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Abstract. Ending hunger is one of the Sustainable Development Goals 

(SDG) that must be achieved to achieve prosperity. The supply of these food 

needs connects with human dwelling requirements. Numerous technologies 

have been developed to solve these difficulties. One of these technologies is 

minapadi, which uses land effectively. For sustainability objectives to be 

realized, using such technology must preserve environmental quality. This 

research intends to assess changes in water quality resulting from the usage 

of minapadi, as well as fish osmosis performance in minapadi. This research 

is performed to determine the effect of minapadi technology on water and 

fish. Samberembe Sleman is the location that has been adopting minapadi 

for a long time and is the Food and Agriculture Organization of the United 

Nations (FAO) pilot site. In order to acquire data for use in computing the 

Tropic Saprobity Index, the minapadi water of Samberembe was collected 

monthly for four months during the study. Blood samples from tilapia 

(Oreochromis niloticus) were collected in the fourth month to determine 

osmotic performance levels. The acquired findings have the highest SI value 

of 0.986 and the lowest SI value of 0.968. The state of β (meso/oligo 

saprobik) has the highest TSI value with a value of 1.011, while the state has 

the lowest TSI value with a value of 0.995 β (meso saprobik).  Iso-

hyperosmotic is the pattern of osmoregulation in tilapia (Oreochromis 

niloticus) in minapadi. Stable SI and TSI levels at Minapadi do not fluctuate. 

This result suggests that the water quality is with lightly contaminated water, 

yet the TSI value indicates that the water is fertile and potable. The normal 

condition of fish in minapadi indicates that the use of minapadi does not 

affect environmental conditions.  

1 Introduction 

The Sustainable Development Goals (SDGs) aim to enhance people's lives, boost prosperity, 

and safeguard the environment [1]. The requirement for food is one of the SDGs that must 

be addressed [2]. The fulfillment of this nutrition overlaps with the satisfaction of the human 
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house's demands [3,4]. Numerous technologies have been developed to solve these 

difficulties. One of these technologies is minapadi, which uses land effectively [5]. In 

Indonesia, minapadi has become a popular technology [6]. The significance of this technique 

was added to the cultural identity of the globe in 2005 [7]. For sustainability objectives to be 

realized, using such technology must preserve environmental quality [8]. There has been 

researched on minapadi [9–11], but it has not been continuously monitored. Samberembe 

Sleman is the location that has been adopting minapadi for a long time and is the Food and 

Agriculture Organization of the United Nations (FAO) pilot site [12]. 
Phytoplankton may serve as an indicator of water quality [13–15], one of these methods 

is the saprobic index. Aquatic saprobic is the condition of water quality induced by the 

addition of organic matter, which is typically an indication of the quantity and arrangement 

of organism species in the water. Saprobic is comprised of the Saprobic index and Trophic 

Saprobic index. The Tropical Saprobic Index is used for assessing the parameters of the 

fertilizer, and the Saprobic Index is used for the parameters of polluters [16–19]. Numerous 

studies on water quality utilizing the saprobic method have been conducted [20–23]. 

This research also examines osmosis fish as another variable. One of the elements 

impacting the physiology of aquatic species is salinity, one of which impacts osmotic 

working pressure [24]. Too-high osmotic work pressure will result in discrepancies in fluid 

concentration between the body and the environment [25]. Balancing the fluid concentration 

needs a great deal of energy, which will hinder the development of the fish. The energy used 

for growth is also needed to sustain the fluctuating osmotic pressure. Fish incapable of 

controlling the osmoregulation mechanism inside their bodies can incur stress, poor health, 

and even death  [26]. This research intends to investigate changes in water quality resulting 

from the usage of minapadi, as well as the osmosis performance of fish living in minapadi. 

Osmotic Performance Level is performed to determine the effect of minapadi technology on 

water and fish. 

