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Abstract. This research aims to design irrigation systems an NFT hydroponic with various
gutters slope on pakcoy plants (Brassica rapa L.). This research was conducted in October
2020 to March 2021 at greenhouse of Agricultural Engineering Study Program, Department of
Agricultural Technology, Faculty of Agriculture, Sriwijaya University. This research method
used observation method. The observed paramaters were plant water need, the uniformity of
irrigation water, the uniformity of electrical conductivity, and the uniformity of water flow the
thickness and the production of pakcoy plants at NFT using slope of gutters 4%, 6%, and 8%.
The results shown that the highest average value of irrigation water uniformity at a gutter
slope of 8% was 93.44%. The highest average value of electrical conductivity uniformity of
gutters at 8% slope was 99.45%. The highest average value of water thickness uniformity in
the three guttering treatment at 8% gutter slope was 89.91%. The weight of crop production
at a slope 8% was 3,184 g roots and 2,189 g of plants without roots. Plant water needs in the
initial period of growth was 2.43 mm/day, the middle period of growth was 3.42 mm/day, and
the final period of growth was 4.95 mm/day.

1. Introduction

Nowadays, food crops production activities in Indonesia have been increasingly developed, which
prove by numerous cultivation technologies that have been successfully adopted from developed
countries, including the urban farming system which currently being implemented is the hydroponic
cultivation system. Hydroponic cultivation produce clean plants, efficient use of nutrients as it is
customized to plant needs, weeds free plants and are rarely attacked by pests, produce high quality and
quantity of plant as it has high selling value, and able to cultivate in limited land.

One of the most widely used hydroponic techniques to produce food crops is the Nutrient Film
Technique (NFT). In this system, the plant roots are placed in a shallow nutrient layer. The nutrient
solution is circulated for 24 hours continuously and contains nutrients that is needed for plants. Roots
are able to growth in the nutrient solution. The application of this system needs to consider the
possibility of excess water, which will reduce the amount of oxygen. Therefore, the nutrient layer in
the NFT system is arranged specifically, with maximum solution height is 3 mm, in order to fulfill the
need for nutrient water and oxygen [1].

There are many factors that must be considered in hydroponic farming such as water quality,
nutrient solution, EC (Electrical Conductivity) value, nutrient solution pH, water flow rate, gutter
slope, media, and others. The most important aspect that needs to be considered in hydroponic
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technology is the management of nutrient solutions related to the value of EC (Electrical Conductivity)
and pH [2].The distribution of nutrient solution in NFT hydroponics is influenced by the slope of the
gutter, since it affects the flow speed of nutrients which eventually impact to absorption rate of
nutrients by the roots [3].

Therefore, this study used modified gutters such as special NFT hydroponic gutters, because the
bottom surface is flat like a special NFT hydroponic gutter. The flat bottom surface causes the roots
free to spread and maximized absorption of nutrients. So, this study aims to design an NFT hydroponic
irrigation system with various gutter slopes on pakcoy plants (Brassica rapa L.) to obtain optimal and
uniform crop yields.

2. Research Methodology

This research was carried out from October 2020 to March 2021 at Greenhouse, Department of
Agricultural Technology, Faculty of Agriculture, Sriwijaya University. The materials used in this
research were: 1) Water source, 2) Pakcoy plant seeds, 3) AB Mix fertilizer, 4) Box PVC gutters, 5)
PVC pipe, and 6) 7 mm Fertigation Hose. Equipment used in this research were: 1) Drill, 2) Nutrient
measuring cup, 3) pH meter, 4) EC meter, 5) TDS meter, 6) Nutrient solution tub, 7) Stationery, 8)
Camera digita, 9) Calculator, 10) Aquarium Pump, 11) Ruler, 12) Meter, 13) Thermohy grometer, 14)
Mild Steel, and 15) Netpot.

This study used field observation method. This study analyzed data quantitatively on water needs,
uniformity of irrigation water, uniformity of electrical conductivity and uniformity of water flow
thickness and weight of crop production at 4%, 6% and 8% gutter slopes.

3. Result and Discussion

Based on observation, The average daily temperature is 30.98°C. The percentage of daylight hours
in the South Latitude in February and March is 27.65% The plant coefficient values (Kc) in pakcoy
plants were 0.54 for the initial growth period, 0.76 for the middle growth period and 1.1 for the late
growth period [4], and the ETo is 4.5 mm/day, the value of plant evapotranspiration was 2.43 mm/day
at the inital of growth, 3.42 mm/day in the middle period of growth, and 4.95 mm/day at the end of the
growth period.

