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ABSTRACT 

Nitrogen is the most yield liming nutrient that can be highly soluble and lost through leaching, 

volatilization and denitrification. In this view an experiment was conducted to determine the effects of 

urea stable and convectional urea on crop performance of maize in Nitisols of Pawe district, north 

western Ethiopia. The experiment was laid out in randomized complete block design with three 

replications. The treatments were different rate of urea stable and convectional urea applied at planting 

and in split: (Control, 46 kg N ha-1 from urea stable applied once at planting, 46 kg N ha-1 from urea 

stable in split application, 46 kg N ha-1 from urea stable in split application, 92 kg N ha-1 from urea stable 

applied once at planting, 92 kg N ha-1 from urea in split application, 138 kg N ha-1 from urea stable in 

split application, 138 kg N ha-1 from urea in split application, 138 kg N ha-1 from urea stable applied 

once at planting). Mean grain yield, biomass yield, harvest index, plant height and cob length, cob 

number, cob weight and thousand seed weight of maize were significantly affected with application of 

urea stable and convectional urea. Mean grain yield and yield components of maize were significantly 

affected by nitrogen rate and increased with increasing of nitrogen rate applied from urea stable and 

conventional urea. Moreover, the mean of over years and over locations result show that the highest 

biomass yield (20771.6 kg ha-1) was obtained from 138 kg N ha-1 urea stable applied once at planting, 

whereas the lowest biomass yield (13831.0 kg ha-1) was in negative control treatment. Higher mean 

grain yield of (7119.7 kg ha-1) was obtained from application of 138 kg N ha-1 from urea stable fertilizer 

applied in split whereas the lowest grain yield (4763.1 kg ha-1) was in negative control treatment (without 

N). Application of 138 kg N ha-1 from urea stable fertilizer applied in split increased the grain yield by 

49.5 % over the negative control, but statistically similar from application of 92 kg N ha-1 applied in 
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split in the form of conventional urea (+ve control) and 138 kg N ha-1 from urea stable fertilizer applied 

at planting. Therefore, there was no evidence in our research that supports the advantage of urea stable 

over the conventional urea. Hence it is concluded that the application N fertilizers sources from both of 

urea and urea-stable are equal result obtained in improving of maize productivity.  

 

Keywords: Urea Stable, Nitrogen, Maize, Pawe District 

 

 

1.  INTRODUCTION 

 

Nitrogen (N) fertilizer input is an effective way of increasing crop yield (Mohammed et 

al., 2013). It is required by plants comparatively in larger amounts than other essential plant 

nutrients (FAO, 2008). Inadequate or absence of nitrogen fertilizer application on soil with 

insufficient endogenous nitrogen can cause much yield reduction than other plant nutrients (Dai 

et al., 2013). Excessive application of N fertilizer leads to a series of environmental problems, 

such as groundwater pollution (Fowler et al., 2013), air pollution from ammonia (Evanoski-

Cole et al., 2017), and significant soil acidification (Guo et al., 2010). Excessive N fertilizer 

and improper application methods not only increase input costs but also result in lower N-use 

efficiency.  

The crops use only 50-60% of applied N and less than half amount of N applied in most 

case [Bouwman et al., 2002 and Finck, 1992). Many fertilizer losses are through nitrate leaching 

and surface runoff and atmosphere breakup through ammonia (NH3) volatilization and  nitrous 

oxide (N2O) emission (Shang et al., 2014). Therefore, applying optimum rate at the right time 

from good nitrogen source can increase crop yield, reduce nitrogen lose and improve nitrogen 

use efficiency (Fresew et al., 2018b). A number of studies were also done to find the optimum 

rate and time of nitrogen application to improve maize yield, nutrient use efficiencies and to 

reduce environmental pollution (Fresew et al., 2018a). Convectional urea is exposed to urease 

enzyme activities that found in plants, bacteria, fungi and algae. Urease enzyme is result in low 

nitrogen use efficiency (Malhi et al., 2001).  

However, in order to solve these difficulties and to increase the efficiencies of the most 

limiting plant nutrient, which is nitrogen, different products have been developed and tested 

somewhere else in Europe and North America. One of those products is Urea stable. It is based 

on urea (46%) with an added urea inhibitor N-(n-butyl)-thiophosphoric triamid (NBPT). Urea 

stable is a concentrated nitrogen fertilizer that can be applied as a granular for crops as well as 

liquid fertilizer through irrigation water for the orchard. Besides, it supposed to have basic 

advantage of having a combination of rapidly soluble, well absorbable nitrogen with urease 

inhibitor that helps to improve nitrogen penetration to plant roots by restraining the sorption 

and fixation of NH4
+ in the surface soil layer, which slows the effect of this nitrogen form down. 