2 Method

Sampling was conducted in Samberembe, which used the minapadi technique. Over four

months, four water samples and one fish sample were collected. The sampled minapadi land

was around 3 hectares in size and was taken from one of the minapadi ponds (Fig
1). The specimen was gathered by sifting 20,000 ml of water down to 50 ml using a

plankton net. The filtered water is examined in the laboratory by applying 1 ml of a 10%

formalin solution.

 

Fig. 1. Research location Samberembe, Sleman Yogyakarta Indonesia 
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The objective of fish sampling is to collect blood samples. There are several techniques

for taking blood samples from fish, including the Severing Caudal Peduncle technique (blood

is taken after the fish is split in the peduncle), the Puncturing the Caudal Vessel technique

(blood is taken using injections through the tail vessels), the Cardiac Puncture technique

(heart puncture), and the Dorsal Part Puncture Aorta technique [27]. Collecting blood from

tiny fish (<10 cm) by severing the peduncle is used to collect blood samples. In this research,

utilizing injections via the blood arteries of the tail to draw blood has the benefit that it may

be done repeatedly on the same fish. In this approach, blood from a 200-gram fish can be

retrieved between 0.5 and 1 ml.

Using an automatic micro osmometer roebling Type 13/13 DR Autocal osmometer [28],

the Osmotic Performance Level of fish samples from minapadi was determined by measuring

the osmolarity of fish blood and water media (Fig. 2). Blood osmolarity is measured by

drawing as little as 0.01 ml of fish blood for analysis. Blood from the fish sample is placed

in a container containing 10% EDTA (Ethylene Diamine Tetra Acetic acid) to avoid clot-

ting. The blood is then drawn using a syringe/syringe of size 0.5 ml, placed in a micro tube

of size 0.5 ml, and added reagents. Similarly, water samples are measured without using

preservatives in the instrument.

 

Fig. 2. Automatic micro osmometer roebling tool 

Observation test of plankton in the lab using microscopes magnifying at 100x, 200x, and 

400x [29]. The Saprobic Index (SI) and the Total Saprobic Index (TSI) are used in the 

determination of water quality by equation (1) [16,30]. 

𝑆𝐼 =  
1C + 3D− 1B – 3A

1A + 1B + 1C +1D
   (1) 

Where: 

• SI - Saprobic Index, between of -3 to +3 

• A  - the amount of species groupings Cyanophyta (Polysaprobic) 

• B  - the amount of species groupings Euglenophyta (α-mesosaprobic) 

• C  - the amount of species groupings Chloroophyta (β -mesosaprobic) 

• D  - the amount of species groupings Crhysophyta (Oligosaprobic) 

Saprobic is the condition of water quality induced by adding organic matter to a body of 

water, the quantity and arrangement of organisms in these waters are often used as an 

indicator. A Tropic Saprobic (TROSAP) analysis with a value obtained by the following 

formula (2) [18,31,32]is utilized to calculate the saprobic of the waters. The SI and TSI 

calculation results are interpreted using Table 1.  
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𝑇𝑆𝐼 =  
(nC) + 3 (nD) + 1 (nB) – 3 (nA)

1 (nA) + 3 (nB)  + 1 (nC) + 1(nD) 
𝑥

nA + nB + nC + nD + nE

nA + nB + nC + nD
  (2) 

Where: 

• TSI - Tropic Saprobic Index 

• nA - Individuals constituting the organism Polysaprobic 

• nB - Individuals constituting the organism 𝛼- mesosaprobic 

• nC - Individuals constituting the organism 𝛽- mesosaprobic 

• nD - Individuals constituting the organism Oligosaprobic 

• nE - Individuals constituting the organism excluding A, B, C, D 

Table 1. Relationship between Water Pollution Level and Saprobic Index [30] 

Index SI and TSI Saprobic Level Fertilize Pollute 

(-3,0) s/d (-2,0) Polysaprobic difficult to utilize 

fertility 

very heavy 

(-2.0) s/d (-1,5) Poly / (α – mesosaprobik)   

 

(-1,5) s/d (-1,0) 

 

α – meso/polysaprobic 

 

