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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
(Lactuca 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 et 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
et al., 2023);(Lestari, Rahayu and Mulyaningsih, 2022); (Romalasari and Sobari, 2019) which is
capable of increasing plant height, leaf count, and leaf width. (Zahrima, Sutariati and Rakian, 2019)

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 0,05
1 WAP D1 0,828 a 0,131
D2 0,882 a 0,131
2 WAP D1 2,453 a 0,164
D2 2,476 a 0,164
3 WAP D1 7,435 a 0,288
D2 7,515a 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.

The results of the significance test indicate that planting distance does not have a significant
effect on plant height, suggesting that other factors, such as environmental conditions or genetic factors,
might play a more important role in determining plant height. On the other hand, aeration pressure
significantly impacts plant height, as supported by research showing that soil aeration can affect plant
growth by enhancing root oxygen availability, which is crucial for root respiration and nutrient
absorption (Ben-Noah and Friedman, 2018);(Li et al., 2019).

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 cm 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% BNJ test on the effect of aeration pressure on plant height (cm) from 1
to 4 WAP.

Plant Age Factor Average BNJ 0,05
1 WAP P3 0,728 a 0,252
P2 0,773 ab 0,252
P1 0,914 ab 0,252
PO 1,006 b 0,252
2 WAP P3 2217a 0,315
P2 2,274 a 0,315
PO 2,651 b 0,315
P1 2,717b 0,315
3 WAP P3 7,125a 0,552
P2 7,299 ab 0,552
P1 7,664 ab 0,552
PO 7,813 b 0,552
4 WAP P1 11,401 a 0,476
P2 11,626 ab 0,476
P3 11,850 ab 0,476
PO 11,909 b 0,476

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 Bayfurgon, 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.

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 BNJ 0,05
1 WAP D1 55a 0,390
D2 57a 0,390
2 WAP D1 7.8a 0,475
D2 8,2a 0,475
3 WAP D1 109a 0,468
D2 115b 0,468
4 WAP D1 13,8a 0,468
D2 14,3 b 0,468

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

The BNJ test at the 5% level showed that the planting distance treatment significantly affected
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 et 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 BNJ 0,05

1 WAP PO 52a 0,748
P1 53 ab 0,748
P2 5,8 ab 0,748
P3 6,0b 0,748
2 WAP PO 74 a 0,911
P1 7,7ab 0,911
P2 85D 0,911
P3 85D 0,911
3 WAP P1 10,5a 0,897
P2 10,8 ab 0,897
P3 11,70 0,897
P4 11,8Db 0,897
4 WAP P1 133a 0,897
P2 138a 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 affected 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).

Aerating nutrient solutions generally enhances plant growth, including leaf production, by
improving nutrient and water uptake. Specifically, aeration boosts the absorption of essential nutrients
such as potassium (K), phosphorus (P), and magnesium (Mg)(Camarillo et al., 2020). Aeration pressure
also influences plant respiration and photosynthesis processes. It has been observed that as total pressure
increases in high humidity, the respiration rate decreases linearly, while the net photosynthesis rate can
increase up to 1.6 times due to higher total pressure and CO2 partial pressure (Takeishi et al., 2013). At
low pressures, gas diffusivity increases, impacting the rate of CO2 absorption and water transpiration
through the stomata. Stomatal conductance, which regulates gas exchange, is inversely related to
stomatal opening, thereby affecting plant respiration (Gohil, Correll and Sinclair, 2011).

Table 5. BNJ 5% test table for the effect of planting distance on the canopy width (cm) of lettuce plants
aged 1to 4 WAP.

Plant Age Factor Average BNJ 0,05
1 WAP D1 3,990 a 0,276
D2 4,239 a 0,276
2 WAP D1 16,260 a 0,677
D2 16,986 b 0,677
3 WAP D1 28,037 a 0,407

D2 30,000 b 0,407




4 WAP D1 29,372 a 0,191
D2 31,200 b 0,191

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

The BNJ 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 cm, 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. DO levels are affected by photosynthesis and
respiration. Plants produce oxygen during photosynthesis, which can increase DO levels in the
surrounding water. On the other hand, respiration consumes oxygen, so DO levels decrease(Sunardi et
al., 2020);(Akomeah and Lindenschmidt, 2017) An increase in DO can lead to a larger leaf area index
(LAI), which is a measure of leaf area per unit area of soil and is directly related to the width of the
canopy.(Ouyang et al., 2021).

Table 6. BNJ 5% test results for the impact of aeration pressure on lettuce canopy width (cm) at ages 1
to 4 WAP.

Plant Age Factor Average BNJ 0,05
1 WAP PO 3,958a 0,530
P3 4,039a 0,530
P1 4,167 a 0,530
P2 4,293 a 0,530
2 WAP PO 16,060 a 1,299
P3 16,429 a 1,299
P1 16,935 a 1,299
P2 17,069 a 1,299
3 WAP PO 28,457 a 0,780
P3 28,925 ab 0,780
P1 29,258 b 0,780
P2 29,436 b 0,780
4 WAP PO 30,232 a 0,366
P3 30,364 a 0,366
P1 30,566 ab 0,366
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% BNJ test on the effect of planting distance on the root length (cm) of lettuce plants
can be seen in Table 7.

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 0,05



1,455

0,759
D1 19,275 a PO 19,868 A
D2 22,144 b P1 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 BNJ 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 showed 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 BNJ 0,05 Factor Average BNJ 0,05
7,007
3,653
D1 50,354 a PO 59,777 a
D2 78,250 b P1 62,332 ab
P2 67,223 b
P3 67,875 b

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

The BNJ test results at a 5% significance level show that treatment A1l differs significantly from
treatment D2. Increasing the planting distance leads to a higher total fresh weight of the plants.
Furthermore, the BNJ test indicates that treatment PO is comparable to treatment P1 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/l, as shown in Figure 1
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Figure 1. The Average Dissolved Oxygen Value for each treatment (mg/l)

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 Bayfurgon, 2020).

Aeration affects the dissolved oxygen (DO) content in hydroponics for plant growth. This process
involves transferring oxygen from the air into the water, which can be done through surface or
subsurface aeration, using air bubbles(Baiyin et al., 2021). The aeration efficiency is affected by the
size of the bubbles, the surface area, the flow rate, and the diameter of the nozzle, all of which contribute
to increased oxygen transfer. In addition, aerators and venturi are very effective in increasing DO levels,
as they can improve the displacement of water and air masses, in hydroponic systems(Zhang et al.,
2024). Correlation between Dissolved Oxygen (mg/l) and Aeration Pressure shown on Figure 2.

8,00

S 7,00 y =0,9982x+0,042
g ! R? = 0,9993
c 6,00
[+}]
o0
Z 5,00
o
T 4,00
2
2 3,00
4
® 200

1,00

0,00

0,00 2,00 4,00 6,00 8,00

Aeration Pressure

Figure 2. Correlation between Dissolved Oxygen (mg/l) and Aeration Pressure

Figure 2 showed 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). 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.
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