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Abstract

Background: Nitrogen is the most limiting nutrient for crop growth and development; and as in most soils of

Ethiopia, the soils of the study area are deficient in nitrogen. Therefore, the objective of this research was to study the
effects of mineral N fertilizer rates on agronomic parameters, yield components and yields of maize grown on Alfisols
of Northwestern Ethiopia.

Results: Analysis of variance indicated no significant variation among treatments (p > 0.05) in plant height, shelling
percentage and 1000-grain weight. However, nitrogen fertilizer rates significantly (p < 0.05) affected kernel number
per ear and number of ears per plant. All the yield parameters have also shown a significant increase up to the rate
of 90 kg N ha™". Increasing the N rate from 90 to 200 kg N ha™', however, did not give a significant grain, dry stubble

recommended for the study area.

and dry aboveground biomass yields increase. The MRR analysis showed that the treatment with N fertilizer rate of
60 kg N ha™" gave the highest MRR of 256.7 % followed by the treatment with N fertilizer rate of 90 kg N ha™".

Conclusions: From the results of the study it is possible to conclude that application of nitrogen fertilizer improves
yield and yield components of maize. Moreover, judicious nutrient management in maize could ensure high grain
yield production and profit. Application of 60 kg N ha~' gave maximum profit from unit investment which can be
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Background

In Northwestern Ethiopia, population growth is rapid
and there is a rapidly growing demand for food. There-
fore, cultivation of subsistence crops must be stimulated
and production augmented in a sustainable way. The
trend in all research endeavors including research on soil
nutrients, therefore, is going through a development pro-
cess away from agricultural production per se towards
sustainable production (Smaling and Oenema 1998).
Among others, mineral nutrition is becoming one of the
most important factors for increasing maize production
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if changes were made.

in Northwestern Ethiopia. Unfortunately, many soils of
Ethiopian highlands are inherently poor in available plant
nutrients and organic matter (Tekalign et al. 1988). Mur-
phy (1963) conducted a survey or rapid appraisal work to
assess the fertility status of Ethiopian soils and concluded
that the major part of Ethiopian soils is deficient in nitro-
gen and phosphorus. Hence, farmers who attempted to
grow crops without or marginal fertilizer application
could not produce enough even to feed their own family
for a year.

As in other soils of Ethiopia, nitrogen is probably more
often deficient than any other essential element in Alfi-
sols, mainly because organic matter of these soils is not
preserved (Mesfin 1998). In addition to this, the cereal
dominated cropping systems, aimed at meeting the

© 2015 Selassie. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40068-015-0048-8&domain=pdf

Selassie Environ Syst Res (2015) 4:21

farmers’ subsistence requirements, coupled with low
usage of chemical fertilizers have led to the widespread
depletion of soil nitrogen in the maize growing areas of
Ethiopia. Moreover, the heavy rains during the early part
of the main cropping season (June—August) cause sub-
stantial soil nutrient losses due to intensive leaching and
erosion (Amsal and Tanner 2001).

It is apparent that in many farming systems of Ethio-
pia, input of manures and fertilizers is still low and not
sufficient to sustain the productivity of the soils. Bringing
more land into cultivation is not possible in the densely
populated areas. Preference, therefore, should be given
to raising the production of subsistence crops by increas-
ing the productivity of the soils on which crops are being
grown. Improving soil fertility is one of the major fac-
tors to improve soil productivity. Organic and inorganic
fertilizers, therefore, should be applied to restore and
improve the soil fertility and to compensate for the with-
drawal and losses of nutrients during cultivation. Never-
theless, organic fertilizers are scarce resources in most
farming households of Ethiopia where farmyard manure
and crop residues are used as energy source to cook food.
Therefore, efficient use of artificial fertilizers should be
given due attention. The objective of this research was,
therefore, to study the effects of mineral N fertilizer rates
on agronomic parameters, yield components and yields
of maize grown on Alfisols of Northwestern Ethiopia.

