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+is study was conducted during 2018/19 under drip irrigation in the dry season to examine the effect of irrigation and N levels on
yield, economic performance, and incidence of blossom end rot (BER) on tomato. A 3× 4 factorial design with subdivided plots
was implemented. +ree irrigation levels (50%, 75%, and 100% ETc) were randomly assigned in the main plots and four N levels
(0, 46, 92, and 138 kg ha− 1) to the subplots. Climate data were imported into AquaCrop model climate dataset for determining
irrigation water amount and irrigation scheduling. Irrigation scheduling was determined using the FAO AquaCrop model. Data
were subjected to analysis of variance (ANOVA) using GenStat software. +ere was significant interaction effect of irrigation and
N levels on yield, yield parameters, and BER incidence on tomato. Highest fruit diameter and fruit length were attained from the
combined application of 75% ETc and 138 kg N ha− 1. Besides, maximum fruits per plant andmarketable yield were obtained under
combined use of 100% ETc with 138 kg N ha− 1 and 75% ETc with 92 kg N ha− 1, respectively, whereas lowest yield performance was
recorded when 50% ETc is coupled with 0 kg N ha− 1. However, highest (21.91%) and lowest (7.03%) BER incidence was found
under the combined use of 50% ETc and 0 kg N ha− 1 100% ETc and 92 kg N ha− 1, respectively.+e economic analysis revealed that
application of 46 kg N ha− 1 was economically feasible irrespective of the irrigation water levels.

1. Introduction

Several studies have indicated that plant yield can be in-
creased by increasing nutrient application rates [1, 2].
However, nutrient supply may be affected by the level of
irrigation water applied. Deficit irrigation can help to reduce
production costs, conserve water, and minimize leaching of
nutrients and pesticides into ground water [3]. Moreover,
water deficiency results in high fertilizer expenses [4–6] and
reduced plant growth performance [7–12]. Conversely, the
excessive application of irrigation water level has become a
serious concern for sustainable crop production [7]. Many
studies have reported on significant interaction effect of
irrigation water and N application levels on crop yield
[13–21]. Specifically, studies conducted on tomato indicated
that the interaction between N supply and irrigation
management affects yield [22–25], more important than the

influence of individual factor. Indeed, crop qualities are very
sensitive to appropriate water and nutrient contents in the
root zone of plants [23]. +is validates that both excessive
and insufficient irrigation and nutrient application rates
have substantial effects on crop yield. Farmers rely on the
traditional practices for supplying water and N, which
prevents the effective use of water and fertilizer [22].
+erefore, optimizing the N application doses with different
irrigation water levels are crucial for a higher tomato fruit
yield and better quality.

Tomato (Solanum lycopersicon L.) is one of the most
important vegetables all over the world and mostly grown
under irrigation for their edible fruits and nutritional values
[26, 27]. However, in Ethiopia including the study area, its
productivity is very low (10 t ha− 1) [28] as compared to the
world average yield of 17.27 t ha− 1 [29]. Some of the reasons
for the low productivity of tomato include inadequate
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irrigation and fertilizer application, use of low yielding
varieties, incidence of BER, pests, and disease incidence.
Among these factors, inadequate supply of irrigation level
[25] and N rates [30] are particularly crucial for contributing
to lower yield and increased risk of BER incidence on tomato
[22]. Although tomato responds well to nitrogen fertilizer
application rates under different irrigation levels, the blanket
recommendation of N fertilizer application is common in
agricultural production [31]. Based on the OARD [28] re-
port, the smallholder farmers of the study area apply mineral
N rate at a range of 0–69 kg ha− 1 under variable irrigation
application levels for tomato production. On the other hand,
more than 69% of tomato producers in the study area are
suffering from reduced yield due to the incidence of blossom
end rot (BER) [28].

BER is a physiological disorder common in all the to-
mato producing areas of the world and has been revealed to
cause yield losses up to 50% [32–34]. +is disorder can
happen due to many factors like slow transportation of Ca to
the plant, poor uptake of Ca through the stem, lack of Ca in
the soil, and/or too much N in the soil [35]. A high level of
available N, which promotes vigorous plant growth and fruit
development, has been shown to raise susceptibility to BER
[36]. However, since plant Ca moves with the transpiration
stream through the xylem to growing fruit, soil water
content is very important for Ca uptake. It has also been
reported that the occurrence of BER was lower with a higher
quantity of irrigation in tomato [37].

