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Abstract:

Sugarcane is one of the important industrial crops produced all over the tropical areas.
Sugarcane production is highly expanding in developing countries like Ethiopia.
However, sugarcane is characterized by very high crop requirements. But sugarcane is
produced mostly in Ethiopia using furrow irrigation methods in which more losses of
irrigation water is most common due to many factors. Even if there are high losses of
water in furrow irrigation, in which its performance influenced by many factors, to
improve its performance or reduces the losses of irrigation water proper furrow
irrigation decision variables combination is very important. In line with this the current
study focused on three main furrow irrigation design parameters. The main purpose of
the current study was to analyse effect of furrow irrigation design on sugarcane growth
and yield parameters under Wonji Shoa Sugar Estate conditions. The field experiment
was conducted using Split-split plot design with three factorial experiments replicated
three times. All required data on growth and yield of sugarcane parameters were
collected and analysed using SAS 9.4 version statistical software. The effect of furrow
slope showed statistically significance variation at 5% significance on growth
parameters (cane height, cane weight, cane diameter and number of cane internode
per stalk), but non significance variation on yield components of sugarcane (moisture
percent, dry substance, number of millable cane stalk and sugarcane yield). But the
effect of furrow length showed statistically significance variation on almost all growth
and yield parameters of sugarcane at 5% significance level except sugarcane yield.
Finally, the effect of furrow discharge rate on all growth and yield parameters
considered were showed statistically significance variation at 5% significance level
except number of millable cane stalk. In general, the highest sugarcane yield was
obtained from furrow slope three, furrow length three and furrow discharge rate as
compared to the other factors level. Therefore, this result it can be recommended that
slightly slope, longer furrow length and less properly applied discharge rate resulted in
more yield of sugarcane.
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INTRODUCTION

Globally agriculture contributed to more than 80% use of fresh water available especially for
irrigated crop production. Agricultural ecosystems are the main consumer of water resources
worldwide (Adeyemi et al. 2017). The use of agricultural water consumption may vary from region
to region as a result of economic development and climatic factors. The irrigation water
consumption approximately estimated as 60% and 9o% of available water resources in developed
and developing countries respectively (Adeyemi et al. 2017). In some regions of the world, the
expansion of irrigation increased stressing water bodies and aquifers that depleting from time to
time. As a result it faces the water scarcity condition, in which the demand of freshwater resource
exceeds the availability freshwater resource (Rosa et al. 2019). But the availability of irrigation
water is decreasing from time to time because the demand for fresh water resource by different
sectors increasing in the opposite. In the context of global water scarcity for agriculture, the
precise management of available water for irrigation isimportant (Dingre and Gorantiwar, 2020).
The sugarcane (Saccharum spp.) is a crop of great social, economic and environmental
importance almost all over the world. It is the world largest crop by production in quantity and
produced in 120 countries. The ten (10) largest sugar producing nations represent roughly 75% of
world sugar production (Marcos et al. 2018). In production, Brazil still remains on the top with
(33%) of global sugar production followed India (23%), China (7%) and Pakistan (4%). Africa
contributed less than 5% of the world sugarcane production. In world, sugarcane is grown
between the latitude 36.7° N and 31.0° S of the equator extending from tropical to subtropical
zones. About 80% of sugar is obtained from sugarcane and the remaining 20% is produced from
sugar beet (Collier et al., 2015, Rai and Thakur, 2017).

Irrigation water sources are one of the most limiting factors in crop production in arid and semi-
arid regions specially for perennial crops like sugarcane since the annual rainfall is low and erratic
in time and space. Once sugarcane water requirement determined and its crop coefficient
developed, the irrigation water required for the designed command area is computed based on
the availability of water resource which highly influence the sustainability of irrigated area. But
design of surface irrigation systems depends mostly on irrigation canals without considering the
water requirement of the crop which resulted in over or under irrigation practices that resulted in
reduction of the crop yield (El-Hazek 2016).

