CHAPTER 5

SUMMARY AND CONCLUSION

Summary
A study was carried out both in the field and laboratory of the department of Soil Science, Hajee Mohammad Danesh Science and Technology University, Dinajpur during 2009-2011 in order to fulfill the objectives- a) To evaluate the effects of integrated uses of organic and inorganic fertilizer on the indigenous N2 fixing microorganisms in the piedmont soil of Bangladesh b) To assess the effects of organic and inorganic fertilizer on the growth, yield, nutrient contents and uptake by rice in the rice-rice cropping pattern in the studied soil and c) To determine the physico-chemical changes in the soil due to the integrated uses of organic and inorganic fertilizer in the rice-rice cropping pattern in piedmont soil.

Four field experiments were conducted during 2009-2011 out of which two were on boro and two on T. aman rice. The modern rice variety BRRI dhan28 and kataribhog were used as the test crop during boro and T. aman seasons, respectively. There were eleven treatment combinations for the experiment viz. i) control ii) Recommended Fertilizer Dose on soil test basis (RFD) iii) 75% RFD+25% cowdung (CD) iv) 50% RFD+50% CD v) 75% RFD+25% poultry manure (PM) vi) 50% RFD+50% PM vii) 75% RFD+25% mustard oil cake (MOC) viii) 50% RFD+50% MOC, ix) 75% RFD+25% (CD+PM+MOC) x) 50% RFD+50% (CD+PM+MOC) and xi) 34% CD+33% PM+33% MOC. The experiment was laid out in randomized complete block design with three replications. The size of unit plot was 5mX4m and treatments were allocated at random.

Recommended doses of chemical fertilizer for experiments were 157 kgNha-1 from urea, 14 kg P2O5 ha-1 from triple super phosphate, 81 kg K2O ha-1 from muriate of potash, 9 kg S ha-1 from gypsum and 0.7 kg Zn ha-1 from ZnSO4 7H2O for boro rice and 105 kg N ha-1 from urea, 14 kg P2O5 ha-1 from triple super phosphate, 59 kg K2O ha-1 from muriate of potash, 8 kg S ha-1 from gypsum and 0.45 kg Zn ha-1 from ZnSO4 7H2O for T. aman rice. The P, K, S and Zn fertilizer were applied as basal at final land preparation of each rice crop except N. Urea was applied in three equal splits as top dress at 15, 30 and 45 days after transplanting.

Data on yield and yield components were recorded, N, P, K and S contents of rice grain and straw were determined. Soil samples at 30, 60 days after transplanting and after harvest were analyzed for Cyanobacterial and Azotobacter population and organic matter, total N, available P, S and exchangeable K contents.

Yield and yield contributing characteristics of BRRI dhan28 in boro season and kataribhog rice in T. aman season varied significantly due to the application of organic and inorganic fertilizer over two years. Plant height, effective tillers hill-1, panicle length, grains panicle-1 and 1000 grain weight showed the highest performance due to the application of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer (T8). The lowest results were observed in control (T0). The highest grain yields of 6.093 and 5.750, while those of straw yields of 6.860 and 7.650 t ha-1 of boro rice (BRRI dhan28) were recorded during boro season of 2009 and 2010 respectively. The lowest grain yields of 3.147and 2.813 and those of straw of 3.880 and 3.368 t ha-1 respectively were recorded by above mentioned crop on the same seasons. The highest grain yields of 5.400 and 4.900 and those of straw of 10.210 and 11.210 t ha-1 of T. aman rice (kataribhog) were recorded during T. aman seasons of 2009 and 2010 respectively. The lowest results for grain of T. aman rice of 2.778 and 2.278 and those of straw of 4.670 and 5.67o t ha-1 were found during the T. aman seasons over two years respectively.

