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WATER RETENTION OPTION OF DRAINAGE SYSTEM FOR DRY SEASON CORN

CULTIVATION AT TIDAL LOWLAND AREA

Bakri, Momon Sodik Imanudin and Masreah Bernas
Researchers at Suboptimal Land Research Center of Unsri

Lecturers in Soil Science Department, Faculty of Agriculture, Unsri
Campus of Unsri-Indralaya Telp 62-711-580-460

Email: momon_unsri@yahoo.co.id

ABSTRACT

Farming constraint at tidal lowland area is water management related to the nature of excessive water

during wet season and insufficient water during dry season. The wet season shifting was happened during

the planting period of 2014 in which rainfall was still occurred up to August month. This condition provide

opportunity for famers to conduct three times planting. The field research objective was related to crop

cultivation in the third season. Corn was planted on month of August 2014. Installation of subsurface

drainage that previously had function as water discharge was converted into water retention. Rainfall water

may be stored as much as possible in soil through subsurface pipes that were connected to control structure

equipped with stoplog gate to prevent subsurface water flowing out toward tertiary channel. The research

results showed that corn crop had good growth during peak dry season period (October) in which water

table was at – 50 cm below soil surface, whereas water table depth was dropped to – 70 cm below soil

surface in land without subsurface drainage. This condition implied that installation of subsurface drainage

at dry season had function as water retention, not as water discharge. Therefore, network function was

inverted from water discharge into water retention. It had impact on the development of optimum water

surface that flow in capillary mode to fulfill the crop’s water requirement.

Maximum 200 words, keep our template at : http://agrivita.ub.ac.id/index.php/agrivita/pages/view/template

Keywords: Water retention, tidal lowlands, subsurface drainage, corn

INTRODUCTION

Agricultural activities at tidal lowlands are progressively showing good result. These were

indicated by the land productivity in which most of reclaimed tidal lowlands at South Sumatra had

two times planting (planting index (PI) of 200). The success key was due to development of water

management infrastructures equipped with water control structure at tertiary level for most of the

land. In order to increase land productivity into PI of 300, new innovation of water table control

technology is needed. The objective of this innovation is that farmers still capable to conduct crop

cultivation during condition of limited water availability.
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Innovation of water table control was conducted by installing subsurface drainage and had

been studied for the last two years (Bakri et al., 2014). Results of application study at tidal

lowlands showed that this system was only effective during transition period. Water flooding was

excessive during wet season so that open channel system was still needed. This system was

capable to lower water table depth during transition period which facilitate corn cultivation.

Further study is needed to determine utilization of this system during dry season period. Drainage

system will be converted into water retention system that capable to maintain water table depth.

Water supply for this system is solely depend on rainfall. High tide water condition in tertiary

channel at B typhology land can not reach farm land in which the only function of water supply in

tertiary channel is to maintain water balance at tertiary plot. Therefore, tertiary channel has

function as subreservoir which is supported by valve gate operation as supply.

Water retention system in subsurface drainage provides water table condition that is not

exceeding the critical depth value for corn crop. According to Lucas (1982 in FAO, 1988), corn

crop is capable to grow in water table depth condition in the range of 45 cm to 75 cm. Subsurface

drainage installation is ideally constructed at depth of 0.6 m below soil surface (Lamm and

Troojen, 2005). The recommended spacing between pipe channel for subsurface drainage on clay

textural dominated soil was 6 m (Kelly et al., 2012).

Based on the above description, application study of subsurface drainage system is important

to be conducted. This paper presented field study results related to operation shifting of subsurface

drainage system from water discharge system into water retention system.

Introduction 750-1000 words. Keep our template at

http://agrivita.ub.ac.id/index.php/agrivita/pages/view/template

METHODOLOGY

This study was conducted at tidal lowlands area of B typhology land in which water can not

overflow into farm land so that high tide irrigation is not feasible to be conducted. Implementation

of this field study was on third planting period of July to October 2014. Corn was planted at

demplot having area of 0.25 ha.

Water management network was consisted of tertiary and secondary channels (Figure 1). The

existing open channel system was maintained by providing micro channels with inter-channel

distance of 8 m. Subsurface pipe installation was burried at channel base with depth of 20 cm from

micro channel base so that pipe depth was 50 cm relative to soil surface. The drainage pipe was

made from perforated PVC pipe which was capped with coconut fiber on its surface.

For water table control purpose, all pipes were connected by using the fork system in which

the end part was connected with collector pipe. The control structure (control box) was constructed

in the middle of collector pipe equipped with stoplog gate. The function of this stoplog gate is to

prevent water from flowing out into tertiary channel.
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In addition, data of rainfall and channel water surface depth will be processed by using
SEW-30 concept (Surplus Excess Water – 30). This concept is used to show the condition of soil
water excess (cm/day) during crop growing period with the following equation :

SEW-30 =

where is water table surface at the end of respective hours and m (meter) is final total hours

during plant growth.

Subsurface drainage pipe

Collector channel

Control structure (control box) and stoplog gate

Figure 1. Diagram of micro water management system equipped with subsurface drainage

pipe in field

RESULTS AND DISCUSSION (poor of supported references at this chapter)

A. Physical Characteristics of Soil

Soil capability to distribute water is highly depend on its hydraulic conductivity value. The
measurement of soil hydraulic conductivity was conducted directly in land plot by using auger
hole method. Results of direct measurement in field showed that soil hydraulic conductivity in
general had moderate values (Table 1). The magnitude value of soil hydraulic conductivity is
highly affected by soil texture, organic matter content and field condition such as root distribution
of plant. Moderate values of soil hydraulic conductivity are suitable for application of subsurface
drainage. This was due to the fact that vertival and horizontal water movement are capable to
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counterbalance water retention capacity from subsurface pipe. On the other hand, if soil hydraulic
conductivity is very slow, then flow capacity is also slow below the retention or capacity of
subsurface pipe drainage resulting in flooded land condition.

Table 1. Observation results of soil hydraulic conductivity

No. Point Hydraulic conductivity (cm/hour) Criteria
1 1 20.88 Moderate
2 2 16.7 Moderate
3 3 20.5 Moderate
4 4 19.6 Moderate
5 5 19.87 Moderate
6 6 17.25 Moderate

Textural classes at upper layer (Table 2) in the study area were consisted of clay, loamy
clay and clayey loam. Soil with loam texture is soil transition between sand and clay textures that
has relatively good soil holding capacity and soil nutrients, less sticky and relatively soft as well as
has good tilth. On the other hand, soil at the second layer soil (Table 3) was dominated by clay
texture with magnitude greater than 50%. This soil layer has slow water flow capacity.

Table 2. Soil Textural Classes of Layer 1

Observation
Points

Layer Depth
(cm) Textural Fraction (%) Textural Classes

Sand Loam Clay Loam

T1 0-17 32.4 44 23.6 Clayey loam
T2 0-15 28.4 40 31.6 Loamy clay

T3 0-13 18.4 58 23.6 Loam

T4 0-9 36.4 40 23.6 Loam
T5 0-12 40.4 38 21.6 Loam

Table 3. Soil Textural Classes of Layer 2

Observation
Points

Layer Depth
(cm)

Textural Fraction (%)
Textural
ClassesSand Loam Clay

T1 17-60 16.4 34 49.6 Clay

T2 15-60 12.4 16 51.6 Clay
T3 13-60 12.4 36 51.6 Clay

T4 19.-60 12.4 36 51.6 Clay

T5 12.-60 14.4 34 51.6 Clay
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B. Characteristics of Water Management Network

Water management network at the study area of Mulyasari Village (P17-5S) can be

classified into three classes as follows : 1. Macro Channel (Primary Channel and Navigation

Channel), 2. Meso Channel (Secondary Channel of SPD and SDU) and 3. Micro Channel (Tertiary

Channel, Quarterly Channel and Micro Channel). Each water management network is directly

interconnected according to its level sequence, i.e. shallow meso channel result in improper

function of micro channel which in turn create disturbance of farming practices.

