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Abstract. The purpose of the study was to determine the effectiveness of
liquid NPK fertilizer with a composition of 12:9:7 on sweet corn plant. The
research was conducted at the Mojosari Research Station, Mojokerto district,
East Java, Indonesia, in September to December 2020, using a randomized
complete block design with eight treatments and repeated four times. The
treatments consisted of one treatment without fertilization (control), one
treatment dose of 300 kg phonska + 300 kg urea per ha (recommendation),
six treatments of liquid NPK fertilizer. Application of liquid NPK fertilizer
is done by dissolving in water as much as 200 mL per plant. The results
showed that the application of liquid NPK fertilizer had an effect on plant
height, stem diameter, stover weight, cob length, ear diameter, and cob
weight. The application of liquid NPK fertilizer at a dose of 12.5 cc L™t gave
the same or comparable response to the standard fertilization treatment with
an agronomic effectiveness level > 95 %.
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1 Introduction

Increasing yield more effectively with lower input remains an important challenge for
modern agriculture. Modern technology in farming is needed to make farming easier and
more effective. If fertilization is the priority, the balance between cost efficiency and ease of
application of fertilizer is the most important. Until now, fertilizer is still one of the factors
with the biggest costs for farmers, therefore the right type of fertilizer and the correct
application method are very important.

The third largest corn (Zea mays L.) production in Indonesia in 2020 were East Java (5.37
x 10°t), Central Java (3.18 x 10°t), and Lampung (2.83 x 10°t) [1]. Sweet corn  (Zea mays
saccharata Sturt) had an average productivity of 8.31 t ha! while the potential yield of sweet

* Corresponding author: tika_iletri@yahoo.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).


mailto:tika_iletri@yahoo.com

E3S Web of Conferences 432, 00031 (2023) https://doi.org/10.1051/e3sconf/20234320003 1
2"ICoN-BEAT 2021

corn can reach 14 t ha* to 18 t ha* [2]. Data on the achievement of sweet corn production in
2015 was 19.83 x 108t or 97 % of the target. In 2016, corn production reached 23.16 x 108t,
or 96.5 % of the set target [3].

The key to sustainable agricultural growth is more efficient use of land, labour and other
inputs through technological progress, social innovation, and new business models. For
agriculture and aquaculture to respond to future challenges, innovation would not only need
to improve the efficiency which inputs were turned into outputs, but also conserve scarce
natural resources and reduce waste [4]. A key strategy for achieving long-term increases in
agricultural production in the region was sustainable agricultural mechanization, which can
deliver multiple benefits, including improved in farming operations and increased efficiency
of input use. In the longer term, mechanization would support the sustainable intensification
of production systems [5, 6].

Future agriculture will use sophisticated technologies such as robots, temperature and
moisture sensors, aerial images, and GPS technology. These advanced devices and precision
agriculture and robotic systems will allow farms to be more profitable, efficient, safe, and
environmentally friendly [7]. In the era of modern agriculture, the use of sophisticated
equipment in fertilization (eg using drones) requires that fertilizers be used in liquid form.
Liquid fertilizer contains nutrients that are nano-sized so that they are quickly and easily
absorbed by the plant. Less nutrients sit in the ground and more are actually absorbed into
the plant [8].

There are two forms of fertilizer, namely solid (granular fertilizer) and liquid fertilizer.
Although the shape is different, the main purpose is the same, namely providing plant
nutrition [9]. Liquid fertilizers generally have lower nutrient content than solid fertilizers.
The advantage of liquid fertilizer is that the concentration of fertilizer can be diluted or
concentrated depending on needs and it is easy to apply [10], ease of handling, uniformity of
application, faster acting, less nutrition loss, and easier to store [11]. The determining factor
for the effectiveness of fertilizers is the level of solubility and availability of nutrients relative
to timeliness and placement. The effectiveness of the two forms of fertilizer can be
significantly different [9]. Liquid fertilizers have greatly increased in popularity in recent
years, it can be either ground applied or foliar applied [12]. Budiono and Sudarwati [13]
reported that liquid ornagic fertilizer combined with inorganic fertilizers had an effect on the
growth and yield of sweet corn. To be able to produce well, corn plants need fertilizer [14],
but Fadhillah et al. [15] stated that excessive application of fertilizers may not increase yield
and may had a negative impact on the environment, therefore it is very important to determine
the right dose of fertilizer for certain commaodities.

Research on the effect of liquid NPK fertilizer on sweet corn had been carried out with
different NPK nutrient compositions. The purpose of this study was to determine the
effectiveness of liquid NPK fertilizer with a composition of 12:9:7 on sweet corn plant.

2 Materials and methods

2.1 Research design

The study was conducted using a randomized block design with eight treatments and four
replications. The treatment consisted of six doses of liquid NPK fertilizer with a composition
of 12:9:7 (Table 1).
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Table 1. Fertilizer treatment.

