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Abstract: Maize (Zea mays L.) is the most widely grown important crop in mid altitude areas
of intensive maize-based cropping system of western Ethiopia. Agronomic management is
the most important input for getting potential yield and high net returns in hybrid maize
production. A field experiment was carried out on farmers’ field to find out the effect of
varieties (four maize) and nitrogen fertilizer rate (55, 110 kg N ha) with one control on yield
components and nitrogen use efficiency of different maize varieties in 2013 and 2014
cropping season. It was laid with randomized complete block design in factorial arrangement
with three replications. Mean grain yield, thousand seed weight, dry biomass and harvest
index of maize varieties were significantly differed among farms and varieties of maize.
Application of nitrogen fertilizer rates was significantly increased mean grain yield maize
varieties. Interaction of maize varieties with nitrogen fertilizer rates was significantly affected
all yield components of maize varieties. Application half and full recommended nitrogen
fertilizer gave mean grain yield advantages of 31 and 41 % over control maize varieties
planted without nitrogen application. Maize varieties producing higher mean grain yield was
also giving higher mean dry biomass. Mean nitrogen up take was varied from 225 to 357 kg
ha! among varieties of maize. Higher agronomic efficiency of all maize varieties was
obtained from maize planted with application half recommended nitrogen fertilizer compared
to full recommend. Agronomic efficiency was ranged from 18 to 33 produced among maize
varieties. Significantly higher nitrogen up take efficiency of maize varieties was achieved
from maize planted with full recommended nitrogen fertilizer application. Considerably
higher nitrogen use efficiency of maize varieties was realized from all maize varieties planted
with application half recommended nitrogen fertilizer. Application of half recommended
nitrogen fertilizer was gave 32 % fertilizer N use efficiency advantage as compared to full
recommended nitrogen fertilizer. Maize varieties BH-661>BH-660> BH-543>BH-540>BH-
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140 were desirable varieties for further promotion work and use by smallholder farmers in

mid altitude area of western Ethiopia.
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1. Introduction

Maize is the most widely cultivated crop in sub-Saharan Africa (SSA), and one of the
few crops that have profound effects on the livelihoods of millions of people there. Nitrogen
(N) is an essential nutrient and constituent of 3-4 % dry matter [1], important constituent of
many biomolecules in plants [2] and low N often becomes a limiting factor plant growth and
development [3-5]; to high yields in a variety of agricultural systems [6]. Increased crop
productivity has been associated with a 20-fold increase in the global use of N fertilizer use
during the past five decades [7] and this is expected to increase at least 3-fold by 2050 [8].
Dobermann [9] reported nitrogenous fertilizers widely applied by farmers and have
contributed to remarkable increase in plant production during the past 50 years. Staple crops
such as, maize is highly responsive to N and requires large quantity of N [10, 11]. Moose et
al. [11] reported five million tons of N fertilizer used annually to fields of maize production
in the industrialized world, and use is on the rise in developing nations. Nitrogen (N)
fertilizer is the most expensive input for cereal production worldwide. The world demand for
nitrogen fertilizer in 2001 was 105.348 million tons and predicted to grow 1.7% annually for
2011-2015[12].

Gallais and Hirel [2] reported that the worldwide output of chemical fertilizers has
steadily raises from 33 TG in 1961 to 180 TG in 2007. N was accounted for about 58 %,
while P was accounted for 24% and K 18% of the total chemical fertilizer production [2].
Therefore, Nitrogen is considered a strong tool for high crop yield [2,13]. Looking for
varieties with efficient use of nitrogen is of paramount importance. N-use efficiency (NUE) is
defined as grain production per unit of N applied to soil/available in soil [14]. Grain NUE can
be more thoroughly expressed as the product of N-uptake efficiency (N uptake per unit
available soil N) and N utilization efficiency (grain production per unit absorbed N) [15].
Using °N approach Ma and Dwyer [16] showed that a high ratio of the amount of *N
recovered in a grain or Stover to the amount of fertilizer °N applied to the soil) was primarily

associated with greater N-uptake and improved dry matter production during the grain filling
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period. Worldwide, nitrogen use efficiency (NUE) for cereal production is approximately 33
% [17]. Identification of maize varieties with greater N use efficiency would make a great
contribution to smallholder farmers for sustainable maize production in the region. NUE in
cropping system depends on the applied N and plant N uptake. Exploring NUE maize
varieties helps to understand the rate of N applied in relation with crop N requirement.
Furthermore, understanding the efficient NUE maize varieties help to reduce the N fertilizer
cost and loss to the environment. Thus, the objective is to determine better nitrogen use
efficiency and yield of maize varieties for sustainable maize production in mid altitude areas

of western Ethiopia.

2. Materials and methods

The experiment was conducted on six farmers’ field around Bako Tibe in 2013 and

2014 cropping seasons. The area lies between 8°59'31"N to 9'01'16 N latitude and 37°13'29 E

to 37°21'E longitude and at an altitude ranged from 1727 to 1778 meter above sea level,
receiving mean annual rainfall of 1265 to 1293 mm with unimodal distribution [18,19]. It has
a warm humid climate with the mean minimum, mean maximum and average air
temperatures of 13.4, 28.49 and 20.95°%, respectively [18] to 14, 28.5 and 21.2 °c [19]. The
soil type is brown clay loam Alfisol [20]. The experiment was laid out in factorial
combinations with complete block design in three replications. Five maize varieties from sub-
humid mid altitude area were used as main factors. Two level of nitrogen [ half of the
recommended (55 Kg N ha') and recommended (110 Kg N ha™*) will be used as sub factor.
One maize variety (BH-543) without fertilizer was used as control treatments. The maize
varieties were BH-540, BH-543, BH-661, BH-660 and BH-140). The total treatment
combinations were 11. The plot size was 5.1m x 4.5m. An improved seed each variety was
planted in rows spaced at 75 cm between rows and 30 cm between plants. The weighed
nitrogen rate was applied half at planting and remaining half at knee height. One hundred
kilogram per hectare of diammonium phosphate (DAP) was applied for all treatments
uniformly during planting. All other agronomic management practices were applied as per
recommendation for the variety. The necessary data were collected at right time and crop

growth stage.
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Soil sampling and analysis: The soil samples was before treatment application from 10
sites randomly and composited one for analysis. The collected soil analysis were prepared
following standard procedures and analyzed at Holleta and Debre Zite Agricultural Research
Center Soil and Plant Analysis Laboratory. Determination of soil particle size distribution
was carried out using the hydrometer method [21]. The soil pH was measured with digital pH
meter potentiometrically in the supernatant suspension of 1:2.5 soils to distilled water ratio.
Organic carbon was determined following wet digestion methods as described by [22]
whereas kjeldahl procedure was used for the determination of total nitrogen (N) as described
by [23]. The available P was measured by Bray Il method [24] and available potassium (K)
was measured by flame photometry. The steam distillation method was used for
determination of NOz and NHa as described by [25].

