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1.Introduction 
Sustainable agriculture is required to meet the needs of 

the present and future generations while ensuring the 

provision of benefits, environmental sustainability as 

well as social and economic justice. The Food and 

Agriculture Organization (FAO) is promoting 

Sufficiency Food and Agriculture (SFA) to help 

countries worldwide achieve zero hunger and 

Sustainable Development Goals (SDGs). This is 

considered necessary due to the projection of a global 

food crisis [1].  
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On this basis, Indonesia is also preparing 370,000 

hectares of agricultural land in Kalimantan and 

230,000 hectares in South Sumatra to reduce the one 

million hectares program stalled [2]. 

 

Moreover, the increase in agricultural production also 

needs to be accompanied by the improvement of 

community participation in the maintenance of 

irrigation networks. This is important due to the ability 

of smooth water supply through irrigation channels 

and the more expansive drained agricultural area to 

increase agricultural production. Institute for Global 

Environmental Strategies  (IGES) records showed the 

water supply to farm fields in South Asia is dominated 

by land irrigation systems with low efficiency and this 

method is applied to 97% of the total agricultural land 
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Abstract  
The Indonesian government created the Technical Guidelines for the Acceleration of Water Use Improvement (P3-TGAI) 

to enhance the economy of several communities and to support food self-sufficiency. This research was, therefore, 
conducted to analyze the performance improvement of the irrigation network management program at P3-TGAI. This 

involved evaluating the increase in irrigated rice fields due to the rise in the quality and quantity of irrigation canal 

construction and determining the level of satisfaction of the P3-TGAI beneficiaries using Spearman rank correlation 

analysis. The results showed that the irrigation channels rehabilitated with brick construction increased irrigation water 

discharge from 19.25 l/sec to 40.25 l/sec and this further increased the area of irrigated rice fields by 25.2 hectares. This 
was observed to be due to the increment in the length of the channel from 446.2 m to 507 m. Moreover, canals rehabilitated 

with light concrete construction increased the flow of irrigation water from 18.50 l/sec to 27.75 l/sec and this caused the 

area of irrigated rice fields to increase by 11.1 Ha. This was discovered to be due to the increment of the channel length to  

1,220 m. Furthermore, the Benefit-Cost Ratio (B/C) ratio of the concrete lining construction was recorded to be 6.79> 0 

while the brick construction had 14.53> 0. Therefore, the canal rehabilitated using concrete lining construction is 
considered better. The level of correlation between P3-TGAI farmer participation was found to be 0.841**. It was also 

discovered that the satisfaction level of farmer groups with concrete construction was 0.815** while those with brick 

construction was 0.864 **. This means the farmers prefer a better-quality level of irrigation network than adding more 

length to the canals as indicated with a confidence level of 0.932 ** and a significance level of 0.01. The findings showed 

the farmers are delighted with the P3-TGAI program conducted independently with the assistance of government funds.  

 

Keywords 
Water discharge, Tertiary irrigation channels, Channel construction, B/C. 

 



International Journal of Advanced Technology and Engineering Exploration, Vol 8(78)                                                                                                             

577          

 

because it is the cheapest [3]. The authority to build 

and maintain irrigation network systems in Indonesia 

is regulated by the Minister of Public Works and 

Housing of the Republic of Indonesia, No.14 / PRT / 

M / 2015 [4]. Meanwhile, the development and 

management of tertiary irrigation systems are the 

responsibility of the farmers' association as indicated 

in the Water User Farmers Association (P3A). Recent 

reports, however, showed an average of 30% and up to 

60% of the primary and secondary irrigation channels 

are damaged [5]. 

 

Most of the damages recorded in the tertiary network 

damage are due to landslides and the accumulation of 

sediments and this is expected to continue due to lack 

of regular maintenance. This has further led to a 

decrease in the quality of water services in the tertiary 

channel function [5]. Moreover, the decline in the 

quality of the canal function was discovered to be due 

to the loss of water during distribution as well as low-

quality construction by farmers. The Ministry of 

Public Works and Housing (PUPR), therefore, 

implemented the program for the Acceleration of 

Water Use Improvement (P3-TGAI) program to 

support the food sovereignty program and other efforts 

to increase the economic capacity and welfare of the 

community. This program involves the construction of 

irrigation networks in a participatory manner [6]. This 

involves the planning, implementation, supervision, 

and management of the networks with the community. 