Plus, it helps to reduce its losses due to ammonia volatilization into the atmosphere during 

surface application (Yallew, 2016; Edet, 2021; Nsobinenyui, 2022).  

Despite these all advantage this product has been evaluated and tested very well in our 

context under balanced fertilization. Therefore, the objectives was to determine optimum urea 

stable nitrogen fertilizer rate under balanced fertilizer and to evaluate nitrogen utilization 

efficiencies of the test crops and their crop performance to urea stable Therefore, the objectives 

of this research was to evaluate the advantages of urea stable compared to the conventional urea 

in increasing the maize crop productivity and to determine optimum urea stable nitrogen 

fertilizer rate under balanced fertilizer. 
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2.  MATERIALS AND METHODS 

2. 1. Description of the Study Area 

The study was conducted for three consecutive years during 2017 to 2019 main cropping 

seasons on Nitisols of Pawe district. During the three-cropping season the experiment was 

executed on six farmer’s field. Pawe District is located in Metekel Zone of the Benishangul-

Gumuz Regional State, Ethiopia. It is located at about 570 kilometers distance from Addis 

Ababa in Northwestern direction (Figure 1). The altitude of the study area ranges between 1000 

- 1200 meters above sea level.  

 

 
 

Figure 1. Location map of the study area, Pawe district, north western Ethiopia 

 

 

According to the meteorological data gathered by the Pawe Meteorological Station on 

Pawe Agricultural Research Center from 2017 to 2019, the mean annual minimum and 

maximum temperatures of the district are 17.5 and 32.8 °C, respectively, and the mean annual 
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rainfall is 1717.4 mm. The area has a uni-modal rainfall pattern with high rainfall that extends 

from May to October (Figure 2).  

The mean annual potential evapotranspiration is about 1300 mm. The climate of the area 

characterized as hot humid. The dominant soil types in district are broadly categorized as 

Vertisols (40 – 45% of the area), Nitisols (25 – 30%), and intermediate soils of a blackish brown 

color (25 – 30%) (Viezzoli, 1992). 

 

 
 

Figure 2. Mean monthly rainfall and mean monthly maximum and minimum temperatures  

of the study area. 

 

 

2. 2. Experimental Design and Procedures  

The experiment was laid out in randomized complete block design with three replications. 

The plot size of 4.2 m × 4.5 m was used during both years. The treatments consisted different 

rate of urea stable and normal urea with different application time. BH540 improved maize 

variety was planted on first week of June using 70 cm between row and 30 between plant 

spacing.  

Nitrogen from urea stable and normal urea was applied as per as described in treatment 

set up. However, recommended rate of phosphorus (20 kg P ha-1) from TSP was uniformly 

applied during planting. Recommended agronomic practices like ploughing and hand weeding 

were uniformly adapted to all plots.  

 

2. 3. Experimental set-up 

The experiment was conducted for three consecutive rainy seasons with the treatment 

setups shown in Table 1. This on-farm research was conducted on multi-locations of Nitisols.  
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Table 1. Treatment set-up and level of N (kg ha-1) 

 

No Treatments N (kg ha-1) 

1 No external application of N (negative control) 0 

2 
100% of the recommended N from normal urea applied in split  

(positive control) 
92 (30/62) 

3 100% of the recommended N from UREA stable applied at planting 92 

4 100% of the recommended N from UREA stable applied in split 92 (30/62) 

5 50% of the recommended N from UREA stable applied once at planting 46 

6 50% of the recommended N from UREA stable applied in split 46 (15/31) 

7 150% of the recommended N from UREA stable applied in split 138(46/92) 

8 150% of the  recommended N from normal UREA applied in split 138(46/92) 

9 150% of the recommended N from UREA stable applied once at planting 138 

 

 

2. 4. Data to be collected 

Important plant data collected from crop emergence to harvest were treated as growth 

parameters. The growth parameters were number of stand count, plant height, cob length. 

However, cob number, cob weight, biomass yield, grain yield and hundred seed weight were 

considered as yield parameters.  

 

2. 5. Soil Sampling and Analysis  

Following the standard soil sampling procedures, representative composite soil samples 

(5-10 sub-samples) from each farmer field was taken at a depth of 0-20 cm, before planting and 

after harvesting. Each composite soil sample was for chemical analysis (soil pH, OC, OM, total 

N, available P, exchangeable acid and exchangeable Al). The sampled soils were taken to the 

soil and plant laboratory for analysis of selected chemical properties. Then, the samples were 

air-dried, ground using mortar and Pestle, and sieved through a 2 mm diameter. For organic 

carbon and total nitrogen analysis, soil samples were passed through 0.5 mm sieve. Soil pH was 

determined by potentiometric methods at a 1:2.5 soil to water ratio as described by Carter 

(1993).  

