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ABSTRACT

Hydroponic Nutrient Film Technique (NFT) is one of the innovations in crop cultivation that can
increase the production both quantitively and qualitatively. The use of inorganic element in
nutrient solutions could not be eliminated, because it is the only source of nutrients for plants.
The addition of biofertilizer, especially endophytic bacteria is expected to reduce the use of
inorganic element to sustainable agriculture. The objective of study was to determine the best
combination of inorganic and biofertilizers that could increase the yield of pak choi plant in NFT
hydroponics. This study has been conducted at the Soil Biology Laboratory of the Agriculture
Faculty, Universitas Padjadjaran. Design of study used a Randomized Block Design (RBD) and
four replications with six treatments combination of ammonium nitrate Inorganic Fertilizer (IF)
and Biofertilizer (BF), that are 57,1% IF + 42,9% BF; 28,6% IF + 71,4% BF; and 14,3% IF +
85,7% BF along with one control treatment that is 100% IF. The result of this study indicates
that treatment of 14,3% IF + 85,7% BF could be used as the best recommendation in the
formulation NFT hydroponic nutrient solutions because it could increase the yield of pak choi
plants.
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1. INTRODUCTION

Pak choi is increasingly popular among Indonesians because it has complete nutrient and good
for health. It contains protein, lipid, carbohydrates, Ca, P, Fe, Vit. A, B, C, E, and K, for addition
it could prevent cancer, hypertension, heart disease, and digestive problems (Rosdiana, 2015).
Pak choi’s high interest is inversely proportional to its availability in the market. Fluctuations in
productivity and the length of the supply chain have caused the uneven availability of pak choi in
all regions of Indonesia.

One effort to overcome this issue is by hydroponic cultivation. Hydroponic systems can be
carried out on non-agricultural land and reduced the risk of crop failure due to attack by pests,
floods, drought, and weeds thus it could produce better productivity in quantity and quality. The
NFT Hydroponics focuses on nutrient supply in the form of a flow of inorganic nutrient solution
as deep as 3 mm. The use of inorganic fertilizers could not be left behind, because it is the only
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source of nutrition for plants, although its use in the long term can harm the environment. The
addition of a consortium of biofertilizers to nutrient solutions, especially Diazotroph endophytic
bacteria could reduce the use of inorganic fertilizers.

Diazotroph endophytic bacteria will create associations with plants and provide N accumulation
in plants through a fixation process. According to Muthukumarasamy et al. (2005), endophytic
bacteria that associated with sugar cane plants were able to fix N2 in the air and provide almost
half the needs of N plants. Furthermore, the study of Setiawati et al (2007) described the use of
endophytic bacteria combined with Pseudomonas sp. able to substitute N fertilizer up to 50%
and increase the dry weight of rice to 25,41%.

The flow of nutrient solution in NFT hydroponics will carry endophytic bacteria through the root
of plants and into the tissue through the epidermis. According to Purwanto et al. (2014),
endophytic bacteria can enter the plant tissue generally through the roots, but the other parts
exposed to direct air such as flower, stem, leaf (trough the stomata) and cotyledons, can also be
an entry point for endophytic bacteria. The process of transporting endophytic bacteria in plant
tissue utilizes intercellular of vascular systems (Reinhold et al., 2015). The process of N2 fixation
in plant tissue by endophytic bacteria can occur when aerobic respiration is accelerated and the
amount of oxygen entering is limited to activating the nitrogenase enzyme. The result of it can be
distributed to all plant tissues through xylem and phloem transport vessels. (Reinhold et al.,
2015).

Endophytic bacteria can also act as bio-stimulant agent because they are able to secrete
phytohormones which can stimulate plant growth. Inoculants of endophytic bacteria in
biofertilizer can produce phytohormones such as auxin, cytokinin, and gibberellin and produce
metabolite compounds such as siderophore, ammonia, and antibiotics that can stimulate plant
growth (Setiyowati, 2011).

The potential possessed by endophytic bacteria can be used as a substitute for inorganic
fertilizers in the NFT hydroponic nutrient solution of pak choi plants. Herlianti et al. (2018)
stated that the addition of biofertilizers to hydroponic nutrient solutions can increase the wet
weight of pak choi plants and reduce the use of inorganic fertilizers by up to 50%.

This study was conducted to determine the best combination of inorganic fertilizers with
biofertilizers in the NFT hydroponic system pak choi plants so that it is expected to increase the
growth and the fresh weight of pak choi plants.

