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 CHAPTER 4

RESULTS 
A number of experiments were conducted in acid soils of two locations i.e. HSTU experimental farm (AEZ-1) and Farmer’s field (AEZ-27) under Kushdha of Dinajpur district to see the effects of lime, P and K on yields of crops of two cropping patterns. The patterns were Wheat-Mungbean-T.aman and Wheat-Fallow-T.aman. The results generated from these experiments on yield contributing characters of crops, yields, plant and soil analyses are presented here. Data on growth, yield parameters, crop wise BCR, yield data, nutrient uptake, post-harvest soil data and patterns wise cost benefit analyses are in appendices 9.1-9.46.The mean yield data of two years are presented in graphically. The photographs of experiments are presented in appendices 9.47-9.52.

4.1. Effects of Lime, P and K application on crops in the Wheat-Mungbean-T.aman cropping pattern
4.1.1. Effects of lime, P and K on wheat
Yield contributing characters of wheat like; plant height, tillers plant-1, spike length, number of grains spike-1 and 1000-grain weight were significantly influenced by different treatments during 2012-13 and 2013-14 in both HSTU and Farmer’s field (Appendices 9.1, 9.2 & 9.3). 

4.1.1.1 Effects of lime, P and K on plant height of wheat
The plant height of wheat varied from 68.17-82.79 cm at HSTU and 53.30-72.48 cm at Farmer’s field irrespective of years and treatments (Appendix: 9.1). Application of lime alone did not show any beneficial significant effect over control although an increase was observed. A further increase in plant height over lime was noted when P was added in presence of lime. This increase was identical to lime alone at HSTU but significant at FF. The plant height again significantly increased and become the highest due to combined application of 
K with L1 and P (L1PK). In most of the cases, the effect of this treatment was statically identical to L2PK but different from all other treatments (Appendix: 9.1). It appears from the result that the effect of lower dose of lime alone as well as with P and PK in maximum cases was better than higher dose of lime alone as well as with P and PK treatments. The average increase in plant height due to  application of P with both doses of lime varied from 3.55-4.41% at HSTU whereas it was 13.76-16.34%  at FF indicating that the response of crop to added P was almost 2.5 to 4.5 times higher at FF than at HSTU.  Application of K in presence of P with either doses of lime increased the plant height from 2.32-9.00% at HSTU whereas; it was almost 9.00% at FF. The result indicates that in general, the effects of K was almost equal with either doses of lime at FF but at HSTU, its effect with lower dose of lime (L1) was almost 4 times higher than with the higher dose of lime. 
The average values of plant height of different treatments also followed the similar trend of different years. (Appendix: 9.18). In general, the wheat plant at HSTU was taller than at FF. The plant heights of different treatments were lower in second year than the first year of both locations (Appendix: 9.1). 
4.1.1.2 Effects of lime, P and K on tillers plant-1 of wheat
A significant effect of different treatments has found on tillers plant-1 of wheat in both the locations and years (2012-2013, 2013-2014). The lowest number of tillers plant -1 ranging from 1.76-1.87 and 1.36-1.75 were in control plot of HSTU and FF respectively. Results on the effect of different treatments on tillers  plant-1 are presented in appendix: 9.1. Addition of 1t lime ha-1 (L1) significantly increased the tillers plant-1 in both the locations and years. The number of tillers did not increase when higher dose of lime (L2) was applied alone.  Application of P with L1 again significantly increased the tillers number plant-1 over L1 as well as L2 treatments. Addition of P with higher (L2) dose of lime also failed to show beneficial effect over L1P treatment. The highest numbers of tillers  plantl-1, were observed in both the sites when K was added with L1P (L1PK). This treatment was statistically identical to L2PK treatment although the numerical value of L2PK was lower than L1PK. Like plant height; the effect P on the tiller number plant-1 was more prominent at FF (33.33-34.60%) than at HSTU (9.40-17.92%). However, remarkable variation in tillers plant-1, was not observed between two locations.
The mean value of Tillers per plant (average) of wheat ranged from 1.81-3.97 at HSTU and 1.56- 3.85 at FF (Appendix: 9.18). In general, the overall number of tillers plant-1 of wheat was relatively high at HSTU than at FF (Appendix: 9.1). Result showed that the no. tillers plant-1 was relatively high in 1st year than in 2nd year in both the locations. 

4.1.1.3 Effects of lime, P and K on spike length of wheat
Application of lime showed significant increase in spike length at FF but not at HSTU in both years. The spike length of wheat varied between treatments,  ranging from 8.15-10.10 cm at HSTU and 5.85-9.93 cm at FF. Higher dose of lime failed to show significant effect over lower dose at both the locations. The effects of P and PK containing treatments on spike length were statically similar but significantly higher than lime alone treatments (Appendix: 9.2).  The highest spike length observed at L1PK treatment and this was followed by L2PK and then L1PK and L2P in both locations and years. The variation between years and locations were minimum. However, it followed the trend of plant height as well as tillers plant-1. Mean data on the spike length of wheat also followed the same trends of plant height, tiller plant-1 at both locations (Appendix: 9.18).
4.1.1.4 Effects of lime, P and K on grains spike-1 of wheat
A significant effect of different treatments was found on grains spike-1 of wheat in both the locations and years (2012-2013 and 2013-2014). Application of lime increased the number of grains spike-1 over control. The number of grains spike-1 ranged from 43-61 at HSTU and 31-50.28 at FF. The effect of  lower (L1) of dose of lime was significant in 1st year at HSTU and  2nd year at FF but the effect of higher dose of lime (L2)  was significant only in 2nd year at FF.  In the other cases, their (L1 & L2) effects were significant. The lime and P containing treatments were statically identical and significantly higher than lime alone treatment but lower than lime and P, K containing treatments. Again, the lime with P and K containing treatments were statistically identical but significantly higher than rest of the treatments under the study (Appendix: 9.2).
 The mean values of grains spike-1 followed similar trends of above-mentioned parameters (Appendix: 9.18). In general, the grains spike-1 of wheat was relatively high at HSTU than at FF. Similarly, it was relatively high in 1st year than in 2nd year in both the locations (Appendix: 9.2).

4.1.1.5 Effects of lime, P and K on 1000-grain weight of wheat
Like other parameters, the 1000-grain weight of wheat also significantly affected by different treatments. The yield contributing character 1000-grain weight ranged from 43.02-55.91g at HSTU and 39.14-49.83g at FF. The result exhibited that the lime alone doses failed to showed significant effect on     1000-grain weight over control at HSTU but it was significant at FF.  The effects of lime and P treatments on 1000 grain weight were statically identical to lime alone treatments at both sites. However, application of K with lime and P containing treatments significantly increased 1000-grain weight over all other treatments under the study. Between the two K containing, treatments the effect of L1PK was more pronounced than L2PK. In both sites and year, in most of the cases, the lowest values were found in control. The mean values of grain weight followed the trend of 1000-grain weight of individual year.  Like other parameters, 1000-grain weight was also higher at HSTU than at FF and in first year (2012-13) than in second (2013-14) year (Appendix: 9.3 and 9.18).
4.1.1.6 Effects of lime, P and K on grain yield of wheat
Application of lime, P and K in different treatment combinations significantly influenced the grain yields of wheat in both sites and years (Table: 4.1). Higher dose of lime always produced lower grain yield than lower dose of lime except the yield of 2012-13 at HSTU where a little increase was noted. The effect of both L1 and L2 treatments were statistically identical and significantly higher than control. Addition of P with both doses of lime significantly increased the grain yield of wheat than single application of lime.  The yield produced by L2P was lower than L1P but statistically they were similar. The treatments L1PK and L2PK further increased the grain yield of wheat over the P containing treatments in all sites and years. These increases in grain yield were statistically significant over all other treatments with minor exception. Like in other treatments, the higher dose of lime with PK also produced lower yield than lower dose of lime except at FF in 2nd year. The result indicates that L2 with or without P and PK increased the yield but the rate of increase was lower than L1 in every cases of both locations and years. The average grain yield of wheat of two years varied from 2.10-4.40 t ha-1 at HSTU farm and 1.12-4.19 t ha-1 at FF. The highest yield was observed due to L1PK treatments and lower yield at control treatment (Table: 4.1) and average yield are shown in Figs. 4.1 and 4.2. 
These increases in yield due to different treatments were 40.12-109.52% higher over control at HSTU and 171.61-275.96% increased at FF (Fig. 4.3 and 4.4) where the highest value found in L1PK. The yield increase was much higher at FF than at HSTU. 

Table: 4.1 Effects of lime, P and K on the grain yields of wheat in the Wheat- Mungbean-T.aman cropping pattern
	Treatments


	Grain  yield (t ha-1)

	
	HSTU
	Farmer’s field

	
	2012-13
	2014-14
	2012-13
	2014-14

	Control (L0)
	2.35e
	1.86e
	1.40 e
	0.83c

	L1
	2.93d
	2.96d
	3.11cd
	2.95b

	L2
	3.09d
	2.77d
	3.04d
	2.92b

	L1P
	4.09b
	3.68bc
	3.27c
	3.10b

	L2P
	3.52c
	3.39c
	3.19cd
	3.08b

	L1PK
	4.50a
	4.30a
	4.45a
	3.93a

	L2PK
	4.24b
	3.80b
	4.16b
	3.94a

	CV (%)
	4.86
	4.96
	3.88
	4.62

	LSD0.05
	0.25
	0.38
	0.18
	0.20


Values within the same column with a common letter do not differ significantly (p=0.05)
4.1.1.7 Effects of lime, P and K on straw yield of wheat
Application of lime, P and K in different treatment combinations significantly influenced the straw yields of wheat in both sites and years. The straw yield of wheat showed almost similar trend of grain yield at both locations and years (Table: 4.2, appendix: 9.18 and Fig. 4.1 and 4.2)
Table: 4.2 Effects of lime, P and K on the straw yields of wheat in the Wheat-Mungbean-T.aman cropping pattern
	Treatments


	Straw yield (t ha-1)

	
	HSTU
	FF

	
	2012-13
	2014-14
	2012-13
	2014-14

	Control (L0)
	2.86e
	1.97e
	1.58e
	0.91c

	L1
	3.58d
	3.10d
	3.47cd
	3.28b

	L2
	3.77cd
	2.92d
	3.37d
	3.23b

	L1P
	4.99ab
	3.86c
	3.60c
	3.45b

	L2P
	4.14c
	3.78c
	3.53cd
	3.43b

	L1PK
	5.25a
	4.85a
	4.94a
	4.38a

	L2PK
	4.64b
	4.55b
	4.59b
	4.40a

	CV (%)
	7.65
	5.70
	4.18
	5.19

	LSD0.05
	0.47
	0.30
	0.21
	0.25


Values within the same column with a common letter do not differ significantly (p=0.05)
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4.1.1.8 Nutrient uptake by wheat

The grain and straw samples of wheat from HSTU farm and FF were analyzed for N, P, K, Ca, Mg, S, Zn and B concentrations. These concentrations of nutrients and yield data of wheat were used for calculating the nutrient uptake (Appendix: 9.4, 9.5). Total uptake of nutrients is the sum of uptake by grain and straw sample. The uptake of N, P, K, S, Ca, Mg, Zn and B by wheat (grain+straw) was significantly influenced due to different treatment combinations of lime, P and K under Wheat-Mungbean-T.aman cropping pattern during 2012-2013 to 2013-2014 (Table: 4.3) . The highest P and K uptake was found in the treatment L1PK followed by L2PK those were statistically significant over the other treatments in both the locations (Table: 4.3 and appendix: 9.20). The uptake of nutrients (mean of two years) by wheat varied from 40.44-104.73 kg N ha-1, 7.8-19.24 kg P ha-1 , 28.09-84.87 kg K ha-1, 8.37-22.85 kg Ca ha-1, 7.30-21.19 kg Mg ha-1, 6.56-20.51 kg S ha-1, 0.20-0.45 kg Zn ha-1, and 0.08-0.20 kg B ha-1 at HSTU. Those of 20.96- 96.46 kg N ha-1, 3.80–16.94 kg P ha-1 , 14.05-75.54 kg K ha-1,  3.87-18.18 kg Ca ha-1, 3.84-16.55 kg Mg ha-1, 2.96-17.23 kg S ha-1, 0.10-0.40 kg Zn ha-1 and 0.04-0.17 kg B ha-1 at FF (Fig:4.5a, 4.5b, 4.5c, 4.6a, 4.6b, 4.6c and appendix: 9.20 ). 

In general, the uptake of all nutrients gradually increased significantly due to L alone, LP and LPK containing treatments. The uptake was always higher due to lower dose of lime containing treatments than higher dose of lime containing treatments. The variation in nutrients uptake between treatments were mainly associated with yields of wheat and the nutrient concentrations in grain and straw samples of wheat. The uptake of nutrients by wheat was higher at HSTU because of higher concentrations as well as yields than at FF (Table: 4.3 and Appendix: 9.20). 
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Fig. 4.5 (a)
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Fig. 4.5 (b)
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Fig. 4.5 (c)
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Fig:4.6(a)
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Fig:4.6(b)
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Fig:4.6(c)
Fig. 4.6 (a, b, c): Effects of lime, P  and  K on N, P, K, Ca, Mg, S, Zn, and B uptake by wheat at FF under Wheat-Mungbean-T.aman cropping pattern (means of 2 years)
Table: 4.3 Effect of treatments on nutrient uptake by wheat (grain+straw) under Wheat-Mungbean-T.aman cropping pattern
	Treatment
	N
	P
	K
	Ca
	Mg
	S
	Zn
	B

	
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14

	 HSTU
	kg ha-1

	Control (L0)
	46.51e
	34.38e
	8.52d
	7.10e
	33.58e
	22.60e
	10.16g
	6.59e
	8.88g
	5.72f
	7.94g
	5.18e
	0.23e
	0.16g
	0.09e
	0.06e

	L1
	66.42d
	62.47d
	11.29c
	11.37d
	54.82d
	47.15d
	14.02f
	11.98d
	12.91f
	10.90d
	11.69f
	9.92d
	0.30d
	0.27e
	0.13d
	0.11d

	L2
	70.99d
	59.75d
	12.21c
	11.21d
	58.45d
	44.85d
	16.22e
	11.95d
	14.52e
	11.04d
	13.39e
	9.68d
	0.31d
	0.25f
	0.13d
	0.11d

	L1P
	97.49b
	82.85bc
	17.07b
	15.76c
	78.24b
	59.83c
	20.58c
	15.04c
	18.48c
	14.14c
	18.31c
	13.53c
	0.43b
	0.34c
	0.18b
	0.14c

	L2P
	85.08b
	77.71c
	14.58d
	14.16c
	65.52c
	58.22c
	18.51d
	15.19c
	16.32d
	13.89c
	15.55d
	13.60c
	0.36c
	0.32d
	0.16c
	0.13c

	L1PK
	108.69a
	100.77a
	19.57a
	18.91a
	89.68a
	80.06a
	24.95a
	20.74a
	22.53a
	19.85a
	22.04a
	18.99a
	0.48a
	0.43a
	0.21a
	0.19a

	L2PK
	102.00b
	90.06b
	18.15a
	16.71b
	78.72b
	72.73b
	22.15b
	18.42b
	20.00b
	17.35b
	20.32b
	17.24b
	0.43b
	0.38b
	0.19b
	0.17b

	CV (%)
	4.32


	7.08
	5.36
	6.34
	6.17
	5.11
	4.65
	5.90
	5.27
	6.68
	5.52
	6.79
	4.36
	5.05
	5.42
	8.63

	LSD0.05
	5.29 
	 7.64
	1.58 
	1.52 
	6.01 
	4.18
	1.25 
	 1.25
	1.27
	 1.31
	1.28 
	1.27
	0.01 
	0.01
	0.01 
	0.01 

	FF
	
	

