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CHAPTER 2

REVIEW OF LITERATURE

Effects of lime and fertilizer on soil and crops have been reported from all over the world. However, in the present review emphasis has been given to works that done in Bangladesh and also in India since Indian soils, climate and cropping systems are in most of the cases similar to Bangladesh. 

2.1 Soil acidity and liming


Liming is made to raise soil pH and correct soil acidity.  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). Liming stimulates mineralization of organic N and fixation of atmospheric N. It improves soil physical conditions e.g. soil structure.

2.1.1 Causes of soil acidity


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 Al3+, and (iv) decomposition of organic residues (Havlin et al., 2010). Natural acidification of soils may occur due to acid rainfall (pH 5.7 or less), depending on pollutants like SO2 and NO2 and others.

Kamprath afnd Foy (1972) reported that soil colloids (clay and humus) bear negative charge and thus, adsorb cations such as H+, Ca2+, Mg2+, K+, Na+, Al3+, etc.   Soils vary in their ability to hold cations. If the ratio of Al3+ and H+ ions to other cations is higher, the soil is acid. Soils are acid because their parent materials were acid and initially low in basic cations (Ca2+, Mg2+, K+ and Na+) or because these elements have been removed from the soil profile by normal rainfall leaching or the harvesting of crops. Basic cations (Ca2+, Mg2+, K+ and Na+) are leached down from upper portion to lower portion of the soil profile due to heavy rainfall in Bangladesh. 
Coventry and Slattery (1991), observed that nitrogenous fertilizers in cropping systems, whilst contributing to higher grain yield, also contribute to the increasing acidification of soil. Leaching of cations is dominant in light textured soils compared to heavy textured ones and consequently, surface soils are becoming more and more acidic. Furthermore, farmers of Bangladesh are practicing intensive cultivation with high yielding modern varieties. Modern varieties give higher crop yields but remove/uptake more nutrients from the soils than local varieties because of higher amount of potential biomass production. Generally, farmers pull out the crop residues (such as wheat and rice straw) for feed and fuel purpose from the field. So, the crop residues’ recycling is nearly stopped in this country. 
2.1.2 Negative effects of soil acidity

Soil acidity is an important issue in the context of sustenance of soil fertility and crop productivity. Acidity produces adverse effect on crops directly through acidic reaction and indirectly through affecting nutrient availability. More than 30% land in this country has soil acidity where crop production is constrained (FRG, 2012). Old Himalayan Piedmont Plain and North Eastern Barind Tract among others, has moderately to strongly acid soils.

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. Legumes are highly affected due to soil acidity (Panda and Kosby, 1982; Kaitibie et al., 2002). Acidity limits both survival and persistence of nodule bacteria in soil, and the process of nodulation itself (Graham and Vance, 2000).
2.1.3 Liming materials

Lime and liming materials are used for correcting soil acidity and changing Ca, Mg and phosphate potential for better crop growth (Mandal et al., 1975). Liming is an essential amendment for acid soils and it has beneficial effect on these types of soils (Mandal et al. 1996; Datta and Gupta, 1984). Liming could increase crop yields as observed in wheat (Coventry et al., 1997a) 

Liming materials include carbonates, oxides, hydroxides and silicates of Ca and Mg. The other liming agents are marl, oyster shell, wood ash, and industrial wastes or by-products such as pressmud from sugar mills, blast furnace slag from iron industry, lime sludge from paper mills and sludge from water treatment plants. The most common liming agents are calcite (CaCO3) and dolomite (CaCO3.MgCO3). One molecule of CaO, MgO or Ca(OH)2 neutralizes the same amount of acidity as does one molecule of CaCO3. The neutralizing value of a liming material is measured against CaCO3. The neutralizing values of CaO, Ca(OH)2, CaMg(CO3)2 and CaCO3 are 179, 136, 109 and 100, respectively.   

2.1.4 Chemical reactions of lime in soil

Liming reactions begin with the neutralization of H+ in the soil solution by either OH- or HCO3- originating from the liming materials (Havlin et al., 2010). Dolomite (called as dololime) is now commonly used in Bangladesh.  

CaCO3.MgCO3 + H20                Ca 2+ + Mg2+ + HCO3- + Off Dolomite
The rate of the reaction is directly related to the rate at which the OH- ions are removed from solution. As long as sufficient H+ ions are in the soil solution, Ca2+, Mg2+ and HCO3- will continue to go into solution. When the H+ ion concentration is lowered, however, formation of the Ca2+, Mg2+ and HCO3- ions is reduced (Havlin et al., 2010). The continued removal of H+ from the soil solution will ultimately result in the precipitation of Al3+ and Fe3+ as Al(OH)3 and Fe(OH)3 and their replacement on the exchange sites with Ca2+ and/or Mg2+. Consequently, soil pH increases due to increase of percent base saturation.  

Soils become acidic for several reasons. The most common source of hydrogen

ion is the reaction of aluminium ions with water. Aluminium toxicity in combination with low pH (Budianta and Vanderdeelen, 1995) is one of the major reasons that render acidic soils unsuitable for the growth of many plants in the humid tropic countries. The forms of aluminium ions present vary with pH (Fageria and Baligar, 2008). The increased soil acidity causes solubilisation of Al, which is the primary source of toxicity to plants at pH below 5.5 (Kariuki et al., 2007). As observed by Carson and Dixon (1979), under very acidic conditions of pH less than 4.5, the major form of aluminium is Al3+, and pH between 4.5 -6.5, aluminium-hydroxyl dominates. As the pH increases, exchangeable Al3+ recipitates as insoluble Al-hydroxyl forms at a rate of 1000 fold decrease for each unit increase in pH (equation).  Al3++H2O⟷ Al(OH)2+H+ 

The equation (1) explains the reaction of aluminium hydroxyl in very acid soils. However, at pH greater than 6.5, aluminiumbecomes increasingly soluble as negatively charged aluminates form (Haynes, 1984). The heavy rainfall can also contribute to the soil acidification by natural causing parent materials to be acidic due to leaching of cations (Fageria et al., 1990). There are other important causes of soils acidification, such as,ammonium fertilizers, release of organic acids in decomposition of crop residues or organic wastes (Sparks, 2003) and continuous cultivation of legumes (Bolan and Hedley, 2003). The acidification caused by the use of ammonium fertilizers are explained by the release of H +(equation 2).
NH4 ++2O2⟷NO3−+H2O+2H+ Equation[2]
The acidification due to legumes is explained by higher absorption of basic cations of legumes and the release of H +ions by the root of legume crops to maintain ionic balance, and during 2fixation through a function of carbon assimilation (Bolan and Hedley, 2003). 