Fertilizer dosage

Treatment Liquid NPK fertilizer (cc L) Phonska (kg ha') Urea (kg ha'®)
Control - - -
Standard - 300 300

A 25 - -
B 5.0 - -
C 7.5 - -
D 10.0 - -
E 125 - -
F 15.0 - -

2.2 Materials and tools

The materials used in the research were liquid NPK 12:9:7 fertilizer, urea fertilizer, phonska
fertilizer, sweet corn seeds of Talenta variety, and pesticides. The equipment used is hand
tractor, hoe, wooden stick, hand sprayer, ruler, stationery, calipers, and scales.

2.3 Research location

The research was conducted at the Mojosari Research Station, Mojokerto district, East Java
Province, Indonesia with an altitude of 28 m above sea level. The research location had a
regosol soil type with low organic matter, low N and K nutrient, while the available P content
was high, and the pH was neutral. The study was conducted in September to December 2020.

2.4 Observation and data analysis

Observations made after the plant were 15 DAP, with an interval of 7 d. The parameters
observed included observations of plant growth and yield components, namely: plant height,
number of leaves, stem diameter, number of cobs per plant, ear diameter, weight of cobs per
plant, weight of stover and production per ha.

The data were analyzed statistically using the analysis of variance test and Least
Significant Different (LSD) test at 5 % level. The effectiveness of fertilizer was calculated
by Relative Agronomic Effectiveness (RAE) [12] in Equation (1)

__yield of tested fertilizer —yield on control

RAE

X 100 % (1)

"~ standard fertilizer yield —yield on control

3 Results and discussions

3.1 Liquid NPK fertilizer quality test results

Based on the results of the quality test on the water of NPK fertilizer used, the total content
of liquid macronutrient fertilizer was 28.33 % with each element containing 12.3 % total N,
P20s 8.89 %, and K0 7.14 % (Table 2). The minimum technical requirements for inorganic
fertilizer [16] were the amount of liquid macronutrient fertilizer content of at least 10 % with
each element containing a minimum of 2 %. Thus, the new formulation of liquid NPK
fertilizer used is included in the category of compound liquid inorganic fertilizer in
accordance with the requirements.
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Table 2. Quality test results of liquid anorganic NPK fertilizer.

Nutrient Content (%)

Total nitrogen 12.3
P20s 8.89
K20 7.14
Heavy metal

Cadmium (Cd) ND
Lead (Pb) ND
Total arsenic (As) ND
Total mercury (Hg) 0.117

3.2 Results of soil analysis before research implementation

The results of soil analysis at the research site showed that the level of acidity (pH) was
neutral. The nutrient content of N and K was low, while the content of P was high. The source
of water for irrigating plants is obtained from pump wells.

Table 3. Results of soil analysis (Mojosari Research Station, 2020).

Number Parameter Value Unit Method
1 Water content 3.03 % Gravimetry
2. pH H20 7.0 - (1:5), Elektrometry; pH meter
pH KCI 5.7 - (1:5), Elektrometry; pH meter
. Walkley & Black;
- * 0 Il
3. C-organic *) 0.70 % Spectrophotometer
4. Nitrogen total *) 0.13 % Kjeldahl; Titrimetry
5. P20s available *) 77 mg L*! Olsen; Spectrophotometer
6. Exchangeable cation (dd) *):
. Percolation NHs-Ac 1 M, pH
- 1 ’
K 0.42 cmol (+) kg 7 AAS
1 Percolation NHs-Ac 1 M, pH
- 1 ’
Ca 6.28 cmol (+) kg 7: AAS
1 Percolation NHs.Ac 1 M, pH
- 1 ’
Mg 3.40 cmol (+) kg 7: AAS
. Percolation NHs-Ac 1 M, pH
- 1 ’
Na 0.39 cmol (+) kg 7: AAS
Capacity exchanaable Percolation NHs-Ac 1 M, pH
7. pacity exchang 19.60  cmol (+)kg?  7; AAS +NaCl 10 %:
cation (CEC) *) Titri
itrimetry
8. Texture *):
- Sand 45 % Hydrometer
- Dust 32 % Hydrometer
- Clay 23 % Hydrometer
Criteria Clay Texture triangle (USDA)

The values listed are valid only for the sample in question at the time of testing. Note: *) for oven dry
samples 105 °C.

