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are known as people who drink instead of eating their food.5 Their 
ingenuity does not stop just there. 

They also develop a tradition to tap the vast open ocean 
surrounding the island and even far beyond.6 They could have learnt 
from the Macasan and the Buginese, who stop by in the island on their 
trip to fish in the Southern seas, that fishing can make much easier 
money than farming in dry lands. Nevertheless, most of them remain 
among the poorest in the island. In fact, most of income coming from 
fishing goes to the boss who owns the boat and equipment, and most 
importantly, lends them money in time of need. This short review 
article provides an overview of the Rotenese involvement in fishing, 
including in fishing in Indonesia-Australia trans-boundary waters, in 
connection with their dry land agriculture and lontar tapping tradition. 
Based this overview, we introduce drip irrigation to help women 
farming as a source of additional income while their husbands go 
fishing.

Dry ground and the rotenese involvement on 
fishing

Rote and the surrounding uninhibited islands are the southern-
most islands of Indonesia administratively being a district known as 
Rote-Ndao within the province of East Nusa Tenggara (Figure 1). 
The majority of the population is ethnic Christian Rotinese,7 but also 
includes more recently settled maritime-orientated Moslem migrants 
from other parts of Indonesia.8–10 Households in Rote engage in 
various livelihoods; including lontar tapping, dry land and wetland 
rice farming, and a wide range of secondary crops and livestock 
production.5 However, farming in the island is practiced only during 
the short rainy season and during the rest of the year, dry ground 
dominates the landscape of the island, forcing residents to exploit 
marine resources as alternative livelihoods.11

Rote island has been for centuries served as a departing ground 
for traditional fishermen form many parts of Indonesia, notably the 
Macassan, the Bajo, and the Butonese from South and Southeastern 
Sulawesi, during their trip south to the fish-rich waters where 
Indonesia Through flow transports sea water from the Pacific into 
the Indian Ocean.12 It is unclear whether the Rotenese have learnt 
fishing tradition from these sea gypsies or developed the tradition 
independently. The fact is now hundreds of Rotenese make the trip to 
an area in the Australian Exclusive Economic Zone where, according 
to a Memorandum of Understanding between Indonesia and Australia, 
Indonesian traditional fishermen are allowed to fish in an area known 
as MoU Box10,11 (Figure 2). However, the definition of traditional 
fishermen is unclear and as results, many Indonesian fishermen, 
including Rotinese fishermen, are arrested for being accused of 
engaged in illegal trans-boundary fishing.

Figure 1 Location of Rote-Ndao District in East Nusa Tenggara Province, 
Indonesia.
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Introduction
Located close to the dry continent of Australia, East Nusa Tenggara 

(ENT) is the driest and the poorest province in Indonesia.1,2 Receiving 
rainfalls late during the westerly monsoon, lands in the multi-island 
province are mostly arable only during the very short rainy season.3 
This short rainy season allows the population in the drier part of the 
province to produce food merely enough for consumption during the 
beginning of the dry season and forces them to rely on alternative 
livelihoods for the rest of the year. Among those living in the drier 
part of ENT, the Rotenese are well known for their ingenuity in facing 
the difficulties arising from the lack and unpredictability of rain 
falling in their island. They tap lontar palm (Borassus flabellifer), a 
species of palm widespread in the island and elsewhere in the drier 
part of Indonsia,4 to produce sap that they drink as their carbohydrate 
source just as people from other parts of Indonesia eat rice, hence they 
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Figure 2 An area in the Australian Exclusive Economic Zone known as MoU 
Box.31

The Macassan, the Bajo, and the Butonese, have been traditionally 
fishing in the region since 172013,14 or even since 1640,15 focusing 
on catching sea cucumber (trepang, edible Holothuroidea).16 
However, according to Prescott et al.,11 recent fishing activities 
also catch fish from several commercial families, namely Indian 
mackerel (Rastrelliger spp.), herring (Herklotsichthys spp.), sardines 
(Sardinella spp.), and small tunas of the family Scombridae (e.g. 
Auxis thazard), although in some years significant catches also 
include squid (Uroteuthis bartschi) and other less common species 
such as flying fishes (Exocetidae), halfbeaks (Hemiramphidae), 
needlefish (Belonidae), scads (Carangidae), fusiliers (Caesionidae), 
ponyfish (Leiognathidae) and occasionally marine turtles taken for 
consumption or sales if caught as by catch. A recent study by Benu et 
al.17 indicated that, despite their involvement in commercial fishing 
fleets, most of the studied coastal villagers live in poverty. Their 
involvement in trips to fish in the MoU Box is mainly by operating 
perahus (traditional boats) owned by bosses living either in the island 
or outside. In a common agreement with a boss, one third of the catch 
resulting from a one-week trip will go to the owner of the perahu 
and the fishing gear, another one third to the sponsor of the voyage, 
and the last one third to be divided among the captain and his crews 
(3-4 persons). Other Rotenese fishermen are also involved in off-
shore fishing inside Indonesian waters and in coastal fishing around 
the island. On average, they received an income of Rp 3 million a 
month out of fishing from April to October, but for a household with 
four children, the monthly cost of living is Rp 3.254 million. In many 
cases, the fishermen also need to return the money they borrow to 
cover the cost of living of their wife and children while they are away.

