Ethiop. J. Agric. Sci. 28(2) 37-52 (2018)

The Response of Hybrid Maize (Zea mays) to N and P
Fertilizers on Nitisols of Yeki District, Sheka Zone

Shiferaw Temteme?!, Anteneh Argaw? and Tesfaye Balemi?
!Ethiopia Institute Agricultural Research, Tepi Agricultural research Center, Tepi; *College of Agriculture
and Environmental Sciences, Haramaya University, Dire Dawa, Ethiopia; 3CIMMYT, Addis Ababa

hvact

OAAPER UHPTE PAECATOHF (MALIP SCTCEE? AT EN6L0T AMIA IPLFT71F ATPgL o 775 PLPh
278 T ST (HATIEP THEE? ASENELN “P804° Phe Yl et A TPES MldeP L8
P14t PABN HCP T°CT HAS AT ATIN. ACEATP:: DAHY PELHCEED AS E0640 “2804°% 7Pm? AS
AMPPI (NEN> T°CTF AL AT I°ATT A724.NAT LN 90241 A7PES Ph. @240 2008 .97 v
PIAPR FPF AL Pooh avhig. ACLT? HIC:: PG vAT 9817 P NPT Pt HICE PomongPom-
T (07 PFAPR PELTHCEES 78060 LLB8PT TIA797 0F 237 467 697 927 115 A5 138 hae F29°
NZhFC AAPPER5TFD- 30 hie 297 £05.40 NENFC NT%BaoCE pAF5D- PF L7997 (M7 PFAPR
PENE.L0 TI8068 LLBPF? 794797 07 102 207 307 402 50 A5 60 hA929° NZRIC APL3825FD- 92
hade 9297 SCHEE? NZAFC PP WIC:: ALY PSCTCEE? AS PENELN LLBPT hdid LL6T oar
P1-LLR5 MUP? APPED9. L86G VNI PT28M6F LLEPT CHE.PEP hDD Adodonmt LLAA:: D FE
PLCART PELTE T AG PENELN LLBPTF (NBMe T N6 AT SeTCEE? 2md 1T ? Promdbd®
APIP 4G 1 AL NGHE 1805 PALL aoPy? 0:: (MAmPAL 60640 AT SCTCE? T9806° LLEPT
OhGTS T (.6 ENELN AT SeTEE? AnPPI® 87 LPHAN:: ENELN AT SeTCE?
TRLNCEPFF T (A 4I° AFPTF AL hets™ PPy Pbte Prora a@m?: £ 1000 747427 AL
4G hovat (AL I°CF 9P PA:: heA5 PPy 9°CT 90497 8093 h.de 9297 18de NZAFC METAT
8158 h.te 9297 NéAe NZAFC (1A% ANIP PPIT°LT APIPh 92 AT 69 hde 72975 787 “2805°
NZhFC N72R,07C (1BLI° Th1A 17564 ::h515 9707 790797 8918 h. 7 N%hFC 14T 25 8298 h.7
NZhFC AL0ANTPE QA 49° (FPF 40 h. 7 606240 N20IC N17P%807C TIT77 1T0PA:: (IA4IP
NFPF 69 hde 9297 SLHCEED NZhHCE A25v-9° 30 AT 40 hde 1297 60640 N2hIC Nospao;
OA0ANI° A5 AT (1BLI° 10T NP (I 7CF A75A 2

