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Abstract 

This study was conducted to evaluate the nitrogen use efficiency of rice mutant lines of MR219, viz. MR219-4 and MR219-9, 

developed under rice radiation mutagenesis programme for adaptability to aerobic conditions, grown under conditions of varying 

water potentials and nitrogen levels in a shade house. Direct 15N isotopic tracer method was used in this study, whereby the 15N 

labeled urea fertilizer was utilized as a tracer for nitrogen nutrient uptake by the test crops. 15N isotope presence in the samples 

was determined by using emission spectrometer analysis and percentage of total nitrogen was determined by using Kjeldahl 

method. 15N atom access values of the samples were to determine the efficiency of N use by the mutant varieties. In this work, 

the data of yield components, viz. grain yield, plant biomass, plant height and 1000 grain weight, and nitrogen components viz, 

total N, % nitrogen derived from labeled fertilizer (% Ndff), % nitrogen derived from soil (% Ndfs), nitrogen uptake, fertilizer 

nitrogen use and nitrogen use efficiency were obtained. Results from this study showed a significant difference to the nitrogen 

component and yield when there is a change in the rate of fertilizer and water potential. However, varietal factor does not show 

any significant differences. 
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Abstrak 

Kajian ini telah dijalankan untuk menilai keberkesanan penggunaan nitrogen padi garisan mutan dari MR219, iaitu MR219-4 dan 

MR219-9, yang dibangunkan di bawah program mutagenesis untuk penyesuaian ke keadaan aerob dan ditanam dalam keadaan 

potensi air dan aras nitrogen yang berbeza di dalam rumah teduhan. Kaedah isotop penyurih 15N secara terus telah digunakan 

dalam kajian ini, di mana baja urea berlabel isotop 15N digunakan sebagai penyurih untuk pengambilan nutrien nitrogen oleh 

tanaman ujian. Kehadiran isotop 15N dalam sampel ditentukan dengan analisis spektrometer pelepasan dan peratusan jumlah 

nitrogen di dalam sampel ditentukan dengan menggunakan kaedah Kjeldahl. Nilai akses Atom 15N yang terkandung dalam 

sampel akan digunakan dalam penentuan keberkesanan penggunaan nitrogen dalam baja melalui formula pengiraan tertentu. 

Melalui kajian ini, data daripada komponen hasil (hasil bijirin, berat biojisim, ketinggian tumbuhan dan 1000 berat bijirin) dan 

komponen nitrogen (jumlah nitrogen, % Ndff, % Ndfs, pengambilan nitrogen, penggunaan baja nitrogen dan kecekapan 

penggunaan nitrogen) telah diperolehi. Hasil daripada kajian ini telah menunjukkan terdapat perbezaan yang ketara terhadap 

komponen nitrogen dan hasil tanaman apabila terdapat perubahan faktor kadar baja dan potensi air. Walaubagaimanapun, faktor 

varieti tidak menunjukkan apa – apa perbezaan yang ketara. 
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Introduction 

Malaysia’s rice production is presently focused in the major irrigated rice areas in Peninsular Malaysia, contributing 

to 85 % of the national rice production. The main method of rice cultivation in Malaysia is through flooding. This 

type of cultivation consumes a very high amount of water, where about 3000 litre of water are used to produce 1 kg 

of rice [1]. Over 80 % of the freshwater resources in Asia are used for irrigation and about half the amount is 

consumed for rice [2]. In Malaysia, rice is grown in two seasons where the first season is between August to 

February, meanwhile the second season is between March to July. Water demands during the first season are less 

worrying because the rainy season is likely to occur, however during the second season, low rainfall and drought are 

likely to occur thus the high demand of water is crucial. Rice field will experience drought due to a short supply of 

water by declining rainfall and dam water level. Globally climate change due to global warming is said to contribute 

to the water shortage in rice production. Increase in freshwater scarcity has threatened the sustainability of irrigated 

rice ecosystems [3]. 

