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Determining the optimal phosphorus rates and deficit irrigation levels is key to
enhancing soybean productivity in the Jawi District, Northwest Ethiopia. Soybean
is a vital cash crop in Jawi District, Northwest Ethiopia, and improving its
productivity is crucial for food security and community socioeconomic status.
The optimal phosphorus and deficit irrigation rates in this region remain
unresolved. The aim of this study was to optimize soybean productivity in this
region by determining the optimal phosphorus rates and deficit irrigation levels.
The experiment was conducted during irrigation seasons 2021/22 and 2022/23
using a split-plot design with an RCBD arrangement. The results showed that
combining P rates of 10, 20, 30, and 40 kg ha™* with 100% ETc. significantly
increased soybean grain production. Similarly, soybean grain yield increased at
P rates of 0, 10, 20, 30, and 40 kg ha™* P with 75% ETc. The highest water
productivity recorded was 0.29 kg m™> at 50% ETc. This study suggests that
combining P rates of 10, 20, 30, and 40 kg ha™* P with 100% ETc. and P rates of
0,10, 20, 30, and 40 kg ha™* P with 75% ETc. could significantly enhance soybean
productivity. Implementing these strategies could lead to more sustainable and
efficient agricultural practices in Jawi District, thereby improving crop yields and
overall profitability.
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Introduction

Soybean (Glycine max L.) grown all over the world is an
important source of protein and oil for use in food, animal feed,
and industrial purposes. It is one of the most abundant sources of
dietary protein. Soybeans have protein levels ranging from 36% to
56%, with 16% and 22% fat, oil, and 30% carbon, respectively
(Garcia et al., 1997; Velasquez and Bhathena, 2007). This indicates
that soybean is an important source of food, oil, fodder, and other
industrial materials. Soybeans are the main cash crops in many
Ethiopian lowlands and mid-altitude regions (Abate and Ampofo,
1996; Bowles et al., 2018). Soybean is a significant crop in Jawi
District, Northwest Ethiopia, and is an important source of income
for many farmers. So, enhancing soybean productivity in Jawi
District is crucial for ensuring food security and improving the
livelihoods of local communities.

The regions of Ethiopia between 1100 and 1850 m above sea
level, with mean maximum temperatures between 30°C and 37°C,
mean minimum temperatures over 10°C, and 350-500 mm of
evenly spaced rainfall throughout the growing season, have been
determined to be the most favorable for soybean production
(Getachew, 2014). Thus, cultivated-area farmers view it as a
legume with significant export potential that might boost foreign
exchange earnings.

Research has indicated that soybean subterranean components
and fallen senescent leaves enhance soil organic carbon and
nitrogen levels. As a result, it also helps to reduce the amount of
nitrogen fertilizer required for subsequent crops in a rotation
(Yeshitila et al., 2022). Nutrient control has a significant impact
on the development, growth, and production of soybeans. For
growth and development, soybeans require the same nutrients as
other legumes, including calcium, magnesium, sulfur, phosphorus,
potassium, and nitrogen (Arain, 2013). Deficiencies in these
nutrients result from low nutrient levels in nature or farming
practices that deplete nutrients. This study was inspired by earlier
studies that provided evidence (Zapata and Roy, 2004). In general,
tropical and subtropical soils have substantial phosphorus
deficiencies and are acidic (Tiessen, 2005; Mitran et al., 2018).
Ethiopia is a tropical nation that accounts for its phosphorus
shortage and acidic soils. Thus, because phosphorus enhances
nitrogen uptake and influences soybean pod development, it is
crucial for plant nutrition (Ahmad et al., 2019; Jin et al., 2006).

Legume crops are susceptible to various environmental
stressors including insufficient water and soil fertility (Fantaye,
2004). However, soybean is inherently more resilient to moisture
stress than other legume crops (Reddy et al., 2012). As a method of
conserving water, deficit irrigation entails providing crops with less
water than that required for optimal growth. The P rate describes
the quantity of phosphorus added to the soil. Admasu and Tadesse
(2019) examined the response of soybeans to moisture deficiencies
under various irrigation schemes in the Jimma region of Ethiopia.
According to this study, conventional furrow irrigation with 75%
ETc and fixed furrow irrigation with 50% ETc are recommended for
higher water production without significantly reducing the yield.
Furthermore, Getachew (2014) examined how phosphorus levels
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and critical soil water deficits affect soybean output in another
study. The study concluded that available water deficit levels
between 25% and 50% are the essential available soil water deficit
levels that affect soybean production and yield components.
However, the amount of phosphorus-rich deficit irrigation used
in Jawi District, Northwest Ethiopia, during the dry season remains
unknown. Determining the correct balance between sufficient
irrigation to support plant growth and excessive irrigation, which
can lead to water wastage or even damage to the crop, is a delicate
task. Phosphorus application rates must be adjusted accordingly, as
the availability of nutrients to plants can be affected by the soil
moisture content. This involves the careful monitoring of plant
growth, soil health, and water usage throughout the growing season.
The precise ideal phosphorus rate and deficit irrigation level for
soybean productivity in Jawi District, Northwest Ethiopia. Thus, the
objectives of this study were to determine the phosphorus rate,
deficit irrigation level, and its interaction with soybean productivity
in relation to the crop response factor, grain yield, water
productivity, and other factors in Jawi District, Northwest
Ethiopia. The findings of such studies can provide local farmers
with invaluable guidelines for optimizing their agricultural
practices, leading to more sustainable farming in the region.
Enhancing soybean productivity not only supports the local
economy but also contributes to food security in the community.