Abstract

Low soil fertility, particularly nitrogen(N)and Phosphorus(P) are among the most yield-
limiting nutrients in Ethiopia. Due to blanket NP application at the national level, the
response of hybrid maize in Ethiopia is inconsistent and not satisfactory. Hence, a field
experiment was initiated to investigate the response of hybrid maize (Zea mays L.) to the
application of N and P fertilizer rates and their use efficiency on Nitososl. The study
comprised two sets of experiments set I had seven levels of N each with30 kg P hal(0, 23, 46,
69, 92, 115 and 138 kg N ha1) while set II had seven levels of phosphorus each with 92 kg N
ha1(0, 10, 20, 30, 40, 50, and 60 kg P hal). Both sets of experiments were replicated in two
locations. The treatments were laid out separately in a randomized complete block design
with four replications. Results showed that N and P rates of application significantly
influenced yield and yield components, uptake and nutrient use efficiency. Generally, N and
P use efficiency decreased with increased N and P fertilizer rates. Application of NP
significantly increased the number of Kernels Cob-1, 1000-kernel weight, and above-ground
dry biomass by at both locations. The maximum maize grain yield of 8093 kg ha-lat Tepi and
8158 kg ha'lat Addis Alem were obtained from 92kg N haland 69kg N ha', respectively. The
maximum grain yields of 8918kg ha-lat Tepi and 8298 kg ha-lat Addis Alem were produced
by the application of 40kg Pha''for both sites. Applications of 69kg Nha' at both sites, and 30
and 40 kg P ha-lwere found to be most profitable rates at Addis Alem and Tepi, respectively.
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Introduction

Although many efforts have been made in different locations, blanket fertilizer
recommendation is the major cause of low maize production and productivity in
smallholder farms in Ethiopia (Gete et al., 2010; Tesfaet al., 2012; Addis et al.,
2015). It isalso the causes of poor fertilizer use efficiency and often not balanced
with crop requirements and other nutrients (Dobermann and Dawe, 2002).Over-
or under-application of fertilizers, associated with the use of blanket
recommendation could result in reduced nutrient use efficiency or losses in yield
and crop quality, unnecessary input cost and reduced profitability. Heisey and
Mwangi(1996) reported nutrient use efficiency, which is yield per kg nutrient
applied, of maize in Ethiopia to be only 9-17 kg of grain per kg of applied N. In
Kenya and Tanzania, equivalent nitrogen use efficiencies are varied within 7-36
and 18-43,respectively. Such differences between the two aforementioned east
African countries and Ethiopia in terms of nutrient use efficiency indicate the
need forsite-specific fertilizer recommendations. An important management
strategies to improve nutrient use efficiency are judicious use of fertilizers
(adequate rate, effective source, methods, and time of application), supply of
adequate water, and control of diseases, insects, and weeds (Baligar and
Fageria,2015). It was suggested that higher nutrient recovery and agronomic
efficiency could be achieved by lower nutrient application rate in the nutrient
overuse areas. Therefore, the objectives of this study were to assess the response
of hybrid maize to the application of N and P rates, to evaluate the N and P use
efficiency of hybrid maize at different levels of N and P rates; and to evaluate the
economic feasibility of fertilizer for maize production.

Materials and Methods
The study area
The study was conducted in Yeki District at Tepi National Spice Research Center
(TNSRC) and on farmers field. Mean annual rainfall of the area is 1559 mm that
extends from April to December, with hot to warm humid lowland agro-ecology.
The maximum and minimum average temperatures of the area are 29.7°C and
15.5°C, respectively.

Composite representative soil samples from each experimental site were collected
before planting using an auger from a depth of 0-30 cm. The collected samples
were air dried, ground and sieved to pass through 2 mm for analysis of major soil
chemical parameters (soil pH, soil organic matter, total nitrogen, available
phosphorus and CEC).

Experimental set-up and procedure
Pioneer hybrid maize variety, Shone (30G19), was used for this study. The
productivity of this varietyis7-11 t ha! and 6.5 - 8 ton ha! under on-station and
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on-farm experiments, respectively (MoA, 2013). Urea (46% N) and TSP (46%
P>Os) were used as sources of N and P, respectively. This study consisted of two
sets of the experiment. The first set of experiments contained seven levels of N (0,
23, 46, 69, 92, 115,138 kg ha?) with uniform P rate at 30 kg hal. The second set of
experiments contained seven levels of P (0, 10, 20, 30, 40, 50 and 60 kg ha?) with
uniform N rate at 92 kg ha'.The treatments were arranged in a randomized
complete block design (RCBD) with four replications for both sets of experiments.
The spacing of 75 cm between rows and 25 cm between plants was used.Planting
was done on27 April 2016 at both sites.