3.3 Liquid NPK fertilizer effect on growth and yield of sweet corn

3.3.1 Plant height

The results of the analysis of plant height showed that at the age of 2 WAP there was not
significant difference among treatments, then at the age of (4, 6 and 7) WAP, there was
significant difference among treatments, especially against control.
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The application of liquid NPK fertilizer at a dose of 10 cc L to 15 cc L™ was not
significantly different with the standard, this indicated that the application of liquid NPK
fertilizer in this doses had the same effect as standard fertilizer on corn plant height

(Table 4).
Table 4. Plant height.
Plant height (cm)
Treatments 2WAP 4WAP  6WAP _ 7WAP
Control 9.35a 26.30 ¢ 118.80 ¢ 153.20 ¢

Standard = (phonska 300 + urea 300) kg hat)
A = liquid NPK fertilizer 2.5 cc L

B = liquid NPK fertilizer 5 cc L

C = liquid NPK fertilizer 7.5 cc L

D = liquid NPK fertilizer 10 cc L™

E = liquid NPK fertilizer 12.5 cc L

F = liquid NPK fertilizer 15 cc L*

10.90 a 40.10a 152.25 a 180.80 a
9.15a 31.40bc  128.30bc  163.15bc
10.25a 32.95abc  138.05ab 165.85b
9.60a 32.00bc  131.65bc 166.50 b
9.30a 34.70ab  131.20 bc 166.55 b
9.60a 36.35ab  14295ab  171.40ab
10.20a 36.75ab  144.20ab  169.95 ab

Average 9.80 33.82 135.93 167.18
F value ns * * K%
LSD (5 %) 1.78 7.62 17.42 11.96

The value in the same column followed by the same letter were not significantly different based on the

LSD test at 5 %.

3.3.2 Number of leaves

Application of liquid NPK fertilizer did not significantly affect the number of leaves of sweet
corn at the age of 2 WAP and 4 WAP, while at the age of 6 WAP it was very significant from
the control. The effect of liquid fertilizer application can be seen at the age of 6 WAP (Table

5).
Table 5. Number of leaves.
Treatments Number of leaves
2 WAP 4 WAP 6 WAP
Control 444 6.40 a 10.15b
Standard = (phonska 300 + urea 300) kg ha't) 45a 6.85a 1145a
A = liquid NPK fertilizer 2.5 cc L 43a 6.90 a 10.20b
B = liquid NPK fertilizer 5 cc L 46a 6.55a 10.13b
C = liquid NPK fertilizer 7.5 cc L 44a 6.35a 10.20 b
D = liquid NPK fertilizer 10 cc L™ 44a 6.50 a 10.20 b
E = liquid NPK fertilizer 12.5 cc Lt 43a 6.85a 10.35b
F = liquid NPK fertilizer 15 cc L 44a 6.90 a 1045 b
Average 4.39 6.66 10.39
F value ns ns **
LSD (5 %) 0.45 0.73 0.53

The value in the same column followed by the same letter were not significantly different based on the

LSD test at 5 %.

3.3.3 Stalk diameter

Application of liquid NPK fertilizer significantly affected the stalk diameter. Corn stalk
diameter observation at the age of 4 WAP to 8 WAP on the application of liquid NPK
fertilizer 2.5 cc L™ to 5 cc L! showed the same pattern with the control. The Liquid NPK
fertilizer application which showed not significant different with the standard were at a dose

of 12.5 cc L and 15 cc L (Table 6).
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Table 6. Stalk diameter.

Treatments

Diameter of stalks (cm)

4 WAP 6 WAP 7 WAP 8 WAP
Control 19.5d 206 ¢ 19.1c 195d
Standard = (phonska 300 + urea 300) kg hat) 246a 245a 228a 224 a
A = liquid NPK fertilizer 2.5 cc Lt 21.5bc 21.2¢ 19.8¢ 19.1cd
B = liquid NPK fertilizer 5 cc L 21.1cd 21.9 be 20.0c 199 abcd
C = liquid NPK fertilizer 7.5 cc L 21.2 bed 21.5hc 20.6 bc 19.7 bed
D = liquid NPK fertilizer 10 cc L™ 22.1hc 21.6 be 19.6c¢c  20.9 abcd
E = liquid NPK fertilizer 12.5 cc Lt 240a 235ab 22.7a 21.6 abc
F = liquid NPK fertilizer 15 cc L* 23.1ab 245a 21.9 ab 22.2a
Average 22.15 2241 20.78 20.54
F Va|Ue ** ** ** *
LSD (5 %) 1.9 2.2 1.7 2.6

The value in the same column followed by the same letter were not significantly different based on the

LSD test at 5 %.

3.3.4 Sweet corn cobs

The parameters of weight, length, and diameter of the cobs (including the cob husk) showed
the same pattern as the peeled corn cobs. The application of liquid NPK fertilizer 2.5 cc L
to 10 cc L in a watered manner, was not significantly different from the control on the three
parameters mentioned above and significantly different when compared to standard
treatment. The application of 12.5 cc L to 15 cc L7 of liquid NPK fertilizer were not
significant different with the standard (Table 7).

Table 7. Weight, length, and diameter of the cobs.

