CHAPTER 4

RESULTS AND DISCUSSION 

Experiment No. 1

This experiment was conducted during the boro season of 2009

Effects of different treatments on the boro rice (BRRI dhan28)

4.1 Yield and yield components of BRRI dhan28

4.1.1 Yield components

The growth and yield components under the study were plant height, tillers hill-1, panicle length, grains panicle-1 and 1000-grain weight. The effects of the different treatments on these plant characteristics are described here.

4.1.1.1 Plant height

Plant height of boro rice responded significantly to different treatments (Table 4.1.1). It ranged from 74.13 to 91.60 cm. The plant height of boro rice was increased due to the application of organic and inorganic fertilizer as compared to that found in control. The tallest plant of 91.60 cm was found in treatment T8 that contained 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer which was statistically identical with those recorded in T5 (91.10 cm) containing 50% poultry manure plus 50% chemical fertilizer, T9  containing 50% cowdung, poultry manure and mustard oil cake with 50% inorganic fertilizer, T10 that contains 34% cowdung, 33% poultry manure and 33% mustard oil cake,  T6  having 25% mustard oil cake plus 75% chemical fertilizer, T7 possessing 50% mustard oil cake with 50% inorganic fertilizer, T2 consisting of 25% chemical fertilizer with 75% cowdung and T3 that comprises 50% cowdung with 50% inorganic fertilizer. The plant height recoded in treatment T10 (88.90 cm) was also identical with those recorded in T7, T6, T5, T4, T3 and T1.  Moreover, the treatment T10 was identical with those noted in T7, T5, T4, T3, T2 and T1. Statistically the shortest plant of 74.13 cm was observed in control plot (T0). The results indicated that integration of organic and inorganic fertilizer had positive effect on plant height. The present findings are agreed by that of Ranjha et al. (2001) quoted 92.29 cm plant height. 

4.1.1.2 Tillers hill-1
The number of tillers hill-1 differed significantly with the treatments used (Table 4.1.1). All the organic and inorganic fertilizers containing treatments recorded significantly higher tillers hill-1 compared to control. The number of tillers hill-1 ranged from 6.20 to 9.93. The highest number of tillers hill-1 of 9.93 was resulted in the treatment T8 i.e. 25% cowdung, poultry manure and mustard oil cake​ with 75% chemical fertilizer. It was identical with those found in T9 (9.87) i.e. 50% cowdung, poultry manure, and mustard oil cake with 50% inorganic fertilizer, T10  having 34% cowdung, 33% poultry manure and 33% mustard oil cake, T3 containing 50% cowdung with 50% inorganic fertilizer, T4 that contains 25% poultry manure plus 75% chemical fertilizer, T5 having 50% poultry manure with 50% chemical fertilizer, T6 containing 25% mustard oil cake plus 75% inorganic fertilizer and T7 i.e. 50% mustard oil cake with 50% chemical fertilizer. Tillers hill-1 noted in treatment T10 (8.80) was also statistically identical with those obtained in T7, T6, T4, T3 and T1. Again, the number of tillers hill-1 recorded in T10 was also identical with those counted in T6, T4, T3, T2 and T1. Significantly, the lowest number of tillers hill-1 of 6.20 was observed in control (T0). The results postulated that tillers hill-1 responded positively to the combined application of organic and inorganic fertilizer. The present findings are in agreement with the results of Hossaen et al. (2011) and Adamu et al. (2012).

4.1.1.3 Panicle length
Like the plant height and tillers, the panicle length was also influenced notably by the different treatments (Table 4.1.1). The panicle length varied from 15.33 to 19.73 cm over the treatments. This variation was due to different treatment combinations. The highest panicle length of 19.73 cm was recorded in the treatment T8 i.e. 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer. However, it was statistically identical with those in the other treatment combinations except control. Panicle length noted in treatment T9 (18.47) was also statistically identical with those observed in T10, T7, T6, T5, T4, T3, T2 and T1. Significantly the lowest panicle length of 15.33 cm was recorded in control (T0). The integrated use of organic manures and inorganic fertilizer had positive effect on panicle length. The present results are identical with those of Siavoshi et al. (2011), Hossaen et al. (2011) and Adamu et al. (2012).
4.1.1.4 Grains panicle-1
The number of grains panicle-1 varied significantly with different treatments and ranged from 80.00 to 128.10 (Table 4.1.1). The highest number of grains panicle-1 of 128.10 was noticed in treatment T8 that is 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer which was statistically similar with those recorded in other treatments except control. Grains panicle-1 counted in treatment T6 (112.20) was also identical with those found in T9, T7, T10, T5, T4, T3, T2 and T1. Moreover, grains panicle-1 observed in treatment T5 (104.50) was also statistically similar with those recorded in T10, T9, T5, T4, T3, T2, T1 and T0. The lowest number of grains panicle-1 of 80.00 was produced in control. The results clearly indicated that integrated use of organic and inorganic fertilizer had conspicuous effect on the number of grains panicle-1. These results are in accordance to the findings of Siavoshi et al. (2011), and Adamu et al. (2012).

4.1.1.5 Thousand grain weight

Fertilizer and manures had significant effect on 1000 grain weight (Table 4.1.1). The application of 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer (T8) produced the highest result of 22.97 g which was statistically higher than the others. The treatment T8 was followed closely due to the addition of 25% cowdung combined with 75% chemical fertilizer (T2) having 1000 grain weight of 22.56 g. The lowest 1000 grain weight of 21.76 g was found in control which was statistically lower than other treatments. The results indicated that the treatments had conspicuous effect on 1000 grain weight. Similar results were also claimed by Hossaen et al. (2011) and Adamu et al. (2012).

Table 4.1.1 Effects of integrated uses of organic and inorganic fertilizers on the yield components of BRRI Dhan28 during boro season of 2009

	Treatments
	Plant

height (cm)
	Tillers

hill-1 (No.)
	Panicle length (cm)
	Grains

panicle-1 (No.)
	1000-grain

weight (g)

	T0
	74.13d
	6.20d
	15.33c
	80.00c
	21.76h

	T1
	84.67c
	7.33cd
	18.67ab
	98.80a-c
	21.99f

	T2
	88.50a-c
	7.80b-d
	19.13ab
	99.70a-c
	22.56b

	T3
	85.40a-c
	8.27a-c
	19.13ab
	99.50a-c
	21.99f

	T4
	84.60bc
	8.27a-c
	19.13ab
	101.50a-c
	21.97g

	T5
	90.10a-c
	9.60a
	18.47ab
	104.50a-c
	22.17c

	T6
	88.90ab
	8.73a-c
	19.27ab
	112.20ab
	21.97g

	T7
	87.13a-c
	9.53ab
	18.80ab
	94.80a-c
	22.17c

	T8
	91.60a
	9.93a
	19.73a
	128.10a
	22.97a

	T9
	90.90a
	9.87a
	18.47ab
	100.50a-c
	22.15d

	T10
	88.90a-c
	8.80a-c
	18.20ab
	100.00a-c
	22.02e

	CV (%)
	3.64
	5.39
	7.00
	10.24
	3.09


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

4.1.2 Yield of BRRI dhan28

4.1.2.1 Grain yield

There was a significant effect of the application of organic and inorganic fertilizers on the grain yield of boro rice (Table 4.1.2). All the treatments produced significantly higher grain yield compared to control. Grain yields of BRRI dhan28 ranged from 3.147 to 6.093 t ha-1. The highest grain yield of 6.093 t ha-1 showing 93.61 percent higher over control was recorded in the treatment T8 containing 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer which was followed by those recorded in the treatment T6 (5.920 t ha-1) i.e. 25% mustard oil cake with 75% inorganic fertilizer and T9 (5.920 t ha-1) having 50% cowdung, poultry manure and mustard oil cake with 50% fertilizer and the value was 5.920 t ha-1 (88.12% increase). Grain yield of 5.920 t ha-1 obtained in treatment T6 was same as that recorded in T9. The yields recorded in the other treatments were statistically lower. Significantly the lowest grain yield of 3.647 t ha-1 was observed in control (T0). The increased grain yields recorded in treatments T8, T6, T9, T5, T4 and T2 were 93.61, 88.12, 88.12, 85.80, 84.84 and 81.12% respectively over control. These results were produced due to increased number of tillers hill-1, panicle length, number of grains panicle-1 and 1000 grain weight and increased number of cyanobacterial and Azotobacter population in soil. This study revealed that integrated use of cowdung, poultry manure and mustard oil cake with chemical fertilizer reduced chemical fertilizer without any remarkable yield decline. The results indicated that BRRI dhan28 responded better to nutrients supplied from organic manures with chemical fertilizer. These results were supported by Puste et al (2001) who reported rice yield of 3.60-3.84 t ha-1, Hossaen et al. (2011) and Siavoshi et al. (2012).

4.1.2.2 Straw yield
Results showed that the straw yield of boro rice (BRRI dhan28) was also influenced significantly by different treatments (Table 4.1.2). Straw yields of BRRI dhan ranged from 3.880 to 6.860 t ha-1. The highest straw yield of 6.860 t ha-1 showing 76.80 percent increase over control was found in the treatment T8 that is 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer. It was statistically identical with those recorded in other treatments except control. The treatment T3 (5.533 t ha-1) i.e. 50% cowdung with 50% chemical fertilizer was also identical with those obtained in T10 having 34% cowdung, 33% poultry manure and 33% mustard oil cake, T2 that contains 50% cowdung plus 50% inorganic fertilizer. Significantly the lowest straw yield of 3.880 t ha-1 was recorded in control. The percent increase in the straw yield over control ranged from 76.80 to 31.62%. However, the highest percent increase in the straw yield of 76.80 percent was recorded in the treatment T8. The lowest straw yield of 3.880 t ha-1 was obtained in control plot (T0). The results indicated that the organic manures with inorganic fertilizer contributed to the increase numbers of tillers hill-1 and higher plant height which is resulting the maximum straw yield of boro rice. The results obtained by Ram et al. (2000), Hossaen et al. (2011) and Adamu et al. (2012) are in agreement with the findings of this study as well.

Table 4.1.2 Effects of integrated uses of organic and inorganic fertilizer on the yield of BRRI dhan28 during boro season of 2009 
	Treatments
	Grain 

yield
	Increased

over control
	Straw

yield
	Increased

over control

	
	(t ha-1)
	(t ha-1)
	(%)
	(t ha-1)
	(t ha-1)
	(%)

	T0
	3.147 
	j
	-
	-
	3.880 
	c
	-
	-

	T1
	4.537 
	i
	1.390
	44.16
	5.107
	ab
	1.227
	31.62

	T2
	5.700
	e
	2.553
	81.12
	6.440 
	a
	2.540
	65.46

	T3
	4.933 
	g
	1.786
	56.75
	5.533 
	ab
	1.653
	42.60

	T4
	5.817 
	d
	2.670
	84.84
	6.357 
	a
	2.477
	63.84

	T5
	5.847 
	c
	2.700
	85.80
	6.587 
	a
	2.707
	69.77

	T6
	5.920 
	b
	2.773
	88.12
	6.577 
	a
	2.697
	69.51

	T7
	5.647
	f
	2.500
	79.44
	6.523 
	a
	2.643
	68.12

	T8
	6.093 
	a
	2.946
	93.61
	6.860
	a
	2.980
	76.80

	T9
	5.920 
	b
	2.773
	88.12
	6.607
	a
	2.727
	70.28

	T10
	4.607 
	h
	1.460
	46.39
	5.327 
	ab
	1.227
	37.29

	CV (%)
	15.45
	
	
	15.56
	
	


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance.

CV (%) = Coefficient of variation   

4.1.3 Nutrient contents and their uptake by BRRI dhan28

4.1.3.1 Nitrogen contents in grain and straw

The treatments under the study influenced N contents significantly both in the grain and straw of boro rice (Table 4.1.3). The N contents in the grain ranged from 0.78 to 1.22, while those of the straw varied from 0.43 to 0.55%. The N content in the grain was the maximum of 1.22% due to the application of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer (T8) which was followed by those of 1.19% recorded in treatment T6 containing 25% mustard oil cake with 75% chemical fertilizer and T2 having 25% cowdung with 75% chemical fertilizer. The N concentration of  1.16% found in treatment T10 was identical with that calculated in T7 having 50% mustard oil cake with 50% inorganic fertilizer. Again, N concentration of 0.91% recorded in treatment T4 was also identical with that noted in T3 containing 50% cowdung with 50% chemical fertilizer. Furthermore, N content of 0.85% in treatment T3 was in same as that recorded in T1 that contains 100% chemical fertilizer. The minimum N content of 0.78% was recorded in control (T0). The treatment T8 showed the highest N content of 0.55% in the straw which was statistically identical with those recorded in T9, T10, T7, T6, T5, T3 and T2. The N content of 0.54% found in treatment T9 was also identical with those noted in T10, T7, T6, T5, T4, T3 and T1. Again, the N content of 0.52% noticed in T10 was similar with those recorded in T5, T3, T2 and T1. The lowest straw N content of 0.43% was noticed in unfertilized plot (T0). In all the treatments, N contents in the grains were higher than those of their straws. The results revealed that the treatment combinations had positive effect on N contents of the grain and straw of BRRI dhan28. Similar experiences were also shared by Karim et al. (1991) and Baruah et al. (1999).

4.1.3.2 Nitrogen uptake
Nitrogen uptake by the grain, straw and total (grain and straw) were increased significantly due to the integrated use of organic and inorganic fertilizers compared to control (Table 4.1.3). The N uptake by the grains was higher than those recorded in their straws. The highest N uptake in the grain of 56.479, straw of 28.358 and total of 84.837 kg ha-1 were observed due to the addition of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer (T8). They were significantly different from those in other treatments. The highest N uptake by the grain was followed by treatment T9 (55.348 kg ha-1) having 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. The highest N uptake of 28.358 kg ha-1 by the straw of boro rice was followed by treatment T9 (26.668 kg ha-1) i.e. 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Total straw N uptake by the crop was followed by treatment T9. The least N uptake by the grain of 16.835, straw of 8.684 and total of 25.519 kg ha-1 were recorded in control (T0). The results indicated that the crop responded positively in N uptake due the addition of organic amendments and inorganic fertilizer. Baruah et al. (1999), Ram et al. (2000) and Sridevi et al. (2010) observed similar results.

4.1.3.3 Phosphorus contents in grain and straw

There was a significant effect of the treatments on P contents both in the grain and straw of BRRI dhan28 (Table 4.1.4). The P contents in the grain varied from 0.27 to 0.38 and the values for the straw ranged from 0.09 to 0.16%. The P contents in the grain were higher than those of their straws in all the treatments. The highest P concentration in the grain of 0.38% was noted due to the application of 25% cowdung, poultry manure, and mustard oil cake with 75% inorganic fertilizer (T8) which was statistically identical with those in all other treatments except control. The P content of 0.37% recorded in T9 i.e. 50% cowdung, poultry manure and mustard oil cake was also similar with those recorded in T10 i.e. 34% cowdung, 33% poultry manure and 33% mustard oil cake, T7 having 50% mustard oil cake plus 50% inorganic fertilizer, T6 containing 25% mustard oil cake with 75% chemical fertilizer, T5 i.e. 50% poultry manure plus 50% inorganic fertilizer, T4 having 25% poultry manure with 75% chemical fertilizer, T3 containing 50% cowdung plus 50% chemical fertilizer, T2 i.e. 25% cowdung with 75% chemical fertilizer and T1 containing 100% inorganic fertilizer. In case of the straw, the highest P content of 0.16% was recorded in the treatment T8 which was statistically similar with those in the other treatments except control. The straw N content of 0.14% recorded in treatment T7 was also similar with these recorded in T6, T5, T4, T3, T2, T1 and T0.​ The lowest grain P content of 0.27% as well as straw of 0.09% was recorded in control. It revealed from the results that the treatment combinations had positively affect P contents by the crop. The present findings are in agreement with those of Baruah et al. (1999) and Bhoite et al. (2000).

4.1.3.4 Phosphorus uptake
Phosphorus uptake by the grain, straw and total were significantly influenced by the addition of organic and inorganic fertilizers (Table 4.1.4). The highest P uptake of 23.83 kg ha-1 by the grain was found in the treatment T8 receiving 25% cowdung, poultry manure, and mustard oil cake with 75% chemical fertilizer, which was significantly higher than those in the other treatments. In case of the straw, the highest P uptake of 9.91 kg ha-1 was observed in the treatment T8. The treatment T8 also had the maximum total P uptake of 33.74 kg ha-1. The straw P and total uptakes were also statistically different from those in the other treatments. The total P uptake varied from 13.34 - 33.74 kg ha-1. The P uptake by the grain, straw and total were closely followed with those calculated in treatment T9 ( 20.24, 8.17 and 28.41 kg ha-1) i.e. 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. The lowest P uptakes in the grain of 9.85, straw of 3.49 and total of 13.34 kg ha-1 were observed in control. The present results are in accord with those of Baruah et al. (1999) and Sridevi et al. (2010).
Table 4.1.3 Effects of integrated uses of organic and inorganic fertilizer on the nitrogen (N) content and uptake by the grain and straw of BRRI dhan28 during boro season of 2009

	Treatments 
	Nitrogen content

(%)
	Nitrogen uptake

(kg ha-1)
	Total 

N uptake

(kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.78 
	g
	0.43 
	d
	16.835 
	k
	8.684 
	k
	 25.519 
	k

	T1
	0.83 
	f
	0.46 
	cd
	51.300 
	f
	26.356
	c
	77.356 
	d

	T2
	1.19 
	b
	0.53
	ab
	33.896 
	j
	15.492 
	j
	 59.388 
	j

	T3
	0.85 
	ef
	0.49 
	a-c
	40.306 
	i
	19.112 
	i
	59.418 
	i

	T4
	0.91
	e
	0.48 
	b-d
	48.224 
	g
	22.514 
	g
	 70.738 
	g

	T5
	1.03 
	d
	0.49 
	a-c
	51.721 
	e
	24.276 
	f
	75.997 
	f

	T6
	1.19 
	b
	0.51 
	a-c
	52.114 
	c
	20.543 
	d
	72.657 
	c

	T7
	1.16 
	c
	0.51 
	a-c
	51.920 
	d
	25.267 
	e
	77.187 
	e

	T8
	1.22 
	a
	0.55 
	a
	56.479 
	a
	28.358 
	a
	84.837 
	a

	T9
	1.07 
	d
	0.54 
	ab
	55.348 
	b
	26.668
	b
	81.906
	b

	T10
	1.16 
	c
	0.52 
	a-c
	42.859 
	h
	20.089 
	h
	 62.948 
	h

	CV (%)
	5.58
	3.24
	7.78
	1.09
	10.02


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

Table 4.1.4 Effects of integrated uses of organic and inorganic fertilizer on the phosphorus (P) contents and uptake by the grain and straw of BRRI dhan28 during boro season of 2009 

	Treatments
	Phosphorous (P) content (%)
	Phosphorous (P) uptake

( kg ha-1)
	Total P uptake

( kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.27  
	c
	0.09  
	b
	9.85  
	k
	 3.49   
	j
	13.34  
	k

	T1
	0.36  
	ab
	0.14 
	ab
	22.32  
	c
	9.60   
	b
	31.92   
	c

	T2
	0.33  
	ab
	0.11  
	ab
	15.62  
	j
	5.62   
	i
	21.24   
	j

	T3
	0.35  
	ab
	0.13  
	ab
	19.02  
	i
	7.19   
	h
	26.21   
	i

	T4
	0.34  
	ab
	0.12  
	ab
	21.48  
	f
	7.63   
	g
	29.11   
	f

	T5
	0.33  
	ab
	0.12  
	ab
	20.95  
	g
	7.90   
	f
	28.85   
	g

	T6
	0.34  
	ab
	0.13  
	ab
	21.83  
	e
	8.55   
	d
	30.38   
	e

	T7
	0.36  
	ab
	0.14  
	ab
	22.13  
	d
	9.13   
	c
	31.26   
	d

	T8
	0.38  
	a
	0.16  
	a
	23.83  
	a
	9.91   
	a
	33.74   
	a

	T9
	0.37  
	ab
	0.15  
	a
	23.74  
	b
	9.63   
	b
	33.37   
	b

	T10
	0.36  
	ab
	0.15  
	a
	20.24  
	h
	8.17   
	e
	28.41   
	h

	CV (%)
	7.62
	1.33
	5.64
	0.92
	5.84


The figure(s) in a column having common letter(s) do not differ significantly at 5%    level of significance

CV (%) = Coefficient of variation

4.1.3.5 Potassium (K) contents in grain and straw
Results showed that K contents in the grain and straw was influenced significantly due to the application of organic and inorganic fertilizers (Table 4.1.5). The K content in the grain varied from 0.16 to 0.25%. The highest grain K content of 0.25% was recorded due the addition of 25% cowdung, poultry manure and mustard oil cake with 75% chemical (T8) which was statistically similar with those recorded in T9 (0.24%) i.e. 50% cowdung, poultry manure and mustard oil cake plus 50% inorganic fertilizer, T10 having 34% cowdung, 33% poultry manure and 33% mustard oil cake, T7 containing 50% mustard oil cake plus 50% inorganic fertilizer, T6 having 25% mustard oil cake with 75% chemical fertilizer, T5 i.e. 50% poultry manure plus 50% inorganic fertilizer, T3 having 50% cowdung with 50% chemical fertilizer and T2 i.e. 25% cowdung with 75% chemical fertilizer. The K concentration estimated in treatment T9 was identical with those recorded in T7, T6, T5, T4, T3, T2, and T1. Grain K concentration recorded in T10 was also in the same rank with those recorded in T5, T4, T1 and T0 (control). The lowest K content of 0.16% in the grain was recorded in control. The K content in the straw was also influenced markedly by the integrated use of cowdung, poultry manure and mustard oil cake with inorganic fertilizer. It was observed that the K concentration in straw ranged from 0.87 to 1.33%. The highest K content of 1.33% in the straw was recorded in treatment T8 which was same as those calculated in treatments T9, T10, and T7. The K concentration in treatment T7 was also identical with that found in T5. Furthermore, K content noticed in treatment T5 was similar with those noted in T6 and T2. Again, K concentration in treatment T3 (1.10%) was identical with those recoded in T1 and T4. The lowest K concentrations both in the grain of 0.16 and straw of 0.87% were recorded in control plot. It was noted that K content in the straw was about 5 times higher than that of K content in the grain. The results indicated that boro rice responded well to the nutrients supplied from integration of organic and inorganic fertilizer. Baruah et al. (1999) also reported similar results.
4.1.3.6 Potassium (K) uptake 

The application of organic and inorganic fertilizers significantly influenced the K uptake by the grain, straw and total (Table 4.1.5). The grain K uptake was much lower (at least 5 times) than that of the straw K uptake. The highest K uptakes by the grain of 15.41, straw of 85.89 and total of 101.30 kg ha-1 were recorded owing to the addition of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer (T8) which was statistically different from those in the other treatments. In case of the grain, the highest K uptake was followed by that calculated in treatment T2 containing 25% cowdung with 75% chemical fertilizer but in case of the straw and total K uptakes, they were followed by those in treatment T9 i.e. 50% cowdung, poultry manure and mustard oil cake with 50% inorganic fertilizer. The lowest K uptakes in the grain of 5.84, straw of 33.76 and total of 39.60 kg ha-1 were noted in control. The results indicated that the combined use of organic and inorganic fertilizer increased the K uptake of boro rice. Similar results were also found by Baruah et al. (1999).