Crop parameters: grain yield thousand seed weight, and dry biomass and harvest index
after maturity and harvesting of maize. The grain yield were harvested from the net plot (3 m
x 5.1m =15m?). The harvested grain yield was adjusted to 12.5 % moisture level [26, 27].
The adjusted seed yield at 12.5 % moisture level per plot was converted to grain yield as

kilogram per hectare.

Plant tissue sampling and analysis: The tissue of maize was collected at 50 %
tasseling of maize from three replications and composited to after chopping. The grain of
maize was collected after harvesting of the crop. The collected tissue and grain was prepared
following standard procedures and analyzed at Holleta and Debre Zite Agricultural Research
Center Soil and Plant Analysis Laboratory. The maize tissues and grain were subjected to wet
digestion (Jones and Case1990). The N content of the plant tissue was determined by
Kjeldahl procedure, whereas the P content was determined by colorimeterically according to
[28].

Total N uptake was calculated as = nutrient concentration x dry biomass weight (kg ha™)
of maize. Nitrogen agronomic efficiency (NAE), which is defined as the efficiency of
converting applied N to grain yield (Wu et al, 2011). Agronomic efficiency is calculated as
the amount of harvestable product, i.e. kg of cereal per kg of applied nutrient (N) [29].

Yy—Y,
NAE (kg grain/kgN) = ( N O) D

F
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Where Y and Y are the grain yield with and without N applied, respectively; and FN is the
amount of N fertilizer applied.

The N uptake efficiency (UEN) is the total amount of N absorbed (including that present
in the roots, often disregarded) per kg of applied N.

UEN (kgN /kgN =@

N (2)

Plant nitrogen use efficiency/ physiological efficiency is calculated as total dry matter or

grain yield produced per unit of N absorbed. N utilization efficiency was calculated as
described by [30].

Yy =Y,

PEN(kggrain/kgN = —N___ 0
(kgg g U, U,

@)
Apparent fertilizer N use (recovery) efficiency (ANRE) is the amount of fertilizer N
taken up by the plant per kg of N applied as fertilizer. Apparent N fertilizer recovery (ANRE)
was calculated as it is described by [29,31].
(TNF)—(TNU) X100
% fertilizer nutrient recovery (ANRE) = R 4)

The data analyses for agronomic data were carried out using statistical packages and
procedures of SAS computer software [32]. Mean separation was done using least

significance difference (LSD) procedure at 5 % probability level [33].

3.Results and discussion
3.1. Some soil chemical and physical properties of study area

The result of soil chemical and physical properties of different farm field’s soil has been
indicated in Table 1. All the six-farm soil was clay in textural classes. The soil pH in H2O
was ranged from 4.63 to 5.45. This implies that the soil reaction all six farms were found in
very strongly acidic to moderately acidic range [34, 35]. Sound soil management practices

are required to use this soil for sustainable crop production.

Total N and P were ranged from 0.17 to 0.23 %; and 4.18 to 7.52 ppm (Table 1). The
total N concentrations for all six farms were found in very low, medium to high range [34-
36]. In Alfisol the total N was in medium range the amount of N required to amend the soil

and have a high potential for maize production.
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Table 1. Some physicochemical properties soil of farmer’s field before planting maize in
Bako-Tibe districts, western Ethiopia

Farms  pH N P ocC OM CEC K Na  Exch. NO:-N  NHs+N  Texture
(%)  (ppm) % (meq 100 g soil-1) acidity (ppm)
F-1 4.86 022 502 269 463 2126 071 168 0.9 43.98 trace  Clay
F-2 463 022 543 253 435 197 013 24 0.17 53.05 8.84  Clay
F-3 545 023 752 277 476 2132 085 24 0.17 41.13 881  Clay
F-4 54 017 627 207 356 3812 085 168 0.08 30.17 6.03  Clay
F-5 471 02 418 246 423 2274 099 216 0.24 66.38 905  Clay
F-6 544 018 567 222 382 365 056  1.44 0.12 4113 1175 Clay

Farm1-6= farmers name Takele uluma, Adisu Fufa, Adisu Likessa, Mulatu shukar, Tesfaye

Tsagaye and Gutu Tolera.

The extractable phosphorus concentration of was found in low to medium range [34, 35]. The
lower and medium extractable soil P content of different farms was a good indicator of the
soil P supply for agricultural maize production in different soils scenarios of various farm
fields. The different farm fields were needs different rates of nitrogen and phosphorous
fertilizer management practices to get the potential yield of maize. The organic carbon and
organic matter concentrations were ranged 2.07 to 2.77 and 3.56 to 4.76 % which is found
low to medium range [34-35]. The nutrient retention capacity of the six farm soil was very
low, low to medium and low in microbial population. The CEC concentration was ranged
from 19.7 to 38.5 cmol*kg ! and found in medium to high range [34, 35]. Horneck et al. [37]
soils with high clay and/or organic matter content have high CEC. The NO3-N concentration
of the six farm soil was ranged between 30.17 to 66.38 ppm (Table 7.1), found in high to very
high range [38, 39]; excessive range [40]. The NH4-N concentration of the soil was ranged
from trace to 11.75 ppm (Table 1) found in optimum range [37]. The NOs-N and NHs+N
concentration of the soils were found in optimum range for sustainable maize production.
Therefore, lower input of nitrogen fertilizer was recommended for sustainable maize

production in mid altitude agroecology of Bako Tibe districts.