The existence of macro channel as part of water management network can also be used as

transportation means and trading, whereas meso channel without water gate structure can also

function similar to macro channel. Micro channel is directly “ contact with” farm land. Condition

of each channel can be described as follows :

1. Tertiary Channel : this channel is located at every two paddy field plots (200 m) which

connected two secondary channels consisting of Main Drainage Channel (SDU) and Village

Irrigation Channel (SPD) in perpendicular position. Condition of tertiary channels nowaday is

relatively clean because water weeds and mud sediment has been cleaned and transported into

Farm Road. One Secondary Block (256 ha) is consisted of 17 Tertiary Channels.

2. Quartery Channel : this channel is perpendicular to Tertiary Channel and covers one paddy

field plot (100 m). This channel is frequently planted with rice crop and other wetland plants.

Condition of this channel is relatively clean.

3. Micro Channel : this channel is located at the center of farm land plot so that during land

tillage operation for rice crop by using hand tractor which in turn make this channel level with

paddy field soil surface. Prior to planting operation, this channel is rebuild which consisted of

7 units per half of hectar (14 units per hectare). Farmers usually develop this channel in

greater numbers for corn cultivation with interchannel distance of 6 to 8 m in order to

discharge more water.

4. Subsurface drainage pipe is installed below micro channel with interchannel distance of to 8

m. Pipe was burried at depth of 20 cm from the base of micro channel. Monitoring box

(control box) is installed to control water tabel depth such as shown in Figure 2.

Figure 2. Centralized control system using control box

C. Corn Cultivation

The third planting is started in June. The cultivated area was 5,000 m2 located in tertiary
channel (Tc) 5. Duration for corn cultivation was 3 months and soil tillage was done by using hand
tractor. Soil tillage was consisted of plowing and harrowing operations which was conducted a

Tertiary

Gate
Collector

Subsurface drainage pipe

Discharge pipe
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week before planting and soil tillage duration was 7 days. The used variety was Pioneer (P27) with
magnitude of 3 packs having weight of 5 kg per pack. Plant dressing was conducted when plant
was 2 weeks old and it was done only one time. Fertilizers used in this corn cultivation were
consisted of Urea, TSP and KCl respectively with doses of 250 kg/ha, 200 kg/ha and 200kg/ha.
Fertilizing was done when plant was 14 days and 40 days old, respectively. Fertilizing was done
by spresding fertilizers in the vicinity of corn plant.

In addition to fertilizing and weeding, famers also done crop’s maintenance by regulating
crop water requirement through operation of tertiary water gate. This activity was conducted by
changing water gate position based on function and water requirement, i.e. water gate is located in
front position for water discharge operation (drainage) and water gate is located in rear position for
water supply into farm land (irrigation).

Pests which attack corn plant are caterpillar and rat. Pest control was conducted by using
chemical pestisicide with application dose of 1 liter/ ha. Frequency of pest control was to times
during corn plant was 26 days and 60 days old, respectively.

Harvesting operation for corn was done when corn plant was 3 months old, i.e on 29
September 2014. Corn harvesting was conducted by using manual labour with wage of Rp 60,000/
day per per labour. Corn was harvested by manual picking followed by threshing operation using
corn thresher machine. After threshing operation, corn was put into sack and transported by using
motor vehicle and followed by drying operation. Drying operation period was 2 days for bright
sun condition and it was 4 days for cloudy condition weather. Harvest yield of corn for land area of
0.5 ha was 3.2 tons with selling price of Rp. 2,800/ kg.

D. Water Status Evaluation as Impact of Water Retention Operation on Subsurface Drainage
System.

Field observation results of water table condition (Figure 3) showed that water table depth
at location near the channel was the lowest with magnitude of – 66 cm from soil surface and the
highest water table depth was – 7 cm from soil surface during dry season. Water table depth far
from the channel had the lowest value of – 82 cm from soil surface and the highest value of – 4 cm
from soil surface. This condition showed that water table condition was became higher at location
near the channel during wet season and was became lower at location far from the channel during
dry season . Figure 3 showed clearly that there was increase of water table depth during wet season
which indicated the proper function of subsusurface drainage system as water retention. Water
retention by closing water gate at control box structure results in water infiltration into soil and no
water loss into tertiary channel. Surface flow was collected in open channel and subsequently
infiltrated into subsurface drainage pipe.

The water movement mechanisms in process of water table filling during rainfall occurrence

can be seen in Figure 3 (A). Rainfall water during this condition will infiltrate into soil and

fraction of excess water will flow into micro channel. The bottom part of micro channel is

equipped with subsurface drainage system so that channel will not be flooded because water is

directly infiltrated into subsurface pipe. This condition may provide surface water reserve that will

prevent water table drawdown.
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Figure 3. Water tabel dynamics in corn cultivation at dry season of June-September 2014.

Rain

(A) (B)

Water movement

Figure 4. Water movement mechanisms on subsurface drainage system of water retention option : (A),

Rainfall water retention and (B). Capillary water utilization (subirrigation).

During no rainfall period (Figure 3B), high tide water had function solely to fill tertiary

channel so that no lateral water movement from land into tertiary channel. Control box was

operated in close condition so that available water in land can not flowing out. This condition is
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capable to maintain the stable water table surface at the depth needed by crops which in turns

capable to supply crop water requirement through capillary action.

Water status evaluation using SEW-30 concept for food crops in general is modified by using

10 cm addition resulting in SEW-40 cm. This condition is needed because corn can grow better if

water table depth was in the range of 40 to 60 cm (Williamson and van Schilfgaarde, 1965; in

NDSU dowloaded 2014). Analysis results showed that water table depth was relatively good

(Figure 5) in fulfulling crop water requirement because total excess water was 612 cm. It showed

that the role of subsurface drainage system was effective in decreasing water lost in which water

was slowly decrease even during very limited rainffal condition. According to Nosetto et al.,

(2009), water table depth has significant effect on capillary water movement which in turn affect

water status in the root zone. The capillary water movement is highly affected by soil texture. The

ideal depth for sandy soils is located 140 cm below soil surface. Results of study showed that corn

production have decreased by magnitude of 0.05 kg/m2 for every 10 cm increase of water table

depth.

Figure 5. Water excess analysis at critical limit of 40 cm below soil surface.

The best condition to fulfill crop water requirement through capillary water movement was at

water table depth of – 100 cm with water supply from rainfall or limited irrigation (Beltrão et al.,

1996). According to Liu and Luo (2011), most of capillary water movement can fulfill crop water

requirement at water table depth not greater than 110 cm. At dry condition where water table reach

150 cm, the contribution of water table was 65% of potential evapotranspiration requirement.
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CONCLUSION AND RECOMMENDATION

As a conclusion, the key success for crop cultivation at tidal lowlands area is water table

control. Control option for dry season is different than that of wet season. The option of water table

control at dry condition (MT3) is directed toward water retention so that water gate is operated in

maximum closing. This water retention can also decrease water lost through percolation and may

increase water table depth so that subsurface drainage system has function as subirrigation. The

positive effect from teh change in operation had impact on fulfilling of crop water requirement at

dry season without provision of water pump. Threfore, farmers can conduct three times planting

(IP 300).