4.1.3.7 Sulphur (S) contents in grain and straw

Like other nutrients, S contents of the grain and straw were affected significantly by the treatments (Table 4.1.6). Sulphur content in the grain ranged from 0.06 to 0.12; while that of the straw varied from 0.06 to 0.11%. The highest S content of 0.12% in the grain was found due to the application of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer (T8) which was identical with those obtained due the application of 50% poultry manure plus 50% chemical fertilizer (T5), 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer (T9), 34% cowdung, 33% poultry manure and 33% mustard oil cake (T10), 25% mustard oil cake plus 75% inorganic fertilizer (T6) and 25% cowdung with 75% chemical fertilizer (T2). The grain S concentration recorded in treatment T9 was also identical with those recorded in T10, T7, T6, T4, T2 and T1. Furthermore, S content in treatment T1 was also similar with those calculated in T4, T7 and T3. In case of the straw S content, the highest value of 0.11% was noted in the treatments T8 which was in the same as those recorded in T9, T10, T7, T5 and T4. Straw S content in treatment T10 was also identical with those recorded in T7, T6, T5, T4, T3 and T2. Again, S concentration in treatment T2 was identical with those noted in T1, T3 and T6. The lowest S contents both in the grain of 0.06 and straw of 0.06% were recorded in control. Hossain et al. (1997) claimed similar results too.

4.1.3.8 Sulphur (S) uptake 

Sulphur uptake by the grain, straw and total was markedly affected by the treatments under study which was similar to the results of N, P and K uptake (Table 4.1.6). As the concentration of S in both the grain and straw were comparable, the smaller variations obtained in the uptake pattern were mainly attributable due to the grain and straw yields for a particular treatment. The highest grain S uptake of 7.62 kg ha-1 was observed in the treatment T8 i.e. 25% cowdung, poultry manure and mustard oil cake plus 75% chemical fertilizer. It was followed by that recorded in treatment T5 (7.25 kg ha-1) having 50% poultry manure plus 50% inorganic fertilizer. The least grain S uptake of 2.19 kg ha-1 was recorded in control. The highest S uptake by the straw of 7.08 and total of 14.70 kg ha-1 were also noted in the treatments T8. Straw S uptake was followed by that recorded in treatment T9 (6.61) and T5 (6.59 kg ha-1). In case of total S uptake, it was followed by treatment T9 (14.146) having 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. The lowest S uptakes by the grain of 2.19, straw of 2.33 and total of 4.52 kg ha-1 were noted in control. The results might be due to the addition of organic and inorganic fertilizer. Similar results were postulated by Hossain et al. (1997).

Table 4.1.5 Effects of integrated uses of organic and inorganic fertilizer on potassium (K) contents and uptake by the grain and straw of BRRI dhan28 during boro season of 2009

	Treatments
	Potassium (K) content 

(%)
	Potassium (K) uptake 

( kg ha-1)
	Total K uptake

( kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.16 
	c
	0.87 
	e
	5.84 
	j
	33.76 
	k
	39.60 
	k

	T1
	0.18
	bc
	1.07
	d
	9.07
	i
	83.69 
	c
	92.76 
	c

	T2
	0.24 
	ab
	1.22 
	c
	14.88 
	b
	54.65
	j
	69.53 
	j

	T3
	0.22 
	a-c
	1.10 
	d
	11.95 
	g
	60.86 
	i
	72.816 
	i

	T4
	0.18 
	bc
	1.05 
	d
	11.37 
	h
	66.75 
	g
	78.12 
	h

	T5
	0.22 
	a-c
	1.23 
	bc
	13.96 
	e
	81.02 
	e
	94.98 
	e

	T6
	0.23 
	ab
	1.19 
	c
	14.77 
	c
	78.27 
	f
	93.04 
	f

	T7
	0.24 
	ab
	1.28 
	ab
	14.75 
	c
	83.49 
	d
	98.24 
	d

	T8
	0.25 
	a
	1.33 
	a
	15.41
	a
	85.89 
	a
	101.30 
	a

	T9
	0.24 
	ab
	1.30 
	a
	14.51
	d
	85.65 
	b
	100.16 
	b

	T10
	0.22  
	a-c
	1.30 
	a
	13.32 
	f
	66.39
	h
	79.70 
	g

	CV (%)
	9.20
	8.92
	6.74
	7.20
	0.21


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

Table 4.1.6 Effects of integrated uses of organic and inorganic fertilizer on sulphur (S) contents and uptake by the grain and straw of BRRI dhan28 during boro season of 2009

	Treatments
	Sulphur (S)

Content (%)
	Sulphur (S) 

uptake (kg ha-1)
	Total S uptake

( kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.06 
	d
	0.06  
	d
	2.19 
	i
	2.33 
	j
	  4.52 
	j

	T1
	0.10 
	bc
	0.08  
	c
	6.20 
	e
	6.17 
	e
	12.37 
	f

	T2
	0.11 
	ab
	0.09  
	bc
	5.54 
	g
	4.09 
	i
	  9.63 
	i

	T3
	0.09 
	c
	0.09  
	bc
	4.89 
	h
	4.98 
	h
	  9.87 
	h

	T4
	0.10 
	bc
	0.10  
	ab
	6.32 
	d
	6.36 
	d
	12.68 
	e

	T5
	0.12 
	a
	0.10  
	ab
	7.25
	b
	6.59 
	b
	13.84
	c

	T6
	0.11 
	ab
	0.09  
	bc
	7.06 
	c
	5.92 
	f
	12.98 
	d

	T7
	0.10 
	bc
	0.10  
	ab
	6.15 
	ef
	6.52 
	c
	12.67 
	e

	T8
	0.12 
	a
	0.11 
	a
	7.62  
	a
	7.08 
	a
	14.70 
	a

	T9
	0.11 
	ab
	0.11  
	a
	7.06 
	c
	6.61
	b
	13.67 
	b

	T10
	0.11 
	ab
	0.10  
	ab
	6.13 
	f
	5.86 
	g
	11.99 
	g

	CV (%)
	5.24
	6.52
	8.60
	7.90
	5.70


The figure   (s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

4.1.4 Effects of organic and inorganic fertilizers on cyanobacterial and Azotobacter population 

4.1.4.1 Cyanobacterial population
Cyanobacterial population in the field of boro rice was influenced significantly by the integrated use of organic and inorganic fertilizers. The figure 4.1.1 showed that the lowest number of cyanobacterial population of 4.07x105 g-1 was in control and then tremendously increased in T1 i.e. 100% chemical fertilizer indicating the highest population of 5.55 x105 g-1 soil of cyanobacterial population which slightly decreased in T2 that contains 25% cowdung with 75% inorganic fertilizer, slowly decreased in T3 containing 50% cowdung with 50% chemical fertilizer and then slightly increased again in T4 containing 25% poultry manure with 75% chemical fertilizer. Cyanobacterial population then decreased in smaller numbers in T5 consisting of 50% poultry manure plus 50% inorganic fertilizer. The increased and decreased pattern in numbers of cyanobacterial population were observed in T6 containing 25% mustard oil cake with 75% chemical fertilizer, T7 composing of 50% mustard oil cake with 50% chemical fertilizer, T8 having 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer and T9 containing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Then slightly decreased in T10 i.e. 34% cowdung, 33% poultry manure and 33% mustard oil cake. Cyanobacterial population at 60 days after transplanting (DAT) and after harvest followed the same pattern but having higher number of population. Cyanobacterial population counted at 60 DAT was higher than those observed at 30 DAT and the population noted at post harvest soil was higher than those observed at 60 DAT. The population of 4.38 x105 and 4.57 x105 g-1 were recorded at 60 DAT and post harvest soil. The increase in cyanobacterial population in soil from 30 DAT to 60 DAT and after harvest might be due to that temperature and day length increased and Cyanobacteria as photosynthetic organisms received more light. The increase in cyanobacterial population in soil from 30 ADT to 60 DAT and after harvest might be due that temperature and day length increased and Cyanobacteria as photosynthetic organisms received more light. Increased light, temperature and mineral nutrients might be the cause for higher cyanobacterial population from 30 DAT to 60 DAT and after harvest. The highest numbers of cyanobacterial population recorded in T1 was caused due to recommended dose of chemical fertilizer which supplied well nutrition to the organisms. These finding are in agreement with those of Lin et al. (2010) and Li et al. (2011). 

4.1.4.2 Azotobacter population
Like cyanobacterial population, Azotobacter population was also influenced significantly by combined use of organic and inorganic fertilizers in the field of boro rice (Figure 4.1.2). At 30 DAT, the lowest number of 5.01x103 g-1 soil of Azotobacter population were found in control (T0) which slightly but successively increased in T1 i.e. 100 chemical fertilizer, T2 containing 25% cowdung with 75% chemical fertilizer and T3 consisting of 50% cowdung with 50% inorganic fertilizer. Then slightly decreased in T4 containing 25% poultry manure with 75% chemical fertilizer and slightly increased and decreased in Azotobacter population numbers were observed in T5 having 50% poultry manure with 50% chemical fertilizer, T6 i.e. 25% mustard oil cake with 75% chemical fertilizer, T7 having 50% mustard oil cake with 50% inorganic fertilizer, T8 i.e. 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer and T9​ containing 50% cowdung, poultry manure and mustard oil cake plus 50% inorganic fertilizer. Finally, slightly increased in T10 i.e. 34% cowdung, 33% poultry manure, and 33% mustard oil cake i.e. reaching the pick which indicated the maximum numbers of 6.85 x103 g-1soil of Azotobacter. Azotobacter population at 60 DAT and post harvest soils accompanied the similar pattern as it was seen at 30 DAT with little lower in population numbers. Population numbers recorded at 60 DAT was slightly lower than those observed at 30 DAT and the population noted at post harvest soil was lower than those noticed at 60 DAT. The increased numbers of Azotobacter population were more in those treatments which were integrated with organic manures and inorganic fertilizer and the highest in population numbers recorded only by organic manures treated once i.e. T10 because Azotobacter get carbon and energy from the decomposition of organic matter, resulting higher numbers.  The present findings are in accord with those of Mujiyati and Supriyadi (2009), Lin et al. (2010) and Li et al. (2011).
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Figure 4.1.1 Cyanobacterial population in the field of BRRI dhan28 at different dates of transplanting during boro season of 2009 as affected by different treatments 
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Figure 4.1.2  Azotobacter population in the field of BRRI dhan28 at different dates of transplanting during boro season of 2009 as affected by different treatments 

4.1.5 Effects of different treatments on changes in the soil chemical properties

4.1.5.1 Organic matter contents 
There was a significant effect due to the application of organic and inorganic fertilizers on the organic matter contents in the field of BRRI dhan28 determined at 30, 60 days after transplanting and after harvest (Figure 4.1.3). All the treatments showed higher organic matter contents as compared to those recorded in control and T1 i.e. 100% chemical fertilizer at 30, 60 days after transplanting and after harvest. The lowest organic matter content of 0.995% at 30 days after transplanting was recorded in control which was same as that recorded in treatment T1 i.e. (0.994%) 100% chemical fertilizer. Then slightly increased in T2 (1.053%) that contains 25% cowdung with 75% chemical fertilizer and increasing rate was continued in T3 (1.122%) having 50% cowdung with 50% chemical fertilizer and slightly decreased in T4 containing 25% poultry manure with 75% inorganic fertilizer. Slightly increased and decreased of soil organic matter contents were continued alternately in T5 i.e. 50% chemical fertilizer with 50% poultry manure, T6 having 25% mustard oil cake plus 75% chemical fertilizer, T7 containing 50% mustard oil cake plus 50% chemical fertilizer, T8 that contains 25% cowdung, poultry manure and mustard oil cake with 75 % chemical fertilizer and T9 i.e. 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Again, slightly increased was in T10 containing 34% cowdung, 33% poultry manure and 33% mustard oil cake which were reached the pick showing the highest organic matter of 1.155%. Organic matter contents at 60 DAT and post harvest soil followed similar pattern with slightly lower percent as it was observed at 30 days after transplanting. Organic matter percent at 60 days after transplanting were lower than those recorded at 30 days after transplanting and those recorded in post harvest soil were also lower than those observed at 60 days after transplanting. The highest organic matter content at 60 days after transplanting and post harvest soils were 1.144, 1.133, while the lowest were 0.987 and 0.979%. The increments in organic matter contents might be due to the addition of organic amendments in soil. Ayeni et al. (2012) and Obi and Ebo (2012) also agreed with the present findings.
4.1.5.2 Total N
Total N content in the field of boro rice responded significantly to different treatments combinations used. The Figure 4.1.4 showed that the lowest total N content of 0.055% in the field of BRRI dhan28, at 30 days after transplanting was in control which was increased drastically in T1 i.e. 100% chemical fertilizer indicating the highest total N content of 0.098%, then slightly decreased in T2 (0.087%) containing 25% cowdung with 75% inorganic fertilizer and decreasing trend was continued in T3 (0.075%) having 50% cowdung with 50% chemical fertilizer. Slightly increased and decreased in total N contents in alternate way were observed in T4 i.e. 25% poultry manure with 75% inorganic fertilizer, T5 having 50% poultry manure with 50% inorganic fertilizer, T6 containing 25% mustard oil cake plus 75% chemical fertilizer, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T8 consisting of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer, T9 possessing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer and decreasing rate was continued in T10 (0.061%) i.e. 34% cowdung, 33%poultry manure, 33% mustard oil cake. At 60 days after transplanting, total N contents followed the similar pattern but slightly lower than those were observed in control and T1 and slightly higher in other treatments consisting of organic manures and inorganic fertilizer. Same trend was also observed in post harvest soil i.e. slightly lower total N contents in control and T1 than those recorded at 60 days after transplanting but total N contents in other treatments having organic manures integrated with chemical fertilizer recorded more or less the same amounts as those were recorded at 30 days after transplanting. The highest total N contents at 60 days after transplanting and post harvest soil were 0.094 and 0.091, while those of the lowest were recorded 0.053 and 0.049%. The percent increase in total N contents in treatment T1 was due to the application of concentrated N containing fertilizer i.e. urea but higher total N contents at 60 days after transplanting recorded in the treatments having organic manures and chemical fertilizer than those recorded at 30 days after transplanting would be owing to the decomposition of organic manures added in soil. Ayeni et al. (2012) and Sunil et al. (2012) observed similar results.
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Figure 4.1.3 Soil organic matter content in the field of BRRI dhan28 at different dates of transplanting as affected by different treatment combinations during boro season of 2009
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Figure 4.1.4 Total nitrogen content in the field of BRRI dhan28 at different dates of transplanting during boro season of 2009 as affected by different treatments 

4.1.5.3 Available P

The available P content in soils of the boro rice field varied significantly due to different treatment combinations (Figure 4.1.5). At 30 days after transplanting, the lowest P content of 29.95% was recorded in control which was drastically increased in T1 i.e. 100% chemical fertilizer showing the highest available P of 51.95 mg kg-1 soil and then slightly decreased in T2 (46.61 mg kg-1 soil) containing 25% cowdung with 75% inorganic fertilizer and decreasing rate was continued in T3 (40.15 mg kg-1 soil) having 50% cowdung with 50% chemical fertilizer. Then slightly increased in T4 i.e. 25% poultry manure with 75% inorganic fertilizer. These slight decrease and increase in available P contents were found in T5 having 50% poultry manure with 50% inorganic fertilizer, T6 containing 25% mustard oil cake plus 75% chemical fertilizer, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T8 consisting of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer, T9 (39.96 mg kg-1 soil) possessing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Decreasing rate of available P was continued in T10 (35.67 mg kg-1 soil) i.e. 34% cowdung, 33%poultry manure, 33% mustard oil cake. At 60 days after transplanting, available P content followed the similar pattern as those were found at 30 days after transplanting but slightly lower available P contents were observed in control and T1 and slightly higher in other treatments having organic manures integrated with inorganic fertilizer. Same trend was also observed in post harvest soil i.e. slightly lower available P contents in control and treatment T1 than those were recorded at 60 days after transplanting but more or less the same amounts of available P contents in other treatments than those were recorded at 30 days after transplanting. The highest available P content in T1 was due to the addition of concentrated chemical fertilizer (TSP). The percent increase in available P content at 60 days after transplanting in treatments integrated with organic and inorganic fertilizers which were higher than those recorded at 30 days after transplanting would be owing to the decomposition of organic manures added in soil. Similar results were cited by Ayeni et al (2012) and Sunil et al. (2012).

4.1.5.4 Exchangeable K 

The exchangeable K content in the field of boro rice was significantly influenced by the different treatments used. The Figure 4.1.6 is showing up and down pattern of exchangeable K contents in the field of BRRI dhan28. It indicated that the lowest exchangeable K was in control (0.125 me100 g-1 soil) which was drastically increased in T1 containing 100% chemical fertilizer indicating the highest of 0.184 me100 g-1 soil. Then slightly decreased in T​2 (0.163 me100 g-1 soil) containing 25% cowdung with 75% inorganic fertilizer and decreasing rate was continued in T3 (0.142 me100 g-1 soil) having 50% cowdung with 50% chemical fertilizer. Then slightly increased in T4 i.e. 25% poultry manure with 75% inorganic fertilizer. Slight decrease and increase in exchangeable K contents were due to T5 having 50% poultry manure with 50% inorganic fertilizer, T6 containing 25% mustard oil cake plus 75% chemical fertilizer, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T8 containing 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer, T9 (0.148 me100 g-1 soil) consisting of 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Decreasing rate of exchangeable K was followed in T10 (0.135 me100 g-1 soil) i.e. 34% cowdung, 33%poultry manure, 33% mustard oil cake. At 60 days after transplanting and post harvest soils, exchangeable K contents followed the similar trend but slightly lower amounts as those were found at 30 days after transplanting. Exchangeable K contents at 60 days after transplanting were slightly lower than those recorded at 30 days after transplanting. Again exchangeable K in post harvest soils was slightly lower than those were observed at 60 days after transplanting. The highest exchangeable K 0f 0.181 and 0.178 and the lowest of 0.122 and 0.119 me100 g-1 soil were recorded at 60 days after transplanting and post harvest soils. The highest exchangeable K content in treatment T1 might be caused due to the application of concentrated chemical fertilizer (MoP). Ayeni et al. (2012) and Sunil et al. (2012) cited similar reports.