At the time of sowing, fertilizers were applied in a band at a depth of 5-8 cm and
then covered by the soil. Seeds were sown on the same row after covering the
applied fertilizer with soil. Full does of all levels of P fertilizer were applied once
during planting, while, inorganic N fertilizer was applied at three different
growth stages of maize: 1/3 of the dose at planting, 1/3 at the first weeding (30
days after planting) and the rest 1/3atsecond (45 days after planting)(Tolessaet
al., 1994). All agronomic practices (time of weeding, time of harvesting and time
of fertilizer application) were constant or uniform for all treatments. The spacing
of 75 cm between rows and 25 cm between plants was used. A plot size of 4.5
mx3 m (13.5 m?) was used. The distance between the experimental unit and
blocks maintained was 1 m. To avoid border effects, yield data were collected
from the four central rows, with a net plot size of 7.5 m2. At harvest, all relevant
agronomic parameters comprising a number of kernels cob?, 1000-kernels
weight, total biomass yield, and grain yield were collected.

Nutrient use efficiency indices

The nitrogen and phosphorus use efficiencies of maizewere calculated according
to Fageria and Barbosa (2007) and Getachew et al. (2016).

Agronomic efficiency: is the economic production obtained per unit of nutrient
applied. This value was calculated by:

AE (kgkg™) ==

Na ’

where G is the grain yield of the fertilized plot (kg), Gu is the grain yield of the
unfertilized plot (kg), and Na is the quantity of nutrient applied (kg).

Physiological efficiency: is the biological yield obtained per unit of nutrient
uptake and was calculated as:

BYf—EYu

PE(ICH kg_l:] = ;".'-f—f'.'-'-'.l

7

Where BY: is the biological yield (grain plus straw) of the fertilized plot (kgha?),
BY. is the biological yield of the unfertilized plot (kg), Nt is the nutrient uptake
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(grain plus straw) of the fertilized plot (kg ha?), and Ny is the nutrient up taken
(grain plus straw) of the unfertilized plot(kg ha).

Agro-physiological efficiency: is the economic production (grain yield in case of
annual crops) obtained per unit of nutrient uptake and was calculated as:

Gf —Gu

Nuf —Nuu ’

APE(kgkg™) =

Where Cf is the grain yield of fertilized plots (kg ha), G is the grain yield of the
unfertilized plot (kg), Nudis the nutrient uptake (grain plus straw) of the fertilized

plot (kg ha), Nyu is the Nutrient uptake (grain plus straw) of unfertilized plot (kg
ha’).

Apparent recovery efficiency: is the quantity of nutrient uptake per unit of

nutrient applied and calculated as:

ARE(%) =" 100,

Where Nt is the nutrient uptake (grain plus straw) of the fertilized plot (kg ha?),
Ny is the nutrient uptake (grain plus straw) of the unfertilized plot (kg), and Na is
the quantity of nutrient applied (kg ha?).

Statistical analysis

Data were analyzed using the GLM procedure of SAS Version 9.2 statistical
analysis software. The treatment means were compared using least significant
difference (LSD) value at 5% significance level (Gomez and Gomez, 1984).The
economic analysis was performed according to CIMMYT (1988).

Results and Discussion

Selected soil chemical properties

The initial surface soil test characteristics indicated that the range of pH values
was moderately acid. Soil organic matter (OM)content was within the range of
high, and the total nitrogen content was moderate at both sites according to
Tekalign(1991). The CEC of the soil was high, according to Landon
(1991).According to Jones (2003), the available P for both sites was very low
(Table 1).

Table 1. Characteristics of experimental soils before planting at depth of 0-30 cm at Tepi and Addis Alem

Soil parameters Tepi Addis Alem
pH 5.9 5.53
Available P (Olsen P)(mg kg) 8.85 6.75
Total N (%) 0.22 0.18
OM (%) 6.26 5.66
CEC (cmol (+) kg) 36 29
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Yield and yield components of maize

Number of kernels cob!was affected significantly by the N rates at both locations.
Number of kernels cob'was obtained with the application of 92kg N haat Tepi
and 69kg N haat Addis Alem, beyond which reduced at both locations (Table 2).
Increase the number of kernels may be because of sufficient N nutrition that is the
basis for plant growth and development. Yihenew (2015) also reported that
number of kernels cob'was improved with the application of N up to the rate of
200 kg hal. The number of kernels cob? increased significantly up to P
application rate of 40 kg ha at both locations, beyond this rate number of kernels
was not significantly declined (Table 3). This result might be due to the decreased
number of infertile kernels because of sufficient nutrient supplementation.
Similarly, Yihenew Gebre Selassie (2016) indicated that te phosphorus affected
number of kernels with the application rate of 0 kg P ha to 66 kg P ha! and the
minimum kernel number was obtained from the control.

