RESEARCH ARTICLE

Agricultural Science Digest, Volume 42 Issue 3: 266-271 (June 2022)

Seasonal Yield Response Factor for Red Bombay Onion (A//ium
cepa L.) Variety in Arba Minch, Ethiopia
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ABSTRACT

Background: For better water resources management in the areas of water shortage for crop production, deficit irrigation is very
important. The understanding of the yield response factor to water deficit is crucial for efficient irrigation water management. Deficit
irrigation for studying yield response factors is always practiced in the way of stressing the demand of the crops. The present study
was done for the determination of the seasonal yield response factor of red Bombay onion variety under Arba Minch agro climate
condition. Furthermore, it also examined the effect of furrow irrigation systems on the seasonal yield response factor.

Methods: The experiment was conducted from August to November 2019. The experiment had six treatments, which were the
combination of two furrow irrigation systems and three irrigation levels. Data were collected for soil moisture before and after each
irrigation and bulb yield. The seasonal yield response factors were determined through simple linear regressions using SPSS software.
Result: When considering the furrow irrigation system as a factor, the seasonal yield response factor for alternate furrow irrigation
system was 1.18 while for paired row furrow irrigation system was 1.07. This red Bombay variety of onion clearly shows more sensitive
to water stress for alternative furrow irrigation systems than paired row furrow irrigation systems. Therefore, in the area of water
shortage paired row furrow irrigation system is better than alternate furrow irrigation system. The seasonal yield response factor as a
wall for red Bombay onion variety in Arba Minch agro-ecological condition was 1.12. Therefore, the red Bombay onion variety in Arba

Minch agroclimate condition was sensitive to water stress.
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INTRODUCTION

Water is essential for crop production improvement and any
shortage has an impact on final yield production. Globally,
irrigation in agriculture consumes about 70% of the available
freshwater resources (FAO, 2016). To fuffil the food demand
of the population, irrigation shall be expanded (Prajapat et al.,
2020). Therefore, effective water utilization and water saving
in irrigation are the most critical issues to be considered.

For better water resources management in the areas
of water shortage for crop production, deficit irrigation is
very important (Kannan and Anandhi, 2020). When climate
change is observed where in increase in temperature and
decrease in rainfall are observed (Kaur et al., 2021). Water
will become more scarce. The increasing demand of
irrigation water for food security and knowledge of crop yield
response to water stress can improve the development of
irrigation strategies for increasing yield productivity (Greaves
and Wang, 2017; Joy et al., 2021; Roja et al., 2021; Wato,
2021). The understanding of yield response factor to water
deficit is crucial for efficient irrigation water management
(Kipkorir et al., 2002; Singh et al., 1987). Deficit irrigation
for studying yield response factors, always practiced in the
way of stressing the demand of the crops. Losing other
factors, normal deficit irrigation is not productive. The
effective planning and management of water for crop
production requires precise knowledge of the irrigation
system, climate conditions of the study area, soil condition,
crop and its variety and levels of water management (Otarola
et al., 2020; Kaboosi et al., 2012; Mila and Ali, 2016; Pejic
et al., 2014). This means that the seasonal yield response
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factor is affected by those factors. However, the listed factors
can affect the seasonal yield response factor, but little work
on the effect of irrigation system on seasonal yield response
factors to identify the sensitivity levels of red Bombay onion
crop variety are done.

Therefore, this paper was developed with the objective
of determination of the seasonal yield response factor to
water stress for Arba Minch climatic condition (local
condition) of red Bombay onion variety. Furthermore, the
effects of furrow irrigation systems on seasonal yield
response factors were studied for improvement of crop water
productivity. The selected variety would be identified whether
sensitive to water stress or not in the local climate condition
(Arba Minch agro-ecological condition). The effect of
irrigation system on seasonal yield response factor was
tested for further recommendations for the area of water
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scarcity. Investigators in the previous study were not
considered the effect of irrigation systems on the seasonal
yield response factor. The water consumption of the system
is already different, but the yield may be the same or
different. Therefore, the seasonal yield response factor was
examined separately as well as all.

Onion crop is commonly grown for commercial and
household consumption in Ethiopia specifically in Arba
Minch. In nature, it is the raw material for making “Wot”
(native word for Ethiopia). It grows between 500 and 2400
m.a.s.l., preferring an altitude between 700 and 1800
m.a.s.l., which are ideal for bulb production (Addis, 2020).
There are a lot of different onion varieties that are produced
in agricultural research center. The good potential of some
of the onion varieties in Ethiopia are Adama red, red Bombay,
Melkam and Nasic red (Addis, 2020). In line with this, the
red Bombay onion variety is commonly cultivated by farmers
in the Arba Minch area.

