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Abstract 

Corn is an important cereal crop in Ethiopia due to its use as a source 

of food security. However, its productivity is limited by insufficient 

application of the NPS fertilizer and different row spacing. A field trial 

was carried out to assess the effects of the application of different NPS 

fertilizer quantities and inter row spacing on the growth, yield 

components and yield of maize and the cost-benefit analysis of the 

NPS compound fertilizer application on the yield of maize in the main 

growing season 2019/2020.The study was arranged in a factorial 

combination of five levels of NPS fertilizers (0, 50, 100, 150 and 200 

kg NPS ha-1) and four inter row spacing (55 cm, 65 cm, 75 cm and 85 

cm). in a randomized complete block design with three replications. 

The consequence showed the main result of the NPS fertilizer had a 

highly significant (p <0.01) effect on days up to 50% anthesis, days up 

to 50% silk formation, 90% physiological maturity, leaf area, leaf area 

index, number of plants at harvest, the number of grains per ear was 

determined from the main effects of NPS fertilizer of 200 kg NPS ha-1. 

The interaction effects of NPS and row spacing have highly significant 

(p <0.01) effects on the number of ears per plant, number of ears per 

hectare, ear length, agronomic effectiveness and grain yield were 

obtained when using 150 kg. measured NPS ha-1 at 75 cm row spacing. 

The highest economic (91,608 Birr ha-1) and a higher MRR (1745%) 

resulted from the 150 kg NPS ha-1 and 75 cm row spacing. Thus, it 

should be noted that the application of 150 kg NPS ha-1 with a row 

spacing of 75 cm was both agronomic and cost-effective for the grain 

yield of the Melkassa-II in the study area. 
  

1. Introduction 

Maize (Zea mays L.) is an indispensable crop in several parts of the developing world. It ranks third after wheat 

and rice [1]. Providing healthy, safe and sensible food to a growing population is one of the most remote 

problems Africa is currently facing in order to ensure food security in the region reported AGR [2]. Ethiopia is 

located in the middle of the countries where corn is grown very heavily and used for various purposes. It ranks 

second after Teff in terms of area coverage and first in total production and is one of the most important grains 

that is generally modified worldwide Christian et al [3]. Christian et al [3] also stated that it ranks second after 

Teff in terms of area coverage and first in total production and is one of the most important grains that is 

Iraqi Journal of Industrial Research (IJOIR) 

Journal homepage: http://ijoir.gov.iq 

mailto:email@domain.com
https://doi.org/10.53523/ijoirVol8I3ID83
file:///H:/Causes%20and%20Features%20of%20Watershed%20Degradation%20related%20to%20MHP%20Projects%20-%20energypedia.info.htm%23cite_note-FAO:_http:.2F.2Fwww.fao.org.2Fdocrep.2F006.2Ft0165e.2Ft0165e01.htm-0
file:///H:/Causes%20and%20Features%20of%20Watershed%20Degradation%20related%20to%20MHP%20Projects%20-%20energypedia.info.htm%23cite_note-FAO:_http:.2F.2Fwww.fao.org.2Fdocrep.2F006.2Ft0165e.2Ft0165e01.htm-0
file:///H:/Causes%20and%20Features%20of%20Watershed%20Degradation%20related%20to%20MHP%20Projects%20-%20energypedia.info.htm%23cite_note-FAO:_http:.2F.2Fwww.fao.org.2Fdocrep.2F006.2Ft0165e.2Ft0165e01.htm-0
http://ijoir.gov.iq/


Iraqi Journal of Industrial Research, Vol. 8, No. 3 (2021) 

 

80 

generally modified worldwide. It is the top position in grain yield per hectare and is the most productive variety 

of food crop, and its share is projected to increase by 50% globally between 1995 and 2020 and 93% in sub-

Saharan Africa  AGR [1].  

However, there are a number of factors responsible for the low production and production of corn in Ethiopia. In 

the midst of these poor agronomic practices such as incorrect seed quantity, row and plant spacing, reduced soil 

productivity, water shortage, insects, diseases and weeds, farmers' partial access to fertilizers and low right to 

use seeds of the superior maize variety Shiferaw et al [4]. Fageria and Baligar [5] stated that one of the main 

problems inhibiting the development of cost-effectively successful agriculture is nutrient deficiency. In many 

parts of Africa, including Ethiopia, repeated cultivation of land with inappropriate cultivation methods results in 

drastic reductions in nutrients and soil organic matter, posing a serious threat to agricultural production and 

sustainability Endris and Dawid [6].  

 In addition, a lack of appropriate fertilizer mixtures and a lack of micronutrients in fertilizer mixtures are the 

nationwide difficulties that mainly hamper crop productivity Fufa et al [7]. Requiring necessary plant nutrients in 

the most favorable amount and correct amount during the correct method and at the correct time of application is 

the solution for an extended and continuous plant production Cisse and Amar [8]. Chimdessa [9]  also reported 

that mixed fertilizers increased corn production compared to previously available NPs, and the application of 

real reasonable recommended fertilizer amounts based on soil and plant species is one of the best agronomic 

practices to utilize the production. Hence, nutrient inputs from chemical fertilizers are desirable to restore 

nutrients that were stripped and misplaced during cultivation in order to maintain a beneficial nutrient balance 

Buah and Mwinkaara [10]. Nitrogen is a single component of chemical fertilizers that play an important role in 

plant life and is one of the most important nutrients that plants want in large quantities. Torbet et al [11] found 

that the N application increased the yield and the yield components of corn. It plays an important role in cultural 

life and is one of the most important nutrients that plants want in large quantities. It is important to know the 

highest amount of nitrogen in order to get a superior crop yield so that the greatest possible benefit can be 

achieved.  

Many researchers like Samira et al [12] and Torbet et al [11]  found that the N application improved the yield 

and the yield components of corn. similarly Hefny [13] reported that it is one of the most restrictive 

macronutrients on corn grain yield in the world. The accessibility of nitrogen affects the uptake not only of itself 

but also of other nutrients Onasanya et al[14], since plants fertilized with N usually have larger root systems, 

which improves the uptake of other. On the other hand, in addition to nitrogen, phosphorus and sulfur were also 

found to be extremely low in the most important Ethiopian soils studied Bellete [15]. This is due to the 

degradation of organic material, the depletion of macro and micronutrients, soil acidity, erosion of topsoil and 

the decline in physical soil properties Zeleke et al [16]. 

Phosphorus is an additional vital element that increases corn production Chen et al [17]. Therefore, the lack of 

phosphorus is just as important in the restrictive corn routine as the lack of nitrogen. The importance of 

phosphorus as a yield-limiting reason in several Nigerian soils is well documented Adeptu [18]. Similarly, sulfur 

is known as the fourth major nutrient after N, P and K. On average, maize takes in as much S as P. Its deficiency 

has consequences for underdeveloped growth, compacted plant height, tillering, spike lets and late ripening. If 

there is a S deficiency in the soil, the full yield potential of the crop cannot be realized regardless of other 

nutrients, even with good crop cultivation practice Tandon [19]. It is mandatory for the synthesis of S-containing 

amino acids like cysteine and methionine. Plant thickness is also one of the most important cultural practices 

affecting grain yield, as well as other significant agronomic properties of that culture Sangoi [20].  

The stand density influences the structural design of the plants, changes growth and development patterns and 

influences the production and distribution of carbohydrates Casal et al [21]. Therefore, maize does not share the 

property of most tillers to compensate for low leaf areas and low number of reproductive units by branching 

Gardner et al [22]. Anjum et al [23] reported that grain yield increased with increasing compactness of the 

plants, until the production factors were no longer limiting. 
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The most favorable spacing between and between rows increased cob-1 kernel count, kernel weight to 1000, and 

corn yield Sabir et al [24]. Mahmood et al [25], also showed that the largest grain yield of 6.6 tones ha-1 maize 

was achieved at close spacing alongside the minimum 3.28 t ha-1, although close plant spacing (55 cm) was a 

significant reduction of the production apparatus, like grain and 1000, caused significant part weights compared 

to the large distances between the plants. 