	Control (L0)
	25.92g
	14.79e
	4.57d
	3.03c
	18.03f
	10.06e
	5.03f
	2.70e
	4.36f
	2.32f
	3.86f
	2.05e
	0.13e
	0.07e
	0.05e
	0.03d

	L1
	66.38d
	60.96c
	10.78c
	10.34bc
	51.91de
	47.52b
	12.63c
	11.31c
	11.03c
	9.54c
	10.42d
	9.01c
	0.29b
	0.27c
	0.12b
	0.11b

	L2
	65.58d
	60.76c
	10.53c
	10.19bc
	50.39e
	47.22b
	12.89c
	11.77bc
	11.69bc
	10.00bc
	10.97d
	9.33c
	0.28b
	0.26c
	0.12b
	0.11b

	L1P
	74.02c
	68.04b
	11.99b
	11.51b
	55.23c
	50.74b
	13.93b
	12.38bc
	12.14b
	10.42bc
	12.24c
	10.31b
	0.31b
	0.29b
	0.13b
	0.12b

	L2P
	72.34c
	68.98b
	11.71b
	11.41b
	54.50cd
	50.27b
	14.24b
	12.85b
	12.27b
	10.85b
	12.68c
	10.84b
	0.30b
	0.28bc
	0.13b
	0.12b

	L1PK
	104.37a
	88.55a
	17.75a
	16.14a
	81.30a
	69.77a
	19.89a
	16.48a
	18.24a
	14.86a
	19.16a
	15.30a
	0.44a
	0.37a
	0.18a
	0.16a

	L2PK
	97.27b
	87.99a
	16.57a
	15.87a
	73.89b
	68.08a
	19.26a
	16.26a
	17.45a
	14.55a
	17.88b
	15.44a
	0.40a
	0.37a
	0.17a
	0.15a

	CV (%)
	4.35
	4.89
	7.38
	9.17
	3.81
	4.83
	4.41
	5.99
	5.77
	6.12
	5.28
	6.43
	4.15
	4.81
	3.99
	6.30

	LSD0.05
	 4.49
	 4.575
	 1.69
	 1.71
	 3.00
	 3.46
	 0.88
	 1.04
	 1.03
	 0.92
	 0.94
	 0.97
	 0.08
	0.01 
	 0.01
	 0.01


 Values within the same column with a common letter do not differ significantly (p=0.05)

4.1.2  Residual effects of lime and renewed P and K on mungbean. 
Direct effects of lime, P and K were evaluated on the first crop (wheat). In the 2nd (mungbean) and 3rd (T.aman) crops, residual effects of lime and direct effects of P and K were evaluated in presence of renewed application of P and K. Residual effects of lime and direct effects of P and K on the yield and yield contributing characters of mungbean are described in this section (Appendices: 9.8, 9.9 & 9.10).
4.1.2.1 Effects of residual lime, renewed P and K on plant height of mungbean
Residual lime and renewed P and K in different combinations increased the plant height of mungbean ranging from 67.38–100.60 cm at HSTU and 58.45- 101.53 cm at FF irrespective of years and treatments (Appendix: 9.8). The plant height increased due to residual effects of different levels of lime but the difference between two levels were not significant at both sites and years. A further increase in plant height was noted when P was added in residual lime containing plots. This increase was statistically identical to residual lime alone in 1st year (2012-2013) only at HSTU but in other cases, it was significant over residual lime alone in both the years. The renewed PK in presence of residual lime further significantly increased plant hight of mungbean in most of the cases over LP containing treatments but at HSTU LP and LPK containing treatments are statistically similar in 1st year only. In general, the effect of L2PK was more prominent than L1PK in both years and locations although they were statistically similar (Appendix: 9.8). 
The average results of two years also showed an increase in the plant height due to renewed P and residual lime, which varied from 0.70-7.91% at HSTU and 5.67-8.73% at FF. This indicated that the response of crop to LP was more prominent at FF than at HSTU. When K was renewed with LP the plant height of mungbean increased again, by 7.29–9.58% at HSTU whereas, it was almost 20% at FF. It appears from the results that the effects of K on plant height of mungbean were 2–3 times higher at FF than at HSTU (Appendix: 9.18).The average values of plant height of different treatments also followed the similar trend of individual year (Appendix: 9.18). In general, the plant heights of different treatments were higher in 2nd year than that in 1st year in both locations. 

4.1.2.2 Effect of residual lime, renewed P and K on branches no. plant-1 of mungbean
Branch plant-1 of mungbean was significantly influenced due to different treatments at both locations (Appendix 9.8). Significant effects of different treatments were found on branch’s plant-1 of mungbean in both the locations and years. The lowest number of branch plant-1 was varied from 5.80 - 6.38 and 4.34-5.09 in control plot of both sites and years. The residual effects of 1t lime ha-1 (L1) significantly increased the branch plant-1 of mungbean in the both sites and years. The number of branch plant-1 was observed higher with lower dose of residual lime than with higher dose residual lime in both locations although an exception was exhibited at HSTU in 1st year.  Application of P in presence of residual L1 again, significantly increased the branch plant-1 over residual L1 as well as L2 treatments. Addition of P in presence of higher dose of residual lime (L2P) showed the lower branch’s plant-1 than lower dose of residual lime with P. When K was added with P in presence of either doses of residual lime (L1PK and L2PK) again, significantly increased the number of branch plant-1 in both the sites and years. The K containing treatments L1PK and L2PK were statistically identical and significant over all others treatments. The numerical value of branch plant-1 due to L2PK was lower than L1PK. At FF, the treatment containing higher dose of residual lime showed better performance than lower dose of lime in 1st year (Appendix: 9.8). 
Averaging the value of two years it was observed that the branches plant-1 varied from 17-33% at HSTU and 35-37% at FF due to application of P in presence of residual lime. However, the increase in branch per plant varied from 15-23% at HSTU and 83-88% at FF due to application of K with P in presence of residual lime. The results indicated that the response of mungbean to P and K was higher at FF than at HSTU where the response to K was strongly higher (2-5 times) at FF than at HSTU (Appendix: 9.18). The average of branch plant-1 of mungbean ranged from 6.09-17.37 at HSTU and 4.71-27.17 at FF it was followed the similar trend of individual year. However, the numbers were higher at FF than at HSTU (Appendix 9.18). 
4.1.2.3 Effect of residual lime, renewed P and K on pods plant-1 of mungbean
Effects of residual lime had significant influence on the number of pods plant-1 of mungbean (Appendix: 9.9). The number of mungbean pods plant-1 ranged from 12.18-30.70 at HSTU and 5.54-30.03 at FF. Residual effects of 1 t of lime   ha-1 (L1) significantly increased the pods plant-1 in the both locations and years over control. The treatments L1 and L2 were statistically identical at both sites and years.  Application of P with either dose of residual lime again increased the number of pods plant-1 over L1 and L2 treatments. This increase was significant at FF but insignificant at HSTU in both years. The highest numbers of pods plant-1 were observed at both sites and years when K was applied with L1P treatments (L1PK). This treatment was statistically identical to L2PK and significantly higher than all other treatments.  In general, the number of pods plant-1 of mungbean was higher in 2nd year (2013-14) than in 1st year at FF but a reverse of Farmer’s field was noted at HSTU. The effects of P on the pods  plant-1 was more prominent at FF (46.48-50.00%) than at HSTU (almost 9%). The percent increase in pods plant-1 due to addition of K with lime and P ranged from 83- 88% at FF and 7-10% at HSTU. This result indicates that the effect of K was more pronounced (9-12 times) at FF than at HSTU. The mean results of pods plant-1 of mungbean ranged from 12.71-29.25 at HSTU and 6.16-28.24 at FF. The mean value also followed the trend of individual year (Appendix: 9.18).  
4.1.2.4 Effect of residual lime, renewed P and K on pod length of mungbean
Residual effect of lime had positive influence on the pod length of mungbean (Appendix: 9.9) and varied from 6.83–9.48 cm at HSTU and 4.94–11.04 cm at FF. Either doses of lime alone (residual) significantly increased the pods length of mungbean at FF but at HSTU it was not significant in both years.  Application of P with either dose of lime (residual) again significantly increased the pod length over L1 and L2 at both sites and years except 2nd year at HSTU where the effect of P was not significant over L1 and L2.  
When K was added with P in presence of lower dose of residual lime, the highest pod length was observed at both sites and years. The L1PK and L2PK treatments were statistically identical although the numerical value of L2PK was lower than L1PK.. The effect of P on the pods length was more prominent at FF (29.82-34.83%) than at HSTU (12.53-23.20%). The pod length of mungbean (average) varied from 6.93–9.44 cm at HSTU and 5.36–10.24 cm at FF and followed trend of treatments of different years (Appendix 9.18). 

4.1.2.5 Effect of residual lime, renewed P and K on seeds pod-1 of mungbean
Residual lime had a positive influence on the number of seeds pod-1 of mungbean, which ranged from 7.15-12.08 at HSTU and 6.80-14.05 at FF (Appendix 9.10). Both doses of residual lime significantly increased the seeds pod-1 of mungbean in both years at FF but in 2nd year at HSTU over control. Application of P with either dose of lime (residual) again positively increased the seeds pod-1 of mungbean over L1 and L2 treatments in both years at FF but at HSTU it failed to show any beneficial effect. The treatments L1P and L2P were statistically similar to L1 and L2 at HSTU in both years. Residual lime and renewed P and PK showed significant effect on seeds pod-1 at FF although a minor exception existed at HSTU were their effects were not encouraging over treatments. 
Average increase in seeds pod-1 due to P with residual lime were 8.71-13.43% at HSTU and 16.32-20.00% at FF.  Again, the increase due to PK with residual lime were 5.47-8.33% at HSTU and 16.48-19.81% at FF (Appendix: 9.18).The number of seeds pod-1 of mungbean (average) varied from 7.41-11.71 at HSTU and 7.29- 13.43 at FF. The similar trends were observed in both years (Appendix 9.18). 
4.1.2.6 Effect of residual lime, renewed P and K on 1000-seed weight of mungbean
Like other parameters, the 1000-seed weight of mungbean was significantly influenced by the different treatments (Appendix: 9.10). The mungbean 1000 seed weight ranged from 27.27-44.80g at HSTU and 26.18-35.60g at Farmer’s field. The result exhibited that the residual lime alone showed significant effect on 1000-seed weight over control at both locations and years although L2 failed to show any significant effect at FF. The effects of residual lime and P containing treatments on 1000 seed weight was significant over lime alone treatments at both sites and years. However, application of PK in residual lime containing plots significantly increased 1000-seed weight over all other treatments under the study. Between the two K containing treatments, the effect of L1PK was relatively higher than L2PK on 1000-seed weight of mungbean. The 1000 seeds weight of mungbean (average) varied from 27.54– 44.98 g at HSTU and 26.90–35.58 g at FF, the average seed weight due to different treatments followed the similar trend of individual years (Appendix: 9.18). 
4.1.2.7 Effect of residual lime, renewed P and K on seed yield of mungbean 
The residual lime, P and K in different treatment combinations significantly influenced the seed yields of mungbean in both sites and years (Table: 4.4). Lower dose of residual lime, along with P and PK always produced higher seed yields than higher dose of residual lime. Residual effects of lime alone produced 0.98-1.08 (L1) and 0.95–1.08 t ha-1 (L2) of mungbean seed yield at HSTU and 0.82-0.88 (L1) and 0.72–0.82 t ha-1 (L2) at FF. 
Table: 4.4 Effects of residual lime and renewed P and K on the seed yields of mungbean under the Wheat-Mungbean-T.aman cropping pattern
	Treatments


	Seed  yield (t ha-1)

	
	HSTU
	Farmer’s field

	
	2012-13
	2014-14
	2012-13
	2014-14

	Control (L0)
	0.62d
	0.78c
	0.18f
	0.23e

	L1
	1.08c
	0.98bc
	0.82de
	0.88d

	 L2
	1.08c
	0.95bc
	0.72e
	0.82d

	L1P
	1.14b
	1.06b
	0.97c
	1.14c

	L2P
	1.16b
	1.03b
	0.90cd
	1.08c

	L1PK
	1.33a
	1.26a
	1.35a
	1.51a

	L2PK
	1.16b
	1.11ab
	1.14b
	1.36b

	CV (%)
	3.21
	12.66
	9.28
	9.69

	LSD0.05
	0.04
	0.19
	0.12
	0.14


Values within the same column with a common letter do not differ significantly (p=0.05)
This indicated that an amount of 0.20-0.46 t ha-1 (L1) and 0.62-0.65 t ha-1 (L1) of additional mungbean seeds were produced due to lower dose of residual lime over control at HSTU and at FF respectively. The residual effects of higher dose of lime although increased seed yield over control but the rate was lower than the lower dose of residual lime. Application of P in presence of residual lime further increased the seed yield of mungbean over L1 and L2 treatments. The effects of L1P and L2P were statistically similar but significantly higher than L1 and L2 except in 2nd year at HSTU where they were statistically similar. Addition of K with P in presence of either doses of residual lime again significantly increased the seed yield of mungbean over LP containing treatments in two sites and years.  The treatment L1PK was significantly higher than all other treatments in most of the cases and produced the highest seeds yield at both locations and years (Table: 4.4). 
The average seed yield of mungbean ranged from 0.70–1.29 t ha-1 at HSTU farm and 0.20–1.43 t ha-1 at FF (Fig. 4.1 & 4.2 and Appendix: 9.6).  The highest seed yield of mungbean was recorded in L1PK treatment followed by L2PK and the lowest was in control treatment. The average seed yield increase due to the 
effect of different treatment combinations of residual lime, P and K were 44.22 –84.52% at HSTU and 275.06-599.02% at FF over control (Appendix: 9.7, Fig. 4.3 and 4.4). The treatment L1PK gave 84.52% yield benefit over control at HSTU farm and 599.02% yield benefit at FF. This increase was much higher at FF than HSTU. The yield of mungbean indicated that the performance of mungbean was generally better at HSTU than Farmer’s field (FF).
4.1.2.8 Effect of residual lime, renewed P and K on mungbean stover yield

The residual lime, P and K in different treatment combinations significantly influenced the stover yields of mungbean in both sites and years. The stover yield of mungbean showed almost similar trend of seed yield at both the sites and years (average of two years) and ranged from 1.40–2.68 t ha-1 at HSTU and 0.42–2.92 t ha-1 at FF ( Table: 4.5 and Appendix: 9.6, Figs. 4.1, 4.2). 
Table: 4.5 Effects of residual lime and renewed P and K on the stover yields of mungbean under the Wheat-Mungbean-T.aman cropping pattern
	Treatments


	Stover yield (t ha-1)