Soil organic carbon was determined by the Walkley-Black oxidation method (Walkley 

and Black, 1934). Total nitrogen (TN) was determined by Kjeldahl digestion method (Bremner 

and Mulvaney, 1982). Exchangeable acidity was determined by saturating the soil samples with 

1M KCl solution and titrating with 0.02M NaOH as described by Rowell (1994). Exchangeable 

Al was determined from aqueous solutions extracted by 1M KCl and NaF and titrated with 

0.02M HCl. Available P was determined by the Bray II method (Bray and Kurtz, 1945).  
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3.  RESULTS AND DISCUSSION 

3. 1. Soil chemical properties before establishment of the experiment  

The soil chemical properties of different farmers’ field during 2017 cropping season were 

indicated in Table 2. The soil pH of experimental field at Farm 1 and Farm 2 were very strongly 

acidic (pH = 4.72) and strongly acidic (pH = 5.29), respectively and in soil reaction (Tekalign, 

1991). The organic carbon contents of soil were 1.94 and 2.33% found in medium range of 

organic carbon rate Farm 1 and Farm 2 farmer’s field, respectively (Tekalign, 1991). The 

nitrogen content of study area soil was 0.156 and 0.182% medium at Farm 1 and Farm 2 

farmer’s field, respectively (Tekalign, 1991). Available phosphorus of soil was very low (8.9 

ppm) and low (12.42 ppm) at Farm 1 and Farm 2 farmer’s field, respectively (Jones, 2003). 

 

Table 2. Selected soil chemical properties before cropping of maize in 2017 cropping season. 

 

Soil Chemical properties 
Farm 1 Farm 2  

Value 

pH 1:2.5 (H2O) 4.72 5.29 

Available P mg kg-1 5.39 2.611 

Organic carbon % 1.94 2.33 

Organic matter % 3.34 4.02 

Total N % 0.156 0.182 

Exchangeable acid cmol (+) kg-1 0.402 0.241 

Exchangeable Al cmol (+) kg-1 0.241 0.241 

 

 

3. 2. Effect of Urea Stable and Conventional Urea on Growth, Yield and Yield  

        Components of Maize 

3. 2. 1. Plant Height  

The analysis of variance showed that plant height was affected significantly (p < 0.05) by 

the main effects of urea stable and normal urea fertilizer rates. Hence, all application of urea 

stable and urea rates had statistically comparable and significantly superior to control plot. 

Accordingly, the longest of plant height (242.4 cm) was recorded from application of 138 kg N 

ha-1 from urea stable fertilizer applied in split whereas the lowest plant height (213.1 cm) was 

in negative control treatment (without N) (Table 3).  

In line with this, Tolcha et al. (2020) reported that the mean plant height was showed 

increasing trend with increasing rate of nitrogen applied. This indicated the positive effect of N 

on vigorous vegetative growth and inter-nodal extension due to more availability of N 

throughout the growing period.  
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These findings agree with Marcelo et al. (2013) who also reported statistically similar 

plant height from plot received N from conventional urea and urea with inhibitors 

 

Table 3. Effect of urea stable and urea on mean plant height of maize in 2017, 2018 and 2019 

cropping season and combined over years. 

 

Treatments  

(Kg N ha-1) 

Plant height (cm) Over Years and Locations 

Combined 

Analysis 2017 2018 2019 

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 

0 N (-ve control) 220.20b 176.73 199.07c 230.07c 230.27b 222.33 213.1b 

92 N from Urea  

(+ve control) 
254.73a 207.00 230.93ba 263.73ba 265.13a 229.00 241.8a 

92 N from Urea Stable at 

planting 
244.60ab 174.07 239.13ba 272.07a 261.73a 221.73 235.6a 

92 N from Urea Stable  

in split 
229.87ab 174.47 231.8ba 256.53ba 260.27a 244.20 232.9a 

46 N from Urea Stable  

at planting 
244.93ab 193.93 216.47bc 247.47bc 263.00a 233.40 233.2a 

46 N from Urea Stable  

in split 
246.47ab 186.47 238.6ba 260.33ba 259.93a 237.33 238.2a 

138 N from Urea Stable  

in split 
246.33ab 195.40 241.6a 260.4ba 267.47a 243.33 242.4a 

138 N from Urea in split 253.27a 172.00 228.6ba 256.07ba 272.13a 237.93 236.7a 

138 N from Urea Stable  

at planting 
251.07a 183.87 235.8ba 256.53ba 270.20a 241.53 239.8a 

LSD (0.05) 29.639 34.189 24.925 18.727 22.422 ns 9.7006 

CV (%) 7 10.7 6.3 4.2 4.9 5.20 6.27 

Significance * ns * ** * ns *** 

Note: *** Significant at P < 0.001, ** significant at P < 0.01, *significant at P < 0.05, ns – no significant difference. 

