
 

 

 

Abstract— The Irrigation is the way to give the water artificially 

to add lack of water which is needed by the plants. The goal of 

inundation is in order that the giving water is enough and stable to the 

rice field area to guarantee the rice production. The goal of model 

arrangement is to predict and optimize. The total of the water height 

change can be known by considering the percolation, eva-

transpiration, and waterfall. The steps are identifying the problems, 

deriving of mathematics model, model interpretations and testing, 

evaluation, and back to the deriving mathematics model, and soon. 

After doing method, it is got 
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We get the formula to decide the time of inundation in a day or t 

(day). After inundation is done for t (days) period, the inundation can 

be done. By knowing the inundation period (t), the water irrigation 

can be done after irrigation for (t). 
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I. INTRODUCTION 

rrigation is the way of water giving artificially to increase 

the water lack that is needed by plants. In Indonesia, 

irrigation in rice plant is given by inundation. There is 

inundation goal in order that the water giving is enough and 

stable to rice field area to ensure rice plant production. This 

water irrigation is usually given interval where inundation is 

given by certain volume and the next irrigation is done in 

certain period after the water inundation lessened. Irrigation 

efficiency can be increased by scheduling the irrigation. 

Scheduling mean planning time and total of water giving of 

irrigation as the plant water necessity. 

Water component which is lost consist of lost water through 

evatranspiration, percolation, seepage process and through 

surface water. In law of mass conservation, water balance can 

be formulated systematically as follows: 

 

Water in – water out = ∆ water reserve 

W in – W out = ∆ S 
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Ch + I – ET – Vp – Sp – R = ∆ S 

 

There are some factors in deciding the water irrigation 

scheduling in interval irrigation model in formulating 

mathematics model. The factors are related to the water 

balance in rice field hydrology which influences the rice field 

water inundation volume. Generally, the water balance in 

hydrology system is related to the water component which is 

in and out. The lost water component includes percolation, 

evatranspiration, and surface drainage, and seepage. While the 

water component which is including rainfall and irrigation. 

The water component which is in cause increasing the 

inundation water volume while the water component which is 

out cause decreasing inundation water volume. 

Water inundation height will decrease because of water lost 

which is the effect of percolation and evatranspiration, while 

water height will increase because of water volume increasing 

because of effective rainfall. 
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II. STEP OF PREPARATION 

A. Identifying problems 

In this step, searching all factors which are related to the 

problems are done and tried to be found the relations among 

factors. It is to find the real problems, to clear the problems 

(which is quantitative, classification or specialization) so we 

need to group the real problems. 

B. Deriving mathematics model 

In this step, all variables and their relations is declared by 

mathematics symbols and tried to be known mathematics 

problems pattern as the problems. So it can be decided the 

suitable mathematics instruments to overcome this problems. 

C. Interpretation and model testing 

After finishing mathematically is got, the result must be 

interpreted (as the initial goal). If the result has been enough 

so it can be used to reach the initial goal. 

D. Evaluation 

If there is problems pattern in mathematics, so it can be 

overcome directly, but it sometimes consist of the pattern 

which is new also has mistakes in analysis so it can be done 
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the revision of model which is got. 

III. BASED 

A. Irrigation 

Irrigation is an effort of water supplying and scheduling to 

support agriculture which its kind are surface water irrigation, 

underground water irrigation, pump irrigation, and swamp 

irrigation. All life process and the phenomenon under the land 

is a place of plant growing media which can be happened if 

there is water. The main processes which create soil fertility or 

on the contrary water support the land degradation. Therefore, 

it is appropriate that water is life source. 

Irrigation means flow the water synthetic from water source 

to the land to fulfill plant necessity. So that, the irrigation goal 

can flow the water regularly as the plant necessity when water 

supply is not enough to support the plant growth so the plant 

can grow normally. The giving irrigation water which is 

efficient except influenced by application procedure. It is also 

decided by water necessity in order to reach water condition 

which is needed by the plants. 

Irrigation System based on Water Giving Scheduling 

a. Continuous irrigation: an irrigation technique by giving 

water irrigation continually with the given water total is 

change as the irrigation water necessity.  

b. Rotation irrigation: a technique by giving irrigation water 

in certain area and certain period, so that the area save the 

water which can be used until next irrigation period. 

c. Interval irrigation: an irrigation technique by giving water 

to rice field with certain volume and the next irrigation is 

done in certain period after low tide inundation. 

 

B. Water balance in rice field system 

Water balance is defined as the balance of water which is in 

hydrology boundary with the water which is out. Generally, by 

knowing the water total which is in (Win) and the water total 

which is out (Wout), can be calculated by water balance in 

certain period. 

  

 
Fig. 1 Rice Field Hydrology System 

 

Water component which loss consist of lost water through 

evatranspiration, percolation, seepage process and through 

surface water. In law of mass conservation, water balance can 

be formulated systematically as follows: 

 

Water in – water out = ∆ water reserve 

W in – W out = ∆ S 

Ch + I – ET – Vp – Sp – R = ∆ S 

 

Win   = water component which is in 

Wout = water component which is lost 

I   = irrigation 

Ch  = rainfall 

ET  = lost water through evatranspiration 

P   = lost water through percolation 

Sp  = seepage 

 

C. Water necessity in Rice plant inundation 

Interval irrigation system is a system of water giving in rice 

field in certain level. The next water giving is done in certain 

period after water inundation in that level lessened until the 

inundation is not happened. In her research in Maduari, Tamil 

Nadu, India, Krishnasamy at al (2003) applied irrigation with 

the height 5 cm in a day after the water lessened until the 

inundation is not happened in rice field. By irrigation system, 

the rice plant production can be increased and the production 

is higher than the continuous and rotation irrigation. 

