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The objectives of this study were to determine the optimum nitrogen 
fertilizer split application time and proportion for the intermediate and late 
maturing maize varieties. One intermediate (BH-540) and late (BH-660) 
maturing varieties and 10 N application times were evaluated in split-plot 
design with three replications at Adet Research station, in northwestern 
Ethiopia. Varieties were randomized in the main plots and time of fertilizer 
application in the sub-plots.  The N application times were 1/2 at planting+ 
1/2 at knee height, all at planting, 1/2 at planting + 1/2 at near tasseling, 1/3 
at planting + 1/3 at k + 1/3 tasseling, 1/3 at planting + 2/3 at knee height, 
1/3 at planting + 2/3 at tasseling, 1/4 at planting + 2/4 at knee height + 1/4 
at tasseling, 1/4 at planting + 1/4 at knee height + 2/4 at tasseling, 1/4 at 
planting + 3/4 at knee height, and 1/4 at planting +3/4   at tasseling. A total 
of 128 kg N/ha was applied in all cases. In the intermediate maturing variety 
(BH-540), application of 1/3 N at planting and 2/3 at knee height 
significantly (p<0.05) out-yielded the other split-applications. The 
application method gave a yield advantage of 1005 kg/ha over the 
commonly practiced 1/2 at planting and 1/2 at knee height application. 
Concerning the late maturing variety (BH-660), application of 1/4 N at 
planting and 3/4 at knee height gave a yield advantage of 296 kg/ha over 
1/2 at planting and 1/2 at knee height application. The best yielding split-
applications and timings exhibited the highest agronomic Nutrient Use 
Efficiencies (NUE) for the respective varieties. 
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INTRODUCTION 
 
Maize (Zea mays) is the third most important cereal crop in 
the world next to rice and wheat and has the highest 
production potential among the cereals (Muthukumar et al., 
2007). It is the most important food for humans in South 
America, Africa and China (Khalily et al., 2010; Wondesen 
and Sheleme, 2011). Average productivity of maize is 6.7 t 
ha-1 in developed countries and 2.4 tha-1 in developing 
countries (Khalily et al., 2010). In Ethiopia, maize is grown 
from moisture stress to high rainfall regimes and from 
lowland to the highlands (Wondesen and Sheleme, 2011). It 
is an important cereal in human diets and animal feed, 
providing adequate amounts of energy and protein 
(Wondesen and Sheleme, 2011).  

Maize ranks first in productivity and third in area 
coverage from the major cereal crops produced in 

northwestern Ethiopia (Alelign et al., 1992; UNDP, 1996; 
CSA, 2003). Even though maize productivity ranks first in 
the region, its average yield has remained at 1.5 t/ha which 
is lower than the national average of 1.7 t/ha, and is by far 
lower than the world average (UNDP, 1996). Poor soil 
fertility is one of the principal factors that limit maize 
productivity in maize growing areas of Ethiopia (Alelign et 
al., 1992; Abebayehu et al., 2011; Wondesen and Sheleme, 
2011).  

Nutrient inputs from chemical fertilizers are needed to 
replace nutrients which are exported and lost during 
cropping, to maintain positive nutrient balances (Buah and 
Mwinkaara, 2009). Nitrogen and phosphorous are the 
major macronutrients that are most limiting in maize grain 

Production  worldwide  (Hefny  and  Aly, 2008).  Nitrogen  
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availability influences the uptake, not only of itself, but also 
other nutrients (Onasanya et al., 2009). This is partly 
attributed to better plant growth by which N-fertilized 
plants have larger root systems for the capture of other 
nutrients (Masaka, 2006). Nitrogen use and  

demand is continuously increasing day by day (Abd El-
Lattief 2011). Since it is highly mobile, it is subject to 
greater losses from the soil-plant system (Abd El-Lattief, 
2011). Even under the best management practices, 30-50% 
of applied N is lost through different agencies and, hence, 
the farmer is compelled to apply more than the actual need 
of the crop to compensate the loss (Abd El-Lattief, 2011). 
The loss of N not only troubles the farmer, but it has also 
hazardous impacts on the environment.  

