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]DRAINMOD MODEL ADAPTATION FOR DEVELOPING RECOMMENDATIONS TO
MAINTAIN WATER TABLE IN THE TERTIARY BLOCK OF TIDAL LOWLAND

RECLAMATIONS AREAS (A Case Study in Sugihan Kanan Under Corn Cultivation)

Momon Sodik Imanudin, *? Satria Jaya Priatna,* Bakri * and Abdul Madjid Rohim 2

ABSTRACT

fTidal lowland at typology C is characterized by high topography and tidal overflow could not irrigate
the land, thus the lands can only receive water from rain and water seepage through the tertiary
channels. The main key to successful agricultural cultivation is to maintain the ground water level
does not quickly descend and to elevate the water table in the dry season. Field study was conducted
South Sumatra. The DRAINMOD model computer was used to simulate water levels in dry and wet

climates] The measured main parameters are hydraulic conductivity and drain spacing as well as

daily rainfall data. The simulation results showed that the research area belongs to rainfed type and
the main objective of water management is to retain water and to determine some efforts how to
increase the ground water level through pump irrigation in the dry season. The application of pump
irrigation was applied to the plant which entering the generative phase. The pump irrigation was
provided to distribute water into the quarter channels and the worm (micro) channels. The effect of
this application caused the groundwater level approached about 30 cm below soil surface, while
groundwater level in areas without pump irrigation facility was in the range of 50-60 cm. Besides
efforts to increase the water table, liming is still required in order to increase production. Lime
application of 1 ton/ha had significant effect on increasing production. Corn production with this
treatment was capable to produce 5 tons/ha, while non-treated land areas only produce 2-3 tons/ha)

Keywords : DRAINMOD, corn, pump irrigation, tidal lowland
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1. INTRODUCTION

Extensive land clearing of tidal lowland areas for agricultural enterprise in South Sumatra was started since 1969.
About 400,000 ha of tidal lowland had been reclaimed through transmigration progarm. Banyuasin area so far
had showed successful effort in rice production at South Sumatra with magnitude higher than 40 percent of total
rice production. However, this successful effort had not followed by other agricultural areas because planting
index at these areas was less than 200 %. One of relatively less productive area is Sugihan Kanan with rice
production level of less than 5 ton.ha™ and most of its agricultural land had one planting index (Imanudin et al.,

2017).

The key success for land management at tidal lowland areas is how to manage soil water level at

elevation level required by crop’s root zone (Imanudin et al., 2010). Othe important factor is

availability of structures and infrastructure of water management network to facilitate land leaching
process and water flooding in channels. Inadequate drainage facility frequently results in toxic

elements accumulation and high soil acidity (Imanudin et al, 2010). In addition, not all swamp areas

are capable to provide good water quality from secondary channel for supply. Many channels had
carried acid water or saline water during dry season which should be prevented from entering tertiary

channels. Water gates at tertiary channel are absolutely required for water retention process.

fThe construction of field operation planning requires daily water table data during period of rain and
dry seasons either at dry or wet climate conditions. Daily water table data so far is frequently
unavailable. Therefore, DRAINMOD computer model can provide aid in presenting dynamics
condition of daily water table. This data can be used to construct weekly operational plan in the field
for crop cultivation. This paper will present results of water table dynamics obtained from DRAINMOD
modelling and operational planning that will be implemented during planting season. Field adaptation
was conducted by corn planting at dry season. The recommended DRAINMOD model for water filling
in channels will be implemented through passive approach (water retention) and active approach

through water pumping from tertiary channel. |
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fThe objectives of this field study are to construct operational model for water table control for corn
planting at dry season through computer modelling of DRAINMOD model followed by field validation

process through water gate operation and effort of water filling in channel through the use of water

pump. |

2. METHODS

This research was implemented at tidal lowland area of tertiary plot-4 at Bandar Jaya Vilage, Jalur 25,
Air Sugihan Subdistrict, Ogan Komering llir District. It was conducted from May to October 2017. The
research site is classified as C typhology land in which it can not receive water through high tidal
irrigation because high tidal water can not enter into this land. Water from seconday channel only
capable to fill tertiary channel.

Materials used in this study are soil sample, corn seeds, fertilizers, pesticides, crop’s protecting
plastics and chemicals for soil analysis in the laboratory. Equipments used in this study are consisted
of piezometer, wells (perforated PVC pipe), 12 inch PVC pipe, elbow, marking board, water pass,
gate made of fibre, 10 inch PVC pipe, digital camera and agricultural equipments. For evaluation of
water status at tertiary block and land drainage planning was conducted through computer simulation
by using DRAINMOD 5.1 software(Skags, 1992).

Input parameters for DRAINMOD are soil physical characteristics consisting of impermeable layer
depth, soil hydraulic conductivity value and climate data consisting of temperature and daily rainfall.
Water network information is consisted of the depth and distance amongst channels. Simulation was

condition (Lanina).

[Observation of water table monitoring was extended to period prior to dry season in May 2017. The
corn seeds used in this study was Pioner P21 variety. In order to support land drainage system,
farmers developed micro channel with depth of 30 cm and distance between channels in the range of
8 to 10 m. Two treatments were used in this study: first, crop without lime addition and water source
only from water gate retention; second, crop with lime addition at dose of 1.5 ton.ha™ and water

supply from irrigation by using pump. In order to provide water in tertiary channel for pumping
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operation, farmers had conducted temporary water retention (dam) by using canvas platics. Pumping
opration was conducted at crop’s generative phase. Irrigation used in this study was furrow irrigation
in which water is delivered to fill collector channel and water from this channel subsequently was

distributed to fill micro channel. Irrigation was applied once in a week]

IComputer simulation result from DRAINMOD model and adaptation of water surface control in
the field will be used to construct operational planning for water surface control for corn cultivation.
This information will bring benefit for farmers in implementing crop cultivation at land having similar

typhology (C type) and they can prepare irrigation infrastructure means according to local resources.|

Analysis method for soil water status is done by using SEW-30 concept. The calculation of
SEW-30 is based on Sieben formula (Sieben, 1964 in Skaggs, 1991). This concept is used to

determine condition of soil water excess (cm-day) during crop growth period. Concept of water excess

30 cm above the root zone has an objective to evaluate fluctuation height of soil water table during

winter period within agricultural land area/ Value of water excess 30 cm above the root zone can be

calculated in order to predict soil water excess during crop growth period. The equation used for this
calculation is as follows:
n
SEW —30=>"(30-X,) [3]
i=1

where X; is soil water table at i}th [day, with i is the first day and n is number of days during crop

growth. The DRAINMOD model actually calculate hourly value of SEW-30 cm instead of daily value
so that calculation of SEW-30 value is more accurate and can be formulated by using the following
equation:

m

SEW —-30=>)(30—x,)/24 (4]

j=1
where x; is soil water table at the end of respective hours and m is total hours during crop growth
period. Water table position with critical limit of 30 cm is done with consideration value of 30 cm below
soil surface is selected because most of food crops will experience physiological disturbance if soil
water table is drop down from 30 cm point or increase upward from 30 cm point from soil surface.
That is, if soil water is far from critical value of 30 cm or close to soil surface, then it will create excess

water condition. This condition is apply for non-rice food crop. On the contarry, rice crop is withstand

Comment [A15]: Make more
systematic or you can make some diagram

Comment [A16]: Make more simple
and easy to understand

[Comment [A17]: cm-day or cm/day J

Comment [A18]: what you mean? To
evaluated fluctuation of water table during
winter? So did this model suitable for no in
winter period. Indonesia doesn’t have
snow

[Comment [A19]: what the mean? ]




toward water flooding condition and will experience stress if soil water is below 30 cm depth zone or

even below 20 cm depth zone

3. RESULTS AND DISCUSSION

3.1.Soil Physical Characteristics

ISoil physical characteristics at the study area is classified as good. This is indicated by soil bulk

density below 1 (Table 1) at depth of 30-60 cm (root zone) which showed that soil had relatively high
total pore space resulting in relatively high water holding capacity. The decrease of soil bulk density is
followed by the decrease of total pore space at deeper soil layers. Soil layer above 60 cm showed the
increase of clay content so that soil bulk density can be classified into mineral soil. The main limiting
factor is soil acidity level than can be classified as acid soil with pH of 4-5.

Table 1. Soil physical characteristics and soil acidity kevel

Depth Bulk Density Total Pore Space Water pH
(g/cm? (%) content (%)

0-30 cm 0.67 77 65.95 4.8

30-60 cm 0.74 73 B715 4.6

> 60 cm 0.98 64 7293 4.2

Soil textural class is showed by ratio of clay, sand and loam fractions (Table 4.2). Although soil
fraction composition had occurred, soil texture at the study area is qualitatively can be classified into
loamy clay class. Clay fraction tend to increase with the increase of soil depth. Clay fraction with
magnitude of 7.6 % at soil layer depth 0 - 30 cm had increased to 21.6 % at soil layer depth of 60 cm.
The increase of clay fraction below soil surface had produce beneficial effect in which land is capable
to store water at depth above 60cm so that soil water depth at this layer is not quickly deplete. In
addition, soil water contribution at this layer through capillary movement is very important to supply

crop water requirement.
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Table 2.

Distribution of sand, loam and clay fractions at several soil layers

Percentage (%)

Depth Soil Texture
lsand Clay Loam|

0-30 cm 29.4 7.6 63 Loamy clay

30-60 cm 26.4 14.6 59 Loamy clay

>60 cm 144 21.6 64 Loamy clay

3.2. Computer Simulation of DRAINMOD in estimating soil water table

DRAINMOD is drainage model that capable to estimate the depth of soil water table for
swamp lowland and peat land areas. The main inputs for this model are consisted of rainfall, [crop

evapotranspiration, soil hydraulic conductivity and network characteristics data. Condition of water

flow within soil is assumed to be constant (steady condition) in Drainmod model.

In case of reclaimed tidal lowland area at Sugihan Kanan, some model inputs were consisted
of soil hydraulic conductivity of 0.34 m.day™, impermeable layer depth of 2 m, distance between
tertiary channels at current condition in the field was 250 m, initial soil water depth is assumed 10 cm
below soil surface and average channel depth of 1.5 m. The constructed scenario can be seen in
Table 3. Simulation was conducted at two climatic conditions consisting of normal climate (normal

rainfall) and dry rainfall due to Elnino. The simulation stages were consisted of simulation on the

existing network condition without control effort followed by simulation on water gate operation.

Table 3. Scenario planning constructed at initial stage of DRAINMOD simulation

Microclimate scenario

Water management options

Conventional (without control) Using control

Normal Rainfall Condition in

Year of 2014

Dry Rainfall Condition (EI Nino)

in Year of 2015

Wet Rainfall Condition (Lanina)

Soil water table indicator Soil water table indicator

Soil water table indicator

Soil water table indicator

Soil water table indicator Soil water table indicator

{
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in Year of 2016

Computer simulation results of DRAINMOD for normal climate condition was shown in Figure 1.
Simulation results showed that variation of soil water table at condition of initial to final rainy season
had safe value in term of land firing probability. However, simulation results also showed that over
drain had been occurred on land. This is indicated by quick drawdown of soil water table elevation in
case of no rainfall occurrence more than one week period. Results of soil water table fluctuation either
at normal rainfall condition or dry rainfall condition (Elnino) showed similar trend in term of soil water
table condition for January-May period. Land was still in safe condition from fire hazard during this
period. Although soil water table drops into critical depth value (80 -100 cm), but rainfall was still
occurred so that soil water elevation could increase again close to 30 cm depth. The vulnerable
condition started to occur at days of 140 (entering of May) in which rainfall was decrease and soil
water elevation was continuously drop exceeding the critical limit (- 80cm). Rainfall was normal in
year of 2014, soil water elevation was continuously drop into the lowest point of — 115 cm in
September and start to increase when entering October although it was still in critical depth limit. Safe
condition was again occurred in November, whereas dry climate condition (Elnino) in 2015 showed
that soil water elevation was drop up to depth of — 118 cm which was also occurred in September.
However, condition of soil water elevation was still at critical depth value up to December due to very
limited rainfall. This is due to the fact that soil had high porosity so that farmers are reluctant to open
tertiary channel because rainfall water was assumed to have insufficient capability to supply soil water
table and channels. Therefore, effort should be done to deliver water into quarterly channel through
water pumping from tertiary channel. This requires stepping detention during high tidal water in

tertiary channel.
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| Figure 1. Soil water table fluctuation resulting from DRAINMOD simulation at condition of without

control. |

Simulation results from Figure 1 showed that open drainage system with distance between channel of
250 m and channel dimensions as follows: upper width of 2.0 m and lower width 1.2 m as well as
depth of 1.2 m was excessive in term of dimension size. This channel dimension is only suitable for
channel system in mineral soil. Therefore, water losses was very quick indicated by water drawdown
up to 40 cm in case of no rainfall occurrence for two weeks period.

Simulation using shallow drainage system was subsequently tried in order to determine the proper
channel dimension at peat land with objective to prevent excessive water losses. The depth of tertiary
channel was only 1 m with bottom width of 30 cm. Simulation result (Figure 2) showed that soil water
table drawdown was not as fast as the existing channel dimension. Simulation result of shallow
drainage showed that soil water table condition in year of 2015 (Elnino) was within safe zone up to
June. The control measure can be done in June period.

Because drainage system had already been built and it was impossible to conduct filling activity, then
the choice was to conduct water retention immediately by using controlled dam system. Therefore,
computer simulation of DRAINMOD was implemented at initial stage. Simulation was also conducted
to determine impact of water retention within tertiary channel (Figure 1). Water retention simulation
would be done during the least rainfall occurence period in May. Simulation results showed that soil

water table elevation can be increased up to depth of 30-40 cm below soil surface during May-June.
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Soil water table elevation was located at 60 cm below soil surface during dry season of July-
November. Land at this condition was relatively safe from fire hazard. This condition would be
achieved if soil water table elevation in tertiary channel was not drop more than 40 cm from soil
surface. Condition of this controlled drainage system was found in the field during October where soil
water table was located at safe zone, i.e. 40-50 cm below soil surface. This condition at least also
prevent phyrite oxidation, although pumping irrigation supply was needed to fulfill crop water
requirement. Pump facilities are highly needed if farmers would cultivate corn during dry season at B
and C land typhology areas. Pump was only operated for one month during seed filling phase and

irrigation was applied once in a week.

Tinggi Muka Air Tanah (cm)

Figure 2. Computer simulation result at shallow drainage condition or 50 cm water retention.

Water retention measure was highly needed because land area at the study location had high water
losses (Figure 3). Control structures are needed to support network opeation as water retention. The
dam pattern equipped with overflow structure is the proper model to be applied in tertiary channel.
Farmers currently used sand bags to withstand water losses. Effort to elevate soil water table
elevation can be done by using water pumping from tertiary channel into quarterly channel which was

subsequently delivered further into collector and micro (worm) channels.
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Figure 3. Soil water table dynamics affected by water retention sistem (detention system)

3.3. Field Adaptation of Water Dynamics at Dry Season Condition (July 2017)

Water table elevation was hourly observed in order to determine soil water table dynamics
which is affected by fluctuation of water surface in channel. Results of this hourly observation can be
seen in Figure 3. Average value of water table depth was in the range of 37 to 41 cm below sail
surface. This magnitude was very ideal for the growth of corn crop. Hourly observation of soil water
table showed that decrease of water surface in secondary channel was followed by decrease of water
surface in tertiary channel, whereas the increase of water surface in secondary channel was followed
by the increase of water surface in tertiary channel. This condition was not followed by the change of
soil water table. The soil water table movement was relatively stable from maximum depth condition
of — 50 cm into minimum depth condition of — 33 cm. The movement of soil water table was highly
affected by rainfall. The insignificant different of water table depth at tertiary block was due to water
availability in tertiary channel. Therefore, horizontal movement of water (seepage) was practically
small and can be neglected as long as water along tertiary channel was available at height of 50-60

cm.
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The relationship between water level elevation in tertiary channel and soil water table as a
result of water retention impact (Tabel 2) showed that water level elevation in tertiary channel on May-
July was located at 70 cm depth and water level elevation in secondary channel was located at 168
cm depth. This condition can produce soil water table elevation at 30 cm below soil surface.