4.1.5.5 Available S

Addition of organic manures in combination with chemical fertilizer significantly increased S status of soil. The Figure 4.1.7 is showing the zig zag pattern of available S contents at 30 and 60 days after transplanting and post harvest soils. It indicated that the lowest available S content of 15.87 mg kg-1 was in control (T0) which was tremendously increased in T1 i.e. 100% chemical fertilizer which was reached the pick showing the highest available S content of 19.87 mg kg-1. Then slightly decreased in T2 (18.81 mg kg-1) containing 25% cowdung plus 75% inorganic fertilizer and decreasing trend was continued in T3 (17.72 mg kg-1) that contains 50% cowdung plus 50% chemical fertilizer and slightly increased in T4 having 25% poultry manure with 75% inorganic fertilizer. Slight decrease and increase in available S contents were successively followed T5 possessing 50% poultry manure with 50% chemical fertilizer, T6 i.e. 25% mustard oil cake with 75% inorganic fertilizer, T7 containing 50% mustard oil cake with 50% chemical fertilizer, T8 i.e. 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer, T9 (17.59 mg kg-1) having 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer and decreasing trend of available S was continued in T10 (16.48 mg kg-1) i.e. 34% cowdung, 33% poultry manure and 33% mustard oil cake. At 60 days after transplanting available S contents were slightly lower than those recorded at 30 days after transplanting were in control and treatment T1 but slightly higher than those were found in other treatments composing of organic manures and chemical fertilizer. In post harvest soils available S contents were lower than those were recorded in control and T1 which were analyzed at 60 days after transplanting but other treatments contain about the same quantities as those were found at 30 days after transplanting. At 60 days after transplanting and post harvest soils the highest available S contents were 19.56 and 19.23, while the lowest were 15.47 and 15.25 mg kg-1. The highest available S contents in T1 was caused due to addition of chemical fertilizer and the treatments containing organic and inorganic fertilizer recoded higher available S than those were found at 30 days after transplanting were resulted from decomposing organic matter. Shahiduzzman (1997) agreed with these results.
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Figure 4.1.5 Available phosphorous (P) content in the field of BRRI dhan28 at different dates of transplanting during boro season of 2009 as influenced by different treatments
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Figure 4.1.6 Exchangeable potassium (K) content in the field of BRRI dhan28 at different dates of transplanting during boro season of 2009 as affected by different treatments

[image: image7.png]—¢— 30 days atter transplanting —#— 60 days atter transplanting —&— After harvest

!El
%
]
of)
£
S
7}
=
2

TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10

Treatments




Figure 4.1.7 Available sulphur (S) content in the field of BRRI dhan28 at different dates of transplanting during boro season of 2009 as affected by different treatments

Experiment No. 2 

This experiment was carried out during T. aman season of 2009
Effects of different treatments on T. aman rice (Kataribhog)

4.2 Yield and yield components of T. aman rice (Kataribhog)

4.2.1 Yield components

4.2.1.1 Plant height 

Statistically significant variation was recorded for plant height of T. aman rice (kataribhog) due to the application of various organic manures and inorganic fertilizers (Table 4.2.1). Plant height ranged from 143.60 - 164.70 cm. The tallest plant of 164.70 cm was produced due the application of 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer5 (T8). It was statistically identical with those recorded in treatment T10 (163.60 cm) having 34% cowdung, 33% poultry manure and 33% mustard oil cake, T9 that is 50% cowdung, poultry manure, and mustard oil cake plus 50% chemical fertilizer, T4 possessing 25% poultry manure with 75% inorganic fertilizer, T5 i.e. 50% poultry manure with 50% inorganic fertilizer, T6 containing 25% mustard oil cake plus 75% chemical fertilizer, T7 that contains 50% mustard oil cake plus 50% inorganic fertilizer, T2 having 25% cowdung with 75% chemical fertilizer and T1 i.e. 100% inorganic fertilizer. Plant height recorded in treatment T9 (160.90 cm) was identical with those noted in treatments T7, T6, T5, T4, T3, T2 and T1. Furthermore, plant height observed in treatment T2 was in the same as with those measured in treatments T1, T6, T3 and T0. Oppositely, the shortest plant of 143.60 cm was observed in control plot (T0). Organic manures together with chemical fertilizer showed better performance in increasing the plant height. The present findings are in agreement with those of Siavoshi et al. (2011) and Adamu et al. (2012).

4.2.1.2 Tillers hill-1
Number of tillers hill-1 of T. aman rice showed significant variation due to the application of various organic manures and inorganic fertilizers (Table 4.2.1). The maximum number of tillers hill-1 of 13.87 was resulted due to the application of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer (T8) which was identical with those recorded in all other treatments except control. The lowest number of tillers hill-1 of 9.58 was observed in control (T0). These results are in accord with those of Haque et al. (2010) and Adamu et al. (2012).

4.2.1.3 Panicle length
The results showed that the panicle length of T. aman rice was influenced significantly by the different treatments used (Table 4.2.1). The panicle length varied from 22.77- 25.50 cm over the treatments. The longest panicle length of 25.50 cm was recorded in the treatment T8 possessing 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer which was statistically identical to those in all other treatments except control (T0). The least panicle length was recorded in control and the value was 22.77 cm. The integrated use of organic and inorganic fertilizer had positive effect on panicle length. Siavoshi et al. (2011), Hossaen et al. (2011) and Adamu et al. (2012) claimed similar results.

4.2.1.4 Grains panicle-1
Number of grains panicle-1 of T. aman rice was counted after crop harvest; data showed that integration of organic and inorganic fertilizers increased the grains number significantly over control (Table 4.2.1). The number of grain panicle-1 ranged from 184.10 - 219.10 over the treatments. The maximum number of grains of 219.10 was recorded in the treatment T8 i.e. 25% cowdung, poultry manure and mustard oil cake plus 75% inorganic fertilizer which was in the same as with other treatments except control (T0). Grains panicle-1 recorded in treatment T7 (212.70) was also identical with those counted in treatments T9 having 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer, T10 i.e. 34% cowdung, 33% poultry manure, 33% mustard oil cake, T5 containing 50% poultry manure plus 50% inorganic fertilizer, T3 possessing 50% cowdung with 50% chemical fertilizer, T2 i.e. 25% cowdung plus 75% inorganic fertilizer, T1 having 100% chemical fertilizer and T0 containing no fertilizer. Control treatment produced the lowest number of grains panicle-1 of 184.10. The number of grains panicle-1 was found higher by Haque et al. (2010), Hossaen et al. (2011) and Adamu et al. (2012).

4.2.1.5 Thousand grain weight

Weight of 1000-grain of T. aman rice was affected notably and differently by various organic manures and inorganic fertilizers as compared to that in control (Table 4.2.1). The 1000-grain weight varied from 14.10-15.53 g over the treatments. The treatment T8 having 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer produced the highest result of 15.53 g. It was statistically identical with those recorded in treatments T9 possessing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer, T7 having 50% mustard oil cake plus 50% inorganic fertilizer, T6 i.e. 25% mustard oil cake with 75% chemical fertilizer, T4 that contains 25% poultry manure with 75% inorganic fertilizer and T3 having 50% cowdung with 50% chemical fertilizer. Weight of 1000-grains recorded in treatment T3 (15.17) was also identical with those noted in treatments T4, T5, T6​, T7, T9, T10, T2 and T1. Again, 1000-grain weight noted in treatment T9 (14.80) was identical with those recorded in treatments T10, T7, T5, T2, T1 and T0 (control). The lowest thousand grain weight of 14.10 g was recorded in control which was significantly lower from other treatments. The results showed that the application of organic manures with chemical fertilizer increased 1000-grain weight of the crop. Similar results were also claimed by Siavoshi et al. (2011) and Adamu et al. (2012).
Table 4.2.1 Effects of integrated uses of organic and inorganic fertilizers on the yield components of T. aman rice during aman season of 2009 
	Treatments
	Plant 

height 

(cm)
	Tillers

hill-1 

(No.)
	Panicle length 

(cm)
	Grain 

panicle-1 

(No.)
	1000-

grain weight (g)

	T0
	143.60 
	c
	9.58 
	b
	22.77 
	b
	184.10 
	b
	14.10 
	c

	T1
	152.90 
	a-c
	12.47 
	a
	24.60 
	a
	206.30
	ab
	14.37 
	bc

	T2
	155.20 
	a-c
	12.33 
	a
	24.30 
	a
	211.10 
	ab
	14.37 
	bc

	T3
	150.40 
	bc
	13.47 
	a
	24.47 
	a
	190.30 
	ab
	15.17 
	ab

	T4
	160.80 
	ab
	12.00 
	a
	24.97 
	a
	214.10 
	a
	15.13 
	ab

	T5
	160.60 
	ab
	12.40 
	a
	25.23 
	a
	203.30 
	ab
	14.50
	bc 

	T6
	152.70 
	a-c
	12.53 
	a
	24.53 
	a
	217.30 
	a
	15.10 
	ab

	T7
	155.10 
	ab
	13.07 
	a
	24.67
	a
	212.70 
	ab
	14.73 
	a-c

	T8
	164.70 
	a
	13.87 
	a
	25.50 
	a
	219.10 
	a
	15.53
	a

	T9
	160.90 
	ab
	13.33 
	a
	24.97 
	a
	200.80 
	ab
	14.80 
	a-c

	T10
	163.60 
	a
	12.27
	a
	24.70 
	a
	200.80 
	ab
	14.63 
	bc

	CV (%)
	10.85
	2.12
	1.15
	25.62
	0.73


The Figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

4.2.2 Yield of T. aman rice (kataribhog)

4.2.2.1 Grain yield 
Rice grain yield of T. aman rice was significantly increased under various organic manures and inorganic fertilizers application compared to control (Table 4.2.2). All the treatments produced notably higher grain yield over control. The highest grain yield of 5.400 t ha-1 showing 94.38% increase over control, was obtained in treatment T8 containing 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer which was identical with those recorded in the treatments T5 (5.050) i.e. 50% poultry manure with 50% inorganic fertilizer and T7 having 50% mustard oil cake plus 50% chemical fertilizer. Grain yield recoded in treatment T5 was also in the same as those noted due to the application of 50% mustard oil cake with 50% inorganic fertilizer (T7), 34% cowdung, 33% poultry manure, 33% mustard oil cake (T10), 25% poultry manure plus 75% inorganic fertilizer (T4), 50% cowdung with 50% chemical fertilizer (T3) and 100% inorganic fertilizer (T1). Furthermore, grain weight found in treatment T7 (4.667) was identical with those recorded in treatments T9, T10, T4, T3, T2 and T1. Again, grain yield observed in treatment T10 (4.333) was identical with those noted in treatments T9, T6, T4, T3, T2 and T1. The lowest grain yield of 2.778 t ha-1 was observed in control (T0). The increased grain yields due to the treatment T5, T7, T4, T10 and T3 were 81.79, 68.00, 55.98, 55.98 and 53.99%, respectively over control. The results revealed that Kataribhog rice responded better to nutrients supplied from cowdung, poultry manure and mustard oil cake with chemical fertilizer i.e. integrated use of organic and inorganic fertilizer was noted more effective in producing grain yield of T. aman rice. The results indicated that organic sources of nutrients gave significantly higher grain yield over chemical fertilizer. The study showed that integrated use of cowdung, poultry manure and mustard oil cake with chemical fertilizer reduced fertilizer use without any remarkable yield decline. It was further observed that application cowdung, poultry manure and mustard oil cake in combination with chemical fertilizer increased grain yield of T. aman rice. These results are in accord with the findings of Puste et al. (2001), Hossaen et al. (2011) and Adamu et al. (2012).

4.2.2.2 Straw yield
The results presented in Table 4.2.2 showed that the straw yield of T. aman rice was differed significantly by different treatments. Straw yields varied from 4.670 to 10.210 t ha-1. The highest straw yield of 10.210 t ha-1 was found in the treatment T8 containing 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer which was 118.63% increased over control and statistically identical with those recorded in T3 (8.340) having 50% cowdung with 50% chemical fertilizer, T10 i.e. 34% cowdung, 33% poultry manure and 33% mustard oil cake, T6 i.e. 25% mustard oil cake with 75% chemical fertilizer, T2 i.e. 25% cowdung with 75% inorganic fertilizer and T5 i.e. 50% poultry manure with 50% inorganic fertilizer and was significantly different from those recorded in the rest treatments. Straw yield of T. aman rice noted in treatment T3 was also in same as those recorded in treatments T10, T6, T5, T1, T2, T4, T7 and T9. Again, straw yield observed in treatment T4 (6.790) was also identical with those recorded in treatments T1 and T0. The lowest straw yield of 4.670 t ha-1 was obtained in control plot (T0). The increase straw yields of the treatments T3, T10, T6, T2 and T5 were 78.59, 77.52, 74.95, 69.59 and 65.95%, respectively over control. The percent increase in the straw yield over control ranged from 42.83 to 118.63%. The results indicated that the application of cowdung, poultry manure and mustard oil cake with inorganic fertilizer contributed to the higher plant height and tillers hill-1 resulting high straw yield of T. aman rice. These findings are in agreement with the results of Sathish et al. (2010), Hossaen et al. (2011), and Adamu et al. (2012).

Table 4.2.2 Effects of integrated uses of organic and inorganic fertilizers on the yield of T. aman rice during aman season of 2009 

	Treatments
	Grain yield

(t ha-1)
	Grain yield increased over control
	Straw yield

(t ha-1)
	Straw yield increased over control

	
	
	(t ha-1)
	(%)
	
	(t ha-1) 
	(%)

	T0
	2.778 
	e
	-
	-
	4.670 
	c
	-
	-

	T1
	3.667
	d
	0.889
	32.00
	6.670 
	bc
	2.000
	42.83

	T2
	4.278
	b-d
	1.500
	53.99
	7.920
	ab
	3.250
	69.59

	T3
	4.200 
	b-d
	1.422
	51.19
	8.340 
	ab
	3.670
	78.59

	T4
	4.333 
	b-d 
	1.555
	55.98
	6.790 
	bc
	2.120
	45.40

	T5
	5.050 
	ab
	2.272
	81.79
	7.750 
	ab
	3.080
	65.95

	T6
	4.000
	cd
	1.222
	43.99
	8.170 
	ab
	3.500
	74.95

	T7
	4.667 
	a-c
	1.889
	68.00
	7.290 
	b
	2.620
	56.10

	T8
	5.400 
	a 
	2.622
	94.38
	10.210 
	a
	5.540
	118.63

	T9
	3.867 
	cd
	1.089
	39.20
	7.500 
	b
	2.830
	60.60

	T10
	4.333 
	b-d
	1.555
	55.98
	8.290
	ab
	3.620
	77.52

	CV %
	0.86 
	
	
	
	2.29 
	
	
	


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance.

CV (%) = Coefficient of variation

4.2.3 Nutrient contents and their uptake by T. aman rice (kataribhog)
4.2.3.1 Nitrogen contents in grain and straw
Data in Table 4.2.3 showed the amounts of N content in T aman rice as influenced by different inorganic fertilizer and organic manure treatments. N content in the grain ranged from 0.94 - 1.17, while those of the straw varied from 0.39- 0.51%. Maximum N content of 1.17% in the grain was observed in treatment T8 i.e. 25% cowdung, poultry manure, mustard oil cake with 75% inorganic fertilizer which was similar to those recorded in treatments T9 (1.16%)  having 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer, T10 containing 34% cowdung, 33% poultry manure and 33% mustard oil cake, T7 possessing 50% mustard oil cake plus 50% inorganic fertilizer, T6 i.e. 25% mustard oil cake with 75% chemical fertilizer and T2 having 25% cowdung plus 75% inorganic fertilizer. N content recorded in treatment T7 (1.14%) was also same as those noted in T6, T2 and T1. Moreover, N concentration observed in treatment T2 (1.12%) was identical with those calculated in treatments T6, T1, T3, T4 and T5. The minimum N content of 0.94% was in control. The treatment T8 had the maximum straw N content of 0.51% which was statistically identical with those observed in T9, T10, T6, T5, and T2. Straw N concentration noted in treatment T9 (0.49%) was also identical with those recoded in T10, T7, T6, T5, T4, T3 and T2. Again, N content recorded in treatment T10 (0.47%) was identical with those observed in T7, T6, T5, T4, T3, T2 and T1. Furthermore, N concentration found in T7 (0.45%) was similar to those noted in T6, T5, T4, T3, T1 and T0. The control treatment had the minimum straw N content of 0.39%. In all the treatments, N content in the grain were higher than those of their straw. Medhi et al. (2011) also claimed similar results.

4.2.3.2 Nitrogen uptake 

Results in the Table 4.2.3 showed that nitrogen uptake by the grain, straw and total was increased significantly due to the integrated use of organic and inorganic fertilizers over control. The amount of N absorption was calculated from the data of N concentration and yields of the grain and straw. The highest N uptakes by the grain of 59.940, straw of 62.271 and total of 122.211 kg ha-1 were observed in treatments T8 that contains 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer. Such results were significantly different from those in the other treatments. In case of the grain, it was followed with that recorded in treatment T5 (54.035 kg ha-1) i.e. 50% poultry manure with 50% inorganic fertilizer. The highest N uptake by the straw was followed by that noted in treatment T10​ (48.450 kg ha-1) having 34% cowdung, 33% poultry manure and 33% mustard oil cake. The highest total N uptake was followed by that observed in treatment T10 (98.713 kg ha-1) containing 50% poultry manure plus 50% chemical fertilizer. The least N uptakes in the grain of 26.113, straw of 26.013 and total of 52.126 kg ha-1 were recorded in control in all cases. These results might be due to the integrated use of organic inorganic fertilizer. Similar results were also recorded by Sathish et al. (2010) and Sridevi et al. (2010).

4.2.3.3 Phosphorus contents in grain and straw
Use of different organic amendments with chemical fertilizer as showed in Table 4.2.4 significantly increased the phosphorus contents both in the grain and straw of T. aman rice. The P content in the grain ranged from 0.21 to 0.31. On the other hand, the values for the straw varied from 0.08 to 0.14%. The P contents in the grain were higher than those of the straw in all the treatments. The highest P content of 0.31% in the grain was noted due to the treatment T8 containing 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer. It was statistically identical with those noted in the other treatments except control. P content in the grain calculated in treatment T2 (0.25) was identical with that recorded in unfertilized control plot (T0). The lowest grain P content of 0.21% was obtained in control. In case of the straw, the highest P content of 0.14% was noted in treatment T8 and T9 having 50% cowdung, poultry manure, mustard oil cake with 50% chemical fertilizer which were statistically similar from those in other treatments except control. The P content in the straw of 0.08% was the lowest in control. Similar results were found by Medhi et al. (2011).

Table 4.2.3 Effects of integrated uses of organic and inorganic fertilizers on nitrogen (N) contents and uptake by the grain and straw of T. aman rice during aman season of 2009

	Treatments
	Nitrogen content

(%)
	Nitrogen uptake 

(kg ha-1)
	Total N uptake

( kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.94 
	d
	0.39 
	d
	26.113 
	k
	26.013 
	k
	 52.126 
	k

	T1
	1.09 
	bc
	0.42 
	cd
	44.800
	i
	36.414
	j
	  81.214 
	j

	T2
	1.12 
	a-c
	0.46
	a-c
	46.630
	e
	45.632 
	e
	92.262
	d

	T3
	1.07 
	c
	0.44 
	b-d
	44.940 
	h
	45.496 
	f
	 90.436 
	h

	T4
	1.06 
	c
	0.43 
	b-d
	45.930 
	f
	37.797 
	i
	 83.727 
	i

	T5
	1.07 
	c
	0.45 
	a-d
	54.035 
	b
	43.875 
	g
	 97.910 
	b

	T6
	1.11 
	a-c
	0.45 
	a-d
	42.537
	j
	45.765 
	d
	88.302 
	e

	T7
	1.14 
	ab
	0.45 
	b-d
	53.204 
	c
	41.805 
	h
	  95.009 
	c

	T8
	1.17 
	a
	0.51 
	a
	59.940
	a
	62.271 
	a
	122.211 
	a

	T9
	1.16
	a 
	0.49 
	ab
	45.244 
	g
	46.550 
	c
	91.794 
	f

	T10
	1.16 
	a
	0.47
	a-c
	50.263 
	d
	48.450
	b
	98.713
	g

	CV (%)
	6.1
	5.8
	6.7
	3.9
	5.7


The figure(s) in a column having common letter(s) do not differ significantly at the 5% level of significance

CV (%) = Coefficient of variation

4.2.3.4 Phosphorus uptake 

The addition of organic and inorganic fertilizer influenced significantly the P uptake by T. aman rice (Table 4.2.4). The highest P uptake of 15.120 kg ha-1 by the grain was noted in treatment T8 possessing 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer. It was followed by that obtained in treatment T5 (14.140 kg ha-1) containing 50% poultry manure with 50% chemical fertilizer and was significantly different from those recorded in all other treatments. In case of the straw, the highest P uptake of 17.094 kg ha-1 was observed in treatment T8. It was followed by those noted in treatments T3 (13.442 kg ha-1) i.e. 50% cowdung with 50% inorganic fertilizer and T10 containing 34% cowdung, 33% poultry manure and 33% mustard oil cake. Again, the treatment T10 (13.377 kg ha-1) was similar to that obtained in T9 having 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. The highest total P uptake of 32.214 kg ha-1 was recorded in T8 which was different from those in the rest treatments. It was followed by that recorded in treatment T5 (26.715 kg ha-1) containing 50% poultry manure with 50% inorganic fertilizer. The total P uptake varied from 11.503 - 29.214 kg ha-1. The least P uptakes by the grain of 6.167, straw of 5.336 and total of 11.214 kg ha-1 were recorded in control. The results revealed that T. aman rice responded more to the nutrients supplied from organic manures with chemical fertilizer. Similar results were cited by Sathish et al. (2010) and Sridevi et al. (2010).

4.2.3.5 Potassium (K) contents in grain and straw

The K contents in the grain and straw as influenced by organic manures and chemical fertilizer are presented in the Table 4.2.5. The K concentration in the grain varied from 0.12 to 0.26%. The highest grain K content of 0.26% was observed in treatment T8 containing 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer which was same as those calculated in T2 (0.24%) having 25% cowdung with 75% chemical fertilizer, T10 composing 34% cowdung, 33% poultry manure and 33% mustard oil cake, T7 that contains 50% mustard oil cake plus 50% chemical fertilizer, T6 having 25% mustard oil cake with 75% inorganic fertilizer, T5 containing 50% poultry manure plus 50% inorganic fertilizer and T3 possessing 25% cowdung with 75% chemical fertilizer. The treatment T6 (0.23%) was also identical with those observed in T3, T4, T5, T1, T7, T9 and T10. Moreover, K content in treatment T7 (0.21%) was identical with those noted in treatment T2, T1, T3, T5, T6, T7 and T10. Again, K concentration recorded in treatment T6 was the same as those found in T9, T10, T5, T4, T3, T1 and T0. The lowest K content of 0.12% in the grain was recorded in control. The K content in the straw was also markedly influenced by the integrated use of organic and inorganic fertilizer. The K content in the straw ranged from 0.61-1.23%. The highest straw K concentration of 1.23% was recorded in treatment T8. It was statistically identical with those observed in treatments T6, T5 and T2​. The K concentration recorded in treatment T6 (1.19%) was also similar with those observed in treatments T7, T10, T5 and T2. Moreover, K content in T1 was identical with those noted in T3 and T4. The least K content of 0.61% was noted in control. It was notable that the K content in the straw was more than 5 times higher than that of the grain K. The results indicated that T. aman rice responded positively to integration of organic and inorganic fertilizer. Medhi et al. (2011) also reported similar results.
4.2.3.6 Potassium (K) uptake

Organic amendments and inorganic fertilizer influenced significantly the K uptake by the grain, straw and their total (Table 4.2.5). The K uptake by the grain was much lower (at least 13 times) than those of their straw K uptake. The highest K uptakes by the grain of 12.420, straw of 66.310 and total of 78.730 kg ha-1 were recorded in the treatments T8 that contains 25% cowdung, poultry manure and mustard oil cake with 75% chemical. Maximum K uptake by the grain (T8) was followed by that noted in T2 (11.120 kg ha-1) i.e. 25% cowdung with 75% chemical fertilizer. In the straw, the highest K uptake was followed by that obtained in T10 (43.480 kg ha-1) having 34% cowdung, 33% poultry manure, 33% mustard oil cake but the highest total K uptake was followed by that observed in T1 containing 100% inorganic fertilizer. The lowest K uptake by the grain of 3.334, straw of 15.687 and total of 19.021kg ha‑1 were recorded in control. Similar results were also reported by Baruah et al. (1999) and Sathish et al. (2010).