Plant height, tiller hill-1, panicle length, grains panlcle-1 and 1000 grain weight of BRRI dhan28 and kataribhog rice (T. aman) were also responded significantly to different organic and inorganic fertilizer treatments. The highest Plant height, tiller hill-1, panicle length, grains panlcle-1 and 1000 grain weight of BRRI dhan28 and kataribhog rice were observed in treatment T8. The lowest was found in control in both the crops and during all seasons. The highest plant height of boro rice of 91.60 and 89.95 and those of the lowest of 74.13 and 65.55 cm were recorded during boro seasons of 2009 and 2010 respectively. The highest plant height of T. aman rice of 163.60 and 161.20 and those of the lowest of 143.60 and 140.10 cm were recorded during T. aman seasons of 2009 and 2010 respectively.  The highest tillers hill-1 of boro rice of 9.93 and 9.50 and those of the lowest of 6.20 and 6.00 were recorded during boro seasons of 2009 and 2010 respectively. The highest tillers hill-1 of T. aman rice of 13.87 and 12.37 and those of the lowest of 9.58 and 8.08 were found during T. aman seasons of 2009 and 2010 respectively. The longest panicle length of boro rice of 19.73 and 21.43 and those of shortest of 15.33 and 14.70 cm were measured during boro seasons of 2009 and 2010 respectively. The highest panicle length of T. aman rice of 25.50 and 24.21 and those of the shortest of 22.77 and 21.47 cm were recorded during T. aman seasons of 2009 and 2010 respectively. Maximum grains counts of boro rice of 128.10 and 135.20 and those of the minimum of 80.00 and 78.17 were found during boro seasons of 2009 and 2010 respectively. The highest number of grains of T. aman rice of 219.10 and 214.60 and those of the lowest of 184.10 and 179.60 were recorded during T. aman seasons of 2009 and 2010 respectively. The highest 1000 grain weight of boro rice of 22.97 and 22.58 and those of the lowest of 21.76 and 20.58 g were recorded during boro seasons of 2009 and 2010 respectively. The highest 1000 grain weight of T. aman rice of 15.53 and 14.43 and those of the lowest of 14.10 and 13.00 g were recorded during T. aman seasons of 2009 and 2010 respectively. 

Data on N, P, K and S contents and uptake by the crop responded significantly due to the addition of organic and inorganic fertilizer. The highest N, P, K and S contents and uptake by the crops were recorded in T8 and the lowest were found in control. The highest grain N contents of boro rice of 1.22 and 1.23 and those of straw of 0.55 and 0.53% were recorded during boro seasons of 2009 and 2010 respectively. The lowest grain N contents of 0.78 and 0.82 and those of straw of 0.43 and 0.41% were recorded during boro seasons of 2009 and 2010 respectively. The highest grain N contents of T. aman rice of 1.17 and 1.03 and those of straw of 0.51 and 0.48% were recorded during T. aman seasons of 2009 and 2010 respectively. The lowest grain N contents of 0.94 and 0.80 and those of straw of 0.51 and 0.36% were recorded during T. aman seasons of 2009 and 2010 respectively. The highest grain N uptake of boro rice of 56.479 and 69.830 and those of straw N uptake of 28.358 and 45.850 and total N uptake of 84.837 and 115.680 kg ha-1 were found during boro seasons of 2009 and 2010 respectively. The lowest grain N uptake of boro rice of 16.835 and 26.880, those of straw of N uptake of 8.684 and 7.070 and total N uptake of 25.510 and 23.950 kg ha-1 were found during boro seasons of 2009 and 2010 respectively. The highest grain N uptake of T. aman rice of 59.940 and 47.53, those of straw of N uptake of 62.271 and 53.808 and total N uptake of 122.211 and 101.338 kg ha-1 were found during T. aman seasons of 2009 and 2010 respectively. The lowest grain N uptake of T. aman rice of 26.113 and 18.224, those of straw of N uptake of 26.013 and 20.412 and total N uptake of 52.126 and 38.636 kg ha-1 were found during T. aman seasons of 2009 and 2010 respectively.

