OZONE IMPACT TO PADDY RICE PRODUCTION: COMPARISON BETWEEN TWO INDUSTRIAL AREAS IN MALAYSIA
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Abstract
Ozone concentration in the atmosphere could have an adverse impact to the agricultural industry of the nation. It has been identified as one of the factor that could threaten food crop production such as paddy. In Europe, the AOT40 index (accumulated exposure over a threshold of Xppb) is used to study the ozone effects in the reduction of agricultural and vegetation production. However, this type of index is not yet to be found in Malaysia. Hence, this index has been adapted and customized according to Malaysia’s suitability and all the original data has been used in this study. In Malaysia, paddy rice is grown in almost every state even though there are differences in the type of land use. Hence, two industrial area; Perak and Negeri Sembilan have been selected in order to study the reduction in crop yield in Malaysian industrial area. This research has found that industries have significantly reduced paddy rice production in Malaysia. Perak recorded the highest decline with 18.3% while Negeri Sembilan recorded 12.26%. Additionally, this study has also found that the paddy yield is lower during the rainy season as compared to the dry season; as low temperature increases the stomatal conductance and the ozone uptake in paddy’s stoma and adversely affects paddy rice production.
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1. Introduction
Paddy rice is one of the most important agricultural crop in Malaysia. On average, each state in Malaysia produces 3-4kg/hectar of rice during the year 2000-2009 (DoA, 2010). However, paddy rice production is still not sufficient to accommodate the growing Malaysian population (MARDI, 2009). Various efforts have been undertaken by MARDI, who are responsible in ensuring the optimal level of paddy rice production in the country. However, air pollutants in the atmosphere have been identified as one of the factors that significantly reduce the world’s paddy rice production (Fuhrer et al., 1997; Keller et al., 2007).
There are many researches that have been conducted which indicate ozone to cause defects in the paddy rice which significantly reduces its production. In Malaysia, paddy rice is grown in almost every state even though there are differences in the type of land use. Malaysia’s Department of Environment (DoE) has classified these Malaysian states based on its economic sector. According to the classification, Ipoh, Perak and Nilai, Negeri Sembilan are two of the rapidly growing industrial area. Hence, these two areas were selected in order to study the reduction in paddy rice crop yield in Malaysian industrial area.
In Europe, the AOT40 index (accumulated exposure over a threshold of Xppb) is used to study the ozone effects in the reduction of agricultural and vegetation production. Since Malaysia does not have a specific index that studies ozone impact to crop yield, this index has been adapted and customized according to Malaysia’s suitability and original data.

2. Materials and Method
2.1 Study Area
The selected area of this study is Ipoh, Perak and Nilai, Negeri Sembilan. Both of these states are industrial areas in Malaysia. (DoE, 2010). The geographical location of the research area is shown in Figure 2.1.
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Figure 2.1: Location of study areas in Malaysia

2.2 Mathematical Model
AOT Index is calculated according to the variance between X ppb and hourly ozone concentrations, in which ozone concentration must exceed X ppb. This index is calculated using Equation 2.1, where the ozone concentrations used are during day time (7 am – 7 pm) 


AOTX=   	                                                       (2.1)    


Where,  is the hourly ozone concentration in ppb, i is the running index, and n is the number of hours with  more than X ppb, during the time evaluation (Grunhage et al., 1999
Malaysia has two paddy rice production seasonality which is the main season and off-season. Hence, this analysis which relates the reductions in paddy yield due to ozone were conducted based on the two seasons. The percentage of paddy reduction using the AOT index is shown in Equation 2.2.
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Calculated paddy reduction (%) = 							          (2.2)

Where, X is the index of AOT.

AOT index which is used in European countries states that a 5% reduction in crop yield is expected if the cummulative ozone concentration exceeds 3000bsb in 3 months (Ishii et al., 2007; LRTAP Convention, 2004).  Equation 2.3 below is used to project the expected reduction in paddy rice crop yield in Malaysia, based on this indicator.

 (
Calculated crops reduction (calculation) (%)   x   3000ppb.h
Total AOTX (
ppb.h
)
                
 
)
Estimated 	             =							                      (2.3)
crops reduction (%)   								


Where, 3000ppb.h is the European concentration-based critical level for the AOT40 index (UNECE, 1996). Therefore, to investigate the crops reduction for all AOTX indexes, 3000 ppb.h is employed as the guideline consistent with the European critical level. The estimated crops reduction was calculated based on the total ozone exposure for both seasons and the crops production record (2004 to 2009).

3. Results and Discussion

Analysis for the reduction in paddy rice in the research area for the year 2004-2009 based on the two seasons for paddy rice crops in Malaysia which is the main season and off-season. The result of the research is shown in Figure 3.1.
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Figure 3.1 (a): Main season, (b): Off season: Paddy reduction between Perak and Negeri Sembilan in Malaysia

Based on Figure 3.1, the reduction in paddy rice production in Perak for both season are higher as compared to Negeri Sembilan. This reduction is consistent with the ozone concentration for both states. When the ozone concentration increases, the percentage of paddy production reduction also increases; vice versa. Ozone concentration in Perak during the main season is 5767bsb and the percentage of paddy production reduction was 11.5%. During off-season, Perak recorded the highest ozone concentration with 5475bsb with a paddy production reduction percentage of 18.3%.
Negeri Sembilan which also has industrial sectors recorded a lower ozone concentration level and percentage of paddy production reduction as compared to Perak. During the main season, the highest ozone concentration recorded was 3708bsb and the reduction in paddy production was 9.56%. During off-season, the highest ozone concentration recorded was 5282bsb and the percentage of paddy production reduction was 12.26%.
Based on Figure 3.1, the percentage of paddy production for off-season was higher as compared to main season for both states even though ozone concentration during primary season is higher. In Malaysia, off-season paddy plantation season is during the northeast monsoon. During this time, the research areas receive more rainfall (Jamaludin et al., 2010). This monsoon season results in a high humidity and low temperature in Malaysia. Even though rainfall has the ability to cleanse the air by removing air pollutants including ozone that is suspended in the atmosphere, it also increases the stomatal conductance in paddy. This significantly reduces paddy rice production (Lal et al., 2000, Wang et al., 2005).



4. Conclusion
The results of the study conducted shows that Malaysian industrial areas significantly reduces paddy rice crop yield. Perak recorded the highest percentage of reduction with 18.3% and Negeri Sembilan recorded 12.26%. This study has also found that the paddy rice crop yield is lower during the monsoon season as compared to the dry season. Even though rain fall has the ability to cleanse the air and lowers the temperature, it also increases the stomatal conductance in paddy which causes a defect in the paddy rice and significantly reduces its production.
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