Materials and methods
Description of the study area

Geographically, Jawi district is in the lowland part of the Awi
zone Amhara regional state, Northwest Ethiopia, 602 km away from
Addis Ababa, with a coordinate location of 36°29°17.58" longitude
and 11°33’22.68” latitude, and ranges from 700 to 1500 m. a. s.l.
altitude (Figure 1). The experiment was conducted using two
irrigation schemes, the Tana Belese Integrated Sugar Factory
(TBISF) and Wobo Mariam irrigation schemes, in 2021 and 2022,
respectively. According to long-term rainfall data, Jawi receives a
mean annual rainfall of 1250 mm and a mean annual temperature
of 16°C to 32°C, which range from 12°C to 40°C at the minimum
and maximum, respectively (Abeba, 2021). Jawi district is a surplus
production area in the Amhara region (Tariku et al, 2018).
According to our observations, the major cultivated crops are
maize, sorghum, soybean, sesame, groundnut, finger Milat, and
perennial crops such as mango and avocado. Horticultural crops
such as onions, tomatoes, and peppers are commonly irrigated in
this area.

Soil type of study area

As previously mentioned, the quality of agricultural
experiments requires similar soil types, agroclimatic conditions,
and agronomic management. Based on the soil type map of
Ethiopia (Figure 2), the soil type in each of the experimental
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FIGURE 1
Map of the experimental site.

areas was chromic nitisol. This uniformity helps reduce the  and are characterized by their deep profiles and high fertility. The
variability in results and allows for more accurate comparisons  term “chromic” indicates the presence of a high content of iron
between treatments. oxides in the soil, resulting in a reddish color. In addition, these soils

Chromic nitisol is a specific soil classification system based on  have high water-holding capacity and good drainage, making them
Soil Taxonomy. Nitisols are soils typically found in tropical regions  ideal for crop production. Soil type in the study area was a key factor
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FIGURE 2
Soil type map of the study area.
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in the success of this experiment. Chromic nitisols provide an
excellent foundation for crop production, and favorable
agroclimatic conditions and agronomic management practices
further enhance the potential for high yields.

Experimental set up and
treatment arrangement

The experiment consisted of two factors: the deficit irrigation level
and phosphorus rate. Thus, three irrigation levels [50%, 75%, and
100% of crop water requirement (ETc)] and five phosphorus rates (0,
10, 20, 30, and 40 kg ha! P, Os) were used. The design was a split-plot
RCBD arrangement, with the deficit irrigation level as the main plot
and phosphorus rate as a subplot. Each treatment combination was
randomly assigned to an experimental unit within each block. The
experimental plot had a length of 3 m, width of 3 m, and an area of 9
m?, with respect to the distance between the subplots. The main plots,
sup plot, and blocks were 2, 2, and 3m, respectively. Thus, the factor
combination had 15 treatments assigned, randomized at both the
main and sub-plot levels, and replicated thrice.

After preparing the field, we applied pre-irrigation in the
experimental field to the depth of the maximum crop root zone
within individual plots. Subsequently, we sowed soybean seeds of
the Belesa variety in plots with a 5 cm plant spacing and 30 cm row
spacing. Each plot consisted of five rows with 60 plants per row,
totaling 300 plants per plot (Figure 3). The control treatment
involved 100% ETc, with a P rate 0. Full irrigation (100% ETc)
denotes the application of irrigation water per the calculated crop
water requirement, facilitated by CROPWATS.

Water management system

After seeding, all plots were irrigated to maintain a uniform
moisture level at saturation for the first week to ensure complete
germination. Furrow irrigation was used for each treatment.
Reference evapotranspiration, crop, and irrigation water

10.3389/fagro.2024.1422570

requirements were evaluated using the CROPWATS technique.
For each treatment, irrigation water discharge was measured
using a Parshall flume with a three-inch throat width. The dates
and watering volumes of each irrigation treatment were recorded.

Agronomic management system

Fertilizer NPS was used for P rate determination as shown in the
treatment setup, whereas urea was applied for each treatment in a
blanket (100 kg ha™') at sowing, placed on the side of the seeds at
5 cm and a depth of 2 cm. During the crop growth period, hand
weeding and cultivation were performed, as required, to avoid weed
competition and improve soil aeration. The crop was monitored
regularly for signs of pests or diseases and appropriate measures
were taken to control them. Additionally, soil samples were
collected periodically to monitor nutrient levels and adjust
fertilizer application accordingly.

Crop water requirements of soybean

To determine crop water requirements, the effect of climate on
crop water requirements, which is the reference crop
evapotranspiration (ETo), and the effect of crop characteristics
(Kc) are important (Doorenbos and Kassam, 1979). Long-term
and daily climate data, such as maximum and minimum air
temperature, relative humidity, wind speed, sunshine hours, and
rainfall data of the study area, were collected to determine the
reference evapotranspiration. Crop data such as crop coefficient,
growing season and development stage, effective root depth, critical
depletion factor of soybean, maximum infiltration rate, and total
available water in the soil were also determined to calculate crop
water requirements using the CROPWAT 8 model.