Haramaya, where the study was conducted, is one of the corn growing areas in the East Hararghe Zone in eastern 

Oromia, Ethiopia. In the region, maize production is of particular importance in the main harvest season; Since 

there is a high demand for grain and new corn on the cob, stalks are used as animal feed and fuel. The gab in the 

study district was that the bulk of the farmers where not apply most beneficial fertilizer level, suitable spacing 

when they make maize HANRO [27]. It is therefore necessary to make area-specific suggestions for the mixed 

NPS fertilizer rate and the row spacing in order to achieve the highest and most advanced maize yield. 

Therefore, the study was carried out with the aim of: -Deciding the cause of mixed NPS fertilizer quantities and 

row spacing on yield equipment and maize yield and weighing up the cost advantage of mixed NPS fertilizer 

quantities in maize grain production. 

2. Theoretical Part 

Description of the Study Area  

The field tests were carried out in the Haramaya district. Haramaya is located on the eastern escarpment of the 

Rift Valley at 9o 26 'north latitude and 42o 03' east longitude and an altitude of 1,400 to 2026 m. It is located in 

the semi-arid tropical safe east of Ethiopia and is characterized by a sub humid climate with an average annual 

rainfall of about 600 to 1,260 mm, the minimum and maximum mean annual temperatures are 9.59 °C and 24.15 

°C. Haramaya University [28]. The area's rainy season is bimodal; the small rainy season began from March to 

May and the main rainy season from July to September Tekalign and Hammes [29]. The soil of the test area is 

classified as Fluvisols. 

Soil Sampling and Analysis 

To illustrate the soils of the study area, surface soil samples were taken from a distance of 0-30 cm down in a 

criss-cross pattern using an auger based on the methods described by Munson and Nelson [30] from five random 

locations in each block of the study field prior to sowing , assembled, air-dried in the shade, packaged and 

labelled, and one (1) kg of the pooled sample was sent to the Haramaya University soil laboratory. The samples 

submitted were used to analyze soil cation exchange capacity (CEC), organic carbon, available phosphorus, total 

nitrogen (%), exchangeable bases (Na+, K+, Ca++, and Mg++), soil texture class and soil pH a standard laboratory 

uses procedures. 

The total nitrogen in the soil was determined by the Kjeldahl method [31] and the soil phosphorus was 

predictable by the Olsen method [32]. Soil organic carbon was determined using Walkley and Black [33]. 

Accessible sulfur was determined using the cloudy metric method Chesnin and Yein [34], while soil texture was 

determined by the Bouyoucos [35]. The pH of the soil was probably in a soil-water suspension (1: 2.5) with the 

help of a pH meter. The soil CEC was determined by the ammonium acetate method Cottenie [36]. 

3. Experimental Procedure 

Treatment and Experimental Designs 

The treatments contain five quantities of mixed NPS (0, 50, 100, 150 and 200 kg NPS ha-1) and four row 

spacing's (55 cm, 65 cm, 75 cm, 85 cm). The experiments were carried out in a randomized complete block 

design (RCBD) in a factorial arrangement and replicated three times. So here 5 × 4 = 20 treatment combinations 

form 60 plots. There were five rows for 85 cm and 75 cm row spacing, six rows for 65 cm spacing and seven 

rows for 55 cm. The distance between the plants is 30 cm, near plots and blocks were divided by 1 m and 1.5 m 

respectively. Statistics were collected from the middle rows without a row from each side of the plot and a plant 

from either end of the row. 

Experimental Procedure and Field Management 

Before sowing, the land was well prepared by frequent tractor plowing three times. Parcels were leveled; 

Furrows and ridges were prepared. There were 39, 215, 44, 444, 44,444, 51283 and 60606 plants per hectare, 
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correspondingly under 85 cm x 30 cm, 75 cm x 30 cm, 65 cm x 30 cm and 55 x 30 cm row spacing. whereas one 

plant in both row ends under the entire row spacing was measured as border plants. Corn seeds were grown 

according to the planned row spacing. Initially, two seeds were planted per hill and later thinned out to a plant 

over a period of 3 to 4 leaves.  

At the time of planting, all plots received an NPS mixed fertilizer with a basal function (19% N, 38% P2O5 and 

7% S). However, 46 kg N ha-1 in the form of urea in the knee stage. The nitrogen was placed at knee level about 

5 cm from the plant base. Any additional agronomic practices, similar to hoeing, weeding, were useful for all 

treatments proposed for corn. 

Crop Data Collection and Measurement 

Crop phenological data 

Days to 50% anthesis: the number of vital days from sowing to the start of pollen release in 50% of maize 

plants 

Days to 50% silking: It was the number of days in use from the date of planting to the stage when 50% of the 

plants showed silk extrusion. 

Days to 90% physiological maturity; Recorded when 90% of the plants in a net had matured physiologically 

(the kernels formed a black layer on the base of the germ at the point of attachment of the kernel to the ear).  

 Growth parameter 
Leaf area: all accessible leaves of five plants per net plot were recorded at the 50% milking stage and the leaf 

length and width were calculated and the leaf area was calculated as follows: Leaf area = maximum leaf length 

(cm) x maximum width (cm) and adjusted by the correction factor (0, 75) as recommended by [38]. 

Leaf area index: It was calculated as the percentage of the total leaf area per five plants (cm2) per land area 

occupied by the plants Diwaker and Oswalt [39]. 

Plant height: It was calculated as the height from the soil surface to the base of the tassel of five plants taken at 

random from the net plot area at 75% physiological maturity. 

Yield and yield component 

Stand count: The number of stands per plot was recorded from the net plot area after thinning and during 

harvest. The final plant stand percentage (final plant stand number at maturity / population, determined after 

thinning x 100) of the respective treatments was used to determine the stand loss due to treatments with closer 

spacing. 

Number of ear per plant: It was recorded from the five randomly used plants in the central net plot area at 

harvest. 

Number of ear per hector: It was recorded by counting the number of ears of corn per plot and converting it to 

hector. 

Ear length: It was recorded from the calculation of ten randomly picked ears per net plot at harvest.  

Number of kernel per ear: It was recorded from the middle of five randomly picked ears per plot. This was 

done by manually peeling and counting the normal grains and then averaged per plant  

Thousand grain yield: One thousand kernels were counted from a mass of peeled kernels from the net plot and 

weighed using a sensitive balance and the weight was adjusted to a moisture content of 12.5%. 

Above ground dry biomass: It was recorded from five plants per net plot and was weighed during harvesting 

and the result was converted to tons per hectare 
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Grain yield: It was determined from the net plot area and the result was converted to tons per 

Harvest index: It was viewed as the ratio of grain yield to aboveground dry biomass per net plot and multiplied 

by 100. 

Economic Analysis 

Economic analysis was done using the method described by CIMMYT [41]. The variable costs including the 

seed, NPS blended fertilizer, labor cost price at time of planting (May 2019) and the price of the inputs at 

planting (May 2019), together with the cost of seed (65.00 ETB kg-1), NPS fertilizer (18.00 ETB kg-1), Urea 

(16.00 ETB kg-1) at the time of planting (May 2019) and according to Haramaya, farm on a daily basis payment 

of labor cost for use of NPS (5 persons ha-1, each 75 ETB day-1). The costs of other inputs and production 

practices such as labor cost for land preparation, planting, weeding, and harvesting, transportation, guard, was 

consider the same for all treatments or plots. The average yield accustomed down by 10% to reflect the farmers 

yields as illustrated CIMMYT [41]. 