In high- and medium-altitude maize growing areas where 
rainfall is high, most of the nitrogen is lost through leaching 
and denitrification making the nutrient unavailable during 
the critical stages of crop growth (Muangai, et al. 1998). 
Many strategies have been developed to mitigate nutrient 
leaching and improve the nutrient use efficiency (NUE). 
Nitrification inhibitors which slow the oxidation of NH4, and 
slow- and controlled-release fertilizers have been used to 
reduce N leaching (Sitthaphanit et al., 2010). Furthermore, 
soil management practices, such as incorporating straw 
with a high C:N ratio and minimum tillage can reduce N 
leaching. The above strategies can be effective in reducing 
leaching but the extra cost often makes them prohibitive for 
use by small holders in rain-fed environments. Timing of 
fertilizer application is another low-cost strategy to reduce 
nutrient leaching, so that nutrient supply is synchronized 
with plant demand (Gehl et al., 2005). Split  

application of nitrogen is one of the methods to improve 
nitrogen use by the crop while reducing the nutrient loss 
through leaching and volatilization (Tolessa et al. 1994). 
Split-application is an essential approach to increase the N 
use efficiency in crops including maize (Muthukumar et al., 
2007). It improves the maize grain yield and increased the 
economic benefit from increased grain yield (Sitthaphanit 
et al., 2010).  

Most soils in Ethiopia are responsive to split-application 
of nitrogen (Tolessa et al. 1994). Presently, a blanket 
nitrogen split-application recommendation of 1/2 of the 
total at planting and the remainder at knee height is being 
widely used in northwestern Ethiopia. However, some 
farmers in the region have observed good responses by 
reducing the amount of nitrogen at planting and increasing 
N at later growth stages of the crop. This study was 
therefore conducted to determine the optimum nitrogen 
fertilizer split application time and proportion for the 
intermediate and late maturing maize varieties BH-540 and 
BH-660, respectively.                                      
 
 
MATERIALS AND METHODS 
 
The     experiment   was  conducted   for    two    consecutive  

 
 
 
 
cropping seasons at Adet Research station (11017’N; 
37031’E, 2240 masl) in northwestern Ethiopia. The site 
receives mean annual rainfall of 1157 mm and about 70 % 
occurs during the main cropping season from June to 
September. It has average daily maximum and minimum 
temperatures of 26.10C and 9.70C, respectively. The 
experimental design used was a split-plot with three 
replications. Varieties (BH-540, medium maturing; BH-660, 
late maturing) were randomized in the main-plots and time 
of fertilizer application was the sub-plots. Ten different 
times of nitrogen fertilizer application evaluated were ½ N 
at planting + 1/2 at knee height (control), all at planting, 
1/2 at planting + 1/2 at near tasseling, 1/3 at planting + 
1/3 at knee height + 1/3 at near tasseling, 1/3 at planting + 
2/3 at knee height, 1/3 at planting + 2/3 at near tasseling, 
1/4 at planting + 1/2 at knee height + 1/4 at near tasseling, 
1/4 at planting + 1/4 at knee height + 1/2 at near tasseling, 
1/4 at planting + 3/4 at knee height and 1/4 at planting + 
3/4  at  near tasseling.  The same rate of nitrogen, 128 N 
kg/ha, was used in all cases. Nitrogen was applied at hills 
around each plant. Phosphorous fertilizer (DAP) at a rate of 
92 kg/ha P2O5 was applied to all plots at planting. A gross 
and net plot sizes of 3.75 m X 4.8 m and 2.25 m X 4.8 m, 
respectively were used for each sub plots. In each plot 
maize was planted at inter and intra row spacings of 75 cm 
and 30 cm, respectively. Data were collected on labor (man 
days) for fertilizer application, grain yield (kg/ha), plant 
height (cm), one thousand seed weight (g) and grain price 
(Ethiopian Birr). Analysis of Variance was performed for 
grain yield, plant height and thousand seeds weight using 
Statistical Analysis System (SAS) Version 9.2 (SAS Inc., 
2002). Means of treatments were separated using the least 
significant difference (LSD) at 5% level. Economic analysis 
was performed following the CIMMYT partial budget 
methodology (CIMMYT, 1988).  A two-year harvesting 
months (December-February) average price of Ethiopian 
Birr 3/kg maize grain and the prevailing labour cost in the 
area of Ethiopian Birr 15 per man day were assumed for the 
economic analysis. Agronomic Nitrogen Use Efficiency 
(NUE) was calculated as extra kilogram of grain per extra 
kilogram of N applied (Hatfield and Prueger, 2004).  
 
