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ABSTRACT

The successful growth of lettuce plants in floating hydroponics is controlled by the
availability of oxygen and the level of plant density. Dissolved oxygen in water is controlled
by the aeration pressure provided in hydroponics. This research aims to determine The
impact of aeration pressure on the growth of lettuce (Lactuca sativa L) in a floating
hyvdroponic system, considering different planting spacings. The research employed a
Randomized Block Factorial Design (RAKF), incorporating two treatment factors: plant
spacing (Factor A) with two different levels, and aeration pressure (Factor B) with three
different levels. Each combination was replicated three times. And oxygen linear regression
analysis for dissolved (Dissolved Oxygen) and aeration pressure. The conclusion of the
research showed that The conclusions of this research were The highest production of
lettuce was achieved with treatment A2B3, using a planting distance of 30 cm and aeration
pressure of 16 kPa, resulting in a total fresh weight of the plants of 82.89 g, Lettuce planted
at a spacing of 30 cm outperformed lettuce planted at 20 cm in terms of canopy width, root
length, and total fresh weight, 3. The aeration pressure increases, the concentration of
dissolved oxygen in the water also increases, the canopy width, root length, and total fresh
weight of lettuce. The average dissolved oxygen ranged from 7.17 to 7.22 mgl/l, so the
aeration pressure correlates with increased dissolved oxvgen levels, suggesting that higher
aeration pressure correlates with increased dissolved oxygen levels. The Suggestion was
Further research should be conducted on the appropriate size of the nutrient solution
reservolr concerning the aeration pressure applied.
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INTRODUCTION

The number of Indonesia's population is increasing, and the need for horticultural commodities,
especially vegetables, every year is always increasing in line with the increasing demand for lettuce (Lacruca
sativa L.) (Pujisiswanto and Pangaribuan, 2010). Lettuce (Lactuca sativa L.) is a plant that is very popular
among urban communities. This is because, in addition to being nutritious, it is also good for the body's
vitamin needs (Cahyani, Hasibuan and Ch, 2019). Lettuce (Lactuca sativa L.) is one of the vegetable plants
that are consumed by the public in fresh form (Warganegara er al., 2015). Furthermore, lettuce is very
effective when grown using hydroponics (Hamyana, Budianto and Bukori, 2023). Lettuce is cultivated
hydroponically without using soil (Mardina et al., 2019) and utilizes a nutrient solution as a source of
essential elements (Zenita, 2019); (Umarie, 2020); (Sipin Solis and U. Gabutan, 2023). One of the nutrients
commonly used in hydroponics is AB Mix fertilizer (Nazara er al., 2023);(Lestari, Rahayu and
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Mulyaningsih, 2022); (Romalasari and Sobari, 2019) which is capable of increasing plant height, leat count,
and leaf width. (Zahrima, Sutariati and Rakian, 2019). In order to grow well, plants cultivated
hydroponically need to get complete nutrients, which consist of macro (N, P, K, Ca, Mg, S) and micro (Cl,
Mn, Fe, Cu, Zn, B, and Mo) elements (Warjoto er al, 2020).

Hydroponics has various types of cultivation techniques, one of which is floating hydroponics, which
is a form of urban farming (Puspitahati, Andini and Hp, 2021). The advantages of hydroponics include high
efficiency in water and nutrient use (Ariananda and Nopsagiarti, 2020); (Wiratama, Suroso and Wijaya,
2023), the installation is cheaper to create, and materials are easily obtainable by using styrofoam above the
basin (Sagita, 2020); (Yunindanova, Darsana and Putra, 2018) thus enabling the creation of higher dissolved
oxygen content. (Riza Linda, 2018). On the other hand, its weakness is that the roots submerged in the
nutrient solution create a saturated water condition, causing the plants to lack oxygen, which affects the
growth process of the plants (Virha and Bayfurqon, 2020); (Pudjiwati and Asmina, 2020).

According to (Krisna ef al., 2017), the higher the concentration of dissolved oxygen in the nutrient
solution, the better the absorption of nutrients by the plant roots in floating hydroponics. Plants that are
provided with oxygen in their growing media will have better growth compared to those that are not given
oxygen, thus shortening the harvest time (Surtinah, 2016), Meanwhile, according to (Fauzi and Putra, 2013)
applying aeration pressure of 12 kPa to the root system of lettuce plants will result in a dissolved oxygen
content of 12.23 mg/l, which can shorten the harvest age. Plant respiration is closely linked to the amount of
oxygen available in the water; insufficient oxygen can lead to rapid deterioration and death of the plant roots.
To mitigate this problem, it is essential to enhance dissolved oxygen levels by employing an aerator
(Puspitahati et al., 2022).