Unadjusted grain yield (UGY) (grain yield ha-1):  is an average yield of each treatment 

Adjusted grain yield (AGY) (grain yield ha-1): is the average yield adjusted downward by a 10% to reflect the 

difference between the trial yield and yield of farmers. 

Gross field benefit (GFB) (ETB ha-1): was computed by multiplying field/farm gate price that farmers receive 

for the crop when they sell it as adjusted yield. GFB = AGCY field/farm gate price for the crop. 

Total variable cost (TVC) (ETB ha-1): was calculated by dividing the different costs together with the costs for 

the fertilizers of the varieties Seed Melkassa-2 (65.00 ETB kg-1), NPS (18.00 ETB kg-1) and urea (16.00 ETB 

kg-1) at the time of planting (May 22, 2019) and according to Haramaya, daily payment of the farm's labor costs 

for the application of NPS (8 people ha-1, 75 ETB day-1 each). 

Net benefit (NB) (ETB ha-1): was calculated by subtracting the total uneven costs (TVC) from gross field 

benefits (GFB) for each treatment. NB = GFB – TVC 

Dominance analysis: was performed by first listing all treatments in order of increasing costs that vary (TVC) 

and then setting aside their net benefits (NB). Any treatment with a higher TVC but a net benefit that is less than 

or equal to the previous treatment (with a lower TVC but higher net benefit) becomes a dominated treatment 

(marked with a D). 

Marginal rate of return (MRR) (%): was calculated by dividing the change in net benefit (NB) by the change 

in total variable cost (TVC) times one hundred. 

Statistical Data Analysis 

The collected data were subjected to an analysis of variance (ANOVA), which is suitable for the factorial 

experiment in RCBD according to the General Linear Model (GLM) of GenStat 16th Edition [42]. The 

interpretations were made according to the procedure described by Gomez and Gomez. The differences between 

treatment means were compared using the Least Significant Difference (LSD) test at a level of significance of 

5% when ANOVA showed the presence of a significant difference were compared using Least Significant 

Difference (LSD) test at 5% level of significance when the ANOVA showed the presence of significant 

difference. 

4. Results and Discussion 

Soil Physico-chemical Properties of the experimental Site  

Physical and chemical properties of the soil were analyzed for the soil sample (0-30 cm deep) from the test field. 

The results of the analysis of the physical properties of the soil showed that the sand, silt and clay contents are 

about 62%, 3% and 30%, respectively (Table 1). Thus, the texture of the soil was sandy-clay loam according to 

the Bouyoucos [43]  classification. The texture shows the degree of weathering, the nutrient and water retention 
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capacity of the soil. The high clay content could indicate a high water retention capacity of the soil in the study 

area. 

The cation exchange capacity is the capacity of the soil to take up and replace cations. The cation exchange 

capacity of a soil was a measure of the degree of negative charge per unit weight of soil, or the amount of cations 

that a given soil sample could hold in exchangeable form. Cation The result showed that the cation exchange 

capacity of the experimental soil was 34 cmol (+) kg -1 or (meq / 100 g soil) (Table 1). Landon [44] classified 

CEC of <6, 6-12, 12-25, 25-40,> 40 cmol (+) / kg as very low, low, moderate, high and very high, respectively. 

Therefore, the CEC of the research location is rated as high. Murphy [45]  classified the organic carbon content 

in the soil of <0.60, 0.6 1.0, 1.0 1.80, 1.80 3.0 and> 3 as very low, low, medium, high and very high. 

Therefore, organic carbon content of the soil was 0.736% which was low according to the rating of Murphy [45] 

indicating low potential of the soil to supply nitrogen to plants through mineralization of organic carbon. 

Therefore, the soil had very low organic carbon content. Total nitrogen measures the total amount of nitrogen 

found in the soil, much of which is held in organic matter.  The result of the analysis showed that the total 

nitrogen content was 0.05% (Table 1). Tekalign and Hammes [29]  classified the total N availability in the soil 

of <0.1% as very low, 0.1-0. 2% low, 0.2-0.5% as moderate, 0.5-1 high and> 1% as very high.  

Therefore, the total nitrogen of the research location is rated as very low. Therefore, the soil of the research site 

has a very low total nitrogen content and requires nitrogen application, since maize is a very depleted crop for 

nitrogen and its production potential is strongly influenced by N. The final result of the analysis also indicated 

that the available P content in the research area was 11.9 ppm soil. Tekalign and Hammes [29] described soils 

with available P <10, 11-31, 32-56,> 56 ppm as low, medium, high or very high. Therefore, the result showed 

that the total amount of available soil P content is medium. The sulfur available in the soil was 3.12 ppm; 

therefore the result showed that the available sulfur content is low according to the classification of EthioSIS 

EthioSIS [46]. Although the soil was suitable for maize production, it had to be applied in organic nitrogen by 

various methods because of its limited availability and its high tendency to mobility and loss. The soil's available 

sulfur content was also very low and its available phosphorus was medium and this was mitigated by the 

application of inorganic sulfur and inorganic phosphorus in the form of mixed NPS fertilizers for better 

production. 

Phenological and Growth Parameters 

Days to 50% anthesis 

Days up to 50% anthesis were highly significantly (p <0.01) influenced by the main effects of the mixed NPS 

fertilizer quantities and the row spacing. However, the interaction effect of the mixed NPS fertilizer amounts and 

the distance between the rows showed no significant effect on days up to 50% and thesis. It was practical that the 

mixed NPS fertilizer amount increased from 0 kg NPS ha-1 to 200 kg NPS ha-1 days until the anthesis of (77 to 

82.12). This delay in days to anthesis with the mixed NPS fertilizer could be attributed to the influence of the 

positive interaction of nitrogen with other nutrients in the mixed NPS fertilizers, which promoted more 

vegetative growth and greater photosynthesis than reproductive parts. This is in line with the results of Mekdad 

[47] reported that nitrogen plays multiple roles in plant metabolism, and to positively achieve these roles it 

should positively interact with other essential nutrients and increase the photosynthetic efficiency of corn. With a 

row spacing, the first days up to 50% anthesis (77.80 days) were obtained from a row spacing of 55 cm and the 

late days up to anthesis (81.20 days) from a distance of 85 cm. However, the early anthesis with less row spacing 

could be due to strong competition between plants for growth resources, which may have accelerated the days to 

anthesis. In agreement with these results, Abdulatif [49] also indicated that maize required longer mean 

flowering days with a lower population density of (30,952 plants ha-1), followed by the mean (34,111 plants ha-1) 

maize plant density. comparable to this effect, Hamid and Nasab [50]  showed that increases in plant densities 

and the duration of the vegetative and reproductive period are significantly delayed, denser populations 

comparatively shorter periods than those that were planted with lower density. 
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Days to 50% silking 

Analysis of variance showed that the main effects of the mixed NPS fertilization rates and the distance between 

the rows were highly significant (p <0.01) on days up to 50% silk effect, while the interaction effect was not 

significant. 

Any factor that affects silking can affect grain production directly. As the rate of blended NPS fertilizer rises 

from 0 kg ha-1 to 200 kg ha-1, the days to silking was increased from (81.25 days to 86 days). Delayed silking in 

higher blended NPS fertilizer rates might be owing to N fertilizers in the blended attributed to vigorous 

vegetative growth and increased light use effectiveness. In conformity with this result, Wakjira [51] indicated 

that increasing the rate of NPS from 0 kg ha-1 to 200 kg ha-1 postponed days to 50% silking from 71.50 to 76.42. 

Likewise Imran et al [52] also described that increasing N rate to 210 kg ha-1 application postponed silking in 

maize by 5 days compared to control treatment.  