Means along the column with the same letter are not significantly different. 

 

 

3. 2. 2. Cob Numbers 

The mean combined analysis effect of urea stable and urea rates significantly affected on 

cob number. Hence, the highest cob number (46103.4) was recorded from the plot application 

of 138 kg N ha-1 from urea stable fertilizer applied in split whereas the lowest cob number 

(41088.0) was in negative control treatment (without N) (Table 4). Tolcha et al. (2020) reported 

that the applications of urea stable and conventional urea were significantly improved growth 

yield and yield components of wheat as compared to control. 
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Table 4. Effect of urea stable and urea on mean cob numbers of maize in 2017, 2018  

and 2019 cropping season and combined over years. 

 

Treatments  

(Kg N ha-1) 

Cob Numbers Over Years and Locations 

Combined 

Analysis 2017 2018 2019 

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 

0 N (-ve control) 35879.6c 42592.6 39120 44676ba 39120.4 45138.9b 41088.0e 

92 N from Urea  

(+ve control) 
45370.4a 41435.2 40741 48843a 46990.7 45138.9b 44753.1abc 

92 N from Urea Stable 

at planting 
38888.9bc 36111.1 39120 45833ba 46064.8 50231.5a 42708.3cde 

92 N from Urea Stable 

in split 
41203.7bac 43518.5 38889 47917a 45833.3 48842.6ab 44367.3abcd 

46 N from Urea Stable 

at planting 
40740.8bac 39583.3 43056 38657b 45601.9 45601.9b 42206.8de 

46 N from Urea Stable 

in split 
38425.9bc 39583.4 39352 48611a 46759.3 47916.7ab 43441.4bcde 

138 N from Urea 

Stable in split 
40972.3bac 43055.6 43519 51157a 47685.2 50231.5a 46103.4a 

138 N from Urea  

in split 
37037.0c 40046.3 42824 49074a 47916.7 48148.1ab 44174.4abcd 

138 N from Urea 

Stable at planting 
43287.1ba 37268.5 42361 48843a 50694.4 51851.9a 45717.6ab 

LSD (0.05) 5605.8 7198.1 ns 7297.8 ns 4297.1 2484.1 

CV (%) 8.1 10.3 5.8 8.9 8.3 5.02 8.60 

Significance * ns ns * ns * *** 

Note: *** Significant at P < 0.001, *significant at P < 0.05, ns – no significant difference. Means along the 

column with the same letter are not significantly different. 

 

 

3. 2. 3. Cob Length 

The result combined analysis of maize cob length was also significantly (P < 0.05) 

affected by different rate of nitrogen fertilizers (Table 5). Mean cob length measured from 

similar urea stable fertilizer rate applied once at planting and applied in split was statistically 

similar. There was also no significant difference among mean cob length recorded from 

application of similar rate of urea stable and conventional urea. Higher cob length was measured 

from plots received high rates of nitrogen fertilizer. This could be due to the availability of 

nitrogen in significant quantity to keep the plant healthy which contributed for normal growth 

and cob length of maize. The result also agrees with finding of Yohannes and Nigussie (2019) 

who reported that statistically significant effects of timing of the N fertilizer application and N 

fertilizer rate on wheat spike length. 
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Table 5. Effect of urea stable and urea on mean cob length of maize in 2017, 2018 and 2019 

cropping season and combined over years 

 

Treatments  

(Kg N ha-1) 