2.1.5 Effect of lime on soils and crops
Considerable amount of research has been done on the world on the use of liming materials to reduce soil acidity and its effects on crop yield over several years. Makaya (1988) carried out trials in 1979-81 with wheat/maize cropping sequence on an acid soil. The first wheat crop received lime and its residual effect was examined over consecutive three crops. He reported that lime showed direct and residual effects on the yield of all four crops.

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

Soil pH affects crops in many ways and its effects are mostly indirect, through its 

influence on chemical factors and biological processes. Chemical factors include 

aluminium (Al) toxicity, calcium (Ca) and phosphorus (P) and magnesium (Mg)

deficiencies; (Uchida and Hue, 2000). Optimum nutrient uptake by most crops 

occurs at a soil pH near 7.0. The nutrients availability such as nitrogen, hosphorus and potassium is generally reduced as soil pH decreases. Phosphorus is particularly sensitive to pH and can become a limiting nutrient in strongly acid soils. Thus, reduced fertilizer use efficiency and crop performance can be expected when soil acidity is not properly controlled (McFarland et al., 2005). 
Hardy et al.(1990) reported exchangeable Al to affect crops by shallow rooting, poor use of soil nutrients, and Al toxicity Liming is an important practice to achieve optimum yields of all crops grown on acid soils. According to Kaitibie et al.(2002), liming is the most widely used long –term method of soil acidity amelioration, and its success is well documented (Scott et al.,2001). Application of lime at a ppropriate rate brings several chemical and biological changes in the soils, which are beneficial or helpful in improving crop yields on acid soils 
(Fageria and Beligar, 2008). Liming raises soil pH, base saturation, and Ca and Mg contents, and reduces aluminium concentration in acidic soils (Fageria and Stone, 2004). Plant growth improvement in acid soil is not due to addition of basic cations (Ca, Mg), but it is due to increase ng pH that reduces toxicity of phytotoxic levels of Al (Fageria and Beligar, 2008). The acidic soils are naturally deficient in total and plant vailable phosphorus. This is because significant portions of applied P are immobilized due to precipitation of P as insoluble Al phosphate or chemisorptions to Al oxide and clay minerals (Nurlaeny et al.,1996). The liming of acidic soils result in the release of P for plant uptake; this effect is often referred to as ‘‘P spring effect’’of lime (Bolan et al.,2003). Increase in availability of P in the pH range of 5.0 to 6.5 is associated with release of P ions from Al and Fe oxides, which is responsible for P fixation (Fageria, 1989). But at high pH (> 6.5) soluble P precipitate as Ca phosphate (Naidu et al., 1990). Soil microbiological properties can serve as soil quality indicators. 
Soil acidity restricts the activities of beneficial microorganisms, except fungi, which grow well over a wide range of soil pH (Brady and Weil, 2002). Liming acidic soils enhance the activities of beneficial microbes in the rhizosphere and hence improve root growth by the fixation of atmospheric nitrogen because neutral pH allows more optimal conditions for free -living N fixation (Stephen, 2011). It can also suppress pathogens and producing phytohormones; enhancing root surface area to facilitate uptake of less mobile nutrients such as P and micronutrients and mobilizing and solubilising unavailable nutrients. 
Soil acidification may intensify and affect crop production if effective management strategies for amelioration are not implemented (Rossel and McBratney, 2001). Liming is generally practiced for dry land crops e.g. maize, wheat, grain legumes, oil seeds etc. Liming is usually not needed for wetland rice cultivation since flooding of rice fields raises the pH to almost neutrality. 

Legumes in general, have been found much more responsive to liming than other plants. A major reason is the increased availability of Mo in soils and its role in N2 fixation. Of course, the effect of soil acidity and Ca concentration is not less important for N2 fixation by Rhizobium. Soil acidity reduces N2 fixation by injuring the host plant directly, by reducing or inhibiting the survival of rhizobia or by interfering with various stages of the nodulation and the N2 fixation processes (Kamprath and Foy, 1985).

Liming of acid soil has been suggested as the most efficient practice to attain and maintain a suitable pH for the growth of a variety of crops (Slattery and Coventry, 1993; Moody et al., 1995). Liming can increase crop yields, as observed in wheat (Scott et al., 2001; Rahman et al., 2005; Bodruzzaman, 2010; Samia, 2014); maize (Aitken et al., 1998; Bodruzzaman, 2010), rice (Subbaiah and Mittra, 1997; Mongia et al., 1998).
Soil acidity limits crop yields. Soil acidity is a major growth limiting factor for crops in many parts of the world (McLean, 1971; Kamparth, 1985; Adams,1981). Cereal crops grown in the wetter eastern edge of the wheat belt in southern New South Wales and the Dubbo- coonabarabarn area of central NSW are affected by acid soils (Scott et al., 2001). Excessive acidity is identified as limiting wheat growth and yield in higher rainfall cropping regions in south-eastern Australia and the need for liming to increase grain yield is generally accepted (Coventry, 1992; Scott et al., 1992). In acid soils, metals viz. Al and Mn are relatively more available. Under these conditions, P reacts with the Al and both become insoluble (Kaitibie et al., 2002).

Datta and Gupta (1983) conducted the experiments at the ICAR Research Farm, Nagaland to investigate direct and residual effects of lime on maize and wheat yield. They observed that significant increase in grain yield of wheat and maize was produced with the application of 2 and 2.5 t/ha of lime, respectively. Lime applied to maize recorded significant residual effect on the yield of succeeding wheat crop.  

Prasad et al. (1983) carried out the experiments at upper Shilong in the state of Meghalaya to study the direct and residual values of lime on the yield and uptake of nutrients by maize. They found that application of lime equivalent to 25% of lime requirement gave appreciable direct and residual effects on the grain yield and neutralized exchangeable Al. Liming augmented the uptake of P and Ca.

