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Abstract— In the last few years, soil deterioration due to excessive application of synthetic agrochemical has become growing concern.
Use of organic fertilizer is believed to be able to enhance soil quality. The objective of this experiment was to determine nitrogen,
phosphorus, and potassium uptakes by sweet corn as affected by local based liquid organic fertilizer (LOF) under closed agriculture
system. The experiment was conducted in Closed Agriculture Production System (CAPS) Research Station in Air Duku Village,
Bengkulu, Indonesia from March to June 2015, employing Randomized Completely Block Design with 2 factors. The first factor was
3 sweet corn genotypes, i.e. Talenta, Jambore, and Asian Honey and the second factor was 5 rates of LOF, i.e. 0, 25, 50, 75, and 100
mg l-1, respectively. Each treatment combination was replicated 3 times. Foliar application of LOF was carried out every week at 2-8
weeks after planting (WAP) with total volume of 600 ml per plant. Sweet corn leaves were sampled at the beginning of tassel
emergence. The experiment revealed that sweet corn genotype significantly influenced the uptake of nitrogen, but not phosphorus and
potassium. It was observed that Asian Honey genotype absorbed highest nitrogen as compared to other genotypes. In addition,
increase in rates of LOF significantly raised nitrogen uptake by sweet corn, but not phosphorus and potassium.
Keywords— Liquid organic fertilizer; sweet corn; closed agriculture system

(SIR) [9], alters bacterial community diversity, structure, and
individual taxa abundance [10]. Organic farming is believed
to be an alternative solution to recover quality of degraded
soil.
Soil quality improvement from organic farming practices
is mainly associated with increase in soil organic matter and
other soil properties. Study by [11] indicated that organic
fertilized soil showed increase in total organic carbon, total
nitrogen, available phosphorus, and exchangeable potassium.
Long term application of organic fertilizer also enhances soil
pH, exchangeable calcium, exchangeable magnesium,
asbuscular mycorrizhal fungi and bacterial residue [12] [13]
[14] [15]. Research by [16] confirmed that application of
liquid organic fertilizer decreased exchangeable Al and
increased soil pH to the depth of 25 cm from the soil surface,
even though nitrate-N was potential to move downward to
deeper depth of soil profile. Application of organic fertilizer
in organic farming was also reported to reasonably increase
sweet corn and chili pepper production [17],[18] and organic
fertilizer could substitute synthetic fertilizer for mustard [19]

I. INTRODUCTION
In recent years, use of agrochemicals such as synthetic
fertilizer and pesticide has increased significantly to raise
crop production. Excessive application of such chemicals for
a long period of time, however, will decrease soil quality as
well as harm environment. Intensive use of pesticide also has
negative effect on farmer’s health [1],[2],[3], children health
exposed to pesticides [4],[5], and female farm worker’s
pregnancy [6].
Uncontrolled application of synthetic fertilizer for long
period of time is believed to decline soil quality. Study by [7]
confirmed that long term soil fertility trial, ammoniacal
nitrogen fertilizer brought about increase in exchangeable
acidity accompanied with reduction of Cation Exchange
Capacity (CEC), base saturation as well as exchangeable
calcium (Ca) and magnesium (Mg). Long term application
of nitrogen fertilizer also lowers soil pH as reported by [8].
Excessive use of nitrogen fertilizer also depletes microbial
biomass carbon (MBC) and substrate induced respiration
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Earthworm was, then, put back into the stock pile for next
production. Vermicompost contained 25.55 % organic-C,
2.15% total nitrogen, 0.24% phosphorus, and 0,55%
potassium.
Liquid organic fertilizer (LOF) was manufactured in
CAPS Research Station by mixing all together materials
containing dairy cattle feces, dairy cattle urine, soil
consisting of effective local microorganism, green leaves of
Tithonia diversifolia, effective microorganisms-4 (EM-4),
sugar and fresh water to a total volume of 200 liter in blue
container. The mixture was incubated for 3 weeks with daily
mixing up to provide sufficient aerobic environment. After
incubation, the mixture was sieved using white cloth and
ready for application. Liquid organic fertilizer contained
240000 mg l-1 N, 144 mg l-1 P, and 3450 mg l-1 K.