In addition to aeration pressure and dissolved oxygen, one of the supporting factors in plant growth is
the plant density level. The density of plants affects growth and the components of crop yield and can
effectively absorb nutrients (Vera, Turmudi and Suprijono, 2020); (Kurniawati, 2020a). If the spacing of
plants in the net potholes is too close, the plant roots will compete for nutrient absorption, resulting in a low
coefficient of plant uniformity (Puspitahati, Trianita and Purnomo, 2022), while the canopies will compete
for light and air, especially oxygen (Valdhini and Aini, 2018). Given the information provided, it is crucial
to carry out a study that examines how different aeration pressures affect dissolved oxygen levels and how
these variations, combined with different planting distances, impact the growth of lettuce (Lactuca sativa L)
in a floating hydroponic system.

RESEARCH METHOD

The research was conducted from May 2021 to September 2021 at the plant house on Jalan Padang
Selasa, Bukit Besar, Palembang. and at the Basic Fisheries Laboratory, Department of Fisheries, Agriculture,
Faculty Sriwijaya University. The tools used in this research were 1) Aerator Set, 2) Punching Tool, 3)
Writing Instruments, 4) Floating Raft System Tank, 5) DO Meter, 6) Camera, 7) Seedling Tray, 8) Netpot, 9)
Ruler, 10) pH Meter, 11) Stirring Spoon, 12) Styrofoam, 13) TDS EC Meter, 14) Thermohygrometer, 15)
Analytical Scale. The materials used in the implementation of this research were: 1) Water, 2) Lettuce seeds,
3) AB mix nutrients, and 4) Rockwool.

This research uses a Factorial Randomized Block Design (FRBD) with two factors, as follows: The
first factor is planting distance (D) which consists of two levels, namely: D1 = 20 ¢cm, D2 = 30 cm, and the
second factor is aeration pressure (P) which consists of three levels, namely: P1 = 12 kPa, P2 = 14 kPa,B3 =
16 kPa. Each treatment is replicated three times. The research data are examined using analysis of variance
(ANOVA) with a 5% significance threshold, and the results are further analyzed with the Honest Significant
Difference (HSD) test at the same 5% level. A tabulation method is employed to observe the effects of
dissolved oxygen, ph, and EC during each week of plant growth. The parameters observed in this study are
as follows: Plant Height (cm), Number of Leaves (pieces), Canopy Width (cm), Root Length (cm), Total
Fresh Weight Per Plant (g), and dissolved oxygen (ml/l).
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RESULTS AND DISCUSSION

The environmental conditions during the research were as follows: the air temperature was 28.1°C, the
air humidity was 72.5%, the pH of the nutrient solution ranged from 6.5 to 6.6, and the electrical
conductivity (EC) of the nutrient solution was between 1070 and 1103 mS/cm. The results of the significance
test indicate that planting distance does not significantly impact plant height, whereas aeration pressure does
have a significant effect on plant height, as detailed in Table 1.

Table 1. BNJ 5% test table of the effect of planting distance on the height of lettuce plants (cm) from 1 MST
to 4 WAP.

Plant Age Factor Average BNJ 005
1 WAP D1 0828 a 0,131
D2 0882 a 0.131
2 WAP D1 2453 a 0,164
D2 2476a 0.164
3IWAP D1 7435a 0.288
D2 7515a 0.288
4 WAP D1 11.608 a 0.248
D2 11,785 a 0.248

Note: The average values followed by different letters in the same column indicate a significant effect.

According to the BNJ test results at a 5% significance level, planting distances ranging from 1 to 4
WAP do not significantly impact plant height. However, the standard planting distance for lettuce, which is
14 ¢m at 35 HST, does influence leaf growth and plant height (Vu Phong et al., 2019). On the other hand,
aeration pressure does have a noticeable effect on plant height. At 4 MST, the tallest plant was observed in
treatment PO at 11.909 cm, while the shortest was in treatment P1 at 11.401 cm. The results of the 5% got
the effect of aeration pressure on plant height (in cm) from 1 to 4 WAP are presented in Table 2.

Table 2. The Results of the 5% BNIJ test on the effect of aeration pressure on plant height (cm) from 1 to 4
WAP.

Plant Age Factor Average BNI 005
1 WAP P3 0728 a 0252
P2 0,773 ab 07252
Pl 0914 ab 07252
PO 1006 b 0252
2 WAP P3 2217a 0315
P2 2274 a 0315
PO 2,651b 0315
Pl 2717b 0315
3 WAP P3 7.025a 0,552
P2 7,299 ab 0,552
Pl 7,664 ab 0,552
PO 7.813b 0,552
4 WAP Pl 11401 a 0476
P2 11,626 ab 0476
P3 11,850 ab 0476
PO 11909 b 0476

Note: The average values followed by different letters in the same column indicate a significant effect.