Table 4.2.4 Effects of integrated uses of organic and inorganic fertilizer on phosphorus (P) contents and uptake by the grain and straw of T. aman rice during aman season of 2009

	 Treatments
	Phosphorous (P) content (%)
	Phosphorous (P) 

uptake (kg ha-1)
	Total P

 uptake

( kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.21 
	b
	0.08 
	b
	 6.167 
	j
	  5.336 
	j
	11.503 
	k

	T1
	0.28 
	a
	0.13 
	a
	11.980 
	e
	12.896 
	d
	24.876 
	f

	T2
	0.25 
	ab
	0.12 
	a
	10.000 
	i
	10.404 
	h
	20.404 
	j

	T3
	0.28 
	a
	0.13 
	a
	11.760 
	f
	13.442 
	b
	25.202 
	e

	T4
	0.28 
	a
	0.11 
	a
	12.132 
	d
	9.669 
	i
	21.801 
	i

	T5
	0.28 
	a
	0.13 
	a
	14.140 
	b
	12.675
	e
	26.715 
	b 

	T6
	0.28 
	a
	0.12 
	a
	11.368
	g
	12.204 
	f
	23.572 
	g

	T7
	0.29 
	a
	0.13 
	a
	13.534 
	c
	12.077 
	g
	25.611 
	c 

	T8
	0.31 
	a
	0.14 
	a
	15.120 
	a 
	17.094 
	a
	32.214 
	a

	T9
	0.29 
	a
	0.14 
	a
	11.214 
	h
	13.300 
	c
	24.514 
	h

	T10
	0.28 
	a
	0.13
	a
	12.132 
	d
	13.377
	bc
	25.509
	d 

	CV (%)
	8.5
	5.8
	2.7
	7.5
	4.6


The figure(s) in a column having common letter(s) do not differ significantly at the 5% level of significance

CV (%) = Coefficient of variation

Table 4.2.5 Effects of integrated uses of organic and inorganic fertilizer on potassium (K) contents and uptake by the grain and straw of T. aman rice during aman season of 2009

	Treatments
	Potassium (K) content 

(%)
	Potassium (K) uptake  

(kg ha-1)
	Total K 

uptake

(kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.12 
	d
	0.61 
	e
	3.334 
	k
	  15.687 
	k
	  19.021 
	k

	T1
	0.15 
	b-d
	0.94 
	cd
	6.000 
	h
	40.016 
	c
	56.016 
	b

	T2
	0.24
	ab
	1.19
	ab
	11.120
	b
	  29.498 
	i
	40.618 
	g

	T3
	0.18 
	a-d
	0.97 
	c
	7.560 
	g
	32.298 
	g
	39.858 
	h

	T4
	0.13 
	cd
	0.88 
	cd
	5.633 
	i
	  27.352 
	j
	  32.985 
	j

	T5
	0.20 
	a-d
	1.16 
	ab
	10.100 
	c
	36.100 
	e
	46.200 
	e

	T6
	0.23 
	a-c
	1.19 
	ab
	8.801
	e
	39.023 
	d
	47.824 
	d

	T7
	0.21 
	a-d
	1.11 
	b
	9.801 
	d
	34.500 
	f
	44.301 
	f

	T8
	0.26 
	a
	1.23 
	a
	12.420 
	a 
	66.310 
	a
	78.730 
	a

	T9
	0.13 
	cd
	0.87 
	d
	5.027 
	j
	  31.650 
	h
	  36.677 
	i

	T10
	0.18 
	a-d
	1.10 
	b
	7.799 
	f
	43.480
	b
	51.279
	c

	CV (%)
	8.2
	6.4
	7.3
	3.9
	9.7


The figure(s) in a column having common letter(s) do not differ significantly at the 5% level of significance

CV (%) = Coefficient of variation

4.2.3.7 Sulphur (S) contents in grain and straw
Like other nutrients, S contents in the grain and straw were affected significantly by the different treatments (Table 4.2.6). Sulphur content in the grain ranged from 0.08 - 0.12, while those of the straw varied from 0.07 -0.10%. In case of the grain S content, the highest value of 0.12% was found in treatment T8 having 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer and T9 containing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. They were statistically identical with those obtained in T10 i.e. 34% cowdung, 33% poultry manure and 33% mustard oil cake, T7 having 50% mustard oil cake plus 50% inorganic fertilizer, T6 containing 25% mustard oil cake with 75% chemical fertilizer, T5 that contains 50% poultry manure with 50% inorganic fertilizer, T4 possessing 25% poultry manure plus 75% chemical fertilizer, T3 having 50% cowdung with 50% inorganic fertilizer and T2 i.e. 25% cowdung with 75% chemical fertilizer. S concentration in treatment T1 having 100% inorganic fertilizer was identical with that recorded in control (T0). In the straw S, the highest content of 0.10% was recorded in treatment T8. It was identical with those calculated in T9, T10, T6, T5 and T4. S content in treatment T9 (0.09%) was also identical with those observed in T10, T7, T6, T5, T4, T3, T2 and T1. Again, S concentration observed in treatment T7 (0.08%) was similar to those recorded in T3, T2, T1 and control (T0). The least S content in the grain of 0.08 and straw of 0.07% were recorded in control. These findings are in agreement with the results of Hossain et al. (1997).

4.2.3.8 Sulphur (S) uptake 

The treatments under study markedly affected the S uptake by the grain, straw and total which was similar to the results of N, P and K uptake (Table 4.2.6). As the concentration of S in both the grain and straw were comparable, the small variations obtained in uptake pattern were mainly attributed due to the grain and straw yields for a particular treatment. The highest grain S uptake of 6.060 kg ha-1 was observed in the treatment T8 having 25% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. It was followed by that recoded in treatment T6 (5.940 kg ha-1) containing 25% mustard oil cake with 75% chemical fertilizer. The least grain S uptake of 2.222 kg ha-1 was recorded in control. The highest straw S uptake of 11.370 and total of 17.430 kg ha-1 was noted in treatment T8 and they were followed by that obtained in treatment T10 having 34% cowdung,33% poultry manure and 33% mustard oil cake. The lowest S uptakes by the straw of 4.669) and total of 6.891 kg ha-1 were found in control. Sathish et al. (2010) also observed similar results.

Table 4.2.6 Effects of integrated uses of organic and inorganic fertilizer on sulphur (S) contents and uptake by the grain and straw of T. aman rice during aman season of 2009

	 Treatments
	Sulphur (S) content

 (%)
	Sulphur (S) uptake 

( kg ha-1)
	Total S 

uptake

( kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.08 
	b
	0.07 
	c
	2.222 
	i
	4.669 
	i
	6.891
	h

	T1
	0.09 
	b
	0.08 
	bc
	4.706 
	de
	7.936 
	g
	12.642 
	f

	T2
	0.11 
	a
	0.08 
	bc
	3.600 
	h
	6.936 
	h
	10.536 
	g

	T3
	0.11 
	a
	0.08 
	bc
	4.620 
	e
	10.290
	c
	14.910
	d

	T4
	0.11 
	a
	0.09 
	ab
	4.766 
	d
	7.911 
	g
	12.677 
	f

	T5
	0.11
	a
	0.09 
	ab
	4.400
	f
	8.775 
	e
	13.175 
	d

	T6
	0.11 
	a
	0.09 
	ab
	5.940 
	b
	9.153 
	d
	15.093 
	c

	T7
	0.11 
	a
	0.08 
	bc
	5.134 
	c
	8.361 
	f
	13.495 
	e

	T8
	0.12 
	a
	0.10 
	a
	6.060 
	a 
	11.370 
	a 
	17.430 
	a

	T9
	0.12 
	a
	0.09 
	ab
	4.254 
	g
	10.450 
	c
	14.704 
	d

	T10
	0.11 
	a
	0.09 
	ab
	4.766 
	d
	10.99 
	b
	15.756 
	b

	CV (%)
	4. 3
	5.8
	3.6
	3.8
	0.7


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

4.2.4 Effects of organic and inorganic fertilizers on cyanobacterial and Azotobacter population
4.2.4.1 Cyanobacterial population
Cyanobacterial population in the field of T. aman rice was influenced significantly by the integrated use of organic manures and inorganic fertilizer (Figure 4.2.1). At 30 DAT, the lowest numbers of cyanobacterial population of 5.56x105 g-1 soil were observed in control which was drastically increased in T1 (7.49x105) i.e. 100% chemical fertilizer, reached the pick showing the highest numbers of 7.49x105 g-1 soil of cyanobacterial population and then slightly but successively decreased in T2 i.e. 25% cowdung plus 75% chemical fertilizer and T3 consisting of 50% cowdung plus 50% chemical fertilizer. Again, slightly but alternately increased and decreased in T4 having 25% poultry manure with 75% inorganic fertilizer, T5 i.e. 50% poultry manure plus 50% chemical fertilizer, T6 possessing 25% mustard oil cake with 75% inorganic fertilizer, T7 containing 50% mustard oil cake with 50% chemical fertilizer and T8 having 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer. Then slightly but chronologically decreased in T9 i.e. 50% cowdung, poultry manure and mustard oil cake plus 50% chemical fertilizer and T10 (5.81x105)i.e. 34% cowdung, 33% poultry manure and 33% mustard oil cake. Similar patterns were found at 60 DAT and the post harvest soil. Cyanobacterial population counted at 60 DAT was lower than those observed at 30 DAT. Again, the population recorded at after harvest soils were also lower than those noted at 60 DAT. The highest population of 7.17x105 and 6.75 x105 and the lowest of 5.22 x105 and 4.81 x105 were recorded at 60 DAT and post harvest soils respectively. Results clearly indicated that Cyanobacteria are autotrophic organisms and increased due to that application of the treatment T1 which contains 100% chemical fertilizer. Results presented in fig. 4.2.1 also showed that Cyanobacteria increased but not much due to the application organic and inorganic fertilizer. This may happen due to that there are some Cyanobacteria which have the capacity to grow under heterotrophic condition. Due to the presence of these types of Cyanobacteria, the number of these organisms was higher than that in T1. It may be noted here that cyanobacterial population in all the treatments were the highest at 30 DAT followed by that of 60 DAT and after harvest. The results at 30, 60 DAT and after harvest were very close. These findings are agreed by Lin et al. (2010) and Li et al. (2011).  

4.2.4.2 Azotobacter population
Combined use of organic and inorganic fertilizer in the soil of T. aman rice field influenced the Azotobacter population (Figure 4.2.2). The lowest Azotobacter population of 4.03x103 g-1 soil at 30 DAT was noted in control which increased slightly but continuously in T1 having 100% chemical fertilizer, T2 that contains 25% cowdung with 75% inorganic fertilizer, T3 i.e. 50% cowdung 50% inorganic fertilizer and then slightly decreased and increased alternately in T4 containing 25% poultry manure with 75% chemical fertilizer, T5 having 50% poultry manure with 50% chemical fertilizer, T6 i.e. 25% mustard oil cake with 75% chemical fertilizer, T7 containing 50% mustard oil cake plus 50% chemical fertilizer and T8 i.e. 25% cowdung, poultry manure and mustard oil cake plus 75% chemical fertilizer. Then, the population slightly increased in treatments T9 that possesses 50% cowdung, poultry manure and mustard oil cake with 50% inorganic fertilizer and continued in T10 containing 34% cowdung, 33% poultry manure and 33% mustard oil cake which reached the pick indicating the highest numbers of 6.85x103 g-1 soil of Azotobacter. Same tendency was noticed in case of 60 DAT and post harvest soils with lower numbers of the population. At 60 DAT, numbers of Azotobacter population were lower than those found at 30 DAT and the population counted at post harvest soil was lower than those recorded at 60 DAT. The highest numbers of 5.13x103 and 4.71 x103 and the lowest numbers of 3.62 x103 and 3.21 x103 were recorded at 60 DAT and post harvest soils respectively. The results showed that the addition of organic manures with chemical fertilizer had positive impact on the Azotobacter population. The increased in Azotobacter population in soil might be due to enough supply of carbon and energy by the treatments integrated with organic and inorganic fertilizer. Similar results were postulated by Mujiyati and Supriyadi (2009), Lin et al. (2010) and Li et al. (2011). 
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Figure 4.2.1 Effects of integrated uses of organic and inorganic fertilizers on cyanobacterial population in the field of T. aman rice at different dates of transplanting during aman season of 2009
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Figure 4.2.2 Effects of integrated uses of organic and inorganic fertilizers on Azotobacter population in the field of T. aman rice at different dates of transplanting during aman season of 2009

4.2.5 Effects of different treatments on the changes in the soil chemical properties

4.2.5.1 Organic matter contents

The application of organic and inorganic fertilizer had conspicuous effects on the organic matter contents in the field of BRRI dhan28 determined at 30 and 60 days after transplanting and after harvest (Figure 4.1.3). All the treatments showed higher organic matter contents as compared to those recorded in control and T1 i.e. 100% chemical fertilizer at 30, 60 DAT and after harvest. The lowest organic matter content of 0.956% at 30 DAT was recorded in control which was same as that recorded in treatment T1 (0.953%) i.e. 100% chemical fertilizer. Then slightly increased in T2 that contains 25% cowdung with 75% chemical fertilizer and increasing rate was continued in T3 (1.083%) having 50% cowdung with 50% chemical fertilizer and slightly decreased in T4 containing 25% poultry manure with 75% inorganic fertilizer. Slightly increased and decreased of soil organic matter contents were continued alternately in T5 i.e. 50% chemical fertilizer with 50% poultry manure, T6 having 25% mustard oil cake plus 75% chemical fertilizer, T7 containing 50% mustard oil cake plus 50% chemical fertilizer, T8 that contains 25% cowdung, poultry manure and mustard oil cake with 75 % chemical fertilizer and T9 i.e. 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Again, slightly increased was in T10 (1.135%) composing of 34% cowdung, 33% poultry manure and 33% mustard oil cake which reached the pick showing the highest organic matter content of 1.135%. Organic matter contents at 60 DAT and post harvest soil followed similar pattern with slightly lower percent as it was observed at 30 DAT. Organic matter percent at 60 days after transplanting were slightly lower than those recorded at 30 DAT and those recorded in post harvest soil were also slightly lower than those observed at 60 DAT. The highest organic matter content at 60 DAT and post harvest soils were 1.127, 1.133 and the lowest were 0.948 and 0.94%. The increments in organic matter contents might be due to the addition of organic amendments in soil.  Ayeni et al. (2012) and Obi and Ebo (2012) also agreed with the present findings.

4.2.5.2 Total N
Total N content in the field of boro rice reported significantly to different treatments combinations used. The Figure 4.1.4 showed that the lowest total N content of 0.058% in the field of BRRI dhan28, at 30 DAT was in control which was increased drastically in T1 i.e. 100% chemical fertilizer indicating the highest total N content of 0.101%, then slightly decreased in T2 (0.090%) containing 25% cowdung with 75% inorganic fertilizer and decreasing trend was continued in T3 (0.078%) having 50% cowdung with 50% chemical fertilizer. Slightly increased and decreased in total N contents in alternate way were observed in T4 i.e. 25% poultry manure with 75% inorganic fertilizer, T5 having 50% poultry manure with 50% inorganic fertilizer, T6 containing 25% mustard oil cake plus 75% chemical fertilizer, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T8 consisting of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer, T9 possessing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer and decreasing rate was continued in T10 (0.064%) i.e. 34% cowdung, 33% poultry manure, 33% mustard oil cake. At 60 DAT, total N contents followed the similar pattern but slightly lower total N concentrations than those were observed in control and T1 but slightly higher in other treatments consisting of organic manures and inorganic fertilizer. Same trend was also observed in post harvest soil i.e. slightly lower total N contents in control and T1 than those recorded at 60 days after transplanting but total N contents in other treatments having organic manures integrated with chemical fertilizer recorded more or less the same amounts as those were recorded at 30 DAT. The highest total N contents at 60 DAT and post harvest soil were 0.097 and 0.094, while those of the lowest were 0.056 and 0.052%. The percent increase in total N contents in treatments having integration of organic and inorganic fertilizer recorded at 60 DAT were higher than those recorded at 30 DAT would be owing to the decomposition of organic manures added in soil. Ayeni et al. (2012) and Sunil et al. (2012) observed similar results.
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Figure 4.2.3 Soil organic matter content in the field of T. aman rice at different dates of transplanting during aman season of 2009 as affected by different treatments
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Figure 4.2.4 Total N content in the field of T. aman rice at different dates of transplanting during aman season of 2009 as affected by different treatments

4.2.5.3 Available P

It revealed that all the treatments influenced significantly available soil P content in the field of T. aman rice at 30, 60 DAT and post harvest as compared to the control treatment (Figure 4.1.5). At 30 DAT, the lowest P content of 30.55 mg kg-1 was recorded in control which was drastically increased in T1 (52.78%) i.e. 100% chemical fertilizer and then slightly decreased in T2 (47.54 mg kg-1) containing 25% cowdung with 75% inorganic fertilizer and decreasing rate was continued in T3 (41.05 mg kg-1) having 50% cowdung with 50% chemical fertilizer. Then slight increased in T4 i.e. 25% poultry manure with 75% inorganic fertilizer. Slightly decreased and increased in available P contents were continued successively in T5 having 50% poultry manure with 50% inorganic fertilizer, T6 containing 25% mustard oil cake plus 75% chemical fertilizer, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T8 consisting of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer, T9 possessing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Decreasing rate of available P was continued in T10 (36.57 mg kg-1) i.e. 34% cowdung, 33%poultry manure, 33% mustard oil cake. At 60 DAT, available P content followed the similar pattern as those were found at 30 DAT but slightly lower available P contents were observed in control and T1 and slightly higher in other treatments having organic manures combined with inorganic fertilizer. Same trend was also observed in post harvest soil i.e. slightly lower available P contents in control and the treatment T1 than those were recorded at 60 DAT but more or less the same quantities of available P contents in other treatments than those were recorded at 30 DAT. The highest available P content in T1 was due to the addition of concentrated chemical fertilizer (TSP). The percent increase in available P contents recorded in treatments integrated with organic and inorganic fertilizer found at 60 DAT were higher than those found at 30 DAT would be owing to the decomposition of organic manures added in soil. At 60 DAT and post harvest soil the highest available P contents were 51.66 and 50.54 mg kg-1, while those recorded in control were 29.49 and 28.42%. Similar results were cited by Ayeni et al (2012) and Sunil et al. (2012).
4.2.5.4 Exchangeable K
Data on exchangeable K content in the soils of T. aman rice as affected by the different treatments are presented in Figure 4.1.6. The Figure 4.1.5 is showing the zig zag pattern of exchangeable K contents in the soils of BRRI dhan28. It indicated that the lowest exchangeable K content at 30 DAT was in control (0.178 me/100 g soil) which was drastically increased in T1 (0.184 me/100 g soil) containing 100% chemical fertilizer. Then slightly decreased in T​2 (0.163 me/100 g soil) containing 25% cowdung with 75% inorganic fertilizer and decreasing rate was continued in T3 (0.149 me/100 g soil) having 50% cowdung with 50% chemical fertilizer. Then slightly increased in T4 i.e. 25% poultry manure with 75% inorganic fertilizer. Slightly decreased and increased in exchangeable K contents were continued in T5 having 50% poultry manure with 50% inorganic fertilizer, T6 containing 25% mustard oil cake plus 75% chemical fertilizer, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T8 consisting of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer, T9 possessing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Decreasing rate of exchangeable K was continued in T10 (0.145 me/100 g soil) i.e. 34% cowdung, 33%poultry manure, 33% mustard oil cake. At 60 DAT exchangeable K contents followed the similar trend with slightly lower amounts as those were found at 30 DAT i.e. exchangeable K contents at 60 DAT were slightly lower than those recorded at 30 DAT. Again exchangeable K in post harvest soils was slightly lower than those were observed at 60 DAT. The highest exchangeable K contents of 0.179 and 0.171, while the lowest of 0.122 and 0.117 me /100g soil were recorded at 60 DAT and post harvest soils. The highest exchangeable K content in treatment T1 might be caused due to the application of concentrated chemical fertilizer (MoP). Ayeni et al. (2012) and Sunil et al. (2012) cited similar reports.