Sangale and Patil (1983) carried out a pot experiment to investigate the effect of lime (CaCO3) alone and in presence of NPK fertilizers on yield and uptake of nutrients by paddy in western Maharashtra. They reported that the grain yield was increased due to liming. Increase in yield due to NPK fertilizers alone was also highly significant. However, addition of lime with NPK fertilizers did not show any beneficial effect over each other.

Gupta et al. (1989a) carried out the field experiments to observe the direct and residual effects of lime at ICAR Research Farm, at Sikkim on soybean- wheat system. They observed that the increase in grain yield of soybean an addition of 2.5 t/ha of lime was 27 and 48% during 1982 and 1983, respectively. They also reported that liming had significant residual effect on wheat yield and further application of 250 kg/ha lime to wheat grown in previously limed plots gave an increase of 61 and 134% in wheat grain yield during 1982-83 and 1983-84, respectively.

Gupta et al. (1989b) carried out the field experiments with wheat as a test crop and application of lime and micronutrients. They recorded that an application of zinc sulphate and copper sulphate along with lime increased the yield of wheat significantly.

Sewa-Ram et al. (1992) conducted experiments to know the effects of lime and presumed applications on soil properties and crop yields of an acid soil in Uttar Pradesh, India. They indicated that lime and presumed application resulted in greater grain yield of wheat and maize crops due to an increase in soil pH, greater availability of P and improved soil structure and infiltration.

Patiram (1994) conducted a field experiment on an acid typic Dystrochrept of Sikkim to compare the efficacy of dolomitic limestone on maize when broadcast once @ 0, 2, 4 and 6 t/ha in the beginning only and 250, 500, 750 and 1000 kg/ha every year on one week before the sowing of maize. He observed that the yield of maize grain was comparable when 2 t/ha limestone was broadcast once in 3 years and 250 kg/ha applied every year in furrows. The dose in furrows decreased slowly the exchangeable acidity and Al3+ and increased soil pH  and exchangeable Ca2+, Mg2+, whereas the higher dose (broadcast) showed reverse trend with passage of time.

Subbaiah and Mittra (1997) conducted a field experiment during rainy season of (kharif) 1989 and 1990 to find out the effects of liming and P application on growth and yield of rice in west Bengal. They reported that the highest grain yield of 5001 and 4928 kg/ha were obtained with 4 t/ha of lime in the first and second years, respectively.
Scott et al. (1999) conducted a study in South New Wales. They applied lime in 1982 and re-liming was done in 1992. They observed that after 10 years, second application of lime @ 2 t/ha increased grain yield in 1993 by about 1 t/ha compared to a single application in 1982.

Singh et al. (2002) carried out an experiment to assess the effect of lime and B application in maize and their residual effects on gram at the Zonal Research Station, Darisai of the Birsa Agricultural University, Ranchi. The experiment consisted of 2 levels of lime (0 and 250 kg/ha) and 3 levels of B (0.5, 1.0 and 2.0 kg/ha). They indicated that B had significant effect on grain and stover yields of maize. The effect of lime was also apparent on maize yield.

Conyers et al. (2003) re-established 6 previous field trials on liming in 1992, with the aim of measuring long-term effects of limestone. The trials were located between Dubbo and Albu in New South Wales of Australia. They recorded a positive residual benefit of limestone on cereal grain yield (barley, wheat, triticale or oats) with all trials in both the 1992 and 1993 seasons. While acid-tolerant cultivars were less lime responsive than acid sensitive ones, the best yields were generally obtained using a combination of liming and acid tolerant cultivars.

From an experiment with corn in Trinidad, Dalal (1986) observed that liming significantly increased the grain yield of maize, N uptake, P and K uptake and liming reduced the fertilizer N requirement for optimum grain yield.

Influence of lime and phosphate on the grain yield of wheat and maize was studied in India for two consecutive years (Makaya, 1988).  Liming exerted a significant influence on the grain yield of both wheat and maize in both years as direct effect followed by the residual effects over two years.

The effect of dolomitic limestone on soil Al and wheat yield was evaluated on an acid soil in India (Patiram et al., 1990). Liming increased pH and decreased exchangeable and 0.01M CaCl2 extractable Al of the soil and gave optimum yield of wheat.

Prasad and Sinha (1991) conducted a long-term experiment with wheat in India to investigate the balance sheet of phosphorus from manure and fertilizer experiment. They found that increasing levels of fertilizer combination with organic manure and lime gave the highest yield as well as removed the highest amount of phosphorus from the soil and gave the positive gain of soil phosphorus. A field experiment was carried out during rainy season (kharif) of 1992 and 1994 at Sirsi of Karnataka to study the effect of lime and phosphorus sources on the grain yield of rice under transplanted conditions (Mutanal et al.,1998). They observed that application of lime @ 250 kg ha-1 had significantly increased yield compared with without lime (control).Ram et al. (1992) had set up experiments to know the effects of lime and pressmud applications on soil properties and crop yields of an acid soil in Uttar Pradesh, India. They indicated that lime and pressmud application resulted in greater grain yield of wheat and maize crops due to an increase in soil pH, greater availability of P and improved soil structure and infiltration.

