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Abstract: Black rice is a functional food with high anthocyanin content that can be beneficial for health. Inceptisols have the 

potential to support the growth of black rice plants because it is widely distributed in the mainland region of Indonesia, which is 

around 70.52 million ha. However, it has problems with its relatively low soil fertility, especially in the nutrient content of N. 

These problems need to be sought with proper handling, one of which is by fertilizing using N, P, K fertilizer and Nano Silica 

fertilizer. This study aims to determine the effect of N, P, K fertilizer and Nano Silica fertilizer on total N content, N uptake, and 

Black Rice Yield (Oryza sativa L. indica) on Inceptisols from Jatinangor. This research was conducted in September 2019 until 

January 2020 in the Ciparanje Experiment Garden, Faculty of Agriculture, Padjadjaran University, Jatinangor, Sumedang, West 

Java, with an altitude of 750 meters above sea level. The experimental design was carried out using a Randomized Block Design 

(RBD) consisting of nine treatments with three replications. The results showed that the combination of 1 N, P, K fertilizer (Urea 

300 kg ha
-1

, SP-36 50 kg ha
-1

, and KCl 50 kg ha
-1

) followed by giving of 1 Nano Silica fertilizer (2 mL/L) gives the best black rice 

yield with Dry Grain weight of 82.20 g/plant or equivalent to 11.18 t ha
-1

. 
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1. Introduction 

Black rice (Oryza sativa L. indica) is a functional food that has 

anthocyanin content that is indicated by the presence of thick 

red-blue-purple-purple pericarp. The content of anthocyanin in 

black rice is around 200-400 mg 100 g
-1
 greater than red rice 

which is only 0.33-1.39 mg 100 g
-1

 and black sticky rice around 

109.52-256.61 mg 100 g
-1

 [1]. High anthocyanin content can help 

maintain balance in organ systems and hormones, cleanse toxins 

from the body (detoxification), reduce blood sugar levels, and be 

able to prevent cardiovascular diseases such as coronary heart 

disease and hypertension [2]. 

Black rice cultivation among Indonesian farmers is classified as 

not optimal and also rare. That is because of low productivity, long 

harvest life, and high stems making it susceptible to cracking [3], 

even though black rice has the potential to be developed in 

Indonesia because it is one of the genetic sources of black rice with 

a considerable amount of 42 varieties [4]. The black rice plant used 

in this study is the local black rice Cianjur commonly used by 

farmers in Padaherang Village in Pangandaran District by 

providing liquid organic fertilizer derived from rabbit urine to 

optimize yields that can reach 4.29 t ha
-1
. 

One of the lands that have the potential to support the growth 

of rice plants in the soil with the order of Inceptisols which is one 

of the most widespread land orders in Indonesia, around 70.52 

million ha or 37.5% of the land area of Indonesia [5]. The 

problem that is often found in Inceptisols is the relatively low 

level of soil fertility, but can still be sought with appropriate 

handling and technology, one of which is fertilization [6]. 

Fertilizers used in this research are N (urea), P (SP-36), K (KCl) 

and liquid silica fertilizers that play a role in improving soil 

fertility to support growth and optimal crop yields, as well as to 
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replace nutrients lost due to the leaching and harvesting process 

so that plant nutrient needs are still met [7]. The nutrient which is 

rarely seldom given into the soil in the cultivation of Gramineae 

plants, one of which is rice, Si, so that the fulfillment of its needs 

only relies on availability in nature [8]. 

The Si element can increase soil pH due to the exchange of 

anions between OH
-
 ions which are bound to Al and Fe with 

silicate ions so that released OH
-
 ions can increase the pH of soil 

solution, strengthen plant tissue, so it is more resistant to pests 

and diseases and overcome drought water [9]. Nano silica 

technology is one of the uses and manufacture of material at a 

minimal size. Rice plants have a larger tissue scale of about 

10-20µ, compared to the nanoscale (10
-9

 m), making it easier for 

nano-silica fertilizer to enter the rice plant tissue [10]. 