	
	HSTU
	Farmer’s field

	
	2012-13
	2014-14
	2012-13
	2014-14

	Control (L0)
	1.17f
	1.64c
	0.37e
	0.47d

	L1
	2.01d
	2.13b
	1.64cd
	1.81c

	 L2
	1.98e
	2.11b
	1.55d
	1.67c

	L1P
	2.20c
	2.34b
	1.95c
	2.31b

	L2P
	2.22c
	2.35b
	1.82cd
	2.16b

	L1PK
	2.55a
	2.81a
	2.79a
	3.04a

	L2PK
	2.28b
	2.71a
	2.28b
	2.76a

	CV (%)
	0.72
	8.58
	12.46
	9.60

	LSD0.05
	0.01
	0.29
	0.33
	0.29


Values within the same column with a common letter do not differ significantly (p=0.05)
4.1.2.9 Nutrient uptake by mungbean
The seed and stover samples of mungbean from HSTU farm and Farmer’s field were analyzed for N, P, K, Ca, Mg, S, Zn and B concentrations. The uptake of nutrients by mungbean was calculated from this concentration of nutrient (Appendices: 9.11, 9.12) and yields of mungbean (Table: 4.4 and 4.5).  Total uptake of nutrient was the sum of uptake by grain and stover samples. The uptake of N, P, K, S, Ca, Mg, Zn and B by mungbean (seed+stover) was significantly influenced by different treatment combinations of residual lime, renewed P and K under Wheat-Mungbean-T.aman cropping pattern during 2012-13 to 2013-14 (Table: 4.6). The uptake of nutrients (mean of two years) by mungbean varied from 34.06-81.48 kg N ha-1, 3.71-8.34 kg P ha-1, 27.71- 65.06 kg K ha-1,  4.60-13.38 kg Ca ha-1, 3.04-10.24 kg Mg ha-1, 1.49-7.28 kg S ha-1, 0.03-0.11 kg Zn ha-1, and 0.03-0.11 kg B ha-1 at HSTU. Those of 9.94-87.97 kg N ha-1, 1.09-9.17 kg P  ha-1,  8.24-70.61 kg K  ha-1, 1.25-13.44 kg Ca ha-1, 0.75-10.24  kg Mg   ha-1, 0.29-7.06 kg S ha-1, 0.01-0.12 kg Zn ha-1 and 0.01-0.11 kg B ha-1 at FF (Figs: 4.7a, 4.7b, 4.7c, 4.8a, 4.8b, 4.8c and appendix: 9.20). 
In general, the uptake of all nutrients gradually increased significantly due to lime alone, LP and LPK containing treatments. The uptake was always higher due to L1PK followed by L2PK; next to L1PK and L2PK were the uptake L1P and L2P treatments. The variation in nutrients uptake between treatments were mainly associated with yields of mungbean and the nutrient concentrations in grain and stover samples of mungbean. (Table: 4.6. and Appendix: 9.20). The uptake of nutrients due to the treatments L1PK and L2PK were almost similar or higher at FF than at HSTU. However, the uptake due to others treatments were higher at HSTU than at FF.
Table: 4.6 Effects of residual lime and renewed P and K on nutrient uptake by 
mungbean (seed+stover) under Wheat-Mungbean-T.aman cropping pattern
	Treatment
	N
	P
	K
	Ca
	Mg
	S
	Zn
	B

	
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14

	 HSTU
	kg ha-1

	Control (L0)
	29.86e
	38.26e
	3.48g
	3.94e
	23.85e
	31.58e
	4.13f
	5.06e
	2.94f
	3.14d
	1.37f
	1.62e
	0.03e
	0.03d
	0.02d
	0.03c

	L1
	58.07d
	55.45d
	6.34f
	6.05d
	47.32d
	47.33d
	8.69e
	8.15d
	6.25e
	5.18c
	3.36e
	3.07d
	0.07cd
	0.07bc
	0.07c
	0.06b

	L2
	58.69d
	55.07d
	6.29e
	5.91d
	47.22d
	46.78d
	9.05d
	8.31d
	6.57d
	5.32c
	3.52e
	3.18d
	0.07d
	0.07c
	0.06c
	0.06b

	L1P
	67.58c
	65.77c
	6.95d
	6.73c
	53.08c
	53.52c
	10.39c
	9.79c
	7.85c
	6.75b
	4.30d
	4.03c
	0.09bcd
	0.09b
	0.08bc
	0.08b

	L2P
	68.37c
	64.77c
	7.03c
	6.64c
	53.42c
	53.22c
	10.57c
	9.82c
	8.09c
	6.79b
	4.72c
	4.17c
	0.09bc
	0.09b
	0.08bc
	0.08b

	L1PK
	81.36a
	81.61a
	8.43a
	8.24a
	63.72a
	66.41a
	13.59a
	13.17a
	10.66a
	9.83a
	7.49a
	7.07a
	0.11a
	0.11a
	0.11a
	0.11a

	L2PK
	71.11b
	74.75b
	7.45b
	7.31b
	56.58b
	61.72b
	11.73b
	12.04b
	9.41b
	9.27a
	5.90b
	6.29b
	0.10ab
	0.10a
	0.09b
	0.10a

	CV (%)
	1.67
	4.86
	2.60
	6.18
	1.71
	7.43
	2.20
	4.34
	2.76
	6.15
	4.27
	7.12
	5.53
	6.48
	4.73
	7.11

	LSD0.05
	 1.55
	4.49 
	 0.32
	0.54 
	 1.26
	5.68
	 0.32
	0.61
	 0.30
	0.60
	 0.28
	0.45 
	 0.01
	0.01
	 0.01
	0.01

	FF
	
	

	Control (L0)
	8.87g
	11.01g
	1.03e
	1.16e
	7.60g
	8.89f
	1.13e
	1.37e
	0.69f
	0.80f
	0.31e
	0.26e
	0.01e
	0.01d
	0.01e
	0.01d

	L1
	44.45e
	47.58e
	4.82d
	5.01d
	37.78e
	40e
	6.29d
	6.60d
	3.96e
	4.01e
	2.18d
	2.13d
	0.05d
	0.06c
	0.05cd
	0.05c

	L2
	41.02f
	44.95f
	4.41d
	4.70d
	35.40f
	37.42e
	6.23d
	6.46d
	3.87e
	3.87e
	2.24d
	2.17d
	0.05d
	0.05c
	0.04d
	0.05c

	L1P
	57.02c
	66.41c
	6.02cd
	6.54c
	45.91c
	52.85c
	8.13c
	9.14c
	5.77c
	6.15c
	2.99c
	3.49c
	0.07c
	0.08b
	0.06c
	0.07b

	L2P
	52.56d
	62.02d
	5.61c
	6.14c
	42.59d
	49.31d
	7.89c
	8.61c
	5.12d
	5.61d
	3.40c
	3.38c
	0.06cd
	0.08b
	0.06cd
	0.07b

	L1PK
	84.07a
	91.87a
	8.93a
	9.41a
	68.69a
	72.53a
	13.17a
	13.71a
	10.31a
	10.17a
	7.54a
	6.58a
	0.12a
	0.12a
	0.11a
	0.12a

	L2PK
	68.93b
	82.24b
	7.39a
	8.09b
	55.85b
	65.23b
	10.57b
	12.07b
	7.85b
	8.83b
	5.25b
	5.85b
	0.10b
	0.11a
	0.09b
	0.11a

	CV (%)
	2.46
	5.19
	5.16
	7.13
	3.49
	9.66
	5.28
	5.34
	5.67
	5.95
	9.73
	8.76
	6.05
	8.15
	5.35
	7.47

	LSD0.05
	1.87
	0.34
	0.38
	0.72
	2.18
	6.69
	0.60
	0.66
	0.45
	0.50
	0.49
	0.44
	0.01
	0.01
	0.01
	0.01


     Values within the same column with a common letter do not differ significantly (p=0.05)
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Fig.:4.7 (c)
Fig: 4.7 (a, b, c) Effects of residual lime and renewed P and K on N, P, K, Ca, Mg, S,                

            Zn, and B uptake by mungbean at HSTU under Wheat-Mungbean-T.aman 
            cropping patterns (means of 2 years)
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Fig: 4.8 (a)
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Fig: 4.8 (c)

Fig: 4.8 (a, b, c)  Effects of residual lime, renewed P and K on N, P, K, Ca, Mg,S, Zn, 
             and B uptake by mungbean at FF  under Wheat-Mungbean-T.aman cropping 
             pattern (means of 2 years)
4.1.3 Residual effects of lime, renewed P and K on T.aman
The effects of different treatments of residual lime and renewed P and K on yields and yield contributing characters of T.aman are described in this section.  Results on yields and yield contributing characters of T.aman like grain and straw yields, plant height, tillers hill-1, panicle length, number of grains  Panicle-1 and 1000 grain weight are presented under appendices 9.13, 9.14 and 9.15. 

4.1.3.1 Effects of residual lime, renewed P and K on plant height of T.aman
Residual lime, renewed P and K significantly influence the plant height of T.aman ranging from 52.33–67.43 cm at HSTU and 53.23–71.19 cm at FF irrespective of years and treatments (Appendix: 9.13). The residual lime alone increased the plant height of T.aman significantly over control in 1st year at HSTU and 2nd year at FF. The treatments L1 and L2 were statistically identical to each other but numerical value on plant height was higher in L1 than L2.  Addition of P with either dose of residual lime further significantly increased the plant height over L1 & L2 at FF in 2nd year (2013-24) only. In other cases, the effects of L1P and L2P were identical to L1 and L2 treatments. The treatment L1P and L2P were statistically identical but lower dose of residual lime with P produced taller plant than higher doses of residual lime with P.  Application of K, P with residual lime significantly increased the plant height at HSTU and they were similar to LP containing treatments at FF although the tallest plant was found due to L1PK treatment. It appears from the results that the effect of lower doses of residual lime alone as well as with P and PK in most of cases was better than higher doses of lime (Appendix: 9.13). 
The mean increase in plant height due to application of P with both doses of residual lime was about 5% at HSTU whereas it was 9% at FF. This indicated that the response of crop to added P was almost 2 times higher at FF than at HSTU. Application of K in presence of P with either doses of residual lime increased the plant height by 13% at HSTU whereas; it was almost 6% at FF. 
It showed that the plant height was almost 2 times higher at HSTU than at Farmer’s field. 
The average values of plant height of different treatments also followed the similar trend of different years and ranged from 53.19–64.68 cm at HSTU   54.07 –70.31 cm at FF (Appendix: 9.19). In general, the plant height of T.aman was higher at FF than at HSTU. The plant heights of different treatments were lower in second year than in the first year of both locations. 

4.1.3.2 Effect of residual lime, renewed P and K on tillers hill-1 of T.aman
A significant effect of different treatments was found on tillers hill-1 of T.aman in both the locations and years (Appendix: 9.13). The numbers of tillers hill-1 ranged from 7.45-12.45 and 6.69-11.02 at HSTU and at FF respectively. The effects of 1t residual lime ha-1 (L1) significantly increased the tillers hill-1 in the both locations and years over control. Application of P with either doses of residual lime (L1 & L2) again significantly increased the tillers number hill-1 over residual L1 as well as L2 treatments. The number of tillers hill-1 of T. aman again, significantly increased due to the application of K with P and either dose of residual lime containing treatments in both sites and years. The treatments L1PK and L2PK were statistically identical. The highest numbers of tillers hill-1 were found in both the sites when K was added with P and lower dose of residual lime (L1PK). The result exhibited that the effect of lower dose of residual lime alone as well as with P and PK in most of the cases was better than higher doses of residual lime on tillers hill-1 (Appendix: 9.13). 
The effect of P on the number of tiller hill-1 was higher at FF (17-20%) than at HSTU (13-16%) (Appendix: 9.19). Application of K with P in presences of either doses of residual lime increased the tillers hill-1 from 17-19% at HSTU. Whereas, it was almost 16-18% at Farmer’s field. It indicates that effect of K with P and residual lime containing treatments were almost similar in the both sites. The average values of tillers hill-1 of different treatments also followed the similar trend of individual year (Appendix: 9.19). The numbers of tillers hill-1 of T.aman were comparatively lower in 2nd year than in 1st year at both sites. The number (mean value) of tillers hill-1 of T.aman ranged from 7.72–12.17 at HSTU and 6.92–10.71 at FF and followed the trend of individual year (Appendix: 9.19). 
4.1.3.3 Effect of residual lime, renewed P and K on panicle length of T.aman
The panicle length of T.aman varied between treatments, years and locations from 14.24–22.53 cm at HSTU and 15.57–21.30 cm at FF. The effects of residual lime showed significant increase in the T.aman panicle length at HSTU but not at FF in both years (Appendix: 9.14). Addition of P with either dose of residual lime further significantly increased the panicle length of T.aman at HSTU in both years but at Farmer’s field, they were similar to L1 and L2. The panicle length of T.aman again significantly increased due to the application of K with residual lime and P containing treatments in both sites and years over L1P and L2P treatments with minor exception in 1st year (2012-13) of both locations. The panicle length of T.aman increased (mean) due to application of P with both doses of residual lime by almost 17% at HSTU. Those of 6-7% at FF indicating that the response of crop to added P was almost 2-3 times higher at HSTU than at FF. Application of K in presence of P with either doses of lime increased the panicle length by about 11-12% at the both locations. The average values of panicle length of different treatments also followed the similar trend of individual year, ranging from 14.81-21.97 cm at HSTU and 15.97–20.93 cm at FF. (Appendix: 9.19). 
4.1.3.4 Effect of residual lime, renewed P and K on grains panicle-1 of T.aman
Residual lime, renewed P and K significantly influenced the number of grains panicle-1 of T.aman, which ranged from 125.98–210.83 at HSTU and 98.67–197.42 at FF (Appendix 9.14). Either doses of residual lime alone significantly increased the grains panicle-1 of T.aman at both sites and years over control except in 1st year (2012-13) at HSTU.  Application of P with either dose of lime (residual) again increased the grains panicle-1 of T.aman over L1 and L2 in both sites and years. This increase was significant at HSTU and only in 1st year at FF. 
At FF, the effects of L1P and L2P were identical to L1 and L2 in 2nd year (2013-14). A significant increase in grains panicle-1 was exhibited at both sites and years when K was applied with L1P and L2P. The L1PK and L2PK treatments were statistically identical although the numerical value of L2PK was lower than L1PK. 
The percent increase in grains panicle-1 of T.aman (mean) due to application of P with both doses of residual lime was about 14% at HSTU. Those of 11% at FF indicating that the response of crop to added P was slightly higher at HSTU than at FF. Application of K in presence of P with either doses of residual lime increased the grains panicle-1 from 26-28% at HSTU whereas, it was almost 24-25% at FF. The result indicated that the effect of K on grains panicle-1 was almost same at both locations (Appendix: 9.19).The number of grains panicle-1 of T.aman (average) varied from 129.28–205.22 at HSTU and 102.48–183.80 at FF. The average values of grains panicle-1 of different treatments also followed the similar trend of individual year (Appendix: 9.19). In general, the grains panicle-1 of T.aman was relatively high at HSTU than at Farmer’s field.  Similarly, it was relatively high in 1st year than in 2nd year in both the locations (Appendix: 9.14).

