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RICE CULTURE OF KYZYLORDA AND METHANE USE
Abstract

This article deals with the problem of rice cultivation in Kyzylorda region. During the cultivation of rice, methane gas is released and using of natural gas. Methane can be used as an energy source to power a farm.  Methane is the cleanest fossil fuel. Methane emissions from any ecosystem, particularly a rice agroecosystem  are governed by the magnitude and balance of microbial CH4 production (methanogenesis) and oxidation (methanotrophy), which occur by separate microbial communities. The two groups of microorganisms are adapted to different environmental conditions, and, as a result, are affected differently based on the structure and conditions of an ecosystem, which results in variability of CH4 production and oxidation potentials across time and space. With low CH4 production rates or long diffusion pathways, it seems that the majority of the CH4 produced is oxidized. Conversely, in cases where CH4 production rates are high or diffusion paths are short, less CH4 is oxidized and a greater portion reaches the atmosphere.

Rice  culture, methane, agroecosystem, natural gas.
Methane emissions from any ecosystem, particularly a rice agroecosystem  , are governed by the magnitude and balance of microbial CH4 production (methanogenesis) and oxidation (methanotrophy), which occur by separate microbial communities. The two groups of microorganisms are adapted to different environmental conditions, and, as a result, are affected differently based on the structure and conditions of an ecosystem, which results in variability of CH4 production and oxidation potentials across time and space. With low CH4 production rates or long diffusion pathways, it seems that the majority of the CH4 produced is oxidized. Conversely, in cases where CH4 production rates are high or diffusion paths are short, less CH4 is oxidized and a greater portion reaches the atmosphere .

Methane production occurs toward the end of a complex anaerobic decomposition process in which soil organic matter (SOM) is degraded to acetate, hydrogen gas (H2), and CO2 by a community of various fermenting microorganisms, which are mostly bacteria. Methanogenic Archaea are then able to split acetate into CH4 and CO2 (i.e., acetoclastic methanogenesis) or utilize H2 and CO2 to produce CH4(i.e., hydrogenotrophic methanogenesis). Methanogens encompass a large group of strictly anaerobic, obligate Archaea, which is currently composed of three classes, six orders, 12 families, and 35 genera. Rice Cluster I is a specific group of methanogens identified by Grosskopf et al.  that contains enzymes in order to detoxify highly reactive O2 species, allowing the methanogens to survive in aerated soils or oxygenated rhizospheres, and occurs preferentially in environments that undergo transient aerobic conditions, such as in rice fields. Rice Cluster I has been detected in almost all rice field soils tested and occurs in great abundance in rice soils and on rice roots, representing up to 50% of total methanogens in rice fields. Rice Cluster I has been identified as occupying a niche on rice roots by producing CH4 from photosynthates released as root exudates. Recent research has confirmed that methanogens are ubiquitous in aerobic soils and have the ability to produce CH4 as soon as anoxic conditions form and substrate is available. Conrad reported that methanogens isolated from the soil of rice fields were not killed but only inhibited by high redox potentials or O2 exposure, allowing them to survive drainage and maintain their population size throughout the year in a state of low activity.

Most methanogens are mesophiles and neutrophiles, with optimal growth occurring between 30 and 40oC and between a pH of 6 and 8. Methanogens are highly sensitive to variations in temperature and pH and CH4 production is greatly reduced when soil temperatures are low or in acidic or alkaline soils. With in the optimal temperature range, which is generally the case during the rice growing season, temperature has a positive effect on methanogenesis, causing an increase in CH4 production as temperature increases.

