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ABSTRACT

Flow rate and furrow length are the main irrigation decision variables currently affecting
yield and water productivity at farm level. Improper selection of these variables produces an
over use of water and loss in crop production. The general objective was to investigate the
effect of decision variables on yield and water productivity of onion under conventional
furrow irrigation system, with specific objective to analyze the effect of flow rate, furrow
length and their interaction on yield and water productivity of onion. The field experiment
was laid out in randomized complete block design with factorial arrangement of three levels
of flow rate (0.7, 0.98 and 1.3 L/S) and three levels of furrow length (25, 35 and 50 m) with
three replications. Inflow out flow method was used to determine the infiltration
characteristics of the soil and Irrigation depth was controlled by using 3-inch Parshall flume.
The maximum non-erosive flow rate to the experimental site was fixed through design
equation considering soil textural class and furrow bed slope. Effect of furrow length and
flow rate on yield and water productivity of the onion were used for evaluation. Their
analyses indicated that effect of furrow length and their interaction with flow rate on yield
were not significant (p<0.05). However, the flow rate showed highly significant (p<0.01)
effect on yield of onion. The ranges of mean yield gained from furrow length and flow rate
were F1 (14.75 ton ha) to F3 (15.96 ton ha) and Q1 (13.59 ton ha) to Q3 (19.69 ton ha),
respectively. The effect of furrow length on crop water use efficiency and field water use
efficiency was not significant (p<0.05). However, the flow rate has showed highly significant
(p<o0.01) effect on crop water use efficiency and field water use efficiency. The range of mean
crop water use efficiency and field water use efficiency from furrow length and flow rate
were F1 (33.65 kg/ha/mm) to F3 (36.41 kg/ha/mm) and Q1 (30.99 kg/ha/mm) to Q3
(38.65kg/ha/mm) and F1 (2.06 kg/m3) to F3 (2.23 kg/m3) and Q1 (1.89 kg/m3) to Q3 (2.36
kg/m3), respectively. Therefore, it can be concluded that a furrow length of 50 m is suitable
to use 1.3 L/S of flow rate for better onion yield and water productivity under similar soil
type of study area.
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Introduction

Ethiopia has large agricultural sector and water
potential. However, growing human population,
recurrent drought and periodic floods,
complicated with climate change that has been
accompanied by severe soil and landscape
degradation in some regions contributed to a
situation of national food insecurity (FAO, 2011).
Increasing population and competition for water
due to the development of other water use sectors
imposed the improvement of water productivity
in irrigated agriculture to ensure sustained
production and conservation of limited resource

(Mekonen, 2011). In spite of its enormous
potential to ensuring long-term food security in
Ethiopia, irrigated agriculture is facing
inadequate water management at farm level and
poor irrigation efficiency.  Inappropriate
management of irrigation system  has
contributed, not only to food insecurity but also
to environmental problems including excessive
water depletion, water quality reduction, water
logging and salinization (Akinbile and Yusoff,
2011).
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In conventional furrow irrigation system
significant quantities of irrigation water losses by
infiltration and surface runoff which decreased
the efficiency of agricultural production. This
irrigation system has speed up the processes of
decomposition and removal of organic elements
and mobile forms of nutrients in the root zone
that eventually, brought to soil fertility losses
(Karajeh et al., 2000). However, today most
farmers use this type of irrigation system due to
their simplicity, ease of operation and
maintenance and low installation or construction
cost. These practices are known to produce a
greater chance of waterlogging, tail water losses,
salinity hazards, high yield loss and lower
economical profit (Walker, 2003). There is a need
for basic technical parameters and decision
variables such as flow rate, furrow length and cut
off time that easily applied to furrow irrigation
system design in order to improve for local
condition (Di Wu et al., 2017). In furrow
irrigation system flow rate and furrow length are
the main management and design parameters
affecting irrigation efficiency (Eldeiry et al.,
2005). However, proper selections of these
variables are not well practiced in the study area,
even most farmer use conventional furrow
irrigation system. The possibility of using
optimum or longer furrow length in the farmer
field is very low. Therefore, appropriate
selections of these variables were significant
element for improving yield and water
productivity. The main objectives of this study
were to investigate the effect of decision variables

on yield and water productivity of onion under
conventional furrow irrigation system around the
study area.