MATERIALS AND METHODS

The field experiment was conducted at Arba Minch University
water technology institute demonstration farm in Gamo
Zone, SNNPR National Regional State, Ethiopia. The period
of this experiment was from August to November 2019. The
study area is geographically located at an altitude of 1203
m.a.s.l, a latitude of 6°04’ N and a longitude of 37°33' E.
The location of the study area is described in Fig 1.

Based on the data collected from the station, the mean
monthly minimum and maximum air temperature in the area
varies from 17.4°C to 30.6°C, respectively. The average
annual rainfall in the area is 750 mm (Gebreselassie et al.,
2014). The rainfall is erratic and uneven in distribution. The
average relative humidity varies from 39.4% (February) to
62.9% (May). The average annual daily sunshine duration

ranged from 6.3 hrs to 9.1 hrs. The agro-ecological zone of
the study area was classified as dry low land. The behavior
of dry low land includes an average altitude range from 500-
1400 m.a.s.l and the average annual rainfall below 900 mm
(MOA, 2000).

Method of irrigation system and experimental facilities

The irrigation system was selected based on the degree of
best irrigation water management. In the case of AFI
(Alternate Furrow lIrrigation), one of the two neighboring
furrows is irrigated during each irrigation event and only one
crop row is planted at the top of each of the furrows. In the
PRFI (Paired Row Furrow lIrrigation) system, crop planting
is done at the top of the ridge in pairs (Micheal, 2007). Each
crop row gets the water from side furrows and water is
distributed to each furrow in each irrigation event.

The pre-experimental activities were nursery
preparation, field preparation and soil sample collection
and testing the samples in the laboratory and in situ. At
the end, the bulb yield and the consumed water of the crop
were recorded.

Experimental treatments

The experiment was conducted with two furrow irrigation
systems that are alternate furrow irrigation (AFI) and paired
row furrow irrigation (PRFI) systems and three levels of
irrigation as 100%, 75% and 50% ETc. Transplanting after
45 days of seedling of red Bombay onion variety was done
in ridge and furrow system following the recommended
agronomic practices.

The treatment plot size for the two systems was 1.6 m
x 3 m. The central rows for each treatment were considered
as experimental rows for the collection of field data. The
side rows were non-experimental (buffer row) to minimize
the border effects. The plant to plant spacing in each row
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Fig 1: Location map of the study area.
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was 10 cm and has a plant density of 30 plants per row.
There were 6 treatments; each of the treatments was
replicated three times. The details of the treatments are given
in Table 1. The location of different plots was decided by a
randomized complete block design (RCBD). The spacing
between each treatment plot and each block was 1 m and
1.5 m respectively. The total experimental area was 240.7
m? (16.6 m x 14.5 m).

Soil physical properties of the study area

The physical properties of the soil in the study area were
determined in situ and in the laboratory. The physical
properties of soil were texture, bulk density, field capacity
and permanent wilting point. The soil texture for the soil of
the experimental area was determined by Hydrometer
analysis. The soil bulk density was determined by taking
undisturbed soil samples and estimated using the standard
formula. The field capacity was measured by ponding water
at the soil surface to saturate the soil column, covering the
soil surface with trace to prevent water evaporation from
the soil surface and start the measurement of soil moisture
content after 24 hours until a constant value was obtained.
The permanent wilting point was considered at the soil
moisture content of 15 atmospheric tensions.

Crop water requirement estimation

Onion crop water requirement was estimated from reference
crop evapotranspiration (ETo) and crop coefficient (Kc) using
Equation 1. The reference crop evapotranspiration (ETo)
was estimated using CROPWAT 8 software based on the
Penman-Monteith method.

ETc = Kc x ETo e (1)

The net irrigation requirement was estimated using Equation 2.
| =ETc-Pe-GW -SM
Where;
| = Net irrigation requirement (mm).
Pe = Effective rainfall (mm).
GW = Groundwater contribution (mm).
SM = Change in soil moisture (mm).
The depth of the groundwater table during the crop
season was more than 1.6 m. Therefore, groundwater
contribution (GW) was negligible. Effective rainfall within the
specified schedule was estimated using the sum of daily
crop evapotranspiration and the amount of daily rainfall. This
empirical equation was described in Equation 3.

Pe = Y ETc if > ETc < rainfall or
Pe = rainfall if Y ETc > rainfall

Where,
2ETc = Sum of crop evapotranspiration from previous
irrigation to the time of rain (mm).

