CHAPTER 1

INTRODUCTION

Rice (Oryza sativa L.) is the staple food of over 40% of the world’s population making it the most important food crop currently produced (Hossain and Fischer, 1995). It is the major food for over two billion Asian people and for hundreds of million in Africa and Latin America. Among the rice growing countries, Bangladesh ranks third in area and fourth in production (Islam and Diamond, 2000). Here about 26.62 million acres were used for its cultivation where 25.19 million m tons of rice were harvested during 2002-2003 (BBS, 2004). Of the total rice production in the country, about 49% comes from boro and the rest 44 and 7% from aman and aus, respectively (BBS, 2004). Unfortunately, her average rice yield is less compared to agriculturally advanced rice growing other countries like China, Japan, Korean Republic and the USA (FAO, 2001).

Bangladesh has a good potential for agricultural development and achieving self-reliance in food production as it is endowed naturally with good soil, ecological diversity and ground water resource. The principal cropping pattern in this domain is rice based, which covers about 80% of her arable land (BBS, 2010). 

Fertilizer is a major input of modern farming as about 50% of the world’s crop production depends on this input (Prodhan, 1992). The major sources of nutrients in soil for crops are grouped into organic and inorganic. Inorganic source includes chemical fertilizer whereas organic sources are cowdung, poultry manure and mustard oilcakes, soil organic matter, biologically fixed nitrogen, crop residues and other organic wastes.

A huge addition of chemical fertilizer to soils contributes to environmental pollution. Moreover, long-term intensive uses of chemical fertilizer create some fertility problem through interaction with other elements (Rahman and Abedin Mian, 1997).

Manures are substances, organic in nature, capable of supplying plant nutrients in available forms, have low analytical values either decomposed or treated fresh and used to enrich soil fertility. Organic manures release nutrients slowly and their impacts remain for a long time.
A good soil should have at least 2.5% organic matter. But in Bangladesh, most of the soils have <1% organic matter (BARC, 2005). Losses of soil organic matter can be replenished in the short term by adding organic manures (Glaser et. al., 2001). Moreover, organic manures are cheap, easily available and environment friendly, and are effective sources of nitrogen for most crops. From antiquity, farmers have recognized that soil fertility can be maintained or improved by adding organic manures. Organic matter is applied to soil in an effort to improve the physical, chemical and biological properties of soil (Hisch and Hisch, 1990). In general, organic manures play a vital role in improving soil physical, chemical and biological properties in addition to supplying substantial quantities of plant nutrients. It is complementary to chemical fertilizer and enhances the effectiveness of chemical fertilizer.

Cowdung and poultry manure are two most popular and promising bulky organic manures produced from solid and liquid excreta of farm animals and birds. Cowdung is the undigested residue of plant matters passed through the animal's gut. The resultant faecal matter is rich in minerals. Cowdung (usually combined with solid bedding materials and urine) is often used as manure (agricultural fertilizer). It is high in organic materials and rich in nutrients. It contains about 3% nitrogen, 2% phosphorous and 1% potassium (3-2-1 NPK). It is also rich in humus; the bulky and fibrous material of the undigested plant matter. Humus makes plants easier to cultivate and furthermore, helps the soil store moisture during dry spells. It also helps drain wet soils. Humus also stores nitrogen and encourages microbes in the soil, which provide plants with trace minerals. Composted cowdung also contains beneficial bacteria, which convert nutrients into easily accessible forms. So, those can be slowly released without burning tender plant roots. Days when cultivation could entirely depend on fertilizer are over. This is not because of the inadequacy of fertilizer but also due to the essential need to supply the soil with organic manure along with fertilizer. If farmers and farming have to have a future, it has to be organic. Neither the planet nor the poor can afford the waste, inefficiency, deceit, pollution and violence of chemicals and genetic engineering. 