Materials and Methods

A. Location and climatic characteristics
of the study area

The study area was located at Bako Woreda
Dambi Dima kebel , West Shewa Zone, Oromia
Regional State with an altitude of 1590 m above
sea level and lies in 9°06'N and 37°09’E
Latitude and longitude, respectively. Mean
monthly minimum and maximum temperature of
the area were 13.7°C and 28.4°C and mean
monthly annual dependable and effective
dependable rainfall in the area were 808.50 mm
and 482.00 mm, respectively. Figure 2 shows the
monthly distributions of reference
evapotranspiration = (ETo) and  effective
dependable rainfall of the study area for 31 years
(1987 - 2017). The potential evapotranspiration of
the study area calculated using the CROPWAT
model is more than the effective dependable
rainfall in most of the months and in this case,
rainfall is insufficient to compensate for the water
lost by evapotranspiration. This indicated that
most of the crops planted in these months need
supplemental irrigation. The effective dependable
rainfall is more than of reference
evapotranspiration (ETo) during June and July,
meaning that no irrigation is required during
these months (Fig. 1).
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Fig. 1. Monthly distribution of reference evapotranspiration and effective dependable rainfall of study area.
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B. Experimental design and treatments

The treatments include two factors namely
furrow length and flow rate. The levels of
treatments include three level of both furrow
length (F1, F2, and F3) and flow rate (Q1, Q2,
Q3). The furrow length was 25 m, 35 m and 50 m.
The flow rate was made by rating of 50%, 75%
and 100% of the maximum non-erosive flow rate.
The experimental field was arranged 3 x 3

Table 1. Combinations of experimental treatment.

F1
Q1 F1Q1 (T1)
Q2 F1Q2 (T2)
Q3 F1Q3 (T3)

C. Soil sample collection and analysis methods

The disturbed and undisturbed composite soil
sample before planting were collected at a depth
of 0-20 and 20-40 and 40-60 cm. Bulk density,
soil texture, pH, electrical conductivity, field
capacity and permanent wilting point were done
by core sampler method, pipette method, pH
meter, electro conductivity meter, pressure plate
apparatus by applying a suction of 1/3 and 15
bars to a saturated soil sample, respectively.

D. Determination of infiltration

characteristics of the soil

The two-point method was used for determining
the infiltration characteristics of the soil. In the
two-point method the infiltration characteristics
were described by the modified Kostiakov
equation (Elliott and Walker, 1982).

Where; Z = cumulative infiltration per unit
length of furrow (m3/m/m)

t= intake opportunity time (min), for any point
X along furrow length

fo= basic infiltration rate (m3/min/m/m)

K and a = Infiltration parameters

The basic infiltration rate (fo) was determined by
using inflow out flow method and The infiltration
parameters of Kostiakov Lewis equation ‘K and a’
were determined by two point method using a
simple volume balance equation considering the
volume of water at mid and end of furrow length
as described by (Elliott and Walker, 1982) .

factorial experiments in randomized complete
block design with three replications. Each
replication had nine treatments or plots and each
plot had four furrows with 2.4 m width. The
treatments were assigned randomly into three
blocks. The block and plot spacing were 1.5 m and
0.5 m, respectively.

F2 F3
F2Q1 (T4) F3Q1 (T7)
F2Q2 (T5) F3Q2 (T8)
F2Q3 (T6) F3Q3 (T9)

E. Determination of crop water requirement
and irrigation requirement

Crop water requirement of onion for the growing
season was determined from the reference
evapotranspiration and crop coefficient using
Equation (2) by using FAO CROPWAT version_8
program. After then the net irrigation
requirement was determined (Allen et al., 1998).
Dependable Rain (FAO/AGLW) Formula was
used to determine effective rainfall. Finally gross
irrigation requirement was calculated by
considering 60% of field application efficiency.

(2)

Where: ETc = crop water requirement or crop
evapotranspiration (mm/day)

Kc= crop coefficient (dimensionless)

ETo=  reference crop evapotranspiration
(mm/day)

ET. = ET, x K¢

F. Determination of Decision variables

Flow Rate (Qo): Flow rate must not exceed the
maximum allowable non-erosive amount. The
maximum non-erosive flow rate was determined
using equation developed by (Hamad and
Stringham, 1978).