Surface irrigation is the most commonly used in the developing countries of which the furrow
irrigation methods largely covered from farm house hold to large machanized farms. But the
performance of furrow irrigation affected by many factors due to its nature of water application.
The main factors that impact on the performance of furrow irrigation can be categorised as
design, soil and water management variables. Design variables include the longitudinal slope of
the field which affects both the rate of advance and recession, and the length of the furrow which
determines the flow rate required (Sengera and Mpala, 2017).

In surface irrigation, the design procedure requires the determination of the main decision
variables that highly influence the efficiency of irrigation. In designing of furrow irrigation, the
design consideration focused on furrow geometry, advance time and required depth of
application since the irrigation water applied across the furrow channel if not properly considered
resulted in erosion problem (Ahmed et al., 2005). The most common furrow geometry considered
during design are furrow length, furrow width, furrow bottom depth and furrow slope. Furrow
discharge largely dependent on soil type and crop water requirement and advance time depends
onthe required depth of irrigation. Furrow irrigation is the most common type of surface irrigation
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butin most cases the design of furrow systems is not optimized for water use in arid regions (Adisu
etal., 2020).

Worldwide, sugarcane occupies area coverage of 20.42 Mha with a total production of close to 1.6
billion tons per year with the average productivity of 59.4 ton/ha. Sugarcane also produced in
Africa with a total area coverage of 1.5 Mha with a productivity of 53.2 ton/ha. South Africa is the
leading country in sugarcane production in Africa with the total production of 1.8 million tons/year
and productivity of 58.7 ton/ha from Africa. In Ethiopia, sugarcane area coverage is 0.32 Mha with
average productivity of 45.2ton/ha (McKay et al. 2016). Even if the sugarcane is highly demanded,
due to many factors its production and productivity is not much attractive especially in developing
countries particularly, Ethiopia. From many factors affecting sugarcane production in Ethiopia,
the main reasons are mismanagement of irrigation, inadequate knowledge of irrigators, lack of
regular operation and maintenance (CSA 2018).

Sugarcane is a perennial water intensive crop and with water becoming increasingly scarce
resource particularly due to high competition on water resources from different sectors. In the
global context, around 80% of sugarcane is grown in the regions that have a history of water
scarcity in rift valley of the country (Adeba, Kansal, and Sen 2015). On average, the water
requirement of sugarcane varies from 1200 to 3500 mm depending on soil types, crop growing
duration and the climatic conditions of the area (Shrivastava, Srivastava, and Solomon 2011).
Scarcity and growing competition for fresh water resource reduce water availability for irrigation
but in the other hand, water losses in surface irrigation are very high. To increase the efficiency of
surface irrigation, for commonly used as furrow irrigation, appropriate furrow irrigation design
parameters is essential for effective planning and management of water resources (Holzapfel et
al., 2010; Holzapfel and Leiva, 2014).

Surface irrigation is the most dominant irrigation methods practiced in sugarcane production in
Ethiopia. Especially, in Wonji Shoa Sugar Estate all the area coverage (5000 ha) under the Estate
produced by furrow irrigation however, the rest area under out growers (7000 ha) are produced
by sprinkler and furrow irrigation. The performance of furrow irrigation under Wonji Shoa Sugar
Estate is very poor. To improve the performance of furrow irrigation, identifying the appropriate
combination of the furrow irrigation decision variables are very important. In line with this the
current study was focused the identifying appropriate furrow irrigation design parameters that
can improve the performance of furrow irrigation under Wonji Shoa Conditions. The main
objective of the current study was to analysis effect of furrow irrigation design parameters on
sugarcane growth and Yield parameters Wonji Shoa Sugar Estate.