3.2 Mean grain yield and thousand seed weight of maize
Summarized mean grain yield and thousand seed weight of maize was presented in Table 2
and 3. Mean grain yield of maize was significantly different among varieties, across farms

and combined over farms (Table 2).
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Table 2. Effects of varieties and nitrogen rate on mean number of grain yield and thousand
seed weight of maize on farmer’s field around Bako Tibe, western Ethiopia

Varieties Grain yield (kg ha) Thousand seed weight (g)
2013 2014 2013 2014
F-1 F-2 F-3 F-4 F-5 F-6 F-1 F-2 F-3 F-4 F-5 F-6
BH-540 4114 2089 4751 2655 4518 5282 382 419 426 399 442 450
BH-543 4988 2566 4644 2999 3731 4372 431 383 434 403 388 409
BH- 661 6546 3050 4691 4193 5643 6052 413 372 418 377 410 384
BH-660 3216 2509 4425 3447 4972 5867 321 388 436 428 366 461
BH-140 4113 1754 4878 3171 4411 4223 366 336 372 430 397 392
BH-543 3796 1870 3659 3941 3350 1556 341 307 406 356 421 365
LSD (%) 841.3 176.7 349.1 178.7 327.9 549.58 66.41  79.68 46.15 27.31 59.66  48.65
CV (%) 1554 6.07 6.27 5.84 5.81 8.71 14.31 17.3 9.12 1458  12.27 9.56
N(kg ha')

50% RR 4705 2208 4397 3159 4535 4806 389 361 419 386 409 424
100%RR 4485 2579 4958 3427 4774 5513 376 399 415 429 392 414
Control ~ 3796 1870 3659 3941 3350 1556 341 307 406 356 421 365

LSD (%) 532.07 111.7 220.7 1475 2074 34759 NS 79.68 Ns NS NS NS
CV (%) 1554  6.07 6.27 5.84 5.81 8.71 14.31 17.3 9.12 22.2 12.27 9.56

F-1-F6= farmers name (Takele Uluma, Adisu Fufa, Adisu Likessa, Mulatu Shukar, Tesfaye Tsagaye and Gutu
Tolera), NS=Non-significant difference at 5 % probability level, 50 % and 100 % RR= half and full doses (55
and 110 kg N ha't) recommended for maize.

Significantly higher mean yield was collected from farm 6, farm 3, farm1, farm5, farm
4 and farm 2 in descending order respectively. This indicates there were variations among
farmers field with fertility status and management system applied to maize too. Raun et al.
[41] reported indigenous soil N across the landscape can vary several-fold, resulting in very
different N recommendations depending on the location within the field. This indeed justifies
the need site-based fertilizer management and variety recommendation to farmers for
sustainable maize production in the agroecology. Different varieties gave different yield
across farms. Maize varieties BH-661> BH-660> BH-540 > BH-543 > BH-140 in order
produced better mean grain yield. All  varieties were produced significantly higher mean
grain yield as compared maize varieties planted without nitrogen fertilizer application.
Combined mean grain yield advantage of 24.07, 28.19, 28.79, 3.47 and 66.03 % were
achieved from BH-140, BH-543, BH-540, BH-660 and BH-661 maize varieties as compared
variety planted without nitrogen (Table 2). BH-661 followed by BH-660 was significantly

produced higher combined mean grain yield maize and recommended for farmers to
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produced higher mean grain yield in area. Farmers should use maize varieties BH-661>BH-

660> BH-540> BH-543>BH-140, importance in descending order for alternative options.

Mean grain yield of maize varieties was significantly influenced by application nitrogen
rates (Table 2). Significantly higher mean grain yield was harvested from maize varieties
planted with application of full recommended (110 kg N ha) nitrogen rate compared to half
nitrogen rate. Higher mean grain yield of maize varieties was obtained from half and full
recommended nitrogen fertilizer applied as compared maize variety planted without nitrogen
in all farms except farm 4. This indicates maize planted in farm 4 was not responding
nitrogen fertilizer application which might be due to very poor fertility status of the soil and
termite infestation problems observed in the farm. Higher mean grain yield advantage of
18.07, 20.17, 23.95, 35.37, and 208.87 % were obtained from farm2, farm3, farm1, farm5 and
farm6, respectively with half recommended nitrogen as compared to maize variety planted
without nitrogen (Table 2). Maize varieties planted with full recommended (110 kg N ha?)
were gave significantly higher mean grain yield advantages of 18.15, 35.50, 37.91, 42.51 and
254.31 % from farm1, farm3, farm2, farm5 and farm6 as compared to maize variety planted
without nitrogen fertilizer (Table 2). Combined mean grain yield advantages of 31 and 41.60
% across farms were produced from maize planted with half and full recommended nitrogen
applied as compared to maize varieties planted without nitrogen. Furthermore, application of
full recommended nitrogen across farms gave grain yield advantage of 8.09 % as compared

maize planted with half recommended nitrogen applied.

Maize varieties were revealed significantly difference in thousand seed weight among
farms and combined across farms (Table 2). Significantly higher thousand seed weights were
obtained from BH-540, BH-5443, BH-660, BH-661 and BH-140 in descending order,
respectively across farms (Table 2). This indicates different varieties were varied in seed size
and carbohydrate accumulation in the seed coats. Application of nitrogen was non-

significantly influenced mean thousand seed weight of maize varieties across farms (Table 2).

Interaction maize varieties with nitrogen rate were significantly affected mean grain yield
of maize among farms and combined across farms to (Table 3). This is implying that the
responses of different maize varieties to rates of N fertilizer were different. Le Gouis et al.
[42] confirmed that there is a genetic variability for grain yield at a low N level and that the
genotype x N level interaction is significant.
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Table 3. Combination effects of varieties and nitrogen rate on mean grain yield and thousand seed weight of maize on farmer’s field around
Bako Tibe, western Ethiopia