Further study is needed for the land having different characteristics such as C land typhology

that has high soil hydraulic conductivity. Application of different spacings between channels at

subsurface drainage system might be explored for different soil textures and this system will be

applicable if tertiary channel had equipped with water gate.
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WATER RETENTION OPTION OF DRAINAGE SYSTEM FOR DRY SEASON CORN 

CULTIVATION AT TIDAL LOWLAND AREA  

 

 

ABSTRACT 

 

Farming constraint at tidal lowland area is water management related to the nature of excessive water 

during wet season and insufficient water during dry season. The field research objective was related to crop 

cultivation in the third season. Corn was planted on month of August 2014. Installation of subsurface 

drainage that previously had function as water discharge was converted into water retention. The research 

results showed that corn crop had good growth during peak dry season period (October) in which water 

table was at – 50 cm below soil surface, whereas water table depth was dropped to – 70 cm below soil 

surface in land without subsurface drainage.  This condition implied that installation of subsurface drainage 

at dry season had function as water retention, not as water discharge. Therefore, network function was 

inverted from water discharge into water retention. It had impact on the development of optimum water 

surface that flow in capillary mode to fulfill the crop’s water requirement.  

Keywords: Water retention, tidal lowlands, subsurface drainage, corn 

 

INTRODUCTION 

Agricultural activities at tidal lowlands are progressively showing good result. These were 

indicated by the land productivity in which most of reclaimed tidal lowlands at South Sumatra had 

two times planting (planting index (PI) of 200). The success key was due to development of water 

management infrastructures equipped with water control structure at tertiary level for most of the 

land. In order to increase land productivity into PI of 300, new innovation of water table control 

technology is needed. According to Imanudin et al., (2011), The objective of this innovation is that 

farmers still capable to conduct crop cultivation during condition of limited water availability. 

Therefore it is necessary for the cultivation of maize crops to install the hydraulic appropriate 

structure which can control water table. Corn is the dry land crops are sensitive to wet conditions. 
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Water logging or shallow water table was effect to production losses of 20-50% (Kahlown et al., 

2005). 

Innovation of water table control was conducted by installing subsurface drainage and had 

been studied for the last two years (Bakri et al., 2014).  Results of application study at tidal 

lowlands showed that this system was only effective during transition period.  Water flooding was 

excessive during wet season so that open channel system was still needed. This system was 

capable to lower water table depth during transition period which facilitate corn cultivation. In the 

dry condition the system was possible to change as water retention. Water retention system in 

subsurface drainage provides water table condition that is not exceeding the critical depth value for 

corn crop. According to Lucas (1982 in FAO, 1988), corn crop is capable to grow in water table 

depth condition in the range of 45 cm to 75 cm.  Subsurface drainage installation is ideally 

constructed at depth of 0.6 m below soil surface (Lamm and Troojen, 2005). The recommended 

spacing between pipe channel for subsurface drainage on clay textural dominated soil was 6 m 

(Kelly et al., 2012). 

According to  Ityel.,(2014), that the subsurface drainage and sub irrigation  system can 

improve soil aeration. In this study, installation of underground pipes planted at a depth of 40 cm 

below the soil surface and the surface coated perforated pipe filter of coconut husk fibers. This 

condition creates the addition of oxygen content. This system also can control the water table at a 

depth of 0.7-0.8 m below the ground surface, it has been tried in sandy loam soil texture and 

effective to increase the uptake of nitrogen and reduce the loss of nutrients due to leaching (Zhoue 

et al, 2000). Effect of water level control method under subsurface drainage  was highly significant 

decrease in nitrate and phosphate loss. For nitrate loss of N can be reduced up to 44% and for 

phosphate can be reduced up to 60% annually (William et al., 2015). 
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Based on the above description, application study of subsurface drainage system is important 

to be conducted. This paper presented field study results related to operation shifting of subsurface 

drainage system from water discharge system into water retention system. 

METHODOLOGY 

This study was conducted at tidal lowlands area of B typology land in which water can not 

overflow into farm land so that high tide irrigation is not feasible to be conducted. Implementation 

of this field study was on third planting period of July to October 2014. Corn was planted at 

experimental plot having area of 0.25 ha.  

Water management network was consisted of tertiary and secondary channels (Figure 1). The 

existing open channel system was maintained by providing micro channels with inter-channel 

distance of 8 m. Subsurface pipe installation was buried at channel base with depth of 20 cm from 

micro channel base so that pipe depth was 50 cm relative to soil surface. The drainage pipe was 

made from perforated PVC pipe which was capped with coconut fiber on its surface. 

For water table control purpose, all pipes were connected by using the fork system in which 

the end part was connected with collector pipe. The control structure (control box) was constructed 

in the middle of collector pipe equipped with stop log gate. The function of this stop log gate is to 

prevent water from flowing out into tertiary channel.  

 In addition, data of rainfall and channel water surface depth will be processed by using 

SEW-30 concept (Surplus Excess Water – 30). use the figure of 30 cm below the soil surface is 

because generally crops other than rice will optimum growth conditions in the groundwater below 

30 cm. (Kanwar et al., 1998., Imanudin et al., 2010, Tan et al., 2002).  This concept is used to 
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show the condition of soil water excess (cm/day) during crop growing period with the following 

equation :  

 

               





m

j

jx
SEW

1 24

30
30  

 

where  is water table surface at the end of respective hours and m (meter) is final total hours 

during plant growth. 

 

RESULTS AND DISCUSSION  

A. Physical Characteristics of Soil 

 Soil capability to distribute water is highly depend on its hydraulic conductivity value. The 

measurement of soil hydraulic conductivity was conducted directly in land plot by using auger 

hole method. Results of direct measurement in field showed that soil hydraulic conductivity in 

general had moderate values (Table 1).  The magnitude value of soil hydraulic conductivity is 

highly affected by soil texture, organic matter content and field condition such as root distribution 

of plant (Michael et al., 2014). Moderate values of soil hydraulic conductivity are suitable for 

application of subsurface drainage. This was due to the fact that vertical and horizontal water 

movement are capable to counter balance water retention capacity from subsurface pipe. On the 

other hand, if soil hydraulic conductivity is very slow, then flow capacity is also slow below the 

retention or capacity of subsurface pipe drainage resulting in flooded land condition.  

 

Textural classes at upper layer (Table 2) in the study area were consisted of clay, loamy clay and 

clay loam. Soil with loam texture is soil transition between sand and clay textures that has 
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relatively good soil holding capacity and soil nutrients, less sticky and relatively soft as well as has 

good aeration (Saxton and Rawls, 2006). On the other hand, soil at the second layer soil (Table 3) 

was dominated by clay texture with magnitude greater than 50%.  This soil layer has slow water 

flow capacity. Therefore the ability of the texture of clay is very low in the water flow, it is 

because the soil is dominated by micro pores  (Alavijeh and Liaghat, 2009). 

 

B. Characteristics of Water Management Network 

Water management network at the study area of Mulyasari Village (P17-5S) can be 

classified into three classes as follows : 1. Macro Channel (Primary Channel and Navigation 

Channel), 2. Meso Channel (Secondary Channel of SPD and SDU) and 3. Micro Channel (Tertiary 

Channel, Quarterly Channel and Micro Channel). Each water management network is directly 

interconnected according to its level sequence, i.e. shallow meso channel result in improper 

function of micro channel which in turn create disturbance of farming practices.  

The existence of macro channel as part of water management network can also be used as 

transportation means and trading, whereas meso channel without water gate structure can also 

function similar to macro channel. Micro channel is directly “ contact with” farm land. Condition 

of each channel can be described as follows :  

1. Tertiary Channel : this channel is located at every two paddy field plots (200 m) which 

connected two secondary channels consisting of Main Drainage Channel (SDU) and Village 

Irrigation Channel (SPD) in perpendicular position. Condition of tertiary channels nowadays 

is relatively clean because water weeds and mud sediment has been cleaned and transported 

into Farm Road. One Secondary Block (256 ha) is consisted of 17 Tertiary Channels. 
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2. Quarterly Channel : this channel is perpendicular to Tertiary Channel and covers one paddy 

field plot (100 m). This channel is frequently planted with rice crop and other wetland plants. 