4.2.5.5 Available S
Addition of organic manures in combination with chemical fertilizer significantly increased S status of soil. The Figure 4.1.7 is showing up and down pattern of available S contents at 30 and 60 DAT and post harvest soils. It indicated that the lowest available S content of 15.27 mg kg-1 found 30 DAT was in control which was tremendously increased in T1 i.e. 100% chemical fertilizer reaching the pick showing the highest exchangeable K content of 19.66 mg kg-1. Then slightly decreased in T2 (18.60 mg kg-1) containing 25% cowdung plus 75% inorganic fertilizer and decreasing trend continued in T3 (17.51 mg kg-1) that contains 50% cowdung plus 50% chemical fertilizer and slightly increased in T4 having 25% poultry manure with 75% inorganic fertilizer. Slightly decreased and increased in available S contents were successively followed in T5 possessing 50% poultry manure with 50% chemical fertilizer, T6 i.e. 25% mustard oil cake with 75% inorganic fertilizer, T7 containing 50% mustard oil cake with 50% chemical fertilizer, T8 i.e. 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer, T9 having 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer and decreasing trend of available S was continued in T10 (16.46 mg kg-1) i.e. 34% cowdung, 33% poultry manure and 33% mustard oil cake. At 60 DAT available S contents were slightly lower than those recorded at 30 DAT were in control and treatment T1 but slightly higher than those were found in other treatments consisting of organic manures and chemical fertilizer. In post harvest soils available S contents were lower in control and T1 than those were recorded at 60 DAT but other treatments contain about the same quantities as those were found at 30 DAT. At 60 DAT and post harvest soils the highest available S contents were 19.36 and 19.12, while the lowest were 15.21 and 14.84 mg kg-1. The highest available S contents recorded in T1 would be due to the addition of gymsum but slightly higher available S contents obtained in treatments containing organic and inorganic fertilizer found at 60 DAT might be due decomposition of organic manures. Shahiduzzman (1997) agreed with these results.
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Figure 4.2.5 Available P content in the field of T. aman rice at different dates of transplanting during aman season of 2009 as affected by different treatments
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Figure 4.2.6 Exchangeable K content in the field of T. aman rice at different dates of transplanting during aman season of 2009 as affected by different treatments
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Figure 4.2.7 Available S content in the field of T. aman rice at different dates of transplanting during aman season of 2009 as affected by different treatments

Experiment No. 3

This experiment was conducted during boro season of 2010
Effects of different treatments on boro rice (BRRI dhan28) 

4.3 Yield and yield components of BRRI dhan28

4.3.1 Yield components

4.3.1.1 Plant height 

Results in Table 4.3.1 showed the plant height of boro rice recorded at harvesting stage indicated that application of different organic manures and inorganic fertilizers gave significant increase over control. Plant height ranged from 65.55 – 89.95 cm. The tallest plants of 89.95 cm (91.60 cm during 2009) were produced in treatment T8 containing 25% cowdung, poultry manure and mustard oil cake in combination with 75% inorganic fertilizer. It was statistically identical with those recorded in treatments T10 (86.20 cm) possessing 34% cowdung, 33% poultry manure and 33% mustard oil cake and T2 having 50% cowdung with 50% chemical fertilizer. Plant height of 85.75 cm found in treatment T2 was also identical with those observed in T10, T9 having 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer, T6 containing 25% mustard oil cake plus 75% inorganic fertilizer. Again, plant height noted in treatment T10 was similar to those measured in T9, T7, T6 and T1. Moreover, the plant height noticed in T9 was identical with those recorded in T7, T6, T4 and T2. Furthermore, plant height found in treatment T9 was the same as those observed in T7, T6, T5, T4 and T3 and plant height noticed in T5 was the same as with those found in T3 and T1. The shortest plant of 65.55 cm (74.13 cm during 2009) was observed in control plot (T0) which was significantly lower from those noted in all other treatments. Plant heights recorded in both the boro seasons of 2009 and 2010 were more or less alike but little variations might be caused due to climatic condition. Similar results were postulated by Haque et al. (2010) and Adamu et al. (2012).

4.3.1.2 Tillers hill-1
Use of different organic amendments in combination with chemical fertilizers significantly increased the total tiller counts of boro rice over control (Table 4.3.1). Number of tillers hill-1 varied from 6.00 to 9.50. Maximum number of tillers hill-1 of 9.50 (9.93 during 2009) was resulted due to the application of 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer (T8) which was identical with those noticed in T10 (8.93) having 34% cowdung, 33% poultry manure and 33% mustard oil cake, T6 that contain 25% mustard oil cake plus 75% chemical fertilizer, T3 containing 50% cowdung with 50% inorganic fertilizer and T2 possessing 25% cowdung with 75% chemical fertilizer. The number of tillers hill-1 counted in treatment T10 was also same as those recorded in T9, T7, T6, T4, T3 and T2. Again, tillers hill-1 noticed in treatment T9 was identical with those counted in T7, T6, T5, T4, T3 and T2. Furthermore, tillers hill-1 observed in treatment T9 was identical with those recorded in T7, T6, T5, T4, T3, T2 and T1. Moreover, tillers number found in treatment T7 (7.43) was same as those observed in T5, T4, T1 and control (T0). The lowest number of tillers hill-1 of 6.00 (6.20 during 2009) was observed in control (T0). Tillers hill-1 noted in the boro season of 2009 and 2010 were about similar but slight variation might be caused due to climatic condition. Hossaen et al. (2011), Adamu et al. (2012) also found similar results.

4.3.1.3 Panicle length
Statistically significant variation was recorded for panicle length of BRRI dhan28 due to the application of various organic manures and inorganic fertilizers (Tables 4.3.1). The panicle length varied from 14.70 - 21.43 cm. This variation was due to different treatment combinations. The maximum panicle length of 21.43 cm (19.73 cm during 2009) was recorded in treatment T8 having 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer which was statistically identical with those recorded in T9 (19.57 cm) having 50% cowdung, poultry manure and mustard oil cake with 50% inorganic fertilizer, T10 (19.89 cm) that contains 34% cowdung, 33% poultry manure and 33% mustard oil cake and T2 i.e. 25% cowdung with 75% chemical fertilizer. Panicle length observed in treatment T10 was also identical with those found in T9, T7, T6, T5, T4, T3, T2 and T1. Again, panicle length measured in treatment T4 was identical with those in T3 and T1. The lowest panicle length 0f 14.70 cm (15.33 cm during 2009) was measured in control. Panicle length of boro rice recorded in both the boro seasons of 2009 and 2010 was comparable while smaller variation might be due climatic contion. These findings are identical with those of Hossaen et al. (2011), Siavoshi et al. (2011) and Adamu et al. (2012).

4.3.1.4 Grains panicle-1
Number of grains panicle-1 of boro rice was counted after crop harvest. Data showed that integration of organic and inorganic fertilizers increased the grains counts significantly over control (Table 4.3.1). The grains panicle-1 ranged from 78.17 - 135.20 over the treatments. Maximum number of grains panicle-1 135.20 (128.10 during 2009) was recorded in treatment T8 having 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer. It was statistically identical with those noted in treatment T10 (123.00) containing 34% cowdung, 33% poultry manure and 33% mustard oil cake, T6 i.e. 25% mustard oil with 75% chemical fertilizer and T2 containing 25% cowdung with 75% inorganic fertilizer. Grains panicle-1 counted in treatment T10 was also identical with those observed in T9 (112.90), T7, T6, T5 and T2. Again, number of grains recorded in treatment T9 was similar to those observed in T7, T6, T5 and T4. Furthermore, grain numbers recorded in treatment T5 was in the same rank with those observed in T4 and T3. Moreover, grain number found in treatment T4 was identical with those noted in T3 and T1. The lowest number of grains panicle-1 of 78.17 (80.00 during 2009) was recorded in control which was statistically lower than those recorded in other treatments. Grains panicle-1 counted in both the years of 2009 and 2010 in boro rice was more or less identical. On the contrary, the small variation in grain numbers might be due to climatic condition. Siavoshi et al. (2011), Adamu et al. (2012) also agreed with our findings.
4.3.1.5 Thousand grain weight

Weight of 1000-grains of boro rice was influenced significantly and differently by various organic manures and inorganic fertilizer compared to that recorded in control (Table 4.3.1). It varied from 20.58 - 22.58 g. The highest result of 22.58 g (22.97 during 2009) was produced due to 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer (T8) which was statistically different from those in all other treatments compared. It was followed by the treatment T10 (22.22 g) containing 34% cowdung, 33% poultry manure and 33% mustard oil cake and T9 that contains 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. The lowest 1000-grain weight of 20.58 g (22.97 recorded in boro season of 2009) was noticed in control. The results of 100-grain weight of boro rice crops grown in the boro seasons of 2009 and 2010 were similar. These results are in accord with the findings of Hossaen et al. (2011) Adamu et al. (2012).

Table 4.3.1 Effects of integrated uses of organic and inorganic fertilizers on the yield components of BRRI dhan28 during boro season of 2010

	Treatments
	Plant 

height 

(cm)
	Tillers

hill-1 

(No.)
	Panicle length (cm)
	Grains panicle-1 (No.)
	1000-grains weight (g)

	T0
	65.55 
	h
	6.00 
	e
	14.70 
	d
	78.17 
	f
	20.58j

	T1
	70.38 
	fg 
	6.90
	de 
	18.10
	bc
	85.30
	e
	21.41i 

	T2
	85.75
	a-d
	8.40 
	a-d 
	19.85  
	ab 
	121.10 
	ab 
	21.69g

	T3
	76.45 
	ef
	8.03 
	a-d
	18.14 
	bc
	87.93 
	de
	21.60h

	T4
	78.50 
	de
	7.40 
	b-e
	18.41 
	bc
	98.80 
	c-e
	21.82e

	T5
	76.53 
	ef
	7.10 
	c-e
	19.08 
	b
	106.10 
	b-d
	21.41i 

	T6
	83.47 
	b-e
	8.26 
	a-d
	19.30 
	b
	117.60 
	a-c
	21.91d

	T7
	80.13 
	c-e
	7.43 
	b-e
	19.46 
	b
	109.70 
	bc
	21.72f

	T8
	89.95 
	a
	9.50
	a
	21.43 
	a
	135.20 
	a
	22.58a

	T9
	82.47 
	b-e
	7.86 
	b-d
	19.57 
	ab
	112.90 
	bc
	22.17b

	T10 
	86.20 
	a-c
	8.93 
	ab
	19.89 
	ab
	123.00 
	ab
	22.22b

	CV (%)
	4.64
	9.72
	4.95
	9.41
	2.81


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

4.3.2 Yield of BRRI dhan28

4.3.2.1 Grain yield 

Grain yield of BRRI dhan28 was significantly increased under various organic manures and inorganic fertilizer as compared with that in control (Table 4.3.2). Grain yield varied from 2.813 to 5.750 t ha-1. The highest grain yield of 5.750 t ha-1 showing 104.08% increase (6.093 kg ha‑1, 93.61% increased during 2009) was obtained in treatment T8 containing 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer over control. The treatment T8 was identical with those recorded in treatments T2 (5.142 t ha-1) having 50% cowdung with 50% inorganic fertilizer, T10 (5.025 t ha-1) that contains 34% cowdung, 33% poultry manure 33% mustard oil cake and T6 that possesses 25% mustard oil cake plus 75% chemical fertilizer. Grain yield observed in treatment T2 was also similar with those weighed in T4, T5, T6, T7, T9 and T10. Again, grain yield of boro rice found in treatment T10 (4.525 t ha-1) was identical with those recorded in T9, T7, T6, T5 and T4. Furthermore, grains weight noted in treatment T9 was identical with those found in T7, T5, T4, T3 and T1. Moreover, grain weight noticed in treatment T5 was identical with those recorded in T4, T3, T1 and control (T0). The lowest grain yield of 2.813t ha-1 (3.147 t ha-1 during 2009) was recorded in control. The increased grain yields due to the treatments of T8, T2, T10, T6, T9, and T7 were 104.08, 82.79, 78.63, 72.73, 58.55 and 50.37%, respectively over the control. Grain yields of the two boro rice crops observed in boro seasons in both the said years were about the same but little variation in the yields of boro rice might be caused due to climatic condition. The results revealed that BRRI dhan28 responded better to nutrients supplied from cowdung, poultry manure and mustard oil cake with fertilizer i.e. integrated use of organic manures and inorganic fertilizer was found more effective in producing grain yield of BRRI dhan28. The study indicated that integration of cowdung, poultry manure and mustard oil cake with chemical fertilizer reduced chemical fertilizer without any remarkable yield decline. Similar results were cited by Puste et al. (2001), Medhi et al. (2011) and Adamu et al. (2012).

4.3.2.2 Straw yield

Straw yield of boro rice was significantly influenced by different treatments combination also (Table 4.3.2). Straw yield varied from 3.368 to 7.650 t ha-1. The highest straw yield of 7.650 t ha-1 showing 127.14% (6.860 t ha-1 and 76.80 percent increase during 2009) increase over control, was found in the treatment T8 possessing 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer which was statistically identical with those observed in T2 (6.998 t ha-1) containing 25% cowdung with 75% inorganic fertilizer, T10 i.e. 34% cowdung, 33% poultry manure and 33% mustard  oil cake, T6 having 25% mustard oil cake plus 75% chemical fertilizer and T9 i.e. 50% cowdung, poultry manure and mustard oil cake with 50% inorganic fertilizer. Straw yield found in T10 (7.050 t ha-1) was identical with those observed in treatments T9 and T6. Again, weight of straw found in T9 was identical with that noted in T7. Moreover, straw yield obtained in T7 was in the same rank with those recorded in T5 and T4. Straw yield weighed in T5 was identical with those noted in T4, T3 and T2. Once again, straw yield observed in T3 was identical with those found in T1 and control (T0). The lowest straw yield of 3.368 t ha-1 (3.880 t ha-1 was during 2009) was obtained from control plot (T0). The increased straw yields due to the treatments T8, T6, T10, T2, T9, T7 and T5 were 127.14, 119.21, 109.32, 107.69, 91.06, 61.82 and 42.37%, respectively over control. There was little variations of straw yields of boro rice in both the seasons of 2009 and 2010 was observed which might be caused by the seasonal climatic variation. The results indicated that combination of organic and inorganic fertilizer had positive effects on straw yield production. The results obtained by Hossaen et al. (2011) and Adamu et al. (2012) in accord with our findings.

Table 4.3.2 Effects of integrated uses of organic and inorganic fertilizers on the yield of BRRI dhan28 during boro season of 2010

	Treatments
	Grain

yield
	Increased grain yield 

over the control
	Straw syield
	Increased Straw yield

over the control

	
	( t ha-1)
	(t ha-1)
	(%)
	( t ha-1)
	(t ha-1)
	(%)

	T0
	2.813 
	e
	---
	---
	3.368 
	g
	---
	---

	T1
	3.195
	de
	0.382
	13.58
	3.833
	fg
	0.465
	13.81

	T2
	5.142
	ab 
	2.329
	82.79
	6.998
	a
	3.627
	107.69

	T3
	3.443 
	de
	0.630
	22.40
	3.992 
	fg
	0.624
	18.53

	T4
	3.568 
	b-e
	0.755
	26.84
	4.717 
	ef
	1.349
	40.05

	T5
	3.963 
	b-e
	1.150
	40.88
	4.795 
	ef
	1.427
	42.37

	T6
	4.859 
	a-c
	2.046
	72.73
	7.383 
	a-c
	4.015
	119.21

	T7
	4.230 
	b-d
	1.417
	50.37
	5.450 
	de
	2.082
	61.82

	T8
	5.750 
	a
	2.937
	104.08
	7.650 
	a
	4.282
	127.14

	T9
	4.460 
	b-d
	1.647
	58.55
	6.435 
	a-d
	3.067
	91.06

	T10
	5.025
	a-c
	2.212
	78.63
	7.050
	a-c
	3.682
	109.32

	%CV 
	8.75
	     -   
	     -
	6.58
	    -
	-


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance.

CV (%) = Coefficient of variation

4.3.3 Nutrients content and their uptake by BRRI dhan28
4.3.3.1 Nitrogen contents in grain and straw 

Data in Table 4.3.3 showed that the concentration of N in boro rice was influenced significantly due to different chemical fertilizer and organic manure treatments (Table 4.3.3). The amount of N content by BRRI dhan28 was remarkably increased due to the combined use of organic manures and inorganic fertilizer. The N contents in grain ranged from 0.82 to 1.23, while those of the straw varied from 0.21 - 0.53%. The highest grain N content of 1.23% (1.22% during 2009) was recorded due to the application of 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer (T8) which was statistically different from those in other treatments. It was followed by those calculated in T6 (1.20%) containing 25% mustard oil cake with 75% inorganic fertilizer and T2 having 50% cowdung with 50% chemical fertilizer and T10 i.e. 34% cowdung, 33% poultry manure and 33% mustard oil cake. Again, N concentration noticed in T9 (1.09%) having 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer was in the same rank with that recorded in T5 containing 50% poultry manure with 50% inorganic fertilizer. The minimum grain N content of 0.73% (0.78% during 2009) was noted in control. The highest straw N concentration of 0.53% (0.55% during 2009) was recorded in T8 which was identical with that recorded in treatment T2 containing 25% cowdung with 75% chemical fertilizer. They were followed by those recorded in T6 containing 25% mustard oil cake with 75% inorganic fertilizer, T10 containing 34% cowdung, 33% poultry manure, 33% mustard oil cake. Straw N concentration found in T9 was identical with those observed in treatments T7, T5, T4 and T1. The minimum absorption of 0.21% N was in control treatment. N content in the grain and straw of both the crops grown during boro seasons of 2009 and 2010 were comparable. In all treatments, N contents in the grains were higher than those of their straws. Medhi et al. (2011) also reported similar findings.

Table 4.3.3 Effects of integrated uses of organic and inorganic fertilizers on nitrogen (N) content and uptake by the grain and straw of BRRI dhan28 during boro season of 2010

	Treatments
	Nitrogen contents 

(%)
	Nitrogen uptake 

(kg ha-1)
	Total N uptake

(kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.82
	g
	0.21 
	d
	16.880 
	k
	  7.070 
	k
	  23.950 
	k

	T1
	0.84
	f
	0.27
	c
	21.830
	j
	10.350 
	j
	32.180
	j

	T2
	1.20
	b 
	0.44 
	a
	58.490
	b
	35.190
	b
	  93.680 
	b

	T3
	0.86
	ef
	0.29 
	cc
	24.720 
	i
	11.580 
	i
	  36.300 
	i

	T4
	0.89
	e
	0.32 
	c
	29.980 
	h
	15.090 
	g
	  45.070 
	h

	T5
	1.04
	d
	0.30 
	c
	36.020 
	g
	14.380 
	h
	  50.400 
	g

	T6
	1.20
	b
	0.39 
	b
	54.920 
	c
	28.790 
	d
	  83.710 
	d

	T7
	1.18
	c
	0.31 
	c
	44.390 
	e
	16.900 
	f
	  61.290 
	f

	T8
	1.23
	a
	0.53 
	a
	69.830 
	a
	45.850 
	a
	115.680   
	a

	T9
	1.09
	d
	0.33 
	c
	43.160 
	f
	21.240 
	e
	  64.400 
	e

	T10
	1.20
	b
	0.43
	b
	54.300
	d
	33.330
	c
	87.630
	c

	CV (%)
	1.6
	4.9
	5.6
	3.8
	7.4


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

4.3.3.2 Nitrogen uptake
It revealed from Table 4.3.3 that all the treatments influenced significantly N uptake by boro rice compared to control. The amount of N uptake increased remarkably due to the integration of organic manures and inorganic fertilizer. The amount of N uptake was calculated from the data of N concentration and yields of the grain and straw. N uptake by grain, straw and total varied from 16.880 – 69.830, 7.070 – 45.850 and 23.950 – 115.700 kg ha-1. The highest N uptakes by the grain of 69.830, straw of 45.850 and total of 115.700 kg ha-1 (76.479, 36.354 and 112.837 kg ha-1 during 2009) were observed due to the amendments of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer (T8). They were followed by those recorded in treatment T2 (58.490, 35.190 and 93.680 kg ha-1) that contain 50% cowdung with 50% chemical fertilizer. The least N uptakes by the grain of 16.880, straw of 7.070 and total of 23.950 kg ha-1 (17.835, 8.684 and 25.519 kg ha-1 during 2009) were recorded in control which was significantly different from those in other treatments. The results of N uptakes by the grain and straw of BRRI dhan28 grown in the boro seasons of 2009 and 2010 were more or less similar. The results indicated that the integration of organic manures with inorganic fertilizer had positive effect on N uptake by the crop. These findings are supported by Sridevi et al. (2010) and Sathish et al. (2010).

4.3.3.3 Phosphorus contents in grain and straw
Data in Table 4.3.4 showed that the amounts of P content by BRRI dhan28 as influenced by different chemical fertilizer and organic manure treatments. The amounts of P content by boro rice were remarkably affected due to integrated use of organic and inorganic fertilizer. P content in the grain ranged from 0.10 to 0.20. On the other hand, the values of the straw varied from 0.07 to 18 %. The grain P content was higher than those of the straw in all treatments. The highest grain P concentration of 0.20% was noted due to addition of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer (T8) which was statistically identical to those recorded in treatments T2 containing 25% cowdung with 75% chemical fertilizer, T3 having 50% cowdung plus 50% inorganic fertilizer, T5 that contains 50% poultry manure with 50% chemical fertilizer, T6 possessing 25% mustard oil cake with 75% inorganic fertilizer, T7 composing of 50% mustard oil cake plus 50% chemical fertilizer, T9 i.e. 50% cowdung, poultry manure and mustard oil cake with 50% inorganic fertilizer and T10 having 34% cowdung, 33% poultry manure and 33% mustard oil cake. P concentration calculated in T10 was identical with those obtained in T9, T6, T5, T4, T3, T2 and T1. Again, P content in treatment T9 was identical with those found in T5, T4, T3, T1 and control (T0). In case of the straw, the highest P content of 0.18% was recorded in treatment T8 which was statistically identical with those calculated in treatments T10, T9, T7, T6, T5, T4, T3 and T2. Straw P content observed in treatment T10 was in same as those recorded in T9, T7, T6, T5, T4, T3, T2 and T1. Again, P concentration found in treatment T5 was in the same rank with those observed in T9, T6, T3, T4, T2, T1 and control (T0). Grain P content of 0.10 as well as that of straw of 0.07% was the lowest in control. Medhi et al. (2011) found similar results.
4.3.3.4 Phosphorus uptake
Statistically significant variation was noticed for P uptake of BRRI dhan28 due to the addition of cowdung, poultry manure and mustard oil cake with chemical fertilizer (Table 4.3.4). Phosphorus uptake by the grain, straw and total by boro rice increased remarkably due to combined use of organic and inorganic fertilizer. The highest P uptakes by the grain of 10.500, straw of 15.570 and total of 26.070 kg ha-1 (23.83, 9.91 and 33.74 kg ha-1 during 2009) were the in the treatment T8 having 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer. It was followed by those recorded in the treatment T10 containing 34% cowdung, 33% poultry manure and 33% mustard oil cake in the grain straw and total but in the case of total uptake. The least P uptakes by the grain 0f 2.313, straw of 2.357 and total of 4.670 kg ha-1 were in control. The total P uptake by BRRI dhan28 plants varied from 4.670 – 26.070 kg ha-1. Sridevi et al. (2010) and Sathish et al. (2010) revealed similar results.