 

 

heavy 

(-1,0) s/d (-0,5) α – mesosaprobic  

 

 

(-0,5) s/d (0,0) α/β(mesosaprobic) fertility is possible 

to use 

moderate 

(0,0) s/d (+ 0,5) β/α(mesosaprobic)  delicate 

(+ 0,5) s/d (+ 1,0) β (mesosaprobic)   

(+ 1,0) s/d (+1,5) β (meso/oligosaprobic)   

 

(+ 1,5) s/d +2,0) 

 

Oligo/β (mesosaprobic) 

 

fertility is possible 

to use 

 

very 

delicate 

(+ 2,0) s/d (+3,0) Oligo saprobic

The fish blood test and water media results are used to calculate the Osmotic Performance

Level based on the difference between the blood fish test osmolarity and the media's

osmolarity [33], as shown in the following formula. There are two different types of osmotic

regulation: hypoosmotic and hyperosmotic. Both regulations are used to maintain the ability

of osmolarity and the balance system between intracellular and extracellular body fluids and

their media fluids [34].

Osmotic Performance Level = [P osmoblood - P osmomedia]  (3)

Where:

• P osmoblood = Blood pressure osmotic, mOsm/l H2O

• P osmomedia = Water pressure osmotic, mOsm/l H2O

3 Results
Laboratory results serve as the foundation for looking for SI and TSI values. In the figure are

depicted the results of such computations. Fig. 3. depicts the graph curve for SI values,

which more closely resembles the model of the third-order polynomial equation than

the linear equation. That is due to the proximity of 1 to the R square value of the third-order

polynomial equation. Fig. 4. depicts a graph of the TSI value curve, much as the SI

curve of the TSI graph corresponds more closely to the model of the third-order polyno-

mial equation. According to the saprobic level, the water conditions are β (meso saprobic)

and β (meso/oligo saprobic). The status of SI is greatest in the second month (0.986) and
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lowest in the third and fourth months (0.968). The SI value in a steady condition is unaf-

fected by moderate pollution. The TSI value is greatest in month 1 (1.011) and lowest in 

month 2 (0.999). (0.995). That may be because the first month is the preparatory phase 

for rice planting when the TSI value is at its peak and the fertilizer level is possible to 

use.

 

Fig. 3. SI rate of change over four months 

 

Fig. 4. TSI rate of change over four months 

The osmoregulation pattern of fluid transfer in fish is used to monitor the fish's condition 

and identify its compatibility with its environment. Table 2. displays the findings of 

monitoring the osmoregulation patterns of fish in minapadi. The sampled fish is about eight 

weeks old, 20 centimeters long, and weighs 120 grams. A tilapia (Oreochromis niloticus) that 

has lived in the minapadi pond for about one month is a sample. 

Table 2. Tilapia (Oreochromis niloticus) osmoregulation test results 

No 

Sample 

Media 

(mOsm/l 

H2O) 

Sample blood 

(mOsm/l 

H2O) 

Osmotic 

Performance 

Level 

Osmoregulation 

regulation 

1 78 84 6 
Iso-hyperosmotic 

regulatory  76 81 5 

 77 80 3 

2 38 47 9 
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No 

Sample 

Media 

(mOsm/l 

H2O) 

Sample blood 

(mOsm/l 

H2O) 

Osmotic 

Performance 

Level 

Osmoregulation 

regulation 

 41 49 8 Iso-hyperosmotic 

regulatory 
 39 48 9 

3 45 50 5 
Iso-hyperosmotic 

regulatory  47 54 7 

 48 55 7 

Laboratory calculations demonstrate that the osmoregulation pattern of tilapia is Iso-

hyperosmotic regulatory. That indicates that the fish is in a normal condition in which the 

quantity of chemical particles in the fish's body exceeds the number of chemical particles in 

the surrounding water. In general, the osmoregulation process in fresh fish and surrounding 

water is hypoosmotic regulatory [35]. However, in this instance, the osmoregulation process 

is Iso-hyperosmotic regulatory, which may be caused by more chemical particles in the 

surrounding water than in normal fresh water. These chemical particles may result from 

adding chemical compounds to dissolved rice fertilizers. If the osmoregulation pattern has 

shifted to hypo-osmotic, the fish will be agitated and create more mucus, but they may still 

survive normally. 

