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ABSTRACT: The productivity and quality of tomato crops are influenced by nutrient management and soil moisture levels. A study was con-
ducted in Melkassa to find the best nitrogen fertilizer rate and soil moisture level for tomato crops. The experiment employed a split-plot design
and was replicated three times. The combined impact of soil moisture and nitrogen levels greatly affects the height, branch count, fruit size, fruit
length, marketable yield of tomatoes, tomato fruit quality, nitrogen use efficiency and water use efficiency (p<.05). The optimal combination of
75% ETc and 230kg/ha resulted in the tallest tomato plant height and the highest branch number. The highest diameter and length of tomato
fruits were obtained when 75% ETc and 184kg/ha were combined. The highest marketable tomato yields were achieved by the interaction of
75% ETc and 184kg/ha N. Applying 50% ETc with 184 and 138kg/ha resulted in higher WUE. Interaction of 92kg/h and soil moisture at all lev-
els results in the maximum AUE. The maximum PFP obtained from 138 and 184 kg/ha with no significant difference. Excessive nitrogen rates
(>184kg/ha) did not increase tomato yield and WUE except for plant height and branch number. In general, the application of 75% ETc and
138 to 184 kg/ha of nitrogen is optimal for tomato production considering the measured parameter to improve water use efficiency and nutrient
management in arid and semi-arid environment. The results gave valuable information and direction for the use of organic nitrogen and water

in tomato production.
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Introduction

Tomatoes are one of the most widely consumed and economi-
cally important crops in the world (Oprea et al., 2022; Yousafi
et al., 2022). Tomatoes are also high-value vegetable crops
commonly grown in Melkassa, located in the central Rift Valley
of Ethiopia. They are popular in smart farms and have appreci-
able commercial and nutritional values. With its high demand
and economic value, tomato growers must optimize their farm-
ing practices to ensure high yields and quality produce (Hao
et al., 2016; Kenul, 2018).

The productivity and quality of tomato crops are influenced
by various factors, including nutrient management and soil
moisture levels. One crucial aspect of tomato crop optimization
is the use of nitrogen fertilizer and maintaining appropriate soil
moisture levels (deCastro Paixdo et al., 2022; Matos et al.,
2021). Tomato crops require a sufficient supply of nitrogen
throughout their growth stages to maximize yield potential and
achieve optimal fruit quality (Benzon & Lee, 2016; Kenul,
2018; Ogundare et al., 2015). Nitrogen is an essential nutrient
for plants, including tomatoes (Andrade, 2020; Gheshm &
Brown, 2018). It plays a vital role in various physiological pro-
cesses such as photosynthesis, protein synthesis, and overall
plant growth and development (Drobek et al.,2019; Muhamad-
Hassan et al., 2022). Additionally, nitrogen fertilizer promotes
the production of healthy and abundant foliage, which is cru-
cial for efficient light interception and fruit development
(Singh et al., 2018). The timing and rate of nitrogen fertilizer

application are also crucial for crops production (Beyene &
Mulu, 2019; Sitaula et al., 2020). However, the application of
nitrogen fertilizers must be carefully managed to avoid nega-
tive impacts on tomato crop quality (Kenul, 2018).

The availability of water in the soil directly affects nutrient
absorption by plant roots and ultimately influences crop yield
and quality (Alaguero-Cordovilla et al., 2018). Soil moisture is
also a critical factor in determining the growth and develop-
ment of tomato crops (Q. Du et al., 2018). Proper soil moisture
levels ensure optimal nutrient uptake and water retention, both
of which are essential for the health and productivity of tomato
plants (Sobrinho et al., 2022; Zhang et al., 2020). Insufficient
soil moisture can lead to stunted growth, reduced fruit produc-
tion, and poor fruit quality (Zhang et al., 2020). Additionally,
excessive soil moisture can cause root rot and other diseases
that can negatively impact the overall health of tomato plants
(Jamiolkowska et al., 2019; J. Wang et al., 2022).

The maximum growth and yield of tomato could be pro-
duced when soil moisture content was maintained in the region
of field capacity which progressively reduced in the drier treat-
ments. This implies that maintaining soil moisture at field
capacity, which is the maximum amount of water the soil can
hold, is crucial for tomato crop growth and yield (Li et al.,
2021; Gil-Ortiz et al., 2023). To ensure the successful cultiva-
tion of tomato crops, it is essential to determine the optimal
soil moisture level that promotes healthy growth and maxi-

mizes yield (Q. Du et al., 2018; Matos et al., 2021).
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Figure 1. Map of the study area.
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Figure 2. Maximum and minimum temperature of study area during study period.

Previous studies concentrated on nitrogen application and
deficit irrigation separately. In practice, nitrogen and irrigation
application need to be managed simultaneously. Therefore, it is
essential to strike a balance and ensure that soil moisture levels
are kept within the optimal range for tomato crops to achieve
maximum growth and yield. To ensure this, the study is con-
ducted to determine the optimum rate of nitrogen and required
irrigation level for tomato crops, and to identify the interactive
effect of nutrient and moisture levels on yield and yield quality.

Materials and Methods
Study area description

The field experiments were conducted during dry season in

2022 and 2023 in Melkassa agricultural Research Center, East

Shewa Zone of the Oromia reginal state. Melkassa is located at
a latitude and longitude of 8°23'51.98"N to 39°20'5.86"E and
have an elevation of 1550m (Figure 1). The average annual
minimum and maximum temperatures are 12.3°C and 28.6°C.
The minimum and maximum temperatures of the study area
during the experimental season are shown in Figure 2. The
total effective annual rainfall for these years was 504.8 and
916.3 mm, with 108.15 and 371.4mm occurring during the
experimental season (Figure 3). The dominant soil texture of
study area is clay and clay loam. The soils have 36% and 21%
of field capacity and permanent wilting point. The bulk density
of the soil is also 1.1g/cm®. Maize, teff, onions, and tomatoes
are the major crops grown in the study area. Tomato is culti-
vated for cash crops and dominant use in the Melkassa and in
Central rift valley of Ethiopia (Figures 1-3).
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Table 1. Treatment Combination.