MATERIALS AND METHODS

Description of the Study Area

The Wonji Shoa Sugar Estate (WSSE) is located in the South East Shoa Zone of Oromia Regional
State, at a distance of 110 km from Addis Ababa, the capital city of Ethiopia. Geographically, it is
situated at 8°21'- 8°29’ N and 39°12'- 39°18'E and altitude of 1223 to 1550m above MSL (Figure 1).
The area is characterized by gentle and regular topography making it most suitable for irrigation.
Sugarcane is grown in the area, mostly as a monoculture. The climate of the area is characterized
as semi-arid with the main rainy season during the months of June to September. The rainfall of
the area is erratic both in quantity and distribution. The area receives mean annual rainfall of
831mm with mean annual maximum and minimum temperature of 27 and 15°C respectively. The
soil of the area varies from sandy loam to heavy clay types.
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The Estate is the first commercial large scale irrigation scheme in Ethiopia and was established in
1951 at Wonji by Netherland's Hender Verneering Amsterdam (H.V.A.) Company private
investors and the Ethiopian government. When the factory started production in 1954 its initial
production was 140 tons/year (WSSF, 2018). The two factories are known by the name Wonji and
Shoa, Sugar Factory altogether had the capacity of producing 75,000 tons of sugar per year till
recent time (prior to the completion of the new Wonji Shoa Sugar Factory at Dodota site far apart
in the old factories). After serving for more than half a century and getting obsolete, the two
factories viz., Wonji and Shoa sugar factories were closed in 2011 and 2012 respectively. Replacing
these pioneer factories, the new and modern factory had started production in 2013 with higher
production capacity. Currently, the WSSE sugarcane plantation covers and irrigated area of
12,000ha of which 5,000 ha is managed by the Estate itself and 7,000 ha is managed by an out-
growers. The irrigation water source is Awash River. The Wonji Shoa Sugar Estate location map
is presented in Figure 1.

Figure 1. Location map of the study area

Materials and Treatment Combinations

For this experiment, different materials were used from the field layout to the final data
collection. For field layout preparations, measuring tape, spade, rake and pitchfork were used.
Planting materials and inputs used were sugarcane variety NCO33,, with two buds, fertilizers and
chemicals. For soil data sample collection, auger, shovel, soil moisture can and sensitive weight
balance were used and for soil moisture analysis, oven dry and sensitive balance were used. For
irrigation management purpose, Par shall flume, ruler for measuring water depth, stop watch for
recording advance and recession time. After the crop matured also different material used were
cane cutter (machete), weight balance, length measuring meter and caliper. Finally, for sugarcane
yield and quality parameters analysis different laboratory materials were also used.

For this experiment, three different factors with different levels were used. Based on numbers of
factors included in the factorial experiment (split-split plot design) were selected. The treatment
combinations were as following present in the following table 3.

Table 1. Treatment combination of the factors including all levels of factors

Experimental Design and Layout

The treatments were laid out in a split-split plot design with three factors arranged as the main
plot, sub plot and sub-sub plot with three replications in which all factors having three levels.
Those factors were arranged as per the experimental design as main factor plot furrow slope (FS),
sub plot factor furrow length (FL) and sub-sub plot factor furrow discharge rate (FQ) which applied
to all furrow slope and furrow lengths. For all treatments the furrow width was 1.45m and there
were three furrows under each discharge rate for all replications.

Figure 2. Layout of the experimental design

Soil Moisture Analysis

In the determination of the soil moisture content of the field experiment, the soil sample was
taken from the field in the Z fashion across the whole field at two depths (0-30 and 30-6ocm). To
determine the soil moisture content, the wet weight of soil sample taken from the field at each
depth was weighted at the field using sensitive balance and taken to oven dry at 105°C for 24hrs.
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The oven dried soil sample was weighted to obtain dried weight and the gravimetric moisture
content of the soil was determined using (Equation 1)

Where Wyet= Wet eight of soil (g), Wary = Dried weight of soil (g)

The volumetric soil moisture content was determined using (Equation 42) and the change in soil
moisture content (ASM) before irrigation (SMg)) and after irrigation (SMaj) was computed using
(Equation 2 and 3) before the next irrigation application.