4 Conclusion 

Minapadi is one of the intensification methods that may increase the food supply. This 

technology has been implemented in the Samberembe neighborhood of Sleman Yogyakarta. 

Four months of investigation revealed that the condition of the water was unaffected by the 

use of minapadi technology. The fact that the SI and TSI levels have not altered demonstrates 

this. The highest SI value is 0.986, with the lowest SI value being 0.968. The water quality 

at this value falls within the range of (meso saprobic), indicating moderate pollution. The TSI 

value is at its maximum with a value of 1,011 in the state β (meso/oligo saprobic) or under 

circumstances of fertile waters. The lowest value, with a value of 0.995, is the state of β 

(meso saprobic), which may be exploited under fertile waters. The condition of fish in the 

waters of the minapadi remains normal. The pattern of osmoregulation in tilapia 

(Oreochromis niloticus) is Iso-hyperosmotic regulatory. That might be because the 

surrounding water held a higher concentration of chemical particles. These chemical particles 

may result from adding chemical compounds to dissolved rice fertilizers.  

 
The Ministry of Marine Affairs and Fisheries Republic of Indonesia (Number. 26/SJ/KP.532/I/2019) 

provided funding for this research. 

References 

1. L. Scherer, Behrens, A. de Koning, R. Heijungs, B. Sprecher, and A. Tukker, Trade-

offs between social and environmental Sustainable Development Goals, Environ. Sci. 

Policy, 90, August, 65–72 (2018) 

2. J. D. Sachs, G. Schmidt-Traub, M. Mazzucato, D. Messner, N. Nakicenovic, and J. 

Rockström, Six Transformations to achieve the Sustainable Development Goals, Nat. 

Sustain., 2, 9, 805–814 (2019) 

 

, 030E3S Web of Conferences

ICENIS 2023
https://doi.org/10.1051/e3sconf/20234480306262 (2023)448

6



3. S. Chadijah, D. K. Wardhani, And A. Imron, Kebijakan Reforma Agraria Terhadap 

Lahan Pertanian Di Kabupaten Tulungagung, Jch (Jurnal Cendekia Hukum), 6, 1, 91 

(2020) 

4. R. R. Abbas, E. Soetarto, N. K. Pandjaitan, and A. Satria, Land Grabbing in 

Telukjambe Barat, Karawang, West Java and its Teoretical Hook to David Harvey’s 

and SMP Tjondronegoro’s Works, Sodality J. Sosiol. Pedesaan, 9, 3 (2021) 

5. J. Nursandi and A. H. Verdian, Minapadi Media Design for Fish and Rice Cultivation 

Systems in Dry Land, IOP Conf. Ser. Earth Environ. Sci., 1012, 1 (2021) 

6. Z. A. Siregar, S. Anggoro, H. E. Irianto, H. Purnaweni, Minapadi Trend, Need and 

Sustainability in Indonesia, E3S Web Conf., 202, 07028 (2020) 

7. J. Lu and X. Li, Review of rice–fish-farming systems in China — One of the Globally 

Important Ingenious Agricultural Heritage Systems (GIAHS), Aquaculture, 260, 1–4, 

106–113 (2006) 

8. A. Sinha, T. Sengupta, and R. Alvarado, Interplay between technological innovation 

and environmental quality: Formulating the SDG policies for next 11 economies, J. 