ETc = ET,xK, (1)

ETc, K¢, and ET, are crop evapotranspiration, crop coefficient,

and reference evapotranspiration, respectively.

FIGURE 3
Trial arrangement on the field and its performance.

Frontiers in Agronomy

04

frontiersin.org


https://doi.org/10.3389/fagro.2024.1422570
https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org

Adametie et al.

Irrigation water requirements

The water requirement of the soybeans was determined from
climate data acquired from a regional meteorological station using
CROPWAT 8.0. Gross irrigation depth was estimated by
considering a field irrigation application efficiency of 60%.
Accordingly, the net irrigation depths, gross irrigation depths,
and irrigation intervals were evaluated in the field.

The total available water (TAW), stored in a unit volume of soil
was determined by the expression.

(FC — PWP) « BD x Dr

TAW = 2
100 @

The irrigation depth supplied at any time can be obtained using
the following equation:

IR, (mm) = ETc(mm) - P.g(mm) (3)

The gross irrigation requirement will be obtained from
the expression.
NI
IRg = — 4
8 Ea @)
Ea. represents furrow application efficiency (60%).
The time required to deliver the desired depth of water into each
furrow has been calculated using.

_L*W*dg
_76Q

dg, T, L, W, and Q Where: gross depth of water applied (cm),
application time (min), furrow length in (m), furrow spacing in (m),

T (5)

and flow rate (discharge) (I/s), respectively.

Water productivity.

Water use productivity was calculated by dividing the harvested
yield in kilograms per unit volume of water used in m>.

Water use efficiency (WUE): The crop water use efficiency is the

yield harvested in kg ha™ of total water used.

Y(k)

WUE = —"—
ETc(mm)

(6)
Where: WUE = crop water uses efficiency (kg ha™ mm™) Y =
bulb yield in kg ha™ and ETc = crop evapotranspiration (mm).

Crop response factor

The water-yield relationship was determined using the Stewart
model, in which the dimensionless parameters of relative yield
reduction and relative water consumption were used (Doorenbos
and Kassam, 1979). Ky is defined as the decrease in yield per unit of
ETc (Lovelli et al., 2007).

Y ETalt

L) (. SR o
Ym > CWR[t]

where Ya, Eta, Ym, CWR, and Ky represent the actual yield,

evapotranspiration, maximum yield, crop water requirement, and
yield response factor, respectively.
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Data analysis

Yield and yield component data and water productivity data
were analyzed to statistical analysis using Microsoft Excel 2019, R
Studio and Statixc10.

Results
Soil properties for the experimental area

Soil samples were collected before sowing the soybeans and
analyzed using laboratory procedures. The hydrometer method
determines the particle size of a sample (Bouyoucos, 1962). The
results showed that the soil texture varied at the study site (Table 1).
The top soil surface had a slightly lower bulk density (1.2 g cm™)
than the subsurface (1.31 g cm™). This could be due to a slight
decrease in organic matter with depth and compaction, owing to the
weight of the overlying soil layer (McCauley et al., 2005). In general,
the average soil bulk density in 2021 and 2022 was 1.24 g cmand
1.15 g cm™ respectively, below the critical threshold level (1.4 g
cm™) and suitable for crop root growth. The lower bulk density in
2022 can be attributed to improved soil management practices and
natural processes. Overall, these findings suggest that the soil at the
study site is conducive to optimal crop growth and root
development. Similarly, the field capacity (FC) and permanent
wilting point (PWP) of the soil were 33.50% and 21.13%,
respectively. On a volumetric basis, the water content at the FC
varied between 32.98% and 36.68%. The top 0-30 cm had the lowest
average water content of FC value of 32.98%, while the subsurface
60-90 cm had the largest value of FC (36.68%). The moisture
content at the PWP varied with depth, with values as low as 21.91%
in the topsoil (0-30 cm) and as high as 22.15 and 23.67% in the
subsurface (30-60 cm) and (60-90 cm), respectively. The difference
in FC and PWP is directly related to the total available moisture
(TAW), which is the depth of water that a crop can absorb from its
root system. The average available soil moisture was 134.61 cm
mm™. As a result, the optimum degree of TAW is present in the
topsoil, whereas more concentrations are located in the
subsurface soil.

Evaluations of rainfall and
evapotranspiration for wet and dry season

This study was conducted by collecting long-term climatic data
from Jawi, a nearby meteorological station. The data included the
maximum and minimum temperatures, wind speed, sunshine
hours, and relative humidity. The CROPWAT 8 model was used
to estimate the reference evapotranspiration (ETo) and effective
rainfall using the Penman-Monteith method (Zotarelli et al., 2010).
The data show that the mean monthly ETo reached its highest value
in April (161.46 mm/month, and the mean monthly minimum
evapotranspiration reached its highest value in July (106.23 mm/
month (Figure 4).
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TABLE 1 Mean BD, FC, PWP, and available water at the
experimental site.