Wwet - Wdry)
0, = * pd 2
’ < Wary
ASM = SMAI - SMBI 3

The total available water (TAW) for plant use can be determined from the soil water content at
field capacity (Brc) and permanent wilting point (Bpwe). The total available water within the given
soil depth is determine using (Equation 4).

TAW = (9Fc - 9PWP) 4

Where, TAW = total available water (mm/m), B¢, Bpwp = soil moisture content at field capacity and
permanent wilting point

Irrigation Application and Management

After the selected sugarcane variety with two bud setts were planted, irrigation was applied
uniformly until the crop established well. The irrigation treatments were started after the crop
established and irrigation water applied was managed with Parshall flume always installed at sm
far apart from the experimental field inlet. The time of cut off was calculated for all furrow lengths
and discharge rate for the management of irrigation water applied according to each treatment.
Before irrigation water applied, always the available soil moisture was determined by taking the
soil sample from the field from each treatment, and available rain fall within intervals also
recorded and the effective rainfall was computed using CropWat 8.0 model. Irrigation water was
applied as full or supplemental irrigation based on the available soil moisture and effective rain
fall throughout the crop growth periods. The net irrigation water requirement was computed
using Equation 5.

dpet = TAW * p * Zr 5

Where: dnet = net depth of irrigation water applied, TAW = total available soil moisture, p =
depletion fraction for the crop, Zr = required depth of application

The required depth of application computed from the furrow geometry and inflow of water
(discharge) using (Equation 6)
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Q%3600
Ze =W 6

Where: Q = Inflow rate of water to the furrow (L/s), L and W = Furrow length and width (m), After
the required depth of application was known, the cut off time for each furrow length was
computed from the general irrigators’ equation (Equation 7)

_A*d
Q

TC o

Where: Tco = cut of time (min), A = area for the furrow (m2), d = Zr = required depth of application
(m), Q = inflow rate to the furrow (L/s)

Data Collection

This study was conducted from March 2019 to August 2021 at Wonji Shoa Sugar Cane Estate.
From the beginning of the experiment, different data were collected. The major data collected
were Soil data, weather data, irrigation data, sugarcane growth parameters, analysis of sugarcane
quality parameters with some observational data records throughout the crop growth periods.

For the growth and yield component analysis of sugarcane, millable cane stalks were taken from
all the treatments. The numbers of millable cane stalks were considered for each treatment in all
replications in the analysis. The collected data on sugarcane growth and yield parameters were
described as followed

Cane Height (CH):

The data on cane height was recorded from randomly selected five sugarcane stalk samples taken
from each treatment from all replications. The cane height was measured and then the average
cane height was worked by following Sweet and Patel (1985) using equation 8.

5 cane stalk height
Average cane height (cm) = @ = ght) 8

Cane Weight (CW):

The data on cane weight was recorded from randomly selected five sugarcane stalk samples
taken from each treatment for all replications. The weight of five millable cane stalk was
measured by simple balance at field level. Then, the average cane weight was worked by
following Sweet and Patel (1985) using equation g.

(X 5 cane stalk weight)
5

Average cane weight (kg) =

Cane Diameter (CD):

The data on cane diameter was recorded from randomly selected five sugarcane stalk samples
taken from each treatment for all replications. The cane diameter was measured by caliber and
then the average cane diameter was worked by following Sweet and Patel (1985) (Equation 10)

(X 5 cane stalk diameter)

Average cane diameter (cm) = z 10
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Number Of Cane Internodes (NCI):

The data on the number of internodes per stalks was recorded from randomly selected five
sugarcane stalk samples taken from each treatment for all replications. Then, the average number
of internodes per stalks was worked by following Sweet and Patel (1985) (Equation 11)

(X 5 cane stalk NI)
5

11

Average NIC per stalk =

Moisture Percent (MP):