Table 4.3.4 Effects of integrated uses of organic and inorganic fertilizers on phosphorus (P) content and uptake by the grain and straw of BRRI dhan28 during boro season of 2010 

	Treatments
	Phosphorus (P) contents (%)
	Phosphorus (P) uptake

(kg ha-1)
	Total P uptake

(kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.10
	c
	0.07 
	c
	  2.313 
	j
	   2.357 
	k
	  4.670 
	 k

	T1
	0.12 
	bc
	0.11
	bc
	3.234
	i
	4.216
	j
	7.450 
	 j

	T2
	0.17
	ab 
	0.13
	a-c 
	7.891  
	c 
	10.400  
	c 
	17.010  
	 c

	T3
	0.14 
	a-c
	0.15 
	ab
	  4.120 
	g
	  5.988 
	 h
	10.110 
	 h

	T4
	0.12 
	bc
	0.12 
	a-c
	  4.040 
	h
	  5.660 
	 i
	  9.700 
	 i

	T5
	0.16 
	a-c
	0.13 
	a-c
	  5.540 
	f
	  6.233 
	 g
	11.770 
	 g

	T6
	0.17 
	ab
	0.13 
	a-c
	  7.410 
	d
	  9.598 
	 d
	18.290 
	 b

	T7
	0.19 
	a
	0.14 
	ab
	  7.090 
	e
	  7.630 
	 f
	14.720 
	 e

	T8
	0.20 
	a
	0.18 
	a
	10.500   
	a
	15.570 
	 a
	26.070
	 a

	T9
	0.14 
	a-c
	0.12 
	a-c
	  5.544 
	f
	  7.722 
	 e
	13.270 
	 f

	T10
	0.18 
	ab
	0.16 
	ab 
	8.145   
	b
	12.400
	 b
	16.550
	 b

	CV (%)
	8.2
	6.4
	7.3
	3.9
	9.6


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

4.3.3.5 Potassium (K) contents in grain and straw
Potassium content in the grain and straw showed statistically significant variation due to the application of organic manures and inorganic fertilizer (Table 4.3.5). In the grain, K content varied from 0.12 to 0.26 and that of the straw ranged from 0.61 to 1.23% (Grain content of 0.16 to 0.25 and those of straw of 0.87 to 1.33% during 2009). The highest grain K concentration of 0.26% (0.25% during 2009) was recorded in treatment T8 that contains 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer. It was significantly same as those found in T7 having 50% mustard oil cake with 50% chemical fertilizer, T6 that contains 25% mustard oil cake plus 75% inorganic fertilizer and T2 i.e. 25% cowdung plus 75% chemical fertilizer. K concentration observed in T2 was identical with those recorded in T3, T5, T6, T7 and T10. Again, P content in treatment T6 was similar with those recorded in T7, T10, T5 and T3. Moreover, K content recorded in treatment T5 was identical with those found in T10 and T3. Furthermore, K concentration in T10 was in the same rank with those observed in T4, T3, T1 and control (T0). The lowest grain K content of 0.12% (0.16% during 2009) was calculated in control. The highest straw K content of 1.23% (1.33% during 2009) was observed in treatment T8. It was identical with those found in the treatment T2 and T6. Straw K content observed in T6 was identical with those found in T5 and T2. Again, K concentration noted in T5 was similar with that noticed in T7. Moreover, straw K content in T7 was in the same class with T10. Furthermore, straw K content observed in T3 was identical with that calculated in T1 and K content in T4 was in same rank with that in T9. The lowest straw K content of 0.61% (0.87% during 2009) was recorded in control. It was noted that K content in the straw was about 5 times higher than those of K content in the grain. The grain and straw K contents recorded during boro seasons of 2009 and 2010 were comparable. These results are in accord with the findings of Medhi et al. (2011).

4.3.3.6 Potassium (K) uptake

Use of different organic manures in combination with chemical fertilizer significantly increased K uptake of rice over control (Table 4.3.5). The total amount of K uptake by boro rice was remarkably increased due to combined use of organic and inorganic fertilizer. Potassium uptake by the grain was much lower (at least 5 times) than those of K uptake by the straw. The highest K uptakes by the grain of 13.65, straw of 106.40 and total of 120.05 kg ha-1 (15.41, 85.89 and 101.30 kg ha-1 during 2009) was recorded in treatments T8 having 25% cowdung, poultry manure and mustard oil cake with 50% inorganic fertilizer and they were followed by those recorded in T5 containing 50% poultry manure with 50% chemical fertilizer. The treatment T8 was statistically different from those in the other treatments. The lowest K uptake by the grain of 2.78, straw of 20.54 and total of 23.32 kg ha-1 (5.84, 33.76 and 39.60 kg ha-1 during 2009) was recorded in control. Baruah et al. (1999) and Sathish et al. (2010) observed similar results.

4.3.3.7 Sulphur (S) contents in grain and straw
Like the case of other nutrient contents, S concentrations in the grain and straw of BRRI dhan28 were significantly affected by the different treatments (Table 4.3.6). S content in the grain ranged from 0.08 - 0.12, while those of the straw varied from 0.07 to 0.10%. The highest S content in the grain of 0.12% (0.12% during 2009) was found due to the addition of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer (T8). It was identical with those recorded in T9 containing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer, T10​ having 34% cowdung, 33% poultry manure and 33% mustard oil cake, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T6 composing of 25% mustard oil cake with 75% chemical fertilizer, T5 possessing 50% poultry manure with 50% inorganic fertilizer, T4 that contains 25% poultry manure with 75% chemical fertilizer, T3 consisting of 50% cowdung with 50% chemical fertilizer and T2 having 25% cowdung with 75% chemical fertilizer. Grain S concentration in T1 was identical with that recorded in control (T0). In case of the straw, the highest value of 0.10% (0.11% during 2009) was noted in the treatment T8. It was in the same rank with those calculated in T9, T10, T6, T5 and T4. Straw S content in treatment T9 was identical with those found in T10, T7, T6, T5, T4, T3, T2 and T1. Again, S content in T7 was same as those recorded in T3, T2, T1 and control. The lowest S contents both in the grain of 0.08 and straw of 0.07% (0.06 and 0.06% during 2009) were recorded in control. The results obtained during boro seasons of 2009 and 2010 were identical. These results were agreed by Hossain et al. (1997).

4.3.3.8 Sulphur (S) uptake
The results presented in the Table 4.3.5 showed that the S uptake by the grain, straw and total were markedly affected by different treatments under study which was similar to the results of N, P and K uptake by boro rice. As the concentrations of S in both the grain and straw were comparable, the smaller variations obtained in the uptake pattern were mainly attributable due to the grain and straw yields for a particular treatment. The highest grain S uptake of 5.78 kg ha-1 (7.62 kg ha-1) was observed in treatment T8 having 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer. It was followed by that noted in treatment T5 containing 50% poultry manure with 50% inorganic fertilizer. The least grain S uptake of 1.85 kg ha-1 was found in control (2.19 kg ha-1 during 2009). The highest straw S uptakes of 7.75 and total of 13.53 kg ha-1 respectively (7.08 and 14.70 kg ha-1 during 2009) were noted in T8. In case of the highest straw S uptake, it was followed by that noticed in T5 but in case of total S uptake, it was accompanied by that calculated in T9 containing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. The lowest S uptakes by the straw of 1.85 and total of 4.21 kg ha-1 (2.33 and 4.52 kg ha-1 during 2009) were recorded in control. The results indicated that S uptakes by boro rice recorded during boro seasons of 2009 and 2010 were identical. The results are in accordance to the findings of Sathish et al. (2010).

Table 4.3.5 Effects of integrated uses of organic and inorganic fertilizers on potassium (K) content and uptake by the grain and straw of BRRI dhan28 during boro season of 2010

	  Treatments
	Potassium (K) contents 

(%)
	Potassium (K) uptake 

(kg ha-1)
	Total K 

uptake

(kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.12 
	e
	0.61 
	g
	2.78 
	k
	20.54 
	k
	23.32 
	k

	T1
	0.15
	de
	0.94
	e
	6.99
	f
	52.75
	i
	59.74 
	g

	T2
	0.24 
	ab
	1.20
	ab
	4.04 
	j
	36.03 
	j
	40.07 
	J

	T3
	0.18 
	b-e
	0.97 
	e
	5.30 
	g
	38.72 
	i
	44.02 
	I

	T4
	0.13 
	e
	0.88 
	f
	4.38 
	i
	41.51 
	h
	45.89 
	h

	T5
	0.20 
	b-d
	1.16 
	bc
	10.86
	b
	93.00
	b
	103.86
	b

	T6
	0.23 
	a-c
	1.19 
	ab
	8.72 
	c
	87.93 
	d
	96.65 
	C

	T7
	0.21 
	a-c
	1.11 
	cd
	7.83 
	e
	60.50 
	e
	68.33 
	e

	T8
	0.26 
	a
	1.23 
	a
	13.65 
	a
	106.40 
	a
	120.05 
	a

	T9
	0.13 
	e
	0.87 
	f
	5.15 
	h
	55.98 
	f
	61.13 
	f

	T10
	0.18 
	b-e
	1.10 
	d
	8.36 
	d
	88.98 
	c
	96.34 
	d

	CV (%)
	2.9
	3.5
	7.3
	0.84
	8.7


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

Table 4.3.6 Effects of integrated uses of organic and inorganic fertilizer on sulphur (S) content and uptake by the grain and straw of BRRI dhan28 during boro season of 2010 

	Treatments
	Sulphur (S) contents 

(%)
	Sulphur (S) uptake 

(kg ha-1)
	Total S 

uptake

(kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.08
	b
	0.07 
	c
	1.85 
	k
	2.36 
	i
	4.21 
	j

	T1
	0.09
	b
	0.08 
	bc
	4.16
	f
	4.32
	e
	8.48 
	b

	T2
	0.11
	a 
	0.08 
	bc
	2.43 
	j
	3.07 
	h
	5.50 
	i

	T3
	0.11
	a
	0.08 
	bc
	3.24 
	i
	3.19 
	g
	6.43 
	h

	T4
	0.11
	a
	0.09 
	ab
	3.70 
	h
	4.24 
	f
	7.94 
	g

	T5
	0.12
	a
	0.09 
	ab
	5.43 
	b
	6.92 
	b
	8.48 
	f

	T6
	0.11
	a
	0.09 
	ab
	4.79 
	d
	6.64 
	c
	11.43 
	c

	T7
	0.11
	a
	0.08 
	bc
	4.10 
	g
	4.36 
	e
	8.46 
	f

	T8
	0.12
	a
	0.10 
	a
	5.78 
	a
	7.75 
	a
	13.53 
	a

	T9
	0.11
	a
	0.09 
	ab
	4.36 
	e
	5.79 
	d
	10.15 
	e

	T10
	0.11
	a
	0.09 
	ab
	5.11 
	c
	5.79 
	d
	10.90 
	d

	CV (%)
	7.5
	9.6
	6.8
	6.9
	1.3


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

4.3.4 Effects of different treatments on cyanobacterial and Azotobacter population
4.3.4.1 Cyanobacterial population 
Use of different organic manures with inorganic fertilizer had significantly positive effect on Cyanobacterial population in the boro rice field (Figure 4.3.1). The cyanobacterial population at 30 and 60 DAT and post harvest soil with different treatment combinations is presented in Figure 4.3.7. The lowest Cyanobacteria population of 5.02x105 g-1 soil (4.57x105 during boro season 0f 2009) at 30 DAT were found in control (T0) which was drastically increased in T1 i.e. 100% chemical fertilizer, reached the maximum indicating the highest population of 7.61x105 g-1 soil (6.58x105 during boro season of 2009) and then slightly decreased in T2 possessing 25% cowdung with 75% chemical fertilizer. Slightly increased and decreased in population numbers of Cyanobacterial population in alternate way were recorded in treatments T3 having 50% cowdung with 50% chemical fertilizer, T4 consisting 25% poultry manure with 75% inorganic fertilizer, T5 i.e. 50% poultry manure with 50% inorganic fertilizer, T6 that contains 25% mustard oil cake with 75% chemical fertilizer, T7 containing 50% mustard oil cake with 50% inorganic fertilizer and T8 having 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer. The population numbers again slightly decreased in T9 i.e. 50% cowdung, poultry manure and mustard oil cake with 50% inorganic fertilizer which was followed with slightly lower numbers by those recorded in T10 having 34% cowdung, 33% poultry manure and 33% mustard oil cake. Exactly similar patterns were found in case of the cyanobacterial population at 60 DAT and post harvest soil but the numbers of cyanobacterial population at 60 DAT were lower than those noted at 30 DAT. Again, the numbers of cyanobacterial population at post harvest soils were lower than those noticed at 60 DAT. The highest cyanobacterial population of 7.22 x105 and 6.81x105 and the lowest of 4.63x105 and 5.02x105 g-1 soil (The highest of 5.86x105 and 5.55x105, the lowest of 4.38x105 and 4.07x105 during 2009) were recorded at 60 DAT and post harvest soils. It was observed that cyanobacterial population increased in boro season of 2010 than those recorded in same season of 2009. These results are identical with those of Lin et al. (2010) and Li et al. (2011).

4.3.4.2 Azotobacter population 
Combined use of organic and inorganic fertilizer in the soil of boro rice field significantly influenced the Azotobacter population. The Figure 4.3.2 is pointing that at 30 days after transplanting the highest Azotobacter population of 7.18x103 g-1 soil (5.61x103 g-1 soil during boro season of 2009) were counted in treatments T10 containing 34% cowdung, 33% poultry manure and 33% mustard oil cake which  were slightly decreased in T9 that contains 50% cowdung, poultry manure and mustard oil cake with 50% inorganic fertilizer and again slightly decreased in T8 possessing 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer, then slightly increased in T7 consisting of 50% mustard oil cake with 50% chemical fertilizer. Slightly decreased and increased in Azotobacter population in a alternate manner were found in treatments T6 composing of 25% mustard oil cake with 75% chemical fertilizer, T5 i.e. 50% poultry manure with 50% inorganic fertilizer, T4 having 25% poultry manure with 75% chemical fertilizer, T3 containing 50% cowdung plus 50% chemical fertilizer and T2 that contains 25% cowdung plus 75% chemical fertilizer. Then slightly decreased in numbers of Azotobacter population continued in T1 i.e. 100% chemical fertilizer and in control reaching the lowest which indicated the minimum Azotobacter population of 5.51x103 g-1 soil (4..22x103 g-1 soil during boro season of 2009). Similar but to some extent lower numbers of Azotobacter population were recorded at 60 DAT than those recorded at 30 DAT. Again, Azotobacter population observed at post harvest soils were lower than those found at 60 DAT but the number of Azotobacter population followed the similar pattern as it was noticed at 30 DAT. The highest Azotobacter population of 6.75x103 and 6.32 x103 and the lowest of 5.09 x103 and 4.77 x103 g-1 soil (6.13x103 and 4.71 x103, the lowest of 3.62 x103 and 3.21 x103 g-1 soil during 2009) were recorded at 60 DAT and post harvest soils. It was found that Azotobacter population recorded in the second boro rice crop during boro season of 2010 were increased than those noticed during boro season of 2009. The results indicated that the addition of organic manure and inorganic fertilizer increased Azotobacter population in the field of boro rice. Increase in Azotobacter population might be due the addition of organic and inorganic fertilizer. Since these organisms are heterotrophic in nature and they get their necessary carbon and energy from the oxidation of organic compouds. These results are supported by the findings of Kulvinder et al. (2008), Lin et al. (2010) and Li et al. (2011).
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Figure 4.3.1 Cyanobacterial population in the field of BRRI dhan28 at different dates of transplanting during boro season of 2010 as affected by different treatments 
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Figure 4.3.2 Azotobacter population in the field of BRRI dhan28 at different dates of transplanting during boro season of 2010 as affected by different treatments

4.3.5 Effects of different treatments on the changes in the soil chemical properties

4.3.5.1 Organic matter contents 

The application of organic and inorganic fertilizer had positive effects on the organic matter contents in the field of BRRI dhan28 determined at 30, 60 days after transplanting (DAT) and after harvest (Figure 4.1.3). All the treatments showed higher organic matter contents as compared to those recorded in control and T1 i.e. 100% chemical fertilizer at 30, 60 DAT and after harvest. The lowest organic matter content of 0.974% (0.995% during 2009) at 30 DAT was recorded in control which was identical with that was recorded in treatment T1 (0.097%), (0.094% during 2009). Then slightly increased in T2 (1.022%) that contains 25% cowdung with 75% chemical fertilizer and increasing rate was continued in T3 (1.101%) having 50% cowdung with 50% chemical fertilizer and slightly decreased in T4 containing 25% poultry manure with 75% inorganic fertilizer. Slightly increased and decreased of soil organic matter contents were continued alternately in T5 i.e. 50% chemical fertilizer with 50% poultry manure, T6 having 25% mustard oil cake plus 75% chemical fertilizer, T7 containing 50% mustard oil cake plus 50% chemical fertilizer, T8 that contains 25% cowdung, poultry manure and mustard oil cake with 75 % chemical fertilizer and T9 i.e. 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Again, slightly increased was in T10 composing of 34% cowdung, 33% poultry manure and 33% mustard oil cake which was reached the pick showing the highest organic matter of 1.171 (1.155% during 2009). Organic matter contents at 60 DAT and post harvest soil followed similar pattern with slightly lower percent as it was recorded at 30 DAT. Organic matter percent at 60 DAT were lower than those recorded at 30 DAT and those recorded in post harvest soil were also lower than those observed at 60 DAT. The highest organic matter content at 60 DAT and post harvest soils were 1.159 and 1.141% (1.144 and 1.133 during 2009), while the lowest were 0.964 and 0.952% (0.987 and 0.979% during 2009). The results indicated that integration of organic manures with inorganic fertilizers had positive effect on soil organic matter content. The increments in organic matter contents might be due to the addition of organic amendments in soil. Ayeni et al. (2012) and Obi and Ebo (2012) also agreed with the present findings.

4.3.5.2 Total N

Different combinations of organic and inorganic fertilizer significantly affected total N content in the field of boro rice. The Figure 4.1.4 showing the total N contents at 30 and 60 days after transplanting (DAT) and post harvest soil. The lowest total N content of 0.056% (0.055% during 2009) in the field of BRRI dhan28, at 30 DAT was recorded in control which was increased drastically in T1 i.e. 100% chemical fertilizer indicating the highest total N content of 0.098%, then slightly decreased in T2 (0.087%) containing 25% cowdung with 75% inorganic fertilizer and decreasing trend was continued in T3 (0.075%) having 50% cowdung with 50% chemical fertilizer. Slightly increased and decreased in total N contents in alternate way were observed in T4 i.e. 25% poultry manure with 75% inorganic fertilizer, T5 having 50% poultry manure with 50% inorganic fertilizer, T6 containing 25% mustard oil cake plus 75% chemical fertilizer, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T8 consisting of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer, T9 possessing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer and decreasing rate was continued in T10 (0.061%) i.e. 34% cowdung, 33%poultry manure, 33% mustard oil cake. At 60 DAT, total N contents followed the similar pattern but slightly lower than those were observed in control and T1 and slightly higher in other treatments consisting of organic manures and inorganic fertilizer. Same trend was also observed in post harvest soil i.e. slightly lower total N contents in control and T1 than those recorded at 60 DAT but total N contents in other treatments having organic manures integrated with chemical fertilizer recorded more or less the same amounts as those were recorded at 30 DAT. The highest total N contents at 60 DAT and post harvest soil were 0.094 and 0.091, while those of the lowest were recorded 0.053 and 0.049%. The percent increase in total N contents in treatment T1 was due to the application of concentrated N containing fertilizer i.e. urea but higher total N contents at 60 days after transplanting recorded in the treatments having organic manures and chemical fertilizer than those recorded at 30 DAT would be owing to the decomposition of organic manures added in soil. Ayeni et al. (2012) and Sunil et al. (2012) observed similar results. 
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Figure 4.3.3 Soil organic matter content in the field of BRRI dhan28 at different dates of transplanting during boro season of 2010 as affected by different treatments
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Figure 4.3.4 Total nitrogen (N) content in the field of BRRI dhan28 at different dates of transplanting during boro season of 2010 as affected by different treatments 

4.3.5.3 Available P

The available P contents in the boro rice field responded significantly to different treatment combinations (Figure 4.1.5). At 30 days after transplanting (DAT), the lowest P content of 30.55 mg kg-1 (29.95 mg kg-1 during 2009) was recorded in control which was drastically increased in T1 i.e. 100% chemical fertilizer showing the highest available P of 49.37 mg kg-1 soil (47.54 mg kg-1 during 2009) and then slightly decreased in T2 (45.11 mg kg-1 soil) containing 25% cowdung with 75% inorganic fertilizer and decreasing rate was continued in T3 (40.15 mg kg-1 soil) having 50% cowdung with 50% chemical fertilizer. Then slightly increased in T4 i.e. 25% poultry manure with 75% inorganic fertilizer. Slightly decreased and increased in available P contents were continued in T5 having 50% poultry manure with 50% inorganic fertilizer, T6 containing 25% mustard oil cake plus 75% chemical fertilizer, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T8 consisting of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer, T9 (39.96 mg kg-1 soil) possessing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Decreasing rate of available P was continued in T10 (35.67 mg kg-1 soil) i.e. 34% cowdung, 33%poultry manure, 33% mustard oil cake. At 60 DAT, available P content followed the similar pattern as those were found at 30 DAT but slightly lower available P contents were observed in control and T1 and slightly higher in other treatments having organic manures integrated with inorganic fertilizer. Same trend was also observed in post harvest soil i.e. slightly lower available P contents in control and treatment T1 than those were recorded at 60 DAT but more or less the same amounts of available P contents in other treatments than those were recorded at 30 DAT. The highest available P content in T1 was due to the addition of concentrated chemical fertilizer (TSP). The percent increase in available P content at 60 DAT in treatments integrated with organic and inorganic fertilizer which was higher than those recorded found at 30 DAT would be owing to the decomposition of organic manures added in soil. Similar results were cited by Ayeni et al (2012) and Sunil et al. (2012).