Thousand-kernel weight was affected significantly by the N rates at both
locations. The highest 1000-kernels weight was obtained with the application of
92kg N ha'Tepi and 69 kg N ha' at Addis Alem, beyond which reduced at both
locations (Table 2). The lowest 1000-kernels weight per cob was recorded from
the control (without N application). This might be due to the increase in kernel
size because of enough food storage. Similarly, Addis and Kim (2014) reported
that application of N at the rates of 75 and 100 kg ha-'resulted in the highest1000-
kernels weight of maize. Thousand-kernel weight was significantly influenced by
the P rates. The highest 1000-kernels weight was recorded from 50 kg P ha' at
Tepi and 40 kg P ha' at Addis Alem (Table 3). This could be due to a balanced
supply of nutrients from the soil because of optimum P throughout the growth
and development stages of the plant. Similarly, Yihenew(2016) reported that the
highest 1000-kernel weight obtained from the application of 30 kg P ha.

Total aboveground dry biomass yield was affected significantly by the N rates.
Increasing N rate from Oto 92 kg ha' N consistently increased biomass yield at
both locations (Table 2). Similar to the effect of N application rates, this trait
consistently increased with rates up to 50 kg ha'! P at both locations, beyond
which it was depressed (Table 3). The increase in total biomass is directly related
to the increase in plant height, leaf area, and vegetative growth which is due to
sufficient availability of P to the plants. At different locations in Ethiopia, 40kg
PonAlfisoland45 kg P ha' resulted in the highest total dry weight of maize
(Yihenew,2016; Osbome et al.,2004).

Grain yield increased with N rates, but only up to the application rate of 92 kg ha-
1 N at Tepi and up to 69 kg ha? N at Addis Alem, beyond which the N
application tended to reduce grain yield non-significantly (Figure 1). The highest
grain yield increments 0f30% and 38.6% were recorded at Tepi and Addis Alem,
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respectively, due to the application of N compared to the unfertilized control. The
possible reason for the yield increases was due to a higher number of kernels per
cob and weight of kernels. Likewise, application of 90 kg N ha'significantly
increased grain yield of maize (Yihenew,2015).In the current study, the decline in
maize yield response to N application above these rates could be the presence of
yield-limiting nutrients other than N and/or toxicity which result in stunted
plant growth. In this regards, Fanuel et al. (2016) reported the presence of other
nutrient deficiency besides N and P in acidic soils of Ethiopia. Grain yield of
maize consistently increased with the increase in the P application rates up to 40
kg ha at both sites (Figure 2). The increase in yield with an application rate of 40
kg P ha' at Tepi and Addis Alem relative to the control was 29% and 52%,
respectively. The reduction of yield beyond this P application rate could probably
be as a result of reduced plant growth due to deficiency of Zn induced by high P
levels. Kogbe and Adediran (2003) reported a similar result in the reduction of
maize grain yield beyond 40 kg P ha! application rate.
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Figure 1. Maize grain yield as affected by nitrogen rates applied at Tepi and Addis Alem
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Figure2. Maize grain yield as affected by the phosphorus rates applied at Tepi and Addis Alem
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Table 2. Effect of N fertilizer on 1000-kernels weight (g),aboveground dry biomass yield (kg ha-'), number of kernels cob-
'and harvest index at Tepi and Addis Alem

kg N ha'! Tepi Addis Alem
Number of | 1000-kemels | Aboveground Number of 1000- Above ground
kernel Cob! weight(g) dry biomass | kernels Cob-! kernel dry biomass yield

yield (kg ha'") weight(g) (kg ha")

