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 CHAPTER 1
INTRODUCTION

Soil acidity is a significant problem curtailing agricultural production and may intensify if effective management strategies for amelioration are not implemented (Rossel and McBratney, 2001).  Nutrient availability in soil depends on pH. Most of plant nutrients are available in neutral soil having pH 6.6 to 7.4. Soil acidity is a major growth-limiting factor for plants in many parts of the world (Adams, 1981). Over the last 2-3 decades, enormous pressure has been exerted on the land resources of Bangladesh to derive necessary food, fiber, and fuel for its vast population. Intensification of agricultural land use, in particular, has increased remarkably along with the considerable expansion of modern crop varieties which has impacted higher food production. However, the yields of crops are still at a low level and the yield in many areas shows a stagnating or even declining trend. The land resource for agricultural use is shrinking and thus to increase crop production the cropping intensity (C.I.) has to be increased, the C.I. being 143% in 1971-72 and about 190% at present.

Bangladesh is a densely populated (1008 per sq. km.) country of the world with an area of 1,47,570 sq. km with the population of about 149 million at an increasing rate of 1.19% per year (BBS 2012). There is a very little scope of increasing cultivable land but there are some scopes of increasing cropping intensity from existing level of 190% by improving the existing cropping patterns by incorporating short duration crops viz., mustard, potato, mungbean and aus rice in the rice based cropping system. Sustainable crop production in Bangladesh through improvement of cropping intensity in rice based cropping system is regarded as increasingly important in national issues such as food security, poverty alleviation, and the creation of job opportunity. The main challenge of the new millennium is to increase 50% yield per unit land area through manipulating the limited land resource. In order to produce more food from a limited area, the most important options are; i)    to increase the cropping intensity producing three or more crops in the same piece of land in a year and ii) to increase the production efficiency of the individual crop by using optimum management practices. The soil is the most valuable resource of agricultural research and crop production in Bangladesh. Soil acidity in crop production systems is caused by (i) use of chemical fertilizers, especially NH4+-N and urea-N fertilizers that produces H+ during nitrification, (ii) removal of basic cations (Ca2+, Mg2+, Na+, K+ and NH4+) by crops in exchange for H+, iii) leaching of basic cations being replaced first by H+ and subsequently by A13+, and iv)decomposition of organic residues (Tisdale et al., 1993). As a result increase the soil acidity or low pH area day by day in Bangladesh (Fig: 1.1 Soil [image: image1.png]
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reaction map FRG 2005 and 2012).


In acid soils, P deficiency and Al toxicity are considered to be two main constraints for crop production. Approximately 30% of the world's total land area consists of acid soils, and it has been estimated that over 50% of the world's potential arable lands are acidic (Von Uexküll and Mutert, 1995). It is well documented that acid soils possess toxic concentration of Al3+, Fe3+ and Mn2+, deficient concentration of P and low availability of bases which together cause reduction in crop yield (Mandal et al., 1975; Panda & Kosby, 1982). Bangladesh has substantial areas of soil acidity with high levels of exchangeable Al and deficiencies of P, Mo, Mg and Ca which can limit productivity of many crops and extended area about 40%. Liming eliminates the toxic effect of Al, Fe, and Mn, and increases the availability of P, Mo, Ca and Mg (Sood and Bhardwaj, 1992; Mongia et al., 1998; Rahman et al., 2001) and on the other hand, induces the deficiency of micronutrients e.g. Zn (Boswell et al., 1989; Chowdhury et al., 1997).

Soil K content varies widely, very little of this K is available to plants. Plant-available K is typically only 0.1% to 2.0% of the total soil K. Much of the unavailable K is a structural part of various soil minerals. At low pH soils will often have an excess of hydrogen (H), aluminum (Al), iron (Fe), and possibly other cation elements, as consequence the availability of K is often reduced. After liming or in higher pH of soils there is an excess of Ca and Mg. Competition of these Ca and Mg for exchange sites may reduce uptake of K.

Acid soils are an important issue and challenge in this country because of its adverse effect on soil fertility and crop productivity, and thus affecting the food security of people. Except some Gangetic alluvial soils, all soils of Bangladesh are neutral to acidic in reaction (FRG, 2012). The pH range for these soils is 4-7 and the soil pH value may go below 4 when free acids are present. Geomorphologically acid sulfate soils, peat soils, acid basin clays, terrace soils and hill soils are moderate to strongly acidic in reaction. Considering the 30 agro-ecological zones (AEZ) of the country, strongly acid soils occurring in 13 AEZs i.e. (1) Old Himalayan Piedmont Plain (AEZ 1) and (2). North Eastern Barind Tract (AEZ 27) were most important area and cover 5,06,080 ha land (AEZ 1: 3,98,154 ha and AEZ -27: 1,07,926 ha). The soils are light textured, moderately to strongly acidic and low in organic matter content (FRG, 2012). The available status of P, K, Ca & Mg etc of the soils are also low. 
The soils have high contents of Al, Fe, and Mn, and low contents of N, P, K, Ca, Mg, Zn & B.  The SRDI estimated that (SRDI, 1998 and 2010) 0.250, 3.707 and 2.74 
mha of lands across the country, had both top and sub-soils are very strongly acidic (pH<4.5), strongly acidic (pH=4.5-5.5), and moderately acidic (pH=5.6-6.5), respectively. According to Bangladesh Bureau of Statistics (BBS 2013) 8.52 million hectares is under crop land. The annual loss of agricultural land is about 0.73 % per annum due to the construction of houses, roads and industrial infrastructure (BBS, 2011). The area of soil acidity is increasing day by day. Thus, the acid soils may constraint optimum crop production in more than 40% of land in Bangladesh (Upazila Nirdeshika map, SRDI 2010, Fig:1.1).