Cob Length (cm) Over Years and Locations 

Combined 

Analysis 2017 2018 2019 

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 

0 N (-ve control) 17.53b 12.87 15.53 17.67 16.87b 20.20 16.8d 

92 N from Urea  

(+ve control) 
21.27a 18.27 23.47 20.60 19.60a 20.80 20.7ab 

92 N from Urea Stable at 

planting 
20.73a 13.80 18.27 20.87 21.20a 19.67 19.1bc 

92 N from Urea Stable  

in split 
20.33a 14.27 20.40 22.00 21.00a 20.87 19.8abc 

46 N from Urea Stable  

at planting 
19.80ab 16.40 18.47 17.53 17.60b 19.87 18.3cd 

46 N from Urea Stable  

in split 
20.53a 14.93 23.07 22.73 20.20a 20.53 20.3ab 

138 N from Urea Stable  

in split 
20.87a 14.60 19.73 21.33 20.60a 22.33 19.9ab 

138 N from Urea in split 21.47a 15.67 24.87 21.07 21.27a 22.07 21.1a 

138 N from Urea Stable  

at planting 
21.13a 15.53 21.40 21.40 20.40a 20.47 20.1ab 

LSD (0.05) 2.425 4.3308 ns ns 1.9873 ns 1.5814 

CV (%) 6.9 16.5 20.9 11.8 5.7 6.83 12.27 

Significance * ns ns ns *** ns *** 

Note: *** Significant at P < 0.001, *significant at P < 0.05, ns – no significant difference. Means along the 

column with the same letter are not significantly different. 

 

 

3. 2. 4. Cob Weight 

Results showed that application of different rates of urea stable and conventional urea 

fertilizer had a significant (P < 0.05) effect on cob weight. Hence, the highest cob weights 

(10999.2, 10767.7, 10717.6 and 10324.1 kg ha-1) were recorded from the application of 138 kg 

N from urea stable applied in split, 92 kg N from conventional urea (+ve control), 138 kg N 

from urea stable applied at planting and 138 kg N from conventional urea applied in split, 

respectively whereas the lowest cob weight (7519.3 kg ha-1) was in negative control treatment 

(Table 6). Tolcha et al. (2020) reported that the applications of urea stable and conventional 

urea were significantly improved growth yield and yield components of wheat as compared to 

control. 
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Table 6. Effect of urea stable and urea on mean cob weight of maize in 2017, 2018 and 2019 

cropping season and combined over years 

 

Treatments  

(Kg N ha-1) 

Cob Weight  (kg ha-1) Over Years and Locations 

Combined 

Analysis 2017 2018 2019 

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 

0 N (-ve control) 7245.4d 5277.8 5393.5c 9838c 6713.0e 10648.1 7519.3d 

92 N from Urea  

(+ve control) 
11388.9a 7083.3 7060.2ab 14583a 12731.5ba 11759.3 10767.7a 

92 N from Urea Stable 

at planting 
9583.3bac 3981.5 6898.1abc 14699a 12314.8bc 13634.3 10185.2ab 

92 N from Urea Stable 

in split 
9421.3bc 5162.0 6875.0abc 13889a 12685.2ba 13750.0 10297.1a 

46 N from Urea Stable 

at planting 
9259.3bc 5625.0 7175.9ab 10185bc 10069.4d 10902.8 8869.6c 

46 N from Urea Stable 

in split 
8541.7dc 5046.3 6365.7bc 12847ba 10486.1dc 11527.8 9135.8bc 

138 N from Urea 

Stable in split 
10555.6ba 6134.3 7175.9ab 14699a 14467.6a 12963.0 10999.2a 

138 N from Urea  

in split 
9166.7bc 4837.9 7476.9ab 13773a 14120.4ba 12569.4 10324.1a 

138 N from Urea 

Stable at planting 
10324.1bac 4467.6 8217.6a 13657a 14074.1ba 13564.8 10717.6a 

LSD (0.05) 1878.1 3151.4 1515.3 2667.8 1975.2 ns 1081.4 

CV (%) 11.4 34.4 12.6 11.7 9.5 17.20 16.62 

Significance ** ns * ** *** ns *** 

Note: *** Significant at P < 0.001, ** significant at P < 0.01, *significant at P < 0.05, ns – no significant 

difference. Means along the column with the same letter are not significantly different. 

 

 

3. 2. 5. Biomass Yield 

The result of combined analysis of biomass yield was significantly (P < 0.05) affected by 

nitrogen rate applied from urea stable and conventional urea (Table 7). Hence, mean biomass 

yield of maize was increased with increasing rate of nitrogen fertilizer. Moreover, the mean of 

over years and over locations result show that the highest biomass yield (20771.6 kg ha-1) was 

obtained from 138 kg N ha-1 urea stable applied once at planting, whereas the lowest biomass 

yield (13831.0 kg ha-1) was in negative control treatment(without N) (Table 7). Application of 

138 kg N ha-1from urea stable applied at planting increased the biomass yield by 50 % over the 

negative control. Application of similar rates of nitrogen from urea stable and urea was provided 
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statistically similar biomass yields. In a similar study with wheat as a test crop, Tolcha et al. 

(2020) reported that application of similar rates of nitrogen from urea stable and urea was 

provided statistically similar dry biomass yields. In line with this, Marcelo et al. (2013) who 

also reported non-significant effect of normal urea and urea stable on straw yield when applied 

at similar rate.  