Table 2. Relationship amongst water level at tertiary channel,

secondary channel and soil water table.

No Locations Water surface level (cm)
1 Tertiary channel 70 cm
2 Secondary channel 168 cm
3 Soil water table -30cm
3.4. The network operation and corn growth (PS2)

The network operational guideline in tertiary channel could be summarized in Table 3.
Operation was conducted each month according to crop growth phases.

Table 3. Operation of tertiary network by using goose neck water gate

Month Estimation of Water Operation of goose neck

crop’s growth management water gate
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phases objective Inner Section ~ Outer
Section
May-June Land Controlled Goose neck is  Closed with
preparation and drainage turned 45° valve
planting materials
July-August Vegetative Controlled Goose neck is  Closed with
drainage turned 45° valve
materials
September- Generative Supply, soil Goose neckis Pipeis
October water filling turned 45° opened
(additional
supply from

water pump)

Crop evapotranspiration requirement at dry season entering September could not be fulfilled if solely
rely on capillary water movement from soil water table depth of 50 cm. Capillary water only capable to

supply 45 % of crop evapotranspiration requirement at this condition so that other water supply was

needed. Farmers used water pump to fill soil water table (Figure 4).

Significant increase of soil water table was observed on corn cultivation which was supplied through
pump irrigation. Water can be elevated with magnitude of 20 cm. Soil water table on land without
pump irrigation was located at depth of 40-50 cm below soil surface, whereas soil water table on land
supplied with pump irrigation was located at about 30 cm (Figure 5). If soil water table was located at

depth of 30 cm below soil surface, then crop evapotranspiration requirement can be fully supplied

from capillary water movement




Figure 4. Pump irrigation on corn cultivation to elevate soil water table level.
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Figure 5. Condition of soil water table at the middle of September 2017 affected by pump irrigation.

Corn production achieved by using maximum technological inputs consisting of improvement of
irrigation system and soil quality showed good yield with magnitude of about 3 ton.ha™ although this
production level was still lower than corn production achieved by farmers at Telang Il area with
magnitude of 7-8 ton.ha™ (Imanudin and Bakri, 2014). The yield of corn would be optimum under
water table at 50-60 cm below soil surface. Since the water table drop in more than 100 cm, the

performance of corn growth decrease.

4. [CONCLUSION AND RECOMMENDATION|

e Hydrotopographical characteristics at the study area was classified into C class in which land area
is not receive overflow from high tidal water. However, water availability in channel is capable to

control soil water table.
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o Komputer model DRAINMOD computer model can be used to estimate fluctuation of soil water
table at several climatic conditions. Simulation results can be utilized to construct monthly water
management plan.

e The main objective for water management at tertiary level was water retention due to soil physical
condition which is characterized by high porosity and high hydraulic conductivity. Therefore,
operational model was controlled drainage.

e Water retention in tertiary channel at depth of 70 cm was capable to maintain soil water table
elevation at 30 cm below soil surface. Soil water table elevation should not be drop below 50 cm
in order to prevent phyrite oxidation.

e Liming measure at dose of 1-2 ton.ha was still required at initial stage of reclamation because of

high acidity and high aluminium solubility.
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ABSTRACT
The main key to successful agricultural cultivation is to maintain the ground water level to
fulfill crop water requirement, particularly in the dry season. Field study was conducted in
Tidal reclamation area of section 25 at Sugihan Kanan, Bandar Jaya Village, Air Sugihan,
Ogan Komering Ilir District of South Sumatra. The DRAINMOD computer model was used
to simulate water levels in dry and wet climatic condition. The measured main parameters are
soil hydraulic conductivity and drain spacing as well as daily rainfall data. The simulation
results showed that the research area belongs to rainfed type and the main objective of water
management is to retain water and to determine some efforts how to increase the ground

water level through pump irrigation in the dry season. The application of pump irrigation was



applied to the plant which entering the generative phase. The pump irrigation was provided to
distribute water into the quarter channels and the worm (micro) channels. The effect of this
application caused the groundwater level approached about 30 cm below soil surface, while
groundwater level in areas without pump irrigation facility was in the range of 50-60 cm.
Besides efforts to increase the water table, liming is still required in order to increase
production. Lime application of 1 ton/ha had significant effect on increasing production. Corn
production with this treatment was capable to produce 5 tons/ha, while non-treated land areas
only produce 2-3 tons/ha.

Keywords : DRAINMOD, corn, water management; pump irrigation, tidal lowland

ABSTRAK (IN INDONESIAN)
Kunci utama keberhasilan pertanian di rawa pasang surut adalah begaimana petani mampu
mengendalikan muka air agar sesuai dengan pertumbuhan tanaman, terutama di musim
kemarau. Kajian lapngan sudah dilaksanakan di lahan reklamasi Jalur 25 Sugihan Kanan,
Desa Bandar Jaya. Air Sugihan Kanan Kabupaten Ogan Komering Ilir Sumatera
Selatan.Komputer model DRAINMOD digunakan untuksimulasi muka air pada kondisi iklim
basah dan kering. Parameter utama yang diukur adalah keterhantaran hidroulik, jarak antar
saluran dan curah hujan harian. Hasil simulasi menunjukan area studi tergolongsawah tadah
hujan, sehingga tujuan utama pengelolaan air adalah retensi air hujan dan perlu upaya
menikan muka air tanah di saat musim kemarau misalnya melalui system irigasi pompa.
Aplikasi irigasi ponpa dilakukan pada tanaman jagung memasuki fase generative. Melalui
system pompa air di alirkan dari saluran tersier ke saluran kuarte dan saluran cacing. Dari
usaha ini air tanah naik mencapai kedalaman 30 cm dari permukaan tanah, Sementara pada
petakan yang tidak di berika irigasi pompa air tanah hanya berada di kedalaman 50-60 cm.

Selain usaha menaikan muka air tanah, aplikasi pengapuran masih diperlukan. Aplikasi



rendah dosis 1 ton/ha nyata meningkatkan produksi. Tanaman jagung dengan perlakuan
kapur mampu menghasilkan produksi 5 ton/ha, sementara tanpa perlakuan kapur dan tanpa

upaya penaikan muka air tanah hanya menghasilkan 2 ton/ha.

Kata kunci: DRAINMOD; jagung; pengelolaan air; irigasi pompa; rawa pasang surut

INTRODUCTION
Extensive land clearing of tidal lowland areas for agricultural enterprise in South Sumatra
was started since 1969. About 400,000 ha of tidal lowland had been reclaimed through
transmigration progarm. Banyuasin area so far had showed successful effort in rice
production at South Sumatra with magnitude higher than 40 percent of total rice production
(Disperta, 2017). However, this successful effort had not followed by other agricultural areas
because planting index at these areas was less than 200 %. One of relatively less productive
area is Sugihan Kanan with rice production level of less than 3 ton.ha™ and most of its
agricultural land had one planting index (Imanudin et al., 2016). The soil is classified as acid
sulphate soil which has high acidity and Alumunium content (Fahmi et al., 2014). Aluminum
toxicity was produced an alteration of biochemical and physiological reaction of plants and
then to their crop productivity. Decreasing in root growth is one of an initial and most
evident symptoms of Al-toxicity. The nutrient availability was decrease also due to bond
reaction AIl-P (Koesrini, et al., 2014). On the otherhand Increasing levels of aluminum and
iron in the soil solution also cause a decrease in the quality of water in the canals, soil pH and
water pH dropping to a range of 2.3-3. Then the water channeled should be fluch out and

replaced by fresh water from the rain or tide water (Sukitprapanon, et al., 2019).



The key success for land management at tidal lowland areas is how to manage soil
water level at elevation level required by crop’s root zone (Imanudin et al., 2010; Bakri et al.,
2015). According to Fahmi et al., (2014) water status availability in root zone is main factor
hat determine the successful agriculture in acid sulphate soil. Rain water was very important
water resources mainly in acid sulphate soil. It was due to pyrite oxidation process during dry
period, then make ground water high toxic element and very acid. Fresh water from tide is
not possible for land irrigation. Thus, to fulfill water crop requirement mainly achieved by
rain water (Imanudin et al., 2019). Therefore water retention in channels is important to do
with the block technique (Nurzakiah et al., 2016). Water in the canal is managed at a depth of
60-90 cm, to create groundwater in the root zone at a depth of 10-30 cm (Herawati et al.,
2020). Diharapkan dengan sistem drainase terkendali air di saluran tetap tersedia untuk
menjaga agar air tanah berada dalam zona akar dan selalu diatas lapisan pirit (Sasirat, et al.,
2019).

Othe important factor is availability of structures and infrastructure of water
management network to facilitate land leaching process and water flooding in channels.
Inadequate drainage facility frequently results in toxic elements accumulation and high soil
acidity ( Bakri et al., 2015). In addition, not all tidal lowland areas are capable to provide
good water quality from secondary channel for supply (Hartoyo et al., 2010; Megawaty et al.,
2012). Many channels had carried acid water or saline water during dry season which should
be prevented from entering tertiary channels (Hairmansis et al., 2017; Tafarini, and Yazid.,
2018). Water gates at tertiary channel are absolutely required to be installed for control
drainage and water retention process (Lasmana et al., 2017; Imanudin et al., 2019).

The construction of field operation planning requires daily water table data during
period of rain and dry seasons either at dry or wet climate conditions (Imanudi et al., 2010;

Negm et al., 2016).. Daily water table data so far is frequently unavailable, difficult to



mesure, and costly . Therefore, DRAINMOD computer model can provide aid in presenting
dynamics condition of daily water table (Madramootoo et al., 1999; Wahba et al., 2018;
Askar et al., 2020). This data can be used to construct weekly water management operational
plan in the field for crop cultivation (Imanudin, et al., 2011). According to Skaggs et al.,
(2012) statistical analysis shows acceptable results where the simulation model with daily
water level prediction results calibrated with field data shows Nash-Sutcliffe (EF) modeling
efficiency values are 0.68 and 0.72, the daily drainage rate (EF = 0.73) and 0.49), and
monthly drainage volume (EF = 0.87 and 0.77).The simulated result was high correlation
between predicted and measured (Wan et al., 2009; Malakshahi, et al., 2020). Proper
drainage planning by DRAIMOD simulation model was also depend on the quality of data
input . Physical and Hydrological parameters such as rainfall, and soil hydraulic conductivity
was very essential data input. (Negm et al., 2014; Askar et al., 2020). Model was also
successfully work for developing of land drainage design (Sojka et al, 2019). The model is
able to provide input on the proper use and operate of drainage network infrastructure (Askar
et al., 2020). Model could provide better predictions of groundwater table depths under
shallower drainage systems. And produce management tool to minimize environmental
issues in agriculture field (Davoodi et al., 2019). The DRAINMOD model is excellent
drainage modelling for estimating the depth of the groundwater table (Davoodi et al., 20019).
The estimated groundwater level from simulation and modeling results shows the value of r
=0.93 (Ashkan et al., 2020). An adaptation model for the trofical area has been carried out in
tidal lowland reclamatioan areas in Banyuasi South Sumatra. The simulation result found r?
0,83. Hydrological parameters is limited factor to have a good statistical analysis (Imanudin,
etal., 2011).

This paper will present results of water table dynamics obtained from DRAINMOD

modelling and operational planning that will be implemented during planting season. Field



adaptation was conducted by corn planting at dry season. The recommended of DRAINMOD
model for water supply in tertiary channels will be implemented by rainfall harvesting
method (passive approach) and active approach through water pumping from tertiary channel
during very dry condition. The objectives of this field study are to construct the operational

model for water table control for agriculture purpose.

MATERIALS AND METHODS
This research was implemented at tidal lowland area of tertiary plot-4 at Bandar Jaya
Vilage, Jalur 25, Air Sugihan Subdistrict, Ogan Komering Ilir District (Figure 1). It was
conducted from May to October 2017. The research site is classified as C typhology land in
which it can not receive water through high tidal irrigation because high tidal water can not

enter into this land. Water from seconday channel only capable to fill tertiary channel.

Figure 1. Maps of the area study in tidal lowland recamations of sugihan OKI



Materials used in this study are soil sample, corn seeds, fertilizers, pesticides, crop’s
protecting plastics and chemicals for soil analysis in the laboratory. Equipments used in this
study are consisted of piezometer, wells (perforated PVC pipe), 12 inch PVC pipe, elbow,
marking board, water pass, meteran, soil bor, excavation tube (bailer), stopwatch), flap water
gate made of fibre, 10 inch PVC pipe, digital camera and agricultural equipments. For
evaluation of water status at tertiary block and land drainage planning was conducted through
computer simulation by using DRAINMOD 5.1 software (Skaggs et al., 2012).

The coseptual model to develop DRAINMOD is based on the water balance analysis
within vertical soil column unit per surface area. The calculation is starting from
impermeable layer up to soil surface which is located between drainage channels (Skaggs,
1978). Calculation of water balance within soil profile for time period of dt is mathematically
can be expressed as follows :

AVa=F -D-Ds [1]

P=F +RO+AS [2]
where AVais the change of soil air volume (cm), F is infiltration (cm), ET is
evapotranspiration (cm), D is lateral flow (negative sign indicates drainage flow and positive
sign indicates subsurface irrigation conditions) in cm, Ds is side seepage flow (positive sign
indicates upward capillary flow) in cm, P is precipitation (rainfall) in cm, RO is surface flow
(cm), and AS s the change of surface water storage. As illustration, drainage profile system
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Rainfall inputs in DRAINMOD model is hourly rainfall as well as maximum and minimum
temperatures which is read from weather data and water balance that is conducted every hour.

Input parameters for DRAINMOD are soil physical characteristics consisting of
impermeable layer depth, soil hydraulic conductivity value and climate data consisting of
temperature and daily rainfall. Water network information is consisted of the depth and
distance amongst channels. Simulation was conducted to determine soil water table dynamics

at dry and wet climate condition .

Observation of water table monitoring was extended to period prior to dry season in
May 2017. The corn seeds used in this study was Pioner P21 variety. In order to support land
drainage system, farmers developed micro channel with depth of 30 cm and distance between

channels in the range of 8 to 10 m.
There are two treatments were used in this study:

o first, crop without lime addition and water source only from water gate retention; supply
water only form the water capillarity movement

e second, crop with lime addition at dose of 1.5 ton.ha™ and water supply from irrigation
by using pump. In order to provide water in tertiary channel for pumping operation,
farmers had conducted temporary water retention (dam) by using canvas platics.
Pumping opration was conducted at crop’s generative phase. Irrigation used in this study
was furrow irrigation in which water is delivered to fill collector channel and water from
this channel subsequently was distributed to fill micro channel. Irrigation was applied

once in a week.

