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Abstract. Lowland is an agroecosystem that can be cultivated for
agricultural production activities. Its wide potential and planting time are
generally carried out in the dry season resulting in lowland areas being the
main national food buffer during El-Nino. Its management, which is not
optimal results in low production. Increased productivity of lowland land
can be done by applying the optimum fertilizer. This study aims to
determine the effect of NPK fertilizer on the growth and productivity of rice
in lowland fields in South Sumatra. The study used a completely
randomized block design with four treatments and six replications. The
indicator plant uses rice variety Inpari 42. The results showed that the
highest production was obtained in the combined treatment of 250 kg NPK
ha! + 150 kg urea ha™! + 1,000 kg dolomite ha™! with a yield of 5.81 t ha™.
These results indicate that NPK and urea fertilization combined with
dolomite can increase the productivity of lowland rice fields as a buffer zone
for rice production against the impacts of climate change.

1 Introduction

Agricultural land revitalization is one of the fundamental challenges that must be faced since
it is important to meet national food needs. The Indonesian population increase quite high at
a rate of 1.6% per year [1] and projected to reach 350 million people in 2050 [2]. It is due
to increasing of food consumption per capita that have an impact on the increasing of national
food supply. This condition could result in an increase of national food scarcity [3].

The lowland development as agricultural land is one of the efforts that can be carried out
in increasing rice production to support national food security, especially on the impact of
climate change. The specific advantage of lowland is as a reserve for rice production in the
event of crop failure in other agricultural land, especially during El-Nino [4]. The lowland is
characterized by deep puddles soil with high rainfall that varies between 50-200 cm [5] [6]
at least 3 months a year. Currently, the cropping pattern management of the lowland has not
been maximized resulting in low productivity namely around 3 t ha™! in average [7]. This
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productivity is still far from the provincial rice yield average in around 5 t ha! [8] and planted
with rice only once a year (CI 100) [9]. The use of technological innovations in lowland can
increase rice yield, such as high-yielding varieties can increase the productivity of lowland
rice in the ranges from 6-8 t ha! [10]

In addition to the use of varieties, fertilization is another effort that can be carried out to
increase the productivity of lowland with low fertility status [11]. Generally, the organic-C
content ranges from high to very high, the total N is classified as medium-very high,
meanwhile available P, CEC and base saturation are classified as low-medium [12]. The
lowland nutrients status is mainly influenced by the nutrients content of river water from the
upstream area through the water runoff. The study results conducted by Syahri and Utami [13]
show that the balance fertilization can increase paddy yields to 8.2 t ha! at the first planting
season. Productivity in the second planting season is generally very low (< 3 t ha™'), so there
are few farmers planting rice in this season. Therefore, efforts are needed to increase rice
production in the second planting season using balanced fertilizer and the addition of soil
ameliorant in lowland rice fields. It is hoped that increasing rice productivity in the second
planting season will support national food security, especially in the face of climate change.

This research aims to determine the effect of a combination of treatments between NPK and
urea fertilizer and dolomite on the growth and yield of lowland rice in South Sumatra.

2 Materials and methods

The study was conducted on farmer’s field at Gelebag Dalam Village, Rambutan, Banyuasin
District, South Sumatra (-3,08929S; 104,85329E) (Figure 1), the annual average temperature
range was 23°C-39°C. This experiment was carried out from November 2021 to February
2022. It was conducted in the second planting season (CI 200). The research location is
classification as shallow non tidal swamps.
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Fig. 1. Research site map at Gelebag Dalam Village, Rambutan, Banyu Asin District, South Sumatra.

Field experiments were conducted on farmers' land with a plot size of 640 m? and arranged
using a randomized complete block design with four treatments and four replications. The
treatment is shown in Table 1. The fertilization rate was determined based on the results of
soil analysis using the Swamp Soil Test Kit (PUTR) prior to the study started. The plant
indicator was paddy (Oryza sativa) Inpari 42 variety with a planting distance of 25 cm x 25
cm. The study used the NPK compound fertilizer (15:15:15) as basal fertilizer for all
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treatments. The Dolomite as ameliorant was given after the first tillage. The NPK and KClI
fertilizers were applied at 7 days after planting (DAP), while the urea was applied twice at
dose 50% of total for each, at the age of 7 and 30 DAP respectively.