Maize varieties Grain yield (kg ha) Thousand seed weight (g)
with N rates 2013 2014 2013 2014
F-1 F-2 F-3 F-4 F-5 F-6 F-1 F-2 F-3 F-4 F-5 F-6
BH-540(50 %RR) 3633 1894 5057 2613 3904 4880 400 389 438 384 468 454
BH-540(100 %RR) 4595 2283 4446 2696 5132 5684 364 449 414 414 417 447
BH-543(50 %RR) 4516 2455 4141 2990 4043 4383 437 391 460 387 393 408
BH-543(100 %RR) 5459 2678 5147 3009 3419 4361 425 374 408 420 384 411
BH-661(50 %RR) 6719 2628 4323 4457 5472 5556 406 335 407 382 444 396
BH-661(100 %RR) 6373 3472 5060 3928 5814 6548 421 408 429 373 377 372
BH- 660(50 %RR) 3872 2567 4107 3432 5042 5155 322 341 404 352 365 484
BH-660(100 %RR) 2561 2451 4742 3462 4902 6579 319 436 467 503 366 437
BH-140(50 %RR) 4788 1494 4359 2302 4216 4053 379 346 388 426 378 381
BH-140(100 %RR) 3437 2013 5398 4039 4605 4393 353 326 356 435 417 403
BH-543 3796 1870 3659 3941 3350 1556 341 307 406 356 421 365
LSD (5%) 11548 2422 537.8 361 456.19 960.75 88.794 NS 81.67 147.33 NS 65.55
CV (%) 15.41 6.05 7.01 6.33 5.9 11.45 13.76 17.21 11.52 2148 12.25 9.288

F-1-F6= Farmers name (Takele Uluma, Adisu Fufa, Adisu Likessa, Mulatu Shukar, Tesfaye Tsagaye and Gutu Tolera),
NS=Non-significant difference at 5 % probability level, 50 % and 100 % RR= half and full doses (55 and 110 kg N ha)

recommended for maize.
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Average mean grain yield of 2346, 3352, 4523, 4536, 4585 and 4832 kg ha™* were
obtained from farm2, farm4, farml, farm5 farm3 and farm 6, respectively (Table 3). This
indicates variation of soil fertility status and management practices applied among each farm.
Farm and/or soil test-based fertilizer recommendations were required for sustainable maize
production in the area. Maize varieties planted with half (55 kg N ha?) recommended
nitrogen application were gave mean grain yield advantages of 16.71, 20.93, 23.97, 33.01 and
60.42 % from BH-140, BH-540, BH-543, BH-660 and BH-661 as compared maize planted
without nitrogen application. BH-543, BH-660 and BH-661 varieties were better nitrogen
efficient varieties among maize varieties used. Significantly higher mean grain yield
advantages of 31.43, 32.45, 35.89, 36.65 and 71.64 % were produced from maize varieties
(BH-140, BH-543, BH-660, BH-540 and BH-661) planted with full (110 kg N ha?)
recommended nitrogen fertilizer as compared to maize variety planted with nitrogen. The
grain yield of maize was increased as the rate of nitrogen fertilizer increased (Moser, 2004).
Maize varieties BH-661 followed BH-660 were ranked first and second among the maize
varieties used. Higher mean grain yield and nitrogen use efficiency were obtained from BH-
661 followed BH-660 varieties of maize. This indicates maize varieties with higher grain

yield potential had higher nitrogen use efficiency.

Thousand seed weight of maize was significantly influenced by interaction of maize
varieties with nitrogen rates applied (Table 3). Mean thousand seed weight ranged between
373 to 416 g among farms. Combined mean across farms, thousand seed weight ranged
between 366 to 422 g. The lowest thousand seed weight was obtained from maize varieties
planted without nitrogen application. Different maize varieties were gave varied mean
thousand seed weight with nitrogen rate application. BH-661 and BH-660 were gave higher
mean thousand seed weight with full recommended nitrogen application as compared to other

maize varieties which vise verse with nitrogen application.
3.3. Mean dry biomass and harvest index of maize
The summarized analysis mean results of dry biomass and harvest index of maize

varieties are presented in Table 4 and 5. Significant differences were observed among maize

varieties on mean dry biomass across farms and between varieties (Table 4). Significantly

higher mean dry biomass of 9912, 11684, 14015, 16110 and 18647 kg ha™* were collected

10
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from farm2, farm6, farm5, farm1 and farm 6 planted maize varieties. All maize varieties were
produced higher combined mean dry biomass as compared to maize varieties planted without
nitrogen fertilizer. Mean dry biomass was ranged from 1361 to 21230 kg ha-1 received from
BH-540 and BH-661 (Table 4).

Significantly higher mean dry biomass advantages of 23.43, 26.64, 42.29, 48.84 and
92.48 % as compared maize variety planted without nitrogen were obtained from BH-540,
BH-140, BH-660, BH-543 and BH-660 (Table 4). This justifies there were variations among
maize varieties in dry matter accumulation and morphological growth. Application of
nitrogen was non-significantly affected mean dry biomass of maize varieties (Table 4).
Higher mean dry biomass was harvested from application of recommended (110 kg ha-1)
nitrogen fertilizer as compared to maize planted with half recommended N and without

nitrogen fertilizer application (Table 4).
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Table 4. Effects of varieties and nitrogen rate on mean number of dry biomass and harvest index of maize on farmer’s field around
Bako-Tibe, western Ethiopia

Varieties Dry biomass (kg ha™) Harvest index (%)
2013 2014 2013 2014
F-1 F-2 F-3 F-4 F-5 F-6 F-1 F-2 F-3 F-4 F-5 F-6
BH-540 14648 6406 20881 12170 10362 17220 3123  40.15 2396 20.75 4650  30.98
BH-543 20285 12071 20967 12299 10300 22577 2759 2227 2273 2491 3796 19.89
BH-661 21874 14041 24559 18915 14171 33822 3150 22.86 20.73 2497 4370 18.32
BH-660 13868 10247 17723 12030 12829 27473 2494 2488 25.06 30.87 46.48  22.25
BH-140 15752 7895 17072 13824 13338 15928 27.11 2492 2990 2433 3584  27.04
BH-543 10232 8811 10677 14853 9101 12505 40.82 2341 37.18 2523 36.56  13.38
LSD (%) 5748 2318.3 NS 1757.8 NS 6376.8 NS 3.2231 NS 2.0001 3.882 4.1353
CV (%) 25.87 14.62 16.47 20.22 12.29 21.44 2923 1432 16,59 18990 11.92 15.35
N(kg hal)
S0% RR 17560 9255 20389 12535 11979 22267 28.06 28.06 23.24 2592 40.22 23.25
100%RR 17011 11009 20092 15160 12420 24540 28.89 25.98 25.71 2442 4398 24.14
Control 10232 8811 10677 14853 9101 12505 40.82 23.41 37.18 25.23 36.56 13.38
LSD (%) NS NS NS NS NS NS 5.746 NS NS NS NS NS
CvV (%) 2587 1462 16.47 2217 1229 2144 2923 1432 1659 145 1192 15.35