The computer model DRAINOD was used for predicting daily water table as effect of
deference climatic condition. Data input of DRAINMOD simulation model were hydraulic

conductivity, soil water retention, and land drainage system (drain spacing, depth and width



of channel), and crop physiological data. Scenario for model operational was constructed

based on different climatic conditions.

Analysis method for soil water status under root zone was calculated using SEW-30
concept. The calculation of SEW-30 is based on Sieben formula (Skaggs et al, 2012). This
concept is used to determine condition of soil water excess (cm/day) during crop growth
period. Concept of water excess 30 cm above the root zone has an objective to evaluate
fluctuation height of soil water table during wet period (rainy season) within tidal lowland
agriculture area (Imanudin et al., 2018). Value of water excess 30 cm above the root zone can
be calculated in order to predict soil water excess during crop growth period. The equation

used for this calculation is as follows:

SEW —30=Z”j(30—xi) [1]

i=1
where X; is soil water table at (days to), with i is the first day and n is number of days during
crop growth. The DRAINMOD model actually calculate hourly value of SEW-30 cm instead
of daily value so that calculation of SEW-30 value is more accurate and can be formulated by
using the following equation:
m
SEW—BO:;(BO—Xj)/24 2]

where X; is soil water table at the end of respective hours and m is total hours during crop
growth period. Water table position with critical limit of 30 cm is done with consideration
value of 30 cm below soil surface is selected because most of food crops will experience
physiological disturbance if soil water table is drop down from 30 cm point or increase
upward from 30 cm point from soil surface. That is, if soil water is far from critical value of
30 cm or close to soil surface, then it will create excess water condition (Negm et al., 2014).

This condition is apply for non-rice food crop. On the contarry, rice crop is withstand toward



water flooding condition and will experience stress if soil water is below 30 cm depth zone or

even below 20 cm depth zone (Imanudin et al., 2011; Imanudin et al., 2019).

RESULTS AND DISCUSSION
Soil Physical Characteristics

Soil physical characteristics at the study area is shown on Table 1. Soil has high
porosity and low bulk density in top layer. This is indicated that soil had relatively high total
pore space resulting in relatively high water holding capacity. The decrease of soil bulk
density is followed by the decrease of total pore space at deeper soil layers. Refer to the
water movement means that on the rotting zone area the water movement was easy to drain
and submerges by gravity forces.

Soil layer above 60 cm showed the increase of clay content so that soil bulk density
can be classified into mineral soil. The main limiting factor is soil acidity level than can be
classified as acid soil with pH of 4-5. It is also reported also by Koesrini et al., (2014) when
pH <5 the Aluminum toxicity is increase in soil. It is the main stress factor for plant growth
on tidal lowland agriculture

Table 1. Soil physical characteristics and soil acidity kevel

Depth Bulk Density Total Pore Space pH
(gfem? (%)

0-30 cm 0.98 46 4.8

30-60 cm 1,15 48 4.6

> 60 cm 1,25 55 4.2

Soil textural class is showed by ratio of clay, sand and loam fractions (Table 4.2).
Although soil fraction composition had occurred, soil texture at the study area is qualitatively
can be classified into silt loam class at 0-60 cm, and clay texture in the layer of 60 cm below
soil surface. Clay fraction is tend to increase with the increase of soil depth.

Table 2. Distribution of sand, loam and clay fractions at several soil layers



Percentage (%)

Depth Sand Clay silt Soil Texture
0-30 cm 29.4 7.6 63 Silt loam
30-60 cm 26.4 14.6 59 Silt loam
>60 cm 14.4 64 21.6 Clay

Clay fraction with magnitude of 7.6 % at soil layer depth O - 30 cm had increased to
21.6 % at soil layer depth of 60 cm. The increase of clay fraction below soil surface had
produce beneficial effect in which land is capable to store water at depth above 60cm so that
soil water depth at this layer is not quickly deplete. In addition, soil water contribution at this
layer through capillary movement is very important to supply crop water requirement.
According to Zipper et al., (2015) the contribution of ground water through capillary rise is
strongly depend on soil texture. Increasing clay fraction on the soil more provide water by
capillary rise than soil having sandy soil. Added by Gao et al (2017), that at groundwater
depth in 1 m below soil surface he capillary upward was supplied about 41% of the crop
evapotranspiration. In this case mean that the supply water was required to fulfil crop water
requirement when the water table start drop at 70 cm.
Computer Simulation of DRAINMOD in estimating soil water table

DRAINMOD is drainage model that capable to estimate the depth of soil water table
for swamp lowland and peat land areas. The main inputs for this model are consisted of
rainfall, crop evapotranspiration, soil hydraulic conductivity and drainage network
characteristics data. Condition of water flow within soil is assumed to be constant (steady
condition) in Drainmod model (Skaggs et al, 2012).

In case of reclaimed tidal lowland area at Sugihan Kanan, some model inputs were
consisted of soil hydraulic conductivity of 0.34 m.day™, impermeable layer depth of 2 m,
distance between tertiary channels at current condition in the field was 250 m, initial soil

water depth is assumed 10 cm below soil surface and average channel depth of 1.5 m. The



constructed scenario can be seen in Table 3. Simulation was conducted at two climatic
conditions consisting of normal climate (normal rainfall) and dry rainfall due to Elnino. The
simulation stages were consisted of simulation on the existing network condition without
control effort followed by simulation on water gate operation.

Table 3. Scenario planning constructed at initial stage of DRAINMOD simulation

Microclimate scenario Water management options

Conventional (without Using control

control)

Normal Rainfall Condition in Soil water table indicator Soil water table indicator
Year of 2014
Dry Rainfall Condition (EI Soil water table indicator Soil water table indicator
Nino) in Year of 2015
Wet Rainfall Condition Soil water table indicator Soil water table indicator

(Lanina) in Year of 2016

Computer simulation results of DRAINMOD for wet and dry climate condition was
shown in Figure 3. Simulation results showed that variation of soil water table at condition of
initial to final rainy season had safe value in term of land firing probability. However,
simulation results also showed that over drain had been occurred on land. This is indicated by
quick drawdown of soil water table elevation in case of no rainfall occurrence more than one
week period. Results of soil water table fluctuation either at normal rainfall condition or dry
rainfall condition (Elnino) showed similar trend in term of soil water table condition for

January-May period.
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Figure 3. Soil water table fluctuation resulting from DRAINMODsimulation model under
control and of without control.

Land was still in safe condition from fire hazard during this period. Although soil
water table drops into critical depth value (80 -100 cm), but rainfall was still occurred so that
soil water elevation could increase again close to 30 cm depth. The vulnerable condition
started to occur at days of 140 (entering of May) in which rainfall was decrease and soil
water elevation was continuously drop exceeding the critical limit (- 80cm). In this periode
the pirit oxidation also could haven and will create the decreasing pH and in the root zone.

On the other hand the soil has a pirit layer around 60-70 cm below soil surface. When
the ground water table level drops to 100 cm, oxidation layer will occur. This process would
produce the high soil acidity and increase solubility of iron and aluminum content which may
have harmful for crop. Reported by Koesrini et al., (2014) that application of lime with 2.0
Mg ha-1 is still required for increasing pH in the soil. Added by Fahmi et al., (2014) the lime
application was efficient in combination by good land preparation through intensive soil
leaching and intermittent water logging. It was also reported by Ar-Riza, et al., (2015) that

main problem is difficult to get fresh water for leaching and flushing process. Those for



managing acid sulphate soil are still required lime application to increase pH. According to
Aksani et al., (2018) increase productivy of tidal lowland rice cultivation was achieved by 10
Mg ha-1 rice straw compost, and NPK fertilizers that should be applied are 315 kg urea ha-1,
135 kg SP-36 ha-1 and 90 kg KCI ha-1, Mean that water availablty is not anly a single factor
for increase land productivity. .

Rainfall was in normal condition in year of 2014, soil water elevation was
continuously drop into the lowest point of — 115 cm in September and start to increase when
entering October although it was still in critical depth limit. Safe condition was again
occurred in November, whereas dry climate condition (Elnino) in 2015 showed that soil
water elevation was drop up to depth of — 118 cm which was also occurred in September.
However, condition of soil water elevation was still at critical depth value up to December
due to very limited rainfall. This is due to the fact that soil had high porosity so that farmers
are reluctant to open tertiary channel because rainfall water was assumed to have insufficient
capability to supply soil water table and channels.  Therefore, effort should be done to
deliver water into quarterly channel through water pumping from tertiary channel. This
requires stepping detention during high tidal water in tertiary channel.

Simulation results from Figure 1 showed that open drainage system with distance
between channel of 250 m and channel dimensions as follows: upper width of 2.0 m and
lower width 1.2 m as well as depth of 1.2 m was excessive in term of dimension size. This
channel dimension is high capacity to drain water. Therefore, water losses was very quick
indicated by water drawdown up to 40 cm in case of no rainfall occurrence for two weeks
period.

Simulation using shallow drainage system was subsequently tried in order to
determine the proper channel dimension at peat land with objective to prevent excessive

water losses. The depth of tertiary channel was only 1 m with bottom width of 30 cm.



Simulation result (Figure 2) showed that soil water table drawdown was not as fast as the
existing channel dimension. Simulation result of shallow drainage showed that soil water
table condition in year of 2015 (Elnino) was within safe zone up to June. The control measure
can be done in June period.

Because drainage system had already been built and it was impossible to conduct
filling activity, then the choice was to conduct water retention immediately by using
controlled dam system. Therefore, computer simulation of DRAINMOD was implemented at
initial stage. Simulation was also conducted to determine impact of water retention within
tertiary channel (Figure 4). Water retention simulation would be done during the least rainfall
occurence period in May. Simulation results showed that soil water table elevation can be
increased up to depth of 30-40 cm below soil surface during May-June. Soil water table
elevation was located at 60 cm below soil surface during dry season of July-November. Land
at this condition was relatively safe from fire hazard. This condition would be achieved if soil

water table elevation in tertiary channel was not drop more than 40 cm from soil surface.
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Figure 4. Computer simulation result at shallow drainage condition or 50 cm water
retention

Condition of this controlled drainage system was found in the field during October

where soil water table was located at safe zone, i.e. 40-50 cm below soil surface. This



condition at least also prevent phyrite oxidation, although pumping irrigation supply was
needed to fulfill crop water requirement. Pump facilities are highly needed if farmers would
cultivate corn during dry season at B and C land typhology areas. Pump was only operated
for one month during seed filling phase (generative period) and irrigation was applied once in
a week.

Water retention structure was highly needed because land area at the study location
had high water losses. Control structures are needed to support network operation as water
retention (rainfall harvesting). The dam pattern equipped with overflow structure is the
proper model to be applied in tertiary channel (Figure 5). Farmers currently used sand bags to
withstand water losses. Effort to elevate soil water table elevation can be done by using water
pumping from tertiary channel into quarterly channel which was subsequently delivered
further into collector and micro (worm) channels.

Control drainage is the best option for water management in the area study. Farmer
keep the water in tertiary canal minimum at 50 cm above the bottom level of the canal. By
maintaining water level in the tertiary 50-60 cm than the ground water table purposed above

the piritic layer during the dry season..

Figure 5. Hydraulic structure in tertiary canal for water retention and control drainage in tidal

lowland type C.

4.3. Field Adaptation of Water Dynamics at Dry Season Condition (July 2017)



Water table elevation was hourly observed in order to determine soil water table
dynamics which is affected by fluctuation of water surface in channel. Results of this hourly
observation can be seen in Figure 6. Average value of water table depth was in the range of
37 to 41 cm below soil surface. This magnitude was very ideal for the growth of corn crop.
Hourly observation of soil water table showed that decrease of water surface in secondary
channel was followed by decrease of water surface in tertiary channel, whereas the increase
of water surface in secondary channel was followed by the increase of water surface in
tertiary channel. This condition was not followed by the change of soil water table. The soil
water table movement was relatively stable from maximum depth condition of — 50 cm into
minimum depth condition of — 33 cm. The movement of soil water table was highly affected
by rainfall. The insignificant different of water table depth at tertiary block was due to water
availability in tertiary channel. Therefore, horizontal movement of water (seepage) was
practically small and can be neglected as long as water along tertiary channel was available at

height of 50-60 cm.
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Figure 6. Condition of daily water surface level at tertiary channel and tertiary block in July.
The relationship between water level elevation in tertiary channel and soil water table

as a result of water retention impact (Tabel 4) showed that water level elevation in tertiary



channel on May-July was located at 70 cm depth and water level elevation in secondary
channel was located at 168 cm depth. This condition can produce soil water table elevation at
30 cm below soil surface.

Table 4. Relationship amongst water level at tertiary channel, secondary channel and

soil water table.

No Locations Water surface level (cm)
1 Tertiary channel 70cm
2 Secondary channel 168 cm
3 Soil water table -30 cm

The network operation and corn growth (PS2)
The network operational guideline in tertiary channel could be summarized in Table
5. Operation was conducted each month according to crop growth phases.

Table 5. Model Operation of tertiary network by using goose neck water gate

Month Estimation of ~ Water Operation of goose neck

crop’s growth  management water gate

phases objective Inner Section Outer
Section
May-June Land Controlled Goose neck  Closed
preparation drainage is turned 45°  with valve
and planting materials
July-August ~ Vegetative Controlled Goose neck  Closed
drainage is turned 45°  with valve
materials
September- Generative Supply,  soil Goose neck  Pipeis
October water filling is turned 45°  opened
(additional

supply from




water pump)

Crop evapotranspiration requirement at dry season entering September could not be fulfilled
if solely rely on capillary water movement from soil water table depth of 50 cm. Capillary
water only capable to supply 45 % of crop evapotranspiration requirement at this condition so
that other water supply was needed. Farmers used water pump to fill soil water table (Figure
7).

Significant increase of soil water table was observed on corn cultivation which was
supplied through pump irrigation. Water can be elevated with magnitude of 20 cm. Soil
water table on land without pump irrigation was located at depth of 40-50 cm below soil
surface, whereas soil water table on land supplied with pump irrigation was located at about
30 cm (Figure 8). If soil water table was located at depth of 30 cm below soil surface, then
crop evapotranspiration requirement can be fully supplied from capillary water movement.
Reported by Fan Yang et al., (2011) the capillary rise could not support the crop water
requirement when the ground water table below 2,5m. and when the ground water table

maintenance at 50 cm, than the irrigation is not required.

Figure 7. Pump irrigation on corn cultivation to elevate soil water table level.
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Figure 8. Condition of soil water table at the middle of September 2017 affected by pump
irrigation.

Corn production achieved by using maximum technological inputs consisting of
improvement of irrigation system and soil quality showed good yield with magnitude of
about 3 ton.ha™ although this production level was still lower than corn production achieved
by farmers at Telang 11 area with magnitude of 7-8 ton.ha™ (Imanudin and Bakri, 2014). The
yield of corn would be optimum under water table at 50-60 cm below soil surface (Bakri et
al., 2015). Since the water table drop in more than 100 cm, the performance of corn growth
decrease. Reported by Liu, and Luo (2011) in Australia that the significant contribution of
ground water table is ranging between 40-150 cm. It was contributed more than 65% of the
potential evapotranspiration. However under 40-50 cm the water requirement of crop was

fulfil by water capillary rise.

CONCLUSIONS
e Hydrotopographical characteristics at the study area was classified into C class in which
land area is not receive overflow from high tidal water. However, water availability in

channel is capable to control soil water table.