Moreover, various earlier research findings have signi-
fied that BER is not induced by one particular factor, but by
an integration of one or more factors intensifying the effect,
such as high Na, Mg, NH4, and K quantity [1], which may
cause antagonistic effect against Ca uptake, vigorous growth
rate [38], low soluble soil Ca [39], and high [40] and low
transpiration [39]. An experiment conducted by Franco et al.
[37] indicated that water stress (27 days after planting, ir-
rigation reduced by one-half until the end of the season)
significantly increased the incidence of BER in drip irrigated
tomatoes. Meanwhile, Paiva et al. [41] reported a substantial
reduction in the incidence of BER in response to irrigation
during a dry year.

Application of irrigation water and N management
strategies to tomato may significantly lead to save irrigation
water [42], decrease incidence of BER [37], and enhance fruit
yield [22, 24, 43]. However, in the study area, tomato
production is suffering from low productivity and frequent
occurrence of BER. Moreover, little information is available
on the best integrated use of irrigation water level and N
fertilizer rates needed to reduce incidence of BER and
achieve higher yield of tomatoes [28]. Consequently, it is of
great interest to growers to adopt practices that optimize
irrigation water andN levels that reduced BER incidence and
enhance fruit yield of tomato.

+erefore, optimizing irrigation water and nitrogen
application levels and adopting their best integrated use as a
management tool for tomatoes production could be very
important in situations where water is scarce, mineral fer-
tilizer is costly, and BER incidence is high. However, before
adopting their integrated use as a best practice, determining

their interaction effect on tomato yield [44, 45], economic
values, and incidence of BER [31] could be crucial. +us, this
research was, therefore, designed to optimize irrigation
water and N levels for higher yield, better economic per-
formance, and reduced BER incidence on tomato under the
study area.

2. Methodology

2.1. Description of the Study Area. +is research was carried
out in the Aksum University Selekleka Research and Tech-
nology Transfer Center during 2018/19 under drip irrigation
in the dry season. According to the climatic zone classifica-
tions of Ethiopia [46] which was based on altitude, rainfall,
average annual temperature, and length of growing season,
the study area belongs to cool subhumid agroclimatic zone.
+e experimental area is situated at 14° 08′ 57″N latitude and
38° 17′ 02″E longitudes at an altitude of 1945m.a.s.l.+emain
rainy season of study area extends from June to September
with the mean annual rainfall of 980.36mm. Rainfall dis-
tribution of the study area is characterized by a unimodal
pattern where more than 90% of it is concentrated in the
period between July and August. +e average temperature of
the study area for the past 15 years revealed 20.92°C with a
mean maximum temperature record (28.64°C) in April and
the mean minimum (10.9°C) in January [47].

According to the FAO/UNESCO [48] soil map, the soil
type of the study area is vertisol with relatively neutral soil
pH (7.5) and a low EC (0.864) level. Generally, soil of the
study area had low organic matter content (0.873%), total N
(0.086%), available P (6.613 ppm), available K (40.1 ppm),
and exchangeable Ca (4.4 cmol (+) kg− 1). +e low fertility
level of the study area might be possibly due to continuous
cultivation of cereal crops.

2.2. Experimental Design and Treatments. +e experiment
was laid out in a 3× 4 factorial design with subdivided plots.
Treatment combination of three irrigation levels (50%, 75%,
and 100% ETc) and four N rates (0, 46, 92, and 138 kg N
ha− 1) with three replications was used. +ere were a total of
12 treatment combinations and three replicates of each
treatment combination. Irrigation levels were randomly
assigned to the main plots, whereas the four urea sourced N
levels (0, 46, 92, and 138 kg N ha− 1) were randomly arranged
in the subplots. Size of individual plot was 3m by 4m with
1m and 1.5m space between plots and blocks, respectively.
Tomato (cultivar Galilya) seedlings were raised in a nursery
using seedling trays and transplanted to the experimental
field after they produced 6–8 leaves. +e land was ploughed
twice using a tractor and prepared for planting using
manpower.+e spacing between plants and rows were 40 cm
and 100 cm, respectively. Watering was applied through drip
irrigation pumped from a well. +e treatments were applied
to tomato plants just after seedlings have been established in
the experimental plots. All the agronomic activities in-
cluding weeding, fertilizing (TSP application), cultivation,
staking, and disease and insect pest control were carried out
for all the experimental plots equally as per the
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recommendations. Mineral N fertilizer was applied in three
splits (one-third was applied just after tomato seedlings
being established, the other two-third during the vegetative
growth period). Urea was employed using drilling on the
sunken circle around each plant and then buried with soil.