Therefore, the gross irrigation depth was determined
by dividing the net irrigation depth by the measured value
of field application efficiency (64.5%). This depth of water
were supplied to each of the plots using a Siphon tube.

Actual evapotranspiration

The actual evapotranspiration during the crop growth period
for each treatment was estimated from the measurement of
soil moisture content. The soil moisture content was
measured before and 24 hrs after each irrigation at soil depth
0-30 cm and 30-60 cm. The soil moisture measurements
were made at the center row within the plant line (for AFI)
and between rows or plant lines (for PRFI). The actual
evapotranspiration (ETa) was estimated from the measured
values of soil moisture content, effective rainfall and crop
evapotranspiration using Equation 4.

ETa = (0, - 0,) As,x Zr,+ Pe + ETc,
Where;
ETa = Actual evapotranspiration between two irrigation (mm).
o, = Gravimetric soil moisture content after irrigation for i"
soil layer (fraction).
o, = Gravimetric soil moisture content before next irrigation
for i soil layer (fraction).
Zr,. = Crop root depth for i soil layer (mm).
As, = Apparent specific gravity for i soil layer.
Pe = Effective rainfall between soil moisture measurement (mm).
ETc, = Crop evapotranspiration for one day after next
irrigation (mm) until 24 hrs.
i = Soil layer.
Seasonal yield response factor

Many mathematical relationships have been developed to
relate crop yield with water use (Kaboosi and Kaveh, 2012).
Therelationships are known as crop water production functions.
In the present analysis, the crop water production functions as
proposed by Doorenbos and Kassam (1979) were considered.
This is mathematically expressed as Equation 5.

<1 _Ya )-K 1 ETa
Ym /"~ y< ETm> eeeeeen (B)
Where,

Ky = Seasonal yield response factor.

Ya = Actual yield (kg ha™') corresponding to ETa.

Ym = Maximum crop yield under given management conditions
that can be obtained when water is not limiting (kg ha™)
corresponding to ETm.

ETa = Actual evapotranspiration (mm).

ETm = Maximum evapotranspiration obtained for non-limiting

water conditions (mm).
The agronomic data such as bulb yield were collected
during harvesting for each treatment. Similarly, soil moisture

Table 1: Treatment combination for different furrow irrigation systems and level of irrigation water.

Furrow irrigation system

Alternate furrow irrigation (AFI)

Paired row furrow irrigation (PRFI)

Treatments AT1 AT2

AT3 PT1 PT2 PT3

Levels of irrigation as ETc 100% 75%

50% 100% 75% 50%
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was collected before and after each irrigation throughout
the season to measure the seasonal actual evapotranspiration.
This collected data is important to estimate relative seasonal
water use deficit and relative bulb yield decrease for the
determination of the seasonal yield response factor of red
Bombay onion variety. These values were used as an input
for SPSS software to determine the value of seasonal yield
response factors.

Data analysis

The linear regression equations for the determination of the
yield response factors were analyzed using SPSS 20
statistical program.

RESULTS AND DISCUSSION

The soil texture observed from different layers of the field
was silty clay. The average value of soil bulk density, field
capacity, permanent wilting point and total available water
were 1.26 g cm™®, 0.36, 0.201 and 0.159 infractions. These
values were very important physical properties for
determination of crop evapotranspiration through the soil
moisture measurement at each irrigation interval.

Actual evapotranspiration and bulb yield

The measured value of actual evapotranspiration and bulb
yields for different treatments in AFI and PRFI were collected
and presented in Tables 2 and 3 respectively.

Table 2: Actual evapotranspiration and bulb yield for alternative
furrow irrigation system.

Treatment ATA1 AT2 AT3
Actual evapotranspiration (mm)  399.46 332.95 275.82
Bulb yield (kg ha') 36277.8 28980.6 23077.8

Table 3: Actual evapotranspiration and bulb yield for paired row
furrow irrigation system.

Treatment PT4 PT5 PT6
Actual evapotranspiration (mm) 414.57 348.91 274.34
Bulb yield (kg ha') 37863 31659.3 24088.9

Table 4: Estimated values of seasonal yield response factor for
AF| system using SPSS software.

Seasonal yield response factor R?
1.18 0.999

F value for testing R?
7596.41

Table 5: Estimated seasonal yield response factor for PRFI system
using SPSS software.

Seasonal yield response factor R?
1.07 0.999

F value for testing R?
9211.91

Table 6: Estimated seasonal yield response factor for all systems
together using SPSS software.

