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Introduction

The majority of the area in the southwest irrigation districts (about 8000 ha) is used for
irrigated pasture for dairying and beef. Irrigation water is sourced from seven dams located
within the region. Irrigation by flooding is the main irrigation method and water use
efficiency is very low. Excessive irrigation water use has been causing prolonged flooding of
pastures impacting on productivity and wastage of water in the form of excessive
groundwater recharge and runoff. The groundwater recharge has resulted in the development
of shallow water tables in extensive areas within the irrigation districts (Ali 2007). Due to
shallow water tables and flat topography (laser leveling for flood irrigation) the winter
flooding is very common impacting adversely on crop productivity and groundwater
recharge. The use of poor quality irrigation water combined with the presence of shallow
water tables means secondary salinity has developed in many parts of the Collie irrigation
district. To minimize groundwater recharge, irrigation water runoff, improve crop
productivity and reduce soil salinity an effective or optimal irrigation scheduling of the flood
irrigated pastures is required. The objectives of irrigation scheduling are well stated in
Huygen et al. (1995): 'Maximize net return.. minimize irrigation costs, maximize
productivity, optimally distribute a limited water supply, minimize groundwater pollution...".
To reach these goals, it is necessary to schedule irrigation accordingly, in other words, to
decide 'which fields to irrigate, when and how much' (Hess, 1996).

Two sites (one each in irrigated and non-irrigated area) were selected for this study. Data
about soil physical properties, weather, crop, groundwater, irrigation, evapotranspiration (ET)
were collected from the study area. MIKE SHE hydrological model was calibrated and
validated using observed irrigation/rainfall, groundwater levels and water yield data (Ali,
2007). The calibrated model was then used to develop irrigation scheduling of pastures that
ensures minimal groundwater recharge, minimal soil moisture deficit in the root zone area,
minimal runoff and improved productivity.

Methodology

Maas and Grattan (1999) and Akram and Azam (2002) have documented the impact of
waterlogging and salinity on crop productivity. In this study, the role of irrigation scheduling
was evaluated in term of extent of waterlogging which is generally associated with the
development of secondary salinity and poor productivity. For this calibrated MIKE SHE
model was used to simulate twelve (3 x 4) scenarios for three climates and four irrigation
application rates. The first irrigation rate represents the no irrigation scenario. The second and
third irrigation rates were 10 ML/hectare-annum and 16ML/hectare-annum. Most of the
farmers apply 10ML/hectare-annum irrigation whereas, very few farmers apply 16
ML/hectare-annum irrigation in the Southwest Irrigation Catchments of WA. Ten
ML/hectare-annum irrigation rate was used to represent the average irrigation rate and 16
ML/hectare-annum irrigation rate was used to represent over irrigation rate. In case of
10ML/hectare-annum irrigation application rate, twenty irrigations with fifty millimeter
depths were applied fortnightly during summer season. Similarly, eighty millimeter irrigation
was applied fortnightly for 16 ML/hectare-annum irrigation rate (Ali, 2007). The fourth
irrigation rate used the irrigation on demand option of MIKE SHE hydrological model. For on
demand irrigation, the irrigation water was applied whenever the soil moisture content in the
root zone were reached at 40% of saturation and stopped when it reached to full saturation.
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This rate was then compared with previous three defined irrigation rates to estimate the
difference in the water table depths and extent in waterlogging.

To define the type of climates in term of wet, average and dry a simplistic approach was
adopted. The daily rainfall and meteorological data from 1976 to 2004 was collected from 11
meteorological stations nearby the study area. The daily effective rainfall was estimated by
ignoring the daily rainfall less than two millimeters. The average of the effective annual
rainfall for all meteorological station was calculated. This average effective annual rainfall
from 1976 to 2004 was arranged in descending order. Then it was grouped into three equal
parts. The upper, middle and lower part’s averages were calculated and found to be equal to
839, 738 and 596 mm respectively. The rainfall year with rainfall = 839 mm was considered
as wet rainfall year for the study area. Year 1982 (had rainfall close to 839 mm) was
considered as wet year and its climate data was used to represent wet climate for the study
area. Therefore, actual meteorological data for 1982 was used as an input into MIKE SHE to
represent wet climate in the study area. Similarly, 1995 and 2001’s climate data was used as
an input into MIKE SHE for average and dry climates. Tablel shows the description of the
each set of twelve scenarios which were simulated for three climates and four irrigation rates.