Methane oxidation is achieved by a group of aerobic Proteobacteria known as methanotrophs, which only utilize CH4 or methanol as a source of C and energy and are currently classified into two phyla, three orders, four families, 21 genera, and 56 species. One group, known as low-affinity methanotrophs, is capable of oxidizing high CH4 concentrations (>100 ppm) and exists at oxic–anoxic interfaces, where the methanotrophs consume CH4 produced in anoxic environments. Another group, known as high-affinity methanotrophs, exists in upland soils and possesses the ability to oxidize CH4 at low atmospheric levels (<2 ppm). Unlike methanogenesis, methanotrophy is not impacted greatly by temperature, although CH4 oxidation is decreased below 10oC and above 40oC, or pH, as similar CH4 oxidation has been observed in soils with pH values ranging from 3.5 to 8. Due to the differing effect of temperature on methanogenesis and methanotrophy, CH4 production increases as soil temperatures increase, while CH4 oxidation changes little, resulting in a general increase in CH4emissions as soil temperature increases throughout the rice growing season. This effect has been confirmed in a laboratory incubation of anaerobic soils at various temperatures between 5 and 25oC 

Through numerous research efforts since the 1980s, several factors have been determined to affect CH4emissions from rice cultivation. Due to the complex balance of methanogenesis and methanotrophy that determines how much CH4 escapes the rice system to the atmosphere along with the large variety of cultural and environmental conditions around the globe, there is large variability in the impact of different factors across time and space. There are a few soil, environmental, and plant factors, however, that seem to have somewhat consistent impacts on CH4 emissions from rice. [1].
Agricultural methane emissions in Kazakhstan are emissions from animals, animal waste, rice production, agricultural waste burning (nonenergy, on-site), and savannah burning. 
In Kazakhstan, rice growing is concentrated in two oases – in the valleys of the Ili and Karatal rivers and in the lower reaches of the Syrdarya River, in the territory of Kyzylorda and South Kazakhstan regions. In the valleys of the Ili and Karatal, the Dungans and Taranchi, who relocated here in 1871-1882 from the Ghulja Province of China, began to cultivate rice. They brought with them not only the seeds of rice, but also the experience in irrigational construction.
The rapid growth of the cotton and rice-growing area in the early 1880s in Central Asia caused serious competition for water between the two cultures. In this regard, it became necessary to move the rice crops in new areas. So in 1895 the research and studies with the aim of drawing up a new irrigation projects were initiated. These works were carried out primarily in the ancient irrigation lands on the left bank of the Syrdarya River from Golodnaya Steppe to the dry riverbed of the Zhanadarya River. The attempts to develop these lands for irrigated agriculture promoted the rice crop in more northern areas, i.e. the lower reaches of the Syrdarya River, the current territory of Kyzylorda region. Here, the first rice crops were planted in 1896, and already in 1897, approximately 300 hectares were adopted for rice [2].

Rice was and is mainly cultivated in Kyzylorda region – in the lower reaches of the Syrdarya River, where grows more than 90% of rice crops of the Republic and the majority of farms is specialized in the cultivation of this crop.
The climate of the area located within the plain of the ancient part of delta of the Syrdarya River is characterized by sharp continentality. Continentality is manifested in large annual and daily amplitudes of air temperature and in the climatic indicators instability every year. Summers here are hot and long, and winters are moderately cold and short. The annual rainfall is 129 mm. Most of the precipitation occurs during the warm season.
Research and production sites of the Kazakh Research Institute of Rice named after I. Zhakhaev are located in the eastern part of Pravoberezhny Kyzylorda irrigation array. In 1967, under the project of the Kyzylorda department of “Soyuzgiproris” Institute, a rice irrigation system, which is a seven-field rotating area of 684 hectares, was built there. A variety of field trials to optimize the fertilizer system of the rice culture, on the study of water-salt regime, to improve soil fertility, and other trials are conducted in rice paddies of Karaultyubinsky experimental farm. [3].
Using Captured Methane 

● Methane can be used as an energy source to power a farm. 

● Methane is the cleanest fossil fuel. ○ Coal: 0.963 kg CO₂/kWh ○ Oil: 0.881 kg CO₂/kWh ○ Methane: 0.569 CO₂/kWh [4]

 ● CH₄ + 2 O₂ → CO₂ + 2 H₂O 

Environmental Impact 

● Methane can be burned for electricity and is advantageous over coal- it releases up to 25% less CO₂ than burning the same amount 

 ● Through alternative methods of transport to LNG pipelines, natural gas usage can become more widespread, further eliminating coal burning. [5]
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