 

Table 7. Effect of urea stable and urea on mean biomass yield of maize in 2017, 2018  

and 2019 cropping season and combined over years 

 

Treatments 

(Kg N ha-1) 

Biomass Yield (kg ha-1) Over Years and Locations 

Combined 

Analysis 2017 2018 2019 

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 

0 N (-ve control) 13888.9d 10902.8 9954c 17824 12847.2c 17569.4 13831.0d 

92 N from Urea (+ve 

control) 
20925.9a 12893.5 12963b 27546 23958.3ba 20578.7 19811.0ab 

92 N from Urea Stable  

at planting 
19097.2ba 8842.6 13079b 28472 23032.4ba 26041.7 19760.8ab 

92 N from Urea Stable  

in split 
16180.6bdc 10347.2 12847b 25000 23958.3ba 26273.1 19101.1abc 

46 N from Urea Stable  

at planting 
18865.7ba 11250.0 13194b 23727 20370.4b 19143.5 17758.5bc 

46 N from Urea Stable 

 in split 
15347.2dc 9814.8 12037bc 23380 19907.4b 20439.8 16821.0c 

138 N from Urea Stable  

in split 
18819.5ba 11782.4 12731b 25000 27199.1a 23634.3 19861.1ab 

138 N from Urea in split 17824.1bac 8750.0 13542ba 25579 25347.2a 22523.1 18927.5abc 

138 N from Urea Stable  

at planting 
19421.3a 9213.0 15972a 26042 27199.1a 26782.4 20771.6a 

LSD (0.05) 3215.6 5066.1 2639.8 ns 4532 ns 2375.4 

CV (%) 10.4 28.1 11.8 15.9 11.6 20.9 19.5 

Significance ** ns * ns *** ns *** 

Note: *** Significant at P < 0.001, ** significant at P < 0.01, ns – no significant difference. Means along the column 

with the same letter are not significantly different. 

 

 

3. 2. 6. Grain Yield 

The result combined analysis of over three years and over six locations of maize grain 

yield was significantly (P< 0.05) affected by nitrogen rate in irrespective to nitrogen source 

used in the experiment (Table 8). Higher mean grain yield of (7119.7 kg ha-1) was obtained 
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from application of 138 kg N ha-1 from urea stable fertilizer applied in split whereas the lowest 

grain yield (4763.1 kg ha-1) was in negative control treatment (without N). Application of 138 

kg N ha-1 from urea stable fertilizer applied in split increased the grain yield by 49.5 % over the 

negative control, but statistically similar from application of 92 kg N ha-1 applied in split in the 

form of conventional urea (+ve control) and 138 kg N ha-1 from urea stable fertilizer applied at 

planting. Similar, Serret et al. (2008) also reported significant effect nitrogen fertilizer rate on 

mean grain yield of wheat crop. There was also no significant difference among mean grain 

yield recorded from application of similar rate and application time of urea stable and 

conventional urea. The current result is in agreement with that of Tolcha et al. (2020) who 

reported that statistically there is no significant effect of application time of urea stable at each 

similar rate.  

 

Table 8. Effect of urea stable and urea on mean grain yield of maize in 2017, 2018 and 2019 

cropping season and combined over years 

 

Treatments 

(Kg N ha-1) 

Grain Yield (kg ha-1) Over Years and Locations 

Combined 

Analysis 2017 2018 2019 

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 

0 N (-ve control) 5075.0c 3263.3 3417.4c 6086.4c 4302.4e 6434.2 4763.1d 

92 N from Urea (+ve control) 7884.6a 4358.6 4814.5ba 9320.8a 8305.0bac 7212.6 6982.7a 

92 N from Urea Stable  

at planting 
6611.2ba 2349.2 4740.5ba 9512.8a 7983.7bc 8232.2 6571.6ab 

92 N from Urea Stable in split 6703.9ba 3152.0 4845.4ba 8944.7a 8359.5bac 8356.4 6727.0ab 

46 N from Urea Stable  

at planting 
6482.7b 3399.5 4742.2ba 6519.7bc 6440.7d 6564.6 5691.6c 

46 N from Urea Stable in split 6156.3bc 3174.3 4211.5bc 8116.3ba 7680.1dc 6889.3 6038.0bc 

138 N from Urea Stable  

in split 
7281.0ba 3860.9 4948.6ba 9312.2a 9572.3a 7743.0 7119.7a 

138 N from Urea in split 6492.2b 2870.9 4846.5ba 8944.7a 9236.9ba 7484.2 6647.2ab 

138 N from Urea Stable  

at planting 
7122.6ba 2798.2 5505.8a 8704.4a 9127.5ba 8030.8 6881.5a 

LSD (0.05) 1307.5 1925.8 1068.6 1749 1380.3 ns 715.82 

CV (%) 11.4 34.3 12.6 12.1 10.1 17.1 17 

Significance * ns * ** *** ns *** 

Note: *** Significant at P < 0.001, ** significant at P < 0.01, *significant at P < 0.05, ns – no significant difference. 