 

For strategic water management and utilization purposes, the traditional submerged rice cultivation system is 

gradually moving toward a system where rice is grown in low water input and aerobic conditions while maintaining 

high productivity. Aerobic cultivation is a planting system where rice is grown in well-drained, non-puddle, and 

non-saturated soils. In aerobic rice systems, fields remain unsaturated throughout the season. Crop yields are on 

average only 1000 to 2000 kg/ha) because of adverse environmental conditions (poor soils, little rainfall, weeds), 

low use of external inputs, and low yield potential of upland rice cultivars [4]. Evidence from studies showed that 

aerobic rice used only 50 % of the water compared with the lowland rice [5]. The aerobic cultivation can reduce the 

total water usage by 27 – 51 % and increase water productivity by 32 – 88% [6]. Most countries that suffer from 

water shortages have been using aerobic cultivation method in their rice farming system. Therefore, steps have been 

taken including the production of various types of new cultivars is suitable for planting in their aerobic condition. 

Through a radiation-induced mutation breeding project (IRPA 01-01-03-000/PR0068/0504) using the high yielding 

and good quality rice MR 219, Malaysian Nuclear Agency (Nuclear Malaysia), in collaboration with Malaysian 

Agricultural Research and Development Institute (MARDI) and Universiti Putra Malaysia (UPM), discovered an 

advanced mutant line MR 219-4 and MR 219-9 varieties. 

 

Nitrogen is one of the essential macronutrients for rice growth and becomes the main factors to be considered for 

developing high-yielding rice cultivar [7]. Nitrogen (N) requirements of the rice plant are supplied from soil and 

fertilizer. Due to the acute shortage of nitrogen in the soil mostly, nitrogenous fertilizer must be used to meet the 

needs of the plant. In flooded rice ecosystems, some reports said that nitrogen fertilizer used for rice crops have 

been lost partly through different mechanisms including ammonia volatilization, denitrification, leaching and run by 

water [8, 9]. Nitrogen losses can cause environmental problems such as pollution of the atmosphere, aquatic 

systems and ground water in a bowl. Nitrogen use efficiency is generally low with normally less than 30 – 40 % of 

the applied N took up by flooded rice [10 – 12]. This situation challenges the researchers to develop the strategies to 

increase nitrogen use efficiency in rice production. Increasing of nitrogen use efficiency offers the greatest 

economic benefits to farmers and countries. Nitrogen use efficiency may be defined as yield per unit input. In 

agriculture, this is usually related to the input of nitrogen fertilizer, whereas in scientific literature the nitrogen use 

efficiency is often expressed as fresh weight or product yield per content of nitrogen. Thus, nitrogen use efficiency 

can be defined as nitrogen absorbed by a plant to growth and gave yield [13].  Nitrogen use efficiency of crops can 

be improved by adopting adequate management practices. The usage of N fertilizers with an adequate amount, 

form, and methods of application are important management strategies of this element [14]. 

 

Although Malaysia has produced aerobic rice varieties and rice adaptable to low water inputs, including MR219-4 

and MR219-9, information on nitrogen use efficiency (NUE) of these new lines is negligible. In Malaysia, aerobic 

rice cultivation is a recent development and there are only a handful of agencies who conducted tests on this rice. In 

addition to using minimal water, aerobic rice research purposes in Malaysia also aims to improve the effectiveness 

use of nitrogen in the aerobic rice ecosystem. The previous report stated that changes in water management of flood 
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conditions to aerobic conditions affecting the availability and forms of nitrogen present in the soil [15]. Change in 

water management can have a significant impact on the availability of nutrient intake by plants and lost in the 

environment [16]. There are few reports that have indicated the use of nitrogen fertilizer on dry land is more 

efficient [17] and nitrogen application improved rice plant growth under continuous aerobic rice cropping, but for 

phosphorus (P) and potassium (K) and other micronutrients had a little or no effect [18]. Improvement of nitrogen 

use efficiency is an essential pre-requisite for expansion of crop production into marginal lands with low nutrient 

availability. Nitrogen use efficiency depends on the ability to efficiently take up the nutrient from the soil, but also 

on transport, storage, mobilization, usage within the plant, and even on the environment.  