0 4900 294¢ 16337¢ 566¢ 3420 16501¢

23 5180 34220 17135b¢ 589de 3798 18048°

46 539ab 34230 183420 596 3812 191343

69 541ab 3702 187812 6492 4013 198752

92 5562 3692 192762 63820 3992 199203

115 5562 35020 188953 64720 3992 196913

138 5562 315b¢ 187642 6210 3862 194953

LSD (0.05) 54 38 1438 27 33 1006

CV (%) 6.74 7.53 5.30 2.99 5.77 3.57

Means in columns followed by the same letter are not significantly different (P<0.05) according to LSD test; CV:
Coefficient of variation; LSD = Least significant difference

Table 3. Effect of P fertilizer on 1000-kernels weight (g), above-ground dry biomass yield (kg ha''), number of kernels cob-
'and harvest index at Tepi and Addis Alem.

kg P ha'! Tepi Addis Alem
Number 1000- Above-ground Number of 1000- Above ground
of kernel kernels dry biomass kernels cob! kernel dry biomass yield
Cob! weight(g) | vield (kg ha) weight(g) (kg ha")
0 463¢ 297° 16881¢ 461° 330P 16092¢
10 513P 339p 181890 523° 345P 17046be
20 55520 3552 18504320 552ab 3922 1790820
30 573 34920 194992 5852 4022 188442
40 5822 3552 193662 5992 419 190652
50 5782 3602 195372 5892 4042 192112
60 5792 3453 193422 5788 394a 188432
LSD (0.05) 47 19 1144 50 36 1677
CV(%) 5.80 3.69 4.10 6.09 6.31 6.20

Means in columns followed by the same letter are not significantly different (P<0.05) according to LSD test; CV:
Coefficient of variation; LSD = Least significant difference

Nitrogen and P use efficiency of maize

Total N uptake increased with the N rate up to 92 kg ha'at Tepi and up to 115kg
ha'lat Addis Alem beyond which it was non-significantly declined (Figure 3).The
highest total N uptake was at 92 kg N ha'and 115 kg N ha' at Tepi and Addis
Alem, respectively (Figure 3). The decrease in N uptake beyond these N
application rates might be due to the increase in crop growth with the application
of N may increase crop demands for micronutrients, and micronutrient
deficiencies may occur, thereby decreasing yield. According to Fageria (2003), the
decrease in N uptake at higher N rate may be related to saturation of N-uptake
capacity of the plants at higher N rates. Similarly, Wenxuet al. (2003) reported
that despite the reduction of grain and stover yield nitrogen uptake by maize
increased significantly with increasing rate of N fertilizer application at both the
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pre-tasseling and maturity stage. Nitrogen, total uptake was higher by the grain
than by the stover. The maximum P uptakes of 44.5 and 43 kg halwere achieved
at of 40 kg P ha' at Tepi and 50 kg P ha'at Addis Alem, respectively, beyond this
level uptake was declined (Figure 3).The possible reason may be associated with
a relative decrease in grain and stover yields with successive increment in P rates
as reported by Fageriaet al. (2011).

Nitrogen and P significantly (P<0.05) influenced the N and P use efficiency of
maize at both sites(Table 4). Generally, the highest N use efficiency was recorded
at a lower rate of N application, while the lowest N use efficiency was recorded at
the highest rate of N (138 kg N ha) at both sites (Table 4). This result was in
agreement with Tolessa et al. (2007) who reported that N agronomic, the
physiological and apparent recovery efficiency of maize was consistently higher
at the range of 69-92 kg N ha' than in the N level range of 92-115 kgha.
According to Dobermann (2005), the common value of agronomic efficiency of N
for cereals ranges between 10 to 30 kg grain kg-1.If AE is greater than 30 kg kg, it
is in a well-managed systems or at low levels of N use or low soil N. At the same
time, the author indicated that common value of N physiological efficiency of
cereals is 30 to 60 kg kg, and if the physiological efficiency is higher than 60 kg
kg, it is in well-managed systems or at low levels of N use or low soil N supply.
The current value was within this common range (Table 4). Likewise, the use
efficiency of P by maize was significantly influenced by P rates. It decreased with
increasing P application rates at both locations. This could be attributed to small
yield increment at higher P application rate than the lower rate. Fageria et
al.(2013 and 2015) reported that in rice plant P use efficiency was lower at 200 kg
P>Oskg ha-lthan at 25 P,Os kg ha.In line with this study, the apparent recovery
efficiency of P decreased with the increasing application rate of P (Fageria and
Baligar, 2016). Baligar and Bennett (1986) reported that the recovery efficiency of
fertilizer P by crops are only 10 to 30% of the quantity applied to the soil and the
remaining 70 to 90% have been accounted by fixation and immobilization.
Fageria et al.(2013) also reported that the APE of rice plants varied from 15.2 to
41.2%.
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Figure 3. Maize N and P uptake as influenced by N and P fertilizer rates