Similarly Treatments with higher nitrogen levels took more days to form silk Akbar et al [53]. Days up to 50% 

silk formation were highly significantly (p <0.01) influenced by the main effect of row spacing. The highest days 

up to 50% silking were recorded with increasing row spacing, with the highest days up to silking (84.07 days) 

being recorded at 85 cm row spacing, while the narrowest row spacing of 55 cm was recorded at the earliest in 

days up to silking (81, 80) was days). 

The delayed silk formation in the larger distances could be due to a lower plant density, which increased less 

competition for growth factors, more vegetative growth, which ultimately delayed the days until silk formation. 

Similarly, with increasing plant density from 57,000 plant ha-1 to 99,000 plant ha-1, the number of days until 50% 

silk formation was delayed in four days and the longest days until silking (53,38) was obtained  99,000 plant ha-1 

Mahmood et al [25]. 

Days to 90% physiological maturity 
The main effects of NPS fertilization have a highly significant (p <0.01) influence on the days to physiological 

maturity. However, the main effect of the row spacing and the interaction had no significant influence on days to 

a physiological maturity of 90%. The days until physiological maturity are directly related to the days up to 50% 

tassel and days up to 50% silk. The maximum days to physiological maturity (128.8 days) were recorded from 

the plot that received 200 kg of NPS ha-1. However, there is no significant difference in the days to physiological 

maturity (125 days) recorded for the treatment grown under 150 kg NPS ha-1, while the lowest days to maturity 

(122.2 days) for treatment without fertilizer were recorded. 

As NPS rates were extended by days to physiological maturity, this could be due to the sulfur and nitrogen in the 

mixed fertilizer, which motivates the enzymatic actions, as well as chlorophyll formation, which increases the 

amount of solar radiation intercepted, which affects growth parameters and promotes the development of the 

plants Sanchez et al [54] and consequently increases the days until flowering and physiological maturity.  

Application of N postponed leaf senescence, sustained leaf photosynthesis during active crop growth stage and 

extended the duration of vegetative growth and it clearly indicated that ever-increasing NPS The application of 

N delayed leaf aging, sustained leaf photosynthesis during active plant growth and prolonged the duration of 

vegetative growth and it clearly showed that constantly increasing NPS values have a decisive influence on 

growth, development and yield. This product was also similar to the results from  The highest days to the hard 

dough stage (150.3 days) were recorded at 150 kg NPS ha-1, while the earliest days to the stage were recorded 

hard dough (139.8 days) were recorded for no NPS application (control) Alemayo [55]. 

In the same way, Dinkinesh [56] reported that the highest number of days required for 90% physiological 

maturity (104.5 days) at the highest rate of NPSB compound feed (183 kg NPSB ha-1) was recorded, while the 

control (0 kg NPSB) showed the shortest growth time of days up to 90% physiological maturity (99 days) for 

durum wheat. [48] also reported that with the increase in nitrogen rates from 0 to 128 kg N ha-1, the days up to 

physiological maturity of maize were also consistently lengthened from 130.08 to 135.5 days.  

Leaf area and leaf area index 

The analysis of variance showed that both the mixed NPS rate and the distance between the rows had a highly 

file:///H:/Causes%20and%20Features%20of%20Watershed%20Degradation%20related%20to%20MHP%20Projects%20-%20energypedia.info.htm%23cite_note-FAO:_http:.2F.2Fwww.fao.org.2Fdocrep.2F006.2Ft0165e.2Ft0165e01.htm-0
file:///H:/Causes%20and%20Features%20of%20Watershed%20Degradation%20related%20to%20MHP%20Projects%20-%20energypedia.info.htm%23cite_note-FAO:_http:.2F.2Fwww.fao.org.2Fdocrep.2F006.2Ft0165e.2Ft0165e01.htm-0
file:///H:/Causes%20and%20Features%20of%20Watershed%20Degradation%20related%20to%20MHP%20Projects%20-%20energypedia.info.htm%23cite_note-FAO:_http:.2F.2Fwww.fao.org.2Fdocrep.2F006.2Ft0165e.2Ft0165e01.htm-0
file:///H:/Causes%20and%20Features%20of%20Watershed%20Degradation%20related%20to%20MHP%20Projects%20-%20energypedia.info.htm%23cite_note-FAO:_http:.2F.2Fwww.fao.org.2Fdocrep.2F006.2Ft0165e.2Ft0165e01.htm-0
file:///H:/Causes%20and%20Features%20of%20Watershed%20Degradation%20related%20to%20MHP%20Projects%20-%20energypedia.info.htm%23cite_note-FAO:_http:.2F.2Fwww.fao.org.2Fdocrep.2F006.2Ft0165e.2Ft0165e01.htm-0
file:///H:/Causes%20and%20Features%20of%20Watershed%20Degradation%20related%20to%20MHP%20Projects%20-%20energypedia.info.htm%23cite_note-FAO:_http:.2F.2Fwww.fao.org.2Fdocrep.2F006.2Ft0165e.2Ft0165e01.htm-0
file:///H:/Causes%20and%20Features%20of%20Watershed%20Degradation%20related%20to%20MHP%20Projects%20-%20energypedia.info.htm%23cite_note-FAO:_http:.2F.2Fwww.fao.org.2Fdocrep.2F006.2Ft0165e.2Ft0165e01.htm-0
file:///H:/Causes%20and%20Features%20of%20Watershed%20Degradation%20related%20to%20MHP%20Projects%20-%20energypedia.info.htm%23cite_note-FAO:_http:.2F.2Fwww.fao.org.2Fdocrep.2F006.2Ft0165e.2Ft0165e01.htm-0


Iraqi Journal of Industrial Research, Vol. 8, No. 3 (2021) 

 

86 

significant (p <0.01) effect on the leaf area and the leaf area index (Table 1). 

however, the interaction effect of mixed NPS fertilization rates and row spacing showed no significant influence 

on the leaf area and the leaf area index of maize in this study. 

The highest leaf area of the plant (8620 cm²) and the leaf area index (4.157) were obtained at the highest mixed 

fertilizer amount (200 kg ha-1) and the values were statistically equal to the mixed NPS fertilizer amount of 150 

kg ha-1 whereas the lowest Leaf area (7519 cm2) and leaf area index (3.61) were recorded without mixed NPS 

fertilization (Table 1).  

The end result is in line with Jeet et al [57] who reported that N is closely involved in the metabolism of plants, 

which is essential for achieving optimal leaf area, the main indicator of the size of the assimilation system in 

maize, which is maximized Harvesting the incident solar radiation. Likewise, the effects of high phosphorus 

levels on growth parameters may have been due to better root system development and nutrient uptake Masood 

et al [58]. On the other hand, N deficiency in plants can significantly reduce protein synthesis. In addition, the 

leaf area and the canopy architecture as well as the rate of photosynthesis of the leaves determine the rate of dry 

matter accumulation in the corn crown. Consistent with this result, Wakjira [51] reported that an increase in the 

NPS rate from 0 kg ha-1 to 200 kg ha-1 leaf area increased from 6785.5 cm2 to 8097 cm2. Applied P increased 

leaf appearance rate, final leaf count, and leaf area per plant Guterrez and Thomas[59]. 

Similarly, Sakal et al  [60] reported that the leaf area index, plant height and dry matter production of maize 

increased significantly with increasing sulfur content up to 60 kg S ha-1. The highest leaf area per plant (8463 

cm2) was obtained from the row spacing of 85 cm and was statistically the same with the row spacing of 75 cm, 

while the lowest leaf area (7557 cm2) was measured under the narrowest intermediate row spacing of 55 cm 

(Table 1). 