The highest grain P contents of boro rice 0.26 and 0.20 and those of straw P of 0.14 and 0.18 % were recorded during boro seasons of 2009 and 2010 respectively. The lowest grain P contents of 0.16 and 0.10 and those of straw P of 0.09 and 0.07% were recorded during boro seasons of 2009 and 2010 respectively. The highest grain P contents of T. aman rice of 0.31 and 0.28 and those of straw P of 0.14 and 0.12% were recorded during T. aman seasons of 2009 and 2010 respectively. The lowest grain P contents of 0.21 and 0.18 and those of straw P of 0.08 and 0.06% were recorded during T. aman seasons of 2009 and 2010 respectively. The highest grain P uptake of boro rice of 22.130 and 20.500, those of straw P uptake of 9.130 and 15.500 and total P uptake of 31.260 and 26.070 kg ha-1 were found during boro seasons of 2009 and 2010 respectively. The lowest grain P uptake of boro rice of 9.850 and 2.313, those of straw P uptake of 3.490 and 2.357 and total P uptake of 13.340 and 4.670 kg ha-1 were found during boro seasons of 2009 and 2010 respectively. The highest grain P uptake of T. aman rice of 15.120 and 12.250, those of straw P uptake of 17.094 and 15.005 and total P uptake of 32.214 and 27.225 kg ha-1 were found during T. aman seasons of 2009 and 2010 respectively. The lowest grain P uptake of T. aman rice of 6.167 and 4.100, those of straw P uptake of 5.336 and 3.367 and total P uptake of 11.503 and 7.467 kg ha-1 were found during T. aman seasons of 2009 and 2010 respectively.

The highest grain K contents of boro rice 0.25 and 0.26 and those of straw K of 1.33 and 1.23% were recorded during boro seasons of 2009 and 2010 respectively. The lowest grain K contents of 0.16 and 0.12 and those of straw K of 0.87 and 0.61% were recorded during boro seasons of 2009 and 2010 respectively. The highest grain K contents of T. aman rice of 0.26 and 0.21 and those of straw K of 1.23 and 1.19% were recorded during T. aman seasons of 2009 and 2010 respectively. The lowest grain K contents of 0.12 and 0.09 and those of straw K of 0.61 and 0.59% were recorded during T. aman seasons of 2009 and 2010 respectively. The highest grain K uptake of boro rice of 15.410 and 13.650, those of straw K uptake of 85.891 and 106.40 and total K uptake of 101.300 and 120.500 kg ha-1 were found during boro seasons of 2009 and 2010 respectively. The lowest grain K uptake of boro rice of 5.835 and 2.780, those of straw K uptake of 33.756 and 20.540 and total K uptake of 39.591 and 23.320 kg ha-1 were found during boro seasons of 2009 and 2010 respectively. The highest grain K uptake of T. aman rice of 12.420 and 9.050, those of straw K uptake of 66.310 and 55.860 and total K uptake of 78.730 and 65.660 kg ha-1 were found during T. aman seasons of 2009 and 2010 respectively. The lowest grain K uptake of T. aman rice of 3.334 and 2.050, those of straw K uptake of 15.580 and 13.440 and total K uptake of 19.0210 and 15.490 kg ha-1 were found during T. aman seasons of 2009 and 2010 respectively.

The highest grain S contents of boro rice 0.12 and 0.12 and those of straw S of 0.11 and 0.10% were recorded during boro seasons of 2009 and 2010 respectively. The lowest grain S contents of 0.06 and 0.08 and those of straw S of 0.06 and 0.07% were recorded during boro seasons of 2009 and 2010 respectively. The highest grain S contents of T. aman rice of 0.12 and 0.10 and those of straw S of 0.10 and 0.09% were recorded during T. aman seasons of 2009 and 2010 respectively. The lowest grain S contents of 0.08 and 0.06 and those of straw S of 0.07 and 0.06% were recorded during T. aman seasons of 2009 and 2010 respectively. The highest grain S uptake of boro rice of 7.616 and 5.780, those of straw S uptake of 7.084 and 7.750 and total S uptake of 14.700 and 13.550 kg ha-1 were found during boro seasons of 2009 and 2010 respectively. The lowest grain S uptake of boro rice of 2.188 and 1.850, those of straw S uptake of 2.328 and 2.360 and total S uptake of 4.516 and 4.210 kg ha-1 were found during boro seasons of 2009 and 2010 respectively. The highest grain S uptake of T. aman rice of 6.060 and 4.550, those of straw S uptake of 10.610 and 5.920 and total S uptake of 17.430 and 10.610 kg ha-1 were found during T. aman seasons of 2009 and 2010 respectively. The lowest grain S uptake of T. aman rice of 2.222 and 1.367, those of straw S uptake of 4.669 and 1.367 and total S uptake of 6.891 and 2.734 kg ha-1 were found during T. aman seasons of 2009 and 2010 respectively.