The weight of the clean empty container used for drying cane sample in the oven was recorded as
mass (M1). Then about 100 gm of the shredded cane sample was placed in empty container and
weighed to record the mass of the container plus cane (M2). Thereafter, the container with
sample of cane was placed in the drying oven and moisture teller for drying samples at 110 °c
temperatures. When the temperature was stabilized, the drying time was set for about 45
minutes. Finally, the hot container with dried cane sample was weighed to record mass, (M3). The
moisture percent in cane was determined from the mass loss by the formula (Hundito, 2010) using
equation 12

M, — M;

) 12
M, —M1> * 100

Moisture % cane = (

Where, M1 = weight of empty container, M2 = weight of empty container plus cane sample, M3 =
weight of empty container plus dried cane sample

Dry Substance:
The dry substances were determined for all treatments from the moisture % cane determined
using equation 13

Dry substance % cane = 100 — moisture % cane 13

Number of Millable Cane Stalk:

The total number of millable cane was counted at 10m intervals for all treatments and converted
to furrow length to know the total cane stack population that have greater than 1.om in length
and visible internodes. The total sugarcane stalk per furrow area for each treatment were
converted to hectare.

Cane Yield:

The sugarcane yield was estimated from the average weight of 20 randomly sampled millable
canes multiplied by the total number of millable cane in each treatment from all replications
following (Sweet and Patel, 1985) using equation 14.

. TNMC
C feld (ton _ Weight of 20 MC . —g— * 1000 ”
ane yie /ha) B 20 sampling area FL (m?)

Where: MC = millable cane stalk, FL = Furrow length, TNMC = total number of millable cane stalks
per furrow length,
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Data Analysis

All the data collected on growth and yield parameters of sugarcane were subjected to analysis
using SAS 9.4 version. The least significance between the treatments were test at 5% significance
level.

RESULT AND DISCUSSION
The effect of furrow irrigation design parameters was analysed on sugarcane growth, yield and
quality parameters. Also, the effect of different rate of irrigation applied analysed on sugarcane
water productivity.

Effect of Furrow Slope on Sugarcane Growth and Yield Parameters

The effect of furrow slope on sugarcane growth and parameters were evaluated on different
growth and yield components of the crop. To evaluate this the sugarcane growth and yield
parameters evaluated were cane height, cane weight, cane diameter, number of cane internodes,
cane moisture percent, dry substance, number of millable cane stalk and cane yield. The
minimum and maximum values of those parameters were cane height (228.60 and 235.93cm),
cane weight (6.44 and 7.39kg), number of cane internode (23.93 and 27.69), cane diameter (2.61
and 2.8ocm), moisture percentage (50.22 and 65.91%), dry substance (34.09 and 49.78%),
number millable cane stalk (290.82 and 1175.67 0ooo/ha), and cane yield (115.24 and 198.91 ton/ha)
respectively. The effect of furrow slope on cane height, cane weight, cane diameter and number
of cane internodes were statistically showed significance variation at 5% significance level (Table
2). This may be due to the effect of furrow slope on the water retention in the crop root zone
across the furrow length affected since the irrigation water applied flow across the furrow by
gravity force. Inthe other side, since the sugarcane crop is sensitive to both water stress and water
logging, the variation of furrow slope may cause water logging at some part and water shortage
at other part of the furrow in which both condition affects the crop growth.

The effect of furrow slope showed statistically non significance variation on moisture percentage
dry substance, number of millable cane stack and cane yield at 5% significance level. Specially,
the number of millable cane stack affected if there is water logging or water stress occurred since
the later tillering stack are unable to survive in both conditions. Finally, all the cane yield attributes
were directly corresponding to the final cane yield. Hence the effect of furrow slope showed
significance variation on some parameters the final and most important parameters number of
millable cane stalk and cane yield showed statistically non significance variation (Table 2).