In contrast to leaf area, the closest row spacing of 55 cm resulted in a maximum leaf area index (4.617), while 

the lowest leaf area index (3.680) was recorded below the widest row spacing of 85 cm (Table 1) .This result 

agreed with Lakew et al [61], who reported the highest leaf area per plant of 7338.4 cm2, was obtained from the 

widest row spacing of 30 cm, while the lowest (6732.3 cm2) was measured at the narrowest row spacing of 20 

cm maize. In addition, Sangoi[62] showed that with a row spacing of 75 cm a larger leaf area of maize (7258 

cm2) was achieved than with 50 cm (6118 cm2).  

Table (1). Main effect of blended NPS fertilizer rate and inter-row spacing on leaf area and leaf area index of 

maize. 

NPS fertilizer rates (kg h-1) 
 
0 

Leaf Area of plant (cm2)        Leaf Area Index 
 

7519e                                    3.610c                                                                                                                             
50 7874d                                    3.826c 
100 8164c 3.997c 
150 8470b 4.097b 
200 8620a 4.157a 

LSD (0.05)                                      42.68                                      0.2482 

Inter-row spacing (cm)   
55 7557d 4.617a 
65 8109c                                       4.153b 
75 8392b 3.680c 
85 8463a 3.680c 

LSD (0.05)                                      42.68                                        0.2220 

CV (%) 1.8                                               2.3 

**= Significant at 1% probability levels; LSD = Least Significant Difference; CV= Coefficient of Variation. 

Means in columns and rows followed by the same letters are not significantly different at 5% level of 

significance.  
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Plant height 
The main effect of NPS fertilization and the interaction of NPS and row spacing were highly significant (p 

<0.01) on plant height, while the main effect of row spacing was no change on plant height (Table 2). The tallest 

plant (246 cm) was obtained for a combination of 55 cm and 200 kg NPS ha-1, while the shortest plant (184 cm) 

came from 55 cm and 0 kg NPS ha-1. 

When the amount of mixed NPS was increased from 0 to 200 NPS, the ha-1 plant height was increased at most of 

the inter-row spacing. The result apparently indicated that the plant height was increased in response to the 

increased levels of the NPS fertilizer. This percentage increase in plant height could be due to an increase in cell 

elongation and increased vegetative growth due to different levels of nutrients that include NPS and 

macronutrients. On the other hand, the lowest plant height in unfertilized plots could be due to the low fertility of 

the soil in the study area. Consistent with the results of this study, plant growth and development can be 

significantly retarded if one of the nutrient elements in the soil is below its threshold or is not adequately 

balanced with other nutrient elements Landon [44]. 

Thus, the results show that the application of mixed fertilizers improved the vegetative growth of corn. Plant 

height increased with increasing N, which could be attributed to the mere fact that higher levels of nitrogen may 

have caused rapid cell division and elongation Shamim et al [64]. 

This result was in agreement with Workayehu [65]  who found that P and N fertilizers have a significant impact 

on corn plant height. Likewise, Chimdessa [9] reported that the use of mixed fertilizers significantly increased 

the plant height of corn compared to the recommended NP. [66] also reported that the application of N and P 

fertilizers increased the plant height of bread wheat and recorded the highest heights of 94.18 and 90.56 cm with 

applications of 69 kg N ha-1 and 30 kg P, respectively ha-1. 

Consistent with this finding, Tilahun and Tamado [67] also reported that the maximum application rate of mixed 

NPS (200 kg ha-1) resulted in wheat with the highest plant height (79.59 cm). [68] also reported a significant 

effect of N fertilizer on corn plant height in a similar manner; increasing P-rates from 0 to 53.2 kg P ha-1 also 

increased plant height. Similar report that the highest corn crop was grown on the combined treatments of 90 kg 

N and 30 kg S ha-1, showing a 148.65% increase over the control Habtamu [69]. With row spacing, a high plant 

density leads to certain changes in plant growth, such as more sunlight Singh and Singh [70]. The result also 

agreed with the observation by Goldsworthy and Taylor [71], who reported an increase in sorghum height with 

increasing plant density. Consistent with the result, Mathews et al [72] reported that maize planted with a plant 

spacing of 25 cm and a row spacing of 50 cm had significantly taller plants than those planted with a plant 

spacing of 30 cm and a row spacing of 75 cm. The increase in plant height with narrower row spacing could be 

due to a comparatively low level of solar radiation through the plant roof at narrow spacing (high plant density). 

Table (2). Interaction effects of blended NPS fertilizer rates and inter row spacing on plant height (m) of maize. 

NPS rates (kg ha-1)                                     Inter row Spacing  (cm) 

55 65 75 85 

0 1.8400a        2.2167b      2.2500c          2.350ef 

50 2.2500c       2.2567c       2.3267de       2.350ef 

100 2.3600f 2.3533f       2.3133d        2.4000hi 

150 2.4167ij       2.3433ef      2.3633fg       2.3867gh 

200 2.4633k        2.4367j       2.4000 hi      2.3567gh 

LSD (0.05)        0.384 

CV (%)              9.9 

LSD = Least Significant Difference; CV= Coefficient of Variation. Means in columns and rows followed by the 

same letters are not significantly different at 5% level of significance. 
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Yield Components and Yield of Maize 

Plant stand count percent at harvest 

Analysis of variance showed that the percentage of stand count numbers was highly significantly (P <0.01) 

influenced by the main effects of the NPS compound fertilizer amounts and the level of row spacing, but their 

interaction was not significant (Table 3). The highest percentage of stand counts at harvest (96.657%) was 

recorded for NPS mixed quantities at 200 kg ha-1, while the lowest percentage of stocks at harvest (92.28%) was 

measured without NPS application. 

The highest percentage of stand count at harvest (96.657%) was recorded for NPS mixed quantities at 200 kg 

ha1, while the lowest percentage of stand count at harvest (92.28%) was measured without NPS application  The 

increase in stocks at harvest when the NPS compound fertilizer amounts and the spacing between rows are 

increased could be due to the positive interaction of macronutrients in the mix (NPS) and the balanced use of 

nutrients necessary for the increase in stand count at harvest are responsible for the harvest.  

The highest stand count could be due to adequate root initiation, which strengthens the anchoring of the 

seedlings, while the lowest stand count is due to mortality from lack of nitrogen, phosphorus and sulfur 

fertilizers. In line with that Brady and Weil [73] reported that nitrogen-deficient plants develop thin and spindly 

stems that could be exposed to lodging by wind. In addition, plants poor in N and P have reduced development 

of the root system, which reduces their anchoring capacity.  

Consistent with these results, Kena [74] reported that the number of plant stands increased from 90.39% to 

98.26% by increasing the intermediate rows from 55 cm to 85 cm. Similarly, Eskandarneja et al [75] reported 

that due to the wider distance combinations of 75 cm x 30 cm, a higher number of plants (98%) was achieved 

than the narrower distance of 55 cm x 20 cm. 

 

Number of ear per hectare 

The number of ears of corn per hectare was influenced to a highly significant (p <0.01) both by the main effects 

of the NPS fertilization rate and by the row spacing (Table 4). The interaction effects of NPS fertilization rates 

and row spacing on the number of ears per hectare were also highly significant (p <0.01) (Table 6).The highest 

number of ears per hectare (69,976) was measured when using 150 kg NPS ha-1 with a row spacing of 75 cm, 

followed by an application of 200 kg NPS ha-1 with 75 cm row spacing (69,317 ha-1).  

Deviating from this, the lowest number of ears per hectare (43,947) from the closest row spacing (55 cm) was 

measured with 0 kg NPS ha-1 (Table 3). 

Sulphurs facilitates N and P absorption, cell division, chlorophyll synthesis and photosynthesis Rao et al [76] 

and can thus significantly increase the ear per hectare. Similarly, Maral et al [78] reported that increasing the 

nitrogen content from 50 to 250 kg ha-1 significantly increased the number of ears per plant from 1.2 to 2.05. 

