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Abstract 

Sedatani paddy field is known to have sufficient water supply even in drought 
period. Evapo-transpiration of this area was reported varying with the existence of 
different planting stages. The shallow groundwater level were observed at some points, 
including wells at the mountain foot and a one meter depth measuring pit that was 
prepared in the middle of paddy area. Functionality of the shallow groundwater as sub- 
surface irrigation is studied using combination of models of vertical water movement in 
soil, water uptake by root and evapo-transpiration. The approach is based on the 
condition of the paddy field, which is only ponded for about two weeks with its current 
traditional water management. Capillary rise is expected to occur to bring up soil 
moisture from the water saturated zone near the water table to the root zone, and is 
approached by using vertical soil water movement equation. The balance between 
capillary rise, plant water demand and recharge to the water table shows how the 
shallow groundwater functions as subsurface irrigation in the area. 

Keywords: capillary rise, modflow, hydrus, water balance 

Introduction 

Cidanau watershed is the most important watershed in Banten Province 
Indonesia. The watershed provides water for industrial use in the city of Cilegon and 
also domestic use in the surrounding area. The watershed has a unique natural reserve 
called Rawa Dano swamp. The upstream of the river is an ancient caldera that was 
drained to create rice production fields. Mountainous swamp environment and shallow 
groundwater level has made an interesting rice field area for research, especially in the 
development and sustainability of the environment. 

j The studied paddy field is located in Sedatani area, Cidanau Watershed, Banten, 
Indonesia. Mountain streams and spring-fed ponds are the sources of irrigation water for 

i 
i the paddy field. The water catchment is located in mountain site, having area of 180ha 

andthe paddy plot itself is 6ha. lntake water from streams and pond is supplied through 
small irrigation ditches to the field, and flows plot-to-plot. The water is drained through 
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drainage canals to the Cidanau River. As reported by Torise et al. (2002), the run-off of 
flow is kept at 8.0 Vsec, which is remarkably stable for paddy field irrigation during 
drought period. Evapo-transpiration of this area was reported varying about 5 mmlday 
(drought period), 4.5 &day (normal period), 4.0 &day (rainy period). In addition, 
it is estimated that the base discharge of inflow to this area is about 4.3 mmld in the dry 
season. Cracks at the soil surface which appears as the surface turns dry may contribute 
to the increase of evaporation. 

With limited supply of surface water, the paddy field is irrigated using plot to 
plot irrigation system. This practice of water management lead to the existence of multi- 
stage of cultivation of rice fields in the same period. Fukuda et al. (2003) concluded that 
the water balance in this field is very stable even in drought period, and irrigation 
efficiency of the system is reasonable in traditional irrigation system without any 
control facilities. The area has the sufficient and stable water supply system to satisfy 
the water demand for paddy irrigation. 

The paddy field is ponded for only two weeks after the rice transplanting. The ponding 
is repeated consecutively to the next field. The root of the paddy rice is developed and 
reaches length of about 30 cm, with which the rice paddy reach the subsurface water. 
After this short soils submerging period, the rice continues growing by consuming soil 
moisture that is kept sufficient with the occurrence of capillary rise of water from the 
water table. This paper aims to present the function of the shallow groundwater as 
subsurface irrigation in the absence of surface irrigation. 

Materials and Methods 

1. The Study Area 

The studied paddy field is located in Sedatani area, Cidanau Watershed, Banten 
Indonesia. Mountain streams and spring-fed ponds are the sources of irrigation water for 
the paddy field. Various stages of paddy cultivation can be seen in Fig. 1. There are 2 
sub-catchments at the upstream of this field; the location is shown in Fig. 2. The water 
catchments are located in mountain site; having area of 180ha and the paddy plots itself 
is 6ha. 



Fig. 1. Pictures of the paddy field, taken in July 2005. 

Fig. 2. The study area 

Date 

Fig. 3. Wells water level fluctuation (soil surface at 100 cm) 

Groundwater observation points were set in the paddy field. Two points are the 
wells at the mountain foot, and one measuring pit with groundwater level recorder. The 



fluctuation of water level in the wells is shown in Fig. 3. Modflow model was used to 
conduct groundwater simulation for the period of ponding the field in this area 
(Saptomo et al., 2005). Figure 4 shows the groundwater table of the field, the highest 
groundwater level is in the south-west of the field and gently decreasing as it moves to 
the north-east. Evapo-transpiration dominates the outflow from the groundwater, 
indicating that the field is not recharging the groundwater as fast as it consumes water 
(Fig. 5.). 
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Fig. 5. Mass balance 

2. Simulation of capillary rise from the shallow groundwater 

The simulation was conducted using Hydrus 1 D software, incorporating one- 
dimensional water movement and root uptake calculation. One-dimensional uniform 
(equilibrium) water movement in a partially saturated rigid porous medium is described 



by a modified form of the Richards' equation using the assumptions that the air phase 
plays an insignificant role in the liquid flow process and that water flow due to thermal 
gradients can be neglected, used in hydrus program (Simunek et al., 1998). The sink 
term of the equation is the volume of water removed from a unit volume of soil 
per unit time due to plant water uptake, according to Feddes et al. (1978). 

