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I. INTRODUCTION 

 Rice (Oryza sativa L.) is the staple food 

of more than 80% of the world's population, 

including the Philippines (Rice Global Production, 

2018).  However, rice production in the country is 

insufficient due to low yield per unit area per unit 

time. Several factors affect crop yield. These 

include low soil fertility, erratic climatic conditions, 

and improper cultural management practices 

(Goder, 2013). Balanced application of fertilizer is 

one of the techniques to improve soil fertility and 

consequently, enhance rice production. The 

application of enough amount of nutrients needed 

by the plants is essential to efficiently utilize 

resources. However, we have to guide the 

farmers to do this activity on the farm (Ranjbar et 

al., 2007).  

Some farmers did not consider the 

importance of potassium (K) fertilizer in rice 

production, Islam, A, & Muttaleb, A. (2016). 

Potassium is one of the essential nutrients 

needed by the rice plants. It improves plant vigor 

and helps prevent lodging. It is also known to                                                   

improve rice yield and grain quality (Babu et al. 

2005; IRRI, 2007; Srivastava & Singh, 2007). It 

performs an essential role in enzyme activation, 

photosynthesis, protein synthesis, and plant 

water relations. It enables plants to resist 

diseases (Hasanuzzaman et al., 2018). It is also 

essential in carbohydrate and nitrogen 

metabolism. 

 

Furthermore, potassium promotes the 

growth of meristematic tissues and adjusts 

stomatal movements (Montaos, 2004). The 

potassium application significantly increased the 

number of tillers, increased the number of 

spikelets per panicle, and the percentage of filled 

grain (Islam & Muttaleb, 2016). 

Moreover, K is one of the macro-

elements needed by the plants in a more 

considerable amount. In general, K participates in 

many enzymatic and physiological processes, 

notably in the opening and closing of stomata, 

facilitating the gas exchange in the plant leaves 

and improving oxygen flow within the plant 

systems. Li et al. (2014) not only discovered the 
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Abstract: Nitrogen (N) and Potassium (K) fertilizers are the 

macronutrients needed by the rice plants for its growth and development. 
This study determined the effects of different levels of N and K fertilizers 
on the growth, yield, and profitability of lowland rice. Nitrogen levels were 
designated as the main-plot (N1 - 60 kg ha-1 N and N2 - 120 kg ha-1 N), 
and potassium levels were considered as the subplot (K0 - no fertilizer 
application, K1 - 30 kg ha-1 K2O, K2 - 60 kg ha-1 K2O, and K3 - 90 kg ha-1 
K2O). The experimental area of 332.5 m2 was laid out in a split-plot in an 
RCBD with three replications. The results revealed that 60 kg ha-1 N 
application produced a more number and higher percent filled grains 
panicle-1, resulting in higher grain yield (tha-1).  Moreover, 0 and 30-60 kg 
ha-1 K applications resulted in the early heading of PSB Rc18. In contrast, 
the application of 90 kg ha-1 K produced a broader leaf area index (LAI) 
than the control. On the other hand, the application of 60 kg ha-1 N gave 
the highest net income of PhP 26,242.00 ha-1. Likewise, rice plants 
applied with 60 kg ha-1 K20 fertilizer had the highest net gain of 
PhP36,995.00 ha-1 followed by plants applied with 90 kg ha-1 K20 of 
PhP30,348.00. Hence, 60 kg ha-1 N and 60 kg ha-1 K20 for NSIC Rc18 

rice variety are recommended for optimum yield and higher net income. 
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use of K in an increasing number of filled grains, 

grain size, and weight, but also the increase in 

tolerance to climatic factors like drought and 

pests and diseases. 

On the other hand, Nitrogen is a critical 

element in profitable rice production because it is 

the essential nutrient element determining the 

crop's yield potential (Bijay-Singh & Singh, 2017). It 

is needed by rice in a relatively higher amount 

than phosphorus and potassium (Xiong et al. 