Methods

Site selection

To select the experimental sites, composite soil sam-
ples were collected from 52 farmlands that had different
cropping history, slope and management practices. The
collected soil samples were analyzed for organic matter
content (Nelson and Sommers 1982), texture (Saheleme-
dhin and Taye 2000) and pH (Thomas 1996). Out of the
sampled sites, 20 experimental sites covering the widest
possible ranges of the indicated parameters were selected
(Table 1).

Experimental design, field layout and cultural practices
At each site, the field experiment was arranged in rand-
omized complete block design with five N fertilizer rates
as treatments (0, 30, 60, 90 and 200 kg N ha™!) as urea
(46-0-0) and four replications. Plant spacing was 70 cm
between rows and 30 cm between plants. The gross plot
had three harvestable and two boarder rows (with 4.8 m
length). Two plants in each end of the harvestable rows
were used as boarder plants. Seed beds for maize plant-
ing in each location were prepared following farmers’
practice.

Planting was conducted from May 28 to June 7, 2002
depending on the onset of rainfall in different areas.
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Planting was made by keeping two seeds in one hill at a
distance of 30 cm within a row. Two weeks after emer-
gence, plants were thinned to one plant per hill. Half of
the nitrogen fertilizer for each treatment was applied at
planting by banding along the row at a distance of about
10 cm below and 5 cm aside the seeds. The remaining
nitrogen was side-dressed at 35 days after emergence. To
all plots, phosphorus (120 kg P,O, ha™!) as triple super-
phosphate (0-46-0) and potassium (60 kg K,O ha™!) as
potassium chloride (0-0-60) were added as basal fertiliz-
ers. Two times ridging and, as necessary, weeding opera-
tions were performed in all sites.

Data collection

Data collection was carried out during the vegetation
period, at harvest and after harvest. Data on agronomic
parameters (plant height and lodging percentage), yield
components (number of ears per plant, shelling percent-
age, 1000-grain weight and kernel number per ear), and
yields (grain, dry stubble and dry biomass) were collected
as outlined in Yihenew (2004).

Plant height from the ground level up to the collar of
the upper leaf with developed leaf sheath was measured
at 35 and 60 days after emergence, and at harvest. Lodg-
ing percentage was measured at harvest by dividing the
number of lodged plants by the number of harvested
stands. Those plants that inclined to the ground at an
angle of <45° were considered lodged.

The number of ears per plant was determined by divid-
ing the number of harvested ears by the number of har-
vested stands. Shelling percentage was determined as
the ratio of the weights of shelled grain and unshelled
ear expressed in percentage. Thousand-grain weight
was determined by weighing with analytical balance the
weight of 1000 sampled grains from the bulk harvest and
adjusting to 12.5 % moisture level. To determine the ker-
nel number per ear, first shelled grain of the harvested
maize in each plot was weighed and divided by the num-
ber of ears. This gave grain weight per ear. After this, the
weight of 1000 grains was determined. At last, kernel
number per ear was determined mathematically as fol-
lows: kernel per ear = grain weight per ear (g) x 1000
grains/weight of 1000 grains (g).

Grain and stubble yield data were collected from the
three harvestable rows by excluding over-favored plants
(plants that stand at a spacing exceeding the required dis-
tance due to missing plants in a row). The harvested bio-
mass was weighed for fresh biomass weight after which
the ears and the stubble were separated and weighed.
The ears were shelled and grain yield was determined
by adjusting to 12.5 % moisture content. Stubble of two
stands from each plot was collected from each plot
at harvest. The stubble samples were oven dried until
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Table 1 Locations and some chemical and physical characteristics of soils of the experimental sites

Site No. Altitude (meters
above sea level)

Geographic position Slope (%) Organic matter (%) pHinH,0 (1:2.5) Particle size (%) Soil texture

