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1. Introduction the equation
In recent years, instances about groundwater pollution
from. ag'ricultural activities such as chemical fertilizer Minimize Z/ (i fr + wafs +wsfs) (1)
application to farmlands are at increase in many coun-
tries, including Japan. Nitrate leaching to groundwater
is then induced mainly by rainfall and irrigation. Thus, Wheren? is the number of cropping seasons (years),
an appropriate management of water and nutrient ob/max iS the time equivalent to the number of days of a
jecting to minimize groundwater pollution and, maxi- CrOPRING periodiw;, w, andws are the weighting fac-
mize the nutrient use efficiency and production is de{ors. f1 is the outgoing nitrate leaching los, is the
sired in an environmentally-sound agriculture. in-soil nutrients deficit for the crop anf is the in-soll
The major determinants in this problem are thewater deficit.
amounts and timings of both fertilizer and water to be AS mentioned before, rainfall and irrigation induce
applied. The present study aims the optimization ofS€epage flows, carrying the nitrate to groundwater. To
scheduling of fertilizer application and of the amount of control nitrate leaching, it is easier to do it by con-
water to be irrigated on each day when irrigation is re-trolling irrigation. For example, if rainfall occurrence
quired. This amount of irrigation is decided accordingCan be predicted in advance, unnecessary “extra” wa-
to the future occurrence of rainfall in the next follow- t€r is not irrigated, and consequently, undesirable ni-
ing days. The simulation of crop production season id"ate leaching can be reduced. According to this reason,
carried out using a model that simulates water, heat antd the present study, every time when irrigation switch
nitrogen cycles in a one-dimensional crop field soil [1]. turns “on”, i.e., when the pF value exceeds 2.6 at a cer-
2. Simulation-Optimization Model tain hour of the day (for example, 8:00AM), the rain in-
Here, the optimization process is calculated with a comformation of the following next 7 days is obtained, and
bined built-in numerical simulation module, as shownthe decision of how much to irrigate is variated depend-
in Fig.1. Decision variables (timing and amount of iNg on the number of days to the next rain evef)t s
chemical fertilizer application, and amount of irriga- Shown inTable 1. In the case ofl < 1 (rain event in
tion), meteorological data, nutrient uptake pattern bythe next 24 hours, counting from 8:00AM of today), ir-
crop and soil parameters are input in the simulatiorfigation is not done = 0), and in the case of > 7
model [1] , providing the amounts of leachate nitrate(no rain event for the next 7 days), water amount equiv-
and water and nutrient deficit for the crop. Those result@lent to the total readily available moisture (TRAM) is
are input in the optimization model, which searches for@Pplied. The amounts between those 2 extremes;
the optimum value of the decision variables, with the@ndis, are defined by the optimization calculation.

constraint to minimize crop malnutrition, leaching of Table 1 Irrigation rule
nltratg and moisture -deplet|0n. This calculgﬁuon.procg- d[days] | TTmm]
dure is repeated until a convergence condition is satis- 0<d<l1 0
fied, and as a result, optimum solution is obtained for ; < j Ei i
. . _ <d<c 2
the given climate characteristics of the study area and 3<d<7 is
crop’s nutrient uptake patterns. 7<d TRAM
- Meteorological The optimization problem is subject to the following
data | 51| Simulation Optimization . .. . . . ..
- Nutrient uptake Model Strategy constraints, confining daily applied chemical fertilizer
by crop .. . .. .
- Soil parameters and irrigated water, which are the decision variables.
Decision variables:
Lelr‘l;lz;rndil?ll:duon scheduling Fmin S F S Fmax (2)
Fig.1 Simulation-optimization model 0 <iq,12,13 < TRAM 3)
2.1 Formulation of optimization problem In sum- The problem presented above is solved by using ge-

mary, the optimization problem is resumed into solvingnetic algorithms (GAs) [3].
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Table 2 Results for cases STA and OPT

Case TCF Nitrate Leaching [kgN/ha]| Nutrient Deficit [kgN/ha] | Water Depletion [cri/cm?] Consumed Water [mm]
[kgN/ha] Average Deviation Average Deviation Average Deviation Average Deviation

STA 72.0 91.4 16.3 53.1 12.0 0.015 0.007 262.5 129.5

OPT 85.7 72.1 175 1.2 3.0 0.018 0.008 132.4 73.9
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Fig.2 Nitrate concentration for cases (a) STA and (b) OPT

3. Application by the optimization procedure, which resulted in 85.7

The methodology described above is applied to a onekgN ha ! on July 25 (day 96). For irrigation, the opti-
dimensional hypothetical upland soil, with depth of 100mum solutions for the amount of water to be applied on
cm and groundwater level at the bottom. The thicknesgach irrigation event were obtainedas= 16.7 mm,
of the effective layer of the soil, for the calculation of i = 25.0 mm andiz = 33.3 mm.
TRAM, is considered to be 40 cm, which is equal to the It can be readily seen from the results showrTin
rooting depth of the crop. TRAM value was calculatedble 2 that many problems such as deficit of water and
as 50 mm of water. To obtain solutions that are suitableutrient for the crop and high amount of nitrate leach-
for different years with variable patterns of rainfall, me- ing is occurring in the standard case, and the optimized
teorological data of 28 years (1973-2000) observed asolution could effectively control those problems. Even
the Nagoya station are used for the optimization. though the amount of total chemical fertilizer (TCF) in-
For comparison purposes, simulation is firstly madecreased 38% to eliminate crop malnutrition, reduction
with the normal fertilizing practices [3]. According to of 21% in the amount of average nitrate leaching could
the authors, 54 kgN hd of plants residue is applied to be observed. To illustrate the simulation in one crop-
the soil on April 20 (day 0 of simulation), for fertiliz- ping season, results of year 1998 are showri@n?2.
ing the soil with organic matter. Also as basal dressing4. Conclusion
compost of 90 kgN ha' and chemical fertilizer of 72 A simulation-optimization model to obtain optimum
kgN ha ! are applied on May 27 (day 38) and June 8fertilizer scheduling and irrigation rules was tested. Sat-
(day 49), respectively. The transplanting of the crop isisfactory results were obtained to control nitrate leach-
done on June 9 (day 50), and it is cropped on Octobeing. In this study, the rainfall occurrence used for the
12 (day 176). As for the irrigation, in this case the fu-irrigation decision was a given variable, as the calcula-
ture occurrence of rainfall is ignored, meaning that thetion was made from past data. For the next step, rainfall
TRAM amount of water is applied to the soil every time information based on weekly weather forecast will be
irrigation switch turns “on”. This case is defined as theused for the decision of irrigation rules, and the appli-
standard scheduling case (Case STA). cability of this procedure will be tested.
For the optimum solution (Case OPT), the only dif-References [1] Fujiwara, V. S., Takeuchi, J. and Kawachi, T.
f.e'rence in the fert|'I|zer schedullng is that chemical fer—%%?{%'_'jzg é‘i%gﬁbgrg, %.DED. (Dlgsg)l,] clsjeEeDticDaDIg%riDtths -
tilizer basal dressing on June 8 is reduced to 30 kgNsearch, optimization, and machine leaming. Addison-Wesley
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