Table 2: Effect of furrow slope on growth and yield of sugarcane

Similar to the current study findings, study finding by Hase (2019) revealed that the effect of
furrow slope showed significance variation on cane stack height, cane weight and number of cane
internode. Similarly, the other study findings by Babeker et al. (2020) indicated that the effect of
furrow slope showed significance variation on cane stack height, cane weight and number of cane
internodes. Similar to the current study, cane height, cane weight, number of cane internodes,
moisture percentage and dry substance were highly affected by furrow slope and showed highly
significance variation (Hase, 2019). As this author concluded, the cane weight is directly related
to its height and diameters that substantially contributes towards final cane yield. In opposite to
the current study result, the study findings by Sengera and Mpala (2017) revealed that the effect
of furrow slope showed non significance variation on the sugarcane number of millable cane stalk

28



Applied Sciences Research Periodicals (ASRP)

and cane yield. The study findings by Million and Tena (2018) showed the yield of sugarcane
variety NCO-334 ranges from 150.81 to 170.37 ton/ha under normal condition.

Effect of Furrow Length on Sugarcane Growth and Yield Parameters

Similar to furrow slope, the effect of furrow length on sugarcane growth and yield parameters
were analysed. The sugarcane growth and yield parameters evaluated were cane height, cane
weight, cane diameter, number of cane internodes, cane moisture percent, dry substance,
number of millable cane stalk and cane yield. The minimum and maximum values of those
parameters were the same as it indicated under the furrow slope. The effect of furrow length on
cane height, cane weight, cane diameter, number of cane internodes, moisture percentage, dry
substance and number of millable cane stack were statistically showed significance variation at
5% significance level (Table 3). Due to the effect of furrow length on the water runs, in the longer
furrow length the amount of irrigation water distributed is not uniform because in the inlet
direction the water has more opportunity time for water infiltration as compared to the furrow
length at end. On the other hand, since the furrow condition was closed ended, more water stored
at the end of the shorter furrow length which causes water logging problems. In line with those
conditions almost all sugarcane growth and yield parameters showed significant variation
between different furrow lengths considered.

The effect of furrow length showed statistically non significance variation on cane yield at 5%
significance level. The moisture and fiber percentage are inversely proportional as one increased,
the other decreased. Specially, the cane yield highly affected if there is water logging or water
stress occurred because the sugarcane crop by its nature, it is sensitive to extreme water
conditions. Finally, the effect of extreme water condition in sugarcane resulted in reduction of
total cane yield. Hence the effect of furrow length showed significance variation on almost all
growth parameters but is showed non-significant on the final requirement of the crop or cane
yield (Table 3).

Table 3: Effect of furrow length on the growth and yield of sugarcane

Effect of Furrow Discharge Rate on Growth and Yield Parameters of Sugarcane:

Similar to furrow length, the effect of furrow discharge on sugarcane growth and yield parameters
were analysed. The sugarcane growth and yield parameters evaluated were the same as in the
case of furrow slope and furrow lengths. The minimum and maximum values of those parameters
were the same as it indicated under the furrow slope. The effect of furrow discharge rate on all
growth and yield parameters considered (cane height, cane weight, cane diameter, number of
cane internodes, moisture percentage, dry substance and cane yield were statistically showed
significance variation at 5% significance level (Table 4). But the effect of discharge showed non
significance variation on the number of millable cane stack. This indicates that the effect of furrow
discharge rate has high impact on the growth and yield parameters of sugarcane. As it already
stated, sugarcane crop is highly sensitive to water logging as well as water stress, the growth and
yield parameters affected by both irrigation conditions.

