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Abstract: The rice variety, MR232 with three nitrogen doses (80, 120 and 160 kg ha-1) showed that total dry matter 
production and leaf area index increased with increasing nitrogen doses at all growth stages. Though nitrogen @160 
kg ha-1 produced the highest straw yield but its yield performance was lower due to unfavorable dry matter 
partitioning to economic yield. Nitrogen @ 120 kg ha-1 produced the highest grain yield (6.93 t ha-1) due to good 
harvest index.  
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1. Introduction 

Yield is the function of interaction between 
genotype and environment (Mondal et al., 2012). A 
good variety cannot show its optimum potential 
without providing proper growth environment during 
its life cycle. Better plant growth has a positive 
relation to higher yield (Rahman et al., 2009). 
Nitrogen plays a vital role in growth and development 
by involving in many biosynthesis processes in plant 
system and influences on vigorous growth which 
finally contributes to yield (Mondal et al., 2011; 
Youseftabar et al., 2012; Jafartayari et al., 2012). Both 
lower and higher doses are detrimental for obtaining 
good yield. Slow growth and lower dry matter 
production due to lower dose of nitrogen drastically 
reduce the yield while excess vegetative growth due to 
higher nitrogen invites insects, diseases and even 
lodging can occur and ultimately reduces yield 
(Mannan et al., 2010). So, optimum nitrogen rate 
determination for efficient utilization by the plant is 
needed to get proper growth and yield of rice 
(Chaturvedi, 2005). More clarification is needed for 
nitrogen rate for MR232 as it is a new variety in 
Malaysia. In the study, growth and yield phenomena 
of MR232 was investigated at varying nitrogen rates. 
 
2. Materials and Methods 

The experiment was conducted at the farm of 
University Putra Malaysia, Selangor, Malaysia during 
December 2012 to May 2013. The soil of the 
experimental area is clay loam. The nutrients status of 
the field soil were organic carbon 1.09%, Nitrogen 
0.053%, soluble phosphorus 13.08 ppm, exchangeable 
potassium 0.29 meq/100 g and available sulphur 11.5 
ppm. The treatment consisted of three nitrogen rates 
viz., 80 (N80), 120 (N120) and 160 (N160) kg ha-1. The 
N rate was started with 80 kg ha-1 because MARDI, 
Malaysia suggested it to be the lowest level of most of 

the high yielding varieties of rice. The other nutrients 
were applied @ 45, 40, 10 and 1 kg ha-1 of P2O5, K2O, 
S and Zn, respectively. The variety MR232 was used 
as planting material. The unit plot size was 4m × 4m. 
The experiment was laid out in a randomized 
complete block design with four replicates. Except N, 
all other fertilizers were applied as basal dose and N 
was applied in three equal splits at 15, 35 and 55 days 
after transplanting (DAT). Thirty-day old seedlings (2 
seedlings hill-1) were transplanted with 20 cm × 20 cm 
spacing. Crop management practices like weeding, 
insecticides spray, and irrigation were done as and 
when necessary. Samplings for growth parameter 
were done at 30, 60 and 90 DAT taking five random 
hills from each plot. The plants were separated into 
leaves, stems and roots and the corresponding dry 
weights were recorded after oven drying at 80 ± 2 0C 
for 72 hours. The leaf area of each sample was 
measured by automatic leaf area meter (LI-3000 
USA). Leaf area index was measured by canopy 
analyzer (LI-1400, USA). The Chlorophyll content 
was determined at 60 DAT following Yoshida et al. 
(1976). At harvest, morphological, yield contributing 
characters and grain yield hill-1 were recorded from 10 
competitive plants. The grain yield per plot was 
recorded from central 9 sq. m of each plot excluding 
data collecting sampled area for growth and yield 
components. 

The collected data were analyzed statistically 
following the analysis of variance (ANOVA) 
technique and the mean differences were adjusted 
with Duncan’s Multiple Range Test (DMRT) using 
the statistical computer package program, MSTAT-C 
(Russell, 1986).  