Condition of this channel is relatively clean. 

3. Micro Channel : this channel is located at the center of farm land plot so that during land 

tillage operation for rice crop by using hand tractor which in turn make this channel level with 

paddy field soil surface. Prior to planting operation, this channel is rebuild which consisted of 

7 units per half of hectare (14 units per hectare). Farmers usually develop this channel in 

greater numbers for corn cultivation with inter channel distance of 6 to 8 m in order to 

discharge more water. 

4. Subsurface drainage pipe is installed below micro channel with inter channel distance of to 8 

m. Pipe was buried at depth of 20 cm from the base of micro channel. Monitoring box (control 

box) is installed to control water table depth such as shown in Figure 2. 

 

C. Corn Cultivation 

 The third planting is started in June. The cultivated area was 5,000 m2 located in tertiary 

channel (Tc) 5. Duration for corn cultivation was 3 months and soil tillage was done by using hand 

tractor. Soil tillage was consisted of plowing and harrowing operations which was conducted a 

week before planting and soil tillage duration was 7 days. The used variety was Pioneer (P27) with 

magnitude of 3 packs having weight of 5 kg per pack. Plant dressing was conducted when plant 

was 2 weeks old and it was done only one time. Fertilizers used in this corn cultivation were 

consisted of Urea, TSP and KCl respectively with doses of 250 kg/ha, 200 kg/ha and 200kg/ha. 

Fertilizing was done when plant was 14 days and 40 days old, respectively. Fertilizing was done 

by spreading fertilizers in the vicinity of corn plant. 
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In addition to fertilizing and weeding, farmers also done crop’s maintenance by regulating 

crop water requirement through operation of tertiary water gate. This activity was conducted by 

changing water gate position based on function and water requirement, i.e. water gate is located in 

front position for water discharge operation (drainage) and water gate is located in rear position for 

water supply into farm land (irrigation). 

 Pests which attack corn plant are caterpillar and rat. Pest control was conducted by using 

chemical pesticide with application dose of 1 liter/ ha. Frequency of pest control was to times 

during corn plant was 26 days and 60 days old, respectively.  

 Harvesting operation for corn was done when corn plant was 3 months old, i.e. on 29 

September 2014. Corn harvesting was conducted by using manual labor with wage of Rp 60,000/ 

day per labor. Corn was harvested by manual picking followed by threshing operation using corn 

thresher machine. After threshing operation, corn was put into sack and transported by using motor 

vehicle and  followed by drying operation. Drying operation period was 2 days for bright sun 

condition and it was 4 days for cloudy condition weather. Harvest yield of corn for land area of 0.5 

ha was 3.2 tons and similar to 6,4 ton/ha corn production. While the results of the production of 

corn grown in dry land intercropping systems with green beans produce an average of 4.5 tons / ha 

(Sabaruddin et al., 2011).  Also higher when compared with the national maize production target 

of 5 tons / ha. Therefore, by setting the proper water management in the wetland, the corn can 

produce well, and even higher result than in dry land. But still low when compared with the results 

of research Sutardjo et al., (2012),  Reported that a maximum production of  hybrid corn was 7.7 

tons / ha . Added by Elmi et al., (2006 ), that the cultivation of corn in wetland to control water 

level through an underground irrigation system, where the water table maintained at depth of 0.6 m 

below soil surface capable to  produce yield between 8.4 to 8.6 tons / ha . 
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D.  Water Status Evaluation as Impact of Water Retention Operation on Subsurface Drainage 

System. 

 

Field observation results of water table condition (Figure 3) showed that water table depth 

at location near the channel was the lowest with magnitude of – 66 cm from soil surface and the 

highest water table depth was – 7 cm from soil surface during dry season. Water table depth far 

from the channel had the lowest value of – 82 cm from soil surface and the highest value of – 4 cm 

from soil surface. This condition showed that water table condition was became higher at location 

near the channel during wet season and was became lower at location far from the channel during 

dry season . Figure 3 showed clearly that there was increase of water table depth during wet season 

which indicated the proper function of subsusurface drainage system as water retention. Water 

retention by closing water gate at control box structure results in water infiltration into soil and no 

water loss into tertiary channel. Surface flow was collected in open channel and subsequently 

infiltrated into subsurface drainage pipe. 

 

The water movement mechanisms in process of water table filling during rainfall occurrence 

can be seen in Figure 3 (A).  Rainfall water during this condition will infiltrate into soil and 

fraction of excess water will flow into micro channel. The bottom part of micro channel is 

equipped with subsurface drainage system so that channel will not be flooded because water is 

directly infiltrated into subsurface pipe. This condition may provide surface water reserve that will 

prevent water table drawdown.  
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During no rainfall period (Figure 3B), high tide water had function solely to fill tertiary 

channel so that no lateral water movement from land into tertiary channel. Control box was 

operated in close condition so that available water in land can not flowing out. This condition is 

capable to maintain the stable water table surface at the depth needed by crops which in turns 

capable to supply crop water requirement through capillary action. 

Water status evaluation using SEW-30 concept for food crops in general is modified by using 

10 cm addition resulting in SEW-40 cm. This condition is needed because corn can grow better if 

water table depth was in the range of 40 to 60 cm (Williamson and van Schilfgaarde, 1965; in 

NDSU dowloaded 2014). Analysis results showed that water table depth was relatively good 

(Figure 5) in fulfulling crop water requirement because total excess water was 612 cm.  It showed 

that the role of subsurface drainage system was effective in decreasing water lost in which water 

was slowly decrease even during very limited rainffal condition. According to Nosetto et al., 

(2009), water table depth has significant effect on capillary water movement which in turn affect 

water status in the root zone. The capillary water movement is highly affected by soil texture. The 

ideal depth for sandy soils is located 140 cm below soil surface. Results of study showed that corn 

production have decreased by magnitude of 0.05 kg/m2 for every 10 cm increase of water table 

depth.  

The best condition to fulfill crop water requirement through capillary water movement was at 

water table depth of – 100 cm with water supply from rainfall or limited irrigation (Beltrão et al., 

1996). According to Liu and Luo (2011), most of capillary water movement can fulfill crop water 

requirement at water table depth not greater than 110 cm. At dry condition where water table reach 

150 cm, the contribution of water table was 65% of potential evapotranspiration requirement. 

Effect of shallow  water table has been tested on loam soil texture, showing that the effect of the 

http://link.springer.com/search?facet-author=%22Jos%C3%A9+Beltr%C3%A3o%22
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water table is very significant to achieve the water requirement of plants that reached 60% in the 

event the need irrigated land (Karimov et al., 2014). Added by Satchithanantham et al (2014), in a 

fine sandy loam texture, up to 92% of the crop water demand was met by capillary rise from the 

shallow water table. 

CONCLUSION AND RECOMMENDATION 

As a conclusion, the key success for crop cultivation at tidal lowlands area is water table 

control. Control option for dry season is different than that of wet season. The option of water table 

control at dry condition (Third crop) is directed toward water retention so that water gate is 

operated in maximum closing. This water retention can also decrease water lost through 

percolation and may increase water table depth so that subsurface drainage system has function as 

sub irrigation. The positive effect from the change in operation had impact on fulfilling of crop 

water requirement  at dry season without provision of water pump. Therefore, farmers can conduct 

three times planting (IP 300). 