Qmax = ;iﬁ 3

Where;

Qmax = Maximum flow rate, L/S

S = Furrow bed slope, %

a and B are coefficient of parameters based on
soil group

Table 2. Coefficient parameters for furrow maximum flow rate.

Heavy textured

Medium heavy textured
Medium textured

Light textured

Very light textured

0.892 0.937
0.988 0.55
0.613 0.733
1.111 0.615
0.665 0.548
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The experimental field had an average of furrow
bed slope of 0.6% and clay loam in textural class,
which categorized as medium heavy textured soil
group (FAO, 1991). Based on these the coefficient
parameters for furrow maximum flow rate were
a=0.988 and P=0.550. Therefore the maximum
non-erosive flow rate (Qmax) obtained above
formula was 1.31 L/S and based on this values the
three levels of flow rate 50%, 75% and 100% of
Qmax were 0.70, 0.98 and 1.31 L/S, respectively.
These flow rates were diverted to the furrows by
using calibrated parshall flume having
appropriate opening diameter of three inch (3")
and the time required to deliver the desired depth
of water into each furrow was calculated using

the equation recommended by (Israelsen and
Hansen, 1980).

__dxwxl
T 360xq

(4)

Where; d= gross depth of water applied (cm)
t= application time (hr)

1= furrow length (m), w= furrow spacing (m)
q= flow rate (L/S)

The calibration was done by volumetric
measurement and Equations obtained from field
calibration was checks with the standard
(Skogerboe et al., 1967). The different head
discharge relation and results were presented in
figure 2.
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Fig. 2. Head Discharge Relationship of 3 inch parshall flume.

Furrow length: The three furrow length levels
were 25, 35 and 50 m. The selection of these
furrow lengths were based on the existing furrow
lengths being practiced by small scale irrigation
farmers in the study area. As observed from field
survey interviewing agricultural experts, the
majority of farmers irrigated land is in the range
of 25 - 50 m long. So, the lower and the upper
values were taken and the third one was decided
to be in between the two values.

G. Determination of yield and water
productivity of onion

1. Water Productivity in terms of Water Use
(Crop Water Use Efficiency)

Crop water use efficiency (CWUE) was computed
as the ratio of yield obtained to the seasonal
evapotranspiration of the crop.

CWUE =

ETC (4)

Where:
CWUE-= Crop water use efficiency (kg/ha/mm)

ETc = Evapotranspiration of crop (mm)
Y= Yield of crop (kg/ha)

2. Water productivity in terms of water applied
(Field water use efficiency)

Field water use efficiency (FWUE) was computed
as the ratio of yield obtained to the total volume
of water applied to the field. Since there was a
rainfall during experimental period, the total
volume of water applied to the field was the sum
of total water diverted to the field (gross
irrigation) and effective rainfall.

FWUE =
WA

(5)

Where: FWUE= Field water use efficiency
(kg/ha/m3) and

WA-= total volume of water applied to the field
(m3)

3. Yield Collection

Sample yield was collected from each treatment
plots. Each treatment plots has four rows. The
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border rows were used as buffer of middle rows,
and sample yield was collected from this two
middle rows and the collected yield was weighted
separately. The results were then converted ton
basis using the following formula:

plot yield(kg)x10
plot area (m2)

Onion yield (ton ha) = (6)

F. Statistical analysis

The collected data were analyzed using SAS 9.0
statistical software. For comparing means of the
treatments that showed significant result, the
least significant difference (LSD) test at 5% and
1% probability level was applied.

Results and Discussion
A. Physical and chemical properties of soil

The laboratory results of the average soil physical
and chemical properties of the experimental site
were presented in Table below. The result of the
soil analysis from the experimental site showed
that the average composition of sand, silt and
clay percentages were 32.33, 31.33 and 36.33%,
respectively (Table 3). Thus, according to the
USDA soil textural classification, the soil of

experimental site could be classified as clay loam
soil. The average soil bulk density (1.3 g/cm3) is
below the critical threshold level (1.4 g/cm3) and
was suitable for crop root growth. Average
moisture content of soil at field capacity of the
experimental site was 30.30% and at permanent
wilting point had 15.06% through one-meter soil
depth. Based on these the total available water at
different depth of onion was 194.92, 192.92 and
206.5 mm/m for 0-20 cm, 20-40 cm and 40-60
cm, respectively and average of total available
water of experimental site was 198.11 mm/m
(Table 3).