Experiments were done at upper Shilong in the state of Meghalaya to study the direct and residual values of lime on the yield and uptake of nutrients by maize (Prasad et al., 1993). They found that application of lime equivalent to 25% of lime requirement gave appreciable direct and residual effects on the grain yield and neutralized exchangeable Al. Liming increased the uptake of P and Ca. A long-term experiment was initiated in North-Eastern Victoria (Conventry et al., 1997a). It was observed that substantial grain yield increases were consistently obtained over a period of 12-years with a single lime application. Lime applied at 2.5 t ha-1 in 1980 provided yield increases of 24% with acid-tolerant wheat and 79% with acid-sensitive wheat relative to no lime treatment. Conventry et al. (1997b) had grown acid-sensitive wheat (cv. Oxley) in 2 seasons (1992-93) in North-Eastern Victory, Australia, 12 years after initial applications of lime. They observed that where lime (2.5 t ha-1) was applied in 1992 (Conventry et al., 1997a) to a previously unlimed soil, grain yield was increased by 19% and 46%, respectively in the 2 seasons. However, the yield from these newly limed plots was well below the yields obtained from plots limed in 1980. Re-liming plots limed in 1980 resulted in further yield increases with lime re-applied at 2.5 t ha-1 increasing yields by 12% in both seasons. A field experiment was performed during rainy seasons of (kharif) 1989 and 1990 to find out the effects of liming and P application on the growth and yield of rice in west Bengal (Subbaiah and Mittra, 1997). They reported that the highest grain yield of 5001 and 4928 kg ha-1 were obtained with 4 ton ha-1 of lime in the first and second years, respectively. Scott et al. (1999) conducted a study in South New Wales of Australia. They applied lime in 1982 and re-liming was done in 1992. They observed that after 10 years, the second application of lime @ 2 t ha-1 increased grain yield of wheat. Scott et al. (2001) further pursued experiments in 3 sites in central and southern parts of New South Wales. They observed that liming significantly increased the grain yield of wheat in 2 sites out of 3.

A long-term study was done in South-Eastern Australia to develop and demonstrate a cropping system that is economically viable on the highly acid soils with and without lime (Li et al., 2001). It was found that lime significantly increased the dry matter production at anthesis and grain yields of wheat compared with the un-limed treatments. Averaged across years from 1992 to 1997 (excluding the severe drought year 1994), wheat crops produced 1.6 t ha-1 more grain on the lime treatments than on the unlimed treatments. Singh et al. (2001) observed significantly higher grain yield of chickpea (15.0 q ha-1) with the application of 10 t poultry manure when compared to the application of 10t FYM (11.0 q ha-1), 80:50:30 kg NPK per ha (10.0 q ha-1) and control (7.5 q ha-1) and it was at par with the incorporation of Sesbania rostrata @ 10 t per ha (14.0 q ha-1).

Mausumi and Kumar (2002) carried out a field experiment during rainy season of 1994 and 1995 on maize, succeeded by soybean, to study the direct and residual effects of lime in an acid Ultisol of Manipur. They observed that the maize yielded the maximum (2.83 and 2.70 t ha-1 during 1994 and 1995, respectively) with 0.25 t ha-1 lime requirement level. The residual effect of lime @ 0.50 t ha-1 lime requirement increased the yield of soybean to 1.00 and 0.99 t ha-1 (maximum) during the third and fourth years of after lime applied, respectively. In an experiment with wheat, Kaitibie et al. (2002) found that the grain yield of wheat significantly increased with lime at 2800 kg ha-1 and di-ammonium phosphate at 73kg ha-1. Field experiments were pursued on two acidic soils (pH 4.25 and 4.48) unlimed or limed to pH 6.5 before cropping (Colding et al., 2004). Poultry litter ash and P were applied (0, 39, and 78 kg P ha-1), after which wheat was grown. Limestone significantly increased wheat yield, but the P sources without limestone did not. The low levels of water-soluble P and metals in the soils and the low metal concentrations in wheat suggest that poultry litter ash was an effective P fertilizer.

Zhang et al. (2004) examined the yield and quality of winter wheat as affected by lime. They found that soil pH increased as lime rate increased. Yields of wheat and chickpea nearly doubled in the first year after liming. They suggested that it is economical to lime in low pH soils used for wheat and chickpea production.In Bangladesh, Rahman et al. (2005) conducted field trials with wheat-rice cropping pattern at Rangpur and Dinajpur over three years with three lime rates (0, 1.2 and 2.4 t dolomite ha-1) and six fertilizer treatments. They observed that level of soil pH, available P, exchangeable Ca and hot-water soluble B increased, that of Fe and Al decreased, and the level of Zn remained unchanged. The crop yield increased satisfactorily with lime application at 2.4 t lime ha-1.Bodruzzaman (2010) carried out field trials in three districts of Bangladesh to evaluate crop response to lime application in the wheat-rice and maize-rice cropping patterns. Addition of 1 t dololime ha-1 produced yield benefit by 35-38% for the first crops and 31-35% yield benefits for the second crops (T. aman rice). 

Ding et al. (2009) studied the effects of Mg and K interaction on plant growth, nutrient uptake, and related physiological characteristics of rice (Oryza sativa L.cv.Wuyunjing 7). The results showed that with increasing K concentration of nutrient solution, dry plant weight reduces with low Mg concentration. This trend, however, reverses with higher Mg concentration. Uptake of Mg, K, N and P are remarkably restrained by higher K concentration with low Mg supply, while higher Mg concentration correspondingly enhances uptake of Mg, K, N and P. Leaf chlorophyll content decreases with increasing K concentration under low Mg condition. It is not significantly influenced by increasing K concentration when high concentration of Mg is supplied. With increasing Mg concentration, nitrate reductase activity and total soluble protein content increase, but not evidently enhanced with increased K concentration. Soluble sugar and starch contents of leaves are higher at high Mg concentration than at low Mg supply. Furthermore, soluble sugar and starch contents increase with increased K concentration. The study demonstrates that significant interaction between Mg and K restrains Mg uptake in low Mg with higher K supply in rice.

Dwivedi et al. (2006) conducted an experiment to see the effect of potassium levels on growth, yield and quality of hybrid rice. They observed that 80 kg K20 ha-1was found better in obtaining higher production. Application of' potassium increased the protein content in rice grains significantly.
Ghasemi et al. (2013) reported that grain yield and harvest index had similarly increased with K application and without or with Zn application. Generally, it seems that there was relationship replacement between Zn and K fertilizer in rice because grain yield had severely decreased without K and Zn application.

Kamaruzzaman et al.(2011) conducted a field experiments in Northwest / 26 AEZ to evaluate the changes in chemical properties of soil due to lime in wheat field. Therefore, a study was undertaken in a highly acidic soil of Barind area, with the following to evaluate the application of lime, soil pH might be increased and yield gap of wheat grain can be minimized in North region. The application of 0.5 t lime ha-1 significantly increased most of the growth parameters of wheat compared to that without any lime application. The application of lime had significant effect on the grain yield of wheat. The highest grain yield was found in 1.5 t lime/ha  (4.73 t ha-1), which was statistically identical with the grain yields obtained in other higher doses T5 and T6 treatments but superior to those found in lower doses lke T1, T2, T3 treatments. Thus, the application of 1.50 t lime ha-1 is enough for satisfactory yield of wheat Braind tract. 