Sand Silt Clay

1 22400 11°17.2'N 37°28.9'E 38 2.84
2 22431 11°17.3/'N 37°28.8'E 26 335
3 23488 11°14.3'N 37°30.7'E 0.3 3.25
4 23479 11°14.2'N 37°30.9'E 23 1.78
5 1897.3 11°44.0'N 37°30.8'E 54 3.09
6 1918.0 11°44.7'N 37°31.9'E 5.1 266
7 1955.8 11945.7'N 37°32.4'E 3.1 3.19
8 1969.8 11°46.8'N 37°33.2'E 23 3
9 1916.8 11944.4'N 37°31.7'E 8.1 231
10 2048.7 11924.8'N 37°24.8'E 1.1 393
11 2067.6 11°25.0'N 37°07.9'E 35 4.22
12 20398 11°24.8'N 37°07 4'E 0.2 4.08
13 20389 11°924.6'N 37°07.1'E 03 4.24
14 2002.7 11°21.6'N 36°58.1'E 1.6 5.56
15 1900.0 10°80.0’'N 36°85.0'E 50 6.06
16 2150.7 10°42.7'N 37°05.6'E 1.8 3.99
17 21063 10°42.2'N 37°06.3'E 52 4.51
18 1897.9 10°40.8'N 37°16.4'E 23 433
19 1888.4 10°40.5'N 37°16.4'E 29 4.12
20 1882.0 10°40.9'N 37°19.0'E 0.6 371

491 7 25 68 Clay

521 5 25 70 Clay

5.00 7 21 72 Clay

535 13 17 70 Clay

540 15 29 56  Clay

473 5 17 78 Clay

4.99 7 27 66 Clay

483 9 27 64 Clay

526 55 21 24 Sandy clay loam
525 9 25 66 Clay

525 15 49 36 Silty clay loam
5.05 9 25 66  Clay

513 M 23 66  Clay

5.01 13 23 64 Clay

575 1 21 68 Clay

578 15 25 60  Clay

543 9 21 70 Clay

5.63 1 23 66 Clay

542 1 23 66 Clay

528 1 23 66 Clay

constant weight was attained so that it was possible to
calculate the dry stubble yield per plot. The dried bio-
mass yield was determined as the sum of dry grain and
dry stubble yields.

Partial budget and marginal rate of return analy-
sis of non-dominated grain yield responses for differ-
ent N fertilizer rates were done following the method
used by Nasreen and Farid (2003). MRR = (marginal
increase in gross margin/marginal increase in variable
cost) x 100.

Results and discussion

The effect of nitrogen fertilizer rates agronomic properties
Plant height

Analysis of variance of the data collected from 20 loca-
tions (80 replications) indicated that there was signifi-
cant variation (p < 0.05) among treatments at all stages
of plant height measurements (Table 2). However, the
high concentration of nitrogen from the treatment with
the highest rate of N application (200 kg N ha™') had a
depressing effect on plant height of young seedlings
measured at 35 days after emergence. This treatment
gave significantly inferior (p < 0.05) plant height than the
treatment with 90 kg N ha L. As time went on, however,
plants in plots with the highest fertilizer rate overcame

the depressing effect and, even though statistically not
significant, exhibited the highest plant height measured
at the 60 days after emergence and at harvest compared
to other treatments. Abera (2013) reported that increase
in N rates extended vegetative growth period of maize
that increases photosynthetic assimilate production
and its partitioning to stems that might have favorable
impacts on heights of maize.

When treatments were compared using Duncan’s
multiple range test (DMRT), application of 90 kg N ha™*
was the rate that gave the highest significant plant
height measured at all stages. However, regression anal-
ysis of the same data indicated that the highest plant
height were obtained at fertilizer rates of 124.4, 140.9
and 151.8 kg N ha™! for the 35 days, 60 days and harvest
time, respectively. From these it was possible to note
that the fertilizer requirement to achieve maximum
plant height showed an increasing trend from earliest
time to the latest, which is showing that as plants grow
up, their requirement for fertilizer increases. The R? val-
ues of the three response curves (0.982, 0.988 and 0.995,
respectively) also confirmed that the variance in plant
height accounted for by the applied fertilizer was higher
in the later stages of plant growth than in the earlier
stages.
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Table 2 The effect of nitrogen fertilizer rates on plant height (cm) measured at different growth stages of maize