TREATMENT N RATE (KG/HA)
IRRIGATION 0

INTERVALS

100% ETc T T2
75% ETc T6 T7
50% ETc T11 T12

Experimental design and treatments

To determine the optimal nitrogen fertilizer rate and soil mois-
ture level for tomato crops in Melkassa, a study was conducted
using a split-plot experimental design and replicated three
times. The experiment included different nitrogen fertilizer
rates (0, 92, 138, 184, and 230kg N/ha). The soil moisture lev-
els were also varied (50% ETc, 75% ETc, and 100% ETc) as
indicated by the combinations in Table 1. The tomato plants
were divided into different treatment groups, with each group
receiving a specific combination of nitrogen fertilizer rate and
soil moisture level. The results of the study can offer valuable
insights into the optimal nitrogen fertilizer rate and soil mois-
ture levels for tomato crops in Melkassa. The Gelillema tomato
variety was used for the treatment materials. The varieties were
obtained from Melkassa Agricultural Research Center and
performed well compared to the other varieties present in
Melkassa at the time of the experiment. The plot is 5m wide
and 5m long, with a total area of 25 m”. The spacing between
rows of plants was 1 m, and there was a 0.3 m spacing between
individual plants. Each experimental plot has a spacing of 1.5m
and a distance of 2.5 m between replications.

Crop management and pma‘ices

All agronomic practices were implemented for each plot,
except for nitrogen and soil moisture level treatments. Land
preparation, planting, field management, and harvesting were
carried out accordingly and on time each year. Throughout the
years, tractors have been utilized for tillage, land leveling, and

T3 T4 T5
T8 T9 T10
T13 T14 T15

layout preparation, with any mistakes being rectified manually.
In December, the first plowing began. The tomato transplant-
ing was done in mid-January on ridges of furrows with five
rows in each plot for all three years. The urea (46-0-0) with
rates of 0%, 92%, 138%, 184%, and 230% nitrogen (N) was
used as a nitrogen source, while T'SP (0-46-0) was utilized as
a phosphorus (P) source. TSP was evenly applied to all plots.
Half of the nitrogen was applied during transplanting, and the
remaining half was top-dressed 45days after transplanting.
Weed management is carried out manually during the treat-
ment season. The weeding took place randomly as the weeds
emerged during the experimental periods. The diseases caused
by various fungal pathogens, bacterial wilts, Fusarium wilt, and
different pests were controlled by manually spraying chemicals
such as mancozeb, karate, redo mail, and profit. These chemi-
cals were applied before and after the emergence of these dis-
eases and pests randomly during the experimental periods.
Tomatoes were harvested regularly during their maturation
stages until the fruits ripened. The experimental sample was
collected from the middle three rows of the plot and used for
analysis.

Irrigation scheduling

The irrigation scheduling was determined by using the CROP-
WAT 8 model. The reference crop evapotranspiration (ETo)
was calculated using the Penman-Monteith method, which
takes into account the climatic data of the area, such as maxi-
mum and minimum temperature, humidity, wind speed, and

Downloaded From: https://complete.bioone.org/journals/Air,-Soil-and-Water-Research on 01 Dec 2024

Terms of Use: https://complete.bioone.org/terms-of-use



Air, Soil and Water Research

solar sunshine (Allen et al., 1998). The reference evapotranspi-
ration (ETo) was estimated using the following equation.

900

T+273
A+y (1 + 0.34u2)

0.40A(Rn—G)+y U2(es—ea)

ETo =

Were, ETo: reference evapotranspiration (mm/day), Rn: net
radiation at the crop surface (M]/m2/day),G: soil heat flux
density (MJ/m2/day),T: mean daily air temperature at 2m
height (°C), U2: wind speed at 2m height (m/s), es: saturation
vapor pressure (kPa), ea: actual vapor pressure (kPa), es—ea:
saturation vapor pressure deficit (kPa), A: slope of vapor pres-
sure curve (kPa/°C), Y: psychrometric constant (kPa/°C).
Evapotranspiration (ETc) is a term used to describe the
combined process of soil evaporation and the water consumed
by a crop for both growth and cooling functions (Allen et al.,
1998). 1t is determined by multiplying the reference evapotran-
spiration (ETo) by the crop coefficient (Kc) as described below.

ETc=Kc*ETo

Were, ETc: Evapotranspiration (mm/day) ETo: reference
evapotranspiration (mm/day)

The amount of water available for crops in the root zone,
known as total available water (TAW), was determined based
on the measurements of field capacity and permanent wilting
(Allen et al., 1998).

TAW =1000% (6 FC-6PWP)* BDx D,

Were, TAW: volumetric total available water in the root zone
(mm/m) FC: volumetric moisture content at field capacity(m3/
m?) and PWP: volumetric moisture content at permanent wilt-
ing point (m*/m?3). BD: bulk density (g/cm?)

Readily available water (RAW) refers to the quantity of water
that crops can access from the root zone without undergoing
water stress. It is calculated based on the total available water
(TAW) and the permissible soil moisture depletion level (P).

RAW = pxTAW

Were, RAW: readily available water in mmf

p is in fraction for allowable permissible soil moisture deple-
tion for no stress and p is taken as .4 for tomato crops (Allen
et al., 1998).