Mitra et al. (2001) showed a significant increase in yield of rice with increased levels of K. Averaged at three cropping cycles, application of 60 kg K20 ha-1 and 60 kg N ha-1 was found to be optimum dose for kharif rice. Highest rice yield with positive N-K interactions could be obtained at 80 kg N and 90 kg K20 ha-1 in two of the seasons. The uptake of N, P, K and S increased significantly with increase in levels of K for rice. Apparent recovery of applied K was about 30% for rice. Application of K increased percent filled grains and 1000-grain weight of rice, but had no effect on other quality parameters studied. Optimum K could be supplied by applying 60 kg K2O ha-1 to each of the crop but not at lower doses.

Saha et al. (2007) carried out a seven year long field trial on integrated nutrient management for dry season rice (Boro)-green manure (GM)-wet season rice (T. amun) cropping system at the Bangladesh Rice Research Institute Farm, Gazipur during 1993-1993. Five packages of inorganic fertilizers, cow dung (CD), and dhaincha (Sesbania aculeate) were evaluated for immediate and residual effect on crop productivity, nutrient uptake, soil-nutrient balance sheet, and soil-fertility status. Plant height, active tiller production, and grain and straw yields were significantly increased as a result of the application of inorganic fertilizer and organic manure. Usually, the soil-test-based (STB) fertilizer dose for a high-yield goal produced the highest grain yield of 6.39 t ha-1(average of 7 years) in Boro rice. A positive effect of GM on the yield of T. aman rice was observed. 

Sharma and Verma (2000) conducted an experiment in Acid Alfisols of Palampur. It was observed that among different K fractions non-exchangeable K was the most important K fraction contributing to K nutrition of rice and wheat grown in sequence.  

Shen et al. (2003) studied the effect of N and K fertilizer on the yield and quality of paddy. Potassium fertilizers significantly improve all quality parameters and yield at 450 kg N ha-1and equal amounts of K fertilizer applied to paddy fields are optimum to obtain high yield.
Simonete et al. (2002) conducted an experiment to evaluate residual effects of potassium fertilizer application through ryegrass on subsequent rice. Treatments consisted of three K levels applied on the ryegrass (0, 0.5 and 1.0 times the recommended dose of 70 kg K20 ha-1) and four K levels on the rice grown after the ryegrass (equivalents to 0, 0.5, 1.0 and 1.5 times the recommended dose of 60 kg ha-1 K20). The results indicated that: (a) the available K after the cultures did not increase in this soil with potassium fertilizer application in the recommended doses; (b) the ryegrass potassium fertilizer application residual effect to the following culture, in this soil, was equivalent, at least, to 56% of the applied potassium contained in the aerial part of ryegrass.

Singh and Singh (2000) conducted a field experiment to study the effects of K fertilizer rates and application methods on rice cv. Saket 4-wheat cv. PBW 226 cropping system in Uttar Pradesh, India. Nine K treatments were consisted. Simultaneous application of K and N produced better results than N alone. The highest K use efficiency and cost: benefit ratio was at 80 kg N ha-1+ 40 kg K ha-1. The control treatment gave the lowest values for yield, yield attributes, and N and K uptake in both crops. The highest yield, yield attributes, and N and K uptake was recorded at 60 kg K ha-1, regardless of application methods. 

2.2 Soil Fertility and Crop Production

Soil fertility is the nutrient supplying ability of the soil. It means the capability of the soil to supply nutrients that enhance plant growth (Follet et al. 1987). Productivity is a function of a soils natural fertility and nutrients added as fertilizer, organic residue and other sources; soil physical and biological properties; climate; management and other non-inherent factors used to produce crops (Follet and Wilkinson 1985). 

Soil fertility plays such a key role in the productivity of cropping systems that its declination has become a major biophysical constraint to crop production. It is also used in a wider sense to cover any soil property that influences plant growth. Nutrient management includes the ways to recycle nutrients, replacement of lost nutrients with external inputs, and to improve the inherent fertility of soils (DFID 2002). 

Integrated use of fertilizer and manure or crop residues can be an efficient practice for higher crop yields without degradation of soil fertility. A 30% reduction in recommended fertilizer application is possible through the use of manure or crop residue (Zaman et al. 2002). Nambiar (1991) viewed that integrated use of organic manure and chemical fertilizers would be quite promising not only in providing greater stability in production, but also in maintaining higher soil fertility. According to Rahman and Ranamukhaarachi (2003), soil fertility often changes in response to land use systems and land management practices. Soil fertility and productivity changes over time and this change is towards negative direction because of intensive cropping with modern varieties, improper and imbalance use of fertilizers and manures (FRG  2005). 

Ali (1992) reported that organic matter status is poor in most soils of Bangladesh, except some pockets of forest and basins. Soil organic matter content in soils of Bangladesh is low due to increase in cropping intensity (Karim et al. 1994). Saleque et al. (2004) found that increase in cropping intensities enhanced nutrient mining from the soil, because the removal of nutrient by crops has exceeded annual replacement with fertilizers. Intensive cropping promotes high levels of nutrient extraction from the soil without providing opportunities for natural regenerating processes (Narang et al., 1990). Modern agricultural systems have caused progressive degradation of soil structure and depletion of soil fertility due to reduction in soil organic matter (Masciandaro et al. 1997).

Fertile soil is the fundamental resource for higher crop production; its maintenance is a prerequisite for long-term sustainable crop productivity. Soil organic matter is a key factor for sustainable soil fertility and crop productivity. Organic matter undergoes mineralization with the release of substantial quantities of N, P, and S. and smaller amount of micronutrients. In Bangladesh, most of the cultivated soils have less than 1.5% organic matter, while a good agricultural soil should contain at least 2% organic matter. Moreover, this important component of soils is declining with time due to intensive cropping and use of higher doses of nitrogenous fertilizers with little or no addition of organic manure. Consequently, Zn and B deficiencies are frequently reported in some soils and crops in Bangladesh (Jahiruddin et al. 1995; Mondal et al. 1992). 