Application of liquid fertilizer enriched with Si 

concentration of 0.25-1% and 100% dose of N, P, K 

recommendations can increase the average absorption of Si 

by plants by 18.67-38.29% compared to only giving a dose 

of 100% N, P, K recommendation [11]. Giving liquid silica 

at a dose of 1 L/ha can give the best effect on leaf angle 

(31.38º), flag leaf angle (18.75º), plant dry weight (40.67 g), 

grain weight per clump (57,77 g), and 1000 grain weight 

(22.48 g) in rice plants [12]. 

The objective of this research was to investigate the effect 

of N, P, K and Nano Silica fertilizer applications on total N 

content, N uptake, and yield of black rice (Oryza sativa L. 

indica) on Inceptisols from Jatinangor. 

2. Materials and Methods 

2.1. Site Description 

A field experiment was conducted in September 2019 to 

January 2020 at the Ciparanje Experiment Garden, Faculty of 

Agriculture, Universitas Padjadjaran. The elevation of the 

area is approximately 750 m above sea level. Initial soil 

analysis results showed that the characteristics of Inceptisols 

in the experimental field included pH 6.9, C-Organic 2.33%, 

total N 0.18%, and C/N 13. 

2.2. Experimental Design 

The study arranged in a Randomized Block Design 

consisted of 9 treatments and 3 replicates. The size of the 

planting distance used is 25 cm × 25 cm with the number of 

one seed for one planting hole.  

The treatments were are followed: A = Control (without N, P, 

K fertilizer and without Nano Silica); B = 1 N, P, K without Nano 

Silica; C = 1 N, P, K + ½ Nano Silica; D = 1 N, P, K + 1 Nano 

Silica; E = 1 N, P, K + 1½ Nano Silica; F = ¾ N, P, K + ½ Nano 

Silica; G = ¾ N, P, K + 1 Nano Silica; H = ¾ N, P, K + 1 ½ Nano 

Silica; I = Habits of Black Rice Farmers (used liquid organic 

fertilizer from rabbit urine). The treatment I (Habits of Black 

Rice Farmers) in this study was used as a comparison to see how 

much the difference in yield compared to the treatment given N, 

P, K and Nano Silica fertilizers.  

The recommended dosage of inorganic fertilizer used in this 

study was 300 kg ha
-1
 urea, 50 kg ha

-1
 SP-36, and 50 kg ha

-1
 KCl. 

Urea fertilizer had given 3 times at 7, 21 and 42 days after planting 

with 1/3 dose in each application. Phosphate (SP-36) and 

Potassium (KCl) fertilizers had given once in 7 days after planting. 

Nano Silica fertilizer had given as many as 4 times 

application with dipped into the roots of plants before 

transplanting and at 21, 35, and 49 days after planting by 

spraying the leaves of plants at a dose of 1 L ha
-1

 (3.67 

mL/plant). Organic fertilizer in the form of compost is used as 

basic fertilizer with a dose of 10 t ha
-1

 (74 g/plant) given once 

at the beginning of planting. Liquid organic fertilizer from 

rabbit urine given by spraying it into the leaves of the plant as 

much 7 times on intervals of 10 days application with a dose 

of 7 L ha
-1

 (1.85 mL/plant). 

2.3. Soil and Plant Sampling and Analysis 

Soil sampling for total N content analysis was carried out 

during the maximum vegetative phase at 78 days after planting 

by taking soil around plant roots, then drained, homogenized, and 

mashed. The fine soil samples are then filtered and further 

analyzed in the laboratory by the parameters to be tested. Plant 

sampling for N uptake analysis was carried out in the vegetative 

phase taken by cutting the whole stover of rice plants which were 

then cut into small pieces, dried and mashed for further analysis 

in the laboratory. Total N-soil content and N uptake of plants 

were analyzed using the Kjeldahl method. Black rice was 

harvested 110 days after planting and counted Dry Harvest Grain 

Weights and Milled Dry Grain Weights. 