The application of aeration pressure on plants can assist in root growth and obtain dissolved oxygen in
water, thereby enhancing the absorption of nutrients(Virha and Bayfurqon, 2020), specifically, the nutrients
N, P, and K found in the AB MIX nutrient content that can promote plant growth. (Soleha, Suroso and
Wijaya, 2021). The impact of planting distance on the number of lettuce leaves, as determined by the BNJ
5% significance level, is detailed in Table 3.
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Table 3. BNJ 5% Test of the effect of planting distance on the number of lettuce leaves from 1 MST to 4 WAP.

Plant Age Factor Average BNIO0,05
1 WAP Dl 55a 0,390
D2 57a 0,390
2 WAP Dl 78a 0,475
D2 82a 0475
3 WAP Dl 109 a 0,468
D2 11,5b 0468
4 WAP Dl 138 a 0,468
D2 143b 0,468

Note: The average values followed by different letters in the same column indicate a significant effect.

The BNIJ test at the 5% level showed that the planting distance treatment significantly affects the
number of plant leaves between 3 and 4 WAP, a greater planting distance can enhance the number of leaves
because the wider the planting distance, the lower the competition among roots in absorbing nutrients
(Kurniawati, 2020a). The AB Mix solution can stimulate leaf growth if its absorption by the roots is done
optimally (Sudewi ef al., 2022), allowing each plant to grow well. The results of the BNJ 5% test on aeration
pressure against the number of lettuce leaves can be seen in Table 4.

Table 4. BNJ 5% effect of aeration pressure on the number of leaves of lettuce aged 1 to 4 WAP

Plant Age Factor Average BNIO0,05
1 WAP PO 52a 0,748
Pl 53 ab 0,748
P2 5.8 ab 0,748
P3 60b 0,748
2 WAP PO T4a 0911
Pl 7.7 ab 0911
P2 85b 0911
P3 85b 0911
3 WAP Pl 105 a 0,897
P2 10,8 ab 0,897
P3 11,7b 0.897
P4 118b 0,897
4 WAP Pl 133a 0,897
P2 138 a 0.897
P3 14,2 ab 0,897
P4 148b 0,897

Note: Average values followed by different letters in the same column indicate a significant effect.

In Table 4 of the BNJ 5% test results, it is evident that aeration pressure significantly affects the
number of lettuce leaves from 1 to 4 WAP. This is because higher levels of dissolved oxygen in the water
improve nutrient absorption for plants and support the respiration process, leading to an increased number of
plant leaves (Dharmayanti, Sumiyati and Yulianti, 2021).
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Table 5. BNJ 5% test table for the effect of planting distance on the canopy width (cm) of lettuce plants aged
1 to 4 WAP.

Plant Age Factor Average BNI 005
1 WAP DI 3,990 a 0276
D2 4,239 a 0276
2WAP D1 16,260 a 0,677
D2 16986 b 0677
3 WAP DI 28,037 a 0407
D2 30,000 b 0407
4 WAP DI 29372a 0,191
D2 31200b 0,191

Note: Average values in the same column that are marked with different letters indicate a significant difference.

The BNIJ test results at a 5% significance level reveal that planting distance significantly affects
canopy width and plant growth at ages 2 to 4 WAP. It is suggested that plants will perform better if spaced
appropriately, allowing them to absorb nutrients more effectively and grow to their full potential.
Consequently, increasing the planting distance will benefit both the canopy width and overall plant growth.
At 4 WAP, treatment P3 had an average canopy width of 30.721 cm, which was not different from treatment
B2 but differed from treatments PO and P1. Treatment PO had an average canopy width of 30.232 ¢m, which
was not different from P3 but differed from treatments P1 and P2. According to (Puspitaningrum et al.,
2012), the dissolved oxygen content an important role in the plant respiration process, which causes the plant

canopy to become wider.

Table 6. BNJ 5% test results for the impact of aeration pressure on lettuce canopy width (cm) at ages | to 4
WAP.

Plant Age Factor Average BNJ 005
1 WAP PO 3958 a 0,530
P3 4039 a 0,530
P1 4167 a 0530
P2 4293 a 0530
2WAP PO 16,060 a 1,299
P3 16,429 a 1,299
P1 16,935 a 1,299
P2 17,069 a 1,299
3WAP PO 28457 a 0,780
P3 28925 ab 0,780
Pl 29258 b 0,780
P2 29436 b 0,780
4 WAP PO 30,232a 0,366
P3 30,364 a 0,366
P1 30566 ab 0366
p2 30,721 b 0,366

Note: Average values in the same column with differing letters denote a significant difference.