 
3. Results and Discussion 

The effect of nitrogen rate on total dry mass 
(TDM) production hill-1 was significant at all growth 
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stages except 30 DAT (Fig. 1). Results showed that 
TDM increased with age. The highest TDM was 
recorded in N160 at all growth stages followed by N120. 
This result indicates that high N rate enhance plant 
growth and development and produced more straw 
yield. In contrast, the lowest TDM production al all 
growth stages were observed in N80. The higher TDM 
in N160 might be due to increased tiller number and 
leaf area hill-1 (Table 1). This result is consistent with 
Rahman et al. (2009), who reported that TDM 
increased with increasing N rate up to certain levels 
followed by no significant increased. 

Nitrogen rate also had significant influence 
on leaf area index (LAI) at 60 and 90 DAT and had no 
significant influence at 30 DAT (Fig. 1). Results 
showed that LAI increased with age till 60 DAT 
followed by slightly decreased at 90 DAT for 
shedding of older leaves. The highest LAI at all 
growth stages was observed in N160 followed N120 
with same statistical rank. In contrast, the lowest LAI 
was recorded in N80 might be due to lower leaf area 
(Table 1). Results indicated that high LAI and TDM 
maintaining N rate also showed higher grain yield 
(Table 2). These results indicate that LA and TDM are 
the most important parameters for increasing grain 
yield in rice. 

Different levels of N application had a 
profound influence on morpho-physiological 
characters (Table 1). Results revealed that morpho-
physiological characters such as plant height, leaf 
area, chlorophyll content in leaves, biological yield 
hill-1, number of total and non-effective tillers hill-1 
increased with increasing N dose while number of 

effective tillers hill-1 increased till N120 followed by a 
decline. However, there were no significant different 
in morpho-physiological characters between N120 and 
N160 except number of non-effective tillers hill-1. The 
The tallest plant, the highest LA, chlorophyll, number 
of total and non-effective tillers hill-1 were observed in 
the highest dose of N160. In contrast, the shortest plant, 
lowest LA, chlorophyll, BY, number of total, effective 
and non-effective tillers hill-1, were observed in N80. 
However, the highest number of effective tillers hill-1 
and BY hill-1 was recorded from N120.  

The effect of N rate had significant influence 
on yield attributes and grain yield in rice except 1000-
grain weight (Table 2). The highest number of 
effective tillers hill-1, filled grains panicle-1 and lowest 
number of unfilled grains panicle-1 and higher dry 
matter partitioning to economic yield was observed in 
N120 and resulted the highest grain yield both per hill 
and per hectare. In contrast, the lowest grain yield was 
recorded in N80 due to production of fewer effective 
tillers hill-1. However, though the treatment of N160 

produced higher LA and BY but showed lower grain 
yield due to the poor dry matter partitioning to 
economic yield. These results are consistent with 
many workers (Rahman et al., 2009; Hirzel et al., 
2011; Shekara et al., 2011; Patel et al., 2012) who 
reported that grain yield increased with increasing N 
rate up to certain level followed by decline or no 
significant increased. In conclusion, the results of the 
preliminary study indicate that N @120 kg ha-1 is 
optimum for MR232. Further experiments are needed 
for confirmation of the results.   

 
Table 1. Effect of nitrogen rates on morpho-physiological characters in rice cv. MR232 
N rate 
(Kg ha-1) 

Plant height 
(cm) 

Leaf area hill-1 
(cm2) at 90 DAT 

Chlorophyll 
(mg g-1fw) 

Biological 
yield (g hill-1) 

Total tillers 
hill-1 (no) 

Effective tillers 
hill-1 (no) 

Non-effective 
tillers hill-1 (no) 

  80 110.5 b 788 b 2.61 b 64.26 b 12.42 b 10.85 b 1.57 c 
120 116.6 a 863 a 2.82 a 76.88 a 14.80 a 12.00 a 2.80 b 
160 119.5 a 892 a 2.90 a 76.01 a 15.33 a 11.30 ab 4.03 a 
F-test * ** * ** ** * ** 
CV (%) 3.44 4.01 5.77 5.11 6.88 8.14 10.12 

In a column, figure (s) having the same letter (s) do not differ significantly as per DMRT at  P ≤ 0.05;  *, **, 
Significant at 5% and 1% level of probability, respectively 
 
Table 2. Effect of nitrogen rates on yield attributes and yield in rice cv. MR232 

N rate 
(Kg ha-1) 

Filled grains 
panicle-1 (no) 

Unfilled grains 
panicle-1 (no) 