Experimental site for 2021

Soil BD FC  PWP (FC-PWP) Available

depth (gecm™) (%) (%) ~cmcm?  Water

(cm) (cmmm™)

0-30 12 3298 2191 0.1 39.6

30-60 122 3419 2215 | 0.12 43.92

60-90 131 3668 2367 | 0.13 51.09

Mean 1.24 3462 2258 | 0.12 134,61
Experimental site for 2022

Soil BD FC  PWP (FC-PWP) Available

depth (gem™>) (%) (%) cmcm?  water

(cm) (cm mm™)

0-30 1.16 358 236 | 012 41.76

30-60 1.14 358 236 012 41.04

60-90 1.16 268 17 0.12 41.76

Total 115 328 214 012 124.56

where BD, FC, and PWP are the bulk density, field capacity, and permanent wilting
point, respectively.

The study also collected long-term monthly rainfall data and
used the USDA-SCS method to determine the effective rainfall (Pe),
which was later used to determine the water productivity for each
crop under both irrigated and rain-fed systems (Bos et al., 2008;
Allen et al., 1998), as shown in (Equation 1). The data show that the
mean monthly rainfall reaches its peak in August at 293 mm, and
the monthly effective rainfall starts from the end of April until the
end of October, which suggests a rainfall farming season (Figure 4).
In contrast, November to mid-April exhibited a dry season, which is
recommended for the irrigation season in the experimental areas.
To support this previous study, we have made similar
recommendations for irrigation and rainfall seasons in this area
(Adametie and Mitku, 2021; Adamtie et al., 2022). Therefore, the
experiment was conducted during the dry season for two
consecutive years, 2021/22 and 2022/23.

Overall, this study provides important data for determining the
best farming and irrigation seasons for experimental areas. The
collected data and methods can be useful for future studies on

- 180
£ 10
Q
g 100
80
£
220
m 0
\‘b

FIGURE 4
Monthly rainfall and reference evapotranspiration of the experimental area.
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farming practices in this region. By conducting experiments during
the dry season for two consecutive years, the researchers gathered
valuable data on the effects of irrigation. This information is crucial
for farmers in the region to make informed decisions regarding
when to irrigate their crops for optimal growth and yield. The
findings of this study, along with the methods employed, can serve
as a valuable resource for future research and agricultural practice in
this area. Ultimately, this research contributes to a better
understanding of the best farming and irrigation practices in
experimental areas.

Irrigation water requirement and irrigation
scheduling for soybean

Based on the information provided in Table 2, it can be
observed that there were substantial differences in the number of
irrigations required for 2021 and 2022. In 2021, there were a total of
11 irrigations, whereas by 2022, there were 10. Additionally, the net
and gross irrigation requirements also varied over the two years. In
2021, the total net and gross requirements were 421 mm and
701.7 mm, respectively. By 2022, the total net and gross
requirements were 399 mm and 663 mm, respectively.

One of the key reasons for the observed variations in the net
irrigation amount between 2021 and 2022 is the difference in the
sowing time. In 2021, the sowing date is February, whereas in 2022,
it is January. The net irrigation depth was used to calculate the gross
irrigation depth, with 100% crop evapotranspiration (ETc)
representing the full gross irrigation depth. By reducing this
amount to 75% and 50% of the ETc, it was possible to obtain
75% and 50% minimum irrigation requirements, respectively.

Overall, the information provided in Table 2 highlights the
importance of carefully considering sowing time and other factors
that can influence the irrigation requirements of crops. By doing so,
farmers and agricultural experts can ensure that crops receive the
appropriate amount of water to thrive while minimizing water
waste and promoting sustainable agricultural practices.

Determinations of irrigation levels and
phosphorus rates on soybean plant height

A study of soybean plant height revealed a non-significant
phosphorus rate. However, zero phosphorus was the shortest

mmmm Rain mm/month

—@— ETo mm/month

350
300
250
200
150
100
50

rain fall (mm)
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TABLE 2 Estimating net irrigation, gross irrigation, and deficit irrigation level.

10.3389/fagro.2024.1422570

2021 irrigation scheduling and irrigation requirement

Stages NIR (mm) GIR (mm) Irrigation Amount Per Each Application (GIR) in mm
100% ETc 75% ETc ‘ 50% ETc

Initial 18 30 30 225 15

Initial 27.8 46.4 46.4 34.8 232

Dev 56.1 93.5 93.5 70.1 46.7

Mid 474 79 79 59.2 39.5

Mid 40.5 67.5 67.5 50.6 338

Mid 45.6 76 76 57 38

Mid 472 78.6 78.6 59 39.3

Mid 41.1 68.4 68.4 513 34.2

End 425 70.8 70.8 53.1 354

End 322 53.6 53.6 402 26.8

End 22.8 37.9 37.9 28.4 19

Total 212 701.7 701.7 526.2 350.9

2022 irrigation scheduling and irrigation requirement

Stages NIR (mm) GIR (mm) Irrigation Amount Per Each Application (GIR) in mm
100% ETc 75% ETc ‘ 50% ETc