Strong competition between plants for the incident photosynthetic photon flux, soil nutrients and soil water, 

which leads to a limited supply of carbon (C) and N, increases the sterility of maize Lemcoff and Lomis [80]. In 

agreement with the results of this study, Abuzer et al [63] reported that increasing plant density by reducing 

plant spacing significantly reduced the number of ears per hectare due to the decreased supply of nitrogen, 

photosynthesis and water to the growing ears. 
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Table (3). Interaction effects of NPS fertilizer rates and inter- row spacing on number of ears per hectare of 

maize. 

NPS rate (kg ha-1)                                          Inter row spacing (cm) 

 55    65    75    85 

0 43947b 55651bcde 56797cdef 58766defg 

50 45755bc 60760defg 66096fgh 65756efgh 

100 46256bc 62626defg 68267gh 69240h 

150 52087bcd 63289a 69976h 69317h 

200 53714bcde 65256efgh 69000h 69217h 

LSD (0.05) 
CV (%) 

12176 
4.5   

   

**= Significant at 1% probability levels; LSD = Least Significant Difference; CV= Coefficient of Variation. 

Means in columns and rows followed by the same letters are not significantly different at 5% level of 

significance 

Ear length 

The main factors and the interaction effect of the mixed NPS fertilization rate and the row spacing were highly 

significant (P <0.01) on the ear length of the maize (Table 4). Accordingly, the highest ear length (29.17 cm) 

with the highest mixed NPS fertilizer amount (150 kg ha-1) with an interaction of the row spacing of 75 cm and 

the shortest ear length (17.00 cm) with the interaction of the fertilizer without NPS and 55 cm narrowest row 

spacing (Table 4). 

In agreement with this result, [74] found that the highest ear length (21.20 cm) from the interaction of the row 

spacing 75 cm with the highest nitrogen rate (180 kg ha-1) while the lowest ear length (16.73 cm) was recorded 

from the interaction of the closest row spacing of 55 cm without nitrogen application. 

The reason for the better ear development with optimal supply of NPS fertilizer with optimal plant density 

improves the photosynthetic activity of the plant through sufficient nitrogen and phosphorus supply Jena et al 

[81]. Nitrogen is also an essential requirement for ear growth. If the soil was supplied with sufficient amounts of 

N and P during the vegetation period, these are essential for optimal maize growth and lead to grain production 

Kogbe [82]. 

Sulfur is also involved in the conformations and activities of many enzymes and stimulates semen production 

Scherer [83]. Better ear growth was achieved with mineral fertilizers, which had an impact on the yield. Orkaido 

et al [84] also reported that the use of N in combination with P showed a consistent increase in ear length 

ranging from 5.8 to 30% over the control. Lakshmi et al [85] also showed that the application of 60 kg S ha-1 

recorded the highest cob length and 100 grain weight of maize. 

 In the case of row spacing, Zamir et al [86] reported that the cob length decreased when the plant population 

increased significantly. The results agreed with the findings of Gobeze et al [87], who found that an increase in 

plant density from 5 to 15 plants m-2 reduced the ear length of maize from 17.0 to 12.23 cm. Similarly, the result 

agreed with the results of Donatus et al [88], who found that increasing the plant population from 57,142 to 

100,000 plants ha-1 reduced the ear length of maize from 18.39 to 15.64 cm. 
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Table (4). Interaction effects of NPS fertilizer rate and inter-row spacing on ear length (cm) of maize. 

NPS rate (kg ha-1)                                          Inter row spacing (cm) 

55 65 75 85 

0 17.0a 18.22b           23.32de            24.85gh 

50 22.0c 23.65d           25.54gh 27.17i 

100 24.0cf 24.63fg          28.0i              28.60j 

150 25.0gh 25.24gh         29.17l               28.71j 

200 27.0i    28.0h           28.50j               28.40j 

LSD (0.05) 0.2134      
CV (%)      5.9 

    

**= Significant at 1% probability levels; LSD = Least Significant Difference; CV= Coefficient of Variation. 

Means in columns and rows followed by the same letters are not significantly different at 5% level of 

Significance 

 

Number of kernel per ear 
The analysis of variance showed that the number of grains per ear was influenced highly significantly (p <0.01) 

by the NPS fertilization rate and significantly (p <0.05) by the row spacing and the interaction effect of the two 

factors. The highest number of kernels per ears (472.3) was recorded in response to NPS applied at the rate of 

200 kg NPS ha-1 and it was statistically at par with 150 kg N ha-1 which was (470.08) at all times of application 

(Table 5). In disparity, the lowest number of kernels per (413) recorded from control plots. Fertilizer application 

rates might be ascribed to good physiological activities of the crop to attract assimilates. Maize inherent 

capability of the endosperm to attract assimilates (kernel sink capacity) is one of the most important 

physiological factors of the grain yield of cereal crops and may be the main constraint to yield Jones and Wendit 

[89].   

In the same way, Masood et al [58] found that number of kernels per ear was increased as and attempts to 

increased to a certain level. With increased NPS level up to 200 kg NPS ha-1 levels might be ascribed to better 

uptake of all the nutrients and increased translocation of photosynthetic products from source to sink and 

increased photosynthetic assimilate production and its partitioning that might have favorable impacts on kernels 

per ear of maize. In conformity with this result, Degefa [90] confirmed that the highest number of kernels per 

ears (539.7) was taken from 87 kg N ha-1. In line with thus result Dinkinesh [56] reported that the highest 

number of kernels (43) produced from the highest rate of NPSB fertilizers (183 kg ha-1 NPSB) whereas the 

minimum number of kernels per spike (35) was produced at nil NPSB rate.   

Larger distances between the rows in the number of kernels per ear, which leads to less competition between the 

plants for the growth resource, which is manifested in a high number of kernels per ear. Consistent with this 

finding, Eskandarneja et al [75] reported that a row spacing of 30 cm produced more grains per ear than this 20 

cm plant spacing. Abuzar et al [63] observed that an increase in plant density decreased the number of grains 

Ears-1.  

Thousand kernel weight 
Grain weight is an important component of the yield that is very helpful in estimating the grain yield. The 

analysis of variance showed that the thousand grain weight of maize was significantly (p <0.01) influenced by 

the main effect of the NPS fertilizer rate and the row spacing and was significantly influenced by the combined 

effect of the two factors (Table 5). The highest thousand grain weight of (398.7 g) was measured from 150 kg 

NPS ha-1, but it was on par with the thousand grain weight of (392.6 g) obtained from 200 kg NPS ha-1. 

Inconsistency, the lowest thousand grain weight of (327.3 g) recorded from the parcel with no NPS fertilizer. A 

general increase in the NPS rate from 0 kg NPS ha-1 to 200 kg NPS ha-1 significantly increased the thousand 

grain weight (Table 5). 

The higher grain weight for compound fertilizers could be attributed to a positive interaction of the nutrients in 
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the compound fertilizers. This result is consistent with the results of Zhao et al. [91] and. Mekdad [47]. Seeds, 

tubers, roots and fruits) led to an increased grain weight. The final weight of the grains thus results from the 

speed with which the grains accumulate dry matter and the duration over which this occurs Housely et al [92]. 

Phosphorus, which is responsible for good root growth, had a direct effect on the thousand grain weight, since P 

in an amount of 0 kg ha-1 (control plots) gave the lowest thousand grain weight [93]. The application of sulfur 

fertilizer is also possible for maize production and productivity by improving the soil quality for healthy crop 

production, which led to an increase in the thousand grain weight Zhao et al [91]. Kebede et al [94]  also 

reported that the highest thousand grain weight (391.35 g) was achieved with an N content of 92 kg N ha-1, 

followed by 69 kg N ha-1 (362.53 g). Largest row spacing of 75 cm the result is the highest thousand grain 

weight of (389.4 g) and the lowest thousand grain weight (315.1 g) measured at 55 cm row spacing (Table 5). 