4.1.3.5 Effect of residual lime, renewed P and K on 1000-grain weight of T.aman
Like other parameters, the 1000-grain weight of T. aman was also significantly influenced by the different treatments (Appendix: 9.15). The yield contributing character 1000-grain weight ranged from 14.90-19.58g at HSTU and 15.84– 20.70g at FF. The result exhibited that the residual lime alone did not show significant effect on 1000-grain weight over control at both locations and years although it was significant at FF in 1st year.  The effects of residual lime and P containing treatments on 1000 grain weight were significantly higher over lime alone treatments in 1st year at FF. In other cases, they were identical L1 and L2 treatments. However, application of K with P in presence of residual lime containing treatments again significantly increased 1000-grain weight over all other treatments under the study with minor exception at HSTU in 1st year (L2PK). Between the two K containing, treatments, the effect of L1PK was higher than L2PK on 1000 seed weight of T.aman in both sites and years. In most of the cases, the highest 1000-grain weight was found in L1PK and the lowest in control. The mean value of 1000 grain weights varied from             15.01–19.28g at HSTU and 15.94–20.10g at FF following the trend of individual year (Appendix: 9.19). 
4.1.3. 6 Effect of residual lime, renewed P and K on grain yield of T.aman

There was a significant effect of different treatment combinations of residual lime, P and K in on the grain yields of T.aman, as observed in two experimental sites and over two years (Table 4.7). Depending on the treatments, the grain yield of T.aman ranged from 2.34–4.01 t ha-1 at HSTU and 1.70–3.93 t ha-1 at FF. 
Table: 4.7 Effects of residual lime and renewed P and K on the grain yields of T. aman in the Wheat-Mungbean-T.aman cropping pattern

	Treatments


	Grain  yield (t ha-1)

	
	HSTU
	Farmer’s field

	
	2012-13
	2013-14
	2012-13
	 2013-14

	Control (L0)
	2.38e
	2.34d
	1.95d
	1.70d

	L1
	2.95d
	2.74c
	2.89c
	2.65c

	 L2
	2.96d
	2.78c
	2.84c
	2.58c

	L1P
	3.41c
	3.28b
	3.37b
	3.10b

	L2P
	3.33c
	3.26b
	3.34b
	3.07b

	L1PK
	4.01a
	3.80a
	3.93a
	3.72a

	L2PK
	3.74b
	3.50ab
	3.85a
	3.70a

	CV (%)
	4.49
	8.50
	6.04
	5.43

	LSD0.05
	0.22
	0.39
	0.29
	0.23


Values within the same column with a common letter do not differ significantly (p=0.05)
Residual effects of lime significantly increased the grain yield of T.aman at both sites and years over control. The grain yield of T. aman significantly increased over L1 and L2 treatments when P was applied with residual lime at both locations. Again, application of K with P in residual lime containing plots significantly increased the grain yield of T. aman over LP containing treatments although, minor exception exhibited in 2nd year at HSTU. The treatments L1PK and L2PK were statistically similar in most of the cases but lower dose of residual lime with PK produced more grain yield than higher dose of residual lime with PK. In general, the residual effects of higher dose of lime alone and along with P and PK although increased the grain yield but the rate of increase was lower than the lower dose of residual lime and lime containing treatments.
The average yield of T.aman grain ranged from 2.36-3.90 t ha-1 at HSTU farm and 1.83–3.82 t ha-1 at FF (Fig. 4.1 and 4.2, Appendix: 9.6).  The highest grain yield of T.aman was recorded in L1PK treatment followed by L2PK and the lowest was in control treatment. The increase in grain yield due to different treatments was 20.54-65.23% at HSTU and 48.27–109.56% at FF over control (Appendix: 9.7, Fig. 4.3 and 4.4). This increase was much higher at FF than at HSTU (Appendix: 9.7). 
4.1.3.7 Effect of residual lime, renewed P and K on straw yield of T.aman

There was a significant effect of different treatment combinations of residual lime, renewed P and K in on the straw yields of T.aman, as observed in two sites and over two years (Table 4.8.)The straw yield of T.aman showed almost similar trend of grain yield at both the sites and years (average of two years) and ranged from 2.58–4.36 t ha-1 at HSTU and 2.01–4.21 t ha-1 at FF ( Table: 4.8 and Appendix: 9.6, Figs. 4.1, 4.2). The straw yield was higher than grain yield.
Table: 4.8 Effects of residual lime and renewed P and K on the straw yields of T. aman in the Wheat-Mungbean-T.aman cropping pattern

	Treatments


	Straw yield (t ha-1)

	
	HSTU
	FF

	
	2012-13
	2013-14
	2012-13
	2013-14

	Control (L0)
	2.66e
	2.50d
	2.13d
	1.90d

	L1
	3.41d
	3.00c
	3.12c
	2.88c

	 L2
	3.43d
	3.02c
	3.13c
	2.93c

	L1P
	3.91c
	3.59b
	3.61b
	3.45b

	L2P
	3.81c
	3.54b
	3.57b
	3.40b

	L1PK
	4.61a
	4.12a
	4.31a
	4.10a

	L2PK
	4.27b
	3.86ab
	4.21a
	4.07a

	CV (%)
	3.90
	8.78
	5.71
	4.92

	LSD0.05
	0.21
	0.44
	0.29
	0.23


Values within the same column with a common letter do not differ significantly (p=0.05)
4.1.3.8 Nutrient uptake by T.aman
The grain and straw samples of T.aman from HSTU farm and FF were analyzed for N, P, K, Ca, Mg, S, Zn and B concentrations. These concentrations of nutrients (Appendix: 9.16 and 9.17) and yield data of T.aman were used for calculating the nutrients uptake. Total uptake of nutrient was the sum of uptake by grain and straw samples of T.aman. Like wheat and mungbean the uptake of nutrients by T.aman (grain+straw) was also significantly influenced by different treatment combinations of residual lime, renewed P and K under Wheat-Mungbean-T.aman cropping pattern during 2012-13 to 2013-14 (Table: 4.9). The highest P and K uptake was found in the treatment L1PK that was statistically significant over the other treatments in both the locations (Table: 4.9). 

Table: 4.9 Effects of residual lime and renewed P and K on nutrient uptake    

                   by T.aman (grain+straw) under Wheat-Mungbean-T.aman 

                   cropping pattern
	Treatment
	N
	P
	K
	Ca
	Mg
	S
	Zn
	B

	
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14

	 HSTU
	kg ha-1 

	Control (L0)
	40.69e
	37.52e
	5.46e
	5.41d
	36.00e
	32.65d
	6.57e
	4.58d
	5.60f
	4.63d
	4.11e
	2.69e
	0.16e
	0.14e
	0.07d
	0.06d

	L1
	62.02d
	53.80d
	8.08d
	7.73c
	79.84d
	68.47c
	10.44d
	7.06c
	8.86e
	6.82c
	5.99d
	3.65d
	0.24d
	0.19d
	0.11c
	0.09c

	L2
	62.88d
	54.29d
	8.42d
	8.08c
	81.36d
	69.92c
	10.79d
	7.29c
	9.95d
	7.50c
	6.44cd
	4.05d
	0.24d
	0.19d
	0.11c
	0.09c

	L1P
	73.78c
	67.67bc
	10.38c
	10.13b
	93.03c
	84.23b
	12.09c
	8.98b
	11.74c
	9.60b
	7.07bc
	4.86c
	0.27c
	0.23c
	0.13b
	0.11b

	L2P
	71.76c
	66.45c
	10.13c
	9.99b
	90.90c
	83.14b
	11.76c
	8.86b
	11.78c
	9.76b
	7.22b
	5.13c
	0.26c
	0.24c
	0.13b
	0.11b

	L1PK
	90.77a
	80.96a
	13.48a
	13.04a
	114.58a
	100.47a
	15.27a
	11.04a
	16.41a
	13.01a
	9.86a
	7.72a
	0.35a
	0.29a
	0.17a
	0.14a

	L2PK
	83.36b
	74.92ab        

	12.54b
	12.05a
	105.49b
	93.50ab
	14.42b
	10.29a
	14.84b
	11.75a
	9.72a
	7.01b
	0.32b
	0.27b
	0.16a
	0.13a

	CV (%)
	4.40
	8.55
	4.72
	9.54
	4.18
	8.93
	4.73
	9.61
	6.15
	9.47
	6.45
	7.89
	4.42
	9.55
	5.77
	9.73

	LSD0.05
	 4.53
	 7.90
	 1.04
	1.68
	5.34 
	10.08 
	0.82
	1.19
	1.03 
	1.27
	0.69
	0.59
	0.01
	0.01
	0.01
	0.01 

	FF
	
	

	Control (L0)
	31.91d
	27.12d
	4.04d
	3.74d
	28.05d
	24.08d
	4.20e
	3.47d
	4.34d
	3.27d
	2.24d
	1.50e
	0.12d
	0.10d
	0.05d
	0.04d

	L1
	56.73c
	50.29c
	6.85c
	6.52c
	71.89c
	65.25c
	7.70d
	6.39c
	8.39c
	6.19c
	4.28c
	3.13d
	0.19c
	0.17c
	0.09c
	0.07c

	L2
	55.83c
	49.49c
	7.07c
	6.68c
	72.46c
	66.83c
	7.93cd
	6.33c
	8.53c
	6.74c
	4.31c
	3.14d
	0.19c
	0.17c
	0.09c
	0.08c

	L1P
	68.74b
	62.77b
	8.63b
	8.21b
	85.26b
	79.80b
	9.24b
	7.86b
	10.65b
	8.65b
	5.24b
	4.21c
	0.23b
	0.21b
	0.11b
	0.10b

	L2P
	67.13b
	61.35b
	8.56b
	8.12b
	84.26b
	79.00b
	9.03bc
	7.56b
	10.19b
	8.74b
	5.63b
	4.25c
	0.23b
	0.21b
	0.11b
	0.10b

	L1PK
	85.02a
	78.65a
	11.78a
	11.37a
	105.74a
	99.11a
	12.12a
	10.21a
	13.34a
	11.69a
	7.62a
	6.03a
	0.30a
	0.28a
	0.14a
	0.12a

	L2PK
	81.32a
	76.60a
	11.13a
	10.87a
	102.53a
	97.58a
	11.30a
	9.97a
	12.81a
	11.36a
	7.95a
	6.76b
	0.29a
	0.27a
	0.14a
	0.13a

	CV (%)
	5.68
	5.41
	5.43
	5.94
	5.67
	5.01
	8.91
	6.92
	8.53
	7.60
	10.63
	9.06
	5.64
	5.03
	6.97
	6.03

	LSD0.05
	 5.384
	 4.67
	 1.015
	 0.93
	 6.62
	 5.44
	 1.16
	 0.76
	 1.24
	 0.91
	 0.84
	 0.56
	 0.01
	 0.01
	 0.01
	 0.01


     Values within the same column with a common letter do not differ significantly (p=0.05)
The uptake of nutrients (mean of two years) by T.aman varied from 39.10- 85.86 kg N ha-1, 5.44–13.26 kg P ha-1, 34.32-107.52 kg K ha-1 5.57-12.36 kg Ca ha-1,  5.12-14.71 kg Mg ha-1, 3.40–8.79 kg S ha-1, 0.15-0.32 kg Zn ha-1, and 0.07-0.15 kg B ha-1 at HSTU. And those of 29.51-81.84 kg N ha-1,  3.89-11.58  kg P ha-1,  26.06 –102.43 kg K ha-1 ,  3.83-11.16 kg Ca ha-1, 3.81-12.51  kg Mg ha-1, 1.87-7.35 kg S ha-1, 0.11-0.29 kg Zn ha-1 and 0.05-0.13 kg B ha-1 at FF (Appendix: 9.21 and Figs: 4.9a, 4.9b, 4.9c & 4.10a, 4.10b, 4.10c). 

A gradual significant increase in nutrient uptake due to lime alone, LP and LPK containing treatments were observed (Table: 4.9). The uptake was always higher due to lower dose of lime containing treatments than higher dose of lime containing treatments. 

The variation in nutrients uptake between treatments were mainly associated with yields of T.aman and the nutrient concentrations in grain and straw samples of T.aman (Table: 4.9 and Appendix: 9.21). The average result indicated that the uptake of all nutrients by T.aman rice was comparatively higher at HSTU than at Farmer’s field.
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Fig. 4.9(a)  
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Fig. 4.9(b)  
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Fig. 4.9(c)  
[image: image38.png]% of yield increase over control

600.00

500.00

400.00

300.00

200.00

100.00

0.00

~
S
FF, W-M-R H sl wL
B L1P i L2P
e ® # LIPK @ L2PK
1w
B
- =
T
g 8
g K
N3
[N w
A
[
EEas
= 3
Wheat Mungbean T.aman

Cropping pattern wise crop






[image: image15.png]Nutrient uptake kg hat

120.00

100.00

80.00

60.00

40.00

20.00

0.00

FF, Taman, W-M-R =N
7P

#wK

Lo L1 L2 L1P L2P L1PK L2PK
Treatments





Fig: 4.10 (a)
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Fig: 4.10 (b)
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Fig: 4.10 (c)
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4.2 Effects of Lime, P and K application on crops in the Wheat-fallow-T.    

        aman rice cropping pattern

4.2.1. Effects of lime, P and K on wheat

Yields and yield contributing characters of wheat like plant height, tillers   plant-1, spike length, number of grains spike-1 and 1000 seeds weight obtain from different treatments during 2012-13 and 2013-14 in both HSTU and Farmer’s field (FF) are presented in appendices 9.23, 9.24 & 9.25. 

4.2.1.1 Effects of lime, P and K on plant height of wheat
The plant height of wheat varied significantly due to lime, P and PK treatments showing a variation of 72.49 to 84.24 cm at HSTU and 54.59 to 78.23 cm at Farmer’s field (FF) irrespective of years and treatments. Application of lime alone showed the beneficial significant effect on plant height over control in 2nd year (2013-14) of both locations but they were statistically identical in 1st year (2012-13) although increased the plant height over control.  A further increase in plant height was noted when P was added with either dose of lime. This increase in height due to addition of P with lime was not statistically significant over lime alone in 2nd year at HSTU but in the other cases significant differences were observed. The plant height again increased became the highest due to combined application of K with L1P (L1PK). The effect of this treatment was statistically identical to L2PK in both years, at FF and to L1P, L2P and L2PK in 2nd year at HSTU except in 1st year at HSTU where it differs from L2PK. (Appendix: 9.23). The performance of L1 alone or in combinations of P and PK was better than L2 containing treatments.

The average increase in plant height due to  application of P with both doses of lime varied from 4.65-5.22% at HSTU whereas it was 8.20-8.88%  at FF indicating that the response of crop to added P was almost double at FF than at HSTU(Appendix: 9.23, 9.36).  Application of K in presence of P with either doses of lime increased the plant height from 0.66-2.22% at HSTU, whereas, it was almost 13% higher at FF. The result indicated that in general, the effect of 
K was almost 6 to 10 times at FF than at HSTU. The average values of plant height of different treatments followed the similar trend of different years and locations. In general, the wheat at HSTU was taller than at FF. The plant heights of different treatment were lower in second year than in first year. 
4.2.1.2 Effects of lime, P and K on tillers plant-1

The number of tillers plant-1 was affected by the different treatments used under study (Appendix: 9.23). A significant effect of different treatments was found on tillers plant-1 of wheat in both the locations and years. The lowest number of tillers plant-1 ranging from 1.70 to 4.41 at HSTU and 1.49 to 3.86 at FF was produced in control treatment. Addition 1 t of lime ha-1(L1) significantly increased the tillers plant-1 in the both locations and years. Higher dose of lime increase the number of tillers plant-1 over control but not over L1.  Application of P with either dose of lime again significantly increased the tillers plant-1 over L1 and L2, the difference between L1P and L2P was negligible. The number of tillers plant-1 became the highest in both the sites when K was added with L1P and L2P. The L1PK and L2PK treatments were statistically identical although the numerical value of L2PK was lower than L1PK. The numbers of tillers   plant-1 (average) of wheat ranged from 2.44-3.59 at HSTU and 1.71-3.76 at FF (Appendix: 9.36). The effect of K on tillers plant-1 was not encouraging at HSTU but it was more prominent at Farmer’s field. Result showed that the number tillers hill-1 was relatively high in 1st year (2012-2013) than in 2nd year (2013-2014) in both the locations (Appendix: 9.23). 

4.2.1.3 Effects of lime, P and K on spike length
Application of lime showed significant increase in the wheat spike length at HSTU and at FF (Appendix: 9.24). The spike length of wheat varied between different treatments ranging from 8.51–9.45 cm at HSTU and 3.86-10.10 cm at FF. Higher dose of lime failed to show significant effect over lower dose at both the locations and years. Addition of P with either dose of lime increased the spike length significantly over lime alone containing treatments although some variations existed. Potassium with L1P and L2P treatments increased the spike length over L1P and L2P treatments but statistically they were almost       identical at HSTU but significantly different at FF. Mean data on the spike length of wheat followed the same trends of year wise data of both locations    (Appendix: 9.36).

4.2.1.4 Effects of lime, P and K on grains spike-1 

The number of grains spike-1 of wheat responded significantly to different treatments. Application of lime increased the number of grains spike-1 over control. The number of grains spike-1 ranged from 37.63-54.00 at HSTU and 7.38-54.16 at FF (Appendix: 9.24). The effects of either dose of lime was statistically identical in both years at FF and 1st year at HSTU with minor exception in 2nd year but the effects was significant over control. The lime and P containing treatments were statistically identical at FF and in 1st year at HSTU but they were significantly higher than lime alone. PK containing treatments significantly increased grains spike-1 over other treatments except L1P in 2nd year at HSTU. Between the PK containing treatments the effect of L1PK was better than that of L2PK. The mean value of grains spike-1 followed the trends of individual year. In general, number of grains spike-1 of wheat was relatively high at HSTU than at FF. Similarly in 1st year than in 2nd year in both the locations (Appendices: 9.36).