F-1-F6=farmers name (Takele Uluma, Adisu Fufa, Adisu Likessa, Mulatu Shukar, Tesfaye Tsagaye and Gutu Tolera), NS=
Non-significant difference at 5 % probability level, 50 % and 100 % RR= half and full doses (55 and 110 kg N ha)
recommended for maize.
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Interaction of varieties by nitrogen rates were significantly affected mean dry biomass
of maize across farms and among varieties (Table 5). Mean dry biomass of maize varieties
were ranged from 10012 to 22413 kg ha*, which received from farm 2 and farm 6 (Table 5).
All maize varieties were produced significantly higher mean dry biomass with application of
half and recommended nitrogen fertilizer as compared to maize variety planted without
nitrogen fertilizer (Table 5). At half recommended and full recommended nitrogen
application mean dry biomass advantages ranged from 17.13 to 92.21 % and 25.58 to 92.75
% as compared maize variety planted without nitrogen application. Anbessa and Juskiw [43]
stated high biomass is the result of the plant’s internal efficiency to utilize the N taken-up to

produce dry matter and there is a direct relationship between biomass and N utilization
efficiency. Dry Biomass is certainly an important component of grain yield and NUE in all

grain crops [44]. Lemaire et al. [45] reported high above-ground biomass is often associated
with a well-developed root system and more N uptake. Gava et al. [46] found increase in dose
of nitrogen fertilizer caused increase in dry matter and dry matter production rate in corn.
Nitrogen fertilizer promoted increase 79.5 % in shoot dry matter production of corn plants as
compared to without fertilizer treatment [47]. This revealed application of nitrogen was very

crucial for improved maize varieties production in the agroecology.

Main effects varieties were significantly affected mean harvest index of maize varieties
at farm 2, farm4, farm5 and farm 6 (Table 4). Across farms, mean harvest index of maize
varieties was ranged from 21.98 to 41.17 %, which received from farm 6 and farm 5. Higher
mean harvest index was harvested from BH-540 followed by BH-660 and BH-140,
respectively. Application of nitrogen rates were non-significantly affected mean harvest

index maize varieties across each farms except farm 1.

Interaction of maize varieties by nitrogen rates were significantly affected mean
harvest index maize varieties (Table 5). Across farm mean harvest index were ranged from
23 to 42 %, which received from farm 6 and farm 5. Application of nitrogen fertilizer at half
and recommended fertilizer rate were gave significantly higher mean harvest index as

compared maize varieties planted without fertilizer application.
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Table 5. Combination effects of varieties and nitrogen rate on mean number of dry biomass and harvest index of
maize on farmer’s field around Bako Tibe, western Ethiopia

Maize varieties Dry biomass (kg ha?) Harvest index (%)
WIth N rates 2013 2014 2013 2014
F-1 F-2 F-3 F-4 F-5 F-6 F-1 F-2 F-3 F-4 F-5 F-6

BH-540(50 %RR) 17684 4567 20650 11977 8212 17174 2151 46.60 26.96 19.58 47.74 28.43
BH-540(100 %RR) 11612 8246 21111 12363 12512 17266  40.95 33.70 20.95 21.91 45.26 33.54
BH-543(50 %RR) 13990 11228 21408 11225 9618 23378  33.90 24.40 19.61 27.00 44,99 19.31
BH-543(100 %RR) 26580 12915 20525 13373 10981 21776  21.28 20.13 25.84 22.83 30.94 20.47
BH-661(50 %RR) 21710 13538 27593 19258 14100 31007  33.43 19.49 15.63 24.19 40.93 18.41
BH-661(100 %RR) 22038 14544 21526 18572 14241 36637  29.57 26.24  25.84 25.74 46.47 18.24
BH- 660(50 %RR) 16629 9825 16873 10583 14928 25258 24.04 25.93 24.63 32.81 33.74 21.43
BH-660(100 %RR) 11108 10669 18572 13476 10730 29688  25.84 23.82 25.48 28.93 59.22 23.08
BH-140(50 %RR) 17786 7120 15421 9632 13037 14520 27.41 23.85 29.36 25.99 33.70 28.70
BH-140(100 %RR) 13718 8670 18723 18016 13639 17335 26.80 2598 30.43  22.67 37.98 25.38

BH-543 10232 8811 10677 14853 9101 12505 40.82 2341 3718 2523 36.56 13.38
LSD (5%) 7729  3156.8 6003.80 6268.7 3530.3 8650.5 1214 44077 570 6.1211 54303 5.8337
CV (%) 2495  14.265 16.40 22.62 1199 2168 28.11 1416 1560 16.99 12.02 15.74

F-1-F6= Farmers name (Takele Uluma, Adisu Fufa, Adisu Likessa, Mulatu Shukar, Tesfaye Tsagaye and Gutu Tolera),
NS=Non-significant difference at 5 % probability level, 50 % and 100 % RR= half and full doses (55 and 110 kg N ha?)
recommended for maize.
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Mean harvest index advantages of 8.1 % at half nitrogen and 5.5 and 11.2 % at full
recommended nitrogen application as compared maize varieties planted without nitrogen
application were obtained from BH-540 and BH-660. This indicates application of nitrogen
fertilizer was give more yield as compared to planting maize varieties without nitrogen
fertilizer application. This justifies BH-540 and BH-660 had better response to applied
nitrogen fertilizer. Improved nitrogen use efficiency by better varieties can be achieved by
selecting for cultivars with high harvest index [48]. Therefore, application of optimum
nitrogen fertilizer was very crucial for sustainable maize production. In conclusion planting
of maize varieties with optimum nitrogen application was far most important for sustainable

maize production.