 
RESULTS 
 
The experimental site has a nitosol soil containing 11% 
sand, 21% silt, 69% clay, with an average soil pH of 5.17, 
available P (Olsen) of 1.688 ppm, total nitrogen 0.0949% 
and soil organic matter of 1.898 % (Table 1). Differences 
among N application times were significant (p<0.05) for 
grain yield (Tables 2). For the medium maturing variety, 
BH-540, the highest grain yield (7908 kg/ha) was observed 
when nitrogen was applied 1/3 at planting and 2/3 at knee 
height (Table 2). The particular application exhibited a 
yield advantage of 1005.4 kg/ha over the control (1/2 at 
planting+1/2  at  knee  height). In    the   case   of     the    late  
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Table 1: Physical and chemical soil characteristics of the 
experimental field 

 
Sand 11% 
Silt  21% 
Clay 69% 
Available P (Olsen) 1.688 
Total N % 0.0949 
Organic Matter % 1.898 
PH 5.17 

 
 
 

Table 2: The effect of time of nitrogen fertilizer application on grain yield of maize  
 

 
Time of nitrogen 
fertilizer application 

           BH-540 (medium maturing)                         BH-660 (late maturing) 
Yield Kg/ha Yield advantage 

(kg/ha) over control 
Yield Kg/ha Yield advantage (kg/ha) over 

control 
1/2 at planting + 1/2 at 
knee height 

 
6902.6 

 
0 
 

 
7885.8 

 
0.0 

All at planting 
 

6462.8 -439.8 7355.1 -530.7 

1/2 at planting + 1/2 at 
near tasseling 
 

 
6178.7 

 
-723.9 

 
7704.7 

 
-181.1 

1/3 at planting + 1/3 at 
knee height + 1/3 at near 
tasseling 
 

 
 
7361.2 

 
 
458.6 

 
 
8094.8 

 
 
209.0 

1/3 at planting + 2/3 at 
knee height 
 

 
7908.0 

 
1005.4 

 
8095.6 

 
209.8 

1/3 at planting + 2/3 at 
near tasseling 
 

 
7327.0 

 
424.4 

 
7808.9 

 
-76.9 

1/4 at planting + 2/4 at 
knee height + 1/4 at near 
tasseling 
 

 
 
7255.1 

 
 
352.5 

 
 
8007.9 

 
 
122.1 

1/4 at planting + 1/4 at 
knee height+ 2/4 at near 
tasseling 
 

 
 
7261.8 

 
 
359.2 

 
 
7981.7 

 
 
95.9 

1/4 at planting + 3/4 at 
knee height 
 

 
6901.3 

 
-1.3 

 
8182.0 

 
296.2 

1/4 at planting + 3/4 at 
near tasseling 

 
6395.6 

 
-507 

 
7490.8 -395.0 

CV% 12.10  9.61  
LSD 5% 990.9  NS  

 
 
 
maturing variety, BH-660, the highest yield, 8182 kg/ha 
was obtained when nitrogen was applied 1/4 at planting 
and 3/4 at knee height (Table 2). The application exhibited 
a yield advantage of 296 kg/ha over the 1/2 at 
planting+1/2 at knee height application (control). 