Mitigation of soil acidity is a key issue for improving crop production. Liming is 

important to ameliorate soil acidity and improve crop productivity. Lime 
application to acidic soils is one of the good solutions to address soil acidity problem (Brady and Weil, 2012). 

Liming can increase crop yields, as observed in wheat (Rahman et al., 2005; Bodruzzaman, 2010; Rahman, 2013; Samia, 2014), maize (Aitken et al., 1998; Bodruzzaman, 2010), mustard (Rahman, 2013), soybean (Gupta et al., 1989) oat (Conyers et al., 2003) and mungbean & T.aman (Samia, 2014). Liming is generally practiced for dry land crops and it is not required for wet land rice cultivation since the flooding of rice fields raises the soil pH to almost neutrality. 

Liming is done to raise soil pH and to correct soil acidity. The optimum soil pH for the production of most of the crops is generally slightly acidic to slightly alkaline (pH 6.5 – 7.5). Liming stimulates mineralization of organic N and fixation of atmospheric N. It improves soil physical conditions e.g. soil structure.

The added lime might have the residual effect on the next crops for up to 4 years (Makya, 1988; Gupta et al., 1989a; Masumi and Kumar, 2002). It is generally applied as calcite (CaCO3) and dolomite (CaCO3.MgCO3) and the levels being 0.25-6 t ha-1 (Gupta et al., 1989a; Patiram, 1994; Venkatesh et al., 2002).

A judicious application of lime to soil may help overcome fertlity problem of acid soils. Using suboptimal rate of lime can not raise soil pH upto the target. Over dose of lime application on other hand makes an insoluble form of phosphate combined with Ca and Mg. So, estimation of an accurate lime requirement rate for an acid soil is important to bring soil pH in a suitable range for facilitating nutrient availability to plants and thereby encouraging proper growth and yield of crops. Soil acidity limits crop production primarily by impairing root growth, thereby reducing nutrient and water uptake (Marschner, 1995).  Liming an acid soil increases the availability of P, Ca, Mg and Mo and renders Fe and Mn insoluble, increases fertilizer effectiveness and decreases plant diseases (Sahai, 1990). On the other hand, too much addition of lime can decrease the availability of Fe, Mn, Zn and Cu sufficiently to cause deficiencies of those plant nutrients. So, judicious application of lime in a soil to bring soil pH to an expected value is necessary for maintaining soil health and thus, improving crop productivity. 

Soil fertility depletion is a major constraint to higher crop production in Bangladesh. Increasing cropping intensity coupled with the use of modern varieties has resulted in a negative impact on soil fertility. Thus, proper management of soil fertility and fertilizer is necessary in intensively cropped areas to arrest soil fertility depletion and increase crop yield. The cropping pattern in Bangladesh is mainly rice based. Wheat, next to rice, is the important cereal crop. Mungbean is a very good pulse crop which is demandable all over the year and country. Mungbean is an important grain legume crop, matures in 60-80 days and can easily be grown as short duration summer pulse crop between wheat and transplant aman (T.aman) rice. The inclusion of a grain legume in the pattern will supply the substantial amount of biomass and N to soil. Legumes in cropping pattern with cereals can economize the N use up to 40 kg ha-1 (Ali, 2003). In this situation, brown manure (mungbean) can be an alternative source of organic manure, which can improve the soil health and ensure higher crop yield. Farmers usually use fertilizers on single crop basis without considering the whole cropping system. It is possible to increase and obtain satisfactory crop yield in the Wheat- Fallow-T.aman and Wheat-Mungbean-T.aman cropping systems in the Old Himalayan Piedmont Plain (AEZ-1) and North Eastern Barind Tract (AEZ-27) by proper soil fertility and fertilizer management. Thus, the points stated above justify a need for carrying out a study on the amendment of piedmont and barind soils with lime and chemical fertilizer specially P and K in seeking sustainable crop production. In order to sustain food security, create employment opportunity to alleviate poverty from acid soils regions of Bangladesh to manage the soil resource and improve livelihood of the farmers through increasing farmer’s income.
The main objectives of the present study were to make amendment of piedmont and braind soils (AEZ: 1 & AEZ: 27) by liming and fertilizer application and to evaluate their effect on soil fertility and crop yield in the Wheat-Mungbean-T. aman and Wheat-fallow-T.aman cropping patterns. Considering the above facts, the present experiment was undertaken to study the feasibility of increasing cropping intensity and productivity by growing at least three crops in a year in a same piece of land for evaluating by incorporating pulse in the existing cropping system in acid soils.

The objectives of the study were as follows:

· To evaluate the effects of liming on soil fertility and crop yields. 
· To evaluate the combined effects of lime, P and K on crop yields.

· To evaluate the nutrient uptake by different crops.
·  To see the economics of lime, P and K.[image: image3.png]WEST BENGAL
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Fig: 1.1 (A, B) Soil Reaction Map
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