application of both P and Zn fertilizers play crucial roles 
in various physiological processes affecting crop growth, development, and ultimately yield 
formation [26,36]. However, soils with higher phosphate levels, from the application of P fertilizers, 
can cause Zn deficiency in crops [36]. Combinations of P and Zn with 20 kg P ha-1 and 5 kg Zn ha-1 
have shown a synergistic effect in increasing wheat grain and biomass yields. Similar studies [26,73] 
have reported that combined application of P and Zn below the optimum level either nutrients 
increased wheat yield. 

This study showed antagonistic relationship at higher rates of P and Zn fertilizer beyond 20 kg 
P ha-1 and 5 kg Zn ha-1 that result in reduced wheat yield. A report [46] indicates higher rates of 
combined P and Zn fertilizer showed reduction in wheat yield. Applying higher rate of P fertilizer 
dose to the soil hinders the Zn mobilization and nutrient uptake [74]. 

The combined application of P and Zn has influence on grain nutrient content, particularly grain 
Zn and P concentrations. Grain Zn concentration increased with the increasing Zn application but 
reduced with the increasing P application beyond 10 kg P ha-1. Combined application of P and Zn 
increased the grain Zn as well as grain P content, particularly at lower rates [24]. Higher P rate beyond 
a threshold for wheat reduces grain Zn concentration [65,75,76]. 

Phosphorus also tends to form complexes with soil minerals by reducing the availability of free 
Zn ions for uptake by roots [11,36], the induction of Zn deficiency by formation of insoluble 
complexes between P and Zn in the soil. The reduction in Zn utilization efficiency as Zn application 
rates increased also resulted in a gradual decline in grain yield and dry matter production [77]. 

Furthermore, the use efficiency of phosphorus and zinc was significantly influenced by the 
combined applications of various levels of P and Zn fertilization, in line with the study conducted by 
Sánchez-Rodríguez [26]. Increasing P concentrations can lead to an increase in P use efficiency [78,79] 
which is lowered again by increasing P application as it reduces the yield [63,80]. Similarly, Zn use 
efficiency significantly reduced with higher rate of P application [81,82]. Overall, combined 
application of P and Zinc fertilizers improve the bioavailability and uptake of zinc [83]. The nutrient 
use efficiency varies across locations and this could be due to the variability in soil conditions, and 
uptake levels of nutrients by plants [84]. In our study, the maximum profit was obtained from the 
combined application of 5 kg Zn ha-1 and 20 kg P ha-1, followed by the application of 10 kg Zn ha-1 
and 20 kg P ha-1 (data not shown). Thus, ensuring optimal zinc utilization is crucial for achieving high 
crop yields and quality [36,85]. 

5. Conclusions 

Understanding the interactions among site characteristics and nutrient management practices 
are important in optimizing wheat production. Emphasizing the significance of phosphorus (P) and 
zinc (Zn) fertilization, this research offers valuable insights for enhancing crop yields, sustainability 
and food security in diverse agro climatic conditions. While Zn application can increase yield, there 
is a critical threshold beyond which further application may lead to diminishing yields. Combination 
of 20 kg P ha-1 and 5 kg Zn ha-1 has been identified best to achieving maximum wheat grain yield. 
This combination is found to be optimum for obtaining maximum profits, improved yield and 
nutrient use of wheat for producers in northern highlands of Ethiopian. Therefore, to achieve 
sustainable wheat production and maximize yield, it is essential for farmers to carefully manage P 
and Zn application rates to avoid both deficiency and excess. 
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