3.4. Nitrogen up take and agronomic efficiency of maize

The nitrogen uptake and agronomic efficiency of maize varieties are indicated in Table
6. Nitrogen uptake of maize varieties was varied across farms and among varieties. Mean
nitrogen uptake was ranged between 150-392 kg ha' among farms. This indicates there is
variation of farmers’ field in nitrogen uptake of maize varieties. Higher nitrogen uptake of all
maize varieties was obtained at full (110 kg N ha?l) recommended nitrogen fertilizer
application as compared to half recommended nitrogen fertilizer application. The N uptake in
the aboveground biomass increased for all cultivars with the increase in rate of N fertilizer
[49]. Heinrich et al. [50] reported N uptake was likely at its maximum for an N fertilizer rate
of around 120 Ib. N Acre™ as compared to 80 Ib. N Acre™l. Higher mean nitrogen uptake of
12, 21, 43, 43 and 97 % were obtained at half recommended nitrogen application as
compared to maize planted without fertilizer application from BH-140, BH-540, BH-660, and
BH-543 and BH-661 varieties of maize (Table 6). At full recommended nitrogen fertilizer
application mean nitrogen uptake of 32, 40, 55, 96 and 104 were obtained from BH-540, BH-
660, BH-140, BH-543 and BH-661 as compared to maize variety planted without nitrogen
fertilizer application. The use of cultivars with enhanced capacity to take up and utilize N
would increase NUE [51]. Anbessa and Juskiw [49] reported the integration of improved N
management practices and more efficient cultivars will bring about a significant improvement
in NUE. Thus, considering higher nitrogen uptake of maize varieties was very crucial to have
higher productivity of maize varieties.
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Table 6. Effects of varieties and nitrogen rate on nitrogen up take and agronomic efficiency of maize on farmer’s field around Bako-Tibe,
western Ethiopia

Maize varieties with Nitrogen up take (kg ha™) Agronomic efficiency (kg grain kg N applied™?)
N rates 2013 2014 2013 2014 Mean
Farm1l Farm2 Farm3 Farm4 Farm5 Farm Mean Farm1 Farm 2 Farm 3 Farm4 Farm5 Farm 6
BH-540(50 %RR) 324 77 285 187 113 306 215 -2.96 0.44 25.42 -24.15 10.07 60.44 11.54

BH-540(100 %RR) 199 178 265 240 233 294 235 7.26 3.75 7.15 -11.32 16.20 37.53 10.10
BH-543(50 %RR) 266 153 392 197 190 330 255 13.09 10.64 8.76 -17.29 1.26 51.40 11.31
BH-543(100 %RR) 599 247 329 290 207 414 348 15.12 7.35 13.53 -8.47 6.31 25.50 9.89

BH-661(50 %RR) 398 197 448 267 216 580 351 53.15 13.78 12.07 9.38 38.58 72.73 33.28
BH-661(100 %RR) 436 188 304 285 274 693 363 23.43 14.56 12.74 -0.12 22.40 45.38 19.73
BH- 660(50 %RR) 366 129 248 128 214 440 254 1.38 12.67 8.15 -9.25 271.77 65.44 17.69
BH-660(100 %RR) 242 130 320 207 201 398 250 -11.23 5.28 9.85 -4.35 15.71 45.66 10.15
BH-140(50 %RR) 317 105 167 149 195 264 200 18.04 -6.84 12.73 -29.8 15.75 45.40 9.21

BH-140(100 %RR) 285 134 270 380 230 360 277 -3.26 1.30 15.81 0.89 11.41 25.79 8.66
BH-543 175 109 174 236 143 230 178
Mean 328 150 291 233 201 392 11.40 6.29 12.62 -9.45 1655 47.53

F-1-F6= Farmers name (Takele Uluma, Adisu Fufa, Adisu Likessa, Mulatu Shukar, Tesfaye Tsagaye and Gutu Tolera), 50 % and 100 % RR=
half and full doses (55 and 110 kg N ha'!) recommended for maize.
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Agronomic efficiency of maize varieties was varied across farms and among varieties
(Table 6). Higher mean agronomic efficiency of 6, 11, 13, 17 and 48 kg grain kg N applied™
in increasing order were obtained farm 2, farm 1, farm 3, farm 5 and farm 6. Farm 5 and farm
6 were gave better productivity of maize varieties as compared to other farms. Higher mean
agronomic efficiency of maize varieties was produced form all maize varieties with half
recommended nitrogen fertilizer application as compared to full recommended nitrogen
application. This indicates all maize varieties had higher agronomic efficiency at lower
nitrogen application. Agronomic efficiency of maize varieties was ranged from 9 to 33 and 9
to 20 kg grain kg N applied™® with half and full recommended nitrogen fertilizer application.
Better agronomic efficiency was obtained with all varieties under lower rates of nitrogen
fertilizer. Agronomic efficiency is defined as extra crop yield produced per unit of fertilizer
nutrient applied. Maximizing Agronomic efficiency also minimizes the risk that fertilizer
nutrients move beyond the rooting zone into the environment and pollute water sources [52].
Vanlauwe et al. [53] suggested the use of improved germplasm is essential to ensure that the
supply of nutrients is matched with an equivalent demand for those nutrients. All inputs need
to be managed following sound agronomic principles [54]. The highest and lowest mean
agronomic efficiency was received from BH-661 and BH-140. This indicates maize varieties

with higher agronomic efficiency were produced higher mean grain yield.

3.5. Nitrogen up take efficiency, Nitrogen physiological efficiency and fertilizer N use

efficiency of maize

The summarized results of nitrogen uptake efficiency, nitrogen use efficiency and
fertilizer N use efficiency are indicated in Table 7 and 8. Across farms mean nitrogen uptake
efficiency of 0.51, 0.78, 1.78, 2.25, 2.32 and 2.65 kg N uptake kg N applied™ were obtained
from maize varieties planted on farm 2, farm 5, farm3, farm 1, farm 6 and farm 4,
respectively (Table 7). Farml, farm6 and farm4 had better nitrogen uptake efficiency of
maize varieties among other farms. Significantly better maize production was obtained from
the above three farms. The three farms had better soil fertility status and productive potentials
of maize varieties. BH-140 and BH-660 maize varieties were had higher nitrogen uptake
efficiency at half recommended nitrogen application whereas BH-540, BH-543 and BH-661

were had at recommended nitrogen fertilizer application.
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Table 7. Effects of varieties and nitrogen rate on nitrogen up take efficiency and nitrogen use efficiency of maize on farmer’s field around
Bako-Tibe, western Ethiopia

Maize varieties with nitrogen up take efficiency (kg N uptake kg N applied™) Plant nitrogen use efficiency (kg grain kg N uptake™)
N rates 2013 2014 Mean 2013 2014 Mean
Farm1l Farm2 Farm3 Farm4 Farm5 Farm6 Farm 1 Farm2 Farm3 Farm 4 Farm5 Farm6