  

The only direct means of measuring nitrogen use efficiency from the applied fertilizer is through the use of isotopes. 

In nitrogen efficiency study, a labelled fertilizer 
15

N is added to the soil and the amount of nitrogen that a plant has 

taken up is determined. In this way, different nitrogen fertilizer practices (placement, timing, sources, etc.) were 

studied [19]. Isotopic studies using 
15

N labelled plant materials have been useful in estimating crop N uptake [20 – 

22]. 

 

The objective of this study is to examine the effects of nitrogen levels and water potentials on yield components and 

to evaluate the nitrogen use efficiency on MR 219-4 and MR 219-9 mutant lines under different water potential and 

different nitrogen availability. This data can be used as a reference to farmers or any party who wish to develop and 

implement aerobic rice industry in this country. Through this study, the added value will be assigned to MR 219-4 

and MR 219-9 rice mutant lines. 

 

Materials and Methods 

Study location 

Aerobic rice cultivation exercise was carried out in a paddy shield house in Malaysian Nuclear Agency. The shade 

house provided some control on environmental factors, including rain shelter facilities. 

 

Rice varieties 

Two types of mutant lines rice varieties namely MR219-4 and MR219-9 were used in this experiment.  Both 

varieties are produced by mutation induction using gamma irradiation on MR219 variety (parent). Mutation 

induction was carried out by exposure of plant organs such as seeds or biological entity to ionizing radiation that 

can penetrate the tissue cells so that the heritage elements of the chromosome and the process causes the physical 

changes to the plants [23]. 

 

Soil types 

The soil used in this experiment is sandy loam texture with a bulk density of 1.45 g/cm
3
. Water retention curve 

analysis of this soil has been done using pressure plate method.  The curve shown in Figure 1 indicated that 

available water capacity calculated between 10 to 1500 kPa for this soil is about 18 % (w/w). 

 

Experimental design and crop management 

Rice mutants MR219-4 and MR219-9 were planted on loam soil through measuring plot 3 m
2
 (3m x 1m). Aerobic 

rice seeds are sown manually at 2 cm depth and covered with soil. Three watering regimes and three nitrogen levels 

in a completely randomized block design with three replicates treatment were carried out. Aerobic rice were grown 

for 110 days under three water potentials, (i) Field capacity from 0 to 40 DAS and saturated from 41 to 110 DAS 

[ST], (ii) Field capacity from 0 to 110 DAS [FC], and (iii) Field capacity from 0 to 40 DAS and 70% of field 

capacity from 41 to 110 DAS [SS]. DAS is standing for days after sowing. Nitrogen in the form of 
15

N-labeled urea 

(5.20 % atom excess) was applied in three rates; none (0 kg N ha
-1

), moderate (60 kg N ha
-1

) and high (120 kg N ha
-

1
) in three splits at 7 days after emergence, 35 days after emergence and 60 days after emergence, respectively. 

Basal fertilizers of phosphorus from triple superphosphate (TSP) at 60 kg P2O5 ha
–1

 and potassium from muriate of 

potash (MOP) at 60 kg K2O ha
-1

 were applied at 15 days and 65 days after emergence. A tensiometer, an instrument 

that directly measured soil moisture continuously was installed. Soil moisture was measured and observed daily. 
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Figure 1.  Soil water retention curve for soil moisture content 

 

 

Plant sampling and analysis 

Paddy plants were sampled after 110 days when the aerobic rice has matured and ripened. Harvesting and sampling 

were done on a 1 m x 0.5 m area (0.5 m
2
). Total plant biomass was weighed to obtain the overall fresh weight. Plant 

parts such as straw, leaf and grain were separated and measured the fresh weight. Straw, leaf, and grain samples 

were oven dried at 70 to 80 
o
C for three days after which they were weighed and finely milled for further analysis. 