The net irrigation water requirement (NIR) refers to the
amount of water needed for irrigation in order to meet the
evapotranspiration needs of crops and any additional water
needs that are not met by water already stored in the soil or
received through precipitation.

NIR = ET, - P,

Were, I: the net irrigation depth in mm, ETc: the crop water
requirement in mm, Pe: the effective rainfall in mm.

Irrigation interval (I) also determined from the net irriga-
tion interval and crop water requirement.

| NIR ETc-—Pe
ETc ETc

Were, I: irrigation interval (days)

The irrigation water was applied to each experimental plot
using a two-inch Parshall flume, and the time was calculated to
determine the volume of water entering the plot.

)
60

where T is the time in min, A is the plot area (m?), D is the

application depth (mm) or the amount of water that needs to

be applied to an irrigated system when soil water is reduced to

the specified depletion level, and Q_is the discharge rate (I/s).

Irrigation water use efficiency (WUE) and

nitrogen use efficiency

Water use efficiency is the ratio of the total economic yield to

the total irrigation water supplied to the treatments (Yang
et al., 2017)

WUEZK
1

t

Where WUE (/tha/mm) represents water use efficiency, Y (/tha)
denotes total economic yield, and I, (mm) indicates the total
amount of irrigation water applied.

Nitrogen use efficiency is determined by two methods of
nutrient use efficiency; partial factor productivity and agro-
nomic efficiency of nitrogen.

Partial factor productivity is the kg harvested product to per
kg nutrient applied (Dobermann, 2007).

PFP=z
F

F=amount of Nitrogen applied(kg/ha); Y=Yield of tomato(kg/
ha); and PFP =Partial factor productivity.

Agronomic use efficiency (AE) is agronomic efficiency of
applied nitrogen (kg/ha) to harvested tomato (kg/ha)
(Dobermann, 2007).

v-y,

AUE =

Were, F=amount of Nitrogen applied(kg/ha); Y=Yield of
tomato(kg/ha); and Yo =tomato yield in control treatment with
no V.
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Table 2. Effect of Irrigation Level and Nitrogen Rate on Growth Parameters and Yield.

TREATMENT PLANT HEIGHT (CM)  BRANCH NUMBER  FRUIT DIAMETER (MM) FRUIT LENGTH (MM)  MARKETABLE YIELD
(TON/HA)
100% ETc 62.12 9.1ab 54.3 72.42b 38.72
75% ETc 62.5 9.4a 57.92 74,62 39.82
50% ETc 59.90 8.7 51.3¢ 70.7° 35.00
cv 1.56 5.82 43 3.18 6.2
LSDy 05 1.0 0.54 1.79 2.29 2.76
N230 65.02 9.62 54.7¢ 72.20 38.00
N184 64.72 9.3 59.52 77.02 42 1a
N138 63.3 9.1ab 57.0° 75.72 4112
N92 59.4¢ 8.8bc 53.0° 72.10 34.90
NO 55.1d 8.6° 48.4¢ 61.9¢ 33.10
cv 1.69 5.93 3.24 3.11 719
LSDy 05 0.93 0.51 2.28 2.24 2.28

Note. Letter with different letter in the same column was significant different at 5% probability level.

Determination of fruit quality parameters measured with a caliper, and the average values were used for

h lysis.
Parameters such as total soluble solids (TSS), soluble sugar, the analysis

organic acids (AS), Vitamin C (VC), lycopene, and nitrate

) ) ) : Branch number. The number of tomato branches was counted
content were determined according to their respective meth-

o ; . during maturity stages from 10 plants, and their average was
ods of determination. Six matured fruits were selected from :
used for analysis.
each treatment and checked for each quality parameters.
Electronic handled refractor was used to measure T'SS (PR-
32 Co.,Ltd Tokyo Japan). The Anthrone colorimetric method
was used to determine the SS (Li, 2000). NaOH was titrated

with 0.1mol/L and calculated as equivalents of citric acid

Marketable yields (tons/ha). Tomato fruits were collected at
maturity stages from the three middle rows in all rounds of
harvesting, weighed using a sensitive balance, and then added
together to determine the total weigh. The fruits attacked by

expressed as percentages of fresh mass (Agroindustriais, diseases, pests, and the sun are in marketable tomato yield. The

2013). VC was measured using the extraction-molybdate blue total weight of fresh tomatoes was collected from a 12m? plot

spectrophotometric method  (Association of Official area and converted to ton/ha.

Analytical Chemists, 1984). Spectrophotometric method was The data analysis was subjected to the ANOVA method
used to measure lycopene (Lianfu, & Xiaolin, 2001).

Spectrophotometric method was used for the measurement

of NC (Lianfu, & Xiaolin, 2001).

using the SAS software program for a split-plot design over
two years. The least significant difference at a .05 probability
level is used to compare the means.

Data collection and analysis Results

Effect of irrigation level nitrogen rate and their
interaction on growth parameter and yield of
tomato

Tomatoes data such as plant height, fruit diameter, branch
number, and marketable and unmarketable yield were collected
and used for analysis.

Table 2 represent the overall data for growth parameters and

Plant height. Ten plants were selected randomly from the mid- yield for two cropping seasons. The growth parameters and
dle rows and measured using a measuring tape from the ground yields show significant differences for both irrigation levels and
surface to the top of the tomato to determine the plant height nitrogen application rate application.

of tomatoes at different stages of maturity.

Plant height. Plant varies significantly depending on the soil
Fruit length (mm) and fruit diameter (mm). At harvesting moisture and nitrogen levels applied. The tallest plants were
times, ten fruits were selected from different sizes of tomato, observed under higher soil moisture conditions of 100% and
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75% ETc, measuring 62.5 and 62.1cm respectively, with no
significant difference between them. In contrast, plants under
50% ETc irrigation were notably shorter, measuring 59.9 cm.
This difference highlights tomatoes’sensitivity to increased soil
moisture stress, which leads to reduced plant height.

