Disscussion

Chapter 5
DISCUSSION

To evaluate the effects of lime, P and K on yields of crops, nutrient uptake and soil properties, experiments were carried out in acid soils at Two sites i.e. HSTU farm and FF under Dinajpur distrct for consecutive two years, from November 2012 to October 2014 following two cropping patterns viz. Wheat-Mungbean-T.aman and  Wheat- Fallow-T.aman.  The data generated on yield and yield contributing characters of crops, soil and plant analyses are discussed here. 

5.1. Effect of lime on soil pH:

Lime was applied to the first crop only and its residual effects were evaluated on the 2nd to 6th crop for wheat–Mungbean-T.aman and 2nd to 4th crop for wheat fallow T.aman cropping patterns over two crop cycles. Application of lime increased the pH of soils up to 18 months then a decrese was observed(Fig.5.1).The effects of higher dose of lime on soil pH (2 t ha-1) was dominant over the lower dose probably because of the higher amount of bases which was applied through higher dose. Conducting a similar work with acid soil Bodruzzaman (2010) reported that under field condition liming increase soil pH up to 12 months. However, it seems from the results that the buffering capacity of soils under this study was higher as a consequence it took more time to reach the pH up to the highest level than the previous study. Figs. 5.1 to 5.4 indicated that slope of soil pH Vs time curves were steep up to 6 months and almost flat from 6-18 months in both locations and patterns. Afterwards, a decreasing trend was noted. This indicated that the soil lime reaction was continued up to 18 months at different rates. The different worker also reported that lime gradually increase the pH of acid soil upto different period of 1-2 years (Samia, 2014; Makaya, 1988; Patiram et al. 1990; Mausumi and Kumar, 2002).       
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Fig: 5.1. Changes in pH of soil with time under different treatments in Wheat-
                Mungbean-T.aman cropping pattern at HSTU
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Fig: 5.2. Changes in pH of soil with time under different treatments in Wheat-                 

                fallow-T.aman cropping pattern at HSTU
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Fig:  5.3. Changes in pH of soil with time under different treatments in Wheat-
                  Mungbean-T.aman cropping pattern at Farmer’s field
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Fig: 5.4. Changes in pH of soil with time under different treatments in Wheat-
                fallow-T.aman cropping pattern at Farmer’s field
The changes in pH due to liming was higher at FF (1.18-1.21 unit ) than at HSTU (0.86-0.90 unit). The soils of FF was more acidic (pH 4.80) and probaly less buffered than the soils of HSTU, whose pH was higher than FF (initial pH 5.41 at HSTU and 4.8 at FF). As a result, the rate of increase was higher at FF.

5.2. Wheat-Mungbean-T.aman cropping pattern

The initial fertility status of soils under this study were very low-to-low in both the locations. Application of lime, P and K in these soils in different combinations remarkably increased most of the yields contributing characters and yields of wheat at both sites. This increase in yield was probaly due to reduction of soil acidity and increase in the Ca and Mg status of soil as dolomite contains 20% Ca and 12% Mg (Anderson et al. 2013, Uchida and Hue, 2000). But the increase in yield did not reach the expected level as P and K were limiting. As a consequence of which, the yield increased gradually due to sequential application of P and K with lime. The highest yield was obtained when P, K and lime were added together under basal application of other nutrients. Zhang et al. (2004) examined the yield and quality of winter wheat as affected by lime. They found that lime increased soil pH as well as yields of wheat and chickpea nearly doubled in the first year after liming. In Bangladesh, Rahman et al. (2005) conducted field trials with wheat-rice cropping pattern at Rangpur and Dinajpur over three years with three rates of lime rates (0, 1.2 and 2.4 t dolomite ha-1) and six fertilizer treatments. They observed that the wheat and rice crop yields increased satisfactorily with lime application in acid soil.  Such increase in yield due to liming and fertilization in acid soils were also reported by several workers (Kaitibie et al. 2002 and  Scott et al. 2001).
 As stated earlier, the yield and yield contributing characters of mungbean increased significantly due to different treatment combinations. It is stated above that the soils of the experimental sites were deficient in P, K, Ca and Mg and others. As a result of this, the yield was increased when these nutrients were added through lime and fertilizers. Yadav et al. (1997) reported that the application of P, S, Zn, Cu, B, and Mo promotes the growth and development of pulses and increased the productivity. Anonymous (2000) also reported that B application increased the number of pods plant-1 and seeds pod-1 of pulse.
The yield of mungbean was comparatively higher in first year than that in second year at HSTU in all treatments while at FF the yield was comparatively higher in second year than that in first year. Due to strong acidity at Farmer’s field, the germination of wheat and mungbean seeds were severly affected because of which the number of plant per unit area was very low with stunted growth at control plot. As a conseqence, mungbean yield was extremely low in control plot. But liming and fertilization improve the soil fertility and hence higher yields. This low yield of control plot was responsible for getting the higher percent yield increase at FF (599.02%). In first year, the mungbean was attacked by insects and pests at FF, pesticide was also spread on crops but due to high amount and intensity of rainfall (Appendix: 9.41) the pesticide did not function effectively. In addition to this, there was water stagnation in the field due to high rainfall as well as moderate drainage condition for fine soil texture. This situation was probaly responsible for getting low yield in 1st year than in 2nd year at FF. However, the mean yield increase of 84.52% and 599.02% over control were found due to L1PK treatment at HSTU and FF, respectively (Figs: 4.3 and 4.4). Similar yield increase due to liming and fertilizers were also found by other researchers (Kamprath and Foy, 1985; Moody et al., 1995; Samia, 2014).  
Waterlogging of soil in rice field during rice cultivation increase the soil pH (Ponnamperuma, 1972). The soils of experimental plots were deficient in P, K, Ca and Mg. Under this situation, the increase of rice yield due to lime alone was possibly for the Ca and Mg of lime because these two nutrients were highly deficient in soils of experimental fields. However, the yield was not very high because of deficiency of other nutrients specially P and K. 
At both the locations and years, the highest yield was found due to lime with P and K application. However, the highest yield obtains due to application of P and K with lime confirmed the deficiency of K and P in soils under these studies. Quddus (2013) reported from his experiment that the acid soils are deficient in P and K in addition to Ca and Mg and application of these nutrients through lime and fertilizer increased the yield of wet land T.aman rice. Bodruzzaman (2010) evaluated crop response to lime application in the wheat-rice cropping patterns and reported that the addition of 1 t dolomite ha-1 increased the yield by 35-38% in the first crops (wheat) and 31-35% in the second crops (T. aman rice) due to liming. Several workers also found similar effect of lime, P and K on rice in acid soil (Islam et al, 1996; Subbaiah and Mittra 1997; Mitra et al. 2001). 