The average pH of the soil for experimental site
was 7.12. This shows the soil of the experimental
site is normal and suitable for crop production
(Savva and Frenken, 2002). Hence, onion can
grow with in this soil condition and the finding is
in line with (Olani and Fikre, 2010), they
conclude that favorable soil pH range of onion
between 6.0 and 8.0. The soil has an average
electrical conductivity of 0.26 dS/m through
60cm soil profile, which is below the threshold
value for yield reduction, i.e. 1.2 dS/m (Smith et
al., 2011).

Table 3. Soil physical and chemical properties of experimental site.

BD FC PWP TAW
(g/cm3) (%) (%) (mm/m)
0-20 1.29 31.32 16.21 194.92
20-40 1.30 30.27  15.43 192.92
40-60 1.31 20.30 13.54 206.50
Average 1.30 30.30 15.06 198.11

pH EC Sand Silt Clay

(dS/m)
6.85 0.320 31 34 35 Clay loam
7.06  0.257 35 30 35 Clay loam
7.45 0.192 31 30 39 Clay loam
712  0.260 32.33 31.33 36.33 Clayloam

Note: BD= Bulk density, FC= Field capacity, PWP= permanent wilting point, TAW= total available water,

EC= electrical conductivity
B. Infiltration characteristics of the soil

A sample of inflow outflow hydrography for
treatment of F3Q3 (F3=50 m and Q3=1.3 L/S)
was used to determine the infiltration
characteristics of the soil. The inflow-out flow
method was used to determine the basic
infiltration rate of the soil. The basic infiltration
rate was found to be 0.0000967 m/min), which
is in the range of (0.000057 to 0.000107 m/min)
value for clay loam (Walker, 1989). The
infiltration parameters ‘k and a’ were found to
be 3.64 mm/min? and 0.47 respectively, using a
volume balance method as described by (Elliott
and Walker, 1982). Based on this depth of water
infiltrated along furrow length was determined
as follows:

Z= 3.64t%47 + 0.0967t (7)

Where,

z = depth of water infiltrated along furrow length
(mm) and
t = intake opportunity time (min).

Figure 3 shows that the out flow hydrograph,
continual rises, which indicates the initial
infiltration rate at the inlet of furrow is still
significant part of total infiltration. After the flow
reached the steady state (basic infiltration rate),
the out flow hydrography, drastic falls due to flow
velocity become zero and water in the furrow
starts to ponding, that make the out flow
hydrography tend to zero. This trend is similar to
(Walker, 1989), which evaluates inflow out flow
hydrography of single furrow irrigation.
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Fig. 3. Inflow out flow hydrograph of F3Qs3 for a furrow irrigation evaluation.

C. Crop water requirements and
irrigation scheduling of onion

Crop water requirements and irrigation
scheduling of onion were calculated by
multiplying the reference evapotranspiration
values with the onion crop coefficient (Allen et

al., 1998) and computed as 438.39 mm. The net
crop water requirement was computed by
deducting effective rainfall from ETc while gross
water requirement was computed by adopting a
field application efficiency of 60% were 416.53
mm and 694.21 mm, respectively(Table 4).

Table 4. Crop water requirement and irrigation requirement of onion.

mm/period ke mm/period mm/period mm/period mm/period mm/period
5-Jan 23.82 0.70 16.67 - - 16.67 27.79
11-Jan 23.82 0.70 16.67 - - 16.67 27.79
17-Jan 23.82 0.76 18.10 - - 18.10 30.17
22-Jan 19.85 0.86 17.07 - - 17.07 28.45
29-Jan 27.79 0.97 26.96 - - 26.96 44.93
5-Feb 4.64 1.04 32.47 - - 32.47 54.11
12-Feb 31.22 1.04 32.47 - 32.47 54.11
20-Feb 31.22 1.04 32.47 19.80 1.88 30.59 50.98
1-Mar 42.48 1.05 44.60 - 44.60 74.34
10-Mar 42.48 1.05 44.60 25.00 5.00 39.60 66.01
20-Mar 47.20 1.05 49.56 22.30 3.38 46.18 76.97
31-Mar 51.92 1.05 54.52 - - 54.52 90.86
11-Apr 51.70 1.01 52.22 36.00 11.60 40.62 67.70
438.39 103.10 21.86 416.53 694.21
Note: ETo = reference evapotranspiration, ETc = crop water requirement, IRn = net irrigation