Initial 14.5 24.2 24.2 182 12.1

Initial 229 382 38.1 28.6 19.1

Dev 34.2 57 57 428 285

Mid 502 83.7 83.7 62.8 41.9

Mid 526 87.7 87.6 65.7 43.8

Mid 49.8 83 83 62.3 415

Mid 52 86.7 86.6 65 433

Mid 53.7 89.5 89.5 67.1 44.8

End 38 63.3 633 475 317

End 30 50 50 85.4 56.9

Total 397.9 663.3 663 545.4 363.6

43.4 cm, and 30P was the longest (48.5 cm). The remaining P rate
had a similar effect on plant height. Water deficiency had a notable
impact on plant height. The analysis result showed that from
shortest to longest soyabean plant height 47.7, 46.1 and 43.6 cm
were 100%, 75% and 50% ETc respectively (Table 3). Plant height
was reduced by 6% to 26% at 50% ETC compared with 100% ETC
treatments (Table 3). This finding is supported by that of a previous
report by Abeba (2021). Nikakhtar et al. (2023) indicated that water
deficiencies of up to 25% have little effect on plant height. However,
when the water shortage exceeded 25%, there was a clear reduction
in the plant height. This suggests that soybean plants are relatively
tolerant to mild water deficits, but that more severe deficits can have
a significant impact on their growth. Figure 5 illustrates the
combined effects of deficit irrigation and the P rate on soybean

Frontiers in Agronomy

plant height. Among the treatments, there were no significant
differences in the interactions, whereas those grown at higher
water levels with P rates were substantially taller than those
grown at relatively lower water levels with P rates, based on the
mean plant height values.

Determinations of irrigation level and P rate on
soya-bean biomass yield

A two-year analysis conducted in 2021 and 2022 found that the
maximum biomass yield was achieved under 100% ETc or full
irrigation, whereas the lowest yield was recorded under 50% ETc.
Deficit irrigation led to a significant reduction in biomass yield
compared with full irrigation. The recorded yields were 3422.6,
2962.7, and 2435.3 kg ha'! for 100, 75, and 50% ETc, respectively. A
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TABLE 3 Analysis of variance for yield and yield-related variables during the over-year combined analysis (2021 and 2022) of the soybean
irrigation experiment.

By (kg ha™) Gy (kg ha™)

100% ETc = 47.7a 3422.6a 1459.5a 0.24 0
75% ETc = 46.1ab 2962.7ab 1325.2ab 0.24 0.6
50% ETc = 43.6b 2435.3b 1018.4b 0.27 0.68

LSD@ (0.05) = 0.88 2437 111.8 NS 0.09
P-rate (p205) By (kg ha™) Gy (kg ha™)

0 (kg ha'l) 43.4 2560.1 1043.6¢ 0.21c 0.58
10 (kgha') | 455 2868.7 1184.1b 0.24ab 0.5
20 (kg ha') | 457 3083.3 1331.1a 0.26a 0.39
30 (kg ha") 48.5 3298.9 1402.8a 0.28a 0.38
40 (kg ha’l) 45.8 2889.9 1376.7a 0.26a 0.4

LSD@ (0.05) NS NS 67.13 11.86 0.14
CV (%) 102 13.6 10.47 0.02 21.58

IWL, PH, BY, GY, Wp and KY were Irrigation water level, plant height, biomass yield, grain yield water productivity and crop response factor respectively.

a, ab, b, is the order of mean separation alphabet from maximum to minimum.

100% ETc treatment was used as a control to compare the deficit
levels of irrigation. The results showed that 75% ETc and 50% ETc
caused 15.5% and 40.5% reductions in biomass yield, respectively,
compared to full (100% ETc) irrigation. These findings highlight the
importance of providing adequate water to maximize biomass yield
in agricultural practices. It is crucial for farmers to carefully manage
irrigation levels to optimize crop production and ensure sustainable
agricultural practices.

The data suggested that there was no significant biomass
production outcome when the P rate was combined with deficit
irrigation (Figure 6). The biomass yields first increased from 10 to
30 P kg/ha, but then decreased to 40 P kg ha™. The reduction in
biomass yield was equivalent to the yield from irrigation. The
outcome of this study was supported by a previous report by
Nikakhtar et al. (2023). Who reported that the amount of water
and phosphorus (P) added to phosphors had a major impact on
biomass yield.

plant height (cm)
60
V] —f——g—F——
40
£ 30 —0—100% ETc
20 —0—75% ETc
10 ~0-50% ETc
0 -+ T T T T |
0 10 20 30 40
Phouspurs raete kg ha!
FIGURE 5
Interaction effects of irrigation level with phosphorus rate on plant
height of soya-bean.
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We concluded that deficit irrigation had a notable effect on
soybean biomass yield. This means that when soybean plants were
given less water than required, they produced less biomass.
However, this study did not find a significant effect on biomass
yield when the P rate was changed or when the irrigation level was
combined with the P rate. This means that the amount of water
provided to soybean plants had a greater effect on their growth than
the amount of phosphorus in the soil. Therefore, it is essential for
farmers to strike a balance between phosphorus application and
irrigation levels to achieve the maximum biomass yield in
agricultural practices. By carefully monitoring and adjusting these
factors, farmers can optimize crop production and promote
sustainable agriculture.

Determinations of irrigation level and P rate on
soya-bean grain yield

Analysis of variance revealed that grain yield was significantly
affected by deficit irrigation, P rate, and its interaction with deficit
irrigation and P rate. The findings of our investigation indicated
that the amount of added water and phosphorus (P) had a major
impact on grain output. For irrigation level, 50% ETC deficit
irrigation produced the lowest grain production, whereas 100%
ETC and 75% ETc water deficit levels produced the best yield
(Table 3). The 50% ETc and 75% ETc levels decreased grain yield by
43.3% and 10.3%, respectively, compared to the full irrigation level.
In areas with limited water supply, farmers should consider using
deficit irrigation techniques to conserve water and increase crop
productivity. The study found that depending on deficit irrigation, a
water shortage can affect soybean grain output (Abeba, 2021;
Jumrani and Bhatia, 2018; Pawe and Center, 2022).