There is also a significant difference in plant height
depending on nitrogen application rate. Reducing nitrogen
levels results in a reduction in plant height, as shown in Table
2. The application of 230 and 184 kg/ha of nitrogen resulted
in the tallest tomato plants compared to the application of
138,92, and 0kg/ha, without any significant difference. These
treatments yielded tomato heights of 65.0 and 64.7cm,
respectively. Applications of 138,92, and O kg/ha also resulted
in plant heights of 63.3, 59.4, and 55.1 cm, respectively. The
result indicates that plant height increases with an increase in
nitrogen rate up to a certain point, and then decreases above
optimal levels. Excessive nitrogen application can negatively
impact water and nutrient absorption.

Branch number. Tomato branch numbers show a significant
difference when different irrigation levels and nitrogen rates
are applied. The largest number of tomato branches was
obtained by applying 75% ET¢, yielding 9.4 tomato branches,
as shown in Table 2. Soil moisture stress at 50% ETc and 100%
ETc levels resulted in a lower (8.7) and moderate (9.1) number
of tomato branches. Irrigating tomatoes with 75% E'Tc resulted
in 3.19% and 7.44% more tomato branches than irrigating
with 100% ETc and 50% ETk, respectively.

In this study, the largest (9.6) and lowest (8.6) tomato
branches were obtained by applying 230kg/ha and O nitrogen
rates. The moderate tomato branch numbers 9.3 and 9.1 were
achieved with applications of 184 and 138kg/ha, respectively,
showing no significant difference. This suggests that as nitro-
gen application rates increase, tomato branch number also
increase.

Fruit diameter. As shown in Table 2 the diameter of the tomato
fruit varies significantly with the application of different irriga-
tion levels. The maximum fruit diameter of 57.9mm was
achieved with the application of 75% ETc, while the minimum
fruit diameter of 51.3mm was achieved with greater deficit
irrigation (50% ETc). This indicates that soil moisture of 75%
ETe is optimal to produce tomatoes with a larger fruit diame-
ter. Application of 100% ETc results in a medium fruit diam-
eter of 54.3cm compared to application of 75% and 50% ETc
irrigation levels.

Application of different nitrogen rates shows a significant
impact on tomato fruit diameter. The larger fruit diameters of
59.5 and 57.0mm were obtained by applying 184 and 138kg/
ha of nitrogen treatments. Increasing nitrogen rates up to
184kg/ha of fruit diameters, but they decreased when the
nitrogen rate reached 230kg/ha. This indicate that applying a

nitrogen rate above the optimal level does not increase tomato

fruit diameter. The smaller fruit diameters of 53.0 and 48.4 mm
were obtained by applying 92 and Okg/ha of nitrogen,

respectively.

Tomato fruit length. Tomato fruit length varies significantly
depending on the application of different soil moisture levels
and nitrogen rates. The longest fruit length of 74.6 mm was
achieved by applying 75% ETc irrigation level. The shortest
fruit length of 70.7 mm was also observed when 50% ETc irri-
gation levels was applied. Irrigation of tomatoes with 100%
ETc results in a tomato fruit length of 72.4 mm.

Applying different N rates had a significant effect on the
length of tomato fruits. Longest fruit length was achieved by
applying 184 and 138kg/ha nitrogen, resulted 77.0 and
77.7 mm, without significant difference. Applying 230 kg/ha of
nitrogen resulted in shorter fruit length compared to applying
184 and 138 kg/ha of N. A shorter fruit length of 61.9 mm was
obtained at the zero-nitrogen rate. Irrigation at rates of 230
and 92kg/ha resulted in fruit lengths of 72.2 and 72.1mm,

respectively, with no significant difference.

Tomato marketable yield. The total marketable yield of toma-
toes over a two-year period varied significantly due to the
application of different soil moisture and nitrogen rates in the
treatments. No significant differences were observed between
100% ETc and 75% ETc, whereas a significant difference was
noted when using 50% ETc irrigation levels. In this study, the
highest yield of 39.8 and 38.9 tons/ha was obtained by apply-
ing 75% ETc and 100% ETc, respectively, without any signifi-
cant difference. Applying an irrigation level of 50% ETc results
in a yield of 35.0tons/ha, with a statistically significant
difference.

The application of nitrogen rates significantly impacts mar-
ketable tomato yields. Appling 184 and 138kg/ha of nitrogen
results in higher marketable tomato yields, with reported yields
of 42.1 and 41.1tons/ha, respectively, showing no significant
differences between the two rates. In this study, the maximum
nitrogen application of 230kg/ha did not yield the highest
tomato output, resulting in 38 tons/ha. Additionally, the appli-
cation of 92kg/ha of nitrogen produced a marketable yield of
34tons/ha, while no nitrogen application led an even lower
yield of 33.1 tons/ha.

The interactive effect of irrigation level and nitrogen rate on
growth parameters and yield is presented in Table 3. The inter-
action effect of soil moisture and nitrogen content significantly
influences plant height, number of branches, fruit diameter,
fruit length, and marketable yields of tomato.

The combination of 75% ETc and 230kg/ha N resulted
the longest plant height of 66.2 cm, while the shortest plant
height of 54.1cm, was observed with the combination of
Okg/ha N and 50% ETc irrigation level. Combination of
50% E'Tc resulted in shorter plant height across all nitrogen
rates and an increase in plant height within the same
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Table 3. Interactive Effect Irrigation Level and Nitrogen Rate on Growth Parameters and Yield.