4.3.5.4 Exchangeable K

The results showed that the exchangeable K content in boro rice field was significantly influenced by the treatments (Figure 4.3.6). At 30 days after transplanting, the lowest K content of 0.121 me 100-1 soil (0.119 me 100-1 soil during 200) was recorded in control which was drastically increased in T1  i.e. 100% chemical fertilizer showing the highest exchangeable K of 0.186 mg kg-1 soil (0.184 me 100-1 soil during 2009) and then slightly decreased in T2 (0.168 me 100-1 soil) containing 25% cowdung with 75% inorganic fertilizer and decreasing rate was continued in T3 (0.152 me 100-1 soil) having 50% cowdung with 50% chemical fertilizer. Then slight increased in T4 i.e. 25% poultry manure with 75% inorganic fertilizer. Slightly decreased and increased alternately in exchangeable K contents were continued in T5 having 50% poultry manure with 50% inorganic fertilizer, T6 containing 25% mustard oil cake plus 75% chemical fertilizer, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T8 consisting of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer, T9 (0.149 me 100-1 soil) possessing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Decreasing rate of exchangeable K was continued in T10 (0.136 me 100-1 soil) i.e. 34% cowdung, 33%poultry manure, 33% mustard oil cake. At 60 DAT and post harvest soil, exchangeable K content followed the similar pattern as those were found at 30 days after transplanting but slightly lower exchangeable K contents at 60 DAT than those recorded at 30 DAT and at after harvest, exchangeable K contents were slightly lower than those found at 60 DAT. The highest exchangeable K contents at 60 DAT and after harvest soil were recorded 0.184 and 0.182 me 100-1 soil (0.181 and 0.178 me 100-1 soil were during 2009). Exchangeable K contents recorded during 2009 and 2010 were similar but slightly higher during 2010 than those recorded during 2009. The highest exchangeable K content in T1 was due to the addition of concentrated chemical fertilizer (MoP). Similar results were cited by Ayeni et al (2012) and Sunil et al. (2012)

4.3.5.5 Available S

Significant variation was observed in available S concentrations due to the addition of various organic manures in combination with chemical fertilizer at 30, 60 days after transplanting and after harvest (Figure 4.3.7). The Figure 4.1.6 is showing the zig zag pattern of available S contents at 30 and 60 DAT and post harvest soils. It indicated that the lowest available S content of 15.87 mg kg-1 (15.57 me 100-1 soil during 2009) was in control which was tremendously increased in T1 i.e. 100% chemical fertilizer which reached the pick showing the highest exchangeable K content of 19.87 mg kg-1 (19.57 me 100-1 soil during 2009). Then slightly decreased in T2 (18.81 mg kg-1) containing 25% cowdung plus 75% inorganic fertilizer and decreasing trend was continued in T3 (17.72 mg kg-1) that contains 50% cowdung plus 50% chemical fertilizer and slightly increased in T4 having 25% poultry manure with 75% inorganic fertilizer. Slightly decreased and increased in available S contents were successively followed in T5 possessing 50% poultry manure with 50% chemical fertilizer, T6 i.e. 25% mustard oil cake with 75% inorganic fertilizer, T7 containing 50% mustard oil cake with 50% chemical fertilizer, T8 i.e. 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer, T9 (17.59 mg kg-1) having 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer and decreasing trend of available S was continued in T10 (16.48 mg kg-1) i.e. 34% cowdung, 33% poultry manure and 33% mustard oil cake. At 60 DAT available S contents were slightly lower than those recorded at 30 DAT were in control and treatment T1 but slightly higher than those were found in other treatments composing of organic manures and chemical fertilizer. In post harvest soils available S contents were lower than those were recorded in control and T1 which were analyzed at 60 DAT but other treatments contain about the same quantities as those were found at 30 DAT. At 60 DAT and post harvest soils the highest available S contents were 19.56 and 19.23, while the lowest were 15.47 and 15.25 mg kg-1 (highest of 19.26 and 19.01 and those of lowest of 15.37 and 14.95 were found during 2009). The results of available S contents recorded during boro seasons of 2009 and 2010 were similar but slightly increased during 2010 than those were found during 2009. Shahiduzzman (1997) agreed with these results.
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Figure 4.3.5 Available phosphorous (P) content in the field of BRRI dhan28 at different dates of transplanting during boro season of 2010 as affected by different treatments
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Figure 4.3.6 Exchangeable potassium (K) content in the field of BRRI dhan28 at different dates of transplanting during boro season of 2010 as affected by different treatments
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Figure 4.3.7 Available sulphur (S) content in the field of BRRI dhan28 at different dates of transplanting during boro season of 2010 as affected by different treatments 

Experiment No 4

This experiment was conducted during boro season of 2010 
4.4 Yield and yield components of T. aman rice (kataribhog)

4.4.1 Yield components (kataribhog)

4.4.1.1 Plant height
Plant height of T. aman rice showed significant variation due to the application of various organic manures and inorganic fertilizer (Table 4.4.1). The plant height ranged from 140.10 to 161.20 cm. The tallest plants 0f 161.20 cm (Plants height 164.70 cm during 2009) were produced in treatment T8 containing 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer which was followed by that observed in T10 having 34% cowdung, 33% poultry manure and 33% mustard oil cake. The shortest plant of 143.10cm (143.60 cm during T. aman season of 2009) was measured in the control plot (T0). It was noted that plant heights observed in T. aman season of 2009 were near the same as those were recorded during same season of 2010. These results are in agreement to the findings of Ayeni et al. (2012), Siavoshi et al. (2011) and Adamu et al. (2012).

4.4.1.2 Tillers hill-1
Number of tillers hill-1 showed statistically significant variation due to the application of various organic amendments and inorganic fertilizer (Table 4.4.1). Tillers hill-1 ranged from 8.08 to 12.37. The maximum number of tillers hill-1 of 12.37 (13.87 during 2009) was resulted from the treatment T8 containing 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer. It was followed by that noted due to the application of 25% cowdung plus 75% inorganic fertilizer (T2). The lowest number of tillers hill-1 of 8.08 (9.58 during T. aman season of 2009) was recorded in control (T0). Tillers hill-1 recorded during T. aman seasons of 2009 and 2010 were near identical. Similar findings were reported by Hossaen et al. (2011), Siavoshi et al. (2011) and Adamu et al. (2012).

4.4.1.3 Panicle length 

Like the plant height and tillers, the panicle length of T. aman rice was significantly influenced by the different treatments also (Tables 4.4.1). The panicle length varied from 21.47- 24.20 cm. The application of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer (T8) produced significantly the highest panicle length of 24.20 cm of T. aman rice (25.50 cm during 2009). It was followed by that obtained in T5 consisting of 50% inorganic fertilizer with 50% poultry manure. Panicle length measured in treatment T5 was same as those obtained in T9 having 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer and T4 possessing 25% poultry manure plus 75% inorganic fertilizer. Again, panicle length found in treatment T9 was identical with those measured in T10 containing 34% cowdung, 33% poultry manure and 33% mustard oil cake, T7 that contains 50% mustard oil cake with 50% chemical fertilizer and T4 having 25% poultry manure with 75% inorganic fertilizer. Moreover, panicle found in treatment T10 was identical with those recorded in T7, T6, T3 and T1. Furthermore, panicle length observed in treatment T1 was in the same rank with those measured in T2, T3 and T6. This variation was due to different treatment combinations. The control treatment (T0) had significantly the least panicle length of 21.47 cm (22.77 cm during 2009). The dose of all organic manures with chemical fertilizer had positive effects on panicle length. The results recorded during T. aman season of 2009 and 2010 were comparable. Haque et al. (2010), Hossaen et al. (2011) and Adamu et al. (2012) claimed similar findings.

4.4.1.4 Grains panicle-1
It was revealed that all the treatments influenced significantly maximum number of grains panicle-1 compared to the control treatment (Tables 4.4.1). The grains panicle-1 ranged from 179.60 – 214.60. The maximum number of grains panicle-1 of 214.60 (219.10 during 2009) was recorded due to the application of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer (T8). It was followed by the treatment T6 having 25% mustard oil cake with 75% chemical fertilizer. The control treatment significantly produced the lowest number of grains panicle-1 and the value was 179.60 (184.10 during 2009). The numbers of grains panicle-1 were about the same during T. aman seasons of 2009 and 2010. These results are in line to the findings of Hossaen et al. (2011), Siavoshi et al. (2011) and Adamu et al. (2012).

4.4.1.5 Thousand grain weight

Weight of 1000 grains of T. aman rice (kataribhog rice) showed significant variation due to the application of cowdung, poultry manure and mustard oil cake with chemical fertilizer (Tables 4.4.1). Weight of 1000 grain varied from 13.00 to 14.43 g. The highest 1000 grain weight of 14.43 g (15.53 during 2009) was resulted in treatment T8 containing 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer. The treatment T8 was closely followed by that obtained T3 having 50% cowdung plus 50% inorganic fertilizer. The lowest 1000 grain weight of 13.00 g was recorded in control (14.10 g during T aman season of 2009). Results of 1000 grain weight recorded in 2010 were more or less identical with those were noted during 2009. These results are supported by the findings of Hossaen et al. (2011), Siavoshi et al. (2011) and Adamu et al. (2012).
Table 4.4.1 Effects of integrated uses of organic and inorganic fertilizer on the yield components of T. aman rice during aman season of 2010

	Treatments
	Plant

 height 

(cm)
	Tillers

hill-1 

(No.) 
	Panicle

 length 

(cm)
	Grains 

panicle-1 

(No.)
	1000-

grain weight (g)

	T0
	140.10 
	k
	8.08 
	j
	21.47 
	f
	179.60 
	k
	13.00 
	k

	T1
	149.40 
	h
	10.97 
	e
	23.30 
	de
	202.80
	f
	13.27 
	j

	T2
	151.70 
	f
	11.83 
	b
	23.00 
	e
	206.60 
	e
	13.97 
	e

	T3
	146.90 
	j
	10.97 
	e
	23.17 
	de
	193.30 
	j
	14.07 
	b

	T4
	157.30 
	d
	10.50 
	i
	23.67 
	bc
	213.10 
	c
	14.03 
	c

	T5
	157.10 
	e
	10.90 
	f
	23.93 
	ab
	200.60 
	g
	13.40 
	i

	T6
	149.20 
	i
	11.03 
	d
	23.23 
	de
	214.10 
	b
	14.00 
	d

	T7
	151.60 
	g
	11.57 
	c
	23.37
	cd
	209.20 
	d
	13.63 
	g

	T8
	161.20 
	a
	12.37 
	a
	24.20 
	a
	214.60 
	a
	14.43 
	a

	T9
	157.40 
	c
	10.83 
	g
	23.67
	bc
	197.30 
	h
	13.70 
	f

	T10
	160.10 
	b
	10.77 
	h
	23.40 
	cd
	196.30 
	i
	13.53 
	h

	CV (%)
	9.82
	3.12 
	2.18
	14.62
	4.73


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation
4.4.2 Yield of T. aman rice

4.4.2.1 Grain yield

Grain yield of T. aman rice was significantly increased under various organic amendments and inorganic fertilizer as compared to control (Table 4.4.2). The highest grain yield of 4.900 t ha-1 showing 115.10% increase (5.400 kg ha-1 and 94.38 percent increase during 2009) over control was obtained due to the application of 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer (T8). It was followed by that recorded in the treatment T5 containing 50% poultry manure with 50% chemical fertilizer. The lowest grain yield of 2.278 t ha-1 was recorded in control (2.778 t ha-1 recorded during 2009). The increased grain yields due to the treatments T8, T5, T7, T4, T10 and T3 were 115.10, 99.74, 82.92, 68.26, 68.26 and 62.42%, respectively over control. Slight variation in the grain yield of T. aman rice might be due to the climatic condition. The results revealed that T. aman rice responded better to the nutrients supplied from organic manures with chemical fertilizer. Nutrients supplied from cowdung, poultry manure and mustard oil cake with inorganic fertilizer i.e. integrated use of organic and inorganic fertilizer was found more effective in producing grain yield of T. aman rice. The study revealed that integration of cowdung, poultry manure and mustard oil cake with chemical fertilizer reduced fertilizer use without any remarkable yield decline. It was further noticed that application of cowdung, poultry manure and mustard oil cake in combination with chemical fertilizer increased grain yield. These results are accordance to the findings of Puste et al. (2001), Medhi et al. (2011), and Adamu et al. (2012).

4.4.2.2 Straw yield
All the treatments produced significantly higher straw yield over control (Table 4.4.2). Straw yield of T. aman rice ranged from 5.670 to 11.210 kg ha-1. The highest straw yield of 11.210 t ha-1 showing 97.71% (12.21 kg ha-1 showing 83.06% increase during 2000) increase over control was found in treatment T8 i.e. 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer which was in the same rank with that recorded in the treatment T10 containing 34% cowdung, 33% poultry manure and 33% mustard oil cake. They were followed by that observed in treatment T3 containing 50% cowdung with 05% chemical fertilizer. The lowest straw yield of 5.670 t ha-1 (4.670 t ha-1 was during T. aman season of 2009) was obtained in the control plot (T0). The percent increase in straw yield over control ranged from 97.71 to 35.27%. The increased straw yield due to the treatments T8, T10, T3, T6, T2 and T5 were 97.71, 97.71, 64.73, 61.73, 57.32 and 54.32% respectively over contr0l. However, the highest percent increase in straw yield of 97.71% (118.63% increased during 2009) was recorded in treatment T8. The results indicated that the application of organic manures in combination with chemical fertilizer contributed to the maximum straw yield of T aman rice. Ram et al. (2000), Hossaen et al. (2011) and Adamu et al. (2012) also reported similar findings.

Table 4.4.2 Effects of integrated uses of organic and inorganic fertilizer on the yield of T. aman rice during aman season of 2010 

	Treatments
	Grain yield            (t ha-1)
	Grain yield increased over control
	Straw yield                  (t ha-1)
	Straw yield increased over control

	
	
	(t ha-1)
	(%)
	
	(t ha-1)
	(%)

	T0
	2.278 
	i
	-
	-
	5.670 
	k
	-
	-

	T1
	3.778 
	e
	1.500
	65.85
	7.670
	j
	2.000
	35.27

	T2
	3.500 
	h
	1.222
	53.64
	8.920 
	e 
	3.250
	57.32

	T3
	3.700 
	f
	1.422
	62.42
	9.340 
	b
	3.670
	64.73

	T4
	3.833 
	d
	1.555
	68.26
	7.790 
	i
	2.120
	37.39

	T5
	4.550 
	b
	2.272
	99.74
	8.750 
	f
	3.080
	54.32

	T6
	3.167
	g
	0.889
	39.03
	9.170 
	d
	3.500
	61.73

	T7
	4.167 
	c
	1.889
	82.92
	8.290 
	h
	2.620
	46.21

	T8
	4.900 
	a
	2.622
	115.10
	11.210 
	a
	5.540
	97.71

	T9
	3.767 
	e
	1.089
	65.36
	8.500 
	g
	2.830
	49.91

	T10
	3.830 
	d
	1.555
	68.26
	11.210 
	a
	3.620
	97.71

	CV (%)
	3.88 
	
	
	
	2.49 
	
	
	


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance.

CV (%) = Coefficient of variation

4.4.3 Nutrients content and their uptake by T. aman rice (kataribhog) 

4.4.3.1 Nitrogen contents in grain and straw 

It was revealed that all the treatments under the study influenced significantly N contents both in the grain and straw (Table 4.4.3). The N content in the grain ranged from 0.80 - 1.03, while that of the straw varied from 0.36 - 0.48%. The highest N content 1.03% (1.17% during T. aman season of 2009) in the grain of T. aman rice was due to the application of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer (T8). It was same as those recorded in T9 i.e. 50% cowdung, poultry manure and mustard oil cake plus 50% inorganic fertilizer and T10 containing 34% cowdung, 33% poultry manure and 33% mustard oil cake. Grain N concentration calculated in treatment T2 containing 25% cowdung with 75% chemical fertilizer was identical with that recorded in T6 possessing 25% mustard oil cake plus 75% inorganic fertilizer. Again, grain N concentration observed in treatment T5 that contains 50% poultry manure with 50% chemical fertilizer was identical with those noticed in T3 having 50% cowdung with 50% inorganic fertilizer and T4 containing 25% poultry manure plus 75% chemical fertilizer. The minimum N content of 0.80% (0.94% during 2009) was recorded in control. The highest straw N content of 0.48% (0.51% during 2009) was observed in T8. Straw N content found in T10 was identical with that observed in T1. Again, N concentration recorded in T1 was in the same rank with those noted in T5, T6 and T7. Furthermore, straw N content in T5 was same as those noticed in T6, T7 and treatments T3 was identical with that of T4. The lowest straw N content of 0.36% (0.39% during 2009) was found in control. In all the treatments, N contents in the grains were higher than those of their straws. The variation in N contents of T. aman rice during T. aman seasons of 2009 and 2010 may be due to climatic condition. These results are in line to the findings of Medhi et al. (2011).

Table 4.4.3 Effects of integrated uses of organic and inorganic fertilizers on nitrogen (N) contents and uptake by the grain and straw of T. aman rice during aman season of 2010

	Treatments
	Nitrogen content

(%)
	Nitrogen uptake 

(kg ha-1)
	Total 

N uptake

( kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.80 
	f
	0.36 
	h
	18.224
	k
	20.412 
	k
	  38.636 
	k

	T1
	0.95 
	d
	0.43 
	cd
	35.891 
	f
	38.356 
	e
	  74.247 
	f

	T2
	0.98 
	c
	0.39
	g
	34.300
	i
	29.913 
	j
	64.213 
	j

	T3
	0.93 
	e
	0.41 
	ef
	34.410 
	h
	38.294 
	f
	  72.704 
	g

	T4
	0.92 
	e
	0.40 
	fg
	35.264
	g
	31.160 
	i
	  66.424 
	i

	T5
	0.93 
	e
	0.42 
	de
	42.315 
	b
	40.876 
	b
	  83.191 
	b

	T6
	0.97 
	c
	0.42 
	de
	39.066
	d
	38.514 
	d
	77.580 
	d

	T7
	1.00 
	b
	0.42 
	de
	41.670 
	c
	34.818 
	h
	  76.488 
	e

	T8
	1.03 
	a
	0.48 
	a
	47.530 
	a
	53.808 
	a
	101.338 
	a

	T9
	1.02
	a
	0.46
	b
	38.800 
	e
	39.100 
	c
	  77.900 
	c

	T10
	1.02 
	a
	0.44 
	c
	32.303
	j
	36.750
	g
	69.053
	h

	CV (%)
	5.45
	4.82
	7.70
	5.90
	7.70


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

4.4.3.2 Nitrogen uptake

Nitrogen uptake by the grain, straw and total was increased significantly due to the integrated use of organic and inorganic fertilizer (Table 4.4.3). Total amount of N uptake by T. aman rice was remarkably increased due to the combined use of organic manures and inorganic fertilizer. The highest N uptakes by the grain of 47.530, straw of 53.808 and total of 101.338 kg ha-1 (59.940, 62.271 and 112.534 kg ha-1 during 2009) were observed due to the treatments T8 i.e. 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer. They were followed by those recorded in treatment T5 i.e. 50% poultry manure with 50% chemical fertilizer. The lowest N uptakes by the grain of 18.224, straw of 20.412 and total of 38.636 kg ha-1 (26.113, 26.013 and 52.123 kg ha-1 during 2009) were in control. Total N uptake by T. aman rice varied from 38.63–101.33 kg ha-1. The results revealed that combined use of organic and inorganic fertilizer had positive impact on N uptake by T. aman rice. These results were identical with the findings of Sathish et al. (2010) and Sridevi et al. (2010).
4.4.3.3 Phosphorus contents in grain and straw

Data in Table 4.4.4 showed that the amount of P content by T. aman rice as influenced by various organic manures and inorganic fertilizer. Phosphorus concentration in the grain varied from 0.18 to 0.28 and those of the straw ranged from 0.06 - 12%. The P contents in the grain were higher than those of their straws in all the treatments. The highest P content of 0.28% (0.21% during 2009) in the grain was noted due to the application of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer (T8). It was statistically dissimilar from those in other treatments. Grain P concentration recorded in treatment T9 i.e. 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer was in the same rank with those noticed in other treatments except control. The lowest P content of 0.18% (0.21% during 2009) was found in control. In case of the straw, the highest P content of 0.12% (0.08% during 2009) was noted in T8 and T10 containing 34% cowdung, 33% poultry manure and 33% mustard oil. They were identical with those observed in T9 having 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer, T7 containing 50% mustard oil cake plus 50% inorganic fertilizer, T5 that contains 50% poultry manure with 50% chemical fertilizer, T3 possessing 50% cowdung plus 50% inorganic fertilizer and T1 i.e. 100% chemical fertilizer. Straw P content found in T9 was also same as those recorded in T7, T6, T5, T3, T2 and T1. Again, straw P content in treatment T6 was similar with those observed in T2 and T4. The lowest N content of 0.06% (0.08% during 2009) was found in control. Medhi et al. (2011) also reported similar findings.