The use of phosphorus fertilizers can have a significant impact
on crop growth and yield. A study was conducted to investigate the
effects of different P rates on soybean output. The results (Table 3)
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FIGURE 6

Interaction effects of irrigation level (IR) with phosphorus rate (PR) on biomass yield of soya-bean.

showed that soybean grain yield increased with increasing P rate.
Specifically, grain yields for P rates of 0, 10, 20, 30, and 40 kg ha!
were 1043.6, 1184.1, 1331.1, 1402.8, and 1376.4 kg ha™ of P,0
respectively. At P,Os rates of 20, 30, and 40 kg ha™", respectively, the
greatest yields of 1331.1 kg ha™, 1402.8 kg ha™, and 1376.4 kg ha™
were obtained.

The analysis of variance results showed that the relationships
between the P rate and the amount of deficit irrigation varied
significantly (Figure 7). The soybean crop with the highest grain
production (1703.7 kg ha™) was cultivated under full irrigation with
100% ETc and 30 kg ha™ P204. Similarly, a yield of 1680.2 kg ha™
was obtained when 100% ETc and a P rate of 40 kg ha! of P,O ;
were combined. However, the combination of 50% ETc and no P
produced the lowest grain yield of 975.5 kg ha™.

This study aimed to determine the optimal soybean grain
output under restricted P and water application rates. At a deficit
irrigation level of 75% ETc, the results shown that soybean grain
yields were 1223.6, 1393.4, 1433.9, and 1472.8 kg ha’l, respectively,
with the interactions of P rates of 10, 20, 30, and 40 P,Os kg hal.
Different P rates and irrigation volumes had a significant impact on
grain output. The highest grain yield of 1472.8 kg ha™ was achieved

5000
4500 -
4000
3500

~ 3000

<

< 2500

on

=4 2000
1500
1000

500

3,503 50

with 40 kg ha™ of P,O5 and 75% ETc. These results suggest that
proper irrigation management and phosphorus application are
crucial for maximizing the soybean grain yield. These results
imply that the two important variables that influence agricultural
productivity are water and nutrient management.

Determinations of irrigation level and P rate on
soyabean water productivity

This study also determined the impact of applied water and
water productivity on soybean production under deficit irrigation, P
rate, and its interactions. The levels of deficit irrigation, 100% ETkc,
75% ETc, and 50% ETc were used, resulting in an applied water of
6823.5, 5117.6, and 3411.8 m> ha}, respectively. This study found
that the application of water at different deficit levels did not
significantly affect soybean water productivity. However, the
application of phosphorus (P) and its interactions had a
significant effect on soybean water productivity.

The results of the study showed that, with the exception of 0 P,
soybean water productivity varied significantly for dvifferent P rates
(Table 3). The highest soybean water productivity was at 50% ETc
with 30 P, followed by 100% ETc with 30 P and 100% ETc with 40 P,

4,363.40
3,727.00

20 30 40
Phospours rate (kg ha!)

B100% ETc ®75% ETc B50% ETc

FIGURE 7

Interaction effects of irrigation level (IR) with phosphorus rate (PR) on grain yield of soya-bean
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TABLE 4 The water productivity (kg m™) of soybeans was influenced by
the interaction effect of deficit irrigation levels and P rate (from ANOVA).

Treatment =P = (p,05 form) rate (kg ha™)

Irrigation level | 0 10 20 30 40 Mean
100% ETc | 0.18 0.21 0.25 0.28 0.28 0.24048
75% ETc | 0.20 0.22 0.26 0.26 0.27 0.24354
50% ETc | 0.26 0.27 0.28 0.29 0.26 0.26986
Mean | 0.21157 | 0.23633  0.26323  0.27663 = 0.2687 | 0.25129

Cv(%) = 199
LSd(0.05) | **

** is highest significance diffidence.

with values of 0.29 kg m™ and 0.28 kg m™, respectively (Table 4).
The soybean water productivity remained almost the same for
different deficit irrigation levels, ranging from 0 0.27 kg m™. This
shows that crop water productivity and grain yield of soybeans have
a positive relationship when subjected to deficit irrigation levels.
The findings of this study suggest that proper application of
water and phosphorus can improve soybean water productivity,
with farmers achieving maximum yields. It is essential to note that
the study did not find any significant impact of deficit irrigation
level on soybean water productivity. This information can be useful
for farmers seeking to optimize their crop production while
conserving water resources. Overall, this study emphasizes the
importance of water management practices in agriculture and its

potential impact on crop productivity.

Determinations of irrigation level and P rate on
soybean yield response factor

One of the most important indicators of a crop’s resistance to
water stress is its production response factor. A crop yield response
factor larger than one indicates that for a given evapotranspiration
deficit, the relative yield decline is proportionately larger than the
relative evapotranspiration decrease (Kirda, 1999). The yield
response factor was determined and is recorded in Tables 4, 5 to
investigate the water shortage response of soybeans. According to
the findings, the yield response factor (Ky) for soybeans varied
between 0 and 0.68 for irrigation intensities of 100% ETc, 75% ETc,
and 50% ETec. Similarly, the values ranged from 0.4 to 0.58 for P rate
40, 30, 20, 10 and 0 kg/ha P. These findings imply that soybean
crops are resistant to certain degrees of moisture stress in their
growing environments.