Seasonal yield response factor R?
1.12 0.994

F value to for testing R?
2282.621
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Seasonal yield response factor for red Bombay onion
variety

As observed from Table 4 and Fig 2, the seasonal yield
response factor for AFI for red Bombay onion variety in Arba
Minch condition was 1.18. This indicates the crop is sensitive
to water stress. According to Doorenbos and Kassam (1979),
the Ky values greater than one (Ky > 1), the crop is very
sensitive to water stress, Ky < 1, the crop is more tolerant to
water stress whereas Ky = 1, yield reduction is direct
proportion to reduced water use.

As observed from Table 5 and Fig 3, the seasonal yield
response factor for PRFI for red Bombay onion variety under
Arba Minch agro-ecological condition was 1.07. This value
was a little bit greater than one; means that a little bit
sensitive to water stress.

The values observed from the two systems were
different. The red Bombay onion variety was more sensitive
for AFI than PRFI. The observed information shows that
irrigation systems were the main factor that affects the yield
response factor. The value of Ky under AFI was higher than
the value observed under PRFI. The crop production system
under PRFIwas better than AFI was the reason why different
sensitivity was observed in the same variety. However, the
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Fig 2: Seasonal yield response factor for AF| for red Bombay
onion variety
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Fig 3: Seasonal yield response factor for PRFI for red Bombay
onion variety.
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Fig 4: The seasonal yield response factor of Bombay red under
Arba Minch agro climate.

Ky value observed under the PRFI was a little bit smaller
than the values reported in Doorenbos and Kassam (1979)
whereas greater for AFI. They reported that seasonal Ky for
onion was 1.1. The difference of the value observed here
may be the difference in variety, irrigation system, agro-
ecological zone as well as soil types. However, in the area
of water scarcity for red Bombay variety of onion PRFI
systems was preferable than AFI for better maximize yield.
When considering all furrow irrigation systems together, the
estimated value of seasonal yield response factor of onion
crop to water deficit for Arba Minch climatic condition was
1.12 (Table 6 and Fig 4). This result revealed that onion is
more sensitive to water.

Similarly, the seasonal ky under combined conditions
was more than one (the crop is more sensitive to water stress
with more yield reduction). In line with this, Doorenbos and
Kassam (1979) proposed a seasonal yield response factor
(Ky) for onion crop equal to 1.1. Similarly, Kipkorir et al.
(2002) recorded the seasonal yield response factor of onion
was 1.28. On the other hand, Igbadun and Oiganji (2012)
found that the seasonal yield response factor for onion under
different treatments of no-mulch and mulched conditions
by rice straw, white polyethylene and black polyethylene
equal to 1.15, 1.13, 1.05 and 1 respectively. In addition to
this, Enchalew et al. (2016) also studied the seasonal yield
response factor of onion for different water levels. He found
Ky values for onion equal to 1.7, 1.2, 0.8, 1 and 1 for 90%,
80%, 70%, 60% and 50% ETc level of irrigation respectively.
The variation of the results was due to the system of
irrigation, the variation of locations (climatic conditions) and
a variety of onions (red Bombay). The previous authors
conclude that the yield response factor was varied due to
those listed factors (Kaboosi and Kaveh, 2012).

CONCLUSION

A yield response factor was a very important implication for
different crops in water management practices. In line with
this, it is important to identify the crops that are sensitive to
water stress or not. The seasonal yield response factor for

red Bombay onion variety under the factor of water stress
and irrigation systems was considered in this study.

In this study, the seasonal yield response factor was
estimated in the two furrow irrigation systems. The
experimental treatments were developed with three levels
of deficit irrigation (100%, 75% and 50% ETc). Three
treatments were designed for each system of furrow irrigation
systems and replicated three times. The actual
evapotranspiration for each treatment was estimated using
the water balance equation. The bulb yields were collected
during harvesting. The seasonal yield response factor was
developed as a function of actual evapotranspiration and
yield production using Doorenbos and Kassam (1979) in
SPSS software.

The seasonal yield response factor for red Bombay
onion variety for AFI system in Arba Minch agro climate
condition was 1.18 whereas 1.07 for PRFI system. When
considering the two systems as one, the seasonal yield
response factor for red Bombay onion variety in Arba Minch
agro-ecological condition was 1.12.

To conclude this study, the seasonal yield response
factor was affected by irrigation systems. In areas where
irrigation water is scarce, paired row furrow irrigation system
is better for red Bombay onion variety in Arba Minch agro-
ecological conditions.

Here, the study was considered for one growing season
to estimate the seasonal yield response factor for one variety
of onions in one agro-ecological zone. Therefore, further
studies considering those gaps are required.
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