Over the past three decades, intensive crop cultivation, removal of crop residues including roots, and use of N fertilizers have reduced considerably both soil carbon (C) and N in Bangladesh (Ali et al. 1997). To meet increasing production demands, farmers have replaced low-yielding cultivars with high-yielding ones and have replaced organic manures with chemical N fertilizers, mainly urea. However, response of rice to N is decreasing, as now it requires more N fertilizer to achieve higher yield (Cassman et al. 1997). 

It is documented in several studies that the use of low doses of fertilizers cause nutrient mining and overdoses cause environmental hazard affecting soil and water quality. The imbalance nutrient application causes loss of soil fertility, reduced crop yield and environmental degradation (IFA 2008).

2.3 Cropping Systems in Agriculture

Cropping pattern implies the proportion of area under different crops at a point of time. A change in cropping pattern thus implies a change in the proportion of area under different crops. The cropping pattern in an area depends largely on agro-climatic, technical and institutional factors (Vaidyanathan, 1987). To be more specific, the cropping pattern is governed by the law of comparative advantage in relation to agro-climatic conditions (Vyas 1996). 

The change of cropping pattern is basically the results of the adoption of new crops and the intensification of cultivation through multiple cropping. More precisely, changes in cropping pattern over time are also function of changes in the extent and quality of irrigation and the relative costs and returns to competing crops and crop combinations. The introduction of a new seed variety also alters the cropping pattern by reducing the maturity period of the crops. Moreover, with the application of technical innovation, institutional reforms of extension facilities can lead to a yield rate induced cropping pattern change (Parikh 1966). Obviously, farmers will go in favour of those crops for which the yield levels are high and have reasonable market demand for crops. Irrigation also plays a very important role in cropping pattern changes. Management practices in a crop of a cropping pattern greatly influence the other crop. Puddling of rice soil creates a plough pan and results in poor soil structure. This in turn, causes water logging, poor root growth and poor availability of nutrients for the next upland crop like mustard. This suggests that in cropping system, sustainability of soil fertility may declination in the long run. In an intensive fertilizer use programme, due consideration must be paid to the residual and cumulative effects of the plant nutrients applied to the preceding crops (Sheikh et al. 2009). 

Soil is the natural resource of a country. But it is being exhausted with the increase of cropping intensity, introducing high yielding varieties along with modern technologies. As a result, soil resources are going to be depleted with many essential elements day by day (Hasan et al. 2003). Generally, farmers are using low or high amount of chemical fertilizer for individual crop without considering cropping pattern for the whole year. As such, huge amounts of fertilizers are being misused each year in crop cultivation and create imbalances in soil nutrients as well as environment (Noor et al. 2008; Kabir et al. 2002). The increased use of fertilizers and pesticides by farmers for getting expected yield is creating problems of groundwater contamination with nitrates (Singh et al. 1995). Soil is also getting polluted with most common heavy metals like lead (Pb), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), and metaloaid like arsenic (As) and mercury (Hg). These metals obtained from industrial wastes, irrigation water, fertilizers, pesticides and other various agro-chemicals (Rowshan Ara 2006).   

The role of cropping systems in agricultural production is becoming increasingly important. Thus, for a developing country like Bangladesh to boost its food production so as to meet the demands of the increasing population, attention needs to be given not only for the enhancement of productivity of cropping systems but to their sustainability as well (Sanchez  et al. 1997; Smaling et al. 1997). The major cropping pattern in Bangladesh agriculture mostly consist of rice based cereal crops (Haque 1998). Among the cropping systems in Bangladesh, continuous cropping and fallowing, and intercropping/mixed cropping are the most dominant. These cropping systems, however, differ from one land use system to the other (NSFMAP 1998). Cropping  intensity  has  increased  substantially,  with  an  increasing  proportion  of  land  being double- or  triple-cropped. This cropping intensity increased due to increase irrigation facility in dry (Rabi) season (Dey and Haq 2009). 

In order to improve the productivity of cropping systems so as to arrest the worsening economic conditions in the country, there is the need to study nutrient dynamics in the various cropping systems. The knowledge of soil fertility variation in different cropping systems provides a strong foundation for sustainable agricultural production (Ranamukhaarachchi et al. 2005). Anderson et al. (1997) reported that cropping systems have different effects on soil properties and thereby governing the soil conditions. This is partly due to the nature of nutrient uptake by the different crops (FRG 2005). The present challenge is to sustain soil fertility in cropping systems operating at high productivity. 

Rice based cropping systems are of prime importance in global food production especially in South East Asia (Huke and Huke 1997). There has been a decline in productivity of paddy rice in India; this decline has been attributed to continuous mono cropping of rice and excessive dependence on chemical fertilizers that has lead to decrease in soil N and degradation of soil. This problem can be partly solved by changing from continuous rice production systems to growing rice-legume cropping systems (Prasad et al. 2002). 
According to Maciaszek et al. (1987), the use of legumes in cropping systems with non-legumes helps restore soil productivity. Sharma and Prasad (1999) recommended sowing a short duration mungbean and incorporating its residues during the summer months to ensure the sustainability of the rice-wheat cropping system. Inclusion of a pulse crops in the cropping pattern would improve the soil fertility and productivity. Balasubramanian and Sekayanae (1991) reported that biomass of legumes improved soil fertility and increased crop yield. 

Maize–rice is becoming a major cropping pattern in Bangladesh. Both maize (Zea mays) and wet land rice (Oryza sativa) are sensitive to Zn deficiency. Mungbean (Vigna radiata) is a high value pulse and the crop can be successfully grown during the time between two cereal crops due to short life cycle. Mungbean is a good option since seeds can be obtained as return and the residue can be incorporated into the soil as manure (called brown manure) (Hossain et al. 2008). Soil fertility is the major determinant for the success and failure of a crop production system. Long term soil fertility monitoring under a specific cropping system would be of great help in determining a better soil fertility management programme for sustaining productivity (Sheikh et al. 2009). 