2.3. Computation of Crop-Water Requirement and Irrigation
Scheduling. Climate data were imported into the AquaCrop
model climate dataset for determining irrigation water and
irrigation scheduling. Irrigation scheduling was determined
using the FAO AquaCrop model [49, 50]. +e crop water
requirement (ETc) in the AquaCrop model was determined
using the Penman–Monteith method following the proce-
dures in Allen et al. [51]. Irrigation was set until the soil
reaches field capacity (back to field capacity). +is was esti-
mated by the amount and discharge rate of water from every
emitter of the surface drip irrigation to each tomato plant
which was measured and calibrated by taking three dripper
points (at the initial, middle, and end) of each lateral using a
graduated beaker and stop watch. +e amount of water ap-
plied to refill the required depleted moisture was given to the
crop during the time of irrigation. +erefore, based on the
model output, amount of irrigation water (mm) for 100%,
75%, and 50% ETc was 581.3, 435.97, and 290.65mm, re-
spectively. Appropriate irrigation schedules can reduceN loss,
enhance crop growth, and increase yields [20, 52], and hence
it was determined using soil water balance method computed
following the procedures in FAO-56 Irrigation and Drainage
paper [51]:

ETc � P + I − RO + D + C ± ΔS, (1)

where ETc is crop evapotranspiration, P represents for
precipitation, I is total irrigation water amount applied to
experimental plots from the time of transplanting to last
harvest, RO stands for runoff, D is water loss by deep
percolation, C is capillary rise, and ΔSrepresents change in
soil moisture content determined as the difference between
total moisture during transplanting and after the last harvest.
All terms are expressed in mm of water. P and RO are
assumed to be zero since there was no rainfall during the
experiment and the amount of irrigation water was con-
trolled. Indeed, D was considered to be zero because the
irrigation water was sufficient to reach the field capacity and
C is negligible in the semiarid study area. +erefore, the
water balance formula could be simplified to

ETc � I ± ΔS. (2)

Irrigation treatments were applied after tomato seedlings
were well established and irrigation water was applied when
40% of the readily available water (RAW) was depleted from
the root zone. Irrigation water required for the treatments
was applied early in the morning and late in the afternoon
using drip irrigation.

2.4. Data Collection and Analysis

2.4.1. Soil Sampling and Analysis. A representative soil
sample was taken from the experimental field before

transplanting. A composite of disturbed soil sample was
taken using Augur (a sample was collected, dried, com-
posited, and sieved using 2mm sieve to prepare a 1 kg
composite sample) for the determination of selected soil
physical and chemical properties which include soil texture,
organic matter, pH, EC, total N, exchangeable Ca, available
P, and available K. Texture (particle size distribution) was
determined using the Bouyoucos hydrometer method [53];
soil pH in a suspension of 1 : 2.5 soil-water ratio was de-
termined by using a pH meter [54, 55]; total N determi-
nation was done by the macro Kjeldahl method [55]; and
available P was determined using the Olsen method [56].
Organic matter content of the soil was estimated from the
organic carbon content determined using the Walkley and
Black [57] method.

2.4.2. Agronomic Data Collection. Fruit diameter, fruit
length, number of fruits per plant, marketable fruit yield
(Ym), and incidence of BER were measured at each harvest
time, and values for parameters like number of fruits per
plant and marketable fruit yield (Ym) were summed up at the
end of the experiment, while the values of fruit diameter,
fruit length, and incidence of BER in each harvest were
summed up and the average value was considered. For all
parameters, the tomato plants in the middle rows were
considered for data collection. To collect data on fruit di-
ameter and fruit length, five randomly collected fruits were
considered while the length and diameter of each fruit were
measured using a digital caliper, and the average value was
computed for each plot. BER incidence was calculated by
dividing the number of fruits with BER symptom (fruits
having black tissue at the base) to the total number of fruits
and multiplied by 100% during the harvest time.