Komputer model DRAINMOD computer model can be used to estimate fluctuation of
soil water table at several climatic conditions. Simulation results can be utilized to
construct monthly water management plan.

The main objective for water management at tertiary level was water retention due to soil
physical condition which is characterized by high porosity and high hydraulic
conductivity. Therefore, operational model was to retain water during the rainy season
(rainfall harvesting) and controlled drainage during second crop (corn).

Water retention in tertiary channel at depth of 70 cm was capable to maintain soil water
table elevation at 30 cm below soil surface. Soil water table elevation should not be drop
below 50 cm in order to prevent phyrite oxidation.

Liming application at dose of 1-2 ton.ha was still required at initial stage of reclamation

because of high acidity and high aluminium solubility.
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pompa. Aplikasi irigasi ponpa dilakukan pada tanaman jagung memasuki fase generative. Melalui
system pompa air di alirkan dari saluran tersier ke saluran kuarte dan saluran cacing. Dari usaha ini air
tanah naik mencapai kedalaman 30 cm dari permukaan tanah, Sementara pada petakan yang tidak di
berika irigasi pompa air tanah hanya berada di kedalaman 50-60 cm. Selain usaha menaikan muka air
tanah, aplikasi pengapuran masih diperlukan. Aplikasi rendah dosis 1 ton/ha nyata meningkatkan
produksi. Tanaman jagung dengan perlakuan kapur mampu menghasilkan produksi 5 ton/ha, sementara

tanpa perlakuan kapur dan tanpa upaya penaikan muka air tanah hanya menghasilkan 2 ton/ha.

Kata kunci: DRAINMOD; jagung; pengelolaan air; irigasi pompa; rawa pasang surut

INTRODUCTION

Extensive land clearing of tidal lowland areas for agricultural enterprise in South Sumatra was
started since 1969. About 400,000 ha of tidal lowland had been reclaimed through transmigration
progarm. Banyuasin area so far had showed successful effort in rice production at South Sumatra with
magnitude higher than 40 percent of total rice production (Disperta, 2017). However, this successful
effort had not followed by other agricultural areas because planting index at these areas was less than
200 %. One of relatively less productive area is Sugihan Kanan with rice production level of less than 3
ton.ha” and most of its agricultural land had one planting index (Imanudin et al., 2016). The soil is
classified as acid sulphate soil which has high acidity and Alumunium content (Fahmi et al., 2014).
Aluminum toxicity was produced an alteration of biochemical and physiological reaction of plants
and then to their crop productivity. Decreasing in root growth is one of an initial and most evident
symptoms of Al-toxicity. The nutrient availability was decrease also due to bond reaction Al-P
(Koesrini, et al., 2014)

The key success for land management at tidal lowland areas is how to manage SW at'

elevation level required by crop’s root zone (Imanudin et al., 2010; Bakri et al., 2015). Added by F7hmi

et al., (2014). Water status availability in root zone is main factor hat determine.the s

agriculture in acid sulphate soil. Rain water was very important water resources mainly in acid
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sulphate soil. It was due to pyrite oxidation process during dry period, then make ground water high
toxic element and very acid. Fresh water from tide is not possible for land irrigation. Thus, to fulfill
water crop requirement mainly achieved by rain water (Imanudin et al; 2016).

Othe important factor is availability of structures and infrastructure of water management
network to facilitate land leaching process and water flooding in channels. Inadequate drainage facility
frequently results in toxic elements accumulation and high soil acidity ( Bakri et al., 2015). In addition,
not all tidal lowland areas are capable to provide good water quality from secondary channel for supply
(Hartoyo et al., 2010; Megawaty et al., 2012). Many channels had carried acid water or saline water
during dry season which should be prevented from entering tertiary channels (Hairmansis et al., 2017;
Tafarini, and Yazid., 2018). Water gates at tertiary channel are absolutely required to be installed for
control drainage and water retention process (Lasmana et al., 2017; Imanudin et al., 2019).

The construction of field operation planning requires daily water table data during period of rain
and dry seasons either at dry or wet climate conditions. Daily water table data so far is frequently
unavailable, difficult to mesure, and costly . Therefore, DRAINMOD computer model can provide aid

in presenting dynamics condition of daily water table (Madramootoo et al.. 1999: Wahba et al., 2018).

WrvEnoe «mammcen et al | O Added by Skages et al | (2012) statistical analysis shows acceptable
csults where the simulation mode ;/,__ zter level prediction results calibrated with field data
shows Nash-Sutcliffe (EF) modeling efficiency values are 0.68 and 0.72. the daily drainage rate (EF =
0.73) and 0.49), and monthly drainage volume (EF = 0.87 2nd 0.77).The simulated result was high

correlation between predicted and measured (Wan et al, 2009). Proper drainage planning by
DRAIMOD simulation model was also depend on the quality of data input. Physical and Hydrologlcal
parameters such as rainfall, and soil hydraulic conduct1v1ty was very essential data input. (N egm et al.,
2014). Model was also successfully work for developing of land drainage design (Sojka et al, 2019).
The model is able to provide input on the proper use and operate of drainage network infrastructure.
Model could provide better predictions of groundwater table depths under shallower drainage systems.
And produce management tool to minimize environmental issues in agriculture field (Davoodi et al.,
2019).

This paper V\/i{present results of water table dynamics obtained from DRAINMOD modelling

and operational planning that will be implemented during planting season. Field adaptation was
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MATERIALS AND \HZTHODS [ Y7 o

This research was implemented at tidal lowland area of tertiary plot-4 at Bandar Jaya Vilage,
Jalur 25, Air Sugihan Sub istrict, Ogan Komering Ilir District. It was condmober
2017. The research site is classified as C typhology land in which it can not receive water through high
tidal irrigation because high tidal water can not enter into this land. Water from seconday channel only
capable to fill tertiary channel.

Materials used in this study are soil sample, corn seeds, fertilizers, pesticides, crop’s protecting
plastics and chemicals for soil analysis in the laboratory. Equipments used in this study are consisted of
piezometer, wells (perforated PVC pipe), 12 inch PVC pipe, elbow, marking board, water pass,

meteran, soil bor. excavation tube (bailer). stopwatch). flap water gate made of fibre, 10 inch PVC

1lqra A1 MaENIS Car ovalugiion ~£ water +otnic at tertarv L1~ and

layer depth, soil hydraulic conductivity value and climate data consisun

rainfall. Water network information is consisted of e depth and

—

Simulation was conducted to determine so'ﬂ water table dynamics at dry and wet climat
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The corn seeds usm this study was Pioner P21 variety. In order to support land drainage system.

far ed micro channel w1th depth of 30 cm and distance between channels in the range of 8 /

to 10 m. : / P
, /RJ 5%

There are two treatments Wete used in this study:

o first, crop without lime addition and water source only from water gate retention; supply water

P
~

-

only form the water capillarity movement

o second, crop with lime addition at dose of 1.5 ton. ha! and water supply from 1rr1gat1on by using

pump. In order to provide water in tertiary channel for pumping operation, farmers had conducted

Observation of water table monitoring was extended to period prior to dry season in May 2017.

ety
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temporary water retention (dam) by using canvas platics. Pumping opration was conducted at
crop’s generative phase. Irrigation used in this study was furrow irrigation in which water is
delivered to fill collector channel and water from this channel subsequently was distributed to fill

micro channel. Irrigation was applied once in a week.

The computer model DRAINOD was used for predicting daily water table as effect of deference
climatic condition. Data input of DRAINMOD simulation model were hydraulic conductivity, soil
water retention, and land drainage system (drain spacing, depth and width of ch lel), and crop
physiological data. Scenario for model operational was constructed based on different climatic

conditions.

Analysis method for soil water status under root zone was calculated using SEW-30 concept.
The calculation of SEW-30 is based on Sieben formula (Skaggs et al, 2012). This concept is used to
determine condition of soil water excess (cm/day) during crop growth period. Concept of water excess
30 cm above the root zone has an objective to evaluate fluctuation height of soil water table during wet
period (rainy season) within tidal lowland agriculture area (Imanudin et al., 2018). Value of water

ne can be calculated in order to nredict <o

e ate e e o1l water excess during crop

N Lol U0 Lalvaialod 11 viacol W picdalct

SEW —30=) (30-x [1]

where x; is soil water table at (days to), with i is the first day and n is number of davs during crop

growth. The DRAINMOD model actually calculate hourly value of SEW-30 cm instead of daily value

so that calculation of SEW-30 value is more accurate and can be formulated by using the following

equation:

SEW -30=) (30-x,)/24 2]
j=1
where x; is soil water table at the end of respective hours and m is total hours during crop growth
period. Water table position with critical limit of 30 cm is done with consideration value of 30 cm

below soil surface is selected because most of food crops will experience physiological disturbance if
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30 cm depth zone or even below 20 em depth zone (Imanudin et al., 2011: Imanudin et al., 2019).

RESULTS AND DISCUSSION
Soil Physical Characteristics
Soil physical characteristics at the study area is shown on Table 1. Soil has high porosity and

low bulk density in top layer. This is indicated that soil had relatively high total pore space resulting in

relatively high water holding capacity. The decrease of soil bulk density is followed by the decrease of
?*“”-—_\‘:’),/«4‘» -

total pore space at deeper soil layers. Refer to the water movement means that on the rotting zone area

the water movement was easy to drain and submerges by gravity forces.

’4 ' s
— g / P

Soil layer above 60 cm showed the increase /6f clay content so that soil bulk density can be
classified into mineral soil. The main limiting factor is soil acidity level than can be classified as acid

soil with pH of 4-5. It is also reported also by Koesrini et al.. (2014) when pH <5 the Aluminum

AXICTEV 1< INeTreaca Sm cns L 1s the main stress factor for nlant orowth on +d- ywland aorerilo - =
AICILY 1S INCrease 1n soil. > U< INain SIress 1actor 1or plant erowth ULl Udal 10wland agrniculture

Iable 1. Soil physical characteristics and soil acidity kevel

Depth Bulk Density  Total Pore Space ~ pH \w \/
Y
(gfem? (%) .

//‘/ \) ( ~ )

, !“ / )
0-30 cm 0.67 N 77 48 ‘\ / bf—//A )

5 — %AJ |

30-60 cm 0.74 41 73 e

> 60 cm 0.98 64 42 /

Soil textural class is showed by ratio of clay, sand and loam fractions (Table 4.2 Although soil
fraction composition had occurred, soil texture at the study area is qualitatively can be classified into

loamy clay class. Clay fraction tend to increase with the increase of soil depth.
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Depth Soil Texture
Sand Cla Silt

0-30 cm 294 7.6 63 Loamy clay

30-60 cm 26.4 14.6 59 Loamy clay

>60 cm 14.4 21.6 64 Loamy clay

Clay fraction with magnitude of 7.6 % at soil layer depth 0 - 30 cm had increased to 21.6 % at
soil layer depth of 60 cm. The increase of clay fraction below soil surface had produce beneficial
effect in which land is capable to store water at depth above 60cm so that soil water depth at this layer
is not quickly deplete. In addition, soil water contribution at this layer through capillary movement is
very important to supply crop water requirement. According to Zipper et al., (2015) the contribution of

ground water through capillary rise is strongly depend on soil texture. Increasing clay fraction on the

cvapotranspiration. In this case me that the supply water was required to fulfil crop water

requirement when the water table start drop at 70 cm.

Computer Simulation of DRAINMOD in estimating soil water table

DRAINMOD is drainage model that capable to estimate the depth of soil water table for swamp
lowland and peat land areas. The main inputs for this model are consisted of rainfall, crop
evapotranspiration, soil hydraulic conductivity and drainage network characteristics data. Condition of

water flow within soil is assumed to be constant (steady condition) in Drainmod model (Skaggs et al,

2012).

In case of reclaimed tidal lowland area at Sugihan Kanan, some model inputs were consisted of

soil hydraulic conductivity of 0.34 m.day™, impermeable layer depth of 2 m, distance between tertiary

channels at current condition in the field was 250 m, initial soil water dﬁ;pth,is, assum%dlo cm below

soil surface and average channel depth of 1.5 m. The constructed scenario can be seen in Table 3.
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ABSTRACT

The primary key to successful agricultural cultivation is maintaining the groundwater level to fulfill crop water
requirements, particularly during the dry season. Field study was conducted in Tidal reclamation area of section 25
at Sugihan Kanan, Bandar Jaya Village, Air Sugihan, Ogan Komering Ilir District of South Sumatra. The DRAINMOD
computer model was used to simulate water levels in dry and wet climatic conditions. The principal measured
parameters are soil hydraulic conductivity and drain spacing, as well as daily rainfall data. The simulation results
showed that the research area belongs to the rainfed type, and the main objective of water management is to retain
water and determine some efforts to increase the groundwater level through pump irrigation in the dry season. The
application of pump irrigation was applied to the plant entering the generative phase. The pump irrigation was
provided to distribute water into the quarter and worm (micro) channels. The effect of this application caused the
groundwater level to approach about 30 cm below the soil surface, while groundwater level in areas without pump
irrigation facility was in the range of 50-60 cm. Besides efforts to increase the water table, liming is still required in
order to increase production. Lime application of 1 Mg ha'! had a significant effect on increasing production. Corn
production with this treatment could produce 5 Mg ha!, while non-treated land areas only produce 2-3 Mg ha'..

Keywords: Corn, DRAINMOD, pump irrigation, tidal lowland, water management

INTRODUCTION

Extensive land clearing of tidal lowland areas
for agricultural enterprise in South Sumatra was
started in 1969. About 400,000 ha of tidal lowland
had been reclaimed through the transmigration
program. Banyuasin area has shown successful
effort in rice production at South Sumatra with a
magnitude higher than 40 percent of total rice
production (Desperate 2017). However, this
successful effort had not followed by other
agricultural areas because the planting index at these
areas was less than 200%. One relatively less
productive area is Sugihan Kanan, with a rice
production level of fewer than 3 Mg.ha!, and most
of its agricultural land had one planting index
(Imanudin et al. 2016). The soil is classified as acid
sulfate soil, with high acidity and Alumunium content
(Fahmi et al. 2014). Aluminum toxicity has

J Trop Soils, Vol. 26, No. 3, 2021:
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produced an alteration of biochemical and
physiological reactions of plants and then to their
crop productivity. Decreasing root growth is one of
the initial and most evident symptoms of Al-toxicity.
The nutrient availability was also decreasing due to
bond reaction Al-P (Koesrini et al. 2014). On the
other hand, Increasing levels of aluminum and iron
in the soil solution also cause a decrease in the
quality of water in the canals, soil pH and water pH
dropping to a range of 2.3-3. Then the water
channeled should be fluch out and replaced by
freshwater from the rain or tidewater
(Sukitprapanon et al. 2019).

The key success for land management at tidal
lowland areas is how to manage soil water level at
elevation level required by crop’s root zone
(Imanudin et al. 2010; Bakri et al. 2015). According
to Fahmi et al. (2014), water status availability in
the root zone is the main factor determining the
thriving agriculture in acid sulfate soil. Rainwater
was an essential water resource, mainly in acid
sulfate soil. The pyrite oxidation process during a
dry period made groundwater a highly toxic element
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and very acidic. Freshwater from the tide is not
possible for land irrigation. Thus, to fulfill water crop
requirement mainly achieved by rainwater (Imanudin
et al. 2019). Therefore water retention in channels
is vital to the block technique (Nurzakiah ez al. 2016
[Belum ada pada Refference]). Water in the canal
is managed at a 60-90 cm depth to create
groundwater at 10-30 cm (Herawati et al. 2020
[Belum ada pada Refference]). Diharapkan dengan
sistem drainase terkendali air di saluran tetap
tersedia untuk menjaga agar air tanah berada dalam
zona akar dan selalu diatas lapisan pirit (Sasirat et
al. 2019) [Belum ada pada Refference].