BH-540(50 %RR) 2.71 -0.58 2.02 298 -0.55 1.38 7.96 -1.09 -0.75 1259 27.10  -18.47 43.74 | 10.52
BH-540(100 %RR) 0.22 0.63 0.83 1.97 0.82 0.58 5.05 33.29 5.99 8.65 -311.25 19.80 64.50 | -29.84
BH-543(50 %RR) 1.65 0.80 3.96 3.16 0.85 1.82 12.25 7.91 13.30 2.21 24.38 1474 2827 | 15.14

BH-543(100 %RR) 3.85 1.25 1.41 243 0.58 1.67 11.20 3.92 5.86 9.60 -17.26 1.08 15.24 3.07
BH-661(50 %RR) 4.05 1.60 4.98 4.44 1.33 6.36 22.76 13.11 8.61 242 16.65 29.07 1143 | 13.55

BH-661(100 %RR) 2.37 0.72 1.18 2.38 1.19 4.21 12.05 9.87 20.28  10.78 -0.27 1881 10.78 | 11.71
BH- 660(50 %RR) 3.47 0.36 1.35 191 1.29 3.82 12.20 0.40 34.85 6.05 4.71 23.83 17.14 | 14.50
BH-660(100 %RR) 0.61 0.19 1.33 1.67 0.53 1.53 5.85 -18.43  27.67 7.42 16.52 26.76  29.90 | 14.97
BH-140(50 %RR) 2.58 -0.07 -013 229 0.95 0.62 6.24 6.99 94.00 -100 18.84 16.65 73.44 | 18.32
BH-140(100 %RR) 1.00 0.23 0.87 3.25 0.79 1.18 7.32 -3.26 5.72 18.11 0.68 1443  21.82 9.58

Mean 5.27 2155 -2.22 -21.99 14.67 31.63

2.25 0.51 1.78 2.65 0.78 2.32
Farm 1- 6= farmers name (Takele Uluma, Adisu Fufa, Adisu Likessa, Mulatu Shukar, Tesfaye Tsagaye and Gutu Tolera), 50 % and 100 % RR=

half and full doses (55 and 110 kg N ha*) recommended for maize.
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The nitrogen uptake efficiency of maize varieties was ranged from 6.24-22.76 and 5.05-
12.05 kg N uptake kg N applied? with half and full recommended nitrogen fertilizer
application. The nitrogen utilization efficiency decreased as the rate of nitrogen fertilizer
increased and varieties differed significantly in N utilization efficiency [55]. Similarly,
Correia Granato et al. [56] found nitrogen absorption (uptake) efficiency was showed greater
genetic variability under low N availability. The highest mean nitrogen uptake efficiency was
obtained from BH-661 followed BH-660 and BH-543 among other varieties of maize.
Therefore BH-661> BH-660> BH-543 were the most promising varieties with nitrogen

uptake efficiency and sustainable production of maize in the region.

The nitrogen physiological efficiency of maize varieties was varied across farms,
nitrogen rates and among maize varieties used (Table 7). Mean nitrogen physiological
efficiency of 5.27, 21.55, -2.22, -21.99, 14.67 and 31.63 kg grain kg N uptake® were
obtained from varieties planted on farm1-6 respectively. Farm 1, farm 2, farm 5 and farm 6
were had better nitrogen physiological efficiency as compared to other farms. This indicates
producing maize varieties on these four farms had a good potential for sustainable maize
production in the region which implies better fertility status of the above four farms. Soil
quality heterogeneity has been shown to be a factor in NUE on smallholder production fields,
with much lower NUE in ‘outfields’ which are extensively management and sometimes
associated with low soil organic matter [57]. The mean nitrogen physiological efficiency of
maize varieties ranged from 10.52 to 18.32 for half recommended nitrogen application and -
29.84 to 14.97 kg grain kg N uptake? for full recommended nitrogen fertilizer (Table 7).
Except BH-140, all other maize varieties were showed better nitrogen physiological
efficiency at half recommended nitrogen fertilizer application. Higher mean nitrogen
physiological efficiency of maize varieties was obtained from half recommended nitrogen
application as compared to full recommended nitrogen rate. Enhanced efficiency fertilizer
(EEF) can improve the crop N use efficiency (NUE) as well as minimize negative
environmental losses compared to conventional fertilizers [58,59]. Hart et al. [60] reported
nitrogen use effectiveness at increasing the NUE of corn has been variable. Presterl et al. [61]
observed that nitrogen absorption (uptake) efficiency and nitrogen utilization efficiency were
contributed to the genetic variation in NUE. Zhu [62]; and Raun and Johnson [17] reported
large amounts of N fertilizers are required to attain maximum yield and for which NUE is
estimated to be far less than 50 %. Estimates of NUE on maize plots derived from nationally
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representative and site-specific household survey data in Malawi are typically in the range of
7 to 14 [63-66]. Vanlauwe et al. [67]; and Whitbread et al. [68] reported nitrogen use
efficiency on maize plots following researcher management protocols can be in the range of
14 to 50 kg maize per kg nitrogen (N) and even higher in some cases. The average nitrogen
use efficiency (NUE) was 89 and 67 % for the plots receiving 80 and 160 Ib N/A and ear
yield and NUE could be maximized by applying only 80 Ib N/A [50] (Heinrich et al., 2013).
Nitrogen use efficiency is highest for the first unit of added N and it decreases with the
increase in rate of N fertilization [69]. Similarly, Agostini et al. [70]; Burns [71] stated the
optimization of fertilization and the improvement of NUE of crops to achieve high yields
with reduced N fertilization rates and limited environmental side effects related to N
leaching. Bertin and Gallais [72] reported that the genetic variability in NUE under
conditions of low N is primarily due to differences in nitrogen utilization efficiency. In
contrast, Dovale et al. [73] and LeGouis et al. [42] concluded that the most important
component for NUE under low N availability is nitrogen absorption (uptake) efficiency.
Enhanced NUE may result from increased efficiency of recovery of soil available N (uptake
efficiency) and higher efficiency of utilization of the N taken up for grain formation
(utilization efficiency) [14]. The highest nitrogen physiological efficiency was obtained from
BH-661 followed by BH-660 and BH-543. Anbessa and Juskiw [43] suggested increase in
NUE may allow growers ultimately to maximize yield under moderate N conditions rather
than the need for high N conditions. The optimization of NUE rests on management practices
that can counter N losses from the soil plant system [17]. Therefore, these three maize
varieties had better potential for sustainable maize production and/or uses to develop nitrogen

efficient varieties through breeding strategies.