2.4.3. Statistical Analysis. +e collected data from every plot
were initially checked for their normality, and they were
subjected to analysis of variance (ANOVA) procedures
suitable for an experiment in a factorial design using GenStat
Version 16 statistical software. Mean separation was done by
LSD (least significant difference) at 5% probability level to
determine the effects of irrigation and N fertilizer levels on
yield and yield attributing characters of tomato. Moreover,
regression analysis was performed to see the relationship
among the independent (irrigation and N application levels)
and response variables (marketable yield and BER
incidence).

2.4.4. Economic Analysis. +e economic analysis for every
treatment was carried out using the partial budget analysis
based on the CIMMYT [58] approach which utilizes partial
budgeting combined with marginal analysis. Partial budget
analysis was carried out to determine the most economically
acceptable treatment by estimating the varying costs and
benefits based on the current market prices.

+e varying fertilizer and labor costs were estimated
based on the existing rate of fertilizer purchase and daily
labor payment. Farm gate price of tomato yield harvested
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was calculated based on the existing market price. Marginal
analysis was carried out using the following procedure:

(1) Dominance analysis (identification and elimination
of inferior treatments): dominance analysis was
carried out by first listing the treatments in order of
increasing costs that vary. +us, any treatment that
has net field benefits less than or equal to those of a
treatment with lower costs that vary is inferior/
dominated and was excluded from the analysis.

(2) Calculating marginal rates of return: the change in
net field benefits divided by the changes in costs that
vary for nondominated treatments is expressed as a
percentage.

(3) Comparing the marginal rates of return with the
farmers’ minimum acceptable rate to find the eco-
nomically preferable treatment for the trial.

In this study, marginal rate of return (MRR) analysis was
carried out on both dominated and undominated treatments
in a stepwise manner starting from control to the other
treatments. Dominated treatments are those treatments
having net income/return that are less than those of treat-
ments with lower costs that vary. CIMMYT [58] and
Asumadu et al. [59] provided the minimum rate of return
that ranges between 40% and 100%, whereas Farquharson
[60] and Shah et al. [61] suggestedminimum rate of return to
be 100%, especially for poor farmers in developing countries
or for technologies requiring substantial changes to a
farming system. Accordingly, in this study, 100% minimum
acceptable, marginal rate of return was considered for
farmers to adopt a new technology.

3. Results and Discussion

3.1. Tomato Fruit Diameter, Fruit Length, and Number of
Fruits per Plant. +e irrigation water and N application
levels strongly affected fruit diameter, fruit length, and
number of fruits per plant (Table 1). +e greatest fruit di-
ameter (56.10mm) was observed at irrigation level of 75%
ETc combined with 138 kg N ha− 1 which was not signifi-
cantly different from the value of fruit diameter obtained
under 100% ETc interacted with 138 kgN ha− 1. High amount
of irrigation water and N application enhances vegetative
growth of plant which results in shorter duration for fruit set
and growth; hence, lower sized fruits might be resulted.
Conversely, the lowest fruit diameter (44.43mm) was
recorded. Conversely, the lowest fruit diameter (44.43mm)
was recorded when the irrigation level of 50% ETc is coming
together with the N fertilizer rate of kg ha− 1. Fruit diameter
was increased by 26.27% under irrigation level of 75% ETc
combined with N fertilizer rate of 138 kg ha− 1 compared to
that achieved from the irrigation level of 50% ETc interacted
with 0 kg N ha− 1. +is finding implies that increasing N level
to the suitable amount under adequate water supply en-
hances fruit diameter of tomato. Optimum supply of N and
water is required for proper growth and development of
tomatoes. Kirnak et al. [62] found that the interactions
between irrigation and N levels were highly differed for fruit

diameter in muskmelon. Fruit diameter was the highest in
the well watered treatment combined with 120 kg N ha− 1,
where it was significantly enhanced by increased N appli-
cation rates, whereas the lowest fruit diameter was recorded
as severely water stressed (50% ETc) integrated with 120 kg
N ha− 1. Similar findings have been found by Bhella [63] in
muskmelon and Srinivas et al. [64] in watermelon, who
showed that water stress decreased fruit diameter.