According to BARC (2012), the status of available P of soil was medium at HSTU and low at FF and the status of soil K was low in both the locations. Application of P and K with lime remarkably increased the yield of rice. The response of rice to P was lower at HSTU (almost 18-25% over lime) than at FF (almost 25-27% almost over lime). This variation in response of rice was mainly associated with P status of both locations. The yield increased due to K was higher at FF than at HSTU but the yields due to L1PK and L2PK treatments were almost similar at both locations. The yield of control plot was lower at FF most probably for higher acidity and low fertility compare to HSTU. 
An amount of almost 16.95-40.84 kg P and 90.12- 257.45 kg K was taken up by three crops of wheat-mungbean-T.aman cropping pattern at HSTU. The amount of uptake of these nutrients were 8.47-36.03 kg P and 48.35-248.57 kg K at FF (Appendix: 9.22). 
Out of these total uptake, the uptake of P by wheat was the highest followed by T.aman however, the uptake of K by T.aman was the highest followed by wheat. 
The concentratoion of P and K was the heighest in seed and stover of mungbean but its uptake was the lowest because of lower yields than other crops. 
Between T.aman and wheat the concentration of these two nutrients were higher in wheat hence its uptake was also higher except K.  The grain K content of T.aman was lower than wheat and mungbean but its straw K content was much higher which actually contributed to highest K uptake than others. Irespective of locations, 34-69 kg P and 147-162 kg K were added to the soil, howerver, the uptake of K was much higher than the added amount. 
The application of dolomite (CaCO3.MgCO3) increased Ca and Mg concentrations in soils. This result was consistent with findings of Havelin et al. 2010 and Erani et al., 2002. Again, a general reduction of Ca and Mg availability in soil was observed at post havest soil. This was mainly due to crop uptake (Cifu et al., 2004; Chang and Sung, 2004). A build up of P was found in P treated plots with the highest value in lime, P and K containing treatments (L1PK) than in the other treatments. Quddus (2013) and Saleque et al. (2006) also expressed the same effects.  
5.3. Wheat-fallow-T.aman cropping pattern

The response of crops under wheat –fallow-T.aman cropping pattern to different treatments was similar to wheat-mungbean-T.aman cropping pattern. The difference in yield was negligible between the patterns however; total nutrient uptake was higher in wheat-mungbean-T.aman pattern than wheat-fallow-T.aman for addition of mungbean in the pattern. Cost of cultivation as well as gross margin and BCR were lower in wheat-fallow-T.aman pattern than wheat-mungbean-T.aman. The lower cost of cultivation and higher market price of mungbean were mainly the reasons for the obtained higher gross margin and BCR in wheat-mungbean-T.aman cropping pattern than Wheat-fallow-T.aman.
5.4 Cost and return analysis of different cropping pattern 