The grain yield analysis indicated that both BH-540 and 
BH-660 need more of their nitrogen to be applied at knee 

height than at planting. It also indicated that the late 
maturing variety, BH-660, needs most of its nitrogen at 
latter growth stages. At the time of planting, the medium 
maturing BH-540 needs relatively more nitrogen (1/3) 
than the late maturing BH-660 which needed 1/4 of the 
total nitrogen.  Here it can be concluded that for medium 
maturing varieties like BH-540, nitrogen should  be  applied  
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Table 3: The effect of time of nitrogen fertilizer application on plant height and one-thousand seed weight of maize 
  

 
Time of nitrogen fertilizer application 

Plant height (cm) Thousand seeds weight (g) 
BH-540 BH-660 BH-540 BH-660 

1/2 at planting + 1/2 at knee height 293.8 343.2 336.8 350.2 
 
All at planting 

 
282.8 

 
341.3 

 
342.1 

 
356.6 

 
1/2 at planting + 1/2 at near tasseling 

 
272.8 

 
326.3 

 
332.5 

 
325.1 

 
1/3 at planting + 1/3 at knee height + 1/3 at 
near tasseling 

 
 
284.1 

 
 
335.5 

 
 
346.4 

 
 
336.3 

 
1/3 at planting + 2/3 at knee height 

 
299.9 

 
339.5 

 
354.2 

 
344.8 

 
1/3 at planting + 2/3 at near tasseling 

 
264.8 

 
326.9 

 
333.6 

 
329.8 

 
1/4 at planting + 2/4 at knee height + 1/4 at 
near tasseling 

 
 
282.7 

 
 
338.2 

 
 
327.7 

 
 
343.4 

 
1/4 at planting + 1/4 at knee height+ 2/4 at 
near tasseling 

 
 
278.7 

 
 
328.3 

 
 
330.6 

 
 
340.6 

 
1/4 at planting + 3/4 at knee height 

 
284.3 

 
333.5 

 
341.1 

 
331.3 

 
1/4 at planting + 3/4 at near tasseling 

 
258.2 312.7 

 
337.9 329.3 

CV% 4.51 3.88 5.09 4.97 
LSD 5% 14.8 15.1 NS 21.98 

 
 

Table 4: Economic analysis for split application of nitrogen fertilizer using BH-540 variety 
 

Time of nitrogen 
fertilizer application 

Adjusted Grain 
yield (kg/ha) 

Man power 
for fer appn 

Labour cost 
for fer appn 

Gross benefit Net benefit 

1/2p+1/2k 6212.3 20 300 18637 18337 

All P 5816.5 10 150 17450 17300 

1/2p+1/2t 5560.8 20 300 16682 16382 

1/3 p+ 1/3 k+ 1/3 t 6625.1 30 450 19875 19425 

1/3 p+ 2/3 k 7117.2 20 300 21352 21052 

1/3 p+ 2/3 t 6594.3 20 300 19783 19483 

1/4 p+ 2/4 k+ 1/4 t 6529.6 30 450 19589 19139 

1/4 p+ 1/4 k+ 2/4 t 6535.6 30 450 19607 19157 

1/4 p+ 3/4 k 6211.2 20 300 18634 18334 

1/4 p+ 3/4 t 5756.0 20 300 17268 16968 

 
 
 
as 1/3 of the amount at planting and the remaining 2/3 at 
knee height. Concerning late maturing varieties like BH-
660, 1/4 of the nitrogen should be applied at planting while 
the rest 3/4 at knee height.  