 

Total nitrogen content in straw, leaf and grain was extracted by Kjeldahl digestion followed by steam distillation 

and subsequently 
15

N content was analyzed using emission spectrometer [24]. Percentage of 
15

N abundance was 

transformed into atom percentage 
15

N excess by subtracting the natural abundance (0.3663 atom % N) from the 

percentage of N abundance of the sample. 

 

Kjeldahl digestion method 

The Kjeldahl digestion is a method for determination of nitrogen content in rice samples. The Kjeldahl method 

consist of three main steps; (i) Digestion, where the decomposition of nitrogen in plants samples utilizing a 

concentrated acid solution. This part was accomplished by boiling a homogeneous sample in concentrated sulphuric 

acid. The end result is an ammonium sulphate solution. (ii) Distillation, where adding an excess base to the acid 

digestion mixture to convert NH4
+
 to NH3, followed by boiling and condensation of the NH3 gas in a receiving 

solution and (iii) Titration to quantify the amount of ammonia in the receiving solution.  

Emission spectrometer analysis 

Emission spectrometer is an analytical instrument that be used to determine 
15

N isotope tracer in rice samples. 

Samples were concentrated in liquid forms. An approximately 25 µL of samples were put in a glass capsule and 

placed in an emission spectrometer syringe. Emission spectrometer is equipped with a data acquisition unit which 

stores the data and automatically converts the measured to the actual value. 

 

Nitrogen components calculation 

After the data were obtained from analysis of samples, the following calculations as expressed in equation 1 – 6 

were utilised [19]. 
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% 𝑁𝑑𝑓𝑓 =  
𝑎𝑡𝑜𝑚 % 15N 𝑒𝑥𝑐𝑒𝑠𝑠 plant

𝑎𝑡𝑜𝑚 % 15N 𝑒𝑥𝑐𝑒𝑠𝑠 fertilizer
 𝑥 100                (1) 

 

where Ndff is nitrogen derived from fertilizer. 

 

% 𝑁𝑑𝑓𝑠 = 100 − % 𝑁𝑑𝑓𝑓                 (2) 

 

where Ndfs is define as nitrogen derived from soil and Ndff is define as nitrogen derived from fertilizer. 

   

Dry Matter  Yield (kg ha⁄ )  =  FW (kg) x 
10000 (m2/ha)

area harvested (m2)
 x 

SDW (kg)

SFW (kg)
                          (3) 

 

where FW is fresh weight per area harvested. Meanwhile SDW and SFW are subsample dry and fresh weight, 

respectively. 

 

Nitrogen Yield (kg ha⁄ )  =  Dry Matter  Yield (kg ha⁄ )  x  
% Total N

100
             (4) 

 

 

Fertilizer Nitrogen Yield (kg ha⁄ )  =  Nitrogen Yield (kg ha⁄ )  x  
% Ndff

100
            (5) 

 

 

% NUE =  
Fertilizer Nitrogen yield

Rate of Nitrogen application
 x 100                (6) 

 

where NUE is nitrogen use efficiency. Nitrogen use efficiency is a quantitative measure of the actual uptake of 

fertilizer nutrient by the plant in relation to the amount of nutrient added to the soil as fertilizer. A common form of 

expression of fertilizer use efficiency is plant recovery of the added fertilizer. 

 

Statistical analysis 
Analysis of variance (ANOVA) for variables that was used for testing treatment differences (water and nitrogen 

treatments and independent T-Test to compare mean between two varieties) was carried out. Correlation analysis 

was used to evaluate the relationship between nitrogen rates and grain yield. General linear model was used to test 

the interaction between treatments. 