TREATMENT CROP YIELD AND GROWTH PARAMETERS
PLANT HEIGHT BRANCH
(CM) NUMBER

1 230N X 100% ETc ~ 64.1% 9.6abc

2 184N X 100% ETc ~ 65.9% 9.3abcde

8 138N X 100% ETc ~ 64.920° 9 abeder

4 92N x 100% ETc 60.4° 9. 2abodef

5 ON X 100% ETc 55.0%" 8.60%f

6 230N X 75% ETc 66.22 9.9

7 184N X 75% ETc 65.520¢ 9.8e0

8 138N X 75% ETc 64.2000 9.3abed

9 92N X 75% ETc 60.5¢ 9.fabedef

10 ON X 75% ETc 56.2'9 8.8edef

M 230N X 50% ETc 64.82b 9.3abed

12 184N X 50% ETc 62.7¢ 9.Qabedef

13 138N X 50% ETc 60.8¢ 8.9bcdef

14 92N X 50% ETc 57.21 8.2f

15 ON % 50% ETc 54.1n 8.3¢f

FRUIT DIAMETER  FRUIT LENGTH MARKETABLE
(MM) (Mwm) YIELD (TON/HA)
54.6edef 71.9cdefgh 39.5bcd

57.1be 75.5abcd 41.4abe

55.4¢d 74..8bcdef 41 .43bc

54, Qcdef 71.7defgh 35.Gde

50.5' 68.0" 35.6%

57.1be 73.3bodefg 38.0cd

65.92 79.32 45.52

60.7° 77.2% 43.6%°

54 Qcdef 73.4bcdefg 36.3de

51.94def 70.09h 35.5d¢

52,3def 71.4¢fgh 36.4de

55.4¢d 76.1abc 39, 2bcd
54.9¢df 75.2abede 38.3¢d

51.1¢f 71.2fh 32.9¢

42.59 59.71 28.3f

Note. Letter with different letter in the same column was significant different at 5% probability level.

irrigation levels. The study found that the highest number of
branches in tomatoes was achieved with a combination of
75% ETc and a nitrogen content of 230kg/ha treatment.
These were also followed by a combination of 184 kg/ha and
75% ETc as indicated in 3. Interaction of 75% ETc and
184 kg/ha of N resulted in the largest fruit diameter, fol-
lowed by the interaction of 75% ETc and 138kg/ha of N.
The smallest fruit diameter was obtained from the interac-
tion of 50% ETc and ON.

In this study, application of 75% ETc and 184 kg/ha nitro-
gen (N) is also resulted in maximum fruit length. The high-
est marketable tomato yields were achieved through the
interaction of 75% ETc and 184 kg/ha of N, followed by the
combination of 75% ETc and 138kg/ha. The lowest yields
were observed with Okg/ha of N and 50% ETc irrigation
level.

In general, height and branching of tomato plants were
optimized by applying a maximum nitrogen rate of 230kg/ha
at an irrigation level of 75% ETc, while tomato fruit diameter
and length were optimized by applying a nitrogen rate of
184 kg/ha and 75% ETc irrigation level. The highest marketa-
ble tomato yields were achieved through the interaction of 75%

ETc and 184kg/ha of N.

Impact of irrigation levels and nitrogen rates and
their interaction on water use efficiency (WUE)
and nitrogen use efficiency (NUE)

WUE was influenced by both deficit irrigation and the appli-
cation of different amount of nitrogen. Lower WUE was
obtained by applying full irrigation while greater deficit irriga-
tion resulted the maximum WUE. Moderate WUE was
obtained by applying 75% of the ETc irrigation levels.
Application of 184 and 138kg/ha of nitrogen results in the
maximum WUE without any significant difference (Figure 4).
Medium WUE, was also achieved with the application of
230kg/ha, while lower WUE was observed with the applica-
tion of 92 and Okg/ha, without a significant difference.

NUE, such as agronomic use efficiency (AUE) and partial
factor of productivity (PFP), was significantly affected by dif-
ferent nitrogen rates. AUE does not show significant effects
from application of soil moisture, but it is affected by the appli-
cation of different nitrogen rates, as indicated in Table 4.
Maximum AUE was achieved by applying a lower amount of
nitrogen, neglecting ON application. In this study, application
of 92kg/ha nitrogen followed by 138kg/ha resulted in the

maximum AUE nitrogen.
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Figure 4. Effect of deficit irrigation and nitrogen rate on the irrigation water use efficiency.

Table 4. Effect of Deficit Irrigation and Nitrogen Rate on Agronomic

Efficiency and Partial Factor of Productivity of Nitrogen.

TREATMENT AGRONOMIC PARTIAL FACTOR OF
EFFICIENCY PRODUCTIVITY

100% ETc 0.22 0.0472

75% ETc 0.226 0.0542

50% ETc 0.22 0.03°

cv 6.59 28.13

LSDg s Ns 4.5%x10-3

N230 0.2¢ 0.03¢

N184 0.22¢ 0.062

N138 0.30 0.072

N92 0.382 0.04¢

NO ~1.1-16 ~1.39-17

Ccv 12.55 32.57

LSDg o5 0.01 6.7-3

Note. Ns stand for non-significant, letter with different letter in column shows
significant difference.

PFP shows a significant difference by applying different
irrigation levels and nitrogen rates. Due to the application of
50% ETc, a lower PFP was achieved in this study. However,
applying 100% ETc and 75% ETc results in a higher PFP,
without a significant difference compared to the 50% ETc soil
moisture level. Increasing nitrogen rates increase PFP up to
certain ranges of application and then decrease PFP above the
optimal range, as indicated in Table 4. The application of 138
and 184kg/ha resulted in the maximum partial factor of pro-
ductivity, without significant difference. The addition of nitro-
gen above 184kg/ha does increase PFP in this study. In this

study, zero nitrogen application resulted in the minimum PFP
among all treatments. Both the lack of nitrogen use and excess
nitrogen use result in lower PFP for nitrogen, as shown in
Table 4.