Moreover, the interaction effects of the deficit irrigation level
and the P rate were significantly different. Among the interactions,
the highest soybean crop response value was 1 for 75% ETc with 0 P,
followed by 75% ETc with 10 P, which was observed at
0.79 (Table 5).

These findings hold significant value for farmers and
researchers interested in understanding water stress tolerance in
soybean crops. The optimal irrigation level and phosphorus rate for
a particular crop can be determined by measuring the crop yield
response factor. Additionally, the significant interaction effects of
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deficit irrigation level and P rate suggest that farmers should
carefully consider both factors when making decisions regarding
crop management. Overall, these results provide valuable insights
into the factors that affect soybean crop yield and can help farmers
optimize their production practices.

Discovering the benefits of deficit irrigation
with a P-rate for soybean production

The goal of this study was to determine how different amounts
of deficit irrigation and P application rates may boost soybean
output. The control treatment was full irrigation with no P rate, as
opposed to the interactions between deficiency levels and P rates
(Figure 8). The findings showed that 100% and 75% ETC at P rates
of 10, 20, 30, and 40 (kg ha™') were more effective in improving
soybean output. This was attributable to the cumulative effects of
soybean output and deficit irrigation in response to P levels.
Conversely, 50% ETC with P rates of 10, 20, 30, and 40 kg/ha
produced lower soybean yields than did the control treatment.

In other words, 100% ETC at P rates of 10, 20, 30, and 40 (kg ha'l)
resulted in greater soybean grain yields (19.6, 31.9, 38.1, and 37.3%,
respectively) than the control treatment. Similarly, 75% ETC with P
rates of 0, 10, 20, 30, and 40 (kg ha™") increased soybean grain yields by
4.3, 13.9, 24.4, 26.5, and 28.4%, respectively, compared to the control
treatment. However, when 50% ETC with P rates of 0, 10, 20, and 40
(kg ha™) was employed, soybean grain production decreased (8%,
3.6%, 0.2%, and 7.9%, respectively) compared to the control treatment.
The exception was 50% ETC with a 30 kg/ha P rate, which produced
1.6% greater yield than the control treatment.

The findings of this study highlight that deficit irrigation at
suitable P rates can be a viable option for increasing soybean
productivity, particularly in regions with limited water resources.
It is crucial to note that these results were specific to the soil and
environmental conditions of the experimental site. Further research
is necessary to generalize these findings to other regions and soil
types. Nevertheless, the outcomes of this study offer useful insights
into the potential advantages of deficit irrigation and P rates for
soybean production and provide a starting point for future research
in this area.

Projected impact of deficit irrigation and P
rate on soybean yield in water-
scarce regions

This study confirms the benefits of applying deficit irrigation at
a P rate to improve soybean yields in regions with limited
agricultural water resources. By implementing 75% ETc and 50%
ETc deficit irrigation levels, farmers can increase their irrigable area
to 1.33 ha and 2 ha, respectively, compared to 100% ETc. This study
also predicted the potential outcomes of deficit irrigation and P-rate
interactions in the next irrigable areas and the soybean yield
generated (Table 6). The forecasted results offer different options
based on the available resources. In general, the projected outcome
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TABLE 5 Yield response of soybeans was influenced by the interaction
effect of deficit irrigation levels with P rate (from ANOVA).

Treatment | P = (p,05 form) rate (kg ha™)

Irrigation level = 0 10 20 30 40 Mean
100% ETc | 0.06 0.06 0.05 0.02 0.01 0.03824
75% ETc | 1.00 0.79 0.51 0.50 0.48 0.6559
50% ETc = 0.70 0.68 0.64 0.63 0.73 0.67802
Mean | 0.58623 = 0.5083 = 0.39847 | 0.38373 = 0.4102  0.45739

Cv (%) 844

LSd (0.05) = **

indicates that applying P rates (0, 10, 20, 30, and 40) with 75% ETc
can increase soybean grain yield by 28% to 46.3%, and at 50% ETkc,
46% to 50.8% can maximize grain yield.

This study is particularly relevant for regions with limited
agricultural water resources. By applying deficit irrigation at a P
rate, soybean farmers can increase their irrigable area without
compromising the yield. Through the implementation of 75%
ETc and 50% ETc deficit irrigation levels, farmers can expect to
increase their irrigable area to 1.33 ha and 2 ha, respectively,
compared with 100% ETc. The study also offers insights into the
potential outcomes of deficit irrigation and P-rate interactions,
giving farmers different options based on available resources.
Based on these results, it is projected that applying a P rate of
75% ETc can increase the soybean grain yield by 28% to 46.3%, and
at 50% ETc, the grain yield can be maximized by 46% to 50.8%.
These findings provide valuable information for soybean farmers
seeking to optimize their yields while conserving water resources.

The present study shows the potential advantages of
implementing deficit irrigation and P application rates in
enhancing soybean production in regions with limited water
resources. These findings are particularly relevant in areas with
limited water resources and can provide valuable insights for
soybean farmers seeking to optimize their yields while conserving

water resources.