Fertilizer rate (kg ha™")

Time of measurement of plant height

35 days after emergence 60 days after emergence At harvest
0 153d 87.1d 1804 d
30 212c¢ 1214 c 1972 ¢
60 241 b 140.2 b 2144 Db
90 256a 1503 a 2212a
200 246b 1504 a 2251 a
CV (%) 10.83 8.86 6.14

Means followed by a common letter in a column are not significantly different at 5 % probability level by DMRT

Lodging percentage

Only the treatment with N fertilizer rate of 200 kg N ha™*
exhibited a significant difference (p < 0.05) in lodging
percentage from the unfertilized treatment (Table 3). The
rest of the treatments did not differ significantly from the
unfertilized treatment. Nevertheless, even though statis-
tically non-significant, increasing N fertilizer rate linearly
increased resistance of plants for lodging. Moreover, the
number of data points with higher lodging percentage
was more for treatments that received lower fertilizer
rates than treatments with relatively higher fertilizer
rates.

Brady and Weil (2000) reported that plants deficient
in nitrogen develop thin and spindly stems. Such stems
could be susceptible for lodging by wind. Moreover, N
deficient plants have poor development of root system,
which reduces their anchorage capacity. Wilson (1930)
showed a positive relationship between resistance to
lodging and number of brace roots of maize. Conversely,
when too much nitrogen is applied, excessive vegetative
growth occurs and top-heavy plants are prone to lodg-
ing with heavy rain or wind (Brady and Weil 2000). The
significant grain yield response obtained in this experi-
ment from the highest rate of N application with reduced

Table 3 The effect of nitrogen fertilizer rates on lodging
percentage

Fertilizer rate Lodging percent- Shelling percentage

(kg ha™") age (%) (%)
0 1530a 79.48
30 1393ab 79.40
60 1229ab 79.72
90 1194 ab 79.90
200 873b 79.20
F test *x ns
CV (%) 136.8 28

Means followed by a common letter in a column are not significantly different at
the 5 % probability level by DMRT

lodging percentage, however, indicates that the point of
excess nitrogen rate was not reached to cause excessive
biomass production and lodging. Moreover, potassium
fertilizer, which was added as basal application to all
plots, could have also reduced lodging of maize plants in
treatments with higher N fertilizer rates; because, potas-
sium fertilizer strengthens the stems (Brady and Weil
2000). The high coefficient of variation obtained for lodg-
ing percentage was due to the wide variations of the data
obtained in the experiment that ranged from 0 to 100 %.

Shelling percentage

N fertilizer rates did not have a significant effect
(p > 0.05) on shelling percentage (Table 3). The non-
significant difference obtained among treatments might
be justified that as N fertilizer rate was increased, both
the grain and cob weight increased in equivalent propor-
tions, which kept the shelling percentage constant in all
the treatments.

The effect of nitrogen fertilizer rates on yield components
The effect of N fertilizer rate on yield components (1000-
grain weight, number of kernels per ear and number of
ears per plant) is presented in Table 4. Nitrogen fertilizer
rate did not show a significant effect (p > 0.05) on 1000-
grain weight but affected significantly (p < 0.05) kernel
number per ear and number of ears per plant. This indi-
cates that the grain yield difference among treatments
was attributed more to the increase in number of kernels
per ear and number of ears carried by each stand than
the kernel weight.