Cyanobacterial and Azotobacter population were significantly increased due to integrated use of organic and inorganic fertilizer. The highest indigenous N2-fixing cyanobacterial population at 30 and 60 days after transplanting (DAT) and post harvest soil of boro rice of 6.58x105, 5.86x105 and 5.55x105 and those of the lowest of 4.57x105, 4.38x105 and 4.07x105 were recorded during boro season of 2009. The highest cyanobacterial population in boro rice field of 7.49x105, 7.17x105 and 6.75x105 and those of the lowest of 5.56x105, 5.22x105 and 4.81x105 were found during boro season of 2010. The highest cyanobacterial population in T. aman rice field of 7.61x105, 7.22x105 and 6.81 x105 and those of the lowest of 5.02x105, 4.63x105 and 4.21x105 were observed during T. aman season of 2009 respectively. The highest cyanobacterial population in T. aman rice field of 8.07x105, 7.72x105 and 7.38x105 and those of the lowest of 6.01x105, 5.64x105 and 5.31x105 were observed during T. aman season of 2010 respectively. The highest Azotobacter population at 30 and 60 days after transplanting and post harvest soil of boro rice of 5.86x103, 5.53x103 and 5.12x103 and those of the lowest of 4.03x103, 3.62x103 and 3.21x103, were observed during boro season of 2009 respectively. The highest Azotobacter population at 30 and 60 DAT and post harvest soil of boro rice of 7.18x103, 6.75x103 and 6.32x103 and those of the lowest of 4.38x103, 3.97x103 and 3.55x103 were observed during boro season of 2010 respectively. The highest Azotobacter population at 30 and 60 DAT and post harvest soil of T. aman rice of 5.56x103, 5.13x103 and 4.71x103 and those of the lowest of 4.03x103, 3.62x103 and 3.21x103 were observed during T. aman season of 2009 respectively. The highest Azotobacter population at 30 and 60 DAT and post harvest soil of T. aman rice of 5.86x103, 5.53x103 and 5.12x103 and those of the lowest of 4.38x103, 3.97x103 and 3.55x103 were recorded during T. aman season of 2009 respectively.

The highest organic matter contents at 30 and 60 DAT and post harvest soil of boro rice of 1.155, 1.144 and 1.133 and those of the lowest of 0.995, 0.987 and 0.979 were recorded during boro season of 2009. The highest organic matter contents in boro rice field of 1.1171, 1.159 and 1.148 and those of the lowest of 0.974, 0.968 and 0.952% were analyzed during boro season of 2010. The highest organic matter contents in T. aman rice field of 1.135, 1.127 and 1.121 and those of the lowest of o.953, 0.948 and 0.8940% were observed during T. aman season of 2009 respectively. The highest organic matter contents in T. aman rice field of 1.166, 1.157 and 1.148 and those of the lowest of 0.987, 0.979 and 0.971% were observed during T. aman season of 2010 respectively.

The highest total N contents at 30 and 60 DAT and post harvest soil of boro rice of 0.098, 0.094 and 0.091 and those of the lowest of 0.055, 0.053 and 0.049% were recorded during boro season of 2009. The highest total N contents in boro rice field of 0.098, 0.096 and 0.094 and those of the lowest of 0.056, 0.053 and 0.050% were found during boro season of 2010. The highest total N contents in T. aman rice field of 0.101, 0.097 and 0.094 and those of the lowest of 0.058, 0.056 and 0.052% were observed during T. aman season of 2009 respectively. The highest total N contents in T. aman rice field of 1.101, 0.099 and 0.097 and those of the lowest of 0.058, 0.056 and 0.052% were observed during T. aman season of 2010 respectively.