A need for a more water-efficient irrigation 
system

The dry ground dominating the landscape of Rote Island during 
the dry season is partially due to the island’s lack of irrigation 
infrastructure. During the rainy season, many annual crops are 
cultivated in the island, including irrigated rice using conventional 
irrigation system. Traditional water management for agriculture does 
exist, called mamar system, by which a pocket of remnant forest is 
conserved around a spring or any other permanent stream to ensure 
that the water can be used to irrigate, or more precisely, to supply 
water to the surrounding small pocket of cultivated land,18 (Figure 3). 
However, most of such springs or streams dry up toward the end of the 
dry season. High evaporation caused by high temperature and strong 
winds as well as karstic geology of the island limit the amount of 

water available to irrigate areas further away. In addition, such springs 
and streams are not evenly distributed throughout the island. 

Figure 3 The distribution of mamar spring and gauged mamar spring in Rote 
Island Klaas.18

In order to use the available water from such springs or streams, 
efforts to use the available water more efficiently are clearly needed. 
Such efforts can be achieved by either improving the technical 
efficiency or the economic efficiency of water productivity.19 For 
farming in a hot, semi-arid karstic dry land such as in Rote Island, 
drip irrigation is an alternative available for this purpose.19–22 Drip 
irrigation systems distribute water through an either above ground or 
underground network of pipes, hose, valves, and emitters allowing 
water to drip slowly and directly into the root zone and at the same 
time reducing evaporation (Figure 4). Drip irrigation systems have 
been in use as a new initiative to alleviate hunger and poverty among 
small-hoder farmer in many dry areas Postel et al. 2001, including to 
tap rainwater for farming in water-scarse regions.23–26

Figure 4 A typical layout of an above ground drip irrigation system.

Introducing drip irrigation farming: a case 
study

As a follow up of a research project on the livelihoods of Rotenese 
fishermen involved in trans-boundary fising, Benu17 introduced 
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drip irrigation as an alternative livelihood. For this purpose, a drip 
irrigation system consisting of a solar-cell powered pump, an elevated 
water storage tank, a main polyethilene distribution pipe, distribution 
valves, and lateral hoses was constructed in the village of Daiama 
in Landu Leko sub-district (Figure 5). The construction of the drip 
irrigation system was followed with system testing and a discussion 
on the operation and maintenance of the system for growing high-
priced vegetable crops consisting of chillies (Capsicum frutescens), 
tomatoes (Lycopersicon esculentum), and watermelon (Citrulus 
lanatus) (Figure 6). The cost for buying the pump and water tank and 
for constracting the tank flatform was USD 1, 500 and for intalling 
the dripping system was USD 400 per hectare. Based on a trial 
carried out at the dry land farming research unit of Nusa Cendana 
University, the variable cost for farming one hectar chillies, tomatoes, 
and watermelon under traditional irrigation was USD 566, 597, 
and 587, respectively, and under drip irrigation was USD 154, 185, 
and 175, respectively (Table 1). (Table 1) Show that the significant 
reduction in water consumption contributes to much lower variable 
costs under drip irrigation than under traditional irrigation for each 
crop. This is possible because the drip irrigation system delivers water 
right to the roots of the crops, thus ensuring that there is no waste 
of water. In addition, because fertilizers were applied together with 
the water,28,29 the drip irrigation system also saved on labor costs, 
allowing shrinkage of variable cost by more than 100%. Gross margin 
analysis similar to that by Benu and Mudita30 was used as an approach 
to convince fishermen to farm high-valled horticultural crops using 
a drip irrigation system. As shown in (Table 2), the gross margin for 
chillies, tomatoes, and watermelon under drip irrigation doubles the 
gross margin for each crop under traditional cultivation. 