Clean. Prod., 242, 118549 (2020) 

9. H. B. Nugroho, F. Basuki, And R. W. Ariyati, Pengaruh Padat Penebaran Yang 

Berbeda Terhadap Laju Pertumbuhan Ikan Nila (Oreochromis Niloticus, Linn. 1758) 

Pada Sistem Budidaya Minapadi, J. Aquac. Manag. Technol., 6, 2, 21–30 (2017) 

10. N. Rozen, A. Anwar, and N. Kristina, The Effect of Fish Type and Variety on Growth 

and Results Through the Application of Minapadi-SRI, IOP Conf. Ser. Earth Environ. 

Sci., IOP Publishing, 12023 (2019) 

11. Z. A. Siregar, S. Anggoro, H. E. Irianto, and H. Purnaweni, Oregon water quality index 

comparison (Owqi), overall index of pollutant (oip) and ecology index in integrated 

fish farm field, AACL Bioflux, 14, 4, 2125–2133 (2021) 

12. Y. Syaukat and D. R. Julistia, Analysis of Income and Factors Determining the 

Adoption of Integrated Rice-Fish Farming System in Seyegan District, Sleman 

Regency, Yogyakarta, Indonesia, J. Int. Soc. Southeast Asian Agric. Sci., 25, 1, 66–79 

(2019) 

13. J.-X. Wang, F.-Z. Kong, H.-X. Geng, Q.-C. Zhang, Y.-Q. Yuan, and R.-C. Yu, 

CHEMTAX analysis of phytoplankton assemblages revealed potential indicators for 

blooms of haptophyte Phaeocystis globosa, Ecol. Indic., 131, 108177 (2021) 

14. V. Kamboj, N. Kamboj, A. K. Sharma, and A. Bisht, Phytoplankton communities as 

bio-indicators of water quality in a mining-affected area of the river Ganga, Haridwar, 

India, Energy, Ecol. Environ. (2022) 

15. Y. J. Jiang, W. He, W. X. Liu, N. Qin, H. L. Ouyang, Q. M. Wang, X. Z. Kong, Q. S. 

He, C. Yang, B. Yang, and F. L. Xu, The seasonal and spatial variations of 

phytoplankton community and their correlation with environmental factors in a large 

eutrophic Chinese lake (Lake Chaohu), Ecol. Indic., 40, 58–67 (2014) 

16. J. W. Hidayat, The water quality and Cultivant enrichment potency of pond based on 

saprobic index at north coastal waters of Central Java, Indonesia, J. Phys. Conf. Ser., 

1025, 1 (2018) 

17. J. W. Hidayat, R. B. Hastuti, M. Hadi, and G. Yulianto, The structure of plankton as an 

environmental indicator for water management in upper part of rawapening lake, 

Semarang Regency, Indonesia, J. Phys. Conf. Ser., 1217, 1, 1–7 (2019) 

18. D. M. Nuriasih, S. Anggoro, and Haeruddin, Saprobic analysis to Marina coastal, 

Semarang city, IOP Conf. Ser. Earth Environ. Sci., 116, 1, 012096 (2018) 

 

, 030E3S Web of Conferences

ICENIS 2023
https://doi.org/10.1051/e3sconf/20234480306262 (2023)448

7



19. D. Wijayanto, A. N. Bambang, R. A. Nugroho, F. Kurohman, and O. E. Jati, The 

Estimation of Environmental Carrying Capacity and Economic Value of Seaweed 

Cultivation in Kemojan Island, J. Hunan Univ. Nat. Sci., 49, 2, 104–110 (2022) 

20. A. F. Suwandana, W. Purnomo, and S. Rudiyanti, Analisis Perbandingan Fitoplankton 

Dan Zooplankton Serta Tsi (Trophic Saprobic Index) Pada Perairan Tambak Di 

Kampung Tambak Lorok Semarang, Manag. Aquat. Resour. J., 7, 3, 237–245 (2018) 

21. H. Al Rasyid, D. Purnama, And A. B. Kusuma, Pemanfaatan Fitoplankton Sebagai 

Bioindikator Kualitas Air Di Perairan Muara Sungai Hitam Kabupaten Bengkulu 

Tengah Provinsi Bengkulu, Enggano, 3, 1, 39–51 (2018) 