2013). During the vegetative stage, it is required 

to promote growth and tillering, which determines 

the potential number of panicles. Nitrogen is also 

needed during reproductive and ripening stages 

to develop more spikelets per panicle and more 

filled grains. Too much nitrogen fertilizer 

application to rice resulted in excessive 

vegetative growth, lodging, susceptibility to insect 

pests, nutrient toxicity, decreased grain yield, and 

higher production cost. On the other hand, an 

inadequate supply of Nitrogen may lead to low 

growth and development (Shukla et al., 2015). 

Studies indicated that Nitrogen and 

potassium had complementary effects in 

improving rice yield and grain quality (Uddin et 

al., 2013). Ranjbar et al. (2007) stated that an 

adequate amount and proper timing of these 

nutrients might increase rice yield. They added 

that combined application of N and K into three 

equal splits at the active tillering, panicle initiation 

and flowering stages gave the highest profits of 

rice in Bangladesh. Several studies on the effect 

of Nitrogen and Potassium in rice have been 

conducted. However, it needs to be verified for 

the effective and efficient monitoring of the gaps 

in the results of the study as the climatic 

conditions were fast-changing. This study was 

conducted to determine the effects of varying 

nitrogen and potassium fertilizers on the 

development and yield performance of lowland 

rice, effects on soil properties, and profitability per 

hectare in lowland rice production.  

II. METHODOLOGY 
   

The study was conducted from August to 
December 2018 using Umingan clay loam soil with 
an alluvial origin. The area had a pH of 5.42 with 
2.69% organic matter, 0.24% total N, 8.61 mg kg-1 
available P, and 1.01 me 100 g-1 exchangeable K. 
This indicated that the soil was strongly acidic with 
low organic matter, medium in total Nitrogen, low in 
available phosphorus and high extractable K 
contents (Landon, 2014).  

 
Before establishing the experiment, ten (10) 

soil samples were collected at random from the 
experimental area at a depth of 0-20 cm. The 
samples were composited, air dried, sieved using 2 
mm wire mesh, and submitted to the Central 
Analytical Services Laboratory (CASL) of the 
Philippine Rootcrops Research Center 
(Philrootcrops), Visayas State University, Visca, 
Baybay City, Leyte. The samples were analyzed for 
soil pH, total Nitrogen, organic matter, available P, 
and exchangeable K using the standard methods of 
PCARRD (1980). 

 
All of the treated plots were uniformly 

applied with solophos (0-20-0) at 60 kg ha-1 P2O5. 
Half of the total amounts of N, P2O5, and K2O were 
applied at transplanting, and the remaining half were 
broadcasted during panicle initiation. Also, all of the 
recommended cultural management practices for rice 
production were strictly followed. As shown in Table 
1, the climatic conditions at the study's time were 
favorable to the rice plants (IRRI, 2007).  

 
Research Design 

The experiment was laid out in a split-plot 
arranged in a Randomized Complete Block 
Design (RCBD) with three replications. Nitrogen 
levels (N1 - 60 kg ha-1 N and N2 - 120 kg ha-1 N) 
were designated as the main plot, and potassium 

 
Table 1 
 
Total monthly Rainfall (mm), average daily minimum and maximum temperatures (oC), and average 
daily relative humidity (%) throughout the experiment 

 
Months Total Rainfall (mm) 

 Temperature (0C) 
 

Minimum             Maximum 

Relative 
Humidity (%) 

 

August 106.23 23.75 31.90       79.50 
September 625.00 23.78 31.76 83.56 
October 510.12 24.40 30.45 81.76 
November-Dec 4 523.00 23.45 30.60 83.14 

Total   1,764.35 - - - 
Mean - 23.84 31.17 81.99 
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levels (K0 - no fertilizer application, K1 - 30 kg ha-1 
K2O, K2 - 60 kg ha-1 K2O, K3 - 90 kg ha-1 K2O) were 
assigned as the subplot.  

Research Samples 

The research samples used in this study 
were randomly selected using 10 sample plants in 
each treatment plot.  