Total grains 
panicle-1 (no) 

1000-grain 
weight (g) 

Grain weight  
hill-1 (g) 

Grain yield 
(t ha-1) 

Harvest 
index (%) 

  80 119.0 b 14.8 b 133.8 b 25.6o 29.75 b 5.95 b 46.30 a 

120 124.6 a 11.4 c 136.0 ab 25.76 34.66 a 6.93 a 45.10 a 

160 114.7 b 28.4 a 142.1 a 25.52 29.61 b 6.00 b 38.62 b 

F-test ** ** * NS ** ** ** 

CV (%) 4.77 8.00 7.45 2.43 5.24 5.00 8.32 

In a column, figure (s) having the same letter (s) do not differ significantly as per DMRT at  P ≤ 0.05;   
*, **, Significant at 5% and 1% level of probability, respectively; NS, not significant 
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Fig. 1. Variation in (A) total dry mass production and (B) leaf area index at different growth stages due to nitrogen 

rate in rice cv. MR232. Vertical bars represent LSD(0.05). 
 
Acknowledgement 
The authors are grateful to the Malaysian government 
for providing financial support from Long-Term 
Research Grant Scheme (LRGS) to carry out the 
experiments and also for providing publication cost. 
 
Corresponding Author: 
M. Monjurul Alam Mondal  
Department of Crop Science 
Faculty of Agriculture 
Universiti Putra Malaysia 
43400 UPM Serdang, Selamgor DE, Malaysia  
E-mail: mmamondal@gmail.com   
 
References 
1. Chaturvedi I. Effect of nitrogen fertilizers on 

growth, yield and quality of hybrid rice. Journal 
of Central European Agriculture 2005; 6: 611-
618. 

2. Hirzel J, Pedreros A, Cordero K. Effect of 
nitrogen rates and spilt nitrogen fertilization on 
grain yield and its components in flooded rice. 
Chilean Journal of Agricultural Research 2011; 
71: 73-77. 

3. Jafartayari D, Naderidarba-Ghshahi M, 
Javanmard H. Effects of nitrogen fertilizer 
levels on assimilate remobilization and 
phenology of corn cultivars. Research on Crops 
2012; 13: 884-890. 

4. Mannan MA, Bhuiya MSU, Hossain HMA, 
Akhand MIM. Optimization of nitrogen rate for 
aromatic Basmati rice. Bangladesh Journal of 
Agricultural Research 2010; 35: 157-165. 

5. Mondal MMA, Rahman MA, Akter MB, Fakir 
MSA. Effect of foliar application of nitrogen 

and micronutrients on growth and yield of 
mungbean. Legume Research 2011; 34: 166-
171. 

6. Mondal MMA, Puteh AB, Ismail MR, Rafii 
MY. Optimizing plant spacing for modern rice 
varieties. International Journal of Agriculture 
and Biology 2013; 15: 175-178. 

7. Patel SM, Patel JC, Chaudhury PP, Patel DM, 
Patel GN, Patel BM. Effects of nitrogen levels 
and weed management on production potential 
of wheat. Research on Crops 2012; 13: 456-462. 

8. Rahman MA, Chowdhury S, Mondal MMA. 
Effect of time and rate of nitrogen application 
on seed yield and protein content in rice cv. 
BINAdhan-7. Bangladesh Journal of Seed 
Science and Technology 2009; 13: 89-92. 

9. Russell DF. MSTAT-C Pakage Programme. 
Crop and Soil Science Department, Michigan 
University, USA. 1986. 

10. Shekara BG, Venkatesh M, Thimmarayappa M, 
Govindappa M. Grain yield, nitrogen use 
efficiency and economics as influenced by 
levels and time of nitrogen application in 
aerobic rice under Cauvery Command area. 
Research on Crops 2011; 12: 276-278. 

11. Youseftabar S, Fallah A, Daneshiyan J. Effect 
of split spplication of nitrogen fertilizer on 
growth and yield of hybrid rice. Australian 
Journal of Basic and Applied Science 2012; 6: 
1-5. 

12. Yoshida S, Forno DA, Cock JA, Gomes KA. 
Laboratory Manual for Physiological Studies of 
Rice. Third ed., IRRI, Los Banos, Philippines, 
1976. 

 
 
5/8/2014 