Further study is needed for the land having different characteristics such as C land typology 

that has high soil hydraulic conductivity. Application of different spacing between channels at 

subsurface drainage system might be explored for different soil textures and this system will be 

applicable if tertiary channel had equipped with water gate. 

 

 

ACKNOWLEDGEMENT 

 



 14 

 We want to acknowledge toward Research and Technology Ministry which provide 

research funding for this study through Incentives National Research Program, Ministry of 

Research and Technology 2014. Acknowledgement was also delivered to Research Center for 

Suboptimal Lands  of Sriwijaya University that had provided facilities and direction for all 

research activities so that it can properly implemented. 

 

REFERENCES 

Alavijeh, B. G, and Liaghat, A.M. 2009. Evaluation of soil texture data for estimating soil water 

retention curve. Canadian Journal of soil science 89(4):461-471.  

Bakri, Imanudin M.S. and Bernas, S. 2014. Proceedings of the National Seminar on Suboptimal 

Land 2014 Palembang 26-27 September 2014. I SBN : 979-587-529-9. 

 

Beltrão, J. Antunes Da Silva, A. and Ben Asher, J. 1996.  Modeling the effect of capillary water 

rise in corn yield in Portugal. Irrigation and Drainage Systems. May 1996, Volume 

10, Issue 2, pp 179-189. 

Elmi, A.A,  Gordon, R.  Madramootoo, C and  Madani, A.  2006. Watertable management for 

reducing nitrate accumulation in a soil profile under corn production. Canadian Biosystems 

Engineering Journal. Volume 47.  

FAO. 1988. Nature And Management Of Tropical Peat Soils. J. P. Andriesse, FAO Soils Bulletin 

59. Dowloaded. 2014 Http://Www.Fao.Org/Docrep/X5872e/X5872e00.Htm#Contents. 

Ityel,  E. Ben-Gal, A., Silberbush,M.,  Lazarovitch. N.  2014. Increased root zone oxygen by a 

capillary barrier is beneficial to bell pepper irrigated with brackish water in an arid region. 

Agricultural Water Management, Volume 131, 1 January 2014, Pages 108-114. 

Imanudin, M.S., Susanto, R.H., Armanto, M.E and Masreah, B. 2011. Developing Seasonal 

Operation for Water Table Management in Tidal Lowland Reclamations Areas at South 

Sumatera, Indonesia. Journal of Tropical Soil. Vol 16, No 3: September 2011. 

Imanudin, M.S., Susanto, R.H.  Armanto, M.E. 2010. Water Status Evaluation on Tertiary Block 

for Developing Land Use Pattern and Water Management Strategies in Acid Sulfate Soil of 

Saleh Tidal Lowland Reclamation Areas of South Sumatera (Journal of Agricultural 

Science. Vol 32. No.3 October 2010. ISSN.0126-0537. 

 

http://link.springer.com/search?facet-author=%22Jos%C3%A9+Beltr%C3%A3o%22
http://link.springer.com/search?facet-author=%22A.+Antunes+Da+Silva%22
http://link.springer.com/search?facet-author=%22Jiftah+Ben+Asher%22
http://link.springer.com/journal/10795
http://link.springer.com/journal/10795/10/2/page/1
http://www.fao.org/Docrep/X5872e/X5872e00.Htm#Contents
http://www.sciencedirect.com/science/article/pii/S037837741300259X
http://www.sciencedirect.com/science/article/pii/S037837741300259X
http://journal.unila.ac.id/index.php/tropicalsoil/issue/view/37


 15 

Karimov, A. Kh., , Jirka Simˇ unek , Munir A.  Hanjrac, Avliyakulov, M,  Forkutsa, I. 2014. 

Effects of the shallow water table on water use of winter wheat and ecosystem health: 

Implications for unlocking the potential of groundwater in the Fergana Valley (Central 

Asia). Agricultural Water Management 131 (2014) 57–69. 

Kelly A. Nelson, K.A and  Smoot, LR. 2012. Corn Hybrid Response to Water Management 

Practices on Claypan Soil. International Journal of Agronomy Volume 2012 (2012), Article 

ID 925408, 10 pages. 

Kanwar, R.S., Baker, J.J, Mukhtar S. 1998. Excessive Soil Water Effects at Various Stages of 

Development on the Growth and Yield of Corn. Iowa State University Digital Repository @ 

Iowa State University. 

 

Liu T, and Luo. Y. 2011.  Effects of Shallow Water Tables on the Water Use and Yield of Winter 

Wheat (Triticum aestivum L.) under Rainfed Condition. Australian Journal of Crop 

Science. AJCS 5(13):1692-1697 

Michael V. Callaghan, M.V, Cey E.E., and  Bentley, R. L. 2014. Hydraulic Conductivity Dynamic 

During Salt leaching of a sodic, structured subsoil. Soil science society America Journal 

Vol. 78 No. 5, p. 1563-1574 

Nosetto, M.D, Jobba G.Y., E.G., Jackson,R.B. and Scnaider, G,A,  2009. Reciprocal Innfluence of 

Crops and Shallow Ground Water in Sandy Landscapes of the Inland Pampas. Field Crops 

Research 113 (2009) 138–148. 

 

Satchithanantham, S.,  Krahn, V., Ranjan, R., S., Sager. S. 2014. Shallow groundwater uptake and 

irrigationwater redistribution within the potato root zone Agricultural 

Water Management, Volume 132, 31 January 2014, Pages 101-110. 

Sutardjo,  Sulastri, Winda, N.  2012. Optimasi Produksi Empat Varietas Jagung Hibrida Di 

Kertosono, Kabupaten Nganjuk jurnal Sains dan Teknologi Indonesia Vol. 14, No. 1, April 

2012 Hlm.76-80 

Sabaruddin1, L., Hasid, R ., Muhidin , and  Anas, A.A. 2011.  The Growth, Yield and Land Use 

Effi ciency of Maize and Mungbean Under Intercropping System with Different Watering 

Intervals.  J. Agron. Indonesia 39 (3) : 153 - 159 (2011) 

Saxton, K.E. and Rawls. W.J. 2006.  Soil Water Characteristic Estimates by Texture and Organic 

Matter for Hydrologic Solutions. Soil science society America Journal Vol. 70 No. 5, 

p. 1569-1578 

 

Tan, C.F. Drury , J.D. Gaynor and H.Y.F. Ng. 2013. Effect of Controlled Drainage and 

Subirrigation on Subsurfacetile Drainage Nitrate Loss And Cropyield at The Farm Scale. 

Canadian Water Resources Journal. Vct.24. No. 3. 1999. Published online: 23 Jan 2013. 

http://www.hindawi.com/52712649/
http://www.hindawi.com/39021729/
http://www.sciencedirect.com/science/article/pii/S0378377413002813
http://www.sciencedirect.com/science/article/pii/S0378377413002813


 16 

 

Tan, C.S., Drury C.F., Gaynor, J.D., Welockt, T.E and Reynold, W.D. 2002. Effect of Tillage and 

water table control  on evapotranspiration, surface runoff, tile drainage, and soil water 

content under maize on a clay loam soil. Agricultural water management 54 (2002) 173-

188. 