22. N. Indrayani, S. Anggoro, And A. Suryanto, Indeks Trofik-Saprobik Sebagai Indikator 

Kualitas Air Di Bendung Kembang Kempis Wedung, Kabupaten Demak Trophic-

Saprobic, Manag. Aquat. Resour. J., 3, 4, 161–168 (2014) 

23. Suryanti, Kajian Tingkat Saprobitas Di Muara Sungai Morodemak Pada Saat Pasang 

Dan Surut, Saintek Perikan., 4, 1, 76–83 (2008) 

24. M. Riswan, H. Syawal, And U. M. Tang, Osmotic Performance And Growth Rate Of 

Striped Catfish (Pangasianodon Hypohthalmus) At Different Salinity, Asian J. Aquat. 

Sci., 5, 1, 10–19 (2022) 

25. X. Meng, B. Zeng, Wang, J. Li, R. Cui, and L. Ren, Food waste anaerobic biogas 

slurry as fertilizer: Potential salinization on different soil layer and effect on 

rhizobacteria community, Waste Manag., 144, December 2021, 490–501 (2022) 

26. R. Fahmi, R. Sri, and H. A.H. Condro, Pengaruh Salinitas Yang Berbeda Terhadap 

Profil Darah Ikan Nila (Oreochromis niloticus), J. Aquac. Manag. Technol., 3, 2, 109–

117 (2014) 

27. R. Bijanti, Hematologi Ikan Teknik Pengambilan Darah dan Pemeriksaan Hematologi 

Ikan, Bagian Ilmu Kedokt. Dasar Veteriner. Fak. Kedokt. Hewan. Univ. Airlangga. 

Surabaya (2005) 

28. W. M. Permata, S. Anggoro, and S. Suryanti, Osmoregulation pattern and condition 

factor of Indian white shrimp (Penaeus indicus) in the mangrove eco-edutourism area 

of Tapak, Semarang, AACL Bioflux, 14, 4, 2198–2210 (2021) 

29. APHA, Standard Methods for the Examination of Water and Wastewater, 20th Editi, 

Washington D. C., USA (1999) 

30. T. . Dresscher and H. van der Mark, A Simplified Method for The Biological 

Assessment of The Quality of Fresh and Slightly Brackish Water, Hydrobiologia, 48, 

199–201 (1976) 

31. S. Anggoro, Analisa Tropic-Saprobik (Trosap) Untuk Menilai Kelayakan Lokasi 

Budidaya Laut Dalam, Universitas Diponegoro, Semarang (1988) 

32. A. Tjahjono, O. Wahyuni, and S. Purwantini, The Assessment of Biological and 

Pollution Index of Estuaries Around Port of Tanjung Emas Semarang, IOP Conf. Ser. 

Earth Environ. Sci., 116, 1, 012087 (2018) 

33. S. Anggoro and Nakamura, Osmoregulation of Kuruma Prawn (Penaeus Japonicus), 

Bull. Kagoshima, 2, 3, 14–19 (1996) 

34. S. Anggoro, D. Suprapto, and F. Purwanti, Osmoregulation Pattern of Fingerling 

Vanname Shrimp (Litopenaeus vannamei) Rearing in Three Molt Stage Iso-Osmotic 

Media, ILMU Kelaut. Indones. J. Mar. Sci., 23, 3, 119 (2018) 

35. T. Rairat, W. Thongpiam, C.-Y. Hsieh, Y.-K. Liu, S. Tunkijjanukij, and C.-C. Chou, 

Salinity-dependent pharmacokinetics of florfenicol in Nile tilapia (Oreochromis 

 

, 030E3S Web of Conferences

ICENIS 2023
https://doi.org/10.1051/e3sconf/20234480306262 (2023)448

8



niloticus) and its implication in optimal dosing regimen, Aquaculture, 519, 734900 

(2020) 

 

 

, 030E3S Web of Conferences

ICENIS 2023
https://doi.org/10.1051/e3sconf/20234480306262 (2023)448

9