Means along the column with the same letter are not significantly different. 
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3. 2 .7. Harvesting Index 

The result of combined analysis of harvesting index was significantly (P<0.05) affected 

by nitrogen rate applied from urea stable and conventional urea (Table 9). Moreover, the mean 

of over years and over locations result show that the highest harvesting index (36.1 %) was 

obtained from 138 kg N ha-1 urea stable applied in split, whereas the lowest harvesting index 

(32.4) was from 46 kg N ha-1 urea stable applied once at planting . The current result is in 

agreement with that of Tolcha et al. (2020) who reported that applications of urea fertilizer from 

urea stable and conventional urea were significantly increased mean harvest index of wheat as 

compared to the control treatment. Zerihun and Hailu (2017) Similarly, Alamzeb et al. (2017) 

reported statistically higher harvest index (38%) of bread wheat with application of higher 

nitrogen fertilizer 150 kg ha-1 while the lowest harvest index (34%) was recorded from control 

(0 kg ha-1). 

 

Table 9. Effect of urea stable and urea on mean harvesting index of maize in 2017, 2018  

and 2019 cropping season and combined over years 

 

Treatments 

(Kg N ha-1) 

Harvesting Index (%) Over Years and Locations 

Combined 

Analysis 
2017 2018 2019 

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 

0 N (-ve control) 36.2bcd 29.8ab 34.3 34.2 33.7 36.6a 34.1bc 

92 N from Urea (+ve control) 37.6abcd 33.6a 37.1 34.4 34.7 35.2ab 35.5ab 

92 N from Urea Stable  

at planting 
34.7cd 26.5b 36.2 33.5 34.7 31.9bc 32.9c 

92 N from Urea Stable in split 41.5a 30.6ab 37.7 35.8 35.0 32.5bc 35.5ab 

46 N from Urea Stable  

at planting 
34.4d 29.7ab 35.8 28.9 31.6 34.1ab 32.4c 

46 N from Urea Stable in split 40.1ab 31.9a 34.9 34.7 39.0 34.0ab 35.8ab 

138 N from Urea Stable  

in split 
38.8abc 32.7a 39.2 37.3 35.2 33.6ab 36.1a 

138 N from Urea in split 36.2bcd 32.0a 36.3 35.1 36.6 33.6ab 35.0ab 

138 N from Urea Stable  

at planting 
36.8bcd 29.8ab 34.6 33.4 33.6 31.1c 33.1c 

LSD (0.05) 4.3382 4.2503 ns Ns ns 3.3858 1.7783 

CV (%) 6.71 7.98 7.86 8.89 8.1 5.6 7.82 

Significance * * ns ns ns * *** 

Note: *** Significant at P < 0.001, *significant at P < 0.05, ns – no significant difference. Means along the 

column with the same letter are not significantly different. 
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3. 2. 8. Thousand Seed Weight 

The Analysis of Variance showed that the combined main effects of urea stable and 

conventional urea rates had significant effect on thousand seed weight. Thousand seed weights 

of 321.4, 321.1, 315.4 and 314.4 were recorded from 92 kg N ha-1 applied in split in the form 

of conventional urea (+ve control), 138 kg N ha-1 from urea stable fertilizer applied at planting, 

138 kg N ha-1 from urea stable fertilizer applied in split and 92 kg N ha-1 from urea stable 

fertilizer applied at planting, respectively whereas 290.2 was recorded for the control plot 

(Table 10). Statistically, the all urea stable and conventional urea rates and time of applications 

were comparable and significantly superior to control plot. The current result is in agreement 

with that of Tolcha et al. (2020) who reported that applications of urea fertilizer from urea stable 

and conventional urea were significantly increased mean thousand weight of wheat as compared 

to the control treatment. 