Xiaopeng Li, Scott X. Chang, and K. Francis Salifu. 2013. Soil Texture and Layering Effects on 

Water and Salt Dynamics in the Presence of a Water Table: a Review. Environ. Rev. 21: 1–

10 (2013) dx.doi.org/10.1139/er-2013-0035. Published at www.nrcresearchpress.com/er on 

19 August 2013. 

Zhoue, X.  Madramootoo, C.A.  MacKenzie,  A. F., Kaluli, J.W.,  Smith, D. L. 2000.  Corn yield 

and fertilizer N recovery in Water Table controlled Corn rye-grass systems. European 

Journal of Agronomy, Volume 12, Issue 2, March 2000, Pages 83-92 

Williams, M.R.,   King, K.W.,  Fausey. N.R.  2015, Drainage Water management effects on tile 

discharge and Water  quality. Agricultural Water  Management, Volume 148, 31 January 

2015, Pages 43-51 

 

http://www.sciencedirect.com/science/article/pii/S1161030199000489
http://www.sciencedirect.com/science/article/pii/S1161030199000489
http://www.sciencedirect.com/science/article/pii/S0378377414002881
http://www.sciencedirect.com/science/article/pii/S0378377414002881


 17 

Table 1. Observation results of soil hydraulic conductivity 

 

No. Point Hydraulic conductivity (cm/hour) Criteria 

1 1 20.88 Moderate 

2 2 16.7 Moderate 

3 3 20.5 Moderate 

4 4 19.6 Moderate 

5 5 19.87 Moderate 

6 6 17.25 Moderate 

 

              

 

   Table 2. Soil Textural Classes of Layer 1  

Observation 

Points 

Layer Depth 

(cm) Textural Fraction (%) Textural Classes 

    Sand Loam  Clay Loam 

T1 0-17 32.4 44 23.6 Clayey loam 

T2 0-15 28.4 40 31.6 Loamy clay 

T3 0-13 18.4 58 23.6 Loam 

T4 0-9 36.4 40 23.6 Loam 

T5 0-12 40.4 38 21.6 Loam 

 

                Table 3. Soil Textural Classes of Layer 2  

Observation 

Points 

  

Layer Depth  

(cm) 

  

Textural Fraction (%)  
Textural 

Classes Sand Loam  Clay 

T1 17-60 16.4 34 49.6 Clay 

T2 15-60 12.4 16 51.6 Clay 

T3 13-60 12.4 36 51.6 Clay 

T4 19.-60 12.4 36 51.6 Clay 

T5 12.-60 14.4 34 51.6 Clay 
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Figure 1. Diagram of micro water management system equipped with subsurface drainage 

pipe in field 

 

 

            Figure 2. Centralized control system using control box 
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Figure 3. Water tabel dynamics in corn cultivation at dry season of June-September 2014. 

 

 

 Rain 

(A)                                                               (B) 

                                                                                                         

 

 

 

 

 

 

         Water movement       

Figure 4. Water movement mechanisms on subsurface drainage system of water retention option : (A), 

Rainfall water retention and (B). Capillary water utilization (subirrigation). 
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Figure 5. Water excess analysis at critical limit of 40 cm below soil surface. 
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ABSTRACT 

 
Farming constraint at tidal lowland area is about 
water management related to the nature of 
excessive water during wet season and insuf-
ficient water during dry season. This field 
research objectives was to find out the corn crop 
culti-vation in August 2014 which entered dry 
season. The iinstallation of subsurface drainage 
that previously had functioned as water discharge 
was converted into water retention. The research 
results showed that corn had grown well during 
peak dry season period (October) in which water 
table was at –50 cm below soil surface, whereas 
water table depth was dropped to –70 cm below 
soil surface in land without subsurface drainage. 
This condition implied that installation of sub-
surface drainage at dry season had function as 
water retention, not as water discharge. There-
fore, network function was inverted from water 
discharge into water retention. It had impact on 
the development of optimum water surface that 
flow in capillary mode to fulfill the crop’s water 
requirement. Corn production obtained was 6.4 t 
ha

-1
. This condition was very promising though 

still below the maximum national production. The 
aapplications of subsurface drainage was still not 
optimumum due to the supply of water from the 
main system was not the same because of the 
soil physical properties diversity and topography 
differences. 
 
Keywords: corn; subsurface drainage; tidal low-

lands; water retention 
 

INTRODUCTION 
 

Agricultural activities at tidal lowlands are 
progressively showing good result. It is indicated 
by the land productivity in which most of reclaim-
med tidal lowlands at South Sumatra which had 

two times planting (planting index (PI) of 200). 
The key success was the development of water 
management infrastructures equipped with water 
control structure at tertiary level for most of the 
land. In order to increase land productivity into PI 
of 300, new innovation of water table control 
technology is needed. According to Imanudin et 
al., (2011), the objective of this innovation is to 
make farmers keep cultivating in a limited water 
condition. Therefore, it is necessary for the 
cultivation of maize crops to install the hydraulic 
appropriate structure which able to control water 
table. Corn is a dry land crop which is sensitive 
to wet condition. Water logging or shallow water 
table effected the production losses of 20-50%. 
(Kahlown et al., 1998). However, for the maximum 
production, a medium maturity grain requires 
between 500 and 800 mm of water. It depends 
on climatic condition (FAO, 2015). 

The water table control innovation was 
conducted by installing subsurface drainage and 
had been studied for the last two years (Bakri et 

al., 2014). The results of applied study on tidal 
lowlands showed that this system was only 
effective during transition period.  Water flooding 
was excessive during wet season so that open 
channel system was still needed. This system 
was capable to lower water table depth during 
transition period which facilitate corn cultivation. 
In the dry condition the system was possible to 
transform into water retention. Water retention 
system in subsurface drainage provides water 
table condition that is not exceeding the critical 
depth value for corn crop (Imanudin et al., 2011). 

Subsurface drainage installation was 
ideally constructed at depth of 0.6 m below soil 
surface (Lamm and Trooien, 2005). The recom-
mended spacing between pipe channels for 
subsurface drainage on clay textural dominated 
soil was 6 m (Nelson and Smoot, 2012).  For tidal 
lowland agriculture, it should use the concept of 

Accredited SK No.: 81/DIKTI/Kep/2011 
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intensive shallow drainage which was able to 
maintain the water level in the soil under roots 
zone and prevent the oxidation (Imanudin and 
Armanto, 2012). The drain spacing between 8 m 
channel, and 20 cm depth was successfully 
tested in the peat land reclamation area 
(Imanudin and Susanto, 2015). 

According to Ityel et al., (2014), that the 
subsurface drainage and sub irrigation system 
can improve soil aeration. In this study, install-
ation of underground pipes planted at a depth of 
40 cm below the soil surface and the surface 
coated the perforated pipe filter of coconut husk 
fibers. This condition creates the addition of 
oxygen content. This system can also control the 
water table at a depth of 0.7-0.8 m below the 
ground surface. It has been tried in sandy loam 
soil texture and effective to increase the uptake of 
nitrogen and reduce the loss of nutrients due to 
leaching (Zhou et al., 2000). The effect of water 
level control method under subsurface drainage 
was highly significant to decrease nitrate and 
phosphate loss. For nitrate loss of N can be 
reduced up to 44% and for phosphate can be 
reduced up to 60% annually (Williams et al., 2015). 

Based on the above description, the 
application of this study on subsurface drainage 

system is important to be conducted. This paper 
presented field study results related to the 
operation of subsurface drainage shifting system 
from water discharge system into water retention 
system. 

 
MATERIALS AND METHODS 

 
This study was conducted at tidal lowlands 

area of B typology land in which water can not 
overflow into farm land so that high tide irrigation 
is not feasible to be conducted. The imple-
mentation of this field study was on the third 
planting period of July to October 2014. The 
corn seed was planted at experimental plot 
having area of 0.25 ha. 

