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Irrigation scheduling is the key factor for increasing irrigation efficiency and crop yield as
well as the control of soil degradation under low quality water use. Strategies for irrigation
scheduling include appropriate timing and intervals of irrigation according to soil water
holding capacity, uniformity of irrigation system and, evapotranspiration. Drip irrigation
system (DIS) is designed for high-frequency irrigations to maintain soil moisture at an
optimal or near optimal level for maximum yield during the whole growing season. The
effectiveness of DIS depends as well on the quality of the water under use and the
maintenance of the system. Water quality can considerably affect DIS scheduling and
efficiency due to emitter clogging by sewage or saline water and the level of soil solution
concentration in the crop root zone. A study on DIS scheduling as affected by water quality
and evapotranspiration was carried out at the Arid Land Research Center, Tottori University,
and the Tohaku irrigation project area, Tottori, Japan (35°32°N and 134°13") during 2002
and 2003. This study included the following three parts:

The first part of the study was on the estimation and forecast of ETo to improve irrigation
scheduling and consequently water use efficiency. Six ETo estimation models were assessed
statistically against experimentally determined values in a humid temperate environment.
The ETo estimates were obtained using the Penman (PE), Penmén'Monteith PrM),
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Wright-Penman (WP), Blaney-Criddle (BC), Radiation balance (RB), and Hargreaves (HG)
models. The ETo forecasts were obtained using 5-yr or 8-yr weather data and 1- and 2-year
return period approach. Compared with the lysimeter values, it was observed that all the six
models over or under-estimated the ETo. Nevertheless the PE model produced the best ETo
estimates as assessed by root mean square, mean bias error, and t-test statistics for the
temperate environment. In general, the ETo forecasts obtained usiri;gr 8-yr weather data were
better than 5-yr. The 2-yr return period ETo forecasts were better than 1-yr return period,
regardless of the duration of weather data.

The second part was to investigate the impact of selected water quality (chemical and
biological) in effluents on water discharge rate and distribution uniformity from emitters
with different orifice sizes (OS), in-built filtration areas (FA), pressure compensation (PC)
systems. The field experimental layout in the Tohaku irrigation project included 8 types of
on-line and in-line emitters each on 50 m long laterals connected to the field irrigation line
without filters. The results of Biological clogging agents (BCAs) count indicated that during
2002 it was highest at the beginning of irrigation in April, and decreased with time until
September, while during 2003 it increased with time and peaked at the end of August.
Emitter discharge rates increased with increasing OS, FA, and working pressure (WP) and
decreased with increasing BCAs counts. Because BCAs were the only dynamic variables in
the above relationship, we concluded that BCAs-induced clogging is a major reason for
clogging when filters were not installed in field irrigation lines. Four selected emitters from
the first year's experiment and another 2 new emitter types were used to assess the impact
of chemical treatment on preventing or reducing emitter clogging induced by BCAs, and the
performance of drip irrigation. Each of the 6 types of emitters was installed on two separate
laterals, in two similar subunits of DIS, for two different management schemes of with and
without chlorine injection into the irrigation water. The discharge from emitters increased
with chlorine injection into the irrigation water and with increasing OS and FA, but
decreased with increasing BCAs counts. The values of the mean discharge ratio variation
(Dr) indicated that the cumulative impact of manufacturing variations (Vm) and that
induced by BCAs and chlorine injection on emitter discharge was low during the irrigation
season when chlorine was injected into the irrigation water. The values of the statistical
uniformity coefficient (U) were more than 93 % for both managements, indicating that the
uniformity of emitters discharge and consequently, clogging along a lateral were high.

In the third part of the experiments, the effects of (i) irrigation regimes, (ii) time after
irrigation, and (ii) crop growth stages, on soil water content (6w) and soil solution salinity
(ECw) was studied at different radial distance from the emitter (lateral pipe). The

experiments were carried out in the sand dune field of the Arid Land Research Center,
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Tottori University. Three irrigation regimes were applied. The first irrigation regime (Id) was
based on daily crop water requirement. Two other irrigation regimes were based on Id and
20 % and 40 % leaching (Id * 1.20 and Id - 1.40). The simultaneous distribution of water and
solute under drip irrigation was measured using Time Domain Reflectometry (TDR). The
results indicated that 6w and ECw increased in the order early stage (ES) < mid-stage (MS)
< late stage (LS) for all irrigation regimes. The maximum 6w and minimum ECw coincided
at 10 cm radial distance from emitter (r10) during all crop growth stages for all the irrigation
regimes. The same trend was noted for 20 cm radial distance from emitter (+r20) under Id *
1.40, but only during the ES for Id and during the ES and MS for Id - 1.20. The ECw
increased significantly in the order r10 < r20 < r30 (30 cm radial distance from emitter)
during all the crop growth stages for all the irrigation regimes. Time elapsed after irrigation
was terminated until 6w attained its maximum level in the crop root zone changed with crop
growth stages. It is therefore suggested that irrigation should commence at different times
before noon, depending on the crop growth stage, so that maximum 6w (minimum ECw) will
coincide with maximum evapotranspiration (ETo). Interaction between 6w and ECw for a
given radius and the different crop growth stages showed that the influence of 6w on ECw
was restricted to a small radius of about 0-20 cm from the emitter. Beyond this range,
increases in 6w did not significantly affect ECw. The first irrigation regime (Id) was found
unsuitable for an irrigation regime involving use of saline water. A distance of about 25 and
30 cm was éuggested for 2 consecutive emitters on a lateral pipe under Id * 1.20 and Id - 1.40
respectively, to minimize ECw along the lateral pipe. Moreover, a combined irrigation
scheduling of Id + 1.40 for ES and MS, and Id + 1.20 for LS was suggested to increase the

irrigation efficiency.
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