 

The decrease in weight of 1000 seeds could be attributed to the decrease in assimilate division among seeds as a 

result of increased competition between plants in utilizing environmental inputs in building a large amount of 

metabolites for use in developing new tissues, thereby reducing weight. In the case of plants with larger row 

spacing, however, due to the availability of more resources (light, nutrients, water) for a comparatively smaller 

number of plants that they used efficiently to produce larger grains. The result agreed with Ogunlela et al [95], 

Arif et al [96] and Mukhtar [97] who reported that the weight of 1000 grains decreased with increasing plant 

density. 

 

Table (5). Main Effects of NPS fertilizer rates and Inter row spacing on thousand kernel weight, numbers of 

kernel per ear, stand count at harvest. 

NPS rates( kg ha-1) Thousand kernel 

weight. 

Number of kernel 

per ears. 

Stand count percent at 

harvest 

0 327.3d 413.4d             0.9288d 

50 352.6c 444.6c 0.9425c 

100 354.2c 458.7b 0.9513cb 

150 398.7b 470.8a 0.9545b 

200 392.6a 472.3a 0.9657a 

LSD (0.05) 10.19 4.523 0.003792 

Inter row spacing (cm) 

 

   

55 315.1d 398.2d 0.896d 

65 366.9c 447.1c 0.9437c 

75 389.0b 461.0b 0.9583b 

85 379.4a                                                                                                         467.6a 0.9637a 

LSD (0.05) 9.11 4.045 0.003792   

CV (%) 3.4 7.2 3.4 

LSD=least significant differences CV=Coefficient Variation Means of the same letters does not show significant 

different. 

Above ground dry biomass 
The main effects of NPS content and row spacing and their combination effects had a highly significant (p 

<0.01) influence on the dry aboveground biomass. The highest above-ground dry biomass yield (20,667 kg ha-1) 

was measured with the combination of the highest NPS fertilizer amount 200 kg ha-1 and 55 cm row spacing 

followed by 200 kg NPS ha-1 at 65 cm spacing (23,447 kg ha-1) during the lowest above-ground dry biomass 

(12,340 kg ha-1) was measured at 55 cm row spacing without NPS fertilization. Thus, an increase in the biomass 

yield could be due to the general improvement in the vegetative growth of the plant through the application of 

NPS fertilizer in combination with close spacing, vegetative growth of the plants with higher N and S 

availability and P also plays a decisive role in the early root spreading which could increase the plant's nutrient 

uptake, consequently leading to increased vegetative growth and an increase in NPS demand with biomass yield, 

which is improved by decreased row spacing and greater plant density Jordan et al [98]. 
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Dinkinesh [56] also reported that the highest above-ground dry biomass (11772 kg ha-1) was obtained when 

applying the highest rate (183 kg ha-1 NPSB), while the lowest above-ground dry biomass (3756 kg ha-1) was 

obtained when using control treatment produced. Ayman and [99]  also reported on the maximum above-ground 

dry biomass of 28,914 kg ha-1 in maize in response to the N application of 330 kg ha-1 and a maximum of 57,124 

plants ha-1. The increase in the biomass yield with an increase in the nitrogen rate is expected, since nitrogen is 

known to promote vegetative growth Tisdale et al [100]. Increasing the row spacing from 55 cm to 85 cm 

decreased the dry biomass yield above ground and showed a constant decrease. This could be due to a higher 

plant population recorded with close spacing between and within rows and thus higher dry matter production. 

Consistent with this finding, Mahmood et al [101]  showed that the total biomass yields of maize in the narrow 

row spacing (20 cm) were significantly higher than in the wider row spacing (30 cm) due to the higher number 

of taller plants per unit area and the better interception of solar radiation. 

Harvest index (HI)  
The harvest index indicates the physiological efficiency and ability of a culture to convert total dry matter into an 

economic yield. The analysis of variance showed that the harvest index was highly significantly (p <0.01) 

influenced by the main effect of the NPS rate and significantly (p <0.05) by the main effect of the row spacing. 

While the interaction of two factors is not significant. With the increase in the NPS application rate from 0 to 

200 kg NPS ha-1, the harvest index increased and began to decrease above this rate. The highest harvest index 

(30.4%) was recorded for treatments with 200 kg NPS ha-1. However, it is statistically on par with the harvest 

index (29.38%) recorded from a treatment with 150 kg NPS ha-1, while the lowest harvest index (24.3%) was 

obtained from treatments that were under control and 55 cm Spaced. 

The result agreed with that of Addis and Hae Ko Kim [102] who reported that increasing the N from 0 to 75 kg 

N ha-1 increased the harvest index from 49.493% to 54.620%, but the harvest index was increased from a higher 

dose of treatment from 100 kg N ha-1 to 125 kg N ha-1 reduced from 50.817% to 47.663% or in accordance with 

this, Abdo [103] reported the highest harvest index (30.61%) from treatments with the lowest nitrogen 

application rate of 23 kg N ha-1. The highest harvest index (30.6%) was recorded at the widest distance (85 cm), 

while the lowest (23%) was due to the narrowest (55 cm) distance. The harvest index increased with increasing 

distance between the rows (Table 8). The maize harvest index typically decreases when the plant densities are 

above optimal, as the intra specific competition reduces the distribution of the biomass on the ears Pagano et al 

[104]. 

Agronomic efficiency 

The agronomic efficiency was influenced to a highly significant (p <0.01) by the main effect of the NPS 

fertilizer rates and the row spacing. As the NPS application rate increased from 0 to 1500 kg NPS ha-1, the 

agronomic efficiency was increased; however, increasing the NPS rate from 150 to 200 kg NPS ha-1 did not 

significantly increase the agronomic efficiency, but decreased the agronomic efficiency. 

This could be due to the fact that the input-output relationship, which follows the law of decreasing yield 

between fertilizer and yield, and also the reaction of the varieties to the supplied nutrients due to their genetic 

makeup was different.[105] also reported that the agronomic efficiency of wheat decreases with increasing N 

contents. Buah and Mwinkara [106] reported that when assessing the agronomic responsiveness of 13 sorghum 

genotypes, which differed in nitrogen use efficiency at three N rates (0, 50 and 100 kg N ha-1), and in the 

sorghum types with high nitrogen use efficiency higher yields were observed than in the low nitrogen 

consumption types. 

Grain Yield 
The analysis of variance showed that the main factors and the interaction effect of the mixed NPS fertilizer 

amounts and the row spacing were highly significant (P <0.01). Accordingly, the highest grain yield (6577 Kg 

ha-1) was recorded at the mixture of the highest blended NPS fertilizer rate (150 kg ha-1) and the row spacing of 

75 cm, while the lowest grain yield (2850 kg ha-1) was recorded at the blend of the narrowest inter-row spacing 

of 55 cm with control plot (Table 6). It is clear from the result that grain yield increased in response to an 

optimal NPS fertilization rate, possibly due to a higher leaf area index (LAI), plant height, number of kernels per 

ear, 1000 kernel weight, and number of cobs per plant. The N has synergistic effects on growth and yield 
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attributes, which leads to a stronger translocation of photosynthesis from the source to the sink, a positive effect 

on the physiological process, plant metabolism, growth and it is the main component of proteins, enzymes, 

amino acids, Amides and nucleic acids Yayock [107] and leads there to a higher grain yield. Similarly, Hamid 

and Nasab [50]  suggested that N application had a much greater impact on corn grain yield; this could be due to 

the fact that the application of N fertilizers to plants increases the uptake of other nutrients. The P supply is 

especially important for stimulating early root formation and growth, functions in plant molecular structure as a 

element of nucleic acid and phospholipids, with crucial roles in energy metabolism participation in signal 

transduction pathways phosphorylation and controlling key enzyme reactions Marschner[108]. Phosphorus also 

significantly enhances the number of cobs per plot, 1000-grain weight, and grain yield over the control Qasim et 

al [109]. Similarly, Olusegun[110] reported that use of the mixture of N at 90 kg h-1 and P at 30 kg h-1 gave the 

highest grain yield of maize. 