Data Collection Method 

For the agronomic characteristics, the 
parameters evaluated for this study were: 
number of days from transplanting to heading 
and maturity, plant height (cm) at harvest, fresh 
straw yield (tha-1), and leaf area index (LAI). The 
following parameters were measured for the 
yield and yield characteristics: number of 
productive tillers hill-1, number of filled grains 
panicle-1, percent filled grains, the weight of 
1,000 grains (g), and total grain yield (tha-1).  
Harvest index and meteorological data were also 
gathered and analyzed. Moreover, profitability 
analysis, as well as initial and final soil analysis, 
were also conducted.  

Data Analysis 

The analysis of variance (ANOVA) was 
done using the Statistical Tool for Agricultural 

Research (STAR) version 1.0. Mean comparison 
was made using the Honestly Significant 
Difference (HSD) test at 5% level of significance. 

Ethical Consideration 

The authors declare no conflict of interest 
regarding the publication of this paper because 
they are the owner of this research paper.  

 

 

III. RESULTS AND DISCUSSION 
 

Agronomic Characteristics 

The agronomic characteristics of 

lowland rice as affected by different levels of 

nitrogen and potassium fertilizers are presented 

in Table 2. Results show that number of days 

from transplanting to heading was significantly 

(p<0.05) influenced by the different levels of 

nitrogen and potassium fertilizers. Likewise, LAI 

of NSIC Rc18 was significantly (p<0.05) affected 

by K.  Rice plants' application applied with 60 kg 

ha-1 N and 60-90 kg K2O ha-1 headed earlier than 

the plants applied with 120 kg ha-1 N and 

applied with 0-30 kg K2O ha-1. The application of 

a higher level of N (120 kg ha-1) resulted in an 

 

Table 2 
 
Agronomic characteristics of lowland rice (Oryza sativa L. var. PSB Rc18) as influenced by different  
levels of nitrogen and potassium fertilizers  

  Treatments 
 

Number of days from sowing to 
Plant  

Height  
(cm) 

Leaf Area 
Index 
 (LAI) 

Straw  
Yield  

(t ha-1) Heading Maturity 

  Nitrogen level (a)      

   N1= 60 kg ha-1 N  87.83a 109.25 120.49 4.92 27.88 

   N2= 120 kg ha-1 N 89.83b 109.67 122.50 4.58 29.26 

Mean 88.33 109.46 121.49 4.75 28.57 

  Potassium level (b)      

   K0= Control 87.67a 108.83 118.97 3.29b 29.37 

   K1= 30 kg ha-1 K2O 88.00a 108.83 121.97 4.08ab 29.34 

   K2= 60 kg ha-1 K2O 89.50b 109.83 123.23 4.65a 31.39 

   K3= 90 kg ha-1 K2O 89.17b 110.33 121.80 4.97a 32.19 

Mean 88.33 109.46 121.49 4.25 28.57 

 CV(a) % 1.06 1.22 4.83 25.77 15.29 

 CV(b) % 0.61 0.87 2.55 17.75 26.38 
 
Note: In a column, means followed by the same letters and without letters are not significantly different at 

5% level, HSD  
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increase in the number of days from sowing to 

heading. This is because the application of 

higher N promotes excessive vegetative growth, 

which delayed the onset of the heading stage of 

rice. 

 Moreover, regardless of N levels, rice 

plants applied with 30-60 kg K2O ha-1 and those 

not applied with potassium fertilizer headed 

earlier than rice plants applied with 90 kg ha-1 

K2O. On the other hand, higher LAI was 

obtained in plants applied with 90 kg ha-1 K2O 

(K3), but this value was not significantly different 

from the LAI of the plants applied with 30 and 60 

kg ha-1 K2O. Rice plants applied with 30 (K1) and 

60 kg ha-1 K (K2) had LAI comparable to the 

control (K0). This conforms to Goder (2013) 

findings that the required amount of potassium 

fertilizer for rice is not as high compared to 

Nitrogen. There are also reports that most soils 

grown with rice in Asia do not need much 

potassium fertilizer due to the element's inherent 

availability in the soil.  