The fertilizer N (recovery) use efficiency was varied across farms and nitrogen rates
applied. Fertilizer N use efficiency was ranged from 52 to 232 among farms except farm 4
(Table 8). Farm 4 had negative fertilizer N use efficiency indicating very poor soil fertility
status due termite problem during operation and needs higher investment to replenish the soil
and use it for maize production. Application of half recommended nitrogen fertilizer gave
higher range 39 to 312 fertilizer N use efficiency as compared to maize varieties planted with
full recommended nitrogen fertilizer (52 to 169). BH-661, BH-543, BH-660 and BH-540 in
descending order gave better fertilizer N recovery use efficiency. Significantly better
fertilizer N use efficiency was obtained with half recommended nitrogen fertilizer
application.
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Table 8. Effects of varieties and nitrogen rate on Fertilizer N use efficiency of maize on
farmer’s field around Bako Tibe, western Ethiopia.

Fertilizer N (recovery) use efficiency (%)

Maize varieties + N Kg ha-1 2013 2014

Farml Farm?2 Farm3 Farm4 Farm5 Farm6 Mean
BH-540(50 %RR) 271 -58 201 -89 -55 139 68
BH-540(100 %RR) 22 63 83 3 82 58 52
BH-543(50 %RR) 165 81 397 -70 86 182 140
BH-543(100 %RR) 386 126 141 49 58 167 155
BH-661(50 %RR) 406 160 499 57 132 637 315
BH-661(100 %RR) 238 72 118 44 119 421 169
BH- 660(50 %RR) 348 36 134 -196 130 381 139
BH-660(100 %RR) 61 19 132 -27 53 153 65
BH-140(50 %RR) 258 -7 -14 -158 95 62 39
BH-140(100 %RR) 100 23 87 131 79 118 90
Mean 226 52 178 -26 78 232

F-1-F6= Farmers name (Takele Uluma, Adisu Fufa, Adisu Likessa, Mulatu Shukar, Tesfaye
Tsagaye and Gutu Tolera), 50 % and 100 % RR= half and full doses (55 and 110 kg N ha)
recommended for maize.

The apparent N fertilizer recovery decreased as the rate of nitrogen fertilizer increased
[55]. Anbessa and Juskiw [43] stated increased N recovery and utilization efficiency may
allow growers to maximize yield under a moderate rate of N fertilization instead of the
traditional high rate of N fertilization. Soil N recovery and utilization efficiency may be
increased through improved N management strategies that counter N losses from the soil-
plant system plus a superior capacity of the crop cultivar to take up and use available N [14].
Anbessa and Juskiw [49] found combination of improved N management practices and more
efficient cultivars should bring about a significant increase in NUE under low to moderate N
application rates. The percentage N recovery varied among the genotypes tested,
demonstrating that maize varieties may differ in total N loss [74]. Nitrogen is the key driver
for cereal crop performance across most environments, both in terms of yield and stability of
yield [67]. Snapp et al. [75] reported raising the efficiency of nitrogen use by maize is
therefore crucial for the sustainability and economic feasibility of land intensification in the
region. Hoisington et al. [76] stated the effective use of plant genetic resources will be
required to meet the challenge posed by the world’s expanding demand for food, the fight
against hunger, and the protection of the environment. The mechanisms controlling plant N
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economy is essential for improving NUE and for reducing excessive input of fertilizers, while

maintaining an acceptable yield and sufficient profit margin for the farmers [77].

Considering both economically and environmental challenge by reducing both the cost and
application of N fertilizers were possible through improving NUE. Moreover, improvement
in yield for most crops over the last 50 years has been estimated to be 40 %, due to
improvements in cultural practices and 60% due to genetic gains, thus indicating that testing
for improved NUE is still possible [78] (Edgerton, 2009). The ratio of plant N content to the
N supplied does not exceed 50 % whatever the level of N fertilization [79], which suggests
that improvement of NUE in this species is also a possibility [80]. Identification maize
varieties with better NUE were agronomically and economically feasible and environmental
safe for sustainable maize production and desirable for further breeding use. Strategies to
improve NUE are to use genetic modification or to breed for new varieties that take up more
organic or inorganic N from the soil N and utilize the absorbed N more efficiently [8,81].
Therefore, application of half recommended nitrogen fertilizer had better potentials for

sustainable maize production in better soil fertility status.

4.Conclusion

Soil fertility problem was alleviated using improved crop management practices. Maize
varieties were produced significantly different biological and grain yield. Application of
nitrogen fertilizer gave significantly higher mean grain yield maize. Higher nitrogen uptake
of all maize varieties was obtained at full recommended nitrogen fertilizer application as
compared to half recommended nitrogen fertilizer application indicating positive relation of
nitrogen fertilizer application with nitrogen up take. Agronomic efficiency of maize varieties
was ranged from 9.21 to 32.28 and 8.66 to 19.73 with half and full recommended nitrogen
fertilizer application.BH-661 followed by BH-660 and BH-543 had higher nitrogen uptake
efficiency and plant nitrogen use efficiency and recommended for wide production in the
region. Significantly better fertilizer N use efficiency was obtained with half recommended
nitrogen fertilizer application. Significantly better fertilizer N use efficiency was obtained
with half recommended nitrogen fertilizer application indicating better potentials half
recommended nitrogen fertilizer for sustainable maize production in better soil fertility status.
Application of nitrogen fertilizer was increased shoot and grain N accumulation of maize
varieties. Higher nitrogen harvest index of maize varieties was obtained with half
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recommended nitrogen fertilizer as compared maize varieties planted with full recommended
nitrogen fertilizer application. Planting of BH-661, BH-660, BH-540 and BH-543 maize
varieties with half recommended nitrogen fertilizer rate was agronomically gave higher grain
yield and economical feasible for sustainable maize production. ldentifying maize varieties
with better nitrogen use efficiency was very crucial to reduce cost production for stallholder
farmers and environmental pollination. In conclusion planting of maize varieties with
optimum nitrogen application was far most important for sustainable maize production in the
agroecology. In conclusion, the results empathy of NUE maize varieties with good agronomic

practices is essential components of sustainable maize production in the area.
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