Another critical factor is the availability of
structures and infrastructure of water management
networks to facilitate the land leaching process and
water flooding in channels. Inadequate drainage
facility frequently results in toxic elements
accumulation and high soil acidity (Bakri et al.
2015). In addition, not all tidal lowland areas can
provide good water quality from a secondary channel
for supply (Hartoyo et al. 2010; Megawaty et al.
2012). Many channels had carried acid water or
saline water during the dry season, which should be
prevented from entering tertiary channels
(Hairmansis ef al. 2017; Tafarini and Yazid 2018).
Watergates at the tertiary channel must be installed
to control the drainage and water retention process
(Lasmana et al. 2017; Imanudin et al. 2019).

The construction of field operation planning
requires daily water table data during rain and dry
seasons, either at dry or wet climate conditions
(Imanudin et al. 2010; Negm et al. 2016). Daily
water table data so far is frequently unavailable,
difficult to measure, and costly. Therefore, the
DRAINMOD computer model can aid in presenting
the dynamics condition of the daily water table
(Madramootoo et al. 1999 [Belum ada pada
Refference]; Wahba et al. 2018; Askar et al. 2020
[Belum ada pada Refference]). This data can be
used to construct weekly water management
operational plans in the field for crop cultivation
(Imanudin et al. 2011). According to Skaggs ef al.
(2012), statistical analysis shows acceptable results
where the simulation model with daily water level
prediction results calibrated with field data shows
Nash-Sutcliffe (EF) modeling efficiency values are
0.68 and 0.72, the daily drainage rate (EF = 0.73)
and 0.49), and monthly drainage volume (EF =0.87
and 0.77). The simulated result was a high
correlation between predicted and measured (Wan
et al. 2009; Malakshahi et al. 2020). Proper
drainage planning by the DRAIMOD simulation
model also depended on the quality of data input.
Physical and Hydrological parameters such as

rainfall and soil hydraulic conductivity were essential
data input. (Negm et al. 2014; Askar et al. 2020
[Belum ada pada Refference]). The model was also
successful for developing land drainage design
(Sojka et al. 2019). The model can provide input on
the proper use and operation of drainage network
infrastructure (Askar et al. 2020 [Belum ada pada
Refference]). The model could provide better
predictions of groundwater table depths under
shallower drainage systems. Moreover, produce
management tools to minimize environmental issues
in the agriculture field (Davoodi ef al. 2019). The
DRAINMOD model is excellent drainage modeling
for estimating the depth of the groundwater table
(Davoodi et al. 20019). The estimated groundwater
level from simulation and modeling results shows
the value of r> = 0.93 (Ashkan et al. 2020). An
adaptation model for the tropical area has been
carried out in tidal lowland reclamation areas in
Banyuasi, South Sumatra. The simulation result
found r? 0.83. Hydrological parameters are essential
factors that will have a better statistical analysis
(Imanudin et al. 2011).

This paper will present the results of water table
dynamics obtained from DRAINMOD modeling
and operational planning implemented during planting
season. Field adaptation was conducted by corn
planting at dry season. The recommended
DRAINMOD model for water supply in tertiary
channels will be implemented by rainfall harvesting
method (passive approach) and active approach
through water pumping from the tertiary channel
during the dried condition. The objectives of this field
study are to construct the operational model for a
water table control for agriculture purposes.

MATERIALS AND METHODS

This research was implemented at the tidal
lowland area of tertiary plot-4 at Bandar Jaya
Village, Jalur 25, Air Sugihan Subdistrict, Ogan
Komering Ilir District (Figure 1). It was conducted
from May to October 2017. The research site is
classified as C typhology land in which it can not
receive water through high tidal irrigation because
high tidal water can not enter into this land. Water
from secondary channel only capable of filling
tertiary channel.

Materials used in this study are soil samples,
corn seeds, fertilizers, pesticides, crops protecting
plastics, and chemicals for soil analysis in the
laboratory. Equipment used in this study are
consisted of a piezometer, wells (perforated PVC
pipe), 12 inch PVC pipe, elbow, marking board, water
pass, meter, soil bor, excavation tube (bailer),
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Figure 1. Maps of the area study in tidal lowland recamations of sugihan.

stopwatch), flap watergate made of fiber, 10 inch
PVC pipe, digital camera, and agricultural
equipment. For evaluation of water status at tertiary
block and land, drainage planning was conducted
through computer simulation using DRAINMOD
5.1 software (Skaggs et al. 2012).

The conceptual model to develop
DRAINMOD is based on the water balance analysis
within vertical soil column unit per surface area.
The calculation starts from the impermeable layer
up to the soil surface between drainage channels
(Skaggs 1978). Calculation of water balance within
soil profile for a time period of dt is mathematical
can be expressed as follows :

AVa=F —D-Ds [1]

P=F+RO+AS (2]
Where A Vg xiis the change of soil air volume (cm),
F is infiltration (cm), ET is evapotranspiration (cm),
D is lateral flow (negative sign indicates drainage
flow and a positive sign indicates subsurface
irrigation conditions) in cm, Ds is side seepage flow
(positive sign indicates capillary flow upward) in cm,
P is precipitation (rainfall) in cm, RO is surface flow
(cm), and ASXj is the change of surface water

storage. As an illustration, the drainage profile system
in DRAINMOD can be seen in Figure 2.

Rainfall

Surface Runoff -«

Evapotranspiration

2o P
|

v
Infiltration
Surface Storage Water Table
Ditch Drainage Drain Tube
Seepage
I

&

Restrictive Storage

Figure 2. Schematic view of water table control system in open channel and subsurface.

(Skaggs 1978).



46 MS Imanudin et al.: (Tolong tambahkan running title)

Rainfall inputs in the DRAINMOD model are hourly
rainfall, and maximum and minimum temperatures,
which are read from weather data and water
balance conducted every hour.

Input parameters for DRAINMOD are soil
physical characteristics consisting of impermeable
layer depth, soil hydraulic conductivity value, and
climate data consisting of temperature and daily
rainfall. Water network information has consisted
of the depth and distance amongst channels. A
simulation was conducted to determine soil water
table dynamics at dry and wet climate conditions.

Observation of water table monitoring was
extended to a period prior to dry season in May
2017. The corn seeds used in this study were Pioneer
P21 varieties. To support the land drainage system,
farmers developed a microchannel up to 30 cm with
a distance between channels of 8 to 10 m.

There are two treatments were used in this
study:

firstly, crop without lime addition and water
source only from watergate retention; supply water
only from the water capillarity movement;

Secondly, a pump added crops with 1.5 Mg.ha
!'lime and water supply from irrigation. In order to
provide water in the tertiary channel for pumping
operation, farmers had conducted temporary water
retention (dam) by using canvas plastics. The
pumping operation was conducted at the crop’s
generative phase. Irrigation used in this study was
furrow irrigation in which water is delivered to fill
collector channel, and water from this channel
subsequently was distributed to fill microchannel.
Irrigation was applied once a week.

The computer model DRAINMOD was used
for predicting the daily water table as the effect of
deference climatic conditions. Data input of the
DRAINMOD simulation model were hydraulic
conductivity, soil water retention, land drainage
system (drain spacing, depth, and width of channel),
and crop physiological data. The scenario for the
model operation was constructed based on different
climatic conditions.

The analysis method for soil water status under
the root zone was calculated using the SEW-30
concept. The calculation of SEW-30 is based on
the Sieben formula (Skaggs et al. 2012). This
concept is used to determine the condition of soil
water excess (cm day') during the crop growth
period. The concept of water excess 30 cm above
the root zone has an objective to evaluate fluctuation
height of soil water table during a wet period (rainy
season) within tidal lowland agriculture area
(Imanudin ef al. 2018). The value of water excess

30 cm above the root zone can predict soil water
excess during crop growth. The equation used for
this calculation is as follows:

SEW -30=>(30-x,) [1]
i=1

x. is the soil water table at (days too), with i is the
first day and n is the number of days during crop
growth. The DRAINMOD model calculates the
hourly value of SEW-30 cm instead of the daily value
so that the calculation of SEW-30 value is more
accurate and can be formulated by using the
following equation:

m
SEW =30=3% (30-x,)/24 |y
j=1

Xi is the soil water table at the end of respective
hours, and m is the total hours during the crop
growth. Water table position with a critical limit of
30 cm is done with consideration value of 30 cm
below the soil surface is selected because most of
the food crops will experience physiological
disturbance if the soil water table is drop down from
30 cm point or increase upward from 30 cm point
from the soil surface. If soil water is far from the
critical value of 30 cm or closes to the soil surface,
it will create excess water conditions (Negm et al.
2014). This condition is applied for non-rice food
crops. On the contrary, rice crop is withstanding
water flooding condition and will experience stress
if soil water is below 30 cm depth zone or even
below 20 cm depth zone (Imanudin ef al. 2011;
Imanudin et al. 2019).

RESULTS AND DISCUSSION

Soil Physical Characteristics

Soil physical characteristics in the study area
are shown in Table 1. Soil has high porosity and low
bulk density in the top layer. Meaning that soil had
relatively high total pore space resulting in relatively
high water holding capacity. The decrease of soil
bulk density is followed by the decrease of total pore
space at deeper soil layers. The water movement
means that on the rotting zone area, the water
movement was easy to drain and submerge by
gravity forces.

The soil layer above 60 cm showed the increase
of clay content so that soil bulk density can be
classified into mineral soil. The main limiting factor
is soil acidity level than can be classified as acid soil
with a 4-5. It is also reported by Koesrini et al.
(2014) when pH <5, the Aluminum toxicity is an
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Table 1. Soil physical characteristics and soil acidity level.

Bulk Density

Total Pore Space

Depth (g cm™ (%) pH
0-30 cm 0.98 46 4.8
30-60 cm 1.15 48 4.6
> 60 cm 1.25 55 4.2

increase in soil. It is the main stress factor for plant
growth in tidal lowland agriculture.

Soil textural class is shown by the ratio of clay,
sand, and loam fractions (Table 2). Although soil
fraction composition had occurred, soil texture at
the study area is qualitative can be classified into
silt loam class at 0-60 cm and clay texture in the
layer of 60 cm below the soil surface. Clay fraction
tends to increase with the increase of soil depth.

Clay fraction with the magnitude of 7.6 % at
soil layer depth 0 - 30 cm had increased to 21.6 %
at a depth of 60 cm. The increase of clay fraction
below soil surface had produced a beneficial effect
in which land can store water at depth above 60cm
so that soil water depth at this layer is not quickly
depleting. In addition, soil water contribution at this
layer through capillary movement is significant to
supply crop water requirements. According to
Zipper et al. (2015), the contribution of groundwater
through capillary rise is strongly dependent on soil
texture, and increasing clay fraction on the soil more
provides water by capillary rise than soil having
sandy soil. Added by Gao et al. (2017), at

groundwater depth 1 m below the soil surface, the
capillary upward was supplied about 41% of the
crop evapotranspiration, which means that the water
supply was required to fulfill crop water
requirements when the water table started to drop
at 70 cm.

Computer Simulation of DRAINMOD in
estimating soil water table

DRAINMOD is a drainage model capable of
estimating the depth of soil water table for swamp
lowland and peatland areas. The main inputs for
this model are consist of rainfall, crop
evapotranspiration, soil hydraulic conductivity, and
drainage network characteristics data. The water
flow condition within the soil is assumed to be
constant (steady condition) in the Drainmod model
(Skaggs et al. 2012).

In the case of reclaimed tidal lowland area at
Sugihan Kanan, some model inputs have consisted
of soil hydraulic conductivity of 0.34 m.day,
impermeable layer depth of 2 m, the distance

Table 2. Distribution of sand, loam and clay fractions at several soil layers.

Percentage (%)

Depth Sand Clay Silt Soil Texture
0-30 cm 29.4 7.6 63 Silt Loam
30-60 cm 26.4 14.6 59 Silt Loam
>60 cm 14.4 64 21.6 Clay

Table 3. Scenario planning constructed at the initial stage of DRAINMOD

simulation.

Water management options

Microclimate scenario

(without control)

Conventional Using

control

Normal Rainfall Condition in the
Year of 2014

Dry Rainfall Condition (El Nino) in
the Year 2015

Wet Rainfall Condition (Lanina) in
the Year 2016

Soil water table Soil water table

indicator indicator
Soil water table Soil water table

indicator indicator
Soil water table  Soil water table

indicator indicator
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between tertiary channels at a current condition in
the field was 250 m, initial soil water depth is assumed
10 cm below the soil surface and average channel
depth of 1.5 m. The constructed scenario can be
seen in Table 3. The simulation was conducted at
two climatic conditions: typical climate (average
rainfall) and dry rainfall due to Elnino. The simulation
stages have consisted of simulation on the existing
network condition without control effort followed
by simulation on watergate operation.

Computer simulation results of DRAINMOD
for wet and dry climate conditions are shown in
Figure 3. Simulation results showed that the soil
water table variation at the condition of the initial to
the final rainy season had a safe value in land firing
probability. However, simulation results also showed
that over drain had been occurred on land, and they
were indicated by a quick drawdown of soil water
table elevation in case of no rainfall occurrence for
more than one week period. The soil water table
fluctuation results either at normal or dry rainfall
conditions (Elnino) showed a similar trend in terms
of soil water table conditions for the January-May
period.

The land was still in safe condition from fire
hazards during this period. Although the soil water
table drops into critical depth value (80 -100 cm),
rainfall still occurred so that soil water elevation
could increase again close to 30 ¢cm depth. The
vulnerable condition started to occur at days of 140
(entering of May) in which rainfall was decreased,

and soil water elevation was continuously drop
exceeding the critical limit (- 80cm). In this period,
pyrite oxidation could also haven and create a
decreasing pH in the root zone.

On the other hand, the soil has a pyrite layer
around 60-70 cm below the soil surface. When the
groundwater table level drops to 100 cm, an oxidation
layer will occur. This process would produce high
soil acidity and increase the solubility of iron and
aluminum content, which may be harmful to crops-
reported by Koesrini et al. (2014) that applying lime
with 2.0 Mg ha! is still required for increasing pH
in the soil. Added by Fahmi et al. (2014), the lime
application was efficient in combination with good
land preparation through intensive soil leaching and
intermittent waterlogging. It was also reported by
Ar-Riza et al. (2015) that the main problem is
challenging to get fresh water for the leaching and
flushing process. Those for managing acid sulfate
soil are still required lime application to increase pH.
According to Aksani et al. (2018), increased
productivity of tidal lowland rice cultivation was
achieved by 10 Mg ha'' rice straw compost, and
NPK fertilizers that should be applied are 315 kg
urea ha!, 135 kg SP-36 ha!, and 90 kg KCI ha',
Mean that water availability is not only a single factor
for increase land productivity.