Based on the result obtained, in general furrow discharge rate 1 (4lit/sec) resulted in good
performance of the sugarcane growth parameters and more yield as compared to the other two
discharge rates. As the furrow discharge rate increased from 4 to 5 and 5 to 6lit/sec the growth
and yield parameters of sugarcane decreased (Table 4). This indicates as the furrow discharge rate
increased beyond the optimum point, the growth and yield parameters of the sugarcane starts to
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declined. From current study result it can be concluded that furrow discharge rate 4lit/sec is
optimum rate of furrow discharge to harvest more yield of sugarcane crop under the Wonji Shoa
conditions.

Table 4: Effect of discharge rate on the growth and yield of sugarcane

Similar to the current study findings, the study findings by Bhebhe (2020) revealed that both
irrigation rate has a significant variation on the growth and yield parameters of sugarcane. The
amount of irrigation water applied throughout the sugarcane crop was highly affects the yield and
growth parameters, specially, the moisture percentage and dry substance of sugarcane affected
by amount of irrigation applied which indirectly affect the other parameters (Babeker et al., 2020).
In the other case, the study findings by Hase (2019) indicated that the irrigation rate applied to
the sugarcane crop affects the growth parameters like cane height, number of cane internodes,
cane diameter than the yield parameters like dry substance, fiber percentage, moisture
percentage since irrigation water withhold (stopped) at the later time before harvesting. The
study findings by Raza et al. (2012) showed that irrigation intervals from the establishment of the
crop has a statistically significance on the growth and yield of sugarcane for the plantation cane
but it has statistically non significance variation for ratoon cane crops.

The other study findings by Ashagre and Khan (2020) showed that the effect of irrigation
withholding significantly affects the sugarcane growth parameters and vyield. From all
parameters, moisture percentage of cane at harvest showed very high significant variation with
the same cane variety of the current study. The result of those author showed higher moisture
percentage of cane as compared to the current study findings. The study findings by Rinki (2012)
revealed that the total millable cane stack reduced from 25 to 50% reduction from the normal
cane stack population due to water logging problems since the late tillering stacks were unable to
survive and able to give yield. The other study findings by Raza et al. (2012) revealed that cane
yield was significantly affected as the yield directly related to the optimum amount of irrigation
water applied.

CONCLUSION
Sugarcane is perennial water intensive crop and produced for commercial purpose all over the
world. It is a crop which is very sensitive to both high and low water application throughout the
growing season. Since the crop is highly demanded and requires more amount of water to
produce yield throughout the year in which competition in water resource from other sectors and
new irrigation development increased from time to time. But furrow irrigation method is one of
the most commonly used method in sugarcane production in Ethiopia like Wonji Shoa Sugar
Estate. In the other side, in furrow irrigation there is a high loss of water or less efficiency which
requires more amount of irrigation water application to satisfy the crop water requirement of the
crop that resulted the adverse effect of the irrigation on crop as well as soil productivity. To
overcome those problems, appropriate furrow irrigation design can improve the performance of
furrow irrigation and reduces the water losses as well as the adverse effect of irrigation for future
production. In the large-scale irrigation conditions like Wonji Shoa Sugar Estate which covers
large area, appropriate irrigation design is very important for sustainability of the irrigated area.
In line with this, the current field experiment was conducted to evaluate the effect of three furrow
irrigation design parameters on sugarcane growth and yield parameters that laid out using split-
split plot experimental design replicated three times. All the required data on the growth and yield
of sugarcane crop was collected and analysed using SAS 9.4 version. The result obtained showed
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that the effect of furrow slope showed statistically significance variation on almost all growth
parameters of sugarcane at 5% significance level. Similarly, the effect of furrow length showed
statistically significant variation on almost all sugarcane growth and yield parameters at the same
significance level except cane yield. But the effect of furrow discharge rate on all growth and yield
of sugarcane showed statistically significant variation at 5% significant variation. When all those
factors compared hight yield was obtained from furrow slope three, furrow length three and
furrow discharge one. Therefore, to harvest more yield of sugarcane, slightly slope and longer
furrow length with less but appropriate irrigation application is required under Wonji Shoa Sugar
Estate conditions.
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