2. MATERIALS AND METHODS

This study was conducted from November 2018 to April 2019 at the Laboratory of Soil Biology
and Controlled Culture Laboratory Faculty of Agriculture, Padjadjaran University. The seeds of
the plant use pak choi of the Flamingo variety. The nutrient solution used was a special
formulation that adjusted to the needs of pak choi plant. The treatment of inorganic fertilizer in
the form of ammonium nitrate (NH4NO3) and biofertilizer Bion-Up, the product of Universitas
Padjadjaran, consists of isolates Azotobacter sp., Azospirillum sp., nitrogen-fixing endophytic
bacteria, and phosphate solubilizing bacteria.

The research method was carried out experimentally using Randomized Block Design (RBD)
consisting of four treatments in combination of Inorganic Fertilizer (IF) and Biofertilizer (BF)
that were100 mL IF (57.1%) + 75 mL BF (42.9%); 50 mL IF (28.6%) + 125 mL BF (71.4%);
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and 25 mL IF (14.3%) + 150 mL BF (85.7%) also control treatment that was 150 mL IF (100%).
Each treatment was repeated six times so that 24 units were obtained.

Pak choi's nursery was conducted at the Controlled Culture Laboratory using rockwool media.
Pak choi plants aged 14 days after the seedlings that have two new leaves are transferred to the
NFT hydroponic installation. Measurement of Electric Conductivity (EC) value of nutrient
solution and plant height is carried out at four Weeks After Plant (WAP). The end of four WAP
pak choi plants have begun to be harvested and the fresh weight of the plant was weighed.

Data from the observations were analysed statistically using the SPSS 21 program. Testing the
effect of treatment factors was carried out by the F test. If there is a significant effect, Duncan's
New Multiple Range Test was carried out on level 95%.

3. RESULTS AND DISCUSSION

EC Nutrition Solution

The results of the statistic analysis show that all treatments have EC values that are still in the
condition of growing pak choi plants. Midmore (2015) states that the EC value that most suitable
for pak choi growth is from 1.5-2 mS/cm.

Table 1. Combination Effect of Inorganic Fertilizer and Biofertilizers on EC Values

Treatment EC value at 4 WAP
(mS/cm)
A 100% IF 1.72 a
B 57.1% IF + 42.9% BF 1.76 a
C 28.6% IF + 71.4% BF 1.84 b
D 143% IF + 85.7% BF 1.89 b
Note: Numeric followed by the same letters were non-significant on 95 % Duncan’s New Multiple Range
Test.

EC measurements were conducted to determine the effect of the combination of treatment
concentrations and the ability of plants to absorb nutrients to the ion content in nutrient solutions.
This can be described in the value of electrical conductivity in EC meter devices. Changes in the
EC value are directly proportional to the addition of elements in the nutrient solution, the more
solute the higher the EC value produced. The addition of nutrient and microorganisms in solution
would increase the number of solids dissolved in the solution so that it can increase the EC value.
Sonneveld and Voogt (2009) state that the optimal EC is crop specific, and depends on
environmental conditions. Higher EC hinders nutrient uptake by increasing the osmotic pressure
of the nutrient solution, wastes nutrients, and the increases discharged of nutrients in to the
environment, resulting in environmental pollution. Lower EC may severely affect plant health
and yield. Samarakoon et al. (2006) found the best EC of the nutrient solution was 1.4 dS m™ for
lettuce under tropical greenhouse conditions (38.5°C). Raising the EC to 2 dS m™ did not
significantly increase leaf growth and yield. Fallovo et al. (2009) who reported that increasing
the EC of the nutrient solution from 0.3 to 3.6 dS m™* decreases the soluble sugar content of leafy
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lettuce. A high respiration rate of tissue vegetable in high EC treatment may reduce sugar
content.
Plant height

Analysis of plant height at 4 WAP showed that all treatments gave significantly different results.
Treatment A produces the lowest plant height with 8.29 cm and the highest treatment D with
11.11 cm.

Table 2. Combination Effect of Inorganic Fertilizer and Biofertilizers on Plant Height

Plant Height
Treatment 4 WAP (cm)
A 100% IF 8.29 a
B 57.1% IF + 42.9% BF 897 b
C 28.6% IF + 71.4% BF 10.56 ¢
D 14.3% IF + 85.7% BF 11.11d
Note: Numeric followed by the same letters were non-significant on 95 % Duncan’s New Multiple Range
Test.