+e highest fruit length (71.60mm) was attained when
an irrigation level of 75% ETc is integrated with N fertilizer
rate of 138 kg ha− 1 which was not significantly different
from the fruit length recorded under 50 and 100% ETc
interacted with 138 kg N ha− 1. On the contrary, the lowest
fruit length (60.27mm) was recorded when 50% ETc ir-
rigation level is interacted with N fertilizer rate of 0 kg ha− 1.
+is result was not significantly varied from value of fruit
length obtained from 100% ETc integrated with 0 kg ha− 1.
Fruit length was reduced by 15.820% when 50% ETc is
interacted with 0 kg N ha− 1 compared to the fruit length
obtained from 75% ETc combined with 138 kg N ha− 1.
Limited supply of N rate under moderate soil moisture
stress results in reduced growth performance of tomatoes
(such as lower fruit length). +is result showed that fruit
length was more influenced by N rates than irrigation level.
N and water application rates are key factors limiting crop
yield and yield components [19]. Similarly, Kirnak et al.
[62] reported that the interactions between irrigation and N
rates were highly varied in fruit length on muskmelon.
Fruit length was found to be highest in the well watered
treatment (100% ETc) combined with 120 kg N ha− 1, where
it was significantly enhanced by increased N application
rates, whereas the lowest fruit length was recorded as se-
verely water stressed (50% ETc) was integrated with 120 kg
N ha− 1. Analogous results have also been presented by
Bhella [63] in muskmelon as well as Srinivas et al. [64] in
watermelon, in which they indicated that water stress di-
minished fruit length.

+e largest number of fruits per plant (26.27) was
achieved whilst 100% ETc is combined with 138 kg N ha− 1.
Such result did not significantly differ from the treatment
with 138 kg N ha− 1 integrated to 50 and 75% ETc. However,
the smallest number of fruit per plant (14.47) was acquired
when 50% ETc is coming together with 0 kg N ha− 1 that was
not significantly different with number of fruits obtained
from 0 kg ha− 1 interacted with 75 and 100% ETc. Fruit
number was enhanced by 81.55% under combined appli-
cation of 100% ETc and 138 kg N ha− 1 compared to the fruit
number achieved in 50% ETc coupled with 0 kg N ha− 1. +is
result signified that the increased application of irrigation
and N fertilizer levels increased the fruit number of tomato
to the highest value. Adequate supply of N under sufficiently
moist soil enhances the growth of plants. Likewise, Djidonou
et al. [24] reported that number of fruits per plant was
significantly affected by the interaction between the irriga-
tion regime and N rates. Under the 50% irrigation regime,
fruit number was the lowest at 56 kg N ha− 1 and was sig-
nificantly increased at 112 kg N ha− 1, whereas increasing N
rate beyond 112 kg ha− 1 did not significantly increase the
number of fruit plant at 224 and 336 kg N ha− 1.
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Furthermore, Candido et al. [65] reported that pepper plants
subjected to periods of water shortage exhibited a significant
reduction in the number of fruit plants in peppers with those
regularly watered plants, yet only when N fertilizer was
applied; this reduction tended to increase with the increasing
N dose. +is verifies that in water and N scarce conditions,
smaller number of fruits may attribute to lower tomato fruit
yield [66, 67].

3.2.Marketable Yield and Incidence of BER. +e incidence of
BER (%) was markedly influenced by the interaction of N and
irrigation water levels (Table 2). +e highest incidence of BER
(21.91%) was recorded from 50% ETc combined with 0 kg N
ha− 1 (where there was nonsignificant variation among all
irrigation levels combined with 0 kg N ha− 1), whereas the
lowest incidence of BER (7.03%) was obtained while 100%
ETc is integrated with 92 kg N ha− 1. +is result was not
significantly varied with the incidence of BER recorded from
75% ETc integrated with 92 kg N ha− 1. Incidence of BER
showed to be triggered (reduced) at varied N levels in which
incidence of BER had a decreasing trend from 21.91 to 7.03%
as N fertilizer rates go up progressively from 0 to 92 kg ha− 1,
whereas incidence of BER indicated an increasing pattern
from 7.03 to 18.66% as N fertilizer rate increased from 92 to
138 kg ha− 1 under all irrigation levels. Incidence of BER
seemed to be more influenced by N rates (especially under
lower and higher rates) compared to the irrigation levels. +is
indicates that improper N fertilization rates aggravate the
incidence of BER development. Similar result was reported by
Birhanu and Tilahun [68]. In conformity to this result,
Warner et al. [30] reported that blossom end rot was common
in drier years in an experiment conducted for four years using
five N rates and four cultivars of tomato. High rates of N
fertilizer application might inhibit Ca2+, Mg2+, and K+ ab-
sorption in plants [69] which could be one of the causes for
increased incidence of BER. Correspondingly, O’Sullivan [70]
reported that irrigation and N levels had a significant in-
teraction result in which the incidence of BER was reduced by
irrigation but increased with increasing rates of N on pepper.