Grain Yield, Yield Components and Harvest 

Index 

The grain yield and yield components 

and the harvest index of lowland rice as 

influenced by the different levels of nitrogen and 

potassium fertilizers are presented in Tables 3 

and 4. Results revealed that the application of 

potassium significantly (p<0.05) influenced the 

number of filled grains, total grain yield (tha-1), 

and harvest index of PSB Rc18 rice variety. 

Plants applied with 60 kg ha-1 N, regardless of K 

levels, had a higher number of filled grain 

panicle-1, percent fertility, and grain yield (t ha-1) 

than those applied with 120 kg ha-1 N. This result 

was supported by the report of Xiong et al. 

(2013) which showed that rice used with 60 kg 

ha-1 N had higher percent filled grains panicle-1. 

Moreover, Billones (2005) reported that the 

application of 60 kg ha-1 N in lowland rice 

resulted in a higher number of productive tillers 
and consequently resulted in higher grain yield 

tha-1.  This result implied that 60 kg ha-1 N is the 

rate at which optimum grain yield NSIC Rc18 

could be attained.  On the other hand, plants 

applied with 60-90 kg ha-1 K2O had comparably 

more number of filled grains per panicle and 

consequently resulted in higher yield (tha-1) than 

plants applied with 0-30 kg ha-1 K2O. In general, 

the low yield observed in these treatments was 

due to the slight effect of the tungro virus that 

attacked the rice plants during the early stage of 

crop growth. 

  

  Table 3 
  
  Yield and yield characteristics of lowland rice (Oryza sativa L. var. PSB Rc18) as influenced by 
  different levels of nitrogen and potassium fertilizers  
 

Treatments 
 
 

No. of 
productive 
tillers hill-1 

 

Panicle 
length 
(cm) 

 

No. of filled 
grains 

panicle-1 

 

Percent 
(%) fertility 

 
 

Weight (g) 

Grains 
panicle-1 

1000 
grains 

Nitrogen level (a) 
       
N1= 60 kg ha-1 N 17.33 24.82 154.74a 68.00a 28.48  27.03 
N2= 120 kg ha-1 N 17.20 24.66   91.42b 61.00b 24.07  25.61 

Mean 17.27 24.74 98.08 64.00 26.28  26.32 

Potassium level (b) 
       
K0= Control 16.33 24.54 87.87c 61.00 24.60  26.80 
K1=30 kg ha-1 K2O 16.87 24.31    100.22b 67.00 25.48  25.42 
K2=60 kg ha-1 K2O 18.07 24.90    199.02a 63.00 26.67  26.42 
K3=90 kg ha-1 K2O 17.80 25.20    195.22a 65.00 28.35  26.63 

Mean 17.27 24.74 98.08 64.00 26.28  26.32 

CV (a) % 22.35   2.67   9.23   9.88 23.93    15.40 
CV (b) %  9.41    2.22 13.81 10.14 21.24 12.06 

 
Note: In a column, means followed by the same letters and without letters are not significantly different at 

5% level, HSD 
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Table 5 shows the interaction effects of 

N and K levels on the harvest index of PSB 

Rc18. Without K application, the N rate at 60 kg 

ha-1 resulted in a higher harvest index of PSB 

Rc18. However, doubling the nitrogen fertilizer 

rate to 120 kg, ha-1 N significantly reduced the 

harvest index value. The application of K at a 

higher rate (90 kg ha-1 K) with 60 kg ha-1 N also 

reduced the harvest index value. However, 

increasing the amount of N to 120 kg, ha-1 

increased the harvest index value of PSB Rc18. 

These results suggest that the application of 60 

kg ha-1 N would favor the partitioning of 

photosynthates to develop more grains even 

without K application. However, the application 

of 60 kg ha-1 N and a higher amount of 

potassium did not favor photosynthates 

partitioning as it significantly reduced the HI 

value.   