Social assistance funds are channeled directly to 

groups of farmers operating as legal entities such as 

P3A, Association of Water User Farmers Association 

(GP3A), and Parent Association of Farmers Using 

Water (IP3A) with legal regional or village heads. This 

farmer association is the beneficiary group and 

abbreviated as Beneficiary Group (KPM) and the 

canal rehabilitation activities were conducted through 

proposals compiled by this group through a village 

deliberation process. The farmer groups were 

empowered to strengthen and increase the 

independence of farming communities. Several 

problems related to the quality and quantity of tertiary 

irrigation channels have been identified in 

implementing the P3A. The most recurring two issues 

is the repair of channels using brick construction by 

some KPM while others used lining concrete, thereby, 

producing different results. Another problem is the 

volume of the flow rate. Therefore, this study analyzed 

the Benefit-Cost Ratio (B/C) value related to the 

quality and quantity of irrigation canals rehabilitated 

by the community through the P3-TGAI program in 

improving irrigation performance. 

2.Methodology 
2.1Research sites 

The Komering irrigation area is one of the irrigation 

systems built in the province of South Sumatra, 

Indonesia is using Komering river discharge through 

the construction of the Perjaya dam. The Karangsari 

right sub-tertiary system (SS. right KS) in Karangsari 

village, Belitang III district, and the sub-tertiary 

channel which is the secondary right Bedilan (SS. right 

Bedilan) in Bedilan village, Belitang district is part of 

those that benefit from the P3-TGAI program. This 

area is geographically located on latitude 04o 05’ 

11,04”–04o 06’ 30,96” Southern Hemisphere and 

longitude 104o 39’ 35,28”–104o 41’ 12,12” east 

longitude in East Ogan Komering Ulu Districts, of 

South Sumatra province, Indonesia as  indicated in 

Figure 1. 

 

2.2Data collection and analysis 

The steps used in collecting and analyzing data to 

assess the performance improvement of irrigation 

network management in the P3-TGAI program are as 

indicated in the following Figure 2. 
2.2.1 Acquisition of data 

Flow rate measurement 

Flow velocity was measured at several tertiary 

channels using a current meter for irrigation canal 

depths <1 m with the height observed to be sufficient 

at one point at 0.6 h where h is water depth and 0.6 h 

was measured from the surface water as shown in 

Equation 1. 

 

𝑉 =  𝑉0,6 𝑚/𝑑𝑒𝑡     (1) 

Where, 

V0.6 = Flow velocity value with current meter at a 

depth of 0.6 h. 

The amount of discharge was calculated using the 

following Equations. 

𝑄 = 𝑉 × 𝐴     (2)          

𝐴 = 𝑏ℎ + 𝑡ℎ2    (3) 

𝑇 = 𝑏 + 2𝑡𝑦    (4) 

The parameters for the trapezoidal section are 

presented in Figure 3 while the flow rate was 

computed using Equation 2. The t is the side slope of 

the channel cross-section, A is the cross-section area, 

b is the bed width, and y is the water depth. Q is the 

discharge. T is top cross-sectional width.  
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Figure 1 Research locations and measuring of flow rate points in the irrigation networks  

 

 
Figure 2 Research flowchart 
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Figure 3 Parameters of flow velocity measurement 

 
Analysis of the water losses in the channel  

The quantity of water supply to the rice fields was 

determined by the water discharged through tertiary 

channels. It is important to note that the community is 

responsible for the maintenance of these irrigation 

channels according to the P3-TGAI program. The 

amount of water lost (ΔQ) was calculated by 

subtracting the outlet discharge (𝑄𝑜𝑢𝑡) from the inlet 

discharge (𝑄𝑖𝑛) for each type of channel construction 

as indicated in the following Equation 5. It is also 

important to note that the efficiency at each channel 

cross-section was also evaluated [7]. 