In the present study, interactions of irrigation and N
application levels markedly affected the marketable yield of
tomato. +e highest marketable yield (20.50 t ha− 1) was
recorded from the application of 92 kg N ha− 1 with 75% ETc
that did not significantly vary from the yield obtained under
92 kg N ha− 1 interacted with 100% ETc.+is may be resulted
from the presence of favorable soil moisture and sufficient N
nutrition during the growing period. Yet, the lowest mar-
ketable yield (8.44 t ha− 1) was obtained from the application
of 50% ETc integrated with 0 kg N ha− 1.+is finding revealed
that marketable fruit yield reduced by 58.83% in the 50% ETc
interacted with 0 kg N ha− 1 compared with 75% ETc coupled
with 92 kg N ha− 1. In conformity to this result, Du et al. [22]
and Li et al. [43] reported that an optimum irrigation and N
level combination (75% ETc coupled with 250 kgN ha− 1) was
required for highest tomato yield. Tomato yield tended to
increase with increasing N rates for a given amount of ir-
rigation water. On the contrary, May and Gonzales [71] and
Akemo et al. [25] obtained lower tomato yields as soil
moisture level was reduced. +is result is consistent with
various findings reported by Xiukang et al. [66], Xiukang
and Yingying [42], Ozbahce and Tari [72], and Du et al. [22].

Reduced marketable yields were recorded from tomato
plants produced in the 50% ETc combined with 0, 46, and
138 kg N ha− 1 while 100% ETc is integrated with 0 kg N ha− 1

which wasmainly caused by the higher incidence of BER and
reduced fruit size (fruit diameter and length) under such
treatment combinations. +erefore, it is valid to conclude
that excessive N application no longer contributed to yield
increase under water scarcity. +ough the number of fruits
per pant was higher in plots treated with 100% ETc coupled
with 138 kg N ha− 1, the higher incidence percentage of BER
contributed to reduce marketable fruit yield of tomato.
+erefore, both the lesser and excessive irrigation as well as
N application levels could result in decreased marketable
fruit yield. Research output by Djidonou et al. [24] showed
that lower marketable yield of tomato was recorded from the
50% irrigation level combined with the application of 56 kg
N ha− 1. In harmony to this result, Du et al. [22] confirmed
that marketable fruit yield increased with an increase in

Table 1: Tomato fruit diameter, fruit length, and number of fruits per plant as affected by irrigation and N application levels.

Treatment combinations Fruit diameter (mm) Fruit length (mm) Total no. of fruits plant− 1

50% ETc

0 kg N ha− 1 44.43 60.27 14.47
46 kg N ha− 1 48.27 65.65 18.03
92 kg N ha− 1 48.43 65.77 17.73
138 kg N ha− 1 52.05 69.65 22.80

75% ETc

0 kg N ha− 1 48.93 64.37 15.20
46 kg N ha− 1 53.37 68.77 18.60
92 kg N ha− 1 51.68 65.80 19.93
138 kg N ha− 1 56.10 71.60 22.73

100% ETc

0 kg N ha− 1 47.25 62.40 15.13
46 kg N ha− 1 50.97 66.07 18.27
92 kg N ha− 1 50.82 65.95 18.60
138 kg N ha− 1 53.98 70.08 26.27

LSD 1.24 3.35 2.19
CV (%) 7.20 7.44 3.54
ETc� crop evapotranspiration; LSD� least significant difference at 5% level of probability; CV� coefficient of variation.
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amount of irrigation (averaging across the N rate) or an
increasing N rate (averaging across the irrigation treat-
ments) in tomato (Table 2).