The interaction effect of irrigation level and nitrogen appli-
cation is statistically significant (p<<.05) on water use effi-
ciency as indicated in Figure 5. The combination of a 50% ETc
irrigation level with all nitrogen rates resulted in maximum
WUE compared to the interaction of all nitrogen rates with
100% and 75% ETc irrigation levels. Nitrogen rates of 184 and
138kg/ha, in interaction with 50% ET¢, result in higher WUE
without significant different. The interaction of 100% ETc
with 92 and Okg/ha resulted in the lowest irrigation water use
efficiency, without a significant difference.

Figure 6 shows that the interactive effect of nitrogen amount
and soil moisture on the nitrogen use efficiency such as AUE
of N and (PFP). Interaction of nitrogen rate and soil moisture
shows significant difference on AUE of nitrogen and PFP
(p<.05). The AUE of nitrogen increased as the applied
amount of nitrogen decreased. An application of 92kg/ha
nitrogen with three different irrigation levels results in the
highest AUE.

Nitrogen rates and soil moisture interaction show a signifi-
cant difference in PFP (Figure 6). The highest PFP was
achieved with the combination of 138kg/ha and 100%ETc;
138kg/ha nitrogen and 75% E'Tc, followed by the combination
of 184kg/ha and 75% ETc of irrigation amount.

Impact of irrigation and nitrogen rate and their
interaction on fomato fruit quality

Two-way ANOVA analysis indicated that tomato fruit qual-
ity was affected by irrigation water level and different nitro-
gen rate application. Vitamin C (VC), total soluble solids
(TSS), soluble sugar (SS), Lycopene (Lyc), organic acids
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Figure 5. Interaction effect of deficit irrigation and nitrogen rate on WUE.

0O AUE(kg/ha) mPFP

0.45 7 a

AUE( kg/ha)& PFP

The bar with different letters were significantly different (P< 0.05)

Figure 6. Agronomic use efficiency and partial factor of productivity for N.
Note. The bar with different letters were significantly different (p <.05).

(OA), and nitrogen content (NC) were parameters tested for
tomato quality. VC decreases with decrease of irrigation level
while TSS increases with increase of soil moisture as shown
in the Table 5. Soluble sugars show significant difference
among applied irrigation level. Similarly, Lycopene, OA, and
NC shows significant effect by application different of irri-
gation level. On other hand application of different nitrogen
rate affected all tested parameters. VC, TSS, SS, and Lyc.
initially increase with increase of nitrogen rate with in lim-
ited rage and the decrease. OA and NC increase with increase
of nitrogen rate showing significant difference among the
treatment.

Interaction of irrigation and nitrogen rates affects tomato
fruit quality, as shown in Table 6. The combination of 100%
ETc and all nitrogen rates results in higher VC followed by the
75% ETc interaction. Total soluble solids increase due to the
interaction of 50% ETc with all nitrogen rates. The interaction

between irrigation levels and nitrogen rates also shows signifi-

cant difference on SS, Lyc, AO, and NC.

Discussion

Effect of irrigation level and nitrogen rate on
growth parameters and yields of tomato

Water and nitrogen are the main limiting factors for crop yield
and quality (Sainju et al., 2019). The application of nitrogen
and irrigation are critical factors for increasing crop yield (Y.
Du et al., 2021; Li et al., 2021). Nitrogen is crucial nutrient for
the physiological and metabolic process in a tomato, as its
availability affects tomatoes growth and yields (Shewangizaw
et al., 2024). The study’s results revealed that the growth and
yields of tomatoes were impacted by varying nitrogen rates and
irrigation levels, as well as their interaction, with a significance

level of 5%.
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Table 5. Impact of Irrigation Level and Nitrogen Rate on Tomato Fruit Quality.

TREATMENT VC (MG-100/G) TSS (%)
100% ETc 25192 6.3¢ 4.5
75% ETc 22.58 7.40 4.2
50% ETc 16.4b 8.22 3.5
cv 17.25 10.1 10.62
LSDyg o5 1.3 0.75 0.15
230 20.4b 5.0¢ 3.60c
184 22,32 7.6 5.04a
138 2232 8.1 4.5
92 21.2ab 8.2 3.90
0 20.6Y 7.6 3.19¢
cv 6.04 12.05 11.9
LSDy 05 1.2 0.42 0.26

LYC (uGG) NC (MG-KG)
36.12 0.82 109.62
32,62 0.67" 105.492
30.7° 0.6° 83.03°
145 13.0 4.2
1.77 0.03 2.8
3410 0.82 114.22
38.92 0.742 184.92
34 1bc 0.732 102.90
30.2¢d 0.63b 91.08¢
29.4¢ 0.57b 78.7¢
13.96 6.1 4.22
1.8 0.03 2.86

Note. VC =vitamin C; TSS =total soluble solids; SS=Soluble sugar; Lyc. =lycopene; OA =0Organic acids; NC=Nitrogen Content. Different letter in the same column shows

significant effect at p <0.05.

Plant height. Application of different irrigation levels shows a
significant effect on tomato plant height (p <.05). Irrigating
tomatoes with 100% ETc and 75% ETc results in the tallest
tomato plant height, without significant differences. The treat-
ments exhibit a significant difference when compared to 50%
ETc irrigation levels. Ullah et al. (2021) and also reported that
irrigating at 100% ETc and 75% ETc resulted in the tallest
plant height without any significant difference. Different stud-
ies have reported varying effects of soil moisture on tomato
plant heights. Bhattarai et al. (2005) found that both deficiency
and saturation of soil moisture reduced plant height. Further-
more, Sarker et al. (2020) and Sibomana et al. (2013) found a
gradual decline in plant height with increasing moisture stress.
An appropriate combination of soil moisture and rhizosphere
aeration can improve water uptake and root vigor, potentially
leading to increased plant height (Niu et al., 2012).