 

Table 10. Effect of urea stable and urea on mean thousand seed weight of maize in 2017, 

2018 and 2019 cropping season and combined over years 

 

Treatments 

(Kg N ha-1) 

Thousand Seed Weight (g) Over Years and Locations 

Combined 

Analysis 
2017 2018 2019 

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 

0 N (-ve control) 301.7 212.7 294.0 336.0 293.3d 303.7 290.2b 

92 N from Urea  

(+ve control) 
350.3 230.7 290.3 393.0 368.0abc 296.0 321.4a 

92 N from Urea Stable  

at planting 
328.0 174.7 278.7 414.3 364.7abc 326.0 314.4a 

92 N from Urea Stable  

in split 
324.3 185.7 305.0 384.0 342.0bc 318.3 309.9ab 

46 N from Urea Stable  

at planting 
320.0 196.7 299.3 374.7 331.7dc 304.7 304.5ab 

46 N from Urea Stable  

in split 
299.7 210.7 287.7 377.7 329.7dc 307.0 302.1ab 

138 N from Urea Stable 

 in split 
341.3 215.3 278.0 375.0 377.7ab 305.3 315.4a 

138 N from Urea in split 305.3 176.0 278.7 379.7 387.7a 299.0 304.4ab 

138 N from Urea Stable  

at planting 
335.0 185.3 330.0 383.0 369.3abc 352.0 321.1a 

LSD (0.05) ns ns ns ns 43.065 ns 20.934 

CV (%) 7.64 20.7 10.52 7.18 7.1 11.5 10.27 

Significance ns ns ns ns ** ns * 

Note: ** significant at P < 0.01, *significant at P < 0.05, ns – no significant difference. Means along the 

column with the same letter are not significantly different. 
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3. 2. 9. Relationships between Maize Grain Yield and yield components  

The correlation between grain yield and yield components are presented in Table 11. 

Grain yield was positively correlated with cob weight, biomass yield, cob number, thousand 

seed weight, plant height, cob length, and the correlation was highly significant at (p < 0.001). 

Moreover, grain yield was most strongly correlated with cob weight (r = 0.996), followed by 

biomass yield (r = 0.943) and cob number (r = 0.897). Similarly, biomass yield had positive 

and significant correlation (p < 0.01) with cob weight, thousand seed weight, plant height, cob 

number and cob length. Similar results obtained by numerous authors (Ortiz et al., 2002; 

Abeledo et al., 2003; Temesgen et al., 2016) indicated that significant associations of barley 

grain yield with its yield components. 

 

Table 11. Correlation among maize grain yield and yield components of urea stable and urea 

 

Parameters GY BMY CW CN CL PH TSW HI 

GY 1        

BMY 0.943*** 1       

CW 0.996*** 0.955*** 1      

CN 0.897*** 0.800** 0.896*** 1     

CL 0.831** 0.709* 0.805** 0.766* 1    

PH 0.884*** 0.856** 0.865** 0.799** 0.850** 1   

TSW 0.888*** 0.938*** 0.898*** 0.780** 0.616* 0.816** 1  

HI 0.343ns 0.015ns 0.296ns 0.460ns 0.498ns 0.268ns 0.033ns 1 

Note: PH = plant height, CL = cob length, CN = cob 113umer, CW= cob weight, BMY = biomass yield, GY 

= grain yield and TSW = thousand seed weight, HI = harvesting index, *** Significant at P < 0.001, ** 

significant at P < 0.01, *significant at P < 0.05, ns – no significant difference. Means along the column with 

the same letter are not significantly different. 

 

 

4.  CONCLUSIONS 

 

The application of N fertilizers plays significant role in improving of maize productivity. 

From the cumulative result obtained from the yield evaluation showed that the application N 

fertilizers had significantly improved maize yield than the without N application (-v control) 

treatment. The applications of urea stable and conventional urea were significantly improved 

growth yield and yield components of maize as compared to control. Mean grain yield and 

biomass yield of maize was significantly affected by nitrogen rate and increased with increasing 

of nitrogen rate applied from urea stable and conventional urea.  
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Moreover, the mean of over years and over locations result show that the highest biomass 

yield (20771.6 kg ha-1) was obtained from 138 kg N ha-1 urea stable applied once at planting, 

whereas the lowest biomass yield (13831.0 kg ha-1) was in negative control treatment (without 

N). Higher mean grain yield of (7119.7 kg ha-1) was obtained from application of 138 kg N ha-

1 from urea stable fertilizer applied in split whereas the lowest grain yield (4763.1 kg ha-1) was 

in negative control treatment (without N). Application of 138 kg N ha-1 from urea stable 

fertilizer applied in split increased the grain yield by 49.5 % over the negative control, but 

statistically similar from application of 92 kg N ha-1 applied in split in the form of conventional 

urea (+ve control) and 138 kg N ha-1 from urea stable fertilizer applied at planting. Therefore, 

there was no evidence in our research that supports the advantage of urea stable over the 

conventional urea. Hence it is concluded that the application N fertilizers sources from both of 

urea and urea-stable are equal result obtained in improving of maize productivity.  
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