The field is dominated by heavy clay soil, which water retention curve and soil 
hydraulics conductivity were derived using van Genuchten (1980) Eqs.(l) and (2 )  using 
parameters of ~ 0 . 0 0 4  cm-', n=1.62, rn=0.38, OS=0.54, 6rz0.26, and saturated hydraulic 
conductivity K, =10-~cm s-' or 0.0864 cm day-'. The soil column used for the simulation 
is 50 cm depth and discretized into to 100 compartments. 
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Fig. 6. Water content - pF curve 
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Fig. 7. Hourly evaporation 

As for the upper boundary, the soil surface is assumed to be submerged by 5cm 
water level on the first 15 days. The soil is given pF 0 on the 16 '~  day, and left the 
pressure as it is resulted from the rest of simulation time. Evapotranspiration takes part 
as surface flux from the soil. The hourly evapotranspiration (Fig. 7) was calculated 
using local climate data, using energy balance analysis for paddy field environment 
proposed by Saptomo et al. (2004). The daily amount of evapotranspiration is equal to 5 
rnmday-', and this value is used as potential evaporation parameter for Hydrus program. 
There is no precipitation assumed to occur in this simulation. At the bottom of the 
column, the soil is also given pF 0 as the shallow groundwater is expected to be stable at 
this level. The root of the rice paddy can grow up to 35 cm in length, extending deep 
into the soil column to extract water from about this depth. Root water uptake is 
simulated until the 125'h day where the rice is being harvested. 

Results and Discussion 

Simulation was run for 150 days, which is the common length of rice cultivation 
period in the study area. The soil water content, hydraulic conductivity and water flux 
profile resulted from simulation are presented in Figs. 8 ,9  and 10 for day 0, 75 and 150. 
Day 0 is the initial condition of the soil column and day 15 is the end of the cultivation 
season before starting the next rice transplanting. Day 75 is when the rice has grown for 
about 75 days with its root is developed and extracting subsurface water. With the 
presence of root, it is generally seen that water content, hydraulic conductivity and 
water flux is decreased at the closer depth to the soil surface. After submerging water 
was drained, the surface water content decreased and the surface turned very dry. In this 
condition evaporation might decrease or stop and cracks starts to appear as it was 
observed in the field. 

Figure 10 shows that more water flux occurs in the root zone (10 to 30 cm 
depth), indicating the root water uptake process. In this zone the pressure ranges from - 
100 to - 300 cm and provide the moisture that is available for plant. 



The fluctuation of root water uptake along with the evaporation and the flux 
came from the shallow groundwater is presented in Fig. 11. Root uptake reached 
maximum value of about 0.24 cm day-'. The evaporation rate decreased and stopped or 
became very small after 40 days. Summation of these does not reach the potential 
evapo-transpiration which is 0.5 cm day-'. This condition is because the simulation was 
only one dimensional and contribution of cracks to evaporation was not taken into 
account. 
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Fig. 8. Soil water content (mm3 mm-3) profile 
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Fig. 9. Soil hydraulic conductivity profile 
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Fig. 10. Water flux profile in the soil column 
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Fig. 11. Bottom flux, root uptake and evaporation 
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Fig. 12. Cumulative of bottom flux, root uptake and evaporation 

The water flux from shallow groundwater reach about 0.2 cm day-' in maximum 
with its total is about 19 cm for 150 days (Fig. 12). In average for this soil column, the 
capillary rise flux from the ground water is only about 0.1 cm day-'. Also in Fig. 12, it is 
seen that the difference between total root uptake, which is then being transpired by the 



rice plant and the total bottom flux is very small. In this case some amount of water is 
saved from being evaporated from the surface of this soil column. These results show 
that the water retains in the soil column and provide available moisture for rice paddy. 

I 
These results however still need to be confirmed. Root development and root 

1 uptake model might have not been optimally parameterized, and effort to find the 
1 optimum parameters is required. Also the real condition of the paddy field with cracks 

and some extend of compaction are not yet taken into account and one-dimensional 
simulation model is arguably adequate. 

Without the common practice of soil submerging in paddy irrigation, the field is 
having benefit from the shallow groundwater by capillary rise that preserve subsurface 
water. In this paper the rice production under limited surface irrigation, with the help of 
the natural resource of shallow groundwater which functions as subsurface irrigation is 
clearly seen. This kind of water management is a smart practice to survive the rice 
production, but it seems to be practiced driven by the nature of the area and not fully 
realized by the local inhabitants. 

With the method that is used in this study, the amount of soil water that can be 
provided by capillary rise from groundwater table can be estimated and the information 
can be used to estimate whether the water is sufficient for rice cultivation for a certain 
period. It seems important for the farmers to have access to this information, and to be 
introduced simple and practical procedure to estimate the water availability and to 
decide the best period of cultivation. 

Conclusions 

Capillary rise from shallow groundwater has been simulated for the paddy field in 
Sedatani, Cidanau Watershed. The simulation shows the contribution of the 
groundwater to rice cultivation as subsurface irrigation. The condition of the shallow 
groundwater and the soil physical and hydraulics properties created an interesting 
condition that survives the rice production in the absence of soil submerging and the 
continuous surface irrigation. The soil retains water in its column and provides moisture 
that is available to be extracted by rice root, while less evaporation from its surface 
saves water. The simulation is however in need to be improved, taking into account the 
influence of cracks in the soil and the finding of optimum parameters for rice to be used 
in the simulation models. 

Summary 

The studied paddy field is located in Sedatani area, Cidanau Watershed, Banten 
Indonesia. Mountain streams and spring-fed ponds are the sources of irrigation water for 
the paddy field. The water catchment is located in mountain site, having area of 180ha 
and the paddy plots itself is 6ha. With limited supply of surface water, the paddy field is 
irrigated using plot to plot irrigation system that leads to the existence of multi-stage of 
cultivation of rice fields in the same period. The paddy field is ponded for only two 



weeks after the rice transplanting. Shallow groundwater level is known to exist in the 
area. The function of the shallow groundwater as subsurface irrigation in the absence of 
surface irrigation through capillary rise from shallow groundwater is presented in this 
paper. The subsurface water movement, root growth and water uptake were simulated 
using Hydrus program. The soil physical properties and shallow groundwater retains 
and provide water in soil to be extracted by rice root and less evaporation from its 
surface saves water. 
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