 

𝛥𝑄 =  𝑄𝑖𝑛 −  𝑄𝑜𝑢𝑡     (5) 

 

Irrigation efficiency is based on the assumption that a 

portion of the water channeled is lost to the canals and 

rice fields. The water losses calculated for the 

irrigation operations include those at the tertiary, 

secondary, and primary levels. The amount in each of 

these is, however, influenced by the length of the 

channel, the surface area of the track, the wet 

circumference of the channel, and the groundwater 

position [8]. It is important to note that efficient 

irrigation management focuses on providing suitable 

irrigation practices for plant cultivation with the water 

discharged on agricultural lands guaranteeing the 

proper growth of crops. Moreover, the efficiency of 

water distribution is determined based on its ability to 

cover a predetermined percentage of an agricultural 

area and the calculation of the losses during the 

distribution. Efficient water use and management are 

currently a significant concern in many countries of 

the world, including Indonesia, [9–12]. Meanwhile, 

the losses of water during distribution are calculated as 

follows (Equation 6) [13]. 

 

𝐵 =
𝑑𝑒𝑏𝑖𝑡  𝑖𝑛𝑓𝑙𝑜𝑤−𝑑𝑒𝑏𝑖𝑡  𝑜𝑢𝑡  𝑓𝑙𝑜𝑤

 𝑑𝑒𝑏𝑖𝑡  𝑜𝑢𝑡𝑓𝑙𝑜𝑤
 𝑥 100. (6) 

Where B is the loss of water during distribution, 

inflow discharge is the amount of water entering, and 

outflow discharge is the amount of water coming out. 

The efficiency is, therefore, calculated using the 

following equation [8], 

 

𝐸𝑐 = 100% − 𝐵    (7) 

Where 𝐸𝑐  is the efficiency of irrigation water 

distribution. 

Survey on the farmer’s level of satisfaction 

A survey was conducted to determine the farmers’ 

level of participation in the tertiary network system 

before and after implementing the P3-TGAI program. 

This was focused on their satisfaction with the water 

distribution services and the quality of channel 

construction implemented by the farmer groups. This 

analysis was conducted using the Spearman rank 

correlation to examine the relationship between the 

factors influencing participation. The data collected 

were later analyzed qualitatively through reduction, 

presentation, and conclusion. Moreover, the Likert 

scale [14] was also applied to obtain the public's 

perception using the scale which ranges from 1 to 5 to 

indicate strongly disagree, partly disagree, neutral, 

agree, and strongly agree consecutively. 

 

The Spearman rank correlation was calculated using 

the following formula, 

 

𝑟𝑠  = 1 −
6⅀𝑑2

𝑛(𝑛2−1)
       (8) 

Where, 

rs = Spearman rank correlation value which is the rank 

correlation coefficient determined based on the size of 

the relationship between the dependent variable Y 

(farmer participation) and the independent variable X 

(internal and external factors). 

d2= the difference between X and Y ranks. 

n = number of data pairs  
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The decision-making rules are as follows: 

If the significance value < α (0.01), then H0 is rejected, 

H1 is accepted and this means there is a relationship 

between the two variables tested. 

 

If the significance value > α (0.01), then H0 is 

accepted, H1 is rejected and this means there is no 

relationship between the two variables tested. 

 

The Net Present Value (NPV) of increasing the area 

and product of agricultural land based on the 

changes in the canal structures 

The present worth method was applied in this study 

and is widely used to determine whether a plan has 

benefits within the analysis period. It is usually used 

in calculating the difference between the Present 

Value of the Benefit (PVB) and the Present Value of 

the Cost (PVC) [15]. 

 

This means all the benefits or costs associated with a 

project are related to their present value using a 

discount rate and this is presented in the following 

general equation [16]: 

 

𝑁𝑃𝑉 = ∑
𝐶𝑡

(1+i)t
− 𝐶0

𝑡

𝑡 =0
   (9) 

Where 

NPV= Net present value 

Ct = Net cash inflows (net cash inflow) during period t  

Co = Total investment costs 
i = Discount interest rate (discount rate) 

t = Duration/economic life of the project 
 

Projects considered to be economically feasible are 

those with a positive NPV value such that 

NPV >0 (positive), the project is feasible. 