4.2.1.5 Effects of lime, P and K on 1000-grain weight of wheat
Like other parameters, the 1000-grain weight of wheat was also significantly affected by the different treatments (Appendix: 9.25). The yield contributing characters like 1000-grain weight ranged from 43.38-55.25g at HSTU and 34.80-45.71g at Farmer’s field. The result exhibited that the doses of lime alone failed to showed significant effect on 1000-grain weight over control at both the locations.  Application of P along with lime significantly increased the 1000 grain weight over lime alone treatments at both sites. However, application of K in presence of P with either doses of lime significantly increased 1000-grain weight over all other treatments under the study. The treatments L1PK and L2PK were statistically identical but the effect of L1PK was slightly higher than L2PK. In both sites and years, in most of the cases, the lowest 1000-grain weight was found in at control treatment and the highest at L1PK treatment followed by L2PK, L1P and then L2P. The mean value of 1000-grain weight followed the similar trend of different years (Appendix: 9.36) at both locations.  
4.2.1.6 Effects of lime, P and K on wheat grain yield

Application of lime, P and K in different treatment combinations significantly influenced the grain yields of wheat in both sites and years. Lower dose of lime, along with P and PK always produced higher grain yield than higher dose of lime (Table: 4.10). 
Table: 4.10   Effects of lime, P and K on the grain yields of wheat in the Wheat–fallow-T.aman cropping pattern

	Treatments


	Grain  yield (t ha-1)

	
	HSTU
	Farmer’s field

	
	2012-13
	2013-14
	2012-13
	2013-14

	Control (L0)
	2.39g
	2.29f
	0.35g
	0.33d

	L1
	3.26e
	3.15d
	3.25e
	2.76c

	 L2
	3.01f
	2.89e
	3.18f
	2.68c

	L1P
	3.75c
	3.40c
	4.01c
	3.14b

	L2P
	3.55d
	3.32c
	3.31d
	3.09b

	L1PK
	4.53a
	3.84a
	4.95a
	4.49a

	L2PK
	3.98b
	3.60b
	4.32b
	4.31a

	CV (%)
	3.73
	1.97
	1.03
	4.40

	LSD0.05
	0.19
	0.09
	0.05
	0.20


Values within the same column with a common letter do not differ significantly (p=0.05)
Addition of lime alone produced 3.15-3.26 (L1) and 2.89-3.01  (L2) t ha-1 wheat grain yield at HSTU and 2.76-3.25 (L1) and 2.68-3.18(L2) t ha-1 at FF in two years. This indicated that an amount of 0.86 - 0.87 t ha-1 (L1) and 2.43-2.90 (L1) t ha-1 of additional grain was produced due lower dose of lime over control at HSTU and at FF respectively. Application of higher doses of lime although increased grain yield over control but the rate of increase was lower than the lower dose of lime. Application of P with lime further increased the grain yield of wheat over L1 and L2 treatments. The increase due to L1P and L2P was significant over the both doses of lime alone at HSTU as well as at Farmer’s field. The variation between the two treatments was significant in 1st year at both locations but no significant variation was found in 2nd year although the yield was lower due to higher dose of lime. Addition of K with L1P and L2P again significantly increased the grain yield over LP containing treatments in all sites and years. The difference between L1PK and L2PK was significant at HSTU and in 1st year (2012-2013) at FF. In 2nd year (2013-2014) the difference of the two treatments was not significant although the yield of L2PK was lower than L1PK (Table: 4.10). The average yield of wheat grain varied from 2.34 – 4.18 t ha-1 at HSTU farm and 0.34–4.72 t ha-1 at Farmer field (Figs: 4.11, 4.12 and appendix: 9.26). The highest grain yield of wheat was recorded in L1PK treatment followed by L2PK and the lowest was in control treatment in both locations. The average yield of wheat also increased due to different treatments combinations at both locations and years (Appendix: 9.27). The average grain yield increase due to the effects of different treatment combinations of lime, P and K were  25.99–78.78% higher at HSTU and 757.77–1282.99% higher at FF over control (Appendix: 9.27, Fig. 4.15 and 4.16). The treatment L1PK gave 78.78% yield benefit over control at HSTU farm and 1282.99% yield benefit at Farmer’s field.
4.2.1.7 Effects of lime, P and K on wheat straw yield

Application of lime, P and K in different treatment combinations significantly influenced the straw yields of wheat in both sites and years. The straw yield of wheat showed almost similar trend of grain yield at both the locations and years (average of two years) ranging from 2.59-4.63 t ha-1 at HSTU and 1.24– 5.18 t ha-1 at FF (Table: 4.11, Appendix: 9.26, 9.27 and Figs. 4.11, 4.12).
Table: 4.11   Effects of lime, P and K on the straw yields of wheat in the Wheat –fallow-T.aman cropping pattern

	Treatments


	Straw yield (t ha-1)

	
	HSTU
	Farmer’s field

	
	2012-13
	2013-14
	2012-13
	2013-14

	Control (L0)
	2.63e
	2.55f
	0.39f
	0.38e

	L1
	3.49d
	3.48d
	3.69d
	3.03d

	 L2
	3.32d
	3.21e
	3.51e
	2.97d

	L1P
	4.03c
	3.80c
	4.43c
	3.45c

	L2P
	3.95c
	3.71c
	3.64d
	3.32c

	L1PK
	5.03a
	4.23a
	5.45a
	4.92a

	L2PK
	4.42b
	4.02b
	4.82b
	4.70b

	CV (%)
	2.97
	2.56
	1.53
	2.94

	LSD0.05
	0.17
	0.13
	0.09
	0.15


Values within the same column with a common letter do not differ significantly (p=0.05)
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Fig.:4.11 Effects of lime, P and K treatments on grain and straw yield of crop at HSTU under Wheat- fallow-T.aman cropping pattern (means of 2 years)
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Fig.: 4.12 Effects of lime, P and K treatments on grain and straw yield of crop at FF under Wheat-fallow-T.aman cropping pattern (means of 2 years)

4.2.1.8 Nutrient uptake by wheat
The grain and straw samples of wheat from HSTU farm and FF were analyzed for N, P, K, Ca, Mg, S, Zn and B concentrations. This concentration of nutrient (Appendices: 9.28, 9.29) and yield data of wheat were used for calculating the nutrient uptake. Total uptake of nutrient was the sum of uptake by grain and straw sample. 
The uptake of N, P, K, S, Ca, Mg, Zn and B by wheat (grain+straw) was significantly influenced by different treatment combinations of lime, P and K under Wheat-fallow-T.aman cropping pattern during 2012-13 to 2013-14 (Table: 4.12). The highest nutrients uptake was found in the treatment L1PK which was statistically significant over the other treatments in both the locations. The uptake of nutrients (mean of two years) by wheat were varied from 44.36-99.21 kg N ha-1, 8.10–17.91 kg P ha-1,  29.95-77.25 kg K ha-1 8.99-21.03 kg Ca ha-1, 7.53-19.25 kg Mg ha-1, 7.57-20.01 kg S ha-1, 0.21-0.41 kg Zn ha-1, and 0.08-0.18 kg B  ha-1 at HSTU. Those of 20.36–107.26 kg N ha-1, 1.08-18.50 kg P ha-1, 14.05–85.40 kg K ha-1 , 3.87-20.55 kg Ca ha-1, 3.34-18.75 kg Mg ha-1, 2.96-19.56 kg S  ha-1, 0.10- 0.46 kg Zn ha-1 and 0.04-0.20 kg B ha-1 at FF (Appendices: 9.35, Fig. 4.13a, 4.13b, 4.13c & 4.14a, 4.14b, 4.14c). 

In general, the uptake of all nutrients gradually increased significantly due to lime alone, LP and LPK containing treatments. The uptake was always higher due to lower dose of lime containing treatments than higher dose of lime containing treatments. 
The variation in nutrients uptake between treatments were mainly associated with yields of wheat and the nutrient concentrations in grain and straw samples of wheat. The uptake of N, P, K, Zn and B due to LPK containing treatments were higher at Farmer’s field. In other cases, the uptake was higher at HSTU than at FF. (Table: 4.12 and Appendix: 9.35). 

Table: 4.12 Effect of lime, P and K on nutrient uptake by wheat (grain+                      straw) under Wheat-fallow-T.aman cropping pattern.

	Treatment
	N
	P
	K
	Ca
	Mg
	S
	Zn
	B

	
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14

	 HSTU
	kg ha-1

	Control (L0)
	45.80f
	42.91f
	8.24e
	7.96f
	31.09e
	28.82f
	9.61e
	8.38f
	7.64e
	7.43e
	8.62e
	6.52e
	0.21g
	0.20f
	0.09e
	0.08e

	L1
	71.82d
	68.19d
	12.23d
	11.90d
	54.72d
	52.26d
	15.10d
	13.12d
	11.95d
	11.83d
	13.33d
	10.99d
	0.30e
	0.29d
	0.13d
	0.12cd

	L2
	67.02e
	62.56e
	11.34d
	11.00e
	51.96d
	48.71e
	14.38d
	12.66e
	11.88d
	11.53d
	13.39d
	10.46d
	0.29f
	0.27e
	0.12d
	0.11d

	L1P
	86.82c
	77.75c
	15.22c
	14.09c
	64.04c
	58.10c
	17.38c
	14.99c
	14.34c
	13.17c
	16.99c
	12.75c
	0.36c
	0.32c
	0.16c
	0.13c

	L2P
	84.92c
	77.11c
	14.53c
	13.79c
	63.35c
	57.61c
	17.20c
	14.91c
	15.21c
	13.61c
	16.12c
	13.17c
	0.34d
	0.31c
	0.15c
	0.13c

	L1PK
	109.61a
	88.82a
	19.01a
	16.82a
	84.94a
	69.56a
	23.70a
	18.37a
	20.99a
	17.51a
	22.59a
	17.42a
	0.45a
	0.37a
	0.20a
	0.17a

	L2PK
	95.56b
	82.76b
	16.69a
	15.48b
	73.69b
	64.78b
	20.56b
	16.91b
	17.88b
	16.04b
	19.36b
	15.70b
	0.39b
	0.35b
	0.17b
	0.15b

	CV (%)
	3.56
	2.09
	5.29
	3.07
	3.40
	2.55a
	3.79
	2.17
	4.31
	3.56
	4.31
	3.60
	4.02
	2.89
	3.23
	4.55

	LSD0.05
	4.24
	 2.22
	1.45 
	 0.71
	3.06 
	 2.06
	0.95 
	 0.46
	0.91 
	 0.69
	1.01
	 0.66
	0.01 
	 0.01
	0.01 
	0.01

	FF
	
	

	Control (L0)
	25.92g
	14.79e
	1.10f
	1.06d
	18.03f
	10.06e
	5.03f
	2.70e
	4.36f
	2.32f
	3.86f
	2.05e
	0.13e
	0.07e
	0.05e
	0.03d

	L1
	69.01e
	56.71d
	11.31e
	9.95c
	56.10d
	44.75d
	13.66e
	10.62d
	11.51e
	8.73e
	10.92e
	8.43d
	0.31d
	0.25d
	0.13d
	0.10c

	L2
	67.24f
	56.44d
	10.99e
	9.59c
	53.12e
	43.56d
	13.58e
	11.22d
	11.48e
	9.39d
	10.95e
	8.53d
	0.30d
	0.24d
	0.12d
	0.10c

	L1P
	89.78c
	68.33c
	14.73c
	12.20b
	67.79c
	51.30c
	17.58c
	12.90c
	15.16c
	10.69c
	14.70c
	10.66c
	0.39c
	0.29c
	0.16c
	0.12b

	L2P
	75.71d
	67.95c
	12.15d
	11.49b
	56.88d
	50.29c
	14.81d
	12.78c
	13.07d
	11.03c
	13.05d
	10.88c
	0.31d
	0.28c
	0.13d
	0.11bc

	L1PK
	113.23a
	101.28a
	19.20a
	17.81a
	90.97a
	79.83a
	22.62a
	18.49a
	20.42a
	17.09a
	21.58a
	17.53a
	0.49a
	0.43a
	0.21a
	0.18a

	L2PK
	98.60b
	96.18b
	16.80b
	16.77b
	78.37b
	74.96b
	19.14b
	17.14b
	17.66b
	15.99b
	18.30b
	16.77b
	0.42b
	0.40b
	0.18b
	0.17a

	CV (%)
	1.15
	3.74
	1.55
	4.25
	1.52
	4.26
	2.28
	3.66
	3.28
	4.02
	2.83
	4.77
	2.07
	3.98
	3.21
	4.82

	LSD0.05
	 1.32
	 3.66
	0.39
	0.86
	1.36
	2.32
	0.51
	0.67 
	0.65
	0.64 
	0.56 
	0.76
	0.01
	0.01
	0.01
	 0.01


     Values within the same column with a common letter do not differ significantly (p=0.05)
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Fig. 4. 13 (a)
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Fig. 4. 13 (b)
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Fig. 4. 13 (c)


[image: image23.png]Nutrient uptake kg ha?

100.00

80.00

60.00

40.00

20.00

0.00

HSTU, wheat, W-F -T

Lo

L1

L2 L1P L2P L1PK L2PK
Treatments

SN
®P
5K





Fig.:4. 14 (a)
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Fig.: 4. 14 (b)
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Fig.: 4. 14 (c)



4.2.2 Residual effects of lime, renewed P and K on T.aman

The effects of different treatments of residual lime and renewed P and K on yields and yield contributing characters of T.aman are described in this section.  Results on yields and yield contributing characters of T.aman like grain and straw yields, plant height, tillers hill-1, panicle length, number of grains   Panicle-1 and 1000-grain weight are presented under appendices 9.30, 9.31 & 9.32). 

4.2.2.1 Effect of residual lime, renewed P and K on Plant height of T.aman

The plant height of T.aman varied significantly with different treatments combinations  showing  a range of 51.94–69.65 cm at HSTU and 53.08–72.80 cm at FF irrespective of years and treatments (Appendix: 9.30). The effects of residual lime alone did not show any significant difference over control but numerical value was higher. The treatments L1 and L2 were statistically identical to each other but the plant height L1 was higher than L2 treatments.  Addition of P with either dose of residual lime further increased the plant height at both sites and years but these increases were not significant over L1 and L2. The plant height of T.aman again significantly increased due to the application of K with residual lime and P containing treatments in both sites and years. The plant height became the highest due to combined application of K with P and residual L1 (L1PK). It appears from the result that the effect of lower dose of residual lime alone as well as with P and PK in most of cases was better than higher dose of lime (Appendix: 9.30). The average increase in plant height due to  application of P with both doses of residual lime varied from 8 -10% at HSTU whereas it was 3% at Farmer’s field indicating that the response of crop  to added P was almost 3 times higher at HSTU than at FF.  Application of K in presence of P with either doses of residual lime increased the plant height from 4-6% at HSTU, whereas, it was almost 14-16% at FF. It appears that the plant height due to K with residual lime and P was 2–3 times higher at FF than at HSTU. The average values of plant height of different treatments also followed the similar trend of individual year ranging from 52.79-66.94 cm at HSTU and 54.10-69.09 cm at FF (Appendix: 9.36). In general, the T.aman plant at FF was taller than at HSTU. The plant heights of different treatments were lower in second year than in the first year at both locations. 