The statistical analysis for plant height indicated that 
plant height was significantly affected by timing and 
proportion of nitrogen fertilizer application (Table 3). The 
highest plant height in case of BH-540 variety was observed 
for nitrogen application of 1/3 at planting and 2/3 at knee 
height. In case of the variety BH-660, it was the 1/4 at 
planting and 3/4 at tillering application that exhibited the 
lowest plant height while the other treatments showed 

statistically equivalent heights. Thousand seeds weight of 
the BH 660 variety but not of BH 540 was significantly 
affected by timing and proportion on nitrogen fertilizer 
application (Table 3). Though it was statistically non 
significant, the 1/3 at planting and 2/3 at knee height 
application resulted in the highest thousand seeds weight 
of BH-540 variety. 

The economic analysis indicated that in case of BH-540 
the nitrogen application of 1/3 at planting and 2/3 at knee 
height was the best method since it gave the highest net 
benefit (Table 4). The highest net benefit was realized for 
BH-660 when ¼ nitrogen was applied  at  planting  and  3/4  
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Table 5: Economic analysis for split application of nitrogen fertilizer using BH-660 variety 
 

Time of nitrogen fertilizer 
application 

Adjusted Gy 
(kg/ha) 

Man power for 
fer appn 

TVC (Labour cost for 
fer appn) 

Gross 
benefit 

Net benefit 

1/2p+1/2k 7097.2 20 300 21292 20992 

All P 6619.6 10 150 19859 19709 

1/2p+1/2t 6934.2 20 300 20803 20503 

1/3 p+ 1/3 k+ 1/3 t 7285.3 30 450 21856 21406 

1/3 p+ 2/3 k 7286.0 20 300 21858 21558 

1/3 p+ 2/3 t 7028.0 20 300 21084 20784 

1/4 p+ 2/4 k+ 1/4 t 7207.1 30 450 21621 21171 

1/4 p+ 1/4 k+ 2/4 t 7183.5 30 450 21551 21101 

1/4 p+ 3/4 k 7363.8 20 300 22091 21791 

1/4 p+ 3/4 t 6741.7 20 300 20225 19925 

 
 
 

Table 6: Agronomic Nitrogen Use Efficience (NUE) of the two varieties (BH-540 and BH-660) 
 

Time of nitrogen fertilizer application BH-540 BH-660 
1/2 at planting + 1/2 at knee height 53.9 61.6 
All at planting 50.5 57.5 
1/2 at planting + 1/2 at near tasseling 48.3 60.2 
1/3 at planting + 1/3 at knee height + 1/3 at near tasseling 57.5 63.2 
1/3 at planting + 2/3 at knee height 61.8 63.2 
1/3 at planting + 2/3 at near tasseling 57.2 61.0 
1/4 at planting + 2/4 at knee height + 1/4 at near tasseling 56.7 62.6 
1/4 at planting + 1/4 at knee height+ 2/4 at near tasseling 56.7 62.4 
1/4 at planting + 3/4 at knee height 53.9 63.9 
1/4 at planting + 3/4 at near tasseling 50.0 58.5 

 
 
 
at knee height (Table 5).  In the case of the medium 
maturing variety, BH 540, nitrogen application of 1/3 at 
planting and 2/3 at knee height gave a monitory advantage 
of Ethiopian Birr 651.5 over the farmers’ practice of 
nitrogen application of 1/2 at planting and 1/2 at knee 
height. Similarly, for the late maturing variety, BH 660, 
nitrogen application of 1/4 at planting and 3/4 at knee 
height gave a monitory advantage of Ethiopian Birr 191.9 
over the farmers’ practice.  

Nitrogen Use Efficiency (NUE), expressed as grain 
production per unit of N applied, indicated that the medium 
maturing variety BH-540 had the highest NUE when the 
nitrogen was applied in split of 1/3 at planting and 2/3 at 
knee height (Table 6). In the case of the late maturing BH-
660 variety, the highest NUE was observed when the 
nitrogen was split applied 1/4 at planting and 3/4 at knee 
height (Table 6). 
 