NPV < 0 (negative), the project is not feasible. 

NPV = 0, the project benefit is the same as the cost 

Benefit-Cost Ratio (BCR) of the channel 

constructed by the farmer groups 

The feasibility of projects developed under P3-TGAI 

by the farmer groups was evaluated based on the total 

benefits against costs incurred in the initial year of 

development using the discount rate of the planned 

year. The equation for the BCR is, however, presented 

as follows. 

 

𝐵𝐶𝑅 =
PVB

PVC
     (10) 

The value of BCR <1 indicates an unfavorable 

economic investment. The BCR indicators are: 

Net BCR> 1, the project is feasible. 

Net BCR <1, the project is not feasible. 

Net BCR = 1, the benefits of the project are 

proportional to the costs incurred. 

 

3.Results and discussion 

3.1 NPV and BCR analysis  

The change of the tertiary channel construction to 

concrete is expected to increase the drainage capacity 

of the channels. The efficiency of each channel is 

presented in Table 1 and the change of soil to concrete 

was observed to increase the flow efficiency by 

41.11% as indicated by the increment from the original 

53.33% to 94.44%. The information presented on the 

tertiary channels in Karangsari and Bedilan villages 

showed the canal made from natural soil has a lower 

level of efficiency compared to the loss  rate. This is 

due to a large amount of water wasted in its 

distribution stream. Moreover, those constructed with 

bricks were observed to have lesser efficiency than 

concrete. Therefore, concrete is recommended to 

ensure the amount of water channelled to the rice 

fields does not decrease [8]. 

 

 

Table 1 The discharge, water loss, and efficiency in tertiary channels including the soil, brick construction, and 

concrete lining as well as the increase in the irrigated rice field area at the research location  
Tertiary channel location Bedilan village Karangsari village 

Type of channel material Soil channel Concrete channel Soil channel Brick channel  

Parameter Unit Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet 

Debit (Q) l/sec. 0.022 0.015 0.0285 0.027 0.022 0,0165 0.046 0.0345 

Water lose (ΔQ) l/sec. 0,007 0,0015 0.0055 0,0015 

Efficiency (Ec) % 53.333 98.47 66.67 66.67 

increased efficiency % 41.107 0.00 

Increased discharge l/sec/ha 17,25 41.0 19.25 40.3 

Channel Length m 944.9 1,220 446.2 507 

Planted Area (ha) 22.2 50,7 23.1 48.3 

Increase in Planted 

Area 

(ha) 28,5 25.2 
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The soil tertiary channel in Karangsari village was 

converted into a brick construction, but the efficiency 

was observed not to have increased as indicated by the 

66.67% recorded before and after the conversion. 

Meanwhile, the changes to brick construction and 

concrete lining caused an increment in rice production 

due to the increase in the volume of water flow. The 

standard water requirement for tertiary irrigation 

networks is 1.2 l/sec/ha. It was discovered that the 

discharge in the earth channel is 18.5 l/sec, but the 

value changed to 27.8 l/sec after it was rehabilitated 

using concrete. This further increased in the area of 

land irrigated by 11.1 Ha as indicated from an 

increment from 22.2 ha to 33.3 Ha rice planted area 

after the construction made with concrete lining as 

indicated in Table 1. The estimation based on the 

benefits or profit value showed the channel with a 

concrete structure has 7200 kg/ha wet grain 

production, the total production of unshelled rice with 

an additional planting area of 11.1 hectares was 79,920 

kg, and the price of wet rice per kilo was Rp. 3700. 

Meanwhile, the index of rice plants becomes 200 for 

the rice-secondary-rice cropping pattern after a change 

in the structure of the canal in one year. Moreover, the 

increase in the profits obtained by rice production is 

calculated as follows based on the assumption that the 

profits obtained by farmers are 40% of the total 

agricultural products. 