The higher gross margin under the drip irrigation than under the 
traditional irrigation was due to the lower variable cost and at the 
same time to the higher revenue. This is possible because according 
to Dhawan,28 drip irrigation supplies water more regularly to the crop 
and direct to its root system. During the discussion, the fishermen 
raised a number of issues related to the cost of system contruction, 
technical maintenance know-how, and farming credits. Issues such as 
inadequate farmers’ capacity to adopt the system, poor agricultural 
practices, and absence of rural micro-credit providers needed to pay 

for higher infrastructure investment cost are common wherever a drip 
irrigation system is introduced.29,31 Such issues need to be addressed 
separately. What this project shows is that an alternative is available 
for the fishermen in Rote Island to obtain a better income than that 
they obtain from illegal fishing.32

Figure 5 Construction of the tank flatform, (A) Open dug-well as the source 
of water, (B) Raising the tank flatform, (C) Placing the tank flatform above 
it supporting legs, (D) Mixing sand with cement to anchor the supporting 
legs of the tank flatform above ground, and E: Installing the polyethilene main 
distribution pipe into the tank.

Figure 6 Testing water flow, planting the beds, and discussing system and crop 
maintenance. (A) Testing the pump, (B) Testing the flow of water to the tank, 
(C) Placing the main and sub-main distribution pipes and lateral hoses, (D) 
Testing the flow of water to the lateral hoses, (E) Planting chili seedlings, and 
(F) Discussing system and crop maintenance.

Table 1 Variable costs for farming 1 ha chillies, tomatoes, and watermelon under traditional and drip irrigations

Item Traditional irrigation Drip irrigation

Quantity Cost (USD) Total cost (USD) Quantity Cost (USD) Total cost (USD)

Water consumption (m3) 900 0.08 73 450 0.08 36

Fuel (L) 0 0 0 15 0.77 12

Labour (USD) 15 30.77 462 3 30.77 92

Seeds

Chillies (g) 4 1.54 6 4 1.54 6

Tomatoes (g) 6 6.15 37 6 6.15 37

Watermelon (g) 10 2.69 27 10 2.69 27

Fertilizer (kg) 3 8.46 25 1 8.46 8

Total variable cost

Chillies 566 154

Tomatoes 597 185

Watermelon 587 175

Source: Analysis of field data (2017).
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Table 2 Gross margins of farming 1 ha chillies, tomatoes, and watermelon under traditional and drip irrigations

Item Traditional irrigation Drip irrigation

Quantity Price (USD) Total (USD) Quantity Price (USD) Total (USD)

Revenue

Chilies (kg) 830 1.92 1,597 1,186 1.92 2,281

Tomatoes (kg) 3,259 0.92 3,008 4,656 0.92 4,298

Watermelon (kg) 6,395 0.38 2,459 9,135 0.38 3,513

Total variable cost

Chillies 566 154

Tomatoes 597 185

Watermelon 587 175

Gross margin (GM)

Chillies 1,031 2,127

Tomatoes 2,411 4,113

Watermelon 1,872 3,338

Source: Analysis of field data (2017).

Conclusion
The Rotenese have been for centuries involved in fishing in the 

Indonesia-Australia trans boundary waters. Unfortunately, because 
most of the revenue generated from the Endeavour goes to the owner 
of the boat and the fishing gear who also fund the fishing trip, the 
income they bring home is not even enough to pay for the monthly cost 
of living of their family. As an alternative source of income, a simple 
drip irrigation system was constructed with the help of members of 
the local community to irrigate chillies, tomatoes, and watermelon. 
The cost for buying the pump and water tank and for constricting the 
tank flat form was USD 1,500 and for intalling the dripping system 
was USD 400 per hectare. 

Based on a trial carried out at the dry land farming research unit 
of Nusa Cendana University, the variable cost for farming one hector 
chillies, tomatoes, and watermelon under traditional irrigation was 
USD 566, 597, and 587, respectively, and under drip irrigation was 
USD 154, 185, and 175, respectively. The gross margin of planting 
the same crops using drip irrigation was USD 2127, 4113, and 3338, 
respectively, whereas using the traditional irrigation was USD 1031, 
2411, and 1872, respectively. A much higher gross margin could be 
expected from drip than from traditional irrigation, but a number of 
issues need to be addressed to convince fishermen in Rote Island to 
adopt the introduced alternative livelihood.
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