The plant growth parameters observed were plant height and number of tillers at 30 DAP
and harvest, productive tillers and yield components include panicle length, percentage of
hollow grain and productivity. The statistical analysis used SPSS 22.0 including Analysis of
Variance (ANOVA) and further tests with Duncan's Multiple Range Test (DMRT) at 5%

level.
Table 1. List of treatments in this study.
Treatments Remaks (kg ha™')
PO (Farmers practice) 150 Urea + 0.03 Ecofarming
P1 (Recommendation on PUTR) 250 NPK + 150 Urea + 1,000 Dolomite
P2 (75% Recommendation on PUTR) 150 NPK + 200 Urea + 1,000 Dolomite

P3 (125 % Recommendation on PUTR) 350 NPK + 100 Urea + 1,000 Dolomite

3 Results and discussion
3.1 Soil properties

Based on the initial soil sample analysis results using PUTR, it showed that the pH value of
the soil is acidic, the score for N is classified as low and P and K values are moderate (Table
2). The soil sample taken after harvest showed that the average soil pH value in the treatment
of P1, P2 and P3 was 5.41. This indicates an increase in pH due to the lime application. The
lime application can suppress the solubility of aluminum and hydrogen to increase the soil
pH. The liming process causes aluminum ions (Al1*") to be replaced in the soil lattice by Ca
and Mg to form Ca (HCOs3), and Mg (HCO:3); resulting in an increased soil pH [14]. The
increasing of soil pH will affect changes in base saturation, Soil Cation Exchange Capacity,
mineralization of organic matter, N transformation, nitrification, and denitrification, which
further affects the production of N2O in the soil [15] as well as the activity of microorganisms
in the soil. Improvements will affect the availability of several nutrients, thereby increasing
plant growth and production.

Table 2. Initial soil analysis of study site at Gelebag Dalam, Rambutan Banyuasin District, South

Sumatra.
Soil chemical Category
properties
pH Acid
Low
P Moderate
Moderate

3.2 The effect of treatment on plant growth

The effect of fertilization on plant height, both at 30 days after planting (DAP) and prior to
harvest, is presented in Fig. 2. The fertilization could increase the plant height both at the age
of 30 DAP and harvest. The highest plant height at the age of 30 DAP and harvest were
obtained in the P1 treatment, which was 97.60 cm and 109.56 cm respectively, while the
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lowest farmer's treatment was 81.20 cm. The number of productive tillers and tillers was also
affected by NPK fertilization (Fig. 3). The highest number of one-month-old tillers and
productive tillers were obtained in the P1 treatment, namely 24.70 stems and 20.13 stems
respectively.
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Fig. 2. The average of of plant height at 30 DAP and prior to harvest at the fertilization treatment for
low land paddy plant.

Plant height parameter is one of the selection criteria in paddy plants, but the high plant height
does not guarantee the level of production. Plant height has a great influence on the
relationship between panicle length and yield. Well growing plants can absorb nutrients in
large quantities. The availability of nutrients in the soil affects the increase in plant
photosynthesis activity to increase the growth and components of plant yield [16].
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Fig. 3. The average number of tillers at 30 days after planting and the number of productive tillers at
the fertilization treatment for lowland paddy plant.

3.3 The effect of treatment on yield and productivity components

The effect of fertilization on rice yield and yield components is presented in Table 3. The
highest productivity obtained in the P1 treatment of 5.81 t ha! which was significantly
different from the PO (control) treatment, but not significantly different from the P2 and P3
treatments. The application of NPK fertilizer is expected to supply the availability of P and
K nutrients. According to Wang et al. [17], the production can be increased by applying the
balanced fertilizers. The P is very important because some of the main processes of plants
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include photosynthesis, root development, plant yield, and quality [18], [19], [20]. Other
research results show that P fertilization can increase paddy yield, the higher the P is given,
the more the production achieves [21]. The yield components of panicle length and
percentage of hollow grain showed no noticeable effect on the control, but the fertilization
tended to have a positive effect on the observed yield component.

Table 3. The effect of treatment on production components and paddy productivity.

Treatment Panicle length (cm) Hollow grain Productivity (t ha
(%) g)
PO (control) 20,22 a 16,28 a 4,82 a
P1 20,87 a 22,12 a 5,81c¢
P2 20,68 a 17,97 a 5,340
P3 20,74 a 20,62 a 5,44 be

Notes: P0=150 kg Urea ha! +0.03 Ecofarming kg ha'' ; P1=250 kg NPK ha™' + 150 kg urea ha' + 1,000
kg dolomite ha'!' ; P2=150 kg NPK ha'! + 200 kg urea ha™! + 1,000 kg dolomite ha™! ; P3=350 kg NPK
ha! + 100 kg urea ha'! +1,000 kg dolomite ha"!. Means followed by different letters are significantly
different (DMRT, a = 0.05).

4 Conclusions

Lowland productivity can be increased by applying balanced and optimal fertilization. The
application of NPK compound fertilizer combined with dolomite in accordance with the soil
fertility status increased soil pH value and the plant growth, as well as rice yield up to 5.81t
ha'. These results showed that fertilizing NPK coupled with dolomite application is an
opportunity to increase productivity of lowland as buffer zone in rice production against
climate change impact.
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