It was, however, clear that treatments with higher ferti-
lizer rates carried significantly higher number of kernels
per ear and ears per stand as compared to the treat-
ments with lower fertilizer rates. This caused distribu-
tion of biomass accumulation into the significantly higher
number of kernels and ears produced due to higher rates
of N that might have diminished the effect of fertilizer
rate on kernel weight. This suggests that the effects of
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Table 4 The effect of nitrogen fertilizer rates on yield components

Fertilizer rate (kg ha™") 1000-grain weight (kg)

Number of kernels per ear Number of ears per plant

0 0406
30 0408
60 0410
90 0413
200 0.397
F test ns
CV (%) 156

29543 e 0.993d
337.16d 1.020 ¢
387.19¢ 1.018 ¢
42253b 1.047 b
45180 a 1.077 a
20.8 74

Means followed by a common letter in a column are not significantly different at the 5 % probability level by DMRT; **, ns = significant and non-significant at 5 %

probability levels, respectively

treatments were more pronounced before or during ear
formation and kernel initiation stage rather than during
kernel filling. Other possible reason may be prevalence of
stressed condition during grain filling. Fageria et al. (1997)
reported that yield of maize is the product of kernel num-
ber per unit area and kernel weight. Of these, grain weight
is more stable and large differences in yield are usually the
result of fluctuations in grain number. Neilson (2003) also
reported that the number of harvestable kernels per ear to
be an important contributor to the grain yield potential of
maize plant. Similarly, Abera (2013) indicated that higher
rate of N level increased kernel weight in maize. The mean
value of the number of ears per plant data for the unfer-
tilized plots was below unit, because some stands in the
control plots did not carry productive ears even though
these stands were not exposed to any stressed condition
differently from other plants of the fertilized plots.

The effect of nitrogen fertilizer rates on yield parameters

N fertilizer rate had a significant effect on grain, dry
stubble and dry aboveground biomass yields of maize
(Table 5). All the yield parameters have shown a signifi-
cant increase up to the rate of 90 kg N ha™'. Increasing
the N rate from 90 to 200 kg N ha!, however, did not
give a significant (p > 0.05) grain, dry stubble and dry
above ground biomass yields increase. The regression
analysis of treatment means, however, indicated that
maximum yield response in grain, stubble and biomass

yield was attained at fertilizer rates of 160.72, 144.88 and
149.25 kg N ha™!, respectively.

Based on the results of the analysis of variance, the
coefficients of variation (CV) for the grain, dry stubble
and dry biomass yields data were high (29.76, 27.50, and
25.59 %, respectively). It was mainly because locations
with wide variations in nitrogen and organic matter sta-
tus were incorporated in the experiment. The difference
in the level of the fertility status of the soils consequently
gave colossal difference in response level to fertilizer
applications. Incorporating these data in the analysis of
variance, therefore, increased the error mean square and
eventually raised the CV. Nitrogen increases shoot dry
matter, which is positively associated with grain yield in
cereals and legumes (Fageria 2007). In agreement with the
results of this study, Hammad et al. (2011), Khaliq et al.
(2009) and Abera (2013) reported significantly higher
biomass yield at higher N rates. Workayehu (2000) also
reported that grain yield of maize increase progressively
with added nitrogen fertilizer up to a certain rate.

The correlation analysis calculated among yield com-
ponents and grain yield indicated that all the yield com-
ponents correlated highly significantly with grain yield
(Table 6). Comparison of the correlation coefficients,
however, indicated that number of kernels per ear gave
correlation coefficient that was superior (r = 0.74**) to
other yield components followed by number of ears per
plant (r = 0.53**). Shelling percentage and 1000-grain
weight exhibited relationships with grain yield with

Table 5 The effect of nitrogen fertilizer rates on yield parameters

Fertilizer rate (kg ha™") Grain yield (kg ha™")

Dry stubble yield (kg ha™") Dry biomass yield (kg ha™")

0 3655.61d
30 4396.29 ¢
60 509391 b
90 562561 a
200 5911.19a

5376.36d 8575.01d
6990.51 ¢ 10837.26 ¢
821628 b 12683.79b
9094.42 a 1402944 a
9086.06 a 1425835 a

Means followed by a common letter in a column are not significantly different at the 5 % probability level by DMRT
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Table 6 Correlation coefficient matrix of the relationship among yield components and grain yield

Number of kernels per ear

Shelling percentage

1000-grain weight Number of ears per plant

Shelling percentage 0.041™

1000-grain weight 0.02™ 0.08™
Number of ears per plant 0.27%* 0.05™
Grain yield 0.74** 0.30**

0.12%

0.31** 0.53**

* **significant at 5 % and 1 % probability levels, respectively; ™ non-significant at 5 % probability level; n = 400

correlation coefficients of relatively lower magnitudes as
compared to the former yield components. This suggests
that the former two yield components more determined
grain yield. The correlation coefficients among yield com-
ponents indicated the existence of marginal, and in some
cases, non-significant relationships.