and cauliflower production [20]. Organic farming practices
often lead to closed agriculture system [21], [22]. The
system is referred to organic farming with high utilization of
local resources and extremely limited external input to
improve efficiency of resources. Such system enables us to
make use of own internal resources and restricts the input of
external energy [23].
Sweet corn is among organic vegetable crops commonly
grown in Indonesia. Recently, growth and yield
performances of sweet corn had been studied to evaluate its
adaptability on organic farming environment in tropical
highland. Among 7 genotypes tested in the experiment
showed that genotypes of Talenta, Jambore, and Jaguar had
better growth and yield performance [24]. Study by [25]
indicated that most the favorable characteristics for P uptake
were identified in some of corn genotypes. However,
macronutrient uptake of such vegetable crop in organic
farming environment has never been evaluated.
Application of solid organic fertilizer has commonly been
practiced in organic farming system. However, solid organic
fertilizer releases nutrient to soil slowly [26]. Application of
liquid organic fertilizer is necessary to enhance fertilizing
effectiveness of solid organic fertilizer. Research conducted
by [27] confirmed that foliar application of N, P, and K
fertilizer increased the nutrient uptake by maize. Another
experiment, however, showed that application of tithonia
enriched local liquid organic fertilizer did not affect carrot
production [28]. Nonetheless, each sweet corn genotype
genetically has different response to liquid organic fertilizer.
The objective of this experiment was to determine nitrogen,
phosphorus, and potassium uptakes by sweet corn as
affected by local based liquid organic fertilizer (LOF) under
closed agriculture system.

B. Experimental Design and Treatment
Experimental design was randomized complete block
with two factors of treatment. The first factor was 3 sweet
corn genotypes, i.e. Talenta, Jambore, and Asian Honey and
the second factor was 5 rates of LOF, i.e. 0, 25, 50, 75, and
100 mg l-1, respectively. Each treatment combination was
replicated 3 times. Experimental site was separated into 3
blocks consisting of 15 plots per block. Plots were 1 m wide
and 5 m long. Sweet-corn seeds were planted at a spacing of
70 cm x 20 cm.
C. Field Operations
Experimental field was plowed to 20 cm depth using mini
tractor two weeks before planting. A week before planting,
basal solid organic fertilizer (vermicompost) was hand
applied to each plot at rate of 15 Mg ha-1. Two sweet corn
seeds were grown in each planting hole in two rows.
Thinning and replanting were carried out a week after
planting as necessary.
Liquid organic fertilizer was applied to leaf surface using
knapsack sprayer. Each plant received 25, 25, 50, 100, 150
and 250 ml at 2, 3, 5, 6, 7, and 8 weeks after planting,
respectively. The LOF was sprayed on upper and lower leaf
surface in the morning.
Sweet corn leaves were sampled at the maximum growth
when tassel had emerged. Five ear leaf samples were
collected from 5 randomly selected sweet corn plants in each
plot. Samples were dried at 65-70 oC, grinded, analyzed for
N, P, K concentration in sweet corn tissues. Nitrogen,
phosphorus and potassium uptakes were calculated by
multiplying their concentration with shoot dry weight. Sweet
corn was harvested 70 days after planting. Composite soil
sample was collected in early 2014 at the depth of 0-20 cm
using soil probe. Sample was air-dried, grinded, and sieved
with 100 mesh screen and analyzed for selected soil
chemical and physical properties.

II. MATERIALS AND METHODS
A. Site, Soil, and Amendments
The experiment was conducted on sandy loam of
Inceptisol during wet season from March to June 2015 at
Closed Agriculture Production System (CAPS) Research
Station located in Air Duku Village, Rejang Lebong,
Bengkulu Province, Indonesia, at elevation of approximately
950 m above sea level. Experimental plots were established
in early 2014 on long term experimental site for study of
organic farming vegetable crop production and soil nutrient
dynamics. The surface soil contained 2.05% organic-C,
0.19% total nitrogen (N), 5.54 mg kg-1 available phosphorus
(P), 0.27 cmol kg-1 exchangeable potassium (K), 4.91 cmol
kg-1 exchangeable calcium (Ca), 0.40 cmol kg-1
exchangeable magnesium (Mg), 1.47 cmol kg-1
exchangeable aluminum (Al), 14.32 cmol kg-1 Cation
Exchange Capacity (CEC) and soil pH of 4.83. Soils on the
site have continuously been cropped to organic vegetables
since 2011. Each season, organic fertilizer at rate of 15 Mg
ha-1 had been incorporated to soil. No additional synthetic
fertilizer had been applied to soil since 2011.
Solid organic fertilizer (vermicompost) was retrieved
from 4x5 m square block cement. Vermicompost was
produced through continuously mixed the fresh dairy cattle
feces with local earthworm species for 3 months. After
incubation, the compost was sieved with 2 mm screen.

D. Statistical Analysis
Statistical analysis was carried out using PROC GLM in
Statistical Analysis System version 9.1.3 portable at P < 0.05.
Sweet corn genotype treatment means were separated using
Duncan’s Multiple Range Test, while LOF treatment means
were compared using orthogonal polynomial at probability
level of 0.05.
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sweet corn tissues was low [31]. This indicated that nitrogen
supply was not sufficient for sweet corn growth. Local based
LOF did not have an effect on content and uptake of P and K
(Table 2). This might be associated with low P and K
content of LOF used in this experiment. Nutrient
composition of LOF is highly dependent on material
components. Our local based LOF consisted of two major
components, dairy cattle waste (feces and urine) and green
leaves of Tithonia diversifolia, containing 144 mg l-1 P, and
3450 mg l-1 K. Increase in nutrient composition of LOF
would be reasonable way to improve effectiveness of LOF.