Cobs + cobs husk

Peeled corn cobs

Treatments Weight Lenght Diameter Weight Lenght  Diameter
)] (cm) (mm) (@) (cm) (mm)

Control 1439d  2237bc 446c  1126d  107d  402e
Standard = (phonska 300
7 ores 300) b bl 2515a  23.33ab 512a  2087a 147a  47.3a
o lquidNPKCfertlizer 14650 21.23¢ 432¢  1175d  115c¢d  408de
polaidNPiCertilizer y55c0 23874 469bc  1387cd  119cd  426cde
? c C'(':qf'f NPKfertilizer  1g51phed  2237abc  46.7bc  1531bcd  12.8bc 433 bed
?Oil'il_‘l'd NPK fertilizer 1861 ped  21.90bc  47.0bc  1515bcd  130bc 442 bc
WA NPKCTertlizer p1gsabc  2327ab  488ab  1793abc  138ab  45.3ahe
FolauidNPKertlizer  9307ab  2397a  497ab  1875ab  14dab  462ab
Average 192.6 22.77 4726 15610 1262 43.74
LSD (5 %) 48.46 1.62 3.84 41.99 1.62 3.08

The value in the same column followed by the same letter were not significantly different based on the

LSD test at 5 %.
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3.3.5 Weight of stover (biomass) and sweet corn yield per ha

The application of inorganic liquid NPK fertilizer had an effect on the weight of stover and
sweet corn yield. The weight of stover at doses of 12.5 cc L and 15 cc L™ were not
significant different with the standard treatment, while at the dose of 2.5 cc L™ to 10 cc L
of inorganic liquid NPK fertilizer, the weight of the stover was lower than the standard
treatment (Table 8).

Table 8. Weight of stover and sweet corn yield per ha.

Treatments Weight of stover (t ha') Yield (t ha')
Control 10.48d 469 e
Standard = (phonska 300 + urea 300) kg hat) 19.11a 13.73 a
A = liquid NPK fertilizer 2.5 cc Lt 13.14 cd 7.39d
B = liquid NPK fertilizer 5 cc L 15.15 bc 8.15d
C = liquid NPK fertilizer 7.5 cc L 14.95 bc 9.24¢
D = liquid NPK fertilizer 10 cc L™ 14.40 bc 10.22 b
E = liquid NPK fertilizer 12.5 cc L 17.19 ab 13.35a
F = liquid NPK fertilizer 15 cc L 17.57 ab 13.39a
Average 15.25 10.02
F value * *x
LSD (5 %) 3.25 0.84

Table 8 showed that the highest yield of sweet corn was in the standard treatment. The
application of liquid NPK fertilizer which gave equal yield to the standard treatment was in
the treatment of 12.5 cc L™* and 15 cc L. The results of research that conducted by Maintang
et al. [17] which combined liquid organic fertilizers and 75 % recommended inorganic
fertilizers (15 mL per 2 L water or 7.5 mL L™ + NPK phonska 300 kg ha' + urea 150 kg
ha') can be the recommended dosage for optimum maize production. Another research by
Arifin [18] reported that liquid NPK fertilizer 4 mL L' combined with 300 urea kg ha* +
50 SP-36 kg ha! was effective to increasing the yield. Many applications of NPK liquid
inorganic fertilizer have been carried out, one of which is cabbage [19]. Apart from vegetable
crops, food crops (such as rice) also need NPK fertilizer to increase production [20].

3.3.6 Relative agronomic effectiveness (RAE)
The results of the relative agronomic effectiveness (RAE) analysis showed that the
application of inorganic liquid NPK fertilizer was effective on sweet corn. The treatment that

produce an RAE value > 95 % were application of liquid NPK fertilizer amount of 12.5 cc
L (RAE value 0 95.82 %) and 15 cc L (RAE value of 96.26 %) (Table 9).

Table 9. Relative agronomic effectiveness (RAE).

Treatments RAE (%)

Control -

Standard = (phonska 300 + urea 300) kg ha't) -

A = liquid NPK fertilizer 2.5 cc L™ 29.85
B = liquid NPK fertilizer 5 cc L™! 38.26
C = liquid NPK fertilizer 7.5 cc L* 50.36
D = liquid NPK fertilizer 10 cc L™ 61.21
E = liquid NPK fertilizer 12.5 cc Lt 95.82
F = liquid NPK fertilizer 15 cc L 96.26
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4 Conclusions

Application of inorganic liquid NPK fertilizer was significantly affected the growth and yield
of sweet corn. Application at a dose 12.5 cc L™ by watering, gave the same response or equal
to the standard with the level of agronomic effectiveness > 95 %.

The authors would like to thank to the partner for funding this activity, to East Java AIAT Director for
the permission given to carry out this research, and also to colleagues involved in the study, who can
not be mentioned one by one.
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