3.1. Uniformity of irrigation water (CU)

Irrigation uniformity value is the percentage obtained from measuring the outlet discharge of each
gultter at each week of plant age.. Figure 1 show that the uniformity value of outlet discharge irrigation
(CU) for these three treatments of gutter slope had the uniformity standard, which was greater than
80%. The uniformity value is in accordance with the statement of [5] which states that the irrigation
uniformity value (outlet discharge) must be greater than 80%. The uniformity value shows that the
irrigation network in NFT (Nutrient Film Technique) hydroponics is able to provide an even
distribution of nutrients for each of the three treatments of gutter slope. Uniformity of irrigation water
is presented in figure 1
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Figure 1. Graph of irrigation water uniformity (CU) at each plant periode in week
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In Figure 1. shown that the slope of 8% has a higher uniformity value compared to the slope of 4%
and 6%. From the data obtained, the nutrient solution discharge in the three treatments of the slope of
the gutters tends to decrease every week of plant age. This is in accordance with [6] which stated that
if there are more plant roots, the speed of nutrient water flow will decrease. so that the rate of nutrient
flow will affect the thickness of the water. In addition, the flow of nutrients is affected because there is
clogged dirt in the inlet pipe, it is necessary to check periodically.

The largest outlet discharge was found in the first week (1 MST) and the lowest was in the last
week (5 MST) for each slope. The factors that affect the discharge of the first week and the last week
of discharge are different apart from being caused by the slope of each gutter, namely the roots in the
first week are still small and root absorption is still slow. In contrast to the last week, the outlet
discharge became smaller which was influenced by the slope of the gutters, the increasing number of
roots and the presence of moss growing on the gutters which inhibited the rate of nutrient solution.
The rate of nutrient flow affects the circulation of the solution. Flow velocity that is too fast can make
it difficult for roots to absorb nutrients because circulation is too fast, while flow velocity that is too
slow causes nutrient deposition [7].

The solution discharge affects plant growth because the flow of water that is too heavy will inhibit
plant growth which causes plant roots to become increasingly difficult to absorb the nutrients
contained in the water. Then the slope factor becomes one of the considerations in the process of
establish the gutter slope of the NFT hydroponic which suitable for plants, therefore the absorption of
nutrients in plants goes well so that they can grow normally.

3.2. Uniformity of Electrical conductivity

The uniformity value of electrical conductivity is the percentage obtained from the measurement of
electrical conductivity at each slope of the gutter every week of plant age.The uniformity of electrical
conductivity value in cach week of plant age is presented in Figure 2.
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Figure 2. Electrical conductivity uniformity graph.

The difference in electrical conductivity uniformity is not much different between the three slopes,
namely 98.76% for a slope of 4%; 99.25 for a slope of 6% and 99.45% for a slope of 8%. The value
of the electrical conductivity uniformity was influenced by the measured electrical conductivity value.
In Figure 2 shown that the slope of 8% has a relatively higher uniformity value compared to the slope
of 4% and 6%. This is because the 8% slope has a thinner nutrient solution layer than the 4% and 6%
slope, so this increases the dissolved oxygen in the nutrient solution. According [4] if the gutter slope
is greater, the oxygen content in the nutrient solution will increase, which will indirectly affect the
value of electrical conductivity in nutrient solution.

The provision of nutrients with different concentrations of EC (Electrical Conductivity) can
increase the growth of pakcoy plants at EC concentrations of 1.5 and 2.0 [8]. In this study, pakcoy
plants were given nutrients with an EC concentration of 0.5-1.8 from the time of transplanting until
harvest, in order to avoid excess nutrients that might inhibit plant growth. Crop damage due to too
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high EC plant growth will stagnate. If the EC is higher, it will cause toxicity or poisoning and the cells
will undergo plasmolysis [9].

3.3. Uniformity of water flow thickness
The uniformity value of water thickness in each week of plant age is presented in Table 1. and
Table 2.

Table 1. The uniformity value of water flow thickness at the inlet
CU thickness of water flow (%)

Period Plant Age

Slope 4% Slope 6% Slope 8%
I MST 92,99 90,61 91,76
2MST 90,35 90,86 89,56
IMST 89,79 86,85 89,91
4 MST 91,54 91,53 93,34
5MST 88,74 85,69 91,94
Average 90,74 8921 91,22

Table 2. The uniformity value of water flow thickness at the outlet
Period Plant Age CU thickness of water flow (%)

Slope 4% Slope 6% Slope 8%
1 MST 87,98 90,97 90,94
2MST 91,84 79,26 91,80
3IMST 91,52 87,55 88,83
4 MST 89.35 88,54 90,58
5 MST 88.47 85,69 86,98
Average 89,87 86,42 89,91

On Table 1 and Table 2. shown that the uniformity of water flow thickness in the treatment of the
gutter slope which was greater than 80%. This means that the uniformity value of the water flow
thickness has met the uniformity standard. The figure above shows that the 8% slope had a relatively
higher uniformity value compared to the 4% and 6% slope, but it was not much different. This is
because the 8% slope had a thinner nutrient solution layer and a larger slope than the 4% and 6%
slope. At a slope of 8% also has a thickness of water flow between 1.5-3 mm, which is in accordance
with the statement of [10] that the principle of NFT hydroponics is avoid to use a water thickness that
exceeds 3 mm. Thus, the slope factor was one of the considerations in the process of build an
appropriate slope for NFT hydroponic gutters to get a good water thickness to ensure the plants grow
optimally.