Applying different amount of nitrogen rates also shows a
significant effect on tomato plant height. In this study, increas-
ing nitrogen rate also increases tomato plant height indicating
significant difference. The application of higher nitrogen rate
of 230 and 184 kg/ha resulted in higher plant height compared
to the application of 138, 92, and Okg/ha of N. Previous study
also indicates that increasing nitrogen rate also increase plant
height (Degefa et al., 2019; Etissa et al., 2013; Igbal et al,,
2011). Similarly, Ullah et al. (2021) suggested that increasing

nitrogen supply improved root shoot morphology.

Branch number. Different soil moisture application significant
affects tomato branch number. Application of 75% ET¢ results
in highest number of tomato branches. Tesfay et al. (2019), also
pointed out that the plots treated with moderate (75% ETc) to

full (100% ET¢) irrigation had significantly higher numbers of
tomato branches.

On other hand, application of different nitrogen also affects
tomato branch number. Increasing nitrogen application rates
resulted in the maximum number of tomato branches, while
the lowest number of tomato branches was achieved from
treatment without any nitrogen application. Degefa et al.
(2019) and Igbal et al. (2011) indicated that an increase in
nitrogen application leads to a higher number of branches on
tomato plants.

Fruit diameter. Application of different soil moisture and
nitrogen rates significantly affects the diameter of tomato
fruits. In this study, the maximum fruit diameter of tomato was
achieved with the application of 75% ETc, while the minimum
fruit diameter was achieved with higher deficit irrigation. Soil
moisture content significantly affects the fruit diameter of
tomatoes, with both deficit and saturation leading to a reduc-
tion in fruit yield (Bhattarai et al., 2005).

Fruit diameter increased with the application of a lower
nitrogen rate (Okg/ha) until the optimal rate and then
decreased when the nitrogen rate reached its maximum. The
influence of nitrogen content on fruit diameter of tomatoes is
a complex interaction influenced by various factors and differ-
ent studies quantify different amounts of nitrogen level. Iqbal
et al. (2011) found that applying a nitrogen rate of 120kg N
and 90kg K resulted in maximum fruit diameter. Lee et al.
(2007) also observed an increase in tomato yield with increas-
ing nitrogen fertilization rates, with the highest fruit yield
achieved at a N-Fertigation rate of 80. Similarly, Kirimi et al.
(2011) reported that an application rate of 80kg/ha nitrogen
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Table 6. Interaction Effect of Irrigation and Nitrogen on Tomato Fruit quality.

TREATMENT Ve TSS
1 230N X 100% ETc ~ 24.7° 3.8'

2 184N X 100% ETc ~ 25.7° 7.1c0
3 138N X 100% ETc 254 7.9vc
4 92N X 100% ETc 24.82 7.80¢
5 ON x 100% ETc 25.22 6.5
6 230N X 75% ETc 21720 5.0
7 184N X 75% ETc 23.92 8.2ab
8 138N X 75% ETc 24,22 8.1bc
9 92N X 75% ETc 22,22 7.8bc
10 ON X 75% ETc 20.3b¢ 7.9bc
" 230N X 50% ETc 14.8¢ 6.2d
12 184N X 50% ETc 17.3¢ 9.3a
13 138N X 50% ETc 17.3¢ 8.5ab
14 92N X 50% ETc 16.5¢ 8.5ab
15 ON X 50% ETc 16.2¢d 8.6ab

SS LYC OA NC
3.8de 33.1be 0.882 118.42
6.92 37.32 0.92 120.82
5.1bc 37.2ab 0.862> 115.82
4.1cde 37.62° 0.79abe 101.4°
3.4¢f 37.230 0.62d 91.70¢
3.6 36.620 0.79abe 122.6¢°
5.3 41.72 0.71bed 117.72
4.5bcd 31.9bcd 0.68cde 112.82
4.0de 27.4¢d 0.56¢f 97.6%¢
3.4d 25.7¢d 0.63de 76.7de
3.2¢f 32.2b¢ 0.75abed 101.6°
3.2¢f 37.220 0.639 91.3¢
4.1cde 33.4b¢ 0.65¢de 802¢
3.69%f 25.6¢d 0.55¢f 74.2%
2.7 25.2d 0.46f 67.7¢

Note. Letter with different letter in the same column was significant different at 5% probability level.

produced the highest fruit yield. Qiang et al. (2014) further
emphasized the importance of nitrogen form and emphasized
that nitrate-N promotes the growth and development of
plants, resulting in increased biomass accumulation and fruit
yield. Overall, these studies suggest that optimal nitrogen con-
tent in combination with the appropriate form of nitrogen is
crucial for achieving the maximum diameter of the tomato
fruit.

Fruit length. Fruit length was significantly affected by varia-
tions in soil moisture and nitrogen application rates. The long-
est fruit length was achieved with an irrigation rate of 75%
ETc, while the shortest fruit length was observed at higher
moisture stress (50% ETc). The results coincide with those of
Birhanu and Tilahun (2010), who reported that both the num-
ber and size of tomato fruits decreased as soil moisture
decreased.

Application of different nitrogen rates shows significant
variation in tomato fruit length. Increasing the nitrogen levels
increases tomato fruit length to the same extent and then
decrease to higher nitrogen rates. The longest fruit length of
tomatoes was achieved by applying 184 and 138kg/ha nitro-
gen, with no statistically significant difference between them.
For optimal fruit length, the application of nitrogen at rates of
184 and 138 kg/ha is important in this study. Igbal et al. (2011)

found that nitrogen and potassium application significantly
affected fruit length, with maximum length observed with a
specific combination of these nutrients.