Table 1 List of simulated scenarios

Type of climate
Irrigation (ML/Y/H) | Wet Average Dry
0 51=S8W-I0 52 =S5A-0 S3=SD-10
10 54 = SW-110 S5 =S5A-110 56 = 5D-110
16 S7=SW-I16 S8 = SA-116 S9=5D-116
On demand S10 = SW-l40% and 100% S11= SA-l40% and 100 % S12= SD-le0s: and 100%

Results and discussions

The results of simulations produced by MIKE SHE for scenarios S1 to S3 were used as base
line as no irrigation was applied during these scenarios’ simulation.

FIG 1: WATER TABLE DEPTH (m) FIG 2: WATER TABLE DEPTH (m)
(NO IRRIGATION) (10 MLIATH IRRIGATION)
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Figure 1 indicates that water table depth during the wet climate (scenario=S1) was close to
the ground level on 20th of July, during winter rainfall season. It is important to note that for
scenarios S1, S2 and S3 no irrigation was applied therefore; rainfall was the only factor to
recharge the groundwater. The amount of rainfall, its intensity, infiltration rate of soil,
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overland flow, groundwater inflow and outflow are the main factors which play a role in
groundwater recharge. All these parameters except rainfall and potential evapotranspiration
were same in scenario S1, S2 and S3. Figure 1 shows that during dry climate (S3) the water
table depths were always below the ground surface. The water table stayed at an average
depth of 1.75 and 1.35m during the summer and winter season in the dry climate. The
maximum and minimum water table depths for dry climate were 2.0 and 0.9m respectively.
This indicates that without irrigation water table was deep enough in dry climate and there
was no waterlogging. Figure 2 and 3 show the simulated results of 10 and 16 ML/hectare-
annum on water table depth. The numbers of days when water table was at the ground
surface, 0 to 0.5m, between 0.5 and 1.0m and below 1.0m depth were calculated for scenarios
S1 to S12 and listed in Table 2.

Table 2 Extent of Waterlogging with and without Irrigation in three Climates

Water table depth out of 365 days (m)
Scenarios 0 05-0 1.0-0.5 21
S1 55 44 78 188
S2 43 49 55 218
53 0 0 19 346
54 101 92 151 21
S5 87 103 40 135
56 71 130 35 129
S7 161 172 15 17
S8 160 101 61 43
S9 131 120 81 33
510 9 81 63 212
511 13 58 65 229
512 0 0 0 365

Table 2 indicates that the number of days when the water table depth was at ground surface
for S1, S2 and S3 (no irrigation) was 55, 43 and 0 respectively. This indicates that during wet
climate the water table depth was close to the ground surface for almost two months during
winter rainy season. During average climate the water table was close to ground surface for
one and a half month. If we compare the number of days when water table depth was between
0 and 0.5m depths for wet and average climate, we see a difference of seven days in favour of
average climate.

In case of 10 ML/hectare-annum irrigation application (S4 to S6) the number of days when
water table was at surface for wet, average and dry climates were 101, 87 and 71 respectively.
For 16 ML/hectare-annum irrigation application (S7 to S9) the number jumped to 161, 160
and 131. For 16 ML/hectare-annum irrigation application (S7 to S9 the water table depth was
more than one meter for 17, 43 and 33 days for wet, average and dry climates respectively.
These numbers indicate that shallow water tables exist for most of the year with 16
ML/hectare-annum irrigation application rate in all three climates. The water table depth was
more than one meter deep for most of the year when irrigation on demand option was selected
for scenarios S10 to S12. For dry climate scenario (S12) water table depth was always more
than one meter deep throughout the year.

Conclusions

To evaluate the impact of irrigation’s time and quantity (scheduling) on the depth of water
table during wet, average and dry climates, the uniform amount of irrigation was applied with
the same interval during all three climates for 10 and 16 ML/hectare-annum irrigation
scenarios. Without irrigation (S1 to S3) scenarios were used to compare the results of 10 and
16 ML/hectare-annum irrigation application scenarios on the depth of water table.
Widespread waterlogging was observed with 16 ML/hectare-annum irrigation rates as
compare to 10 ML/hectare-annum irrigations rates. The water logging was more during wet
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climate as compare to dry climate for both irrigation rates. These results indicates that with
the existing irrigation scheduling there is a great risk of waterlogging and associated salinity
in the Southwest Irrigation Catchments, specifically during wet winter rainfall. Therefore,
appropriate irrigation scheduling (timing and quantity of irrigation water) is required
according to the rainfall timing and quantity. No waterlogging was observed when irrigation
on demand option was selected (S12). This shows that the irrigation scheduling should be
designed in accordance to the soil moisture content which in turn depends on rainfall and
actual evaporation from soil and canopy as well as actual transpiration from the crops.
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