4.2.2.2 Effect of residual lime, renewed P and K on tillers hill-1 of T.aman

A significant effect of different treatments was found on tillers hill-1 of T.aman in both the locations and years (Appendix: 9.30). The number of tillers hill-1 ranged from 7.63-12.73 and 6.67–12.30 at HSTU and at FF respectively. The effect two levels of residual lime (L1 and L2) significantly increased the number of tillers hill-1 in the both years at FF over control but it was identical with control at HSTU. Application of P with either doses of residual lime (L1 & L2) again significantly increased the tillers hill-1 over L1 as well as L2 treatments in both years at FF but at HSTU the addition of P did not show the beneficial effect  over lime alone doses. The number of tillers hill-1 of T.aman again, significantly increased due to the application of K with P and residual lime containing treatments. The treatments L1PK and L2PK were statistically identical however, higher number was in found L1PK (Appendix: 9.30). The increase in tiller no. due to residual lime was higher at FF (25-27%) than at HSTU (12-13%) however, the increase due to addition of K with residual lime was 17% at HSTU whereas, it was almost 14% at FF. The average values of tillers hill-1 of different treatments also followed the similar trend of individual year. It varied from 8.00–12.28 at HSTU and 6.90-12.03 (Appendix: 9.36).In general, number of tillers hill-1 of T.aman was relatively higher at HSTU than FF and in 1st year (2012-2013) than  in 2nd (2013-2014) year (Appendix: 9.30). 

4.2.2.3 Effect of residual lime, renewed P and K on panicle length of T.aman

The panicle length of T. aman rice responded significantly to residual effect of lime and renewed P and K treatments in both sites and years (Appendix: 9.31). The panicle length ranged from 14.88–22.85 cm at HSTU and 15.14–22.07 cm at FF irrespective of years and treatments. The effects of residual lime showed significant increase in panicle length of T.aman in both years at FF and 
in 1st year (2012-13) at HSTU over control but in the 2nd year (2013-14) it was identical to control at HSTU. (Appendix: 9.31). Addition of P with either dose of residual lime further significantly increased the panicle length of T.aman at both locations over L1 and L2 treatments but some exceptions were observed at HSTU in 2nd year. The treatment L1P and L2P were statistically similar at both sites and years. The panicle length of T.aman again significantly increased due to the application of K with residual lime and P containing treatments in both locations over L1P and L2P treatments, with minor exception in the 1st year at HSTU. The mean increase of panicle length due to P with lime was about 18% at HSTU and 7% at FF, indicating that the response of crop to added P was almost double at HSTU than at FF. (Appendix: 9.36). The increase in panicle length due to application of K in presence of P with either doses of residual lime was about 12% at HSTU and 13-14% at FF, indicating that the effect of K was almost same in both locations. The average values of panicle length of different treatments ranged from 15.09–22.33 cm at HSTU and 15.6–1.31 cm at FF (Appendix: 9.36). 

4.2.2.4 Effect of residual lime, renewed P and K on grains panicle-1 of T.aman

The number of grains panicle-1 of T. aman rice responded significantly to the residual effect of lime, P and K treatments in both sites and years (Appendix:9.31). Residual lime had a significant influence on the number of grains panicle-1 of T.aman which ranged from 122.50–217.43 at HSTU and 102.26–203.50 at FF (Appendix: 9.31). The lower dose residual lime showed significant difference on the grains panicle-1 of T.aman at FF and in 1st year at HSTU, but higher dose of residual lime failed to show any difference over control. Application of P with either dose of lime (residual) again significantly increased the grains panicle-1 of T.aman over L1 and L2 in both sites except in 2nd year at HSTU where it failed to show significant difference. When K was applied with L1P and L2P the highest grains panicle-1 exhibited at both sites and years and this increase was statistically different from L1P, L2P and all others treatments. 
The treatments L1PK and L2PK were statistically identical and significantly higher all other treatments. The percent increase in grains panicle-1 of T.aman was about 14 at HSTU and 32 at FF, indicating that the response of crop to added P was almost double of HSTU at FF. Again, the increase grains panicle-1 of T.aman due to application of K in presence P with residual lime was about 30% at HSTU and almost 15% at FF. The result indicates that the effect of K at HSTU was almost double of FF (Appendix: 9.36).
The number of grains panicle-1 of T.aman (average) varied from 124.76–209.73 no. at HSTU and 106.69–189.00 at FF irrespective of treatments. In general, the grains panicle-1 of T.aman was relatively high at HSTU than at FF similarly it was relatively high in 1st year (2012-13) than in 2nd year (2013-14) in both the locations (Appendix: 9.31).
4.2.2.5 Effect of residual lime, renewed P and K on 1000-grain weight of         T. aman
Like other parameters, the 1000-grain weight of T.aman was significantly influenced by the different treatments (Appendix: 9.32). The 1000-grain weight ranged from 14.71-19.50g at HSTU and 15.14–19.25g at FF. The result exhibited that the residual lime alone was significantly increased the 1000 grain weight over control at FF and in 1st year at HSTU. The effects of residual lime and P containing treatments on 1000 grain weight of T.aman was significant over residual lime alone although L2P failed show any effect over lime alone treatments. The treatments L1P and L2P were statistically identical, but numerical value was of 1000-grain weight was higher in L1P than in L2P. However, application of K with P in presence of residual lime containing treatments again significantly increased 1000-grain weight over all other treatments under the study, with minor exception at FF in 1st year (L2PK). Between the two K containing, treatments the effect of L1PK was better than L2PK on 1000-grain weight of T.aman. In both sites and years, lowest values were found in control and highest values in L1PK. The mean value of            1000-grain weight varied from 14.99–19.14g at HSTU and 15.35–19.79g. It followed the similar trend of individual year (Appendix: 9.36). 

4.2.2.6 Effects of residual lime, renewed P and K on grains yield of T. aman
There was a significant effect of residual lime, renewed P and K in different treatment combinations on the grain yield of T.aman, as observed in two sites and years (Table 4.13). Depending on the treatments, the grain yield of T.aman ranged from 2.30–4.03 t ha-1 at HSTU and 1.95–4.06 t ha-1 at Farmer’s field. The two doses of residual lime significantly increased the grain yields of T.aman over control at both locations and years. 
Table 4.13 Effects of residual lime and renewed P and K on the grain yields of T.aman in the Wheat-fallow-T.aman cropping pattern
	Treatments


	Grain  yield (t ha-1)

	
	HSTU
	Farmer’s field

	
	2012-13
	2014-14
	2012-13
	2014-14

	Control (L0)
	2.54c
	2.30d
	2.10d
	1.95d

	L1
	3.00b
	2.70c
	2.95c
	2.59c

	L2
	2.89b
	2.65c
	2.88c
	2.37c

	L1P
	3.22b
	3.04b
	3.20b
	3.05b

	L2P
	3.15b
	3.01b
	2.99b
	2.92b

	L1PK
	4.03a
	3.70a
	4.06a
	3.69a

	L2PK
	3.80a
	3.62a
	3.93a
	3.70a

	CV (%)
	6.87
	3.08
	4.25
	5.49

	LSD0.05
	0.33
	0.14
	0.20
	0.23


     Values within the same column with a common letter do not differ significantly (p=0.05)

Application of P in presence of either dose of residual lime significantly increased the grain yield of T. aman over L1 and L2 treatments except in the 1st year at HSTU. Addition of K with renewed P in presence of either dose of residual lime further significantly increased the grain yields of T. aman over L1P and L2P treatments. The treatments L1PK and L2PK were statistically similar in all the cases but lower dose of residual lime with PK produced higher grain yields than higher dose of residual lime. 
The average grain yield of T.aman ranged from 2.02-3.87 t ha-1 at HSTU farm and 2.42–3.86 t ha-1 at FF (Appendix: 9.26 and Fig. 4.11 and 4.12). The highest grain yield of T.aman was recorded in L1PK treatment. It was followed by L2PK and the lowest yield was in control treatment. The grain yield increase due to the effect of different treatment combinations ranged from 17.62–59.62% at HSTU and 36.82–91.35% yield at Farmer’s field over control (Fig. 4.15 and 4.16). The treatment L1PK gave 59.62% yield benefit over control at HSTU farm and 91.35% at FF. This increase was much higher at Farmer’s field than at HSTU (Appendix: 9.27).The effect of treatment was strongly higher at Farmer’s field than at HSTU.
4.2.2.7 Effect of residual lime, renewed P and K on straw yield of T.aman

There was a significant effect of residual lime, renewed P and K in different treatment combinations on the straw yield of T.aman, as observed in two sites and years (Table: 4.14).The straw yield of T.aman showed almost similar trend of grain yields at both the sites and years. The mean straw yields varied from 2.22–4.25 t ha-1 at HSTU and 2.68–4.24 t ha-1 at FF (Table: 4.14 and Appendix: 9.26, Figs. 4.11, 4.12). However, the straw yield was slightly higher than grain yield. 
Table: 4.14 Effects of residual lime and renewed P and K on the straw yields of T.aman in the Wheat-fallow-T.aman cropping pattern

	Treatments


	Straw yield (t ha-1)

	
	HSTU
	Farmer’s field

	
	2012-13
	2014-14
	2012-13
	2014-14

	Control (L0)
	2.82c
	2.54d
	2.30d
	2.15e

	L1
	3.33b
	2.98c
	3.22c
	2.85c

	L2
	3.19b
	2.92c
	3.17c
	2.59d

	L1P
	3.55b
	3.33b
	3.51b
	3.37b

	L2P
	3.47b
	3.33b
	3.30bc
	3.22b

	L1PK
	4.44a
	4.04a
	4.43a
	4.07a

	L2PK
	4.19a
	4.00a
	4.34a
	4.08a

	CV (%)
	6.50
	2.84
	4.20
	4.88

	LSD0.05
	0.35
	0.14
	0.22
	0.23


     Values within the same column with a common letter do not differ significantly (p=0.05)
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4.2.2.8 Nutrient uptake by T.aman

The grain and straw samples of T.aman from HSTU farm and FF were analyzed for N, P, K, Ca, Mg, S, Zn and B concentrations. These concentrations of nutrient (Appendices: 9.33 & 9.34) and yield data of T.aman were used for calculating the nutrient uptake. Total uptake of nutrient was the sum of uptake by grain and straw sample (Table: 4.15). The uptake of N, P, K, S, Ca, Mg, Zn and B by T.aman (grain+straw) was significantly influenced by different treatments combination of lime, P and PK under Wheat-fallow-T.aman cropping pattern during 2012-13 to 2013-14 (Table: 4.15). 
The uptake of nutrients (mean of two years) by T.aman varied from 40.51- 85.63 kg N ha-1, 5.44–11.40 kg P ha-1, 35.98-107.10 kg K ha-1, 5.87-13.73 kg Ca ha-1, 5.97-15.38 kg Mg ha-1, 3.69–10.49 kg S ha-1, 0.16-0.32 kg Zn ha-1, and 0.07-0.15 kg B ha-1 at HSTU. Those of 32.96 -83.06 kg N ha-1, 4.07-10.56 kg P ha-1 , 29.49-106.20 kg K ha-1, 4.37-12.42 kg Ca ha-1, 3.92-12.91  kg Mg ha-1, 3.10-7.96 kg S ha-1, 0.12-0.30 kg Zn ha-1 and 0.05-0.14 kg B ha-1 at FF (Appendices: 9.35,  Figs. 4.17a, 4.17b, 4.17c & 4.18a, 4.18b, 4.18c). 
In general, the uptake of all nutrients gradually increased significantly due to lime alone, LP and LPK containing treatments. The uptake was always higher due to lower dose of lime containing treatments than higher dose of lime containing treatments. The variation in nutrients uptake between treatments were mainly associated with yields of T.aman and the nutrient concentrations in grain and straw samples of T.aman. The average uptake of all nutrients in most of the cases by T.aman was higher at HSTU than at FF (Table: 4.15 and Appendix: 9.35). 

Table: 4.15 Effects of residual lime and renewed P and K on nutrient uptake        by T.aman (grain+straw) under Wheat-fallow-T.aman cropping pattern
	Treatment
	N
	P
	K
	Ca
	Mg
	S
	Zn
	B

	
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14
	2012-13
	2013-14

	 HSTU
	kg ha-1

	Control (L0)
	43.59d
	37.44e
	5.58d
	5.30d
	38.73d
	33.23d
	7.17c
	4.58d
	7.29d
	4.66e
	4.58d
	2.80f
	0.18d
	0.14d
	0.08d
	0.06d

	L1
	62.47bc
	53.16d
	7.20c
	6.77c
	78.98bc
	68.17c
	10.41b
	7.00c
	11.10c
	6.82d
	7.16bc
	3.70e
	0.23c
	0.19c
	0.11c
	0.09c

	L2
	60.67c
	52.20d
	6.91c
	6.58c
	75.84c
	67.96c
	10.60b
	6.93c
	10.96c
	7.56c
	7.25bc
	4.04d
	0.22c
	0.18c
	0.11bc
	0.09c

	L1P
	69.57b
	62.86c
	8.69b
	8.41b
	85.48b
	78.30b
	10.90b
	8.31b
	11.90bc
	9.01b
	6.86c
	4.65c
	0.25b
	0.22b
	0.12b
	0.11b

	L2P
	67.73bc
	62.10c
	8.51b
	8.28b
	84.34bc
	78.14b
	11.32b
	8.21b
	13.26b
	9.27b
	8.26b
	4.94c
	0.25b
	0.22b
	0.12bc
	0.11b

	L1PK
	91.37a
	79.89a
	11.69a
	11.11a
	115.11a
	99.10a
	16.66a
	10.80a
	17.91a
	12.85a
	13.14a
	6.93b
	0.35a
	0.29a
	0.16a
	0.14a

	L2PK
	84.77a
	76.95b
	11.03a
	10.70a
	107.12a
	96.85a
	16.23a
	10.54a
	17.10a
	12.47a
	13.56a
	7.43a
	0.34a
	0.29a
	0.16a
	0.14a

	CV (%)
	7.01
	2.96
	8.18
	3.39
	6.96
	2.80
	7.61
	3.04
	7.48
	5.23
	8.41
	4.55
	7.13
	2.40
	7.14
	5.07

	LSD0.05
	 7.14
	 2.67
	 2.02
	 0.59
	8.65 
	 3.10
	1.34
	0.36
	1.42 
	 0.70
	1.09 
	 0.33
	0.01 
	 0.01
	0.01 
	0.01 

	Farmer’s field
	
	

	Control (L0)
	34.68f
	31.25d
	4.15d
	3.98f
	31.29d
	27.69d
	4.85e
	3.89d
	4.49e
	3.35e
	3.69d
	2.50d
	0.13e
	0.12e
	0.06d
	0.05d

	L1
	58.38e
	49.90c
	6.11c
	5.68e
	75.13c
	65.33c
	8.65d
	6.91c
	8.43d
	6.81c
	5.03c
	3.56c
	0.20d
	0.17d
	0.09c
	0.08c

	L2
	57.16de
	45.62c
	6.27c
	5.61e
	75.05c
	60.29c
	8.71d
	6.58c
	8.25d
	5.59d
	5.14c
	3.46c
	0.21cd
	0.16d
	0.10c
	0.07c

	L1P
	66.60bc
	62.05b
	7.96b
	7.73c
	83.73b
	79.00b
	9.92c
	8.65b
	10.10c
	8.18b
	5.10c
	4.17b
	0.23b
	0.22b
	0.11b
	0.10b

	L2P
	61.88b
	58.88b
	7.44b
	7.34d
	79.43bc
	75.78b
	9.39c
	8.04b
	9.75c
	8.12b
	5.41c
	4.28b
	0.22c
	0.20c
	0.11bc
	0.10b

	L1PK
	88.15a
	77.97a
	10.88a
	10.25b
	111.51a
	100.53a
	13.79a
	11.06a
	14.21a
	11.61a
	8.54b
	6.41a
	0.32a
	0.28a
	0.15a
	0.13a

	L2PK
	83.98b
	76.89a
	10.57a
	10.19a
	108.31a
	99.85a
	13.11b
	10.99a
	13.44b
	11.25a
	9.10a
	6.82a
	0.31a
	0.28
	0.15a
	0.13

	CV (%)
	4.06
	5.14
	4.47
	4.31
	4.32
	4.93
	4.53
	6.96
	4.91
	6.00
	5.75
	8.03
	4.22
	4.66
	4.37
	5.70

	LSD0.05
	 3.888
	 4.39
	0.9419 
	0.71
	5.175 
	5.32
	0.6577 
	0.83
	0.7155 
	0.70 
	0.5125 
	0.53
	0.01486 
	0.01
	0.01486 
	0.01


     Values within the same column with a common letter do not differ significantly (p=0.05)
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         Fig. 4.17(b)
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4.3.1 Changes in soil properties Wheat-Mungbean-T.aman and Wheat-fallow-
         T.aman cropping patterns
 Soil samples were collected from each treated plot after completing each cycles  of Wheat-Mungbean-T.aman cropping patterns for analyzing different soil properties viz. Soil pH, Organic matter, total N, available P, S, Fe, Mn, Zn, B and  exchangeable K, Ca, Mg.  
The pH of initial soil was 5.41 at HSTU and 4.80 at FF. Application of different treatments brought about a remarkable change in pH of soil at both locations (Tables: 4.16, 4.18 and appendix: 9.44, 9.45). Application of lime alone increased the soil pH by 0.4 to 0.79 unit at HSTU and 0.46 to 0.98 units at FF irrespective of doses in 1st year. The application of P also increased the soil pH over lime alone in each location. A further increase was noted in lime plus PK containing treatments but the increase due to K was lower than P in both the locations. The rate of increase of soil pH was higher at FF than at HSTU although the pH value was lower. However, a general decrease in soil pH was observed after 2nd year (2013-2014) over the 1st year (2012-2013) in both locations. 