Rainfall was average in 2014; soil water
elevation continuously dropped to the lowest point
of — 115 cm in September and started to increase
when entering October, although it was still within

50 41
-100 -

-150 A

Water tablet depth (cm)

-200 A

-250 -

Figure 3. Soil water table fluctuation resulting from DRAINMODsimulation model under control and of
without control. ——m—: Year 2014 (wet condition), mege=: Year 2015 (dry condition).
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the critical depth limit. The safe condition again
occurred in November, whereas the dry climate
condition (Elnino) in 2015 showed that soil water
elevation dropped to a depth of — 118 cm, which
occurred in September. However, soil water
elevation was still at a critical depth value up to
December due to minimal rainfall. Since soil had
high porosity, farmers were reluctant to open tertiary
channels because rainfall water was assumed to be
insufficient to supply the soil water table and
channels. Therefore, water pumping from the
tertiary channel should be made to deliver water
into quarterly channels, which requires stepping
detention during high tidal water in the tertiary
channel.

Simulation results from Figure 1 showed an
open drainage system with the distance between
channels of 250 m and channel dimensions as
follows: upper width of 2.0 m and lower width 1.2
m, as well as the depth of 1.2 m, was excessive in
terms of dimension size. This channel dimension is
a high capacity to drain water. Therefore, water
losses were rapid, indicated by a water drawdown
of up to 40 cm in case of no rainfall for two weeks.

Simulation using a shallow drainage system was
subsequently tried to determine the proper channel
dimension at peatland to prevent excessive water
losses. The depth of the tertiary channel was only 1
m with a bottom width of 30 cm. Simulation result
(Figure 2) showed that soil water table drawdown
was not as fast as the existing channel dimension.

Simulation results of shallow drainage showed that
soil water table condition in 2015 (Elnino) was within
a safe zone up to June. The control measure can be
done in the June period.

Because the drainage system had already been
built and it was impossible to conduct filling activity,
the choice was to conduct water retention
immediately using a controlled dam system.
Therefore, a computer simulation of DRAINMOD
was implemented at the initial stage. The simulation
was also conducted to determine the impact of water
retention within the tertiary channel (Figure 4).
Water retention simulation would be done during the
least rainfall occurrence period in May. Simulation
results showed that soil water table elevation could
be increased up to a depth of 30-40 cm below the
soil surface during May-June. Soil water table
elevation was located at 60 cm below the soil surface
during the dry season of July-November. Land at
this condition was relatively safe from fire hazards.
This condition would be achieved if soil water table
elevation in the tertiary channel was not dropped
more than 40 cm from the soil surface.

The condition of this controlled drainage system
was found in the field during October, where the
soil water table was located at a safe zone, i.e., 40-
50 cm below the soil surface. This condition also
prevents pyrite oxidation, although pumping irrigation
supply was needed to fulfill crop water requirements.
Pump facilities are highly needed if farmers cultivate
corn at B and C land typology areas during the dry
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Figure 4. Computer simulation result at shallow drainage condition or 50 cm water retention. —m=— : Water
retention Option, g==: N0 option (Uncontroll).
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Figure 5. Hydraulic structure in tertiary canal for water retention and control drainage in tidal

lowland type C.

season. The pump was only operated for one month
during the seed filling phase (generative period), and
irrigation was applied once a week.

A water retention structure was highly needed
because the land area at the study location had high
water losses. Control structures are needed to
support network operation as water retention
(rainfall harvesting). The dam pattern equipped with
an overflow structure is the proper model for the
tertiary channel (Figure 5). Farmers currently use
sandbags to withstand water losses. The effort to
elevate soil water table elevation can be made by
water pumping from the tertiary channel into the
quarterly channel, which was subsequently delivered
further into the collector and micro (worm) channels.

Control drainage is the best option for water
management in the area study. The farmer keeps

the water in the tertiary canal minimum at 50 cm
above the bottom level of the canal. By maintaining
the water level in the tertiary 50-60 cm than the
groundwater table purposed above the pyritic layer
during the dry season.

Field Adaptation of Water Dynamics at Dry
Season Condition (July 2017)

Water table elevation was hourly observed to
determine soil water table dynamics, which is
affected by the fluctuation of water surface in the
channel. Results of this hourly observation can be
seen in Figure 6. The average value of water table
depth was 37 to 41 cm below the soil surface, and
this magnitude was ideal for the growth of the corn
crop. Hourly observation of the soil water table
showed a decrease of water surface followed by a
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Figure 6. Condition of daily water surface level at the tertiary channel and tertiary block in July. —#—"
Water table in secondary canal, —#— : water table in tertiary, —«—: ground water table.
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Table 4. The relationship amongst water level at the tertiary channel,
secondary channel, and soil water table.

No Locations

Water surface level (cm)

Tertiary channel
Secondary channel
Soil water table

W N =

70 cm
168 cm
-30 cm

decrease in the secondary channel in the tertiary
channel. In contrast, the increase of water surface
in the secondary channel was followed by the
increase in the tertiary channel. The change of soil
water table did not follow this condition. The soil
water table movement was relatively stable from a
maximum depth condition of — 50 cm into a minimum
depth condition of — 33 cm. The movement of the
soil water table was highly affected by rainfall. The
insignificant difference in water table depth at the
tertiary block was due to water availability in the
tertiary channel. Therefore, the horizontal movement
of water (see page) was practically slight and can
be neglected as long as water along the tertiary
channel was available at the height of 50-60 cm.
The relationship between water level elevation
in the tertiary channel and soil water table as a result
of water retention impact (Tabel 4) showed that
water level elevation in a tertiary channel on May-
July was located at 70 cm depth and water level
elevation in the secondary channel was located at
168 cm depth. This condition can produce soil water
table elevation at 30 cm below the soil surface.

The network operation and corn growth (PS2)

The network operational guidelines in the
tertiary channel can be summarized in Table 5. The
operation was conducted each month according to
crop growth phases.

Crop evapotranspiration requirement at dry
season entering September could not be fulfilled if
solely rely on capillary water movement from soil
water table depth of 50 cm. Capillary water could
only supply 45% of crop evapotranspiration
requirements at this condition, so another water
supply was needed. Farmers used a water pump to
fill the soil water table (Figure 7).

A significant increase of soil water table was
observed on corn cultivation which was supplied
through pump irrigation. Water can be elevated with
amagnitude of 20 cm. The soil water table on land
without pump irrigation was located 40-50 cm below
the soil surface, whereas the soil water table on
land supplied with pump irrigation was located at
about 30 cm (Figure 8). If the soil water table was
located at a depth of 30 cm below the soil surface,
then crop evapotranspiration requirement can be
fully supplied from capillary water movement. Fan
Yang et al. (2011 [belum ada pada reference])
reported that the capillary rise could not support the
crop water requirement when the groundwater table
was below 2.5m. Moreover, when the groundwater
table maintenance is at 50 cm, irrigation is not
required.

Corn production achieved using maximum
technological inputs consisting of improvement of
irrigation system, and soil quality showed good yield
with a magnitude of about 3 Mg.ha!. However, this

Table 5. Model Operation of the tertiary network by using gooseneck watergate.

Estimation of Water Operation of gooseneck watergate
Month crop’s growth mgnagement Inner Section Outer Section
phases objective
May-June Land preparation ~ Controlled The gooseneck  Closed with
and planting drainage is turned 45° valve materials
July-August Vegetative Controlled The gooseneck  Closed with
drainage is turned 45° valve materials
September- Generative Supply, soil water The gooseneck  Pipe is opened
October filling is turned 45°
(additional
supply from

water pump)
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Figure 7.

Pump irrigation on corn cultivation to elevate soil water table level.
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Figure 8. The condition of the soil water table in the middle of September 2017 was

affected by pump irrigation.

production level was still lower than corn production
achieved by farmers at the Telang II area with a 7-
8 Mg.ha! (Imanudin and Bakri 2014). The yield of
corn would be an optimum underwater table at 50-
60 cm below the soil surface (Bakri and Bernas
2015). Since the water table dropped by more than
100 cm, the performance of corn growth decreased
as reported by Liu and Luo (2011) in Australia that
the significant contribution of the groundwater table
ranges between 40-150 cm. It was contributed more
than 65% of the potential evapotranspiration.
However, capillary water rise fulfilled the crop’s
water requirement under 40-50 cm.

CONCLUSIONS

Hydrotopographical characteristics at the study
area were classified into C class in which land area
does not receive the overflow from high tidal water.

However, water availability in the channel is capable
of controlling the soil water table.

Komputer model DRAINMOD computer
model can be used to estimate fluctuation of the soil
water table at several climatic conditions. Simulation
results can be utilized to construct a monthly water
management plan.

The main objective for water management at
the tertiary level was water retention due to physical
soil conditions characterized by high porosity and
high hydraulic conductivity. Therefore, the
operational model was to retain water during the
rainy season (rainfall harvesting) and control
drainage during the second crop (corn).

Water retention in the tertiary channel at a depth
of 70 cm could maintain soil water table elevation
at 30 cm below the soil surface. Soil water table
elevation should not be a drop below 50 cm in order
to prevent pyrite oxidation.
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At the initial reclamation stage, limiting
application at a dose of 1-2 Mg ha™! was still required
because of high acidity and high aluminum solubility.

ACKNOWLEDGMENTS

This research could be done through funding
by a research grant of the Ministry of Research,
Technology and Higher Education of the Republic
of Indonesia. The competitive research program of
Sriwijaya University.

REFERENCES

Ashkan-AM, AD- Naftchali and B Mohseni. 2020.
Analyzing water table depth fluctuation response
to evapotranspiration involving DRAINMOD
model. Agr Water Manage 234: 106125 https://
doi.org/10.1016/j.agwat.2020.106125

Aksani D, D Budianta and A Hermawan. 2018.
Determination of site-specific NPK fertilizer rates for
rice grown on tidal lowland. J Trop Soils 23: 19-25.

Ar-Rizal, M Alwi and Nurita. 2015. Rice yield improvement
in acid sulphate soil through combination of
leaching treatment and soil tillage. J Agron Indones
43:105-110

Bakri Imanudin MS and SM Bernas. 2015. Water retention
option of the drainage system for dry season corn
cultivation at tidal lowland area. J Agrivita 37:2377-
246.

Davoodi K, DN Abdullah and AM Ghasem. 2019.
Evaluating DRAINMOD-S to predict drainage water
salinity and groundwater table depth during winter
cropping in heavy textured paddy soils. Irrig Drain
68:559-572.

Desperate. 2017. Yearly Reports on the agriculture and
horticultural agencies of the South Sumatra
Province. Palembang.

Fahmi A, S Ani and R Ahmad. 2014. Influence of height
waterlogging on soil physical properties of potential
and actual acid sulphate soils. J Trop Soils 19: 77-
83.

Gao X, H Zailin, Q Zhongyi, Xu Xu, H Guanhua and SS
Tammo. 2017. Modeling contribution of shallow
groundwater to evapotranspiration and yield of
maize in an arid area. Sci Rep-UK 7: 43122. doi:
10.1038/srep43122

Hairmansis A, Nafisah and A Jamil. 2017. Towards
developing salinity tolerant rice adaptable for
coastal regions in indonesia. In 2nd international
conference on sustainable agriculture and food
security: A comprehensive approach, KnFE Life Sci
2017:72-79. doi: 10.18502/kls.v2i6.1021.

Hartoyo S, R Erwin, GI Sumarjo, HS Robiyanto, S Bart,
FX Surjadi and DE Ad Van. 2010. Land and water
management of tidal lowlands: experiences in telang
and saleh, South Sumatra. Irrig Drain J 59:317-335.

Imanudin MS, ME Armanto and Bakri.2019.
Determination of planting time of watermelon under
a shallow groundwater table in tidal lowland
agriculture areas of South Sumatra, Indonesia. /rrig
Drain J 68:488-495. https://doi.org/10.1002/ird.2338

Imanudin MS, W Elisa, ME Armanto. 2018. Option for
land and water management to prevent fire in
peatland areas of Sumatera, Indonesia. J Wetlands
Environ Manage 6: 12-26.

Imanudin MS, Bakri and K Yaswan. 2016. Study of micro
water management to improve land quality at tidal
lowland area of air sugihan kanan, South Sumatra.
Paper presented in National Seminar of Suboptimal
Land. 2016, Palembang 20-21 October 2016.

Imanudin MS and Bakri. 2014. Study of corn cultivation
during rainy season at tidal lowland reclaimed area in
effort to develop 300% planting index. Proceeding of
National Seminar of INACID 16-17 Mei 2014,
Palembang, South Sumatra. ISBN 978-602-70580-0-2.

Imanudin MS, M.E Armanto and RH Susanto. 2011.
Developing seasonal operation for water table
management in tidal lowland reclamations areas at
South Sumatera, Indonesia. J Trop Soils 16: 233-
244. doi: 10.5400/jts.2011.16.3.233

Imanudin MS, E Armanto, RH Susanto and SM Bernas.
2010. Water status evaluation on tertiary block for
developing land use pattern and water management
strategies in acid sulphate soil of saleh tidal lowland
reclamation areas of South Sumatra. J Agrivitas 32:
241-253.

Koesrini, E William and D Nursyamsi. 2014. Application
of lime and adaptable variety to increase tomato
productivity at potential acid sulphate soil. J Trop
Soils 19: 69-76.

LasmanaY, S Parlinggoman, G Muhammad, Sotyadarpita
and T Budi. 2018. Potential of tidal lowland for
irrigation development in Merauke regency using
hydrodynamic modeling 1D2D. J Technic Hyroulics
9:17-32.

LiuTand Y Luo. 2011. Effects of shallow water tables on
the water use and yield of winter wheat (Triticum
aestivum L.) under rain-fed conditions. Australian
J Crop Sci 5:1692-1697.

Megawaty, HS Robiyanto, FX Surjadi and Ngudiantoro.
2012. Optimizing operation and maintenance Telang
II tidal reclamation scheme in relation to agricultural
development. Agr Sci 3: 287-298.

Negm L, M Youssef, G Chescheir and R Skaggs. 2016.
DRAINMOD-based tools for quantifying
reductions in annual drainage flow and nitrate losses
resulting from drainage water management on
croplands in eastern North Carolina. Agr Water
Manage 166: 86-100. doi: 10.1016/
j-agwat.2015.12.014.

Negm LMT, MA Youssef, RW Skaggs, GM Chescheir
and J Jones. 2014. “DRAINMOD-DSSAT model for
simulating hydrology, soil carbon and nitrogen
dynamics, and crop growth for drained cropland.”
Agr Water Manage 137: 30-45.



54 MS Imanudin et al.: (Tolong tambahkan running title)

Sojka M, K Michal, R Stastik, M Napierala, B Késicka, R
Wrdé,yiiski, J Jasku’a, D Liberacki and J Bykowski.
2019. Sustainable Water Management in
agriculture — the impact of drainage wateon
groundwater table dynamics and susruface outflow.
Sustainability 11:4201. doi:10.3390/sul1154201.

Sukitprapanon TS, A Suddhiprakarn, Irb Kheoruenromne
and RJ Gilkes. 2019. Rare earth elements in acid
sulfate soils under long-term paddy rice cultivation
in Thailand. Geoderma Regional: ¢00216. doi:
https://doi.org/10.1016/j.geodrs.2019.¢00216

Skaggs RW, MA Youssef and GM Chescheir. 2012.
DRAINMOD: model use, calibration and validation.
American Society of Agricultural and Biological
Engineers 55:1509-1522.

Skaggs RW. 1978. 4 water management model for
shallow water table soils. Technical Report No. 134.
Water Resources Research Institute of the
University of North Carolina, N. C. State University,
Raleigh. 128 pp.