4.4.3.4 Phosphorus uptake
Use of various organic amendments in combinations with chemical fertilizer significantly increased P uptake by the grain, straw and total (Table 4.4.4). The highest P uptakes by the grain of 12.250, straw of 5.005 and total of 17.225 kg ha-1 (15.120, 17.094 and 32.214 kg ha-1 during 2009) were found in T8 i.e. 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer. The highest grain P uptake was followed by that obtained in T5 having 50% poultry manure with 50% chemical fertilizer. In the straw, it was followed by that noticed in T6 containing 25% mustard oil cake with 75% inorganic fertilizer but in case of total uptake, it was accompanied by that recorded in T7 having 50% mustard oil cake plus 50% chemical fertilizer. The total P uptake by T. aman rice varied from 5.467–17.255 kg ha-1. The lowest P uptake by the grain of 4.100, straw of 1.367 and total of 5.467 kg ha-1 (6.167, 5.336 and 11.503 kg ha-1 during 2009) was recorded in control. These results are accordance to the findings of Sridevi et al. (2010) and Sathish et al. (2010).

Table 4.4.4 Effects of integrated uses of organic and inorganic fertilizers on phosphorus (P) contents and uptake by the grain and straw of T. aman rice during aman season of 2010

	 Treatments
	Phosphorous (P) content (%)
	Phosphorous (P) uptake ( kg ha-1)
	Total P 

uptake

( kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.18 
	d
	0.06 
	d
	 4.100 
	j
	 1.367 
	i
	5.467 
	h

	T1
	0.25 
	b
	0.11 
	ab
	9.445 
	f
	4.156 
	e
	13.601 
	e

	T2
	0.22 
	c
	0.10 
	bc
	7.700 
	i
	3.500 
	g
	11.200 
	g

	T3
	0.25 
	b
	0.11 
	ab
	9.250 
	g
	4.070 
	f
	13.320 
	e

	T4
	0.25
	b
	0.09 
	c
	9.583 
	e
	3.450 
	h
	13.033 
	f

	T5
	0.25 
	b
	0.11 
	ab
	11.375 
	b
	3.484
	g
	14.059 
	c

	T6
	0.25 
	b
	0.10 
	bc
	8.868
	h
	4.900 
	b
	13.768 
	d

	T7
	0.26 
	b
	0.11 
	ab
	10.834 
	c
	4.584 
	c
	15.418 
	b

	T8
	0.28 
	a
	0.12 
	a
	12.250 
	a
	5.005
	a
	17.225 
	a

	T9
	0.26 
	b
	0.11 
	ab
	9.794 
	d
	4.520 
	d
	14.314 
	c

	T10
	0.25 
	b
	0.12 
	a
	9.575 
	e
	4.596 
	c
	14.171 
	c

	CV (%)
	6.5
	9.8
	5.7
	8.5
	7.6


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

4.4.3.5 Potassium (K) contents in grain and straw

Statistically significant variation was noticed for K content of T. aman rice due to the addition of different organic manures and inorganic fertilizer (Table 4.4.5). K content in the grain varied from 0.09 - 0.21 and those of the straw ranged from 0.59 to 1.19%. The highest grain K concentration of 0.21% (0.26% during 2009) was recorded in treatment T8 i.e. 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer. It was in same as those calculated in treatment T6 having 25% mustard oil cake with 75% chemical fertilizer and T4 containing 25% poultry manure with 75% chemical fertilizer. Grain K content in treatment T7 possessing 50% mustard oil cake with 50% inorganic fertilizer was identical with that recorded in T5 having 50% poultry manure with 50% chemical fertilizer. Again, K content in T10 composing 34% cowdung, 33% poultry manure and 33% mustard oil cake was identical with that noted in T3 comprising with 50% cowdung with 50% inorganic fertilizer. Moreover, K concentration in T9 consisting of 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer was same as that recorded in T2 that contains 25% cowdung with 75% chemical fertilizer and K content in T1 containing 100% chemical fertilizer was identical with that in control (T0). In the straw, the highest K content of 1.19% (1.23% during 2009) was found in treatment T8. It was followed by that observed in T6. The lowest grain K content of 0.09 and that of straw of 0.59% (Grain 0.12 and straw 0.61% during 2009) was recorded in control. Potassium contents in T. aman rice recorded during 2009 and 2010 were near similar. It was noted that K content in the straw was more than 6 times higher than that of the grain. Medhi et al. (2011) postulated similar findings.

4.4.3.6 Potassium (K) uptake

The application of organic and inorganic fertilizer significantly influenced the K uptake by the grain, straw and total (Table 4.2.4). The grain K uptake was much lower (at least 5 times) than that of straw K uptake. The highest grain K uptake of 9.80, straw of 55.86 and total of 65.66 kg ha-1 (12.42, 66.31 and 78.11 kg ha-1 during T. aman season of 2009) were recorded in the treatment T8 i.e. 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer. The grain K uptake was followed by that recorded in treatment T1 i.e. 100% chemical fertilizer but in straw and total the highest K uptake was followed by those calculated in T5 having 50% poultry manure with 50% inorganic fertilizer. The lowest K uptakes by the grain of 2.o5, straw of 13.44 and total of 15.49 kg ha-1 (3.334, 15.687 and 19.011 kg ha-1 during 2009) were found in control. The results on K uptakes by the crop were comparable. These results are in accord with the findings of Baruah et al. (1999) and Sathish et al. (2010).

4.4.3.7 Sulphur (S) contents in grain and straw
Significant variation was recorded in S contents of the grain and straw of T. aman rice due to the application of different organic amendments and inorganic fertilizer (Table 4.4.6). Sulphur content in the grain ranged from 0.06 to 0.10, while those of the straw varied from 0.06 to 0.09%. The highest grain S content of 0.10% (0.12 during 2009) was found in treatments T8 having 25% cowdung, poultry manure and mustard oil cake plus 75% chemical fertilizer. It was followed by those recorded in T9 containing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer, T10 consisting with 34% cowdung, 33% poultry manure and 33% mustard oil cake, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T6 possessing 25% mustard oil cake plus 75% chemical fertilizer, T5 comprising of 50% poultry manure with 50% inorganic fertilizer, T4 containing 25% poultry manure with 50% chemical fertilizer, T3 that have 50% cowdung with 50% chemical fertilizer and T2 containing 25% cowdung plus 75% inorganic fertilizer. Grain S concentration in treatment T1 i.e. 100% chemical fertilizer was in the same class with that observed in control (T0). In the straw, highest S content of 0.09 % (0.10 during 2009) was found in treatment T8. It was in the same rank with those observed in T9, T10, T6, T5 and T4. Straw S content in treatment T9 was identical with those recorded in T10, T7, T6, T5, T4, T3, T2 and T1. Again, S concentration in treatment T3 was identical with found in T2, T1 and T0 (control). The least straw S content of 0.06% (0.07% during 2009) was noticed in control. These results are in accord with the findings of Hossain et al. (1997).

4.4.3.8 Sulphur (S) uptake
Addition of organic manures with chemical fertilizer significantly influenced S uptake by T. aman rice (Table 4.4.6). Data showed that the extent of S uptake by the grain was about same to those of S uptake by the straw. Although the concentrations of S in both the grain and straw were comparable, the variations obtained in the uptake pattern were mainly attributed to the grain and straw yields for a particular treatment. The highest grain S uptake of 4.550 kg ha-1 (2.22 during 2009) was observed in treatment T8 having 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer. It was followed by that observed in T5 containing 50% poultry manure with 50% chemical fertilizer. Maximum straw S uptake of 3.92 and that of total of 8.33kg ha-1 (6.06 and 11.37 during 2009) were noted in T8. They were followed by those noted in T5. The lowest S uptake was found in control (1.367 and 2.734 kg ha-1) in all cases. The results on S uptakes by the crop were about identical. These findings are agreed by Sathish et al. (2010).

Table 4.4.5 Effects of integrated uses of organic and inorganic fertilizers on potassium (K) contents and uptake by the grain and straw of T. aman rice during aman season of 2010

	Treatments
	Potassium (K) content (%)
	Potassium (K)

 uptake ( kg ha-1)
	Total 

K uptake

( kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.09 
	e
	0.59 
	k
	2.050 
	k
	  13.440 
	k
	  15.490 
	k

	T1
	0.10
	e
	1.12
	c
	8.689 
	b
	44.958 
	c
	53.647 
	c

	T2
	0.12 
	d
	0.91 
	h
	4.200 
	i
	  31.850 
	j
	  36.050 
	j

	T3
	0.15 
	c
	0.94 
	g
	5.550 
	g
	34.780 
	g
	40.330 
	g

	T4
	0.21 
	a 
	0.85 
	j
	3.833 
	j
	  32.581 
	i
	  36.414 
	i

	T5
	0.17 
	b
	1.09 
	d
	7.735 
	c
	49.595 
	b
	57.330 
	b

	T6
	0.20 
	a
	1.14 
	b
	6.651
	e
	35.470
	f
	42.121
	f

	T7
	0.18 
	b
	1.07 
	e
	7.501 
	d
	44.587 
	d
	52.088 
	d

	T8
	0.21 
	a
	1.19 
	a
	9.800 
	a 
	55.860
	a 
	65.660
	a 

	T9
	0.13 
	d
	0.89
	i
	4.897 
	h
	  33.526 
	h
	  38.423 
	h

	T10
	0.15 
	c
	1.05 
	f
	5.745 
	f
	40.215 
	e
	45.960 
	e

	CV (%)
	6.2
	3.4
	9.3
	2.9
	5.7


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

Table 4.4.6 Effects of integrated uses of organic and inorganic fertilizers on sulphur (S) contents and uptake by the grain and straw of T. aman rice during aman season of 2010

	Treatments
	Sulphur (S) content

 (%)
	Sulphur (S) uptake 

( kg ha-1)
	Total S uptake

( kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	

	T0
	0.06 
	b
	0.06 
	c
	1.367 
	i
	1.367 
	J
	2.734 
	j

	T1
	0.07 
	b
	0.07 
	bc
	3.400 
	e
	2.645 
	g
	6.045 
	f

	T2
	0.09
	a
	0.07 
	bc
	2.450 
	h
	2.450 
	I
	4.900 
	i

	T3
	0.09 
	a
	0.07 
	bc
	3.330 
	f
	2.590 
	h
	5.920 
	h

	T4
	0.09 
	a
	0.08 
	ab
	3.450 
	d
	3.066 
	C
	6.516 
	d

	T5
	0.10 
	a
	0.08 
	ab
	4.410
	b
	3.640 
	b
	8.190 
	b

	T6
	0.09 
	a
	0.08 
	ab
	3.167
	g 
	2.850
	F
	6.017
	g

	T7
	0.09 
	a
	0.07
	bc
	3.750 
	c
	2.917 
	E
	6.667 
	c

	T8
	0.10
	a
	0.09 
	a
	4.550 
	a
	3.920 
	a
	8.330 
	a

	T9
	0.09
	a
	0.08 
	ab
	3.390
	e
	3.014 
	d
	6.404 
	e

	T10
	0.09 
	a
	0.08 
	ab
	3.447 
	d
	3.064 
	C
	6.511 
	d

	CV (%)
	3.7
	5.4
	4.6
	2.8
	1.7


The figure(s) in a column having common letter(s) do not differ significantly at 5% level of significance

CV (%) = Coefficient of variation

4.4.4 Effects of organic and inorganic fertilizers on cyanobacterial and Azotobacter population
4.4.4.1 Cyanobacterial population
Cyanobacterial population in the T. aman rice field was significantly influenced by the integrated use of organic manures and inorganic fertilizer. The Figure 4.4.1 showed that the lowest number of cyanobacterial population of 6.01x105 g-1 soil (5.56x105 during T. aman season of 2009) were recorded in control at 30 days after transplanting which drastically increased in treatment T1 i.e. 100% chemical fertilizer which reached the maximum and showed the highest population of 8.07x105 g-1 soil (7.49x105 during T. aman season of 2009). Then slightly but repeatedly decreased in T2 having 25% cowdung with 75% chemical fertilizer and T3 containing 50% cowdung plus 50% chemical fertilizer. Slightly increased and decreased of cyanobacterial population in alternate way were recorded in treatments T4 that contains 25% poultry manure with 75% chemical fertilizer, T5 consisting 50% poultry manure with 50% inorganic fertilizer, T6 possessing 25% mustard oil cake with 75% chemical fertilizer, T7 composing of 50% mustard oil cake with 50% inorganic fertilizer and T8 having 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer. Then slightly decreased in T9 containing 50% cowdung, poultry manure and mustard oil cake with 50% inorganic fertilizer and decreasing rate was continued in T10 that contains 34% cowdung, 33% poultry manure and 33% mustard oil cake. Cyanobacterial population at 60 DAT and post harvest soils followed the similar pattern as those were observed at 30 DAT. Cyanobacterial populations at 60 DAT were lower than those observed at 30 DAT. In the post harvest soil, the population was slightly lower than those observed at 60 DAT i.e. slightly more lower than those recorded at 30 DAT. The result indicated cyanobacterial populations were increased in T. aman season of 2010 than those recorded in the same season of 2009. The Similar tendency was also observed in the other experiments. Mujiyati and Supriyadi (2009), Li et al. (2011) and Lin et al. (2010) demonstrated similar findings.

4.4.4.2 Azotobacter population 
The combined use of organic manures and inorganic fertilizer in the soil of T. aman rice field significantly influenced Azotobacter population. The Figure 4.4.2 showed that Azotobacter population at 30 days after transplanting were the lowest of 4.38x103 g-1soil (4.03x103 during T. aman season of 2009) in control which slightly increased in T1 having 100% chemical fertilizer and continued in treatments T2 i.e. 25% cowdung with 75% inorganic fertilizer and T3 possessing 50% cowdung with 50% chemical fertilizer. Then the population numbers slightly decreased and increased alternately in treatments T4 i.e. 25% poultry manure with 75% inorganic fertilizer, T5 having 50% poultry manure with 50% chemical fertilizer, T6 consisting of 25% mustard oil cake plus 75% inorganic fertilizer, T7 that contains 50% mustard oil cake with 50% chemical fertilizer and T8 having 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer. Then slightly increased in T9 i.e. 50% cowdung, poultry manure and mustard oil cake with 50% inorganic fertilizer and slightly increased in population numbers were continued up to T10 consisting of 34% cowdung, 33% poultry manure and 33% mustard oil cake, which reached the pick indicating the highest Azotobacter populations of 5.86x103 g-1 soil (5.56 x103 during T. aman season of 2009). Similar pattern but to some extent lower numbers of Azotobacter populations in all the treatments were recorded at 60 DAT and after harvest soils. The population recorded at 60 DAT was lower than those noted at 30 DAT and population noted at post harvest soils were lower than those recorded at 60 DAT. The results indicated that the population of Azotobacter was increased in 2010 than those noted in T. aman season of 2009. The results indicated that the addition of organic manures with chemical fertilizer had positive impact on increasing Azotobacter population in rice field. Mujiyati and Supriyadi (2009), Li et al. (2011) and Lin et al. (2010) demonstrated similar findings.
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Figure 4.4.1 Cyanobacterial population in the field of T. aman rice at different dates of transplanting during aman season of 2010 as affected by different treatments 
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Figure 4.4.2 Azotobacter population in the field of T. aman rice at different dates of transplanting during aman season of 2010 as affected by different treatments  

4.4.5 Effects of different treatments on the changes in the soil chemical properties

4.4.5.1 Organic matter contents

The results revealed that there was a significant effect of the addition of organic manures and inorganic fertilizer on the organic matter content in the field of T. aman rice (Figure 4.4.3). All the treatments showed higher organic matter contents as compared to those recorded in control and T1 i.e. 100% chemical fertilizer at 30, 60 days after transplanting (DAT) and after harvest. The lowest organic matter content of 0.987% at 30 DAT (0.956% during T. aman season of 2009) was recorded in control which was same as that recorded in treatment T1 (0.953%) i.e. 100% chemical fertilizer. Then slightly increased in T2 that contains 25% cowdung with 75% chemical fertilizer and increasing rate was continued in T3 (1.083%) having 50% cowdung with 50% chemical fertilizer and slightly decreased in T4 containing 25% poultry manure with 75% inorganic fertilizer. Slightly increased and decreased of soil organic matter contents were continued alternately in T5 i.e. 50% chemical fertilizer with 50% poultry manure, T6 having 25% mustard oil cake plus 75% chemical fertilizer, T7 containing 50% mustard oil cake plus 50% chemical fertilizer, T8 that contains 25% cowdung, poultry manure and mustard oil cake with 75 % chemical fertilizer and T9 i.e. 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Again, slightly increased was in T10 composing of 34% cowdung, 33% poultry manure and 33% mustard oil cake which reached the pick showing the highest organic matter contents of 1.166% (1.135% during T. aman season of 2009). Organic matter contents at 60 DAT and post harvest soil followed similar pattern with slightly lower percent as those were observed at 30 DAT. Organic matter percent at 60 DAT was slightly lower than those recorded at 30 DAT and those recorded in post harvest soil were also slightly lower than those observed at 60 DAT. The highest organic matter content at 60 DAT and post harvest soils were 1.157, 1.148 and the lowest were 0.979 and 0.971% (the highest of 1.127 and 1.121 and the lowest of 0.948 and 0.940% were during T. aman season of 2009). The increments in organic matter contents might be due to the addition of organic amendments in soil. The results indicated that organic matter contents in soil slightly increased in 2010 than those were recorded in 2009. Ayeni et al. (2012) and Obi and Ebo (2012) also agreed with the present findings.

4.4.5.2 Total N

The application of different organic and inorganic fertilizers significantly influenced N content in the field of T. aman rice (Figure 4.4.4). The Figure 4.1.4 showed that the lowest total N content of 0.058% in the field of BRRI dhan28, at 30 days after transplanting (DAT) was recorded in control which was increased drastically in T1 i.e. 100% chemical fertilizer indicating the highest total N content of 0.101%, then slightly decreased in T2 (0.090%) containing 25% cowdung with 75% inorganic fertilizer and decreasing trend was continued in T3 (0.078%) having 50% cowdung with 50% chemical fertilizer. Slightly increased and decreased in total N contents in alternate way were observed in T4 i.e. 25% poultry manure with 75% inorganic fertilizer, T5 having 50% poultry manure with 50% inorganic fertilizer, T6 containing 25% mustard oil cake plus 75% chemical fertilizer, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T8 consisting of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer, T9 possessing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer and decreasing rate was continued in T10 (0.064%) i.e. 34% cowdung, 33% poultry manure, 33% mustard oil cake. At 60 DAT, total N contents followed the similar pattern but slightly lower total N concentrations than those were observed in control and T1 but slightly higher in other treatments consisting of organic manures and inorganic fertilizer. Same trend was also observed in post harvest soil i.e. slightly lower total N contents in control and T1 than those recorded at 60 DAT but total N contents in other treatments having organic manures integrated with chemical fertilizer recorded more or less the same amounts as those were recorded at 30 DAT. The highest total N contents at 60 DAT and post harvest soil were 0.097 and 0.094, while those of the lowest were 0.056 and 0.052%. The percent increase in total N contents in treatments having integration of organic and inorganic fertilizer recorded at 60 DAT were higher than those recorded at 30 DAT would be owing to the decomposition of organic manures added in soil. It was also observed that total N contents in soil increased in 2010 than those were recorded in 2009. This might be owing to continuous addition of organic manures in soil.  Ayeni et al. (2012) and Sunil et al. (2012) observed similar results.
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Figure 4.4.3 Soil organic matter content in the field of T. aman rice at different dates of transplanting during aman season of 2010 as affected by different treatments
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Figure 4.4.4 Total nitrogen (N) content in the field of T. aman rice at different dates of transplanting during aman season of 2010 as affected by different treatments

4.4.5.3 Available P

It revealed that all the treatments influenced significantly total N content in the field of T. aman rice at 30, 60 days after transplanting and post harvest as compared to the control treatment (Figure 4.1.5). At 30 DAT, the lowest P content of 30.55% (30.05% during 2009) was recorded in control which was drastically increased in T1 i.e. 100% chemical fertilizer, reaching the highest of 52.78% (52.38% during 2009) and then slightly decreased in T2 (47.54%) containing 25% cowdung with 75% inorganic fertilizer and decreasing rate was continued in T3 (41.05%) having 50% cowdung with 50% chemical fertilizer. Then slightly increased in T4 i.e. 25% poultry manure with 75% inorganic fertilizer. Slightly decreased and increased in available P contents were continued successively in T5 having 50% poultry manure with 50% inorganic fertilizer, T6 containing 25% mustard oil cake plus 75% chemical fertilizer, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T8 consisting of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer, T9 possessing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Decreasing rate of available P content was continued in T10 (36.57%) i.e. 34% cowdung, 33%poultry manure, 33% mustard oil cake. At 60 DAT, available P content followed the similar pattern as those were found at 30 DAT but slightly lower available P contents were observed in control and T1 and slightly higher in other treatments having organic manures combined with inorganic fertilizer. Same trend was also observed in post harvest soil i.e. slightly lower available