The status of soil organic matter increased over the initial level due to lime and application of P and PK with lime at HSTU as well as at FF. The variation in soil OM between the treatments was very negligible. The status of organic matter was relatively high at FF than HSTU. The difference between soil organic matters content of two years was not remarkable. The total N content of soil showed some increasing trend in total N content of both locations of soil following the trend of organic matter. 

The initial status of soil OM and total N were 1.48 and 0.08 at HSTU and 1.58 and 0.10 at FF. Due to liming, fertilization  and cropping, the status of were OM and total N varied from 1.48-1.59% and  0.08-0.11% at HSTU and 1.58-1.66% and 0.08-0.11% at FF respectively irrespective of soils and treatments (Table: 4.16 and 4.18).

A mild increase in available P content of soil was found (1-2 µg g-1) in P containing treatments over control treatment in both locations. Unlike the total N, the status of available P was relatively high in 2nd year than in 1st year. Remarkable variation was not found in exchangeable K content of soils of two locations except the K containing treatments where it showed an increasing trend although the uptake was much higher than addition (Tables: 4.16 and 4.18). The treatments under study practically failed to show any difference in available S content in soil in both the locations and years. In general, the status was lower at FF than at HSTU as well as in 2nd year than in 1st year. The initial status of soil S was 17.29-µg g-1 at HSTU and 11.26-µg g-1 at FF respectively. Due to application of lime and fertilizer and cropping the status of S varied from 17.15-17.36 at HSTU and 11.22-11.38 µg g-1 at FF respectively irrespective of soils and treatments (Table: 4.16 and 4.18). An increase in exchangeable Ca and Mg content of soil were noted due to liming and fertilization in both the locations. The status was slightly lower in FF than in HSTU. Their status was also decrease in 2nd year over the 1st year. The initial status of soil Ca and Mg were 2.48 and 0.29 meq. 100g-1 soil at HSTU and 2.05 and 0.35 meq. 100g-1 at FF respectively the status were varied from 2.49- 3.56 and 0.28-0.64 meq. 100 g-1 at HSTU and 1.78- 3.22 and 0.33-0.71 meq. 100 g-1 at FF respectively due to liming with fertilization through different treatments irrespective of years and locations (Table: 4.17 and 4.19). 

The initial status of soil Fe, Mn Zn and B were 51.90, 12.13, 0.90 and 0.13 µg g-1 respectively at HSTU and 107.60, 28.47, 1.30, 0.12 µg g-1 respectively at FF.  Due to liming fertilization  and cropping the status of Fe, Mn Zn and B were varid from 45.30-50.30, 10.50-11.75, 0.77-0.88 and 0,08-0.11 µg g-1 respectively irrespective years and treatments at HSTU while it was from 101.20-106.50, 23.10-26.32, 1.18-1.26 and 0.08-0.12 µg g-1 respectively in soils of FF irrespective of years and treatments (Table: 4.17 and 4.19). The status gradually decreased due to successive addition of P and K with limes. 
The effect of treatments on soil Wheat-fallow-T.aman cropping pattern followed the trend of Wheat–Mungbean-T.aman cropping pattern in the both sites and years.

Table: 4.16 Soil fertility statuses after 1st and 2nd cycles of Wheat-Mungbean-T.aman 
                    cropping pattern due to different treatments at HSTU and FF
	Treatments
	pH
	OM
	N 
	P
	K
	S

	
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014

	HSTU
	Value
	  (%)
	µg g-1
	Meq. 100 g-1
	µg g-1

	Initial
	5.41
	5.41
	1.48
	1.48
	0.08
	0.07
	11.20
	11.20
	0.10
	0.10
	17.29
	17.29

	Control(L0)
	5.40
	5.33
	1.47
	1.55
	0.08
	0.08
	10.00
	10.00
	0.08
	0.07
	17.2
	17.15

	L1
	5.81
	5.67
	1.54
	1.50
	0.09
	0.08
	10.25
	10.10
	0.09
	0.08
	17.31
	17.26

	L2
	6.20
	6.14
	1.56
	1.54
	0.09
	0.09
	10.50
	10.20
	0.09
	0.08
	17.35
	17.25

	L1P
	6.03
	5.86
	1.58
	1.56
	0.10
	0.09
	12.25
	13.00
	0.09
	0.09
	17.34
	17.26

	L2P
	6.27
	6.22
	1.59
	1.57
	0.10
	0.08
	11.53
	13.25
	0.09
	0.09
	17.35
	17.28

	L1PK
	6.07
	5.91
	1.61
	1.58
	0.11
	0.10
	12.00
	13.00
	0.10
	0.10
	17.36
	17.31

	L2PK
	6.31
	6.27
	1.59
	1.57
	0.11
	0.10
	12.4
	13.45
	0.10
	0.10
	17.35
	17.30

	CV (%)
	0.31
	0.77
	0.88
	1.87
	3.18
	3.59
	0.21
	0.20
	3.04
	4.65
	3.15
	4.81

	FF
	
	
	
	
	

	Initial
	4.8
	4.8
	1.58
	1.58
	0.10
	0.10
	7.03
	7.03
	0.11
	0.11
	11.26
	11.26

	Control(L0)
	4.80
	4.79
	1.56
	1.53
	0.08
	0.08
	7.00
	6.95
	0.10
	0.09
	11.28
	11.22

	L1
	5.26
	5.16
	1.62
	1.61
	0.09
	0.09
	7.82
	7.00
	0.09
	0.08
	11.35
	11.28

	L2
	5.78
	5.60
	1.61
	1.55
	0.09
	0.10
	7.95
	7.15
	0.09
	0.08
	11.35
	11.28

	L1P
	5.71
	5.62
	1.63
	1.56
	0.10
	0.10
	8.39
	9.25
	0.09
	0.08
	11.36
	11.29

	L2P
	5.85
	5.82
	1.65
	1.63
	0.10
	0.10
	8.70
	9.50
	0.09
	0.08
	11.36
	11.30

	L1PK
	5.90
	5.76
	1.66
	1.65
	0.11
	0.11
	8.10
	8.95
	0.10
	0.09
	11.38
	11.31

	L2PK
	6.01
	5.98
	1.65
	1.64
	0.11
	0.10
	8.60
	9.10
	0.10
	0.11
	11.37
	11.30

	CV (%)
	0.58
	0.70
	1.91
	2.22
	6.11
	6.30
	0.67
	2.89
	2.77
	2.84
	3.51
	4.09


Table: 4.17 Soil fertility status after 1st and 2nd cycles of Wheat-Mungbean-T.aman cropping pattern due to different treatments at HSTU and FF.
	Treatment
	Ca
	Mg
	Fe
	Mn
	Zn
	B

	
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014

	HSTU
	Meq. 100 g-1
	µg g-1

	Initial
	2.48
	2.48
	0.29
	0.29
	51.90
	51.90
	12.13
	12.13
	0.90
	0.90
	0.13
	0.13

	Control(L0)
	2.49
	2.07
	0.28
	0.27
	49.72
	50.30
	11.75
	11.75
	0.86
	0.78
	0.10
	0.09

	L1
	2.88
	2.49
	0.45
	0.43
	48.12
	49.20
	10.95
	11.15
	0.84
	0.80
	0.11
	0.09

	L2
	3.1
	2.53
	0.52
	0.50
	47.26
	48.30
	10.75
	10.90
	0.85
	0.77
	0.09
	0.08

	L1P
	3.22
	2.57
	0.54
	0.51
	47.89
	48.10
	10.85
	10.95
	0.85
	0.80
	0.11
	0.10

	L2P
	3.25
	2.63
	0.58
	0.55
	47.50
	47.80
	10.50
	10.75
	0.86
	0.79
	0.09
	0.09

	L1PK
	3.5
	2.69
	0.63
	0.60
	46.20
	46.90
	10.70
	10.90
	0.88
	0.81
	0.11
	0.10

	L2PK
	3.56
	2.70
	0.64
	0.61
	45.30
	46.45
	10.50
	10.65
	0.87
	0.78
	0.10
	0.09

	CV (%)
	1.43
	1.51
	1.37
	1.92
	2.25
	2.76
	3.79
	4.37
	1.95
	5.14
	4.48
	4.70

	FF

	Initial
	2.05
	2.05
	0.35
	0.35
	107.6
	107.6
	28.47
	28.47
	1.3
	1.3
	0.12
	0.12

	Control(L0)
	1.99
	1.78
	0.34
	0.33
	106.40
	106.50
	26.32
	26.30
	1.24
	1.20
	0.10
	0.08

	L1
	2.28
	2.18
	0.40
	0.38
	104.10
	104.10
	25.3
	25.50
	1.24
	1.20
	0.10
	0.09

	L2
	2.56
	2.47
	0.51
	0.50
	103.50
	103.90
	24.4
	24.70
	1.25
	1.18
	0.11
	0.08

	L1P
	2.86
	2.76
	0.52
	0.51
	103.40
	103.80
	25.45
	25.85
	1.25
	1.21
	0.11
	0.10

	L2P
	2.90
	2.79
	0.54
	0.52
	102.70
	102.95
	24.10
	24.50
	1.24
	1.19
	0.11
	0.09

	L1PK
	3.11
	3.01
	0.69
	0.68
	101.60
	102.90
	23.60
	24.10
	1.26
	1.22
	0.12
	0.10

	L2PK
	3.22
	3.12
	0.71
	0.69
	101.20
	102.60
	23.10
	23.60
	1.26
	1.20
	0.11
	0.09

	CV (%)
	1.54
	2.01
	3.99
	3.71
	2.67
	1.93
	5.34
	3.54
	3.25
	1.50
	5.19
	4.85


Table: 4.18 Soil fertility status after 1st and 2nd cycles of Wheat-fallow-T.aman cropping 
                     pattern due to different treatments at HSTU and FF
	Treatments
	pH
	OM
	N 
	P
	K
	S

	
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014

	HSTU
	Value
	  (%)
	µg g-1
	Meq. 100 g-1
	µg g-1

	Initial
	5.41
	5.41
	1.48
	1.48
	0.08
	0.07
	11.20
	11.20
	0.10
	0.10
	17.29
	17.29

	Control(L0)
	5.40
	5.34
	1.46
	1.50
	0.09
	0.08
	10.70
	10.50
	0.10
	0.10
	17.21
	17.16

	L1
	5.74
	5.66
	1.52
	1.49
	0.09
	0.08
	10.60
	10.40
	0.10
	0.10
	17.34
	17.27

	L2
	6.06
	6.16
	1.55
	1.52
	0.09
	0.09
	10.70
	10.50
	0.10
	0.10
	17.33
	17.26

	L1P
	5.96
	5.91
	1.56
	1.53
	0.09
	0.09
	12.45
	13.10
	0.10
	0.10
	17.32
	17.28

	L2P
	6.13
	6.05
	1.57
	1.55
	0.09
	0.09
	12.70
	13.25
	0.10
	0.10
	17.34
	17.29

	L1PK
	5.99
	5.95
	1.59
	1.56
	0.10
	0.10
	12.20
	13.10
	0.11
	0.11
	17.36
	17.30

	L2PK
	6.18
	6.10
	1.58
	1.55
	0.10
	0.10
	12.45
	13.50
	0.11
	0.10
	17.35
	17.30

	CV (%)
	0.64
	0.64
	1.10
	2.23
	3.18
	3.59
	0.21
	0.20
	4.42
	3.04
	3.25
	3.97

	FF
	
	
	
	
	
	
	

	Initial
	4.8
	4.8
	1.58
	1.58
	0.10
	0.10
	7.03
	7.03
	0.11
	0.11
	11.26
	11.26

	Control(L0)
	4.80
	4.78
	1.60
	1.60
	0.08
	0.08
	7.00
	6.95
	0.08
	0.09
	11.24
	11.22

	L1
	5.17
	5.08
	1.55
	1.54
	0.09
	0.09
	6.82
	6.77
	0.09
	0.08
	11.33
	11.23

	L2
	5.7
	5.70
	1.64
	1.62
	0.09
	0.09
	6.97
	6.85
	0.09
	0.08
	11.33
	11.24

	L1P
	5.62
	5.46
	1.60
	1.54
	0.09
	0.09
	8.45
	9.35
	0.09
	0.08
	11.35
	11.27

	L2P
	5.83
	5.77
	1.65
	1.62
	0.09
	0.09
	8.75
	9.60
	0.09
	0.08
	11.32
	11.26

	L1PK
	5.88
	5.75
	1.65
	1.64
	0.10
	0.10
	8.15
	9.20
	0.10
	0.09
	11.34
	11.28

	L2PK
	5.98
	5.94
	1.65
	1.64
	0.11
	0.10
	8.70
	9.35
	0.10
	0.11
	11.33
	11.27

	CV (%)
	0.76
	0.75
	1.20
	1.17
	6.11
	6.30
	0.67
	2.89
	2.77
	2.84
	2.81
	3.84


Table: 4.19 Soil fertility statuses after 1st and 2nd cycles of Wheat-fallow-T.aman cropping 
                     pattern due to different treatments at HSTU and FF
	Treatment
	Ca
	Mg
	Fe
	Mn
	Zn
	B

	
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014
	2012-2013
	2013-2014

	HSTU
	Meq. 100 g-1
	µg g-1

	Initial
	2.48
	2.48
	0.29
	0.29
	51.90
	51.90
	12.13
	12.13
	0.90
	    0.90
	0.13
	0.13

	Control(L0)
	2.49
	2.07
	0.29
	0.28
	49.79
	50.37
	11.79
	11.79
	0.82
	0.77
	0.09
	0.08