Initial soil analysis showed that the area 
had a pH of 5.42 with 2.69 % organic matter, 0.24 
% total N, 8.61 mg kg-1 available P, and 1.014 me 
100 g-1 exchangeable K (Table 6). These results 
indicated that the soil was strongly acidic with low 
organic matter, medium in total Nitrogen, low in 
available phosphorus, and low in extractable K 
contents, Table 7 (Landon, 2014). Final soil 
analysis revealed a slight increase in Final soil 
pH in all the treatment plots except in treatment 
applied with 60 kg N and 60 kg ha-1 K (N1 K2). 

 
Likewise, there was a slight increase in 

total N except in N1 K3 (60 kg N and 90 kg ha-1 K) 

and N2 K3 (120 N and 90 kg ha-1 K). All treatment 
plots showed an increase in % OM and available 
P (mg kg-1). The increase in soil pH, % OM, total 
N, and available P (mg kg-1) could be attributed to 
the added inorganic fertilizers into the 
experimental area. However, as the soil becomes 
more acidic, phosphorus availability in the soil 
decreases (IRRI 2007). 
 
 
Table 5 
  
Interaction effects of N and K levels on the 

harvest index (HI) of lowland rice 
(Oryza sativa L.)  PSB  

Rc18  
 

Treatments N Levels (kg ha-1 N) 

 60 120 

Potassium Levels 
   
K0 = (Control) 0.497a 0.327b 
 
K1 = 30 kg ha-1 K2O 0.461ab 0.338b 
 
K2 = 60 kg ha-1 K2O 0.330b 0.300b 
 
K3 = 90 kg ha-1 K2O 0.288c 0.332b 

 
Note:  In a column and rows, means followed by 

the same letters are not significantly different at 

5% level, HSD.  

Table 4 
 
Grain yield and harvest index of lowland rice (Oryza sativa L. var. PSB Rc18) as influenced by 
different levels of nitrogen and potassium fertilizers  
 
Treatments Grain yield (t ha-1) Harvest index (HI) 

Nitrogen level (a) 
   
N1= 60 kg ha-1 N 3.43a 0.35 
N2= 120 kg ha-1 N 2.20b 0.33 

Mean 2.82 0.34 

Potassium level (b) 
   
K0= Control 2.86b 0.47a 
K1=30 kg ha-1 K2O 2.54b                     0.45a 
K2=60 kg ha-1 K2O 3.67a 0.32b 
K3=90 kg ha-1 K2O 3.40a 0.31b 

Mean 3.12 0.34 

CV(a) % 28.56 9.61 
CV(b) % 19.50 7.78 

  
Note: In a column, means followed by the same letters and without letters are not significantly different at 

5% level, HSD 
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On the other hand, exchangeable K 

(me100g-1) had decreased in all treatment plots. 

This result could be attributed to the rice plants' 

utilization of K nutrients for its reproductive 

growth, specifically during the grain filling stage. 

Some of the K elements were also leached as 

the K fertilizer is very mobile in the soil. 

Moreover, the K element is much absorbed by 

the rice plants to develop the rice straws and 

grains, as indicated in the straw yield hectare-1.  

Irrespective of potassium levels, results revealed 

that rice plants applied with 60 kg ha-1 N 

produced higher net income (PhP 26,246.43 ha-

1) than rice applied with 120 kg ha-1 N (PhP 

7,758.00 ha-1). On the other hand, rice plants 

with potassium fertilizer at 60 K2O ha-1 (K2) got 

the highest net income (PhP 36,995.00 ha-1). 

This was followed by plants applied with 90 kg 

ha-1 K2O (K3) at PhP 30,348.00 ha-1 and those 

not applied with fertilizer (K0) with PhP 

24,184.00. The lowest net income of PhP 

16,661.00 ha-1 was obtained from the treatment 

   Table 6   
 
   Soil test results before planting and after the harvest of lowland rice (Oryza sativa L.) in soil applied 
   with different levels of Nitrogen and excessive amounts of potassium fertilizers  

Soil Analysis 
 
 

 
 

Soil pH 
(1:2.5) 
 

OM  
(%) 

 

Total 
N 

(%) 