+e regression analysis showed nonlinear relationships
between irrigation water level and marketable tomato yield
as well as BER incidence (Figure 1). Similarly, nonlinear
relationship was also obtained among N application levels
and marketable tomato yield and BER incidence (Figure 2).
Marketable yield of tomato increases with an increase in the
application rate of N from 0 to 92 kg ha− 1 while it starts to
decline after it reaches 92 kg ha− 1. +ough there was non-
significant relationship, application of N levels (R2 � 0.449)
contributed more for the change in marketable tomato fruit
yield than the irrigation level (R2 � 0.146). On the other
hand, in the reduction of BER incidence, contribution of
irrigation water level (R2 � 0.581) was relatively higher than
that of N application level (R2 � 0.183). Results of the current
experiment suggest that in all irrigation levels, there was an
increasing trend in marketable yield of tomato as N rate
increases from 0 to 92 kg ha− 1, whereas a decreasing pattern
of the marketable yield was observed with an increasing N
rate beyond 92 kg ha− 1 (Table 2 and Figure 2). +e decrease
in marketable yield may be attributed to the smaller number
of fruits per plant, reduced fruit length and diameter, and
higher incidence of BER.

Application of 138 kg N ha− 1 led to yield reduction by
3.18, 4.14, and 3.5 t ha− 1 under 50%, 75%, and 100% ETc
irrigation levels, respectively, as compared to the application
of 92 kg N ha− 1 in all irrigation levels (Table 2). Comparable
results were also recorded by Djidonou et al. [24] in which
better yield was obtained at 112 kg N ha− 1 while above this
rate, fruit yield did not show a significant variation. +e
research finding of Warner et al. [30], which was a four-year
trial, showed that with ample water, crop response to fer-
tilizer N rates was enhanced. In such an experiment, during
the dry growing season, maximum marketable yield was
obtained with a fertilizer level of 150 kg ha− 1 and was re-
duced by a further increase in N rates. +e dry situations
may have restricted additional development of the crop in

response to higher N rates, and further increase in N fer-
tilizer level may have aggravated the moisture stress.

Moreover, May and Gonzales [71] reported that lower
yields of tomato were observed as soil moisture levels were
decreased. Akemo et al. [25] also found lower yields in dry
years as compared to a year with more rainfall. In line with
the result of this trial, Djidonou et al. [24] reported that the
effects of N rates on the marketable yield of tomato was
reliant on irrigation regime as revealed by the significant
interaction of irrigation regime by N rate. In agreement with
the finding of the present research, several studies on
muskmelon [62, 63], on watermelon [64], and on bell pepper
[65] have revealed significant interactions among irrigation
and N levels for marketable yield.

3.3. Economic Performance Evaluation. Partial budget
analysis was used to evaluate the economic performance of
each treatment combination. According to the result dis-
played in Table 3, the maximum net income was recorded
when tomato was cultivated under 75% ETc combined with
92 kg N ha− 1 application levels. Tomato production under
lower irrigation level (50% ETc) combined with no N fer-
tilizer application resulted the lowest net income. With an
increase in irrigation water level from 50 ETc to 75% ETc and
N application rate from 0 kg N ha− 1 to 92 kg N ha− 1, net
income was consistently enhanced. Similar results were also
reported by Sezen et al. [73] on pepper. +is implies that
application of irrigation water and N fertilizer beyond 75%
ETc and 92 kg ha− 1, respectively, seemed uneconomical.
+erefore, in the present study, where access to irrigation
water is scarce and mineral N fertilizer is costly, better
tomato yield could be achieved using moderate irrigation
level (75% ETc) integrated with N fertilizer rate of 92 kg ha− 1.

Considering marginal rate of return (MRR), though the
highest value (64.52%) was obtained when the tomato was
cultivated under full irrigation combined with the appli-
cation of 92 kg N ha− 1, smallholder farmers prefer low cost of
production with high income, and thus it is necessary to

Table 2: Marketable yield and incidence of BER as affected by irrigation and N application levels.

Treatment combinations Incidence of BER (%) Marketable yield (t ha− 1)

50% ETc

0 kg N ha− 1 21.91 8.44
46 kg N ha− 1 17.67 11.14
92 kg N ha− 1 7.79 14.79
138 kg N ha− 1 18.66 11.61

75% ETc

0 kg N ha− 1 21.50 13.17
46 kg N ha− 1 14.72 15.81
92 kg N ha− 1 7.14 20.50
138 kg N ha− 1 17.12 16.36

100% ETc

0 kg N ha− 1 20.21 9.28
46 kg N ha− 1 16.94 12.53
92 kg N ha− 1 7.03 17.67
138 kg N ha− 1 17.35 14.17

LSD 1.24 3.35
CV (%) 7.20 8.27
ETc� crop evapotranspiration; BER� blossom end rot; LSD� least significant difference at 5% level of probability; CV� coefficient of variation.
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Figure 1: Relationship of irrigation water levels (% ETc) with marketable yield (MY) and BER incidence.
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Figure 2: Relationship of nitrogen (N) levels with marketable yield (MY) and BER incidence.