Y Yy
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Discussion

In wide-ranging crop yields are affected by many factors; those
are weather, input price, farming practices, amounts of fertilizer
used, quality of seed varieties, and use of irrigation. This study
aimed to evaluate the effects of irrigation levels and phosphorus
rates on soybean yield and water productivity. The results
confirmed that both irrigation and phosphorus application
significantly impacted soybean yield and biomass production.

Impact of irrigation levels on soybean yield: Deficit irrigation at
50% ETc resulted in the lowest grain yield, while full irrigation
(100% ETc) produced the highest yield (Table 3). This suggests that
adequate water supply is crucial for maximizing soybean yield.
However, moderate deficit irrigation (75% ETc) also showed a
reasonable yield, indicating potential for water-saving strategies in
soybean cultivation without drastically affecting the yield. this
finding is similar on previous study in areas with limited water
supply, farmers should consider using deficit irrigation techniques
to conserve water and increase crop productivity. The study found
that depending on deficit irrigation, a water shortage more than
25% can affect soybean grain output (Abeba, 2021; Jumrani and
Bhatia, 2018; Pawe and Center, 2022).

Influence of phosphorus application on soybean yield: The
study found a significant increase in grain yield with increasing
phosphorus rates up to 30 kg ha™. Beyond this level, the yield gains
were minimal. This indicates that while phosphorus is essential for
soybean growth, there is an optimal level beyond which additional
phosphorus does not significantly enhance yield. This finding is
similar for previous study on Influence of Soil Water Deficit and
Phosphorus Application on Phosphorus Uptake and Yield of
Soybean (Glycine max L.) at Dejen, North-West Ethiopia by
(Kamara et al., 2007).

Interaction effects of irrigation and phosphorus on grain yield:
The interaction between irrigation levels and phosphorus rates
showed that the highest yields were obtained with full irrigation
and high phosphorus rates (30 kg ha™) (Figure 7). However, even
with moderate deficit irrigation (75% ETc), high phosphorus rates
could produce substantial yields, highlighting the importance of
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FIGURE 8
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Interaction effects of deficit irrigation and P rate for soyabean yield on applied water, yield advantage, and water saving.
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TABLE 6 Projected impacts of deficit irrigation and P rate on soybean for soyabean yield on obtaining yield (kg ha™), applied water (m* ha™), yield
advantage (%), water saving area increment (ha), forecasted yield (kg ha™), yield advantage (%). The sign also side, partial up and down, up and down
indicated on optimum, partial increase and decrease, and increase and decrease, respective!ly|lE] I .
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balanced nutrient and water management. Furthermore, it was  use under moderate water stress conditions. Phosphorus application
observed that even under limited water supply, the application of ~ improved water productivity, especially at higher irrigation levels,
high phosphorus rates (30 kg ha™) resulted in significant crop  indicating that optimal nutrient management can enhance water use
yields. This underscores the significance of maintaining a  efficiency in soybean cultivation.
harmonious balance between nutrient and water management Projected impact in water-scarce regions: Implementing 75%
practices. It is evident that providing adequate irrigation and  ETc and 50% ETc deficit irrigation levels can increase irrigable area
optimizing phosphorus rates can greatly enhance crop to 1.33 ha and 2 ha respectively compared to 100% ETc. As
productivity. These findings emphasize the importance of  Applying P rates (0, 10, 20, 30, and 40 kg ha™") with 75% ETc can
strategic decision-making in agricultural practices to maximize increase soybean grain yield by 28% to 46.3%. similarly, Applying P
yield potential and ensure sustainable resource utilization. Similar ~ rates with 50% ETc can maximize grain yield by 46% to 50.8%.
finding by Denisov et al. (2022) who reports full irrigation with high
phosphorus rates maximizes soybean yields. Even under moderate
irrigation, high phosphorus levels can boost yields, emphasizing the Conclusion
importance of balanced nutrient and water management.

Water productivity: Interestingly, the study found that water This study reveals that the combination of deficit irrigation level
productivity did not significantly differ across the different irrigation  and P rate in Jawi district, Northwest Ethiopia, significantly impacts
levels, suggesting that soybean plants could maintain efficient water ~ soybean productivity. The results showed that P rates of 10, 20, 30,
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and 40 (kg ha™) with 100% ETC resulted in higher grain yields
compared to the control treatment. Similarly, P rates of 0, 10, 20, 30,
and 40 (kg ha™') P with 75% ETC resulted in higher grain yields.

The study also found higher water productivity at different P
rates, except at 0 P. The highest soybean water productivity was
observed for 50% ETc with 30 P, followed by 100% ETc with 30 P,
and 100% ETc with 40 P. The highest soybean crop response value
was recorded for 75% ETc with 0 P and 75% ETc with 10 P.

This study suggests that implementing these strategies can
optimize soybean yields while conserving water resources.
Farmers can increase their irrigable areas and improve their yield
without compromising water resources. This information can be
valuable for soybean farmers to improve their yields, especially in
areas with limited water resources. to ensure crop sustainability. By
following these recommendations, farmers can not only enhance
their crop productivity but also contribute to the overall
sustainability of their farming practices. This study provides
valuable insights for soybean farmers seeking to maximize their
yields in water-scarce regions.
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