2.4. Data Analysis 

Observation data were analyzed using the SPSS version 16 

software package with an F test at a 5% level, and if there were 

significant differences in average treatment, the test was 

continued with Duncan's multiple range test (DMRT) at 5% 

significance level. The parameters observed consisted of total N 

content, N uptake, and Black Rice Yield (Oryza sativa L. indica). 

3. Result and Discussion 

3.1. Total N Content 

The application of N, P, K and Nano silica fertilizers affect 

the total N content soil in Inceptisols from Jatinangor. The 

effect of each treatment is presented in Table 1. The results 

show that the total N-soil content after application of N, P, K 

and Nano silica fertilizers ranged from 0.16 to 0.26%. 

Table 1. Application N, P, K + Nano Silica on Total N-soil Content. 

Code Treatments Total N Content (%) 

A Control 0,16a 

B 1 N, P, K without Nano Silica 0,23cde 
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Code Treatments Total N Content (%) 

C 1 N, P, K + ½ Nano Silica 0,23cde 

D 1 N, P, K + 1 Nano Silica 0,26e 

E 1 N, P, K + 1 ½ Nano Silica 0,24de 

F ¾ N, P, K + ½ Nano Silica 0,20bc 

G ¾ N, P, K + 1 Nano Silica 0,20bc 

H ¾ N, P, K + 1 ½ Nano Silica 0,21bcd 

I Habits of Black Rice Farmers 0,18ab 

Note: The numbers followed by the same letters in each column are not significantly different according to Duncan’s Multiple Range Test at 5% level. 

Based on Duncan's Multiple Range Test results with a 5% 

significance level in Table 1 shows that treatment D (1 N, P, K 

+ 1 Nano Silica) has the highest N-total soil content compared 

to other treatments, but not significantly different from 

treatment B (1 N, P, K and without Nano Silica), C (1 N, P, K + 

½ Nano Silica), and E (1 N, P, K + 1 ½ Nano Silica). This is 

because the application of high doses of N fertilizer can 

infiltrate the soil in large quantities, resulting in the 

availability of N-total in the soil and higher nutrient uptake of 

nitrogen in plants [13]. 

The application of N fertilizer, especially urea fertilizer, can 

cause the total N available in the soil to increase. Increased 

N-total in the soil is an indicator of the availability of N 

nutrients. The availability of N nutrients in the soil is then 

transplanted to the roots and absorbed by plants [14]. 

The application of Nano Silica fertilizer given through 

leaves on black rice plants is thought to not have a significant 

effect in increasing the total N-soil because there is little 

chance that the Si element will fall to the ground so that Si has 

not fully dissolved in the soil. The application of Si fertilizer 

had no significant effect on the chemical properties of the soil 

in lowland rice plants [15]. 

3.2. N Uptake 

The results of the analysis of variance show that the 

application of N, P, K fertilizer and Nano Silica fertilizer affect 

the N uptake of black rice plants presented in Table 2. 

Table 2. Application N, P, K + Nano Silica on N Uptake. 

Code Treatments N Uptake (g/plant) 

A Control 0,68a 

B 1 N, P, K without Nano Silica 1,60b 

C 1 N, P, K + ½ Nano Silica 1,76c 

D 1 N, P, K + 1 Nano Silica 2,03d 

E 1 N, P, K + 1 ½ Nano Silica 1,85c 

F ¾ N, P, K + ½ Nano Silica 1,51b 

G ¾ N, P, K + 1 Nano Silica 1,50b 

H ¾ N, P, K + 1 ½ Nano Silica 1,52b 

I Habits of Black Rice Farmers 0,73a 

Note: The numbers followed by the same letters in each column are not 

significantly different according to Duncan’s Multiple Range Test at 5% 

level. 