3.4. Production of pakcoy
The production level of pakcoy was measured directly, by weighing the post-harvest plants
without dried it. The weight of pakcoy that resulted from the three treatments of gutters slopes is
presented in Figure 4 for the weight of plants with roots; and Figure 5 for weight of rootless plant.
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In Figure 3.3. and Figure 3.4 shown that different plant weights caused by different levels of gutter
slope. Based on the characteristics of pakcoy that were ready to be harvested, the most suitable one is
found on the slope of the 8% gutter because it has an average weight of 104.93 grams. This was in
accordance with the research of [6], which mentioned that the steeper NFT gutter had higher plant
productivity, as it will produce a thinner nutrient layer. Respiration in the roots will produce energy to
absorb water and nutrients more smoothly to help plants grow faster. The production level of pakcoy
plants can be measured directly in the field, namely by weighing the post-harvest plants without prior
dried it.

4. Conclusions
The following conclusions can be drown from this study:

1. The highest average value of irrigation water uniformity (outlet discharge) in the three gutter slope
treatment at a gutter slope of 8% was 93.44%.

2. The highest average value of electrical conductivity uniformity in the three slope treatment of
gutters at 8% slope was 99.45%.

3. The highest average value of water thickness uniformity in the three guttering treatment at 8%
gutter slope was 89.91%.

4. The weight of crop production in the three slope treatment gutters that have the highest weight at
aslope 8% was 3,184 g with roots and 2,189 g of plants without roots.

Reference
[1] Purbajanti E D, Slamet W and Kusmiyati F 2017 Hydroponic Planting Without Soil (EF Press
Digimedia)

[2] Binaraesa N N P C 2017 EC (Electro Conductivity) Value Based on Age of Green Leaf Lettuce
(Lactuca sativa L.) With Hydroponic System NFT (Nutrient Film System) 4 65-74

[3] Asmana M S, Abdullah S H and Putra G M D 2017 Analysis of the Uniformity of Fertigation
Aspects in (NFT) Hydroponic System Design With Gutter Slope Treatment J. Ilm. Rekayasa
Pertan. dan Biosist. 5 303-15

[4] Nainggolan F S 2018 Design of NFT (Nutrient Film Technique) Hydroponic Irrigation System
for Pakcoy (Brassica rapa L.) Cultivation (Universitas Sumatera Utara)

[5] Sapei A 2003 Uniformity dan Efisiensi Irigasi Sprinkler dan Drip

[6] Simbolon D R 2011 Gutter Slope Test of Hydroponic Fertigation System NFT (Nutrient Film
Technigue) in Mustard Cultivation (Brassica juncea L.)

[7] CandraC L, Dwi Yamika W S and Soelistyono R 2020 The Effect of Nutrient Flow and Type of
Planting Media on Growth and Yield of Kale (Brassica oleraceae var. acephala) in a Nutrient
Film Technique (NFT) Hydroponic J. Produisi Tanam. 8 815

[8] Lailiyah W N 2020 Test of EC Concentration (Electro Conductivity) and Shade Levels on Yield
and Growth of Pakcoy Mustard (Brassica chinensis L.) at Greenhouse Paranet Trop.
(Indonesian J. Trop. Crop. 3 21-5

[9] Nurkhotimah S A A 2017 Growth and Production of Three Varieties of Pak Choy Plants at
Various Electrical Conductivity Values of Hydroponic Solutions J. Pertan. 2 70-87

[10] Qalyubi I, Pudjojono M and Widodo S 2019 The Effect of Water Discharge and Provision of
Types of Nutrients on the Growth of Kangkung Plants in the NFT (Nutrient Film Technique)
Hydroponic Irrigation System Berk. Ilm. Teknol. Pertan. 1 1-5




NFT.pdf

ORIGINALITY REPORT

10% % 100% %

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

3%

* M A Suhendar, D Koswanudin, N Hidayatun, S
Diantina, | Manzila, P H Try Zulchi, Wawan.
"Detection of pathogens to test seed health of some
food crops in storage", IOP Conference Series: Earth
and Environmental Science, 2023

Publication

Exclude quotes On Exclude matches <1%

Exclude bibliography On