Table 3: Marginal rate of return (MRR) and dominance analysis.

Treatment
Returns and costs (USD)

Gross
income

Total varying
cost

Net
income

Net income over
control

MRR
(%)

Dominance analysis
(%)

IL-1 (50% ETc)

0 kg N ha− 1 4,018 82 3,936 0 0 68.00
46 kg N ha− 1 5,303 143 5,160 1,224 29.14 93.13
92 kg N ha− 1 7,040 204 6,836 2,900 48.34 − 255.70d

138 kg N
ha− 1 5,527 224 5,302 1,366 20.70 32.53

IL-2 (75% ETc)

0 kg N ha− 1 6,269 82 6,188 0 0.00 66.42
46 kg N ha− 1 7,526 143 7,383 1,196 28.46 120.63
92 kg N ha− 1 9,759 204 9,555 3,367 56.11 − 338.66d

138 kg N
ha− 1 7,788 224 7,563 1,376 20.84 31.78

IL-3 (100%
ETc)

0 kg N ha− 1 4,418 82 4,336 0 0.00 82.55
46 kg N ha− 1 5,965 143 5,822 1,486 35.38 132.53
92 kg N ha− 1 8,411 204 8,207 3,871 64.52 − 287.88d

138 kg N
ha− 1 6,745 224 6,521 2,185 33.11 32.49

dDominated treatment. USD�United States dollar.
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conduct the stepwise treatment comparison (also known as
dominance analysis). Result of the dominance analysis in-
dicated that higher marginal rate or return (132.53%) was
recorded from tomatoes produced under full irrigation with
the application of 46 kg N ha− 1. In all the irrigation water
levels, treatments which received 92 kg N ha− 1 were dom-
inated and resulted in a rate of return below the farmer’s
minimum acceptable rate of return (100%).

In tomato production, using full irrigation level (100%
ETc), by changing the level of N application from 0 to 46 kg
ha− 1, farmers can recover 1 USD plus an extra 1.33 USD ha− 1

in net return for each 1 USD ha− 1 on average invested. On
the other hand, the application of 92 kg N ha− 1 resulted in
negative returns in all the irrigation levels. For tomatoes
cultivated under full irrigation level, changing the N ap-
plication level from 46 to 92 kg ha− 1 makes the farmer to lose
28.89 USD ha− 1 for each 1 USD invested. Hence, tomato
production under full irrigation (100% ETc) integrated with
46 kg N ha− 1 application rate was economically feasible
practice. Comparable result was reported by Ertiban [74],
who revealed application of 50 kg N ha− 1 was economically
feasible for onion production under irrigation.

+erefore, the lesson from this could be either the
purchasing price of inorganic fertilizer should be decreased
or else farmers are recommended to apply N at a rate of
<46 kg ha− 1. +is result contradicts with the findings of
Rinaldi et al. [75], who reported the possibility to reduce
irrigation level, but not N level up to 200 kg of N ha− 1.

4. Conclusion and Recommendation

Irrespective of the irrigation water level, tomato fruits
showed higher susceptibility to incidence of BER as N
fertilizer application level was below or beyond 92 kg N ha− 1.
+is implies that susceptibility of tomatoes to the incidence
of BERwasmore due to the change in N fertilizer application
levels. Based on the result of the present study, the optimum
N fertilizer level that could reduce incidence of BER was
92 kg N ha− 1. In general, marketable fruit yields of tomato
increased with an increase in irrigation water level from 50
to 75% and N rates from 0 to 92 kg ha− 1. From this, it can be
concluded that higher fruit yield of tomato could be ob-
tained by the application of moderate irrigation water level
(75% ETc) using drip irrigation together with 92 kg N ha− 1.
However, the partial budget analysis revealed that appli-
cation of 46 kg N ha− 1 was economically feasible irrespective
of the irrigation levels.+us, considering the current mineral
fertilizer price, this is strong economic motivation for nu-
trient application at the grower’s average rates which was 46
to 69 kg N ha− 1. Finally, it could be recommended that
further investigation be conducted on the degree of BER
incidence in relation to cations and calcium containing
fertilizer applications on different tomato varieties under
varying irrigation levels.
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