Economic analysis

The partial budget analysis of fertilizer rates revealed that the maximum net
benefit was attained from the application of 69 kg N ha—-1 and 40 kg P ha-1 at
Tepi, while the least gross margin was obtained from the unfertilized treatment
(Table 5). Similarly, at Addis Alem, the partial budget analysis of fertilizer rates
revealed that the maximum net benefit was attained from the application of 69 kg
N ha! and 30 kg P ha! while the least net benefit was obtained from the
unfertilized treatment (Table 6). The marginal rate of return (MRR) analysis
showed that the treatment with 46 kg N ha-land 20 kg P ha! gave the highest
MRR % at Tepi. Likewise, at Addis Alem, the highest MRR % was attained from
the application of 69 kg N ha! and 20 kg P ha.
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Table 4. Effect of N and P rate on use efficiency of N and P at Tepi and Addis Alem

(kg N/ha) Tepi Addis Alem

AE PE APE ARE AE PE(kgkg") APE ARE
- kg") | (kg") | (kg') (%) (kg") (kgkg") (%)
23 240 672 382 55¢ 452 69be 522 802
46 332 55p 422 792 300 782 37° 69°
69 300 49 320 772 290 71P 44b 682
92 204 44 28P 67° 22¢ 70Qpe 400 51b
115 11¢ 32d 14¢ 48¢ 174 660 40P 46b°
138 8¢ 30d 9d 39d 13¢ 64° 3r° 37°
LSD (0.05) 340 5.90 4.80 7.50 7.00 6.89 7.60 13.39
CV (%) 8.90 7.02 9.80 6.88 14.80 5.50 10.00 12.50
10 732 4862 2842 2620 922b 3582 3392 292
20 7200 2600 1962 282 1022 275° 3342 292
30 65bc 264> 176be 302 840 2720 2820 274
40 60° 2255 151¢ 300 68° 215¢ 266 25bc
50 344 221b 119¢ 282 47¢ 168¢ 2284 23¢
60 25¢ 211p 115¢ 20° 43¢ 1714 2044 20¢
LSD (0.05) 8.38 58.00 | 26.00 6.40 11.72 36.64 49.58 2.80
CV (%) 8.40 1140 8.33 13.00 8.87 8.28 9.89 6.00

Means in columns followed by the same letter are not significantly different (P<0.05) according to
LSD test; = grain yield; CV= Coefficient of variation; LSD = Least significant differences, AE =
agronomic efficiency, PE = Physiological efficiency, APE = Agro-physiological efficiency and ARE

= apparent recovery efficiency
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Table 5. Partial budget and dominance analysis of maize yield response for different N and P fertilizer rates at Tepi

N (kg ha'') Grain Adjusted Gross Variable cost (birr)
yield grain yield income o o Net Benefit Cost MRR%
(gha?) | (kgha?) | (birhat) | Ferizer aggﬁ'c';gn Todl 1 "girha?) | dominance
0 6220.75 5598.67 36391.36 0.00 0.00 0.00 36391.36
23 6751.35 6076.21 39495.39 | 632.98 1666.50 2299.48 37195.91 Non- 34.99
dominated
46 7731.45 6958.31 45229.01 | 1265.96 1666.50 2932.46 42296.55 Non- 805.81
dominated
69 8042.26 7238.03 47047.20 | 1898.94 1666.50 3565.44 43481.76 Non- 187.24
dominated
92 8092.67 7283.41 4734215 | 2531.92 1666.50 4198.42 43143.73 Dominated