The results showed that even with a hydroponic system, the higher the concentration of
biofertilizer given could increase the growth of pak choi plants. This is in line with the research
of Kleiber et al. (2013) who reported the addition of consortium biofertilizers to hydroponic
cultivation systems were able to increase plant height, leaf number, leaf surface area, and fresh
weight of lettuce plants.

The high input of biofertilizer, especially nitrogen fixing bacteria in treatment D is able to
increase nitrogen accumulation in plants through N-fixation mechanism. Nitrogen can be used by
plant cells to compile protoplasm in photosynthesis and form new cells to increase plant height.
Maathuis (2009) said that N affects organ construction, physiological characteristics, and
substance synthesis as well as their distribution, which in turn affects rice yield and quality.
Bernier (2011) reported that N is the main component of protein, and all types of enzymes are
mainly composed of proteins, nucleic acid, nucleotides, coenzymes, phospholipids, and
cytokinin’s contain N.

Nitrogen fixingendophytic bacteria not only provide additional N for plants but also can
stimulate plant growth through its mechanism as a bio stimulant agent. The N-fix endophytic
bacteria can produce indole acetic acid (IAA) which is an auxin group phytohormone that can
function in extending cells and organs. Their exert several beneficial effects on host plants, such
as nitrogen fixation, stimulation of plant growth, and induction of resistance to plants pathogens
(Hung and Annapurna, 2004). Endophytes also promote the growth of plants, especially through
secretion of plant growth regulators; e.g. indole-acetic acid, via phosphate-solubilizing activity,
by supplying biologically fixed nitrogen. In addition, endophytic bacteria supply essential
vitamins to plants (Rodoles et al., 1993). The increased shoot growth and tillering promote by
production of auxin-like compounds. Other effects of endophytes infection on the host plant
include modification of root morphology, enhanced uptake of minerals and alteration of nitrogen
accumulation and metabolism (Stoltzfus et al., 1997; Bandara et al., 2006).

www.ijaeb.org Page 143




International Journal of Agriculture, Environment and Bioresearch
Vol. 5, No. 04; 2020
ISSN: 2456-8643

Fresh Weight
Treatments with the adding of biofertilizers gave the plant's fresh weight greater than inorganic
fertilizer treatment (control).

Table 3. Combination Effect of Inorganic Fertilizer and Biofertilizers on Pak choi’s Fresh
Weight

Treatment Averag(z;N eight
A 100% IF 51.89 a
B 57.1% IF + 42.9% BF 61.12 b
C 28.6% IF +71.4% BF 63.29 b
D 14.3% IF + 85.7% BF 70.53 ¢
Note: Numeric followed by the same letters were non-significant on 95 % Duncan’s New Multiple Range
Test.

The difference in fresh weight between control and the treatment added with biofertilizers
indicates that the provision of biofertilizers can increase plant growth, one of which is fresh
weight. This result is in line with the research of Wang et al. (2014) which states that the
inoculation of endophytic bacteria in rice plants with hydroponic systems is able to colonize
roots and increase root morphology, canopy weight, and grain.

Treatment A was significantly different from all other treatments and produced the lowest fresh
weight of 51.89 g. The low weight of treatment A can occur because of the high input of
inorganic chemicals in hydroponic nutrient solutions. The high inorganic content in plant roots
and the bacterial environment can reduce nutrient absorption by roots and bacterial performance
in biofertilizers. Kher (2016) explains that the level of osmosis that is too high in nutrient
solutions can make plant cells plasmolysis and bacterial cells crenation.

The D treatment (14.3% IF + 85.7% BF) produced the highest fresh weight of the pak choi plant,
which was 70.53 g. This indicates that this concentration is the best combination in producing
fresh weights of pak choi plant in NFT hydroponics. Kandel et al. (2017) state that sufficient
inorganic content in nutrient solutions can optimize the N-fixing mechanism and other nutrient
dissolution by bacteria. The high beneficial microbes contained in treatment D can increase the
secretion of phytohormones in plants so as to stimulate growth and increase the fresh weight of
pak choi plant (Knoth, 2014).

4. CONCLUSION

Based on the results of the research conducted conclusions can be taken as follows:

1. The application of inorganic and consortium biofertilizers has a significant effect on
increasing plant height, EC value and fresh weight of pak choi plants with the NFT
hydroponic system.

2. Nutrient solutions containing 14.3% inorganic fertilizers and 85.7% consortium biofertilizers
are the best combination in increasing plant height, EC value and fresh weight of pak choi
plants with NFT hydroponic system and able to reduce the use of inorganic fertilizers up to
85.7%.
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