III. RESULTS AND DISCUSSION
A. Effect of Sweet Corn Genotype on Nitrogen, Phosphorus
and Potassium Uptake
Sweet corn genotype significantly influenced content and
uptake of nitrogen but had no effect on those of phosphorus
and potassium. Yield (weight of green ears) was also
affected by sweet corn genotype (Table 1). It was generally
observed that N and P content of tested sweet corn were
slightly below range of their sufficient content [29],
indicating that the plant might suffer from nutrient hidden
hunger [30],[31], even though visual nutrient deficiency was
not detected.
Table 1 also shows that Asian Honey genotype produced
highest content and uptake of N as compared to other
genotypes. Nitrogen content and uptake of Asian Honey
genotype were 18.9% and 29.6% higher than that of Jambore
genotype, respectively. Among genotypes investigated,
Asian Honey genotype had highest content and uptake of
nitrogen and phosphorus, followed by Talenta and Jambore
genotypes. Potassium content and uptake had different
pattern where Talenta genotype tended to be the highest
followed by Asian Honey and Jambore genotype. Jambore
genotype consistently provided lowest observed nutrient
content and uptake. The different nutrient uptake among
genotypes might be associated with genetic control variation
in absorbing nutrient from soil [32],[25],[33],[34].
Highest nitrogen uptake of Asian Honey genotype,
however, is not followed by the yield of sweet corn where
Talenta genotype has highest yield. Yield of Talenta
genotype is somehow related to uptake of potassium.
Previous study by CAPS researchers reported that Talenta
and Jambore genotypes were among genotypes suitable for
organic farming in tropical highland [24], even though,
unlike their result, Jambore genotype tested in this
experiment had lowest content and uptake of N. P, K as well
as its yield.

Fig 1. Nitrogen content and uptake of sweet corn as affected by liquid
organic fertilizer.

Significant increase in N content and uptake as affected
by LOF was not followed by considerable increase in yield
of sweet corn (Table 2). Our finding was not similar to
previous study by [35] where LOF significantly raised the
yield of sweet corn. This might be attributed to the different
characteristic of LOF. Low nutrient composition of our local
based LOF is possible reason for unresponsiveness of sweet
corn. Another reason might be due to absence of surfactant
during the application of LOF, causing ineffectiveness of
LOF.

TABLE I.
CONTENT AND UPTAKE OF N, P, K AND YIELD OF SWEETCORN AS
AFFECTED BY SWEET CORN GENOTYPES

Genotype

Content (%)
N
1.89 a

P
0.16

K
2.31

Uptake (mg plant1
)
N
P
K
712 a 58 856

Asian
Honey
Talenta

1.84 a

0.15

2.48

650 a

48

884

Jambore

1.59 b

0.13

2.42

549 b

46

837

Average

1.77

0.15

2.40

637

51

859

TABLE II.
INFLUENCE OF LIQUID ORGANIC FERTILIZER ON CONTENT AND UPTAKE
OF N, P, K AND YIELD OF SWEET CORN
Content (%)
Uptake (mg plant-1)
LOF
Yield
Rate
(Mg ha-1)
P
K
P
K

Yield
(Mg
ha-1)
16.5
a
17.1
a
12.8
b
15.5

(mg l-1)
0
25
50
75
100

0.16
0.16
0.14
0.12
0.13

2.43
2.51
2.41
2.22
2.43

53
57
48
44
50

857
877
843
826
892

15.7
16.3
14.7
17.8
15.7

Treatment mean followed by the same letter within column is not
significantly differences at 95% confidence level

Treatment mean followed by the same letter within column is not
significantly differences at 95% confidence level.

IV. CONCLUSIONS
Asian Honey genotype had the highest nitrogen uptake
from local liquid organic fertilizer, followed by Talenta and
Jambore, however, sweet corn genotypes tested in this
experiment absorbed similar amount of phosphorus and
potassium. Local based liquid fertilizer significantly
increased nitrogen uptake by organically grown sweet corn
but not phosphorus and potassium.

B. Effect of Liquid Organic Fertilizer on Uptake of Nitrogen,
Phosphorus and Potassium
Local based LOF linearly increased N content and uptake
of sweet corn as shown in Figure 1. Application of LOF at
rate of 100 mg l-1 was able to increase N content and uptake
by 21.4% and 30.1%, respectively as compared to control,
even though it was generally observed that N content in
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