115 7694.81 6925.33 45014.64 | 3164.90 1666.50 4831.40 40183.24 Dominated

138 7197.20 6477.48 42103.61 | 3797.88 1666.50 5464.38 36639.23 Dominated

P (kgha)

0 6914.61 6223.15 37338.91 0.00 0.00 0.00 37338.91

10 7539.17 6785.26 40711.54 675.00 555.50 1230.50 39481.04 Non- 174.09
dominated

20 8203.76 7383.39 44300.31 | 1350.00 555.50 1905.50 4239481 Non- 431.67
dominated

30 8653.83 7788.44 46730.67 | 2025.00 555.50 2580.50 44150.17 Non- 260.05
dominated

40 8918.38 8026.54 48159.27 | 2700.00 555.50 3255.50 44903.77 Non- 111.64
dominated

50 8287.09 7458.38 44750.27 | 3375.00 555.50 3930.50 40819.77 Dominated

60 8208.27 7387.44 44324.66 | 4050.00 555.50 4605.50 39719.16 Dominated

Non-dominated are treatments that gave higher gross margin than treatments with lower N and P fertilizer rates; dominated is the treatment that
gave lower grossmargin than treatments with lower N fertilizer rates
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Table 6. The marginal rate of return analysis of non-dominated maize grain yield response for different N and Pfertilizer rates at Addis Alem

N Grain yield Adjusted Gross Variable cost Net Benefit Cost MRR%
(kg ha') (kg ha') grain yield income Fertilizer Fertilizer Total (birr ha'") dominance
(kg ha') ( Birr ha'") application
0 5884.55 5296.09 34424.59 0 0 0.00 34424.59
23 6980.84 6282.75 40837.90 632.98 1666.50 2299.48 38538.42 Non-dominated 649.91
46 7233.62 6510.26 42316.68 1265.96 1666.50 2932.46 39384.22 Non-dominated 133.62
69 8158.46 7342.62 47727.02 1898.94 1666.50 3565.44 44161.58 Non-dominated 754.74
92 8052.51 7247.26 47107.20 2531.92 1666.50 4198.42 42908.78 Dominated
115 8030.84 7227.76 46980.43 3164.90 1666.50 4831.40 42149.03 Dominated
138 7861.63 7075.46 45990.51 3797.88 1666.50 5464.38 40526.13 Dominated
P (kgha'")
0 5458.91 4913.02 20478.14 0 0 0 20478.14
10 6396.38 5756.74 34540.46 675 555.5 1231 33309.96 | Non-dominated 311.40
20 7699.37 6929.43 41576.58 1350 555.5 1906 39671.08 | Non-dominated 942.39
30 8152.63 7337.37 44024.20 2025 555.5 2581 41443.70 | Non-dominated 262.61
40 8258.59 7432.73 44596.39 2700 555.5 3256 41340.89 | dominated
50 8294.70 7465.23 44791.39 3375 555.5 3931 40860.89 | Dominated
60 7876.07 7088.46 42530.77 4050 555.5 4606 37925.27 | Dominated

Non-dominated are treatments that gave higher gross margin than treatments with lower N and P fertilizer rates; dominated is the treatment that gave alower
gross margin than treatments with lower N fertilizer rates
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From the results of the experiment, it is possible to conclude that nitrogen and
phosphorus fertilizer had a significant influence on maize productivity in the
study sites.The economics of fertilizer rates revealed that the maximum net
benefit was attained from the application of 69 kg N ha-1 and 40 kg P ha-!at Tepi.
Similarly, the partial budget analysis of fertilizer rates revealed that the
maximum net benefit was attained from the application of 69 kg N ha-! and 30 kg
P ha-tat Addis Alem. From this study, it has been clearly understood that N and
P application to maize in these sites beyond these rates may not be economical
and desirable. Therefore,since fertilizer recommendation is not site-specific, these
application rates may save farmers from incurring extra costs for blanket fertilizer
recommendations, which is in excess for the study areas.
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