Tafarini MF and M Yazid. 2018. Sustainable water
management in tidal lowland agriculture: a research
agenda. Sriwijaya J Environ 3: 102-107.

Zipper SC, ME Soylu, EG Booth and SP Loheide. 2015.
“Untangling the effects of shallow groundwater and
soil texture as drivers of sub-field scale variability.”
Water Resour Res 51: 6338-6358. doi:10.1002/
2015WRO017522

Wahba MAS, M El-Ganainy, MS Abdel-Dayem, H Kandil
and A Gobran. 2018. Evaluation of DRAINMOD-S
for Simulating Water Table Management under
Semi-Arid Conditions. /rrig and Drain 51:213-226.

Wan L, J WeiHua, J ZhongHua, Li Jin and P YanXin. 2009.
The effect of PET calculations in DRAINMOD on
drainage and crop yields predictions in a subhumid
vertisol soil district. Sci China Ser E- Tech Sci 52:
3315-3319. doi: 10.1007/s11431-009-0349-0.



A JOURNAL OF TROPICAL SOILS

‘— Department of Soil Science, Faculty of Agriculture, University of Lampung
A\\_' JI. Soemantri Brojonegoro No. 1, Rajabasa, Bandarlampung

BILL TO

Dr. Ir. Momon Sodik Imanuddin
Department of Soil Science Faculty of
Agriculture Sriwijaya University Indralaya
Campus Jalan Palembang Prabumulih Km 32
email: momon_unsri@yahoo.co.id

INVOICE

for AUTHOR

DATE 01/12/2021

CUSTOMER ID #13-20

DUE DATE 09/12/2021

Title: Drainmod Model Adaptation for Developing Recommendations Water Management in the Tertiary Block of Tidal Lowland Agriculture

DESCRIPTION TAXED AMOUNT (IDR)
Payment for manuscript publication 1,850,000.00
Subtotal 1,850,000.00
Taxable -
OTHER COMMENTS Tax rate | 0.000%
1. Currency exchange: USD 1 = IDR 14,500 Tax due -

2. Total bill: IDR 1.850.000,-
3. Transfer to Bank Panin (PINBIDJA), Acc. no. 5662013811 (Sri Yusnaini)
4. Send the proof of payment to j.tnhtrop@gmail.com

and sms via number 0813-6932-4710

Other | -

TOTAL IDR 1.850.000.00

If you have any questions about this invoice, please
contact Astrid Novia D. HP +62-852-6968-4129,
email: j.tnhtrop@gmail.com

Terimakasih atas

partisipasi anda

Invoice Journal of Tropical Soils

Kind regards
Treasurer

Prof. Dr. Sri Yusnaini




Auvailable online at:
http://journal.unila.ac.id/index.php/tropicalsoil
DOI: 10.5400/jts.2021.v26i3.

Drainmod Model Adaptation for Developing Recommendations Water
Management in the Tertiary Block of Tidal Lowland Agriculture

Momon Sodik Imanudin®, Bakri, Mustika Edi Armanto and Abdul Madjid Rohim

Department of Soil Science Faculty of Agriculture Sriwijaya University Indralaya Campus Jalan Palembang
Prabumulih Km 32, Indonesia. *e-mail: momon_unsri@yahoo.co.id

Received August 4, 2020; Revised June 18, 2021; Accepted 18 June 2021

ABSTRACT

The primary key to successful agricultural cultivation is maintaining the groundwater level to fulfill crop water
requirements, particularly during the dry season. Field study was conducted in Tidal reclamation area of section 25
at Sugihan Kanan, Bandar Jaya Village, Air Sugihan, Ogan Komering Ilir District of South Sumatra. The DRAINMOD
computer model was used to simulate water levels in dry and wet climatic conditions. The principal measured
parameters are soil hydraulic conductivity and drain spacing, as well as daily rainfall data. The simulation results
showed that the research area belongs to the rainfed type, and the main objective of water management is to retain
water and determine some efforts to increase the groundwater level through pump irrigation in the dry season. The
application of pump irrigation was applied to the plant entering the generative phase. The pump irrigation was
provided to distribute water into the quarter and worm (micro) channels. The effect of this application caused the
groundwater level to approach about 30 cm below the soil surface, while groundwater level in areas without pump
irrigation facility was in the range of 50-60 cm. Besides efforts to increase the water table, liming is still required in
order to increase production. Lime application of 1 Mg ha™ had a significant effect on increasing production. Corr
production with this treatment could produce 5 Mg ha, while non-treated land areas only produce 2-3 Mg ha™.

Keywords: Corn, DRAINMOD, pump irrigation, tidal lowland, water management

INTRODUCTION

Extensive land clearing of tidal lowland areas
for agricultural enterprise in South Sumatra was
started in 1969. About 400,000 ha of tidal lowland
had been reclaimed through the transmigration
program. Banyuasin area has shown successful
effort in rice production at South Sumatra with a
magnitude higher than 40 percent of total rice
production (Desperate 2017). However, this
successful effort had not followed by other
agricultural areas because the planting index at these
areas was less than 200%. One relatively less
productive area is Sugihan Kanan, with a rice
production level of fewer than 3 Mg.ha, and most
of its agricultural land had one planting index
(Imanudin et al. 2016). The soil is classified as acid
sulfate soil, with high acidity and Alumunium content
(Fahmi et al. 2014). Aluminum toxicity has

J Trop Soils, Vol. 26, No. 3, 2021:
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produced an alteration of biochemical and
physiological reactions of plants and then to their
crop productivity. Decreasing root growth is one of
the initial and most evident symptoms of Al-toxicity.
The nutrient availability was also decreasing due to
bond reaction Al-P (Koesrini et al. 2014). On the
other hand, Increasing levels of aluminum and iron
in the soil solution also cause a decrease in the
quality of water in the canals, soil pH and water pH
dropping to a range of 2.3-3. Then the water
channeled should be fluch out and replaced by
freshwater from  the rain or tidewater
(Sukitprapanon et al.2019).

The key success for land management at tidal
lowland areas is how to manage soil water level at
elevation level required by crop’s root zone
(Imanudin et al. 2010; Bakri et al. 2015). According
to Fahmi et al. (2014), water status availability in
the root zone is the main factor determining the
thriving agriculture in acid sulfate soil. Rainwater
was an essential water resource, mainly in acid
sulfate soil. The pyrite oxidation process during a
dry period made groundwater a highly toxic element
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and very acidic. Freshwater from the tide is not
possible for land irrigation. Thus, to fulfill water crop
requirement mainly achieved by rainwater (Imanudin
et al. 2019). Therefore water retention in channels
is vital to the block technique (Nurzakiah et al.
2016). Water in the canal is managed at a 60-90
cm depth to create groundwater at 10-30 cm
(Herawati et al. 2020 ). With the controlled drainage
system water in the canal is still available to keep
groundwater table in the root zone and always
above the pyrite layer. So that pyrite oxidation can
be avoided in the soil profil (Sasirat et al. 2019).

Another critical factor is the availability of
structures and infrastructure of water management
networks to facilitate the land leaching process and
water flooding in channels. Inadequate drainage
facility frequently results in toxic elements
accumulation and high soil acidity (Bakri et al.
2015). In addition, not all tidal lowland areas can
provide good water quality from a secondary channel
for supply (Hartoyo et al. 2010; Megawaty et al.
2012). Many channels had carried acid water or
saline water during the dry season, which should be
prevented from entering tertiary channels
(Hairmansis et al. 2017; Tafarini and Yazid 2018).
Watergates at the tertiary channel must be installed
to control the drainage and water retention process
(Lasmana et al. 2017; Imanudin et al. 2019).

The construction of field operation planning
requires daily water table data during rain and dry
seasons, either at dry or wet climate conditions
(Imanudin et al. 2010; Negm et al. 2016). Daily
water table data so far is frequently unavailable,
difficult to measure, and costly. Therefore, the
DRAINMOD computer model can aid in presenting
the dynamics condition of the daily water table
(Masoud et al. 2021; Wahba et al. 2018;
Ashkan et al. 2020). This data can be used to
construct  weekly  water management
operational plans in the field for crop cultivation
(Imanudin et al. 2011). According to Skaggs et al.
(2012), statistical analysis shows acceptable results
where the simulation model with daily water level
prediction results calibrated with field data shows
Nash-Sutcliffe (EF) modeling efficiency values are
0.68 and 0.72, the daily drainage rate (EF = 0.73)
and 0.49), and monthly drainage volume (EF =0.87
and 0.77). The simulated result was a high
correlation between predicted and measured (Wan
et al. 2009; Ashkan et al. 2020). Proper
drainage planning by the DRAIMOD simulation
model also depended on the quality of data input.
Physical and Hydrological parameters suchas

rainfall and soil hydraulic conductivity were essential
data input. (Negm et al. 2014; Ashkan et al.
2020). The model was also successful for
developing land drainage design (Sojka et al.
2019). The model can provide input on the proper
use and operation of drainage network
infrastructure (Ashkan et al. 2020 ). The model
could provide better predictions of groundwater
table depths under shallower drainage systems.
Moreover, produce management tools to minimize
environmental issues in the agriculture field
(Davoodi et al. 2019). The DRAINMOD model is
excellent drainage modeling for estimating the
depth of the groundwater table (Davoodi et al.
20019). The estimated groundwater level from
simulation and modeling results shows the value
of r2= 0.93 (Ashkan et al. 2020). An adaptation
model for the tropical area has been carried out in
tidal lowland reclamation areas in Banyuasi,
South Sumatra. The simulation result found r?
0.83. Hydrological parameters are essential factors
that will have a better statistical analysis
(Imanudin et al.2011).

This paper will present the results of water table
dynamics obtained from DRAINMOD modeling
and operational planning implemented during planting
season. Field adaptation was conducted by corn
planting at dry season. The recommended
DRAINMOD model for water supply in tertiary
channels will be implemented by rainfall harvesting
method (passive approach) and active approach
through water pumping from the tertiary channel
during the dried condition. The objectives of this field
study are to construct the operational model for a
water table control for agriculture purposes.

MATERIALS AND METHODS

This research was implemented at the tidal
lowland area of tertiary plot-4 at Bandar Jaya
Village, Jalur 25, Air Sugihan Subdistrict, Ogan
Komering Ilir District (Figure 1). It was conducted
from May to October 2017. The research site is
classified as C typhology land in which it can not
receive water through high tidal irrigation because
high tidal water can not enter into this land. Water
from secondary channel only capable of filling
tertiary channel.

Materials used in this study are soil samples,
corn seeds, fertilizers, pesticides, crops protecting
plastics, and chemicals for soil analysis in the
laboratory. Equipment used in this study are
consisted of a piezometer, wells (perforated PVC
pipe), 12 inch PV C pipe, elbow, marking board, water
pass, meter, soil bor, excavation tube (bailer),
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Figure 1. Maps of the area study in tidal lowland recamations of sugihan.

stopwatch), flap watergate made of fiber, 10 inch
PVC pipe, digital camera, and agricultural
equipment. For evaluation of water status at tertiary
block and land, drainage planning was conducted
through computer simulation using DRAINMOD
5.1 software (Skaggs et al. 2012).

The conceptual model to develop
DRAINMOD is based on the water balance analysis
within vertical soil column unit per surface area.
The calculation starts from the impermeable layer
up to the soil surface between drainage channels
(Skaggs 1978). Calculation of water balance within
soil profile for a time period of dt is mathematical
can be expressed as follows :

AVa=F -D-Ds [1]
P=F +RO + AS [2]

Where AVa xi is the change of soil air volume (cm),
Fisinfiltration (cm), ET is evapotranspiration (cm),
D is lateral flow (negative sign indicates drainage
flow and a positive sign indicates subsurface
irrigation conditions) in cm, Ds is side seepage flow
(positive sign indicates capillary flow upward) in cm,
Pisprecipitation (rainfall) incm, RO is surface flow

(cm), and AS Xj is the change of surface water

storage. As an illustration, the drainage profile system
in DRAINMOD can be seen in Figure 2.

Rainfall

Surface Runoff «g—

Evapotranspiration

»1‘

_‘ Inflltratlon
Surface Storage %ble
Ditch Drainage Drain Tube
Seepage

¥

Restrictive Storage

Figure 2. Schematic view of water table control system in open channel and subsurface.

(Skaggs 1978).
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Rainfall inputs in the DRAINMOD model are hourly
rainfall, and maximum and minimum temperatures,
which are read from weather data and water
balance conducted every hour.

Input parameters for DRAINMOD are soil
physical characteristics consisting of impermeable
layer depth, soil hydraulic conductivity value, and
climate data consisting of temperature and daily
rainfall. Water network information has consisted
of the depth and distance amongst channels. A
simulation was conducted to determine soil water
table dynamics at dry and wet climate conditions.

Observation of water table monitoring was
extended to a period prior to dry season in May
2017. The corn seeds used in this study were Pioneer
P21 varieties. To support the land drainage system,
farmers developed a microchannel up to 30 cmwith
a distance between channels of 8 to 10 m.

There are two treatments were used in this
study:

firstly, crop without lime addition and water
source only from watergate retention; supply water
only from the water capillarity movement;

Secondly, a pump added crops with 1.5 Mg.ha
tlime and water supply from irrigation. In order to
provide water in the tertiary channel for pumping
operation, farmers had conducted temporary water
retention (dam) by using canvas plastics. The
pumping operation was conducted at the crop’s
generative phase. Irrigation used in this study was
furrow irrigation in which water is delivered to fill
collector channel, and water from this channel
subsequently was distributed to fill microchannel.
Irrigation was applied once a week.

The computer model DRAINMOD was used
for predicting the daily water table as the effect of
deference climatic conditions. Data input of the
DRAINMOD simulation model were hydraulic
conductivity, soil water retention, land drainage
system (drain spacing, depth, and width of channel),
and crop physiological data. The scenario for the
model operation was constructed based on different
climatic conditions.

The analysis method for soil water status under
the root zone was calculated using the SEW-30
concept. The calculation of SEW-30 is based on
the Sieben formula (Skaggs et al. 2012). This
concept is used to determine the condition of soil
water excess (cm day?) during the crop growth
period. The concept of water excess 30 cm above
the root zone has an objective to evaluate fluctuation
height of soil water table during a wet period (rainy
season) within tidal lowland agriculture area
(Imanudin et al. 2018). The value of water excess

30 cm above the root zone can predict soil water
excess during crop growth. The equation used for
this calculation is as follows:

n

SEW-30=(30-X) [1]

X, is the soil water table at (days too), with i is the
first day and n is the number of days during crop
growth. The DRAINMOD model calculates the
hourly value of SEW-30 cm instead of the daily value
so that the calculation of SEW-30 value is more
accurate and can be formulated by using the
following equation:

SEW -30=) (30-x;)/24 [y
i=1

« 1 the soil water table at the end of respective
hours, and m is the total hours during the crop
growth. Water table position with a critical limit of
30 cm is done with consideration value of 30 cm
below the soil surface is selected because most of
the food crops will experience physiological
disturbance if the soil water table is drop down from
30 c¢cm point or increase upward from 30 cm point
from the soil surface. If soil water is far from the
critical value of 30 cm or closes to the soil surface,
it will create excess water conditions (Negm et al.
2014). This condition is applied for non-rice food
crops. On the contrary, rice crop is withstanding
water flooding condition and will experience stress
if soil water is below 30 cm depth zone or even
below 20 cm depth zone (Imanudin et al. 2011;
Imanudin et al. 2019).