Requirement, IRg = gross irrigation requirement and Crop kc = crop coefficient

D. Effect of flow rate and furrow length
on Yield and water productivity

According to the analysis of variance (Table 5),
the effect of flow rate on yield was highly
significant (p<0.01). However, the effect of
furrow length and its interaction with flow rate
could not show any significant effect (P<0.05) on
the onion yield. The analysis of variance showed
that the effect of flow rate on crop water use

efficiency was highly significant (p<0.01), but the
effect of furrow length and its interaction with
flow rate could not show any significant effect
(P<0.05) on crop water use efficiency (Table 5).
Similarly, the effect of flow rate on field water use
efficiency was highly significant (p<0.01), but
effect of furrow length and its interaction with
flow rate could not show any significant effect
(P<0.05) on field water use efficiency (Table 5).
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Table 5. Analyses of variance (ANOVA) for yield and water productivity.

Y (ton ha)
Furrow length(F) 1.92ns
Flow Rate(Q) 11.36™
FXQ 0.4218
CV (%) 9.90
LSD(0.05) 1.49

CWUE (kg/ha/mm) FWUE (kg/ha/ms3)
3.63ns 1.92ns

11.36%* 11.36%*

0.41ms 0.42™

9.90 9.90

3.42 0.209

Where: NSNon significant, *Significant, ™" Highly significant, F=furrow length, Q =flow rate,
FXQ= interaction of furrow length and flow rate, Y= yield, CWUE= crop water use efficiency,

FWUE = field water use efficiency
1. Effect of Decision variables on yield of onion

As indicated in Table 5, the analysis of variance
showed that the effect of flow rate on yield was
highly significant (p<0.01). However, the effect of
furrow length and its interaction with flow rate
could not show any significant effect (P<0.05) on
the onion yield. The mean of onion yield obtained
were 13.59, 14.95 and 19.61 ton ha-! for 0.70, 0.98
and 1.30 L/S flow rate, respectively and the better
yield were obtained at higher flow rate and
increases as flow rate increase (Table 6). This
agreed with the trend of Eduardo et al. (2010),
they obtained the highest yield at higher furrow
irrigation inflow rate. The effect of furrow length
could not show any significant effect (P<0.05) on
the onion yield (Table 5). The Minimum and
maximum onion yield obtained from the furrow
length F1 (14.75 ton hat) and F3 (15.96 ton ha).
In fact as irrigation is uniform and meets crop

water requirements, the crop production
increases. This indicates an increase in crop yield
is linked with uniformity of water application
rather than increases of furrow length. Similar
trend were reported with Assefa et al. (2017) and
Tefera et al. (2016) their study showed that there
was no statistically significance difference of crop
yield influencing furrow length except flow rate.

The interaction effect of furrow length and flow
rate could not show any significant -effect
(P<0.05) on the onion yield (Table 5). The
maximum yield was obtained at 1.30 L/S flow
rate. Since there is no significance of onion yield
difference between levels of furrow length, the
higher levels of two treatments with 1.30 L/S flow
rate have good yield potential.

Table 6. Effect of flow rate and furrow length on yield and water productivity.

Furrow length (m)

F1 14.75P
F2 14.77P
F3 15.96P
SEM(+) 0.500
LSD(0.05) 1.49
Flow rate (L/S)

Q1 13.59"
Q2 14.95"
Q3 19.618
SEM(+) 0.500
LSD(0.05) 1.49

33.65¢ 2.062
33.69°¢ 2.062
36.414 2,232
1.14 0.07
3.42 0.209
30.99m 1.89i
34.10" 2.08
38.65p 2.36k
1.14 0.07
3.42 0.209

*Means with the same letter are not significantly different.