 

Results and Discussion 

Total Nitrogen 

Total Nitrogen (Total N) is the sum of nitrate (NO
3
), nitrite (NO

2
), organic nitrogen and ammonia (all expressed as 

N). It can be measured in the laboratory using Kjeldahl method. Figure 2 shows the differences in total N contained 

in plant parts of aerobic rice variety under different nitrogen fertilizer application levels and water potentials. It 

shows there is no significant different in MR219-4 and MR219-9 rice lines in terms of total N on three plant parts 

(straw, leaf and grain) with different nitrogen levels and water potentials (p > 0.05). It means total N in all parts of 

aerobic rice are not affected by a varietal factor. However, an analysis of ANOVA test shows nitrogen application 

levels give a clear significant difference or effect on the total N content in plant parts (p < 0.05) but water potentials 

remain do not have a significant effect on total N in paddy plants. Referring to Figure 2, it also shows that most 

cases a total N in the straw is higher than leaf and grain. Pirmoradian et al. [25] reported similar finding in this study 

were increasing of nitrogen levels has significantly affected the total N content in the rice straw and leaf. 

 

Yield components 

The experimental results for analysis of variance for yield components such as grain yield, biomass, plant height 

and weight of 1000 grains are summarized in Table 1.  Water potentials and nitrogen levels gave significance 

effects to the yield components except for 1000 grain weight, where there was apparently no effect by nitrogen 

treatments. The varietal factor does not show any significant effect of the yield components. It means, there are no 

significant different between MR219-4 and MR219-9 in terms of yield components. The significant interactions 
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occurred for total biomass weight and 1000 grain weight with the main treatments factors such as water and 

nitrogen was included. However, the other interaction effects do not have a significant different to all yield 

components. From this table, we can conclude that water and nitrogen factors have very importance roles to the 

yield components in aerobic rice ecosystem. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  The differences in total N in plant parts of MR219-4 and MR219-9 mutant lines under different nitrogen 

levels and water potentials. Error bars denote standard errors. 

 

 

Table 1.  Analysis of variance effect of the treatments on the yield components 

 Levels of Significance
b 

Source of 

Variations
a 

 

Grain 

Yield 

(kg ha
-1

) 

Total Biomass 

Weight 

(kg ha
-1

) 

Plant 

Height 

(cm) 

1000-grain 

Weight 

(g) 

W ** ** ** ** 

N ** ** ** NS 

V NS NS NS NS 

W x N NS ** NS ** 

W x V NS NS NS NS 

N x V NS NS NS NS 

W x N x V NS NS NS NS 

a W = Water potential, N = Nitrogen rates and V = Variety, b Levels of significance indicated:  

NS = Not significant, ** = Significance at p ≤ 0.05 
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The importance of nitrogen to the aerobic rice yield under different water potentials was illustrated in Figure 3 and 4 

respectively. Finding study showed that nitrogen level factors have a very strong and significance relationship with 

the grain yield of both varieties despite the differences in soil water potentials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  The relationship between nitrogen fertilizer levels on MR219-4 mutant line under different water 

potentials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The relationship between nitrogen fertilizer levels on MR219-9 mutant line under different water 

potentials 

 

 

Nitrogen components 
The experimental results for analysis of variance for nitrogen components such as nitrogen derived from fertilizer 

(Ndff), nitrogen derived from soil (Ndfs), nitrogen uptake (NU), fertilizer nitrogen yield (FNY), and nitrogen use 

efficiency (NUE) were summarized in Table 2. The result clearly showed that only nitrogen level treatments give 

the significant effect to the percentage of Ndff and Ndfs but not on the water potential treatments. However, both 

nitrogen level and water potential treatments are displayed a significant effect to the NU, FNY and NUE. Nayak et 

al. [26] also found a similar result related to nitrogen levels effect on NU and FNY where increasing the rates of 
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nitrogen fertilizer application cause a significant effect to NU and FNY. Mannan et al. [27] found NU and FNY on 

rice crop is lower under water stressed compared to none stressed condition, similar to this study where NU and 

FNY on both rice varieties is lower under inadequate water supply condition. This study also showed that there are 

significant interactions between water and nitrogen that influence only the NU and NUE but not FNY. However, the 

other interaction effects do not have a significant different at all nitrogen components. Both varieties MR219-4 and 

MR219-9 also found not have significant different with each other at all nitrogen components. 