RESULTS AND DISCUSSION

Soil Physical Characteristics

Soil physical characteristics in the study area
are shown in Table 1. Soil has high porosity and low
bulk density in the top layer. Meaning that soil had
relatively high total pore space resulting in relatively
high water holding capacity. The decrease of soil
bulk density is followed by the decrease of total pore
space at deeper soil layers. The water movement
means that on the rotting zone area, the water
movement was easy to drain and submerge by
gravity forces.

The soil layer above 60 cm showed the increase
of clay content so that soil bulk density can be
classified into mineral soil. The main limiting factor
is soil acidity level than can be classified as acid soil
with a 4-5. It is also reported by Koesrini et al.
(2014) when pH <5, the Aluminum toxicity is an



J Trop Soils, Vol. 26, No. 3, 2021 139

Table 1. Soil physical characteristics and soil acidity level.

Bulk Densit Total Pore Space
Depth (g cm™ y %) P pH
0-30 cm 0.98 46 4.8
30-60 cm 1.15 48 4.6
>60cm 1.25 55 4.2

increase in soil. It is the main stress factor for plant
growth in tidal lowland agriculture.

Soil textural class is shown by the ratio of clay,
sand, and loam fractions (Table 2). Although soil
fraction composition had occurred, soil texture at
the study area is qualitative can be classified into
silt loam class at 0-60 cm and clay texture in the
layer of 60 cm below the soil surface. Clay fraction
tends to increase with the increase of soil depth.

Clay fraction with the magnitude of 7.6 % at
soil layer depth 0 - 30 cm had increased to 21.6 %
at a depth of 60 cm. The increase of clay fraction
below soil surface had produced a beneficial effect
in which land can store water at depth above 60cm
so that soil water depth at this layer is not quickly
depleting. In addition, soil water contribution at this
layer through capillary movement is significant to
supply crop water requirements. According to
Zipper et al. (2015), the contribution of groundwater
through capillary rise is strongly dependent onsoil
texture, and increasing clay fraction on the soil more
provides water by capillary rise than soil having
sandy soil. Added by Gao et al. (2017), at

groundwater depth 1 m below the soil surface, the
capillary upward was supplied about 41% of the
crop evapotranspiration, which means that the water
supply was required to fulfill crop water
requirements when the water table started to drop
at 70 cm.

Computer Simulation of DRAINMOD in
estimating soil water table

DRAINMOD is a drainage model capable of
estimating the depth of soil water table for swamp
lowland and peatland areas. The main inputs for
this model are consist of rainfall, crop
evapotranspiration, soil hydraulic conductivity, and
drainage network characteristics data. The water
flow condition within the soil is assumed to be
constant (steady condition) in the Drainmod model
(Skaggs et al. 2012).

In the case of reclaimed tidal lowland area at
Sugihan Kanan, some model inputs have consisted
of soil hydraulic conductivity of 0.34 m.day*,
impermeable layer depth of 2 m, the distance

Table 2. Distribution of sand, loam and clay fractions at several soil layers.

Percentage (%)

Depth Sand Clay Silt Soil Texture
0-30 cm 29.4 7.6 63 Silt Loam
30-60 cm 26.4 14.6 59 Silt Loam
>60 cm 14.4 64 21.6 Clay

Table 3. Scenario planning constructed at the initial stage of DRAINMOD

simulation.

Water management options

Microclimate scenario

Normal Rainfall Condition in the

Year of 2014

Dry Rainfall Condition (EI Nino) in

the Year 2015

Wet Rainfall Condition (Lanina) in

the Year 2016

Conventional Using
(without control) control
Soil water table Soil water table
indicator indicator
Soil water table Soil water table
indicator indicator
Soil water table  Soil water table
indicator indicator
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between tertiary channels at a current condition in
the field was 250 m, initial soil water depth is assumed
10 cm below the soil surface and average channel
depth of 1.5 m. The constructed scenario can be
seen in Table 3. The simulation was conducted at
two climatic conditions: typical climate (average
rainfall) and dry rainfall due to EInino. The simulation
stages have consisted of simulation on the existing
network condition without control effort followed
by simulation on Watergate operation.

Computer simulation results of DRAINMOD
for wet and dry climate conditions are shown in
Figure 3. Simulation results showed that the soil
water table variation at the condition of the initial to
the final rainy season had a safe value in land firing
probability. However, simulation results also showed
that over drain had been occurred on land, and they
were indicated by a quick drawdown of soil water
table elevation in case of no rainfall occurrence for
more than one week period. The soil water table
fluctuation results either at normal or dry rainfall
conditions (EInino) showed a similar trend in terms
of soil water table conditions for the January-May
period.

The land was still in safe condition from fire
hazards during this period. Although thesoil water
table drops into critical depth value (80 -100 cm),
rainfall still occurred so that soil water elevation
could increase again close to 30 cm depth. The
vulnerable condition started to occur at days of 140
(entering of May) in which rainfall was decreased,

and soil water elevation was continuously drop
exceeding the critical limit (- 80cm). In this period,
pyrite oxidation could also haven and create a
decreasing pH in the root zone.

On the other hand, the soil has a pyrite layer
around 60-70 cm below the soil surface. When the
groundwater table level drops to 100 cm, an oxidation
layer will occur. This process would produce high
soil acidity and increase the solubility of iron and
aluminum content, which may be harmful to crops-
reported by Koesrini et al. (2014) that applying lime
with 2.0 Mg hais still required for increasing pH
in the soil. Added by Fahmi et al. (2014), the lime
application was efficient in combination with good
land preparation through intensive soil leaching and
intermittent waterlogging. It was also reported by
Ar-Riza et al. (2015) that the main problem is
challenging to get fresh water for the leaching and
flushing process. Those for managing acid sulfate
soil are still required lime application to increase pH.
According to Aksani et al. (2018), increased
productivity of tidal lowland rice cultivation was
achieved by 10 Mg ha* rice straw compost, and
NPK fertilizers that should be applied are 315 kg
urea ha?, 135 kg SP-36 ha?, and 90 kg KCI ha?,
Mean that water availability is not only a single factor
for increase landproductivity.

Rainfall was average in 2014; soil water
elevation continuously dropped to the lowest point
of — 115 cm in September and started to increase
when entering October,although it was still within

Water tablet depth (cm)

-250 -

183
196
209
222
235
248
261
274
287
300
313
326 _]
339 _]
P

Figure 3. Soil water table fluctuation resulting from DRAINMODsimulation model under control and of
without control. —m— : Year 2014 (wet condition), ——g—: Year 2015 (dry condition).
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the critical depth limit. The safe condition again
occurred in November, whereas the dry climate
condition (Elnino) in 2015 showed that soil water
elevation dropped to a depth of — 118 cm, which
occurred in September. However, soil water
elevation was still at a critical depth value up to
December due to minimal rainfall. Since soil had
high porosity, farmers were reluctant to open tertiary
channels because rainfall water was assumed to be
insufficient to supply the soil water table and
channels. Therefore, water pumping from the
tertiary channel should be made to deliver water
into quarterly channels, which requires stepping
detention during high tidal water in the tertiary
channel.
Simulation results from Figure 1 showed an
open drainage system with the distance between
channels of 250 m and channel dimensions as
follows: upper width of 2.0 m and lower width 1.2
m, as well as the depth of 1.2 m, was excessive in
terms of dimension size. This channel dimension is
a high capacity to drain water. Therefore, water
losses were rapid, indicated by a water drawdown
of up to 40 cm in case of no rainfall for two weeks.
Simulation using a shallow drainage system was
subsequently tried to determine the proper channel
dimension at peatland to prevent excessive water
losses. The depth of the tertiary channel was only 1
m with a bottom width of 30 cm. Simulation result
(Figure 2) showed that soil water table drawdown
was not as fast as the existing channel dimension.

Simulation results of shallow drainage showed that
soil water table condition in 2015 (EInino) was within
a safe zone up to June. The control measure can be
done in the Juneperiod.

Because the drainage system had already been
built and it was impossible to conduct filling activity,
the choice was to conduct water retention
immediately using a controlled dam system.
Therefore, a computer simulation of DRAINMOD
was implemented at the initial stage. The simulation
was also conducted to determine the impact of water
retention within the tertiary channel (Figure 4).
Water retention simulation would be done during the
least rainfall occurrence period inMay. Simulation
results showed that soil water table elevation could
be increased up to a depth of 30-40 cm below the
soil surface during May-June. Soil water table
elevation was located at 60 cm below the soil surface
during the dry season of July-November. Land at
this condition was relatively safe from fire hazards.
This condition would be achieved if soil water table
elevation in the tertiary channel was not dropped
more than 40 cm from the soil surface.

The condition of this controlled drainage system
was found in the field during October, where the
soil water table was located at a safe zone, i.e., 40-
50 cm below the soil surface. This condition also
prevents pyrite oxidation, although pumping irrigation
supply was needed to fulfill crop water requirements.
Pump facilities are highly needed if farmers cultivate
corn at B and C land typology areas during the dry

-100 4 )

Water tablet depth (cm)

-150 4

-200 ~

Figure 4. Computer simulation result at shallow drainage condition or 50 cm water retention. == : \Water
retention option, —g—: N0 option (Uncontroll).
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Figure 5. Hydraulic structure in tertiary canal for water retention and control drainage in tidal
lowland type C.

season. The pump was only operated for one month
during the seed filling phase (generative period), and
irrigation was applied once a week.
A water retention structure was highly needed
because the land area at the study location had high
water losses. Control structures are needed to
support network operation as water retention
(rainfall harvesting). The dam pattern equipped with
an overflow structure is the proper model for the
tertiary channel (Figure 5). Farmers currently use
sandbags to withstand water losses. The effort to
elevate soil water table elevation can be made by
water pumping from the tertiary channel into the
quarterlychannel, which was subsequently delivered
further into the collector and micro (worm) channels.
Control drainage is the best option for water
management in the area study. The farmer keeps

the water in the tertiary canal minimum at 50 cm
above the bottom level of the canal. By maintaining
the water level in the tertiary 50-60 cm than the
groundwater table purposed above the pyritic layer
during the dry season.

Field Adaptation of Water Dynamics at Dry
Season Condition (July 2017)

Water table elevation was hourly observed to
determine soil water table dynamics, which is
affected by the fluctuation of water surface in the
channel. Results of this hourly observation can be
seen in Figure 6. The average value of water table
depth was 37 to 41 cm below the soil surface, and
this magnitude was ideal for the growth of the corn
crop. Hourly observation of the soil water table
showed a decrease of water surface followed by a
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Figure 6. Condition of daily water surface level at the tertiary channel and tertiary block in July. —e—
Water table in secondary canal, —s— : water table in tertiary, ——: ground water table.
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Table 4. The relationship amongst water level at the tertiary channel,
secondary channel, and soil water table.

No Locations

Water surface level (cm)

Tertiary channel
Secondary channel
Soil water table

W N -

70 cm
168 cm
-30cm

decrease in the secondary channel in the tertiary
channel. In contrast, the increase of water surface
in the secondary channel was followed by the
increase in the tertiary channel. The change of soil
water table did not follow this condition. The soil
water table movement was relatively stable from a
maximum depth condition of — 50 cm into a minimum
depth condition of — 33 cm. The movement of the
soil water table was highly affected by rainfall. The
insignificant difference in water table depth at the
tertiary block was due to water availability in the
tertiary channel. Therefore, the horizontal movement
of water (see page) was practically slight and can
be neglected as long as water along the tertiary
channel was available at the height of 50-60 cm.
The relationship between water level elevation
in the tertiary channel and soil water table as a result
of water retention impact (Tabel 4) showed that
water level elevation in a tertiary channel on May-
July was located at 70 cm depth and water level
elevation in the secondary channel was located at
168 cmdepth. This condition can produce soil water
table elevation at 30 cm below the soil surface.

The network operation and corn growth (PS2)

The network operational guidelines in the
tertiary channel can be summarized in Table 5. The
operation was conducted each month according to
crop growth phases.

Crop evapotranspiration requirement at dry
season entering September could not be fulfilled if
solely rely on capillary water movement from soil
water table depth of 50 cm. Capillary water could
only supply 45% of crop evapotranspiration
requirements at this condition, so another water
supply was needed. Farmers used a water pump to
fill the soil water table (Figure 7).

A significant increase of soil water table was
observed on corn cultivation which was supplied
through pump irrigation. Water can be elevated with
a magnitude of 20 cm. The soil water table on land
without pump irrigation was located 40-50 cm below
the soil surface, whereas the soil water table on
land supplied with pump irrigation was located at
about 30 cm (Figure 8). If the soil water table was
located at a depth of 30 cm below the soil surface,
then crop evapotranspiration requirement can be
fully supplied from capillary water movement. Fan
Yang et al. (2011) reported that the capillary rise
could not support the crop water requirement when
the groundwater table was below 2.5m. Moreover,
when the groundwater table maintenance is at 50
cm, irrigation is not required.

Corn production achieved using maximum
technological inputs consisting of improvement of
irrigation system, and soil quality showed good yield
with a magnitude of about 3 Mg.ha*. However, this

Table 5. Model Operation of the tertiary network by using gooseneck watergate.

Operation of gooseneck watergate

Inner Section

Outer Section

Estimation of Water
Month crop’s growth management

phases objective
May-June Land preparation  Controlled

and planting drainage
July-August Vegetative Controlled

drainage

September- Generative Supply, soil water
October filling

The gooseneck
is turned 45°
The gooseneck
is turned 45°
The gooseneck
is turned 45°
(additional
supply from
water pump)

Closed with
valve materials
Closed with
valve materials
Pipe is opened
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Figure 7. Pump irrigation on corn cultivation to elevate soil water table level.
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Figure 8. The condition of the soil water table in the middle of September 2017 was

affected by pump irrigation.

production level was still lower than corn production
achieved by farmers at the Telang Il area with a 7-
8 Mg.ha* (Imanudin and Bakri 2014). The yield of
corn would be an optimum underwater table at 50-
60 cm below the soil surface (Bakri and Bernas
2015). Since the water table dropped by more than
100 cm, the performance of corn growth decreased
as reported by Liu and Luo (2011) in Australia that
the significant contribution of the groundwater table
ranges between 40-150 cm. Itwas contributed more
than 65% of the potential evapotranspiration.
However, capillary water rise fulfilled the crop’s
water requirement under 40-50 cm.

CONCLUSIONS
Hydrotopographical characteristics at the study

area were classified into C class in which land area
does not receive the overflow from high tidal water.

However, water availability in the channel is capable
of controlling the soil water table.

Komputer model DRAINMOD computer
model can be used to estimate fluctuation of the soil
water table at several climatic conditions. Simulation
results can be utilized to construct a monthly water
management plan.

The main objective for water management at the
tertiary level was water retention due to physical soil
conditions characterized by high porosity and high
hydraulic conductivity. Therefore, the
operational model was to retain water during the
rainy season (rainfall harvesting) and control
drainage during the second crop (corn).

Water retention in the tertiary channel at a depth of
70 cm could maintain soil water table elevation at 30
cm below the soil surface. Soil water table elevation
should not be a drop below 50 cm in order to prevent
pyriteoxidation.
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At the initial reclamation stage, limiting
application at a dose of 1-2 Mg ha* was still required
because of high acidity and high aluminum solubility.
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