2.4 Nutrient Uptake by Crops in Acid Soils
Nutrient uptakes by the crops have been calculated from the results of crop yield and nutrient concentration of grain and stover/straw. In a long-term field experiment conducted by Sherehan and Gurung (1998) on an acidic soil at Kathmandu, Nepal different combinations of compost and inorganic fertilizers were applied to a rice-wheat cropping system. Total uptake of nitrogen, phosphorus and potassium by wheat (straw and grain) were found to be the highest in the treatment having 60:30:30 kg N:P2O5:K2O ha-1 plus 15 t compost per ha which gave the highest wheat yield. N and K uptake by rice was highest where the previous crop (wheat) was given combination of compost and inorganic fertilizers. The effect of green manuring on chemical, physical and biological attributes of the soil was reviewed by (Alleoni et al. 1995) and they explained that green manuring increased in nitrogen and other nutrients content and availability. 
 A study conducted by Sing et al.  (1999) in the same country the experiment plots were given 60 kg N ha-1 from paddy straw and urea at 3:1 ratio, farmyard manure and urea at 1:1, Sesbania rostrata green manure alone and Sesbania rostrata and urea at 1:1 ratio in all treatments and it was seen that nitrogen uptake by rice was the highest with green manure+urea. Application of 25 percent organic nitrogen as basal and 75 percent inorganic nitrogen as top dressing enhanced the available of N in soil, thereby, induced the N uptake and augmented higher rice yield (Omar Hattab et al. 1998).

 Yoshida (1981) observed that Ca, Mg and K contents in rough rice were about 0.4, 1.5 and 7 kg ton-1 and rough rice production was about 2 t ha-1 in the plot without fertilizer. Shanmugam and Veeraputhran (2001) reported that the N uptake by rice was markedly by Zn application. Islam and Haque (1998) reported that the K uptake by crops markedly decreased when Zn was not added in the rice based cropping pattern. Crop residues are an important source of soil organic matter vital for the sustainability of agricultural ecosystems. 
About 25% of N and P, 50% of S and 75% of K uptake by cereal crops is retained in crop residues, making them valuable nutrient sources (Singh 2003).Sharma and Sharma (2006) reported that the rice–wheat–mungbean cropping system heavily depleted the soil, removing 220–280 kg N, 30–50 kg P and 210–270 kg K ha–1   year–1. Application of NP or NK resulted in a significant increase in the N, P and K uptake of rice compared with N alone, while the application of NPK resulted in significantly better N, P and K uptake by rice than the N, NP or NK combinations.

The N uptake of wheat was significantly increased by combined application of NP and NK compared to N alone and by NPK compared to N, NP and NK. Compared to N alone, the application of NP significantly increased the P and K uptake by mungbean, whereas NK had no significant effect on the N, P and K uptake of mungbean. The application of NPK significantly increased the N, P and K uptake of mungbean compared with N, NP and NK. 
Panaullah et al. (2006) reported that at Joydebpur, K uptake for soil test based (STB) ranged from 111 to 119 kg ha−1 and for FP from 67 to 88 kg ha−1. At Ishwordi, the corresponding values ranged from 219 to 239 kg ha−1 and from 189 to 216 kg ha−1. The effect of retention of mungbean residue on K uptake in straw and grain by the RW system was, however, not significant at any site (p < 0.05). The larger K uptake under STB at all sites is attributable to greater N application, which promoted greater biomass.Timsina et al. (2006) reported that annual N uptake in the +N treatments was approximately double that in the –N treatments. Both (wheat and rice) crop-level and system-level N uptake were consistently and significantly greater under STB than in FP fertilizer management. 

Saleque et al. (2006) reported that the total (grain and straw) P uptake by various crops varied significantly across sites and pre-rice crop and fertilizer management treatments. The total P uptake by mungbean ranged from 3.3 to 10.7 kg ha−1, with greatest uptake for STB treatments. The total P uptake by rice across sites and treatments ranged from 9.3 to 23.3 kg ha−1with N and from 6.3 to 13.0 kg ha−1 without N. The uptake by wheat ranged from 8.7 to 11.0 kg ha−1with N and from 4.3 to 5.0 kg ha−1 without N. Comparing across fertilizer treatments, P uptake by mungbean was significantly greater for STB than for FP. Timsina et al. (2006) reported that the mean annual system-level N input for the +N treatments ranged from 190-379 kg ha-1 at Joydebpur, 217-336 kg ha-1 at Ishurdi, and 201-429 kg ha-1 at Nashipur and for the –N(control) treatment. Considering non-symbiotic BNF of 40 kg ha-1 by rice crop-1, symbiotic BNF of 70% of the total N uptake by mungbean, and no N losses, all+N treatments had a positive N balance, which ranged from 24-190 kg ha-1. However, the –N treatments showed a negative balance of 40-49 kg N ha-1, when 30% N loss was considered in the balance, most FP treatments resulted in a negative balance (-37-9 kg ha-1), while STB treatments maintained a positive balance (1-62 kg ha-1). The control (-N) treatments had negative balance of -55-64 kg ha-1.

Due to negative nutrient balances, significant depletion of soil nutrients such as K or P seems to occur in irrigated rice areas of tropical Asia (Dobermann et al. 1996). However, most current knowledge about nutrient balances and soil fertility status in irrigated rice systems is based on data from a few long-term experiments. There are considerable uncertainties about crop N, P and K requirements because the internal efficiencies vary greatly depending on nutrient supply, crop management and climatic conditions. The soil nutrient balance after 3 cycles showed negative balance for N and K and positive balance for P when application-1 exceeded 110 kg P ha-1 (Abedin and Mukhopadhyay 1990).
 Panaullah (2006) reported that there were large negative apparent K balances in all treatments at all sites (range: −25–212 kg ha−1), with the greatest at Ishwordi and the smallest at Joydebpur. Soil K balance responded differently to the retention of residues across soils, and positive effects could be observed on clayey soils. The amount of soil P removed by crops needs to be replenished through the application of fertilizer P and manure to maintain soil P balance. About 2.5–3.5 kg P is required to produce one ton of rice, and about 3.5–4.5 kg for one ton of wheat (Duivenbooden et al. 1996; Timsina and Connor 2001). 