D. Evatranspiration 

Evatranspiration is a combination of evaporation and 

transpiration. Evaporation is a phenomenon of water which 

change into vapor and pass continually from water surface, 

land, meadow, forest, and others. While transpiration is 

phenomenon of water moving from the soil into the 

atmosphere through roots, steams, and leaves (Sosrodarsono 

and Takeda 1985) 

The total of evaporating of plants is influenced by humidity 

and time of radiation of sun in a place. For rice plant, the total 

of evatranspiration is between 2.5 – 16.00 mm/day. 

E. Percolation  

Percolation is water movement freely to the bottom, which 

free the upper layer and upper part of under ground layer to a 

place which is deeper and remain water (Soepaerdi, 1979). 

Soil humidity condition for rice plant is saturated and 

happened the inundation. Water lost condition because of 

percolation can not be avoided. The total of water which is 

lost because of percolation can be influenced by kind and soil 

condition. 

Percolation is influenced by phisically character of soil, 

such us permeability and soil texture. Effective rainfall is part 

of rainfall which fall for growth time which can be used to 

fulfill water needed (Arsyad, 1975). The definition of effective 

rainfall based on irrigation water management is part of local 

rainfall to a certain period which is in and endured in the soil 

that is used to fulfill consumptive water for plants. (Odeman, 

1975)   

IV. FORMULATING MATHEMATICS MODEL 

Nowadays, Mathematical modeling has a key role also in 

fields such as the environment and industry, while its potential 

contribution in many other areas is becoming more and more 

evident. 

Formulating mathematics model in this research has a goal 
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to know time needed to do the inundation in one period. The 

time inundation is related to the change of inundation water 

volume. The factors which influence balance of water volume 

in a rice field are as follows: 

A. The influenced factors 

There are some factors in deciding the water irrigation 

scheduling in interval irrigation model in formulating 

mathematics model. The factors are related to the water 

balance in rice field hydrology which influences the rice field 

water inundation volume. Generally, the water balance in 

hydrology system is related to the water component which is 

in and out. The lost water component includes percolation, 

evatranspiration, and surface drainage, and seepage. While the 

water component which is in including rainfall and irrigation. 

The water component which is in cause increasing the 

inundation water volume while the water component which is 

out cause decreasing inundation water volume. 

B. Assumptions 

In formulating model, it is assumpted: 

1) The rice field land has been saturated before the 

inundation. It means that the water volume is estimated 

only the surface water volume. In the other hand, the 

water inundation volume is the result of the 

multiplication of the land area with the height of 

inundation. 

2) The initial water inundation height is 50 mm and the 

next irrigation is done when the water inundation is 10 

mm. 

3) The inundation time is not estimated. 

4) The water lost is happened through percolation and 

evatranspiration process. 

5) The water volume increasing is happened because of 

effective rainfall. 

6) It is not happened the water lost because of surface 

drainage and seepage 

 

V  : water inundation volume in ricefield surface (〖mm〗^3) 

h  : height of water inundation(mm) 

p  : length of land (mm) 

l  : width of land (mm) 

La  : area of land 〖(mm〗^2) 

P  : percolation velocity (mm/hari) 

ET : evatranspiration velocity (mm/hari) 

Ch : effective rainfall velocity (mm/hari) 

t  : time needed in one period of inundation (days) 

 

Based on the variable assumption and assumptions above, 

so the mathematics model can be formulated as follows: 

 

The land is assumpeted the rectangle with the length p and 

the width l, so the land area can be formulated: 

 

La = p x l 

 

It is assumed on every t, the water inundation height is 

h=h(t). So the formula of water height volume when the height 

is h is formulated: 

 

V= La x h                                           (1) 

 

It will be decided ((dh)⁄(dt))when the water height is h. By 

the implicit derivative to t from the second sides of equation 

(1), it gives: 
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The height of water inundation will decrease because the 

lost of water which is the effect of percolation and 

evatranspiration, while the water height will increase because 

the increasing of water volume which is the effect of effective 

rainfall. So that ((dV)⁄(dt)) can be formulated: 
 

  

  
      (    ) 

 

Change of daily water volume velocity because of 

evatranspiration and percolation = land area x 

(evatranspiration and percolation velocity)  

 

Where 

ET : evatranspiration velocity of rice plants (mm/day)  

P  : percolation velocity (mm/day) 

Ch : daily rainfall velocity(〖mm〗^3/day) 

 

So, the change of height velocity is formulated as follows: 
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In order to get function h to the time, it can be done by 

integral ling to t in the left side from the equation (2) 

 

∫   ∫  (    )  
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where   =c1-c2 

 

when t= 0 so h=h(0) assumped as ho, so                            
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Because the value     , so 
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So, the formula to decide time (t) which is needed when the 

water inundation decrease until h is 
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From the formula above, it got a formula to decide the time 

of inundation in a day which is t (day). After inundation has 

been done for t (day) period, the next inundation can be done. 

V. CONCLUSION 

The total of the water change can be known by considering 

the percolation velocity, evatranspiration, and rainfall. The 

time total of inundation is based on the percolation velocity, 

evatranspiration, and rainfall. By knowing inundation period 

(t), so the next water irrigation can be done after the 

inundation has been done for (t). 
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