Poultry manure is an excellent source of nutrients and can be incorporated into most cropping programs. Those using manures must practice sound soil fertility management to prevent nutrient imbalances and associated animal health risks as well as surface-water and groundwater contamination. The key to successful management is to match the nutritional requirements of the crop with nutrients available in the manure. It is an excellent fertilizer material because of its high nutrient contents, especially for nitrogen (N), phosphorus (P) and potassium (K). These nutrients plus others come largely from the bird feces. Manures decompose (mineralize) in the soil releasing nutrients for crop uptake. If poultry litter is readily available locally, it can help reduce fertilizer costs in crop husbandry. 

The type of poultry manure determines its effects on soil pH as poultry feed contain varying amounts of calcium carbonate. Most of this ground limestone passes through the bird and ends up in the manure or litter. Plants primarily absorb nutrients which are in inorganic forms regardless of their original sources. Nutrients in inorganic fertilizer are readily available for plant upon application, while the organic forms of nutrients are slowly available. Poultry litter contains both inorganic and organic forms of nutrients. However, it is low in nutrients compared to synthetic fertilizer and is also slower to release its nutrients.

Organic manures contain considerable amounts of essential nutrient elements for plant growth. Oilcakes e.g. mustard oilcake is the important and quick acting concentrated organic nitrogenous manures containing a higher percent of nutrients. It is the by-product of oil seed crops giving good results in all soils with almost every crop including rice.

There are some heterotrophic free living N2-fixing bacteria like Azotobacter belonging to the family Azotobacteriaceae. The family is a coherent group of aerobic free-living heterotrophic bacteria whose main characteristic is to fix atmospheric nitrogen in nitrogen free or depleted medium with organic carbon compounds as their energy source. They are rod shaped, relatively large organisms measuring 2.0-7.0µx1.0-2.5µ; occur singly, in pairs or in irregular clumps, and sometimes in chains of varying lengths, do not produce endospore, but form cysts, gram negative, motile by peritrichous flagella or non-motile and aerobic but can also grow under decreased oxygen tensions. Some strains of all species of Azotobacter produce water-soluble and water-insoluble pigments. Azotobacter in general can fix non-symbiotically at least 10 mg of atmospheric nitrogen g-1 of carbohydrate consumed. It can successfully grow in the rhizospheric zone of rice, wheat, maize, sorghum, sugar cane, cotton, potato, brinjal, cabbage and many others and fix 10-20 kg N ha-1 cropping season-1 (Jadhav et al., 1987). Besides N2 fixation, Azotobacter synthesizes and secrets considerable amount of biologically active substances like B vitamins, nicotinic acid, pentothenic acid, biotin, heteroauxins, gibrellins etc which enhance root growth of plants (Rao, 1986). Another important characteristic of Azotobacter association with crop improvement is excretion of ammonia in the presence of root exudates, which helps in modification of nutrient uptake by the plants (Narula and Gupta, 1986). Azotobacter has the ability to produce anti-fungal antibiotics and fungistic compounds against pathogens like Fusarium, Alternaria, Trichoderma (Wani et al., 1988). All these factors combined together produce positive effects on crop yield. Members of this group are known as non-symbiotic nitrogen fixers (Narul, 2000). It is aerobic but can also grow under low oxygen tension. Some of its strains produce both water soluble and insoluble pigments. This bacterium is chemoorganotrophic; uses sugar, alcohol and salts of organic acids as energy source for its growth. It is non-proteolytic and catalase positive. It can utilize nitrate and ammonium salts and certain amino acids as the source of nitrogen (Krieg and Halt, 1984). Therefore, it is useful for upland crop cultivation where there is no stagnant water to create anaerobic situation. Their use is practically open to any crop. However, those may need an external supply of energy materials for carbon. So, addition of such materials like cowdung, poultry manure or mustard oilcake encourages their growth and nitrogen fixing activity.