Table 2 shows the N uptake in treatment D (1 N, P, K + 1 

Nano Silica) has the highest N uptake value and is 

significantly different from other treatments that are equal to 

2.03 g/plant. Plant N uptake is determined by NO3
-
 and NH4

+
 

whose supply is influenced by the availability of N-total soil. 

The amount of N-total that increases with increasing N 

fertilizer application does not always cause the supply of NO3
-
 

and NH4
+
 to be available to plants. This is thought to be due to 

the nature of the N element, which is easily washed and 

evaporated [16]. 

The application of silica in plants will accumulate in the 

leaves of rice, which serves to keep the leaves upright so that it 

can help the optimal absorption of sunlight. The resulting 

photosynthate will be used for the growth process, namely 

elongation of the stem. Silica in plants can also cause roots to 

grow well, so that nutrient absorption becomes more intensive 

[17]. 

3.3. The Yield of Black Rice 

The yield component measured in this study is the weight of 

the Harvested Dry Grain (HDG) and Milled Dry Grain (MDG). 

The results show that the D treatments (1 N, P, K + 1 Nano 

Silica) had the highest results and were significantly different 

from the other treatments (Table 3). 

Table 3. Application N, P, K + Nano Silica on the Yield of Black Rice. 

Code Treatments HDG (g/plant) MDG (g/plant) 

A Control 34,00a 27,00a 

B 1 N, P, K without Nano Silica 77,77c 71,10c 

C 1 N, P, K + ½ Nano Silica 81,90c 74,57cd 

D 1 N, P, K + 1 Nano Silica 88,80d 82,20e 

E 1 N, P, K + 1 ½ Nano Silica 81,63c 75,07d 

F ¾ N, P, K + ½ Nano Silica 79,67c 72,37cd 

G ¾ N, P, K + 1 Nano Silica 78,57c 71,20c 

H ¾ N, P, K + 1 ½ Nano Silica 79,77c 72,80cd 

I Habits of Black Rice Farmers 44,43b 37,37b 

Note: The numbers followed by the same letters in each column are not 

significantly different according to Duncan’s Multiple Range Test at 5% 

level. 

Table 3 shows the weight of Harvested Dry Grain (HDG) in 

treatment D that is 88.80 g/plant and the weight of the Milled 

Dry Grain in treatment D that is 82.20 g/plant or equivalent to 

11.18 t ha
-1

. The provision of sufficient N in the generative 

phase is essential in slowing the aging process of leaves so that 

it can maintain photosynthesis during the grain filling phase 

and increase in protein in grain [18]. The growth of rice plant 

biomass is affected by the presence of sufficient nutrients N 

and P [19]. 

The application of silica can play a role in increasing the 

efficiency of photosynthesis so that crop production can 

increase [20]. The application of silica can make the leaf angle 

more upright. This can cause the leaves to be more effective in 

the absorption of sunlight so that the process of photosynthesis 

can increase and affect the increase in plant biomass and crop 
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seed yield [21]. Rice plants that are not given silica can cause 

the number of dry grains to increase, the grain weight to 

decrease, the length of panicle to decrease, the number of 

panicles and the number of grains per panicle will also 

decrease [22]. 

4. Conclusion 

This study shows that the application of N, P, K and Nano 

Silica fertilizers affect increasing total N content, N uptake, 

and Black Rice (Oryza sativa L. indica) yields on Inceptisols 

from Jatinangor. The combination of 1 N, P, K (Urea 300 kg 

ha
-1

, SP-36 50 kg ha
-1

, and KCl 50 kg ha
-1

) + 1 Nano Silica (2 

mL/L) gives the best results on plant N uptake and Milled Dry 

Grain yield as much as 82.20 g/plant or equivalent to 11.18 t 

ha
-1

 in Inceptisols from Jatinangor. 
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