Sulphur also encourages photosynthetic activity by increasing chlorophyll pigments, synthesis of essential amino 

acids and proteins, translocation and utilization of starch and nitrogen and all these functions finally converge to 

increase maize yield Gahlout et al [112]. The combined use of Phosphorus with nitrogen increased the yield 

significantly Moschler and Martens [113].   

The low yield in unfertilized plots might have been owing to reduced leaf area development resulting in lesser 

radiation interception and, consequently, low efficiency in the conversion of solar radiation Sallah et al [114].   

The highest grain yield per hectare with a larger row spacing (75 cm) and optimal nutrient use efficiency could 

be due to the high number of ears per plant and the large leaf area, as more growth factors and better light 

penetration at the largest row spacing.  

This could be due to the high plant population, which goes beyond the optimum and leads to intense competition 

between the plants for the incident photosynthetic photon flux density, soil nutrients and soil water. Huseyin and 

Omar [115] also reported that the grain yield of maize increased significantly with increasing plant density and 

nitrogen fertilization, up to 88,000 plants per hectare and 240 kg nitrogen ha-1 in popcorn. Similar to the authors 

mentioned above, Cassman et al[116] reported that greater synchronicity between plant demand and nutrient 

supply is necessary to improve nutrient use efficiency, and that a shared N application during the growing season 

rather than a single, larger application is known to be effective in increasing N use efficiency raise. 

Table (6). Interaction effect of both NPS fertilizer rate and inter row spacing on grain yield. 

NPS fertilizer 
rates (kg ha-1) 

Inter row spacing (cm) 

55 65 75 85 

0 2850.00a       3765.0b 3869.2c 3964.7d 
50 3883.0c         3973.5d           4200.0g        4136.6ef 
100 4095.2e 4180.8fg          4478.0j   5028.2lm 
150 4282.7h        4577.7k            6577m 6227.8m 
200 4415.8i         4719.8.0l         6200m         6120m 

LSD(0.05) 229.1    

CV(%) 3.9    

LSD=Least significance Differences CV=Coefficient of Variations, means in the tables indicates the same letters 

does not show significance differences. 

Partial Budget Analysis  
The partial economic analysis was performed using the methodology described in the methodology of CIMMYT 

[41]. From the final trial data, the gross yield for 20 treatments was determined and the recommended value of 

10% of all treatments or the unadjusted grain yield (UGY) was reduced to obtain an adjusted grain yield. The net 

benefit was calculated by subtracting the total variable costs (TVC) from the gross field benefit (GFB) for each 

treatment. The costs and benefits were calculated for each treatment. All variable costs were calculated without 

the price of other agronomic practices such as weeding, farm protection and harvesting as they were consistent 

for all treatments. The cost of NPS fertilizer was ETB 18 kg-1, urea was ETB 16 kg ha-1 variety Melkassa-II seed 
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was ETB 65 kg-1.  The partial budget analysis showed that the highest net benefit of 91608 ETB Birr ha-1 was 

achieved in the treatment that received 150 kg NPS ha-1 and 75 cm row spacing, while the lowest net benefit of 

Birr 44010 ETB ha-1from the combination without NPS and 55 cm row spacing. For farmers to consider 

treatment advisable, a marginal return on investment (MRR) between 50% and 100% was the minimum 

acceptable return CIMMYT  

Conclusions 

The low yield of maize production due to poor agronomic practices such as poor soil fertility and plant density 

requires special attention. Therefore, the present experiment was carried out in the main growing season 

2019/2020 at Haramaya University, Eastern Hararghe Zone, Oromia Regional State, with the aim of determining 

the effect of mixed NPS fertilizer amounts and row spacing on the yield components and the corn yield and to 

evaluate the Cost-benefit analysis of mixed NPS fertilizers in the yield of corn at the Haramaya Research site. 

Factorial combinations of five levels of the NPS rate (0 kg ha-1, 50 kg ha-1, 100 kg ha-1, 150 kg ha-1 and 200 kg 

ha-1) and four row spacing (55 cm, 65 cm, 75 cm and 85 cm) were laid out in a randomized complete block 

design with three repetitions using the maize variety Melkassa 2.  

The main effects of the NPS fertilization rate were shown to be highly significant (P <0.01) per day with 50% 

anthesis, 50% silk formation, 90% physiological maturity, leaf area, leaf area index, number of grains per ear, 

surface dry biomass, grain yield, agronomic efficiency, Stock counting at harvest. Highest day up to 50% 

anthesis (82 days), 50% silk formation (86 days), physiological maturity (128 days), highest leaf area (8620 

cm2), leaf area index (4.15), number of grains per ear (472.3) and above-ground dry biomass (20667 kg h-1) were 

recorded from 200 NPS fertilization rates, while the lowest leaf area (6785.5), leaf area index (3.6), number of 

grains per ear (413.3) and above-ground dry biomass (12340 kg ha-1) were recorded from 55 cm without NPS. 

The NPS fertilizer rates also had a significant (P <0.05) effect on the harvest index and thousand grain weight. 

Significantly, the highest harvest index (30.4%) of 200 NPS kg ha-1 and the highest thousand grain weight (398.7 

g) of 150 NPS kg ha-1 were measured. 

The main effect of the row spacing showed highly significant (P <0.01) effects on 50% anthesis, 50% silk 

formation, leaf area, leaf area index, population count and harvest index. Among the row spacing, the highest 

50% anthesis (81 days), 50% silk formation (84 days), leaf area (8463 cm2), stand number (96.32%) and harvest 

index (30.4%) were observed at the widest row spacing (85 cm), while the highest aboveground dry biomass 

(20,667 kg ha-1) and the highest leaf area index (4,617) were measured with the narrowest row spacing (55 cm) 

and also significant row spacing (P <0.05.) influence on physiological maturity and number the grains per ear, 

grain yield, thousand grain weight, the highest grain yield is measured at 75 cm row spacing. 

The interactions of the NPS fertilizer quantities with the row spacing showed a highly significant (P <0.01) 

effect on the aboveground dry biomass, ear length, number of ears per hectare, plant height, agronomic 

efficiency, grain yield, but a significant effect (P <0.05) on number of ears per plant, number of grains per ear. 

The highest plant (246 cm) was recorded from 200 NPS kg ha-1 with (55 cm) row spacing, the highest number of 

ears per plant (1,467), the highest ear length (29 cm), the highest number of ears per hectare (69,999), highest 

Grain yield per hectare (6577 kg ha-1), agronomic efficiency (30.65) were measured from 150 NPS kg ha-1 at 75 

cm row spacing. 

The highest economic benefit (91,608 ETB ha-1) and the higher acceptable MRR (1745%) were obtained from a 

combination of 150 kg NPS ha-1 and a row spacing of 75 cm, while the lowest economic benefit (40,010 ETB ha-

1) was. was a combination of control and 55 cm row spacing. From the results of the study it can therefore be 

concluded that the application of 150 kg NPS ha-1 and 75 cm row spacing was suitable to increase the 

productivity of the maize variety Melkassa-II in the study area during the main cultivation. However, since this 

result is valid for one season and one location;  
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