The highest available P contents at 30 and 60 days after transplanting and post harvest soil of boro rice of 51.87, 49.85 and 47.75 and those of the lowest of 29.95, 27.89 and 25.74 mg kg-1 were recorded during boro season of 2009. The highest available P contents in boro rice field of 49.37, 47.85 and 45.75 and those of the lowest of 29.45, 28.59 and 26.74 mg kg-1 were found during boro season of 2010. The highest available P contents in T. aman rice field of 52.78, 51.66 and 50.54 and those of the lowest of 30.78, 29.49 and 28.42 mg kg-1 were observed during T. aman season of 2009 respectively. The highest available P contents in T. aman rice field of 52.38, 51.04 and 48.35 and those of the lowest of 30.05, 28.39 and 26.34 mg kg-1 were observed during T. aman season of 2010 respectively.

The highest exchangeable K contents at 30 and 60 DAT and after harvest of boro rice of 0.184, 0.181 and 0.178 and those of the lowest of 0.125, 0.122 and 0.119 me100-1 g soil were recorded during boro season of 2009. The highest exchangeable K contents in boro rice field of 0.186, 0.184 and 0.182 and those of the lowest of 0,121, 0,121 and 0,121 me100-1 g soil were found during boro season of 2010. The highest exchangeable K contents in T. aman rice field of 0.178, 0.175 and 0.172 and those of the lowest of 0.119, 0.114 and 0.109 me100-1 g soil were observed during T. aman season of 2009 respectively. The highest exchangeable K contents in T. aman rice field of 0.176, 0.172 and 0.168 and those of the lowest of 0.122, 0.118 and 0.114 me100-1 g soil were observed during T. aman season of 2010 respectively.

The highest available S contents at 30 and 60 days after transplanting and after harvest of boro rice of 19.67, 19.56 and 19.23 and those of the lowest of 15.87, 15.47 and 15.25 mg kg-1 soil were recorded during boro season of 2009. The highest available S contents in boro rice field of 19.57, 19.26 and 19.01 and those of the lowest of 15.57, 15.37 and 14.95 mg kg-1 soil were found during boro season of 2010. The highest available S contents in T. aman rice field of 19.66, 19.36 and 19.12 and those of the lowest of 15.27, 15.21 and 14.84 mg kg-1 soil were observed during T. aman season of 2009 respectively. The highest available S contents in T. aman rice field of 19.56, 19.26 and 19.06 and those of the lowest of 15.17, 14.97 and 14.77 mg kg-1 soil were observed during T. aman season of 2010 respectively.

The results of the present investigation revealed that the integrated application of organic and inorganic fertilizer demonstrated an overall improvement in rice yield which indicated that it may be possible to maintain sustainable productivity of rice to some extent through organic matter application with chemical fertilizer. The N, P, K and S uptake by rice grain and straw were higher due to organic and inorganic fertilizer integration. Soil organic matter and nutrient status viz. total N, available P, S and exchangeable K in soil were increased to some extent due to the application of organic matter and chemical fertilizer. Thus, it may be inferred that farmers can use organic manures in combination with chemical fertilizer for reducing inorganic fertilizer uses and maintaining sustainable rice productivity and soil fertility.

Conclusion:

From the results of the study it may be concluded that

1) Indigenous cyanobacterial and Azotobacter population in soil can significantly be enriched through the integrated application of organic and inorganic sources of nutrients. The combination of 75% chemical fertilizer with 25% organic manures containing cowdung, poultry manure and mustard oil cake is the best combination to increase the indigenous N2-fixing cyanobacterial and Azotobacter population in soil.

2) Integrated use of organic and inorganic fertilizers can significantly increase the yield and yield components of rice both in boro and T. aman season and integration of 75% chemical fertilizer with 25% organic manures also produced the maximum yields of rice.

3) Combined application of nutrients from organic and inorganic fertilizers show better performance on the uptake of N, P, K and S by rice irrespective of season.

4) Application of 75% inorganic fertilizer and 25% organic manures can increase the amount of organic matter, total N, available P, S and exchangeable K in soil to some extent.

5) Combination of organic and chemical fertilizers can save the use of 25% chemical fertilizer in rice production. 
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