Most paddy fields possess a natural population of Cyanobacteria, which provide, free of cost, a potential source of combined nitrogen, if it could be harnessed. Cyanobacteria are prokaryotes (single-celled organisms) often referred to as the “Blue-green algae” while most algae are eukaryotic (multi-celled). Cyanobacteria are the only exception, which have some of the characteristics of plants. Those are single-celled organisms lacking a nuclear membrane; contain photosynthetic pigments, chlorophyll-A and phycobilins (produce the characteristic blue-green color). Those are found throughout the world on land and in lakes, rivers and ponds, and in estuaries and seawater (oceans). Cyanobacteria grow in colonies, which are often surrounded by a gelatinous or mucilaginous sheath, whereas others grow as thread-like filaments. Those obtain their energy through photosynthesis. Those differ from other bacteria in that those contain photosynthetic pigments similar as found in algae and plants. Although those are predominantly photosynthetic (light-dependent) organisms, are also capable of using organic compounds as the source of energy. Some Cyanobacteria have a specialized structure called a heterocyst that can fix molecular nitrogen. The ability to fix nitrogen gives these species a competitive advantage over other algae. Those are not strictly unicellular but can be found in colonial and filamentous forms.

Bangladesh has been divided into 30 Agro-ecological zones based on soils, climate and topography. Among the different recognized types soils piedmont soils have different history. The name "Piedmont" roughly translates as foot (pied) hill (mont) in French, and the region is named after the Italian region of piedmont.  The surface relief of the Piedmont is characterized by relatively low, rolling hills with heights above the sea level between 200 feet (50 m) and 800 feet to 1,000 feet (250  to 300 m). Its geology is complex with numerous rock formations of different materials and ages intermingled with one another. Most of the rivers rolling down the mountains become active only when rainfall takes place. Those flow down the slopes swiftly. On reaching the foothills, those loose speed and drop part of their load within the streams, which split into a number of narrow channels. The gravel, sand and silt thus deposited, form the alluvial fans. The Piedmont plains, dominated by the alluvial fans, provide good soils and suitable topography for agriculture. Due to proximity of the river and the low altitude, the water table in the area is very high (near the surface), however, water in the area is fresh (around 1200 ppm).  The soils of piedmont plains are suitable for agriculture.   Faults are rare, and those which occur are frequently parallel to the axes of the mountain range.

Old Himalayan Piedmont Plain has Black Terai soils. Those soils have very dark grey or black topsoil at a thickness of 25cm or more. When the dark coloured topsoil is less than 90cm thick, it is underlain by a well-oxidised cambic B-horizon. This topsoil is either mollic or umbric horizon. The textures of these soils range from loamy sands on the highest ridge sites to sandy loams and sandy clay loams over most of the landscape. Those are either Umbric or Mollic Gleysols.

Soils of Bangladesh are already depleted in few essential plant nutrients. Intensive cultivation of HYVs and extremely low return from organic recycling are thought to be the main reasons for this complicacy. Fertilizer is almost essential for crop production in modern agriculture and inorganic fertilizer is the keys to the success in crop production of Bangladesh (FRG, 2012). But it is also true that maintaining the sustainable crop production is difficult using chemical fertilizer alone and similarly, it is hardly possible to get higher crop yield using organic manures only (Bair, 1990). A suitable combination of organic and inorganic sources of nutrients is thus necessary for sustainable agriculture that can ensure yield and quality of crops. Nambair (1991) cited that the integrated use of organic manure and chemical fertilizer would be quite promising in providing greater stability in production and also in maintaining better soil fertility status. However, neither sustainable higher crop production can be maintained using inorganic fertilizer alone nor it is possible to obtain higher crop yields using only organic manure.

From the aforesaid reasons, an attempt has been taken to know the effects of integrated uses of organic and inorganic fertilizer on the indigenous N2-fixing microorganisms and the growth and yield of rice in rice-rice cropping pattern in the piedmont soils of Bangladesh with the following specific objectivpes.  

i. To evaluate the effects of integrated uses of organic and inorganic fertilizers on the indigenous N2-fixing Azotobacter and cyanobacterial population in the piedmont soil.

ii. To observe the effects of organic and inorganic fertilizers on the growth, yields, nutrient contents and uptake by rice in the rice-rice cropping pattern in the said soil; and

iii. To determine the physico-chemical changes in the piedmont soil due to the integrated use of organic and inorganic fertilizers in the rice-rice cropping pattern.               
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