The role of cropping pattern in agricultural production is most important. In order to improve the productivity of crops to arrest the deteriorating economic conditions in the country, it is necessary to study economics of liming with fertilizer application in acid soil on the two cropping patterns. 
Between the two cropping patterns, the wheat--mungbean-T.aman got the highest benefit cost ratio (BCR 2.32 and gross margin Tk. 1,40,866.00 ha-1 yr-1  at HSTU and BCR 2.40 and gross margin Tk 1,44,826.00 ha-1 yr-1 at FF) followed by wheat-fallow-T.aman (BCR 2.16 and Tk 89,757 ha-1 yr-1 at HSTU and BCR 2.40 and Tk. 1,05,113.00 ha-1 yr-1 at FF). The wheat--mungbean-T.aman pattern gave comparatively high BCR due to higher market price of mungbean as well as low cost of production. 
In the light of obtained gross margin, BCR and contribution to soil fertility the wheat--mungbean-T.aman cropping pattern is also found economically viable for both the locations. The gross margin and BCR of wheat--mungbean-T.aman and wheat-fallow-T.aman are significantly different, but the nutrients requirement of wheat--mungbean-T.aman cropping pattern is higher and the soil gets more exhausted than wheat-fallow-T.aman pattern (Table: 5.1). 
Table 5.1 Effect of cropping patterns on nutrients uptake by crops (Average of two locations)

	Crops
	N
	P
	K
	Ca
	Mg
	S
	Zn
	B

	
	Kg ha-1

	Wheat-Mungbean-T.aman
	86.71-269.17
	12.71-38.44
	69.24-253.01
	13.74-46.08
	11.67-42.72
	8.28-33.84
	0.29-0.85
	0.13-0.44

	Wheat-fallow-T.aman
	62.02-187.58
	9.34-29.19
	49.81-187.88
	10.20-33.87
	9.21-33.14
	7.62-28.53
	0.26-0.74
	0.11-0.33


In Wheat-T.aman (wheat--fallow-T.aman) cropping pattern, only two crops were cultivated in both locations and years. The cost of cultivation wheat or T.aman is 
higher than mungbean, but the market price of mungbean is much higher than wheat or T.aman. On the other hand, the gross margin and BCR of wheat-mungbeam-T.aman were higher than wheat-fallow-T.aman for these reasons, wheat-mungbeam-T.aman is more profitable cropping pattern. Working with different cropping patterns Quddus, (2013) reported that the BCR of wheat-mungbean-T.aman cropping pattern was higher than other patterns.  
5.5 General discussion:
It appears that crops grown under two patterns significantly responed to the lime, P and K at experimental sites, where the effects of lime was more prominant than P and K in both locations, specially more prominent on dry land crops like wheat and mungbeam. Such increase in yield due to lime on dry land crop was reported by several workers (Samia, 2014, Scott et al., 2001; Li et al., 2001; Rahman et al., 2005; Bodruzzaman, 2010; Kaitibie et al., 2002; Tang et al., 2003; Ram et al. 1992; Gupta et al., 1989).
The response of crop to added P was relatively low in both the locations compared to lime and K. The lower response of dry land as well as wet land rice crop to added P at HSTU was lower than FF because P status was higher.  Literature showed that considerable amount of added and native P was fixed by Fe, Al and Mn in acid soils. This is attributed to the addition of lime, which, reduced soil acidity, increased the availability of P, Ca and Mg and decreased availability of Fe, Mn and Al.  As the soils of FF was strongly acidic, significant amount of P was probably fixed by Fe, Al and Mn oxide as a consequence of which the effects was lower. Such type of effect was also found by several workers (Costa and Rosolem, 2007; Osei, 1995 and Scott et al., 1999). 
The response of crops to added K was lower than lime but higher than P. This was due to very low K content of soil. It is evidenced from the uptake of considerable amount of K by the crop from K control plots. An amount of 100 kg K ha-1 was taken up by the crop from the soil over the added amount. Soil analysis at the end of experiment also showed a decreasing trend of exchangeable K content in all plots but it was almost unchanged at K treated plot with both doses of lime. Such a decreasing trend of K content of soil due to intensive cropping without K application was noted by Sharif et.al. (2011). Excess K was probably made available to plants through decomposion of organic matter and weathering of inorganic sources (Sharif, 2009; Bijay and Yadvinder 2002; Timsina and Connor 2001; Regmi et al. 2002).

Cost analysis of lime, P and K used in crop production have showed beneficial effects in different rates. Results suggested that the use of lime alone as well as with P is not adviseable from economic as well as soil fertility point of view of acid soils. However combined application of lime, P and K is more beneficial when the status of other nutrients is optimum. [image: image1.png]
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