	L1
	2.88
	2.49
	0.45
	0.43
	48.19
	49.27
	10.99
	11.19
	0.83
	0.78
	0.10
	0.09

	L2
	3.10
	2.53
	0.52
	0.50
	47.33
	48.37
	10.79
	10.94
	0.80
	0.77
	0.10
	0.10

	L1P
	3.22
	2.57
	0.54
	0.51
	47.96
	48.17
	10.89
	10.99
	0.84
	0.79
	0.10
	0.09

	L2P
	3.25
	2.63
	0.58
	0.55
	47.57
	47.87
	10.54
	10.79
	0.81
	0.78
	0.10
	0.09

	L1PK
	3.50
	2.69
	0.63
	0.60
	46.27
	46.97
	10.74
	10.94
	0.86
	0.80
	0.11
	0.11

	L2PK
	3.56
	2.70
	0.64
	0.61
	45.37
	46.52
	10.54
	10.69
	0.82
	0.79
	0.11
	0.10

	CV (%)
	1.43
	1.51
	1.37
	1.92
	2.25
	2.76
	3.79
	4.37
	1.36
	2.01
	6.09
	5.67

	FF

	Initial
	2.05
	2.05
	0.35
	0.35
	107.6
	107.6
	28.47
	28.47
	1.3
	1.3
	0.12
	0.12

	Control(L0)
	1.99
	1.78
	0.37
	0.36
	106.47
	106.57
	26.36
	26.34
	1.24
	1.20
	0.09
	0.08

	L1
	2.28
	2.18
	0.40
	0.38
	104.17
	104.17
	25.34
	25.54
	1.24
	1.20
	0.09
	0.08

	L2
	2.56
	2.47
	0.51
	0.50
	103.57
	103.97
	24.44
	24.74
	1.25
	1.18
	0.08
	0.09

	L1P
	2.86
	2.76
	0.52
	0.51
	103.47
	103.87
	25.49
	25.89
	1.25
	1.21
	0.10
	0.10

	L2P
	2.90
	2.79
	0.54
	0.52
	102.77
	103.02
	24.14
	24.54
	1.24
	1.19
	0.08
	0.08

	L1PK
	3.11
	3.01
	0.69
	0.68
	101.67
	102.97
	23.64
	24.14
	1.26
	1.22
	0.11
	0.10

	L2PK
	3.22
	3.12
	0.71
	0.69
	101.27
	102.67
	23.14
	23.64
	1.26
	1.20
	0.09
	0.09

	CV (%)
	1.54
	2.01
	3.99
	3.71
	2.67
	1.93
	5.34
	3.54
	3.25
	1.50
	5.16
	4.93


4.4 Effect of lime, P and K nutrients on Cost and Return Analysis under 

      Wheat-Mungbean-T.aman rice cropping pattern during 2012-14 at HSTU 
       and FF

An economic analysis of lime and fertilizer use in the Wheat-Mungbean-T.aman and Wheat-T.aman cropping patterns were done to find out the economically viable treatments. Human labour was employed for land preparation, seed sowing, transplantation, fertilization, pesticide application, crop thinning, weeding, harvesting and processing. Used different types of pesticides namely ripcord, karate, rovral, bavistin and provex were used for crop (wheat, mungbean, T.aman) protection. Calculation all variable cost and gross return were done considering the market prices of experiment conducting time.
4.4.1 Cost and Return Analysis for Wheat-Mungbean-T.aman cropping pattern
The Cost of cultivation was almost same in HSTU and FF except fertilizer 

(Table: 4.20). Treatments wise cost of fertilizers are shown in Table: 4.20(a).

The results of cost benefit ratio of the Wheat-Mungbean-T.aman cropping pattern are exhibited here. The highest gross margin of Tk 140866 ha-1 yr.-1 with a BCR of 2.32 was found due to treatment L1PK at HSTU. The second highest gross margin was due L2PK but its BCR was lower than L1P treatments (Table: 4.21).     
At FF, the highest gross margin of Tk.1,40,866.00 ha-1 yr.-1 with BCR of 2.40 was found due to L1PK. The gross margin as well as BCR of L2PK was next to L1PK. This also followed by L1P both gross margin and BCR (Table: 4.21).

Table: 4.20 Cost of cultivation for Wheat-Mungbean-T.aman cropping pattern 

	Cost Items
	Cost (Tk/ha)

	
	Wheat
	Mungbean
	T.aman
	Total

	Land preparation
	4200
	3000
	4200
	11400

	Human labour
	12000
	12400
	15600
	40000

	Seed
	3000
	1500
	700
	5200

	Fertilizers*
	                                                                 -

	Irrigation
	2000
	1000
	7000
	10000

	Insecticides
	2500
	3800
	3500
	9800

	Total
	23700
	21700
	31000
	76400


  *Crop wise calculation as per treatment shown in Table 4.20 (a)
Table: 4.20(a) Treatment wise costs of fertilizers for Wheat-Mungbean-T.aman cropping pattern at HSTU and at FF 

	Treatment
	Wheat
	Mungbean
	T.aman
	Total

	
	Tk. ha-1
	Tk. ha-1
	Tk. ha-1
	Tk. ha-1yr.-1

	HSTU
	
	
	
	

	Control (L0)
	5546
	4104
	5472
	15122

	L1
	7546
	4104
	5472
	17122

	L2
	9546
	4104
	5472
	19122

	L1P
	9306
	6084
	8552
	23942

	L2P
	11174
	5864
	8332
	25370

	L1PK
	12806
	7284
	9952
	30042

	L2PK
	14774
	7064
	9812
	31650

	FF

	Control(L0)
	6568
	3015
	5452
	15035

	L1
	8568
	3015
	5452
	17035

	L2
	10568
	3015
	5452
	19035

	L1P
	10548
	6276
	6552
	23376

	L2P
	12988
	6056
	6442
	25486

	L1PK
	13628
	6836
	6552
	27016

	L2PK
	16188
	6656
	6442
	29286


Table: 4.21 Cost and return analysis of Wheat-Mungbean-T.aman cropping pattern 
                   affected by different treatments (average of two years)

	Treatment
	Variable cost
	Gross return
	Gross margin
	BCR

	HSTU
	Tk. ha-1yr.-1

	Control(L0)
	91522
	131468
	39946
	1.44

	L1
	93522
	178848
	85326
	1.91

	L2
	95522
	178105
	82583
	1.86

	L1P
	100342
	214298
	113956
	2.14

	L2P
	101770
	202693
	100923
	1.99

	L1PK
	106442
	247308
	140866
	2.32

	L2PK
	108050
	224270
	116220
	2.08

	Farmer’s  field
	

	Control(L0)
	91435
	70315
	-21120
	0.77

	L1
	93435
	169018
	75583
	1.81

	L2
	95435
	162375
	66940
	1.70

	L1P
	99776
	192568
	92791
	1.93

	L2P
	101886
	187138
	85251
	1.84

	L1PK
	103416
	248243
	144826
	2.40

	L2PK
	105686
	233723
	128036
	2.21


Note: Input prices: Urea=Tk.12 kg-1, T.S.P=Tk.22 kg-1, MoP=Tk.20 kg-1, Gypsum=Tk.6 kg-1, Zinc sulphate=Tk.120 kg-1, Boric acid=Tk.300 kg-1, Rovral=Tk.250 100–g , Bavistin=Tk.200 100-g, Provex =Tk.3200 kg-1, Ripcord=Tk.105 100-g, Karate=Tk.450 500-ml, Plowing=Tk.1400 ha-1(one pass), Labour wage=Tk.200 day-1, Wheat seed=Tk.25 kg-1, Mungbean seed=Tk.60 kg-1,  T.aman rice seed=Tk.35 kg-1 

Output prices: Wheat= Tk.22 kg-1, Mungbean= Tk.55 kg-1, T.aman rice= Tk.16 kg-1, Wheat straw rate = Tk.1.5 kg-1, Mungbean stover = Tk.1.00 kg-1, Rice straw= Tk.1.5 kg-1.

4.4.2 Cost and Return Analysis for Wheat-fallow-T.aman cropping 

         pattern
The cost of cultivation of Wheat-fallow-T.aman cropping pattern was similar 
to Wheat-Mungbean-T.aman except fertilizer, which cost from previous 
pattern (Tables: 4.22,  4.22a and 4.23).
Table: 4.22 Cost of cultivation for Wheat-fallow-T.aman rice cropping pattern 

	Cost Items
	Cost (Tk/ha)

	
	Wheat
	T.aman
	Total

	Land preparation
	4200
	4200
	8400

	Human labour
	12000
	15600
	27600

	Seed
	3000
	700
	3700

	Fertilizers*
	         -                                                    
	 

	Irrigation
	2000
	7000
	9000

	Insecticides
	2500
	3500
	6000

	Total
	23700
	31000
	54700


  *Crop wise calculation as per treatment shown in Table 4.22 (a).

Table: 4.22(a) Treatment wise costs of fertilizers for Wheat-fallow-T.aman cropping pattern at HSTU and FF 

	Treatment
	Wheat
	T.aman
	Total

	
	Tk. ha-1
	Tk. ha-1
	Tk. ha-1yr.-1

	HSTU
	
	
	

	Control(L0)
	5546
	5472
	11018

	L1
	7546
	5472
	13018

	L2
	9546
	5472
	15018

	L1P
	9306
	8552
	17858

	L2P
	11174
	8332
	19506

	L1PK
	12806
	9952
	22758

	L2PK
	14774
	9812
	24586

	FF
	
	
	

	Control(L0)
	6568
	5452
	12020

	L1
	8568
	5452
	14020

	L2
	10568
	5452
	16020

	L1P
	10548
	6552
	17100

	L2P
	12988
	6442
	19430

	L1PK
	13628
	6552
	20180

	L2PK
	16188
	6442
	22630


The highest gross margin of Tk. 89,757.00 ha-1yr.-1 was found due to L1PK with a 
BCR of 2.16 at HSTU while at FF the highest gross margin of  Tk.1,05,113.00 ha-1yr.-1 with a BCR of 2.40 was due L1PK treatment (Table 4.23). The highest BCR as found in L1PK was followed by L2PK (BCR 1.96) at HSTU. The BCR obtain due to L1P was very closed to BCR of L2PK. Like HSTU, the second highest BCR was also found due to L2PK (2.19) at FF.  However, the difference in BCR between the treatments L2PK and L1PK was almost similar in both locations although the numerical value was higher at FF than at HSTU (Table: 4.23).

Table: 4.23 Cost and return analysis of Wheat-Fallow-T.aman cropping
                 pattern affected by different treatments (average of two years)

	Treatment
	Variable cost
	Gross return
	Gross margin
	BCR

	HSTU
	Tk. ha-1yr.-1

	Control(L0)
	65718
	98105
	32387
	1.49

	L1
	67718
	126070
	58352
	1.86

	L2
	69718
	118700
	48982
	1.70

	L1P
	72558
	139763
	67205
	1.93

	L2P
	74206
	135695
	61489
	1.83

	L1PK
	77458
	167215
	89757
	2.16

	L2PK
	79286
	155213
	75927
	1.96

	Farmer’s  field
	

	Control(L0)
	66720
	43795
	-22925
	0.66

	L1
	68720
	120023
	51303
	1.75

	L2
	70720
	115640
	44920
	1.64

	L1P
	71800
	139720
	67920
	1.95

	L2P
	74130
	127790
	53660
	1.72

	L1PK
	74880
	179993
	105113
	2.40

	L2PK
	77330
	169425
	92095
	2.19


Note: Input prices: Urea= Tk.12 kg-1, T.S.P= Tk.22 kg-1, MoP= Tk.20 kg-1, Gypsum= Tk.6 kg-1, Zinc sulphate= Tk.120 kg-1, Boric acid= Tk.300 kg-1, Rovral= Tk.250 100 –g , Bavistin= Tk.200 100-g, Provex = Tk.3200 kg-1, Ripcord= Tk.105 100-g, Karate= Tk.450 500-ml , Plowing= Tk.1400 ha-1(one pass), Labour wage= Tk.200 day-1, Wheat seed= Tk.25 kg-1, Mungbean seed= Tk.60 kg-1,  T.aman rice seed= Tk.35 kg-1
Output prices: Wheat= Tk.22 kg-1, Mungbean= Tk.55 kg-1, T.aman rice= Tk.16 kg-1, Wheat straw rate = Tk.1.5 kg-1, Mungbean stover = Tk.1.00 kg-1, Rice straw= Tk.1.5 kg-1
The results indicated that there was a positive relationship between the 1 t lime ha-1 with fertilizer use and higher quality production and as a result got higher market price. The lower dose of lime with P and PK containing treatments showed higher BCR than the higher dose of lime with P and PK containing treatments. 
4.4.3 Effect of different cropping pattern on cost and return analysis 
         During 2012-2014 

The cost and return analysis of two cropping patterns of two locations are presented in the Tables  4.21 and 4.23.  Between the two cropping pattern, the W-M-T pattern was got the highest benefit cost ratio in both locations. The comparatively pattern wise lowest benefit cost ratio was recorded from Wheat-fallow-T.aman cropping pattern at both the locations than Wheat-Mungbean-T.aman. Based on treatment wise benefit cost ratio, the lowest was found in control plot (L0) in both cases. The BCR was increased when only lime was applied with P and K (Tables: 4.21 and 4.23). This result indicates that the lime really, is an essential and important agriculture input for optimum and sustainable crop production in acid soils considering the soil resources management. It appears from the results that the gross margin as well as higher for Wheat-Mungbean-T.aman than Wheat-fallow-T.aman cropping pattern.  Between the two locations, the BCR and gross margin of FF higher than that of HSTU. [image: image27.png]



Fig. 4.1 Effects of treatments on grain and straw yields of Wheat-Mungbean-T.aman cropping pattern at HSTU (means of 2 years)








Fig. 4.2 Effects of treatments on grain and straw yields of Wheat-Mungbean -T.aman cropping pattern at FF (means of 2 years)








Fig. 4.3 Effects of treatment on % grain yield increase over the control at HSTU under Wheat- Mungbean-T.aman cropping pattern (means of 2 years)








Fig. 4.4 Effects of treatment on percentage grain yield increase over the control at FF under Wheat-Mungbean-T.aman cropping pattern (means of 2 years)











Fig. 4.5 (a,b,c) Effects of lime, P and K  on N, P, K, Ca, Mg, S, Zn, and B uptake by wheat at HSTU under Wheat-Mungbean-T.aman cropping pattern (means of 2 years)








Fig. 4.9 (a, b, c) Effects of residual lime and renewed P and K on N, P, K, Ca, Mg, S, 


            Zn, and B uptake by T.aman at HSTU under Wheat-Mungbean-T.aman 


            cropping pattern (means of 2 years)





Fig. 4.10 (a, b, c) Effects of residual lime and renewed P and K on N, P, K, Ca, Mg, S, 


              Zn, and B uptake by T.aman at FF under Wheat-Mungbean-T.aman cropping 


              pattern (means of  2 years).











Fig.: 4.13(a, b, c) Effects of lime, P and K on N, P, K, Ca, Mg,S, Zn and B uptake  


         by wheat at HSTU under Wheat-fallow-T. aman cropping pattern                                   


        (means of 2 years)








Fig.: 4. 14 (a, b, c) Effects of lime, P and K  on N, P, K, Ca, Mg, S, Zn and B uptake by wheat at FF under Wheat-fallow-T.aman cropping pattern (means of 2 years)








Fig. 4.15 Effects of lime, P and K treatments on percentage grain yield increase over the control at HSTU under Wheat-fallow-T.aman cropping pattern (means of 2 years)








Fig. 4.16 Effects of lime, P and K treatments on percentage grain yield increase over the control at FF under Wheat-fallow-T.aman cropping patterns (means of 2 years)








Fig.: 4.17 (a, b, c) Effects of residual lime and renewed  P and K on  N, P, K, Ca, Mg,  S, Zn and B uptake by T.aman at HSTU under Wheat-fallow-T.aman cropping pattern (means of 2 years)








Fig.:4.18 (a, b, c) Effects of residual lime and renewed  P and K on N, P, K, Ca, Mg, S, Zn and B uptake by T.aman at FF under wheat-fallow-T.aman cropping pattern (means of 2 years)
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