2. Effect of flow rate and furrow length on water
productivity

Crop water use efficiency

As indicated in Table 5, the analysis of variance
showed that the effect of flow rate on crop water
use efficiency was highly significant (p<0.01).
The mean of crop water use efficiency obtained
was 30.99, 34.10 and 38.65 kg/ha/mm for flow
rate of 0.70, 0.98 and 1.30 L/S flow rate,
respectively. The crop water uses efficiency

increase with increasing of flow rate. The
minimum and maximum crop water use
efficiency was obtained from the flow rate of Q1
(30.99 kg/ha/mm) and Q3 (38.65 kg/ha/mm),
respectively. The maximum crop water use
efficiency was obtained at higher flow rate (Table
6). The effect of furrow length and its interaction
with flow rate could not show significant effect
(P<0.05) on crop water use efficiency (Table 5).
The minimum and maximum crop water use
efficiency was obtained from the furrow length of
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F1 (33.65 kg/ha/mm) and F3 (36.41 kg/ha/mm).
However, there was no variation from furrow
length F1 (33.65 kg/ha/mm) to F2 (33.69
kg/ha/mm) as shown in the Table 6. The
variation of crop water use efficiency is not the
increasing of furrow length. The increment of
crop water use efficiency at each level of
treatments does not have statistically significance
difference expect flow rate as shown Table 5. This
shows the interaction effect of furrow length and
flow rate could not show any significant effect
(P<0.05) on the crop water use efficiency. Tefera
et al. (2016) also reported similar trend.

Field water use efficiency

As shown on analysis of variance (Table 5), effect
of furrow length and its interaction with flow rate
could not show any significant effect (P<0.05) on
field water use efficiency. The mean of field water
use efficiency obtained were 2.06, 2.06 and 2.23
kg/m3 for furrow length of Fi, F2 and F3,
respectively. The minimum and maximum field
water use efficiency was obtained from furrow
length of F1 (2.06 kg/m3) and F3 (2.23 kg/m3),
respectively (Table 6). However, the effect of flow
rate on field water use efficiency was highly
significant (p<0.01). The mean of field water use
efficiency obtained were 1.89, 2.08 and 2.36
kg/m3 for flow rate of 0.70, 0.98 and 1.30 L/S,
respectively. The minimum and maximum field
water use efficiency was obtained from flow rate
of Q1 (1.89 kg/m3) and Q3 (2.36 kg/m3),
respectively. As shown in Table 6, the maximum
FWUE and CWUE was observed at 100% Qmax
or Q3. Therefore, the trend of FWUE and CWUE
in this experiment is in agreement with the
findings of Simsek et al. (2005) who reported
that maximum FWUE and CWUE were obtained
in treatment with full irrigation level (100% of
Crop water requirement).

Conclusions and Recommendation

Furrow irrigation is not only the primary
consumer of water but it is also the most
inefficient user. Considering this issues, a study
was conducted to evaluate effect of decision
variables on yield and water productivity of onion
under conventional furrow irrigation system.
Results analyses of variance showed that the
effect of furrow length and its interaction with
flow rate on yield of onion was not significant
(p<0.05). However, the flow rate showed highly
significant (p<0.01) effect on yield of onion. The
best onion yield was obtained at Q3, which gave
19.61 ton hat. The effect of furrow length and its
interaction with flow rate could not show
significant effect (P<0.05) on crop water use
efficiency. However, the effect of flow rate on
crop water use efficiency was highly significant
(p<0.01). The minimum and maximum crop
water use efficiency was obtained from the flow

rate of Q1 (30.99 kg/ha/mm) and Q3 (38.65
kg/ha/mm), respectively. The maximum crop
water use efficiency was obtained at higher flow
rate (Q3) which gave 38.65 kg/ha/mm. The effect
of furrow length and its interaction with flow rate
could not show any significant effect (P<0.05) on
field water use efficiency. The minimum and
maximum field water use efficiency was obtained
from furrow length of F1 (2.06 kg/m3) and F3
(2.23 kg/m3), respectively. However, the effect of
flow rate on field water use efficiency was highly
significant (p<0.01). The mean of field water use
efficiency obtained were 1.89, 2.08 and 2.36
kg/ms3 for flow rate of 0.70, 0.98 and 1.30 L/S,
respectively. The minimum and maximum field
water use efficiency was obtained from flow rate
of Q1 (1.89 kg/m3) and Q3 (2.36 kg/ms3),
respectively. In this study, the use of short
furrow length was the major contributor of water
loss either deep percolation or surface run off and
reduced crop yield. Hence, in the utilization of
fragmented farm size, a 50 m furrow length is
suitable to use 1.30 L/S flow rate for better onion
yield and water productivity around the study
area.
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