Available 
P 

(mgkg-1) 

Exchangeable 
K 

(me100g-1) 

Values of soil chemical properties 
suitable for lowland rice production 
(IRRI, 2007) 

 
6.6-7.3 

 
 

4 – 10 
 
 

0.5-1.0 
 
 

10 – 50 
 
 

0.20- 0.50 
 
 

Initial 5.42 2.69 
 

0.24 
 

  8.61 
 

0.71 
 

Final  
 

 
    

 N1K0= 60 kg N and 0 kg K ha- 5.72 3.90 0.24 11.89 0.59 
N1K1= 60 kg N and 30 kg K ha- 5.78 3.67 0.24   9.52 0.65 
N1K2 =60 kg N and 60 kg K ha- 5.42 3.50 0.24 12.66 0.72 
N1K3 = 60 kg N and 90 kg K ha-1 5.45 3.44 0.21 11.14 0.62 
N2K0= 120 kg N and 0 kg K ha- 5.49 3.90 0.25 12.92 0.84 
N2K1 =120 kg N and 30 kg K ha- 5.61 3.58 0.25   9.36 0.67 
N2K2 =120 kg N and 60 kg K ha- 5.51 3.52 0.24 10.35 0.70 
N2K3 =120 kg N and 90 kg K ha- 5.70 3.73 0.23 12.65 0.74 

Mean 5.59 3.66 0.24 11.31 0.69 

 

Table 7 
  
Profitability analysis hectare-1 of lowland rice PSB Rc18 as influenced by different levels of 
nitrogen and potassium fertilizers 
 

 Grain Yield (t 
ha-1) 

Gross Income 
(PhP) 

Cost of Production 
(PhP) 

Net Income (PhP) 

Nitrogen level (a)     
 

N1=   60 kg N ha-1   3.032a 60,640.00 34,393.57 26,246.43 
N2= 120 kg N ha-1   2.201b 44,020.00 36,262.00 7,758.00 

Potassium level (b) 
 

    

K0= Control 2.86b 57,260.00 33,075.66 24,184,34 
K1=30 kg K2O ha-1 2.54b 50,840.00 34,178.16 16,661.84 
K2=60 kg K2O ha-1 3.67a 73,400.00 36,404.66 36,995.34 
K3=90 kg K2O ha-1 3.40a 68,000.00 37,651.66 30,348.34 

 
Note: Unit price of palay (dried) = PhP 20.00kg-1 
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applied with 30 kg ha-1 K2O. The net income 

varied among the treatments due to the 

differences in grain yield and the fertilizers used. 

These results further implied that it is 

unnecessary to apply more potassium fertilizer 

because it has the more available amount of K 

retained in the soil (Islam & Muttaleb, 2016). 

 

IV. CONCLUSION 

   
Proper nutrient management is a critical 

practice for effective and efficient utilization of 
resources in rice production. Hence, efficiency 
and productivity are critical tools in crop 
production. In this study, results revealed that the 
application of 60 kg ha-1 N produced a more 
number and higher percent filled grains panicle-1, 
resulting in higher grain yield (tha-1).  Moreover, 0 
and 30-60 kg ha-1 K applications resulted in the 
early heading of PSB Rc18. In contrast, the 
application of 90 kg ha-1 K produced a broader 
leaf area index (LAI) than the control. On the 
other hand, 60 kg ha-1 N's application gave the 
highest net income of PhP 26,242.00 ha-1. 
Likewise, rice plants applied with 60 kg ha-1 K20 
fertilizer had the highest net gain of 
PhP36,995.00 ha-1.  Hence, it is recommended to 
use 60 kg ha-1 N and 60 kg ha-1 K20 for NSIC 
Rc18 rice variety for optimum yield and higher net 
income. Increasing the rate to 120 kg ha-1 N 
significantly reduced the HI value; hence, not 
recommended to overdose the N fertilizer for rice 
production. It is further recommended that 
enough amount of fertilizer is applied in rice to 
contribute to the total farmers` productivity and 
income.   
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