Water management network was consisted 
of tertiary and secondary channels (Figure 1). 
The existing open channel system was main-
tained by providing micro channels with inter-
channel distance of 8 m. Subsurface pipe install-
ation was buried at channel base with depth of 20 
cm from micro channel base so that pipe depth 
was 50 cm relative to soil surface (Bakri et al., 
2014). The drainage pipe was made from perfor-
ated PVC pipe which was capped with coconut 
fiber on its surface (Imanudin and Bakri, 2014). 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 
                 
                 
 

 
Figure 1. Diagram of micro water management system equipped with subsurface drainage pipe in field 

 

Subsurface drainage pipe 

Collector channel 

Control structure (control box) and stoplog gate 
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For water table control purpose, all pipes 
were connected by using the fork system in which 
the end part was connected to collector pipe. The 
control structure (control box) was constructed in 
the middle of collector pipe equipped with stop log 
gate. The function of this stop log gate was to 
prevent water from flowing out into tertiary 
channel. 

In addition, the data of rainfall and channel 
water surface depth was processed by using 
SEW-30 concept (Surplus Excess Water – 30). 
It used the figure of 30 cm below the soil surface 
because generally crops other than rice will 
grow optimum in the groundwater below 30 cm. 
(Kanwar et al., 1988., Tan et al., 1999; Tan et 
al., 2002).  This concept was used to show the 
condition of soil water excess (cm day

-1
) during 

crop growing period with the following equation: 
  

           





m

j

jx
SEW

1 24

30
30  

where  is water table surface at the end of 
respective hours and m (meter) is final total 
hours during plant growth. 

 
RESULTS AND DISCUSSION  

 
Physical Characteristics of Soil 

 Soil capability to distribute water is highly 
depend on its hydraulic conductivity value. The 
measurement of soil hydraulic conductivity was 
conducted directly in land plot by using auger 
hole method. The results of direct measurement 
in field showed that soil hydraulic conductivity in 
general had moderate values (Table 1). The 
magnitude value of soil hydraulic conductivity is 
highly affected by soil texture, organic matter 
content and field condition such as root 
distribution of plant (Callaghan et al., 2014). 
Moderate values of soil hydraulic conductivity 
are suitable for application of subsurface 
drainage. This was due to the fact that vertical 
and horizontal water movements are capable to 
counter balance water retention capacity from 
subsurface pipe. On the other hand, if soil 
hydraulic conductivity is very slow, then the flow 
capacity is also slow below the retention or 
capacity of subsurface pipe drainage which 
resulting in flooded land condition.  

Textural classes at upper layer (Table 2) 
in the study area were consisted of clay, loamy 

clay and loam clay. Soil with loam texture is a 
transition between sand and clay textures that 
has relatively good soil holding capacity and soil 
nutrients, less sticky and relatively soft as well 
as has good aeration (Saxton and Rawls, 2006). 
On the other hand, soil at the second layer soil 
(Table 3) is dominated by clay texture with 
magnitude greater than 50%. This soil layer has 
slow water flow capacity. Therefore the ability of 
the texture of clay is very low in the water flow, it 
is because the soil is dominated by micro pores  
(Alavijeh and Liaghat, 2009). 

 
Table 1. Observation results of soil hydraulic 

conductivity 

No. Point 
Hydraulic 

conductivity 
(cm hour

-1
) 

Criteria 

1 1 20.88 Moderate 

2 2 16.7 Moderate 

3 3 20.5 Moderate 

4 4 19.6 Moderate 

5 5 19.87 Moderate 

6 6 17.25 Moderate 

 
Climatic and Hydrological Condition 

Climatic conditions according to the 
Oldeman classification is classified as agro-
climatic zone C1. The average monthly 
temperature is 27.5

0 
C, the lowest temperature 

is 26
0 

C in January and the highest temperature 
is 28.7

0 
C in October, and the average relative 

humidity is 80%. The annual rainfall in 2014 
amounted to 2,553 mm with characteristics of 
tropical cli-mates where hot and humid 
conditions occur throughout the year. In 5-6 
months in a row the rainfall was more than 200 
mm per month, the number of rainy days were 
ranging between 15-22 days per month and 1-2 
months of drought with rainfall of less than 100 
mm per month. 

Land with type B classification will only 
have potential tide irrigation in the rainy season. 
Groundwater table depth is 10-20 cm below the 
soil surface during the rainy season and the dry 
season is down to a depth of 100 cm. Hence it is 
important to control ground water table in the dry 
season so that the ground water level can be 
maintained at a depth of 40-50 cm below the soil 
surface.



240 

 
Bakri et al.: Water Retention Option of Drainage System for Dry Season …………………………………………………... 

Table 2. Soil textural classes of layer 1  

Observation Points Layer Depth (cm) 
Textural Fraction (%) Textural Classes 

 
Sand Loam Clay 

T1 0-17 32.4 44 23.6 Clayey loam 

T2 0-15 28.4 40 31.6 Loamy clay 

T3 0-13 18.4 58 23.6 Loam 

T4 0-9 36.4 40 23.6 Loam 

T5 0-12 40.4 38 21.6 Loam 

              
   
Table 3. Soil textural classes of layer 2  

Observation Points Layer Depth (cm) 
Textural Fraction (%) 

Textural Classes 
Sand Loam Clay 

T1 17-60 16.4 34 49.6 Clay 
T2 15-60 12.4 16 51.6 Clay 
T3 13-60 12.4 36 51.6 Clay 
T4 19.-60 12.4 36 51.6 Clay 
T5 12.-60 14.4 34 51.6 Clay 

 
 

Figure 2. Centralized control system using control box 
 
 
Characteristics of Water Management Network 

Water management network at the study 
area of Mulyasari Village (P17-5S) could be 
classified into three classes as follows: (1) Macro 
Channel (Primary Channel and Navigation 
Channel), (2) Meso Channel (Secondary Channel 
of SPD and SDU) and (3) Micro Channel (Tertiary 
Channel, Quarterly Channel and Micro Channel). 
Each water management network was directly 
interconnected based on its level sequence, i.e. 
shallow meso channel result in improper function 
of micro channel which in turn create disturbance 
of farming practices.  

The existence of macro channel as part of 
water management network can also be used as 
transportation means and trading, whereas 
meso channel without water gate structure can 

also function similar to macro channel. Micro 
channel was directly “contact with” farm land. 
Condition of each channel can be described as 
follows:  

1. Tertiary Channel: this channel is located at 
every two paddy field plots (200 m) which 
connected to secondary channels consist-
ing of Main Drainage Channel (SDU) and 
Village Irrigation Channel (SPD) in 
perpendicular position. The condition of 
tertiary channels nowadays is relatively 
clean because water weeds and mud 
sediment has been cleaned and transported 
into Farm Road. One Secondary Block (256 
ha) is consisted of 17 Tertiary Channels. 

2. Quarterly Channel: this channel is 
perpendicular to Tertiary Channel and 
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covers one paddy field plot (100 m). This 
channel is frequently planted with rice crop 
and other wetland plants. The condition of 
this channel is relatively clean. 

3. Micro Channel: this channel is located at the 
center of farm land plot so that during land 
tillage operation for rice crop by using hand 
tractor which in turn make this channel level 
with paddy field soil surface. Prior to planting 
operation, this channel was rebuilt so it 
consisted of 7 units per half of hectare (14 
units per hectare). Farmers usually develop 
this channel in greater numbers for corn 
cultivation with inter-channel distance of 6 to 
8 m in order to discharge more water. 

4. Subsurface drainage pipe is installed below 
micro channel with inter channel distance of 
to 8 m. Pipe was buried at depth of 20 cm 
from the base of micro channel. Monitoring 
box (control box) is installed to control water 
table depth such as shown in Figure 2. 