Marketable yields. Irrigating tomatoes with 100% ETc and
75% ETc resulted in the highest tomato yield without any sig-
nificant difference, whereas a notable variance was observed
when using 50% ETc irrigation levels. Previous studies have
also suggested that the marketable fruit yield of tomatoes
decreases as moisture stress increases from 100% ETc to 50%
ETc irrigation levels (Gragn et al., 2023; Mebrahtu et al.,
2020). Furthermore, Wu et al. (2021) also mentioned that both
total yield and marketable tomato yield increased with higher
irrigation amounts. Lu et al. (2019) suggested that the applica-
tion of heavy deficit irrigation reduces tomato yield. Too high
or too low soil moisture content can negatively affect tomato
yield (Chen et al., 2006).

The application of nitrogen rates significantly affects the
marketable yield of tomatoes. Higher marketable tomato yields
were obtained from the application of 184 kg/ha N and 138kg/
ha N without a significant difference. Applying the maximum
nitrogen rate of 230kg/ha did not produce the highest tomato
yield. Beyene and Mulu (2019) also mentioned that there is a
gradual increase in tomato yield with nitrogen fertilization rate
until reaching the optimal level.
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Impact of irrigation levels, nitrogen rates, and their
interaction on water use efficiency (WUE) and
nitrogen use efficiency (NUE)

Water use efficiency (WUE) is defined as the amount of car-
bon assimilated as biomass or grain produced per unit of water
used by the crop (Hatfield & Dold, 2019). In this study, full
irrigation led to lower irrigation water efficiency, while greater
deficit irrigation led to maximum WUE. Muroyiwa et al.
(2023) also pointed out that the highest WUE was achieved at
60% without a significant difference at 80% of ETc, and the
lowest was found at 100% of ETc irrigation levels.

Conversely, applying nitrogen (N) rates increases WUE
within a certain range, but does not improve WUE beyond the
optimal range. Cheng et al. (2021) mentioned that nitrogen
application resulted in a significant increase in WUE, with an
average improvement of 22.7%, 22.7%, 22.7%, 23.2%, and
17.9% compared to situations in which nitrogen was not
applied at various experimental sites, average annual tempera-
tures, soil textures, pH values, and irrigation water depths.
Furthermore, it was observed that at high nitrogen application
rates (>354kg/ha), WUE responses remained consistent
regardless of the different average annual temperatures (Cheng
et al., 2021).

On the other hand, agronomic nitrogen use efficiency
(AEU) was not affected by soil moisture, but it was influenced
by the application of different nitrogen rates. The maximum
AUE was achieved by applying a lower amount of nitrogen.

Both soil moisture and nitrogen rates affect significantly the
partial factor productivity. Applying 100% E'Tc and 75% ETc
irrigation levels yielded maximum PFP compared to the 50%
ETe irrigation level. The result is consistent with the results of
Li et al. (2021), who mentioned that PFP increased with
increasing irrigation amount.

However, nitrogen application increases PFP up to the opti-
mal range and then decreases when applied above the optimal
range. The result is consistent with the findings of Li et al.
(2021), who found that excess nitrogen significantly reduced
PFP. The NUE value, which steadily decreases with increasing
N levels, may be related to a limitation in the uptake and assim-
ilation capacities, resulting in a saturation response.

The interaction effect of soil moisture and nitrogen rate sig-
nificantly affects WUE, AUE, and PFP. X. Wang and Xing
(2017) indicated that WUE and NUE were significantly affected
by interaction of nitrogen and soil moisture level. The interac-
tion 50% ETc with different nitrogen rates resulted in the maxi-
mum WUE compared to 100% ETc and 75% E'Tc. Specifically,
applying 50% ETc with 184 and 138kg/ha resulted in higher
WUE, without significant difference between them. The inter-
action of maximum irrigation levels with lower nitrogen applica-
tion (0 and 92kg/ha) resulted in the lowest irrigation water use
efficiency, without significant difference between them. Ullah
et al. (2021) found that a slight decrease in irrigation, combined
with an increase in nitrogen supply, improved WUE.

When the application of nitrogen rate was decreased, the
AUE increased. AUE was strongly influenced by nitrogen fer-
tilizer application level (Tesfay et al., 2019). An application of
92 kg/ha of nitrogen with three different irrigation levels results
in the highest AUE. The highest PFP was achieved with the
combination of 138kg/ha of nitrogen and 75% ET¢ irrigation

level.

Conclusion

In tomatoes farming, optimum use of soil moisture and nitro-
gen rates is crucial for achieving the highest yield of tomatoes
and enhancing water use efficiency. In our study, soil moisture
levels and nitrogen rates influence tomato yields, yield quality,
yield components, WUE, and NUE such as AUE and PFP.
Increasing nitrogen above optimum range does not increase
tomato yield and WUE except for plant height and branch
number. The maximum diameter and length of tomato fruits
were also achieved with a combination of 75% ETc and 184 kg/
ha in the study area.

The maximum marketable tomato yields were also achieved
through the interaction of 75% ETc and 184 kg/ha of nitrogen.
Applying 50% ETc with different nitrogen rates resulted in the
maximum WUE. Applying 50% ETc with 184 and 138kg/ha
resulted in higher WUE. Interaction of 92kg/h and soil mois-
ture at all levels results in the maximum AUE without any sig-
nificant differences. The maximum PFP obtained from 138 and
184 kg/ha with no significant difference. In general, the applica-
tion of 75% ETc and 138 to 184 kg/ha of nitrogen is optimal for

tomato production and it is recommended for farmer.
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