 

 = La × Q × P × IP × 40% 

= 11.1 Ha × Rp. 7,200 tons / ha × Rp. 3,700 × 2 × 40% 

= Rp. 236,563,200, - 

Where La is the land area, Q is the amount of 

production, P is price, and IP is the planting index. 

 

The benefits obtained with the use of bricks in 

Karangsari village was the increment in the water 

discharge to 40.3 l/sec from 19.25 l/sec and this further 

increased the irrigated land area of 25.2 Ha which is 

from the previous 23.1 Ha to 48.3 Ha as shown in 

Table 1. 

 

The assessment of this area based on B/C showed the 

price of wet grain per ha was 7200 kg/ha and the total 

production of unshelled rice with an additional 

planting area of 25.2 hectares was 181,440 kg. 

Therefore, the increase in rice production per year is 

calculated as follows 

 

= La × Q × P × IP × 2 (harvests) × 40% 

= 25.2 Ha × Rp. 7,200, - ton / ha × 3,700 × 2 × 40% 

= Rp. 537,062,400, - 

 

The benefits are observed to be due to an increase in 

water discharge, length of the channel, and the area to 

be drained. The length of the channel constructed with 

brick increased to 507 meters while the lightweight 

concrete is 1,220 meters. Moreover, the use of 

alternative Ferro cement pairs led to 227 meters 

increase and this leads to a minimal increase in the 

volume of brick and light concrete construction when 

applied as indicated in Table 2. 

 

 

Table 2 Recap of the results of the addition of gain flow area and B/C in Bedilan and Karangsari villages  
Tertiary Channel 

location 

Bedilan village (light concrete) Karangsari village (brick construction) 

Benefit value Channel length Production (Kg) Channel length Production (Kg) 

Parameter Early Value Grain rice early Value Grain Rice 

 (m) (m) (kg) (kg) (m) (m) (Kg) (Kg) 

Benefit value 944.9 1,220 79,920 39,960 446.2 507 181,440 90,720 

Cost (Rp.) 195,000,000 - 195,000,000 - 

Price per Kg (Rp) - - 3,700,- 8,400,-   3,700 8,400 

Benefit per year  (Rp)       - - 236,563,200 268,531,200   537,062,400 609,638,400 

NPV (10 years) (Rp)  - 1,602,745,000 - 3,742,340,000 

B/C 53.333 6.79 66.67 14.53 

Conclusion 6.79 > 0, well 14.530, well 

 

3.2 Analysis of the increasing benefits for farmers  

The analysis of data obtained from 115 respondents 

showed the Spearman Coefficient (rs) was 0.841**, 

the H0: ρ = 0 indicates the absence of correlation, and 

H1: ρ ≠ 0 indicates a correlation between the 

implementation and impact of the P3-TGAI program. 

The level of education of the respondents includes 

primary school with 27.83%, junior high school with 

20%, senior high school with 29.57%, bachelor degree 

with 4.35% while those without education are18.26%. 

It is important to note that the primary data was 

obtained using questionnaires and depth interviews. 

 

The results showed the level of farmer satisfaction 

with the physical channel constructed with bricks was 

0.815** while the concrete lining was 0.864**. 
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Moreover, the concrete lining construction was 

discovered to have a better confidence level of 0.932 

** due to its better quality as observed with the service 

age and a more significant water discharge to be used 

in processing the fields. 

 

4. Conclusion and future work  
The results showed a higher increase in the flow rate 

of irrigation and rice production for channels 

constructed with concrete lining in comparison with 

bricks and soil. Moreover, the level of farmer 

confidence in the P3-TGAI activity was found to be 

0.841** with the brick construction discovered to have 

0.815** while the concrete lining had 0.864 **. The 

level of satisfaction in the building quality was also 

found to be 0.932**. The level of satisfaction of the 

farming community with the use of concrete lining in 

the P3-TGAI program can be improved through the 

utilization of ferrous cement in the repair of the tertiary 

irrigation channels. This is due to its much cheaper 

cost of construction with minimal loss when compared 

with the use of concrete lining. 
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