The results of the 5% BNIJ test on the effect of planting distance on the root length (cm) of lettuce plants can
be seen in Table 7.
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Table 7. BNJ 5% test results for the influence of planting distance and aeration pressure on the root length

(cm) of lettuce plants.

Factor Average BNJ 0,05 Factor Average BNJ 005
1,455
0,759
Dl 19275 a PO 19.868 a
D2 22,144 b Pl 20,178 ab
P2 21,294 b
P3 21,681 b

Note: Average values within the same column that have different letters indicate a significant difference.

The BNIJ test results at a 5% significance level show that increasing the planting distance generally
leads to longer root lengths in lettuce plants. When the planting distance is wider, there is more space for
growth, which means the plants do not have to compete for nutrients from the AB Mix. Conversely, the
closer the planting distance, the less air is available for the plants to absorb (Rajagukguk, Aswandi and M.
Si., 2023). Meanwhile, the influence of aeration pressure on the root length of lettuce plants shows that an
increase in aeration pressure and oxygen content leads to an increase in root length. The increase in
temperature causes a decrease in DO levels (Puspitahati and Andica, 2023). The results of the BNJ 5% test
on the effect of planting distance on the fresh weight total (g) of lettuce plants can be seen in Table 8.

Table 8. BNJ 5% test table on the effect of planting distance on the fresh weight total (g) of lettuce plants

Factor Average BNJI 0,05 Factor Average BNI10,05
7,007
3,653
D1 50,354 a PO 59,777 a
D2 78,250 b Pl 62,332 ab
P2 67223 b
P3 67,875 b

Note: Average values in the same column marked with different letters reflect a significant difference.

The BNIJ test results at a 5% significance level show that treatment Al differs significantly from
treatment D2. Increasing the planting distance leads to a higher total fresh weight of the plants. Furthermore,
the BNIJ test indicates that treatment PO is comparable to treatment Pl in terms of significance, while
treatments P2 and P3 exhibit significant differences. According to (Kurniawati, 2020b), adequate dissolved
oxygen in the root zone is crucial for optimal plant growth.

From the observations, the highest dissolved oxygen content was provided by the aeration pressure
treatment of 16 kPa, which ranged from 7.17 to 7.22 mg/1, as shown in Figure 1
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Figure 1. Average Dissolved Oxygen Value for each treatment (mg/1)

In Figure 1, the trend of the dissolved oxygen (DO) graph against the aeration pressure applied is
linear. It is evident that as the aeration pressure increases, the dissolved oxygen value tends to rise as well.
According to (Pudjiwati and Asmina, 2020), The higher the dissolved oxygen content in hydroponic water,
the better the respiration process of the plants. Aeration can help plant roots obtain dissolved oxygen in water
and enhance the nutrient content that can be absorbed by the plants (Virha and Bayfurqon, 2020).
Correlation between Dissolved Oxygen (mg/1) and Aeration Pressure shown on Figure 2.

7.00 y=0,9982x+0,042 &
! R?=0,9993
»
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w
[=1
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Figure 2. Correlation between Dissolved Oxygen (mg/l) and Aeration Pressure

Figure 2 shows that the relationship between dissolved oxygen (DO) levels and aeration pressure has a
linear relationship shown by an R of 0.9993, which means that as the aeration pressure increases, the
concentration of dissolved oxygen in the water also increases. This happens because the higher aeration
pressure increases the amount of oxygen transferred from the air into the water, thereby increasing the
availability of oxygen for the plant's roots

The energy needed for root growth and ion absorption comes from respiration which requires
oxygen. Without sufficient oxygen for respiration, the absorption of water and ions stops, and the plant roots
die (Krisna et al., 2017). Plants that receive sufficient oxygen will have better growth, and the movement of
nutrients will circulate, allowing the plants to absorb nutrients effectively (Puspitahati et al., 2022).
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According to Paramitha et al, (2014), Dissolved oxygen levels are affected by factors such as atmospheric
pressure, temperature, salinity, water movement, as well as photosynthesis and respiration processes.

CONCLUSION AND SUGGESTIONS
Conclusion
The conclusions of this research are as follows:

1. The highest production of lettuce was achieved with treatment A2B3, using a planting distance of 30
cm and aeration pressure of 16 kPa, resulting in a total fresh weight of the plants of 82.89 g.

2. Lettuce planted at a spacing of 30 cm outperformed lettuce planted at 20 cm in terms of canopy root
length, width, and total fresh weight.

3. The aeration pressure increases, the concentration of dissolved oxygen in the water also increases,
the canopy width, root length, and total fresh weight of lettuce. The average dissolved oxygen
ranged from 7.17 to 7.22 mg/l, so the aeration pressure correlates with increased dissolved oxygen
levels.

Suggestion

Further research should be conducted on the appropriate size of the nutrient solution reservoir concerning the
aeration pressure applied.
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