Double cropping of rice and wheat in India removed about 35 kg P ha−1 (Prasad et al.  1999). A rice crop depletes about 7–8 kg P ha−1 when P fertilizer is not used, while an application of about 20 kg P ha−1 may cause an accretion of about 4–5 kg P ha−1. Applying of 20–25 kg P ha−1 in order for rice to maintain a good P balance in soil (Dobermann et al. 1996).  Gill and Meelu (1983) reported that the application of 26 kg P ha−1 to wheat in R-W systems would be enough to meet P demand for wheat and for the subsequent rice crop. However, the amount of P application obviously depends upon the crop demand and soil-supplying capacity. Here, investigations were performed to detect the P deficiency, if any, in rice, wheat, mungbean, and maize, and to compare the farmers’ practice (FP) and soil-test-based (STB) doses of fertilizers on N, P, and potassium (K) nutrition of those crops, as well as to calculate apparent N, P, and K balances for both doses under rice-wheat-maize and rice-wheat-mungbean cropping sequences on three soils of Bangladesh. Here reported the total P uptake (or removal) and balances for three RW sequences over a three-year period (Timsina et al. 2005; Panaullah et al. 2005). 

Rijmpa and Jahiruddin (2004) reported that the overall N balances of Bangladesh soils were negative (–10 to –100 kg N ha–1yr–1), the P balances were near zero and the K balances were highly negative (–100 to –225 kg ha–1yr–1). The apparent balance of N in the rice-wheat system was also found to be negative (Timsina et al. 2001). Application of balanced doses of chemical fertilizers and the integrated use of cow dung, ash and chemical fertilizers produced a positive yield trend for rice in long-term experiments at the BRRI farm (Saleque et al. 2004). Crops grown in different cropping patterns and environment responded differently to fertilizer nutrients. Mineral fertilizer inputs are the crucial factors to the overall nutrient balance in intensive cropping systems (Islam and Haq 1998). In Bangladesh, nutrients deficiencies have occured mainly due to continuous mining of these nutrients from soil mainly due to incresaed cropping intensity. On the other hand, farmers do not choose proper cropping systems to maintain the fertility status of soils. It is the market situation and price that often dictate the selection of crops, which is mainly to raise family incomes. This situation, when continued will eventually affect the sustainability in agricultural production in a given land (Ranamukhaarachchi et al. 2005).  

2.5 Crop management with inclusion of a legume crop

Choice of crops and cropping patterns might be an important factor for maintaining organic matter status of soil. Intensive cropping without appropriate soil management practices often leads to a decline in soil fertility and consequently in declined crop productivity. 
Havlin et al. (1990) reported that the sustaining or increasing crop productivity depends on soil and crop management practices that maintained or increased soil organic matter. They reported that crop management system that included rotation with crops having high residues and maintenance of surface residue cover with reduced tillage resulted in greater soil organic C and N over without crop rotation.

Intercropping of grain legumes with cereals is good for higher productivity and for improving organic matter status of soil. Organic matter status of the soil can be raised up to 1.43% by intercropping of mungbean with Aus rice (Hoque et al., 2000). Thus accommodation of legumes in the cereal based cropping patterns can improve the soil health. 
An important issue of rice-wheat system is the decline in partial factor productivity (Yadav, 1998), decline in soil organic nitrogen (SON) (Yadav, 1998) and decline in soil organic carbon (SOC) and nutrient-use efficiencies (Yadav, 1998; Timsina et al., 2001). Legumes might have potential to revert the decline of SOC and SON and increase the nutrient-use efficiencies. Sharma and Prasad et al. (1999) and Aulakh et al. (2000) reported an interactive effect of fertilizers and mungbean residues on total system productivity of rice-wheat systems in the semi-arid areas of the Indo-Gangatic plain. Field experiments were conducted under irrigated condition involving wheat-mungbean-rice (mungbean residues removed or retained). The total system productivity was found greater (11-15%) for soil test based (STB) fertilizer treatment than that of farmers’ fertilizer treatment. Incorporation of mungbean stover increased the yield of rice (3.06%) over soil test based fertilizer treatment. The highest benefit- cost ratio (2.40) was recorded with the inclusion of mungbean in rice–wheat system either incorporated or removed with soil test or farmers’ fertilizer doses (Chowdhury et al., 2002).

It was observed that the inclusion of legume as the third crop during summer season in the rice-wheat sequence proved better in enhancing the productivity of the sequence (Soni and Kaur, 1984). Padhi (1993) also reported that in intensification of rice wheat with summer cowpea not only enhanced the productivity of rainy and winter crops but also increased the total production on a rice equivalent basis. Similarly, Gangwar et al. (2005) observed that substitution of winter cereals with legumes in the cropping system was beneficial but rice during the rainy season substituted with legume crops, resulted in monetary losses. However, according to Singh and Verma (1998), the higher net returns from legume-based cropping sequences were merely because of the low cost of cultivation of these sequences.

Inclusion of pulse crop in rice-wheat system has been found more beneficial than cereal-cereal sequence (Kumpawat, 2001; Raskar and Bhoi, 2001). Legume crops fix atmospheric N, enrich soil fertility and help to sustain the long-term productivity of cereal-based cropping systems. It is well documented that the rice-wheat cropping system can be diversified using grain/fodder legume or Sesbania for green manure as a substitute crop (Bohra et al., 2007). The legumes in rotation are not only responsible for biological nitrogen fixation, but they also improve nutrient availability, soil structure, reduce disease incidence and promote mycorrhizal colonization (Wani et al., 1995).

2.6 Summary of Literature Review
The foregoing literature is a clear indicative of the positive influence of lime with Phosphorus and Potassium contain fertilizer TSP and MoP application on soil fertility and crop productivity in acid soils. Although a number of studies have been done in Bangladesh with respect to lime application in some major crops and cropping patterns, work of this kind is highly limited in the Old Himalayan Piedmont plain (AEZ-1) and North Easthern Braind Tract (AEZ-27) areas where soils are less fertile and organic matter is little used. Thus, it justifies to undertake study with regards to the effect of lime with P and K application on crops yield in the both AEZ’s soils. [image: image1.png]
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