 
DISCUSSION 
 
In northwestern Ethiopia, maize is produced under high 
amount and intensity of rainfall. In high rainfall situations, 
leaching loss of nitrogen is unavoidable (Thomison et al., 
2004). Excessive rainfall after planting often results in N 

loss through denitrification and leaching. Leaching also 
reduces nitrogen use efficiency in maize production 
systems and, in turn, lower yields. Leaching of NO3-N is 
economically and environmentally undesirable. Nitrate that 
leaches below the crop rooting zone represents the loss of a 
valuable plant nutrient, and hence an economic cost to 
agriculture. Given also the relatively high cost of fertilizer 
compared with produce, efficient use of N fertilizer is of 
both agro-economic and environmental importance 
(Nyamangara et al., 2003).  

In the present investigation a yield increment was 
obtained with two split applications for both varieties. This 
finding is in line with the findings of numerous authors who 
advised two split applications for maize production 
(Thomison et al., 2004). Similar to the present finding, Tabu 
et al. (2006) recommended that one third of the N rate 
should be applied at planting while the rest top dressed 
eight weeks after emergence. Most of the investigations on 
nitrogen fertilizer application management are in favor of 
split-applications to synchronize timing of fertilization 
according to the crop demand and increase grain yield 
(Gehl et al., 2005).  

The present study showed that for medium maturing 
varieties, 1/3 of the N should be applied at planting and the 
remaining 2/3 at knee height.  However; for the late maturing  
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variety, it was found better to apply 1/4 of the N at planting 
and the remaining 3/4 at knee height. This finding is slightly 
varied from that of Tolessa et al. (2002) who recommended 
that 50% of the total nitrogen requirement should be 
applied at sowing and the remaining 50% as top dressing at 
knee height in other part of the country. It is therefore 
justifiable to conclude that there should be location specific 
nitrogen fertilizer application timing. The report of Oikeh et 
al., (1998) demonstrated well that split recommendations 
for maize production could vary with environmental 
conditions.  Their results showed that a split application of 
N at planting and 4 weeks after planting (WAP) appeared to 
be the best for Ikenne, while the entire application at 2 
WAP appeared to be the best in savanna ecologies. It is 
concluded that specific nitrogen fertilizer application time 
recommendations should be developed for different maize 
growing areas. The present nitrogen split-application 
recommendation could be used for maize growing areas 
which have growing conditions similar to northwestern 
Ethiopia.  

Nitrogen split-application was also observed to be 
economically advantageous. Application of 1/3 N at planting 
and 2/3 at knee height for the medium maturing and 1/4 N at 
planting and 3/4 at knee height for the late maturing varieties 
were more economically beneficial than other-split-
applications.  

 The present result on economic profitability of nitrogen 
fertilizer split- application is in line with a number of reports 
(Nyamangara et al., 2003; Sitthaphanit et al., 2010). 

Split N application was also found to enhance the 
agronomic nutrient use efficiency (NUE), which is 
expressed as grain produced per unit of N applied. Similar 
to this finding, numerous reports indicate increase in NUE 
with split-applications (Hatfield and Prueger, 2004; Gehl et 
al., 2005). Ahrens et al. (2010) reported that improvement 
in nitrogen use efficiency is a key issue for sustainable and 
profitable nitrogen use in high-input agriculture.  
 
 

Conclusion  
 
For the medium maturing BH-540 maize variety it was 
found that nitrogen should be applied 1/3 at planting and 
2/3 at knee height. Similarly in the case of the late maturing 
BH-660 maize variety it was found better to apply nitrogen 
1/4 at planting and 3/4 at knee height. The specified split 
application timing and proportions were found high 
yielding, economically profitable and with better NUE for 
the respective varieties.  
 
 

RECOMMENDATION 
 
The current nitrogen split application recommendation 
could be used for maize growing areas which have similar 
amount of recommended fertilizer vis-à-vis soil and 
climatic condition with that of northwestern Ethiopia.  
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