Economic evaluation

Gross return was calculated from price (seasonal average)
of maize grain in the study area (0.6 Birr kg™!). Variable
cost was calculated from the costs involved for purchase
and application of fertilizer. Urea, which was used as
the source of nitrogen, was bought for 1.8 Birr kg™'. For
application of fertilizer, at planting 80 Birr ha™! would be
needed considering that 16 laborers can apply fertilizer
on a hectare of land in 1 day (daily wage of one laborer is
5 Birr). The same amount of money will be required for
side dressing.

The partial budget analysis of fertilizer rates revealed
that the maximum gross margin was attained from appli-
cation of 90 kg N ha™! and the least gross margin was
obtained from the unfertilized treatment (Table 7). The
dominance analysis showed that the treatment with the
highest fertilizer rate (200 kg N ha™') was cost domi-
nated; i.e., it provided gross margin that was less than
that of the preceding treatment. Therefore, it was omitted
from the analysis of marginal rate of return (MRR).

The MRR analysis showed that the treatment with N
fertilizer at the rate of 60 kg N ha™! gave the highest MRR
of 256.7 % followed by the treatment with N fertilizer rate
of 90 kg N ha™! (Table 8). The treatment with N fertilizer
rate of 30 kg ha~! gave MRR below 100 %, which indi-
cates that this rate is not economically optimum. Con-
sidering a situation at which gross margin would drop by
10 % and variable cost would rise by the same rate, the
treatment with 60 kg ha™"! still will give the highest MRR.

Table 7 Partial budget and dominance analysis of maize grain yield response for different N fertilizer rates

N fertilizer rate  Urea Grain yield Gross return Variable cost (Birr ha™") Gross margin Cost dominan-
(kg ha™") (kg ha™") (kg ha™") (Birrha™") (Birr ha™") ce?
Fertilizer Fertilizer appli- Total
cation

0 0 365561 219337 0 0 219337 Non-dominated
30 65.2 4396.29 2637.77 117.36 160 27736 236041 Non-dominated
60 1304 509391 3056.35 234.72 160 39472 2661.63 Non-dominated
90 195.7 5625.61 337537 352.26 160 51226 2863.11 Non-dominated
200 4348 5911.19 3546.71 782.64 160 942.64 2604.07 Dominated

2 Non-dominated are treatments that gave higher gross margin than treatments with lower N fertilizer rates; dominated is the treatment that gave lower gross

margin than treatments with lower N fertilizer rates

Table 8 Marginal rate of return analysis of non-dominated maize grain yield response for different N fertilizer rates

N fertilizer rate Gross margin Variable cost Marginal increase Marginal increase in MRR (%)
(kg ha™") (Birr ha™") (Birrha™") in gross margin variable cost
(Birrha™") (Birr ha™")
90 2863.11 512.26 201.48 11754 1714
60 2661.63 394.72 301.22 117.36 256.7
30 236041 277.36 167.04 277.36 60.22

0 219337 0
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Conclusions

From the results of the experiment, it is possible to con-
clude that nitrogen fertilizer rate had a significant effect
on plant height, lodging percentage, number of kernel
per ear, number of ears per plant, grain yield, dry stub-
ble yield and dry biomass yield of maize. However, it
did not have a significant effect on shelling percentage
and 1000-grains weight of maize grown on Alfisols of
Northwestern Ethiopia. Application of 60 kg N ha~! gave
maximum profit from unit investment which can be rec-
ommended for the study area.
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