 

 

Table 2.  Analysis of variance effect of the treatments on the nitrogen components 

 

Source of Variations 
a
 

Levels of Significance
b
 

% Ndff % Ndfs NU FNY NUE 

W NS NS ** ** ** 

N ** ** ** ** ** 

V NS NS NS NS NS 

W x N NS NS ** NS ** 

W x V NS NS NS NS NS 

N x V NS NS NS NS NS 

W x N x V NS NS NS NS NS 

a W = Water potential, N = Nitrogen rates and V = Variety, b Levels of significance indicated:  

NS = Not significant, ** = Significance at p ≤ 0.05 

 

 

Nitrogen use efficiency (NUE) 

Nitrogen use efficiency (NUE) for MR219-4 and MR219-9 rice mutant lines, shown in Figure 5 depict the influence 

of nitrogen application rates on both rice varieties under different water potentials. The result clearly indicated a 

significant difference of NUE between different water potentials and nitrogen levels. Water treatment at field 

capacity from 0 to 110 days [FC] showed higher NUE than other water potentials for both varieties. This study also 

showed that at FC water regime with nitrogen level 60 kg N ha
-1

, N was utilized more than 50% to produce yield. 

These results indicated that the use of absorbed nitrogen from soil at the level of 60 kg N ha
-1

 at FC level is more 

efficient than others. It also proved that changes in water level in the soil can influence the intake of nitrogen by 

plants. At field capacity 0 to 40 days and saturated from 40 to 110 days [ST] water potential the NUE is slightly 

lower than FC. Stagnant water conditions at ST level may have caused some nitrogen fertilizer loss through 

leaching and water runoff. 

 

In this study, nitrogen dynamics data on varieties MR219-4 and MR219-9 rice mutant lines was obtained. Initial 

data for this crop is very important as aerobic rice cultivation for these varieties is still in the initial stage in 

Malaysia. However, this study was only made in the shade house where environmental factors were controlled. In 

future work, studies on the nitrogen dynamics for this crop using isotope techniques can be extended up to the farm 

level. 

 

The nitrogen use efficiency is affected by several factors, but in most cases for a given irrigation management and 

water regime, the nitrogen fertilizer rate is the main source of variation, especially with regard to the nitrogen 

uptake issue. Avoiding over fertilization is the utmost means to match a high use efficiency and economic return of 

nitrogen fertilizer with limited environmental risks from nitrogen losses. This study has shown that use of high 

nitrogen rates does not mean that the efficiency of nitrogen use by plants is also high. Farmers in Malaysia should 

wisely control the use of nitrogen fertilizer on their crops. Excessive use of fertilizers will certainly increase the cost 

of farming besides doesn’t necessarily increase rice production. Apart from the increase in expenditure high 

nitrogen application is also detrimental to the environmental health issue. 
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Figure 5.  The influence of nitrogen level on nitrogen use efficiency (NUE) on MR219-4 and MR219-9 mutant 

lines under different water potentials. Error bars denote standard errors. 

 

 

Conclusion 

The present study highlighted the nitrogen use efficiency at a different range of nitrogen levels under different water 

potentials. In this work, we can conclude that nitrogen and water are affecting yield and nitrogen components on 

aerobic rice MR219-9 and MR219-4 ecosystem. It clearly shows that nitrogen and water level of application are 

very important inputs in the aerobic rice industry. Increasing nitrogen rates application may increase the yield but in 

some water condition, nitrogen use efficiency is low despite high fertilizer rates. Nitrogen use efficiency is optimum 

at field capacity for 60 Kg N ha
-1

 treatment. Change in soil water potential from flood to aerobic condition is proven 

to give a good improvement in the efficiency of nitrogen fertilizer uptake. Both aerobic rice MR219-4 and MR219-9 

mutant lines exhibit no significant differences in terms of yield and nitrogen components. 
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