 
Corn Cultivation 

The third planting was started in June. 
The cultivated area was 5,000 m

2 
located in 

tertiary channel (Tc) 5. Duration for corn 
cultivation was 3 months and the soil tillage was 
done by using hand tractor. Soil tillage consisted 
of plowing and harrowing operations which was 
conducted a week before planting and soil tillage 
duration was 7 days. The used variety was 
Pioneer (P27) with magnitude of 3 packs having 
weight of 5 kg per pack. Plant dressing was 
conducted when plant was 2 weeks old and it 
was done only one time. Fertilizers used in this 
corn cultivation were consisted of Urea, TSP 
and KCl respectively with doses of 250 kg ha

-1
, 

200 kg ha
-1

 and 200 kg ha
-1

. Fertilizing would be 
done when the plant was 14 days and 40 days 
old, respectively. Fertilizing was done by 
spreading fertilizers in the vicinity of corn plant. 

In addition to fertilizing and weeding, 
farmers also did crop’s maintenance by regu-
lating crop water requirement through operation 
of tertiary water gate. This activity was 
conducted by changing water gate position 
based on its function and water requirement, i.e. 
water gate was located at front position for water 
discharge operation (drainage) and water gate is 
located at rear position for water supply into 
farm land (irrigation). 

Normally, pests which attack corn plant 
are caterpillar and rat. Pest control was 

conducted by using chemical pesticide with 
application dose of 1 l ha

-1
. The frequency of 

pest control was two times when corn plant was 
26 days and 60 days old, respectively. 

Harvesting operation for corn was 
conducted when corn plant was 3 months old, i.e. 
on 29 September 2014. Corn harvesting used 
manual labor with wage of Rp 60,000 per day per 
labor. Corn was harvested by manual picking and 
followed by threshing operation using corn 
thresher machine. After the threshing operation, 
corns were put into sack and transported by 
motor vehicle for the next step drying operation. 
Drying operation period was 2 days in bright sun 
condition and 4 days for cloudy condition. 
Harvest yield of corn for land area of 0.5 ha was 
3.2 tons and similar to 6.4 t ha

-1
 corn production. 

While the results of the production of corn grown 
in dry land intercropping systems with green 
beans produce an average of 4.5 t ha

-1
 

(Sabaruddin et al., 2011).  It was also higher 
compared to the national maize production target 
of 5 t ha

-1
. Therefore, by setting the proper water 

management in the wetland, the production 
would go well, and even higher than in dry land. 
However, it was still low compared to the results 
of Sutardjo et al., (2011) research which 
reported a maximum production of hybrid corn 
was 7.7 t ha

-1
. Elmi et al., (2005) also found that 

the cultivation of corn in wetland with the control 
of water level through an underground irrigation 
system, where the water table maintained at 
depth of 0.6 m below soil surface was capable to 
produce yield between 8.4 to 8.6 t ha

-1
.  

According to Antonelli et al. (2015), the sun 
flower showed that the plants are able to absorb 
water up to a depth of 2 m but this condition 
depends on the plant roots. In dry condition corn 
can grow normal when the depth of the roots 
could reach more even though the ground water 
table is at a depth 1.2 m below soil surface 
(Imanudin et al., 2010). 

 
Water Status Evaluation as Impact of Water 
Retention Operation on Subsurface Drainage 
System 

Field observation results of water table 
condition (Figure 3) showed that water table 
depth at location near the channel was the 
lowest with magnitude of -66 cm from soil surface 
and the highest water table depth was -7 cm from 
soil surface during dry season. Water table 
depth far from the channel had the lowest value 



242 

 
Bakri et al.: Water Retention Option of Drainage System for Dry Season …………………………………………………... 

of -82 cm from soil surface and the highest value 
of -4 cm from soil surface. This condition 
showed that water table condition became 
higher at a location near the channel during wet 
season and lower at a location far from the 
channel during dry season. Figure 3 showed 
clearly that there was an increase of water table 
depth during wet season which indicated the 
proper function of subsurface drain-age system 
as water retention. Water retention by closing 
water gate at control box structure result-ed in 
water infiltration into soil and there was no water 
loss into tertiary channel. Surface flow was 
collected in open channel and subsequently 
infiltrated into subsurface drainage pipe. 

The water movement mechanisms in the 
process of water table filling during rainfall can 
be seen in Figure 4 (A).  The rainfall water in this 
condition would infiltrate into soil and the excess 
water would flow into micro channel. The bottom 
part of micro channel was equipped with sub-
surface drainage system so that the channel 
would not be flooded by the water which 
infiltrated into subsurface pipe. This condition 
may provide surface water reserve that would 
prevent the water table declined. 

During dry period (Figure 4B), high tide 
water had fa unction solely to fill tertiary channel 
so that no lateral water movement from land into 
the tertiary channel. A control box was operated 

in closed condition so that the available water in 
land could not flowing out. This condition was 
able to maintain the stable water table surface at 
the depth needed by crops which in turns was 
capable to supply crop water requirement through 
capillary action. 

Water status evaluation with SEW-30 
concept for food crops in general is modified by 
using 10 cm addition resulting in SEW-40 cm. 
This condition is needed because corn can grow 
better if water table depth was in the range of 40 
to 60 cm (Williamson and van Schilfgaarde, 
1965). Analysis results showed that water table 
depth was relatively good (Figure 5) in fulfilling 
crop water requirement because total excess 
water was 612 cm. It showed that the role of 
subsurface drainage system was effective in 
decreasing water lost in which water was slowly 
decrease even during very limited rainfall con-
dition. According to Nosetto et al. (2009), water 
table depth has significant effect on capillary 
water movement which affects water status in 
the root zone. The capillary water movement is 
highly affected by soil texture (Imanudin et al., 
2010). The ideal depth for sandy soils is located 
140 cm below soil surface. The results study 
showed that corn production had decreased by 
magnitude of 0.05 kg per m

2
 for every 10 cm 

increase of water table depth. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Water tabel dynamics in corn cultivation at dry season of June-September 2014 
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Figure 4. Water movement mechanisms on subsurface drainage system of water retention option: (A) 

Rainfall water retention and (B) Capillary water utilization (subirrigation) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 5. Water excess analysis at critical limit of 40 cm below soil surface 
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The best condition to fulfill crop water 
requirement through capillary water movement 
was at water table depth of –100 cm with water 
supply from rainfall or limited irrigation (Beltrão 
et al., 1996). According to Liu and Luo (2011), 
most of capillary water movement can fulfill crop 
water requirement at water table depth not 
greater than 110 cm. At dry condition where 
water table reach 150 cm, the contribution of 
water table was 65% of potential evapotrans-
piration requirement. The effect of shallow water 
table has been tested on loam soil texture, 
showing that the effect of the water table was 
very significant to achieve the water requirement 
of plants that reached 60% in the event the need 
irrigated land (Karimov et al., 2014). Added by 
Satchithanantham et al. (2014), in a fine sandy 
loam texture, up to 92% of the crop water 
demand was met by capillary rise from the 
shallow water table. 

 
CONCLUSION AND SUGGESTION 

 
As a conclusion, the key success for crop 

cultivation at tidal lowlands area is water table 
control. The control option for dry season is 
different than that of wet season. The option of 
water table control at dry condition (Third crop) 
is directed toward water retention so that the 
water gate is operated in maximum closing. This 
water retention can also decrease water lost 
through percolation and may increase water 
table depth so that subsurface drainage system 
has function as sub irrigation. The positive effect 
from the change in operation had impact on 
fulfilling the crop water requirement in dry season 
without provision of water pump. Farmers can 
conduct three times planting (Index Cropping 
System 300%) with potential cropping patern is 
rice-corn-corn. 

Further study is needed for the land having 
different characteristics such as C land typology 
that has high soil hydraulic conductivity. The 
application of different spacing between channels 
at subsurface drainage system might be 
explored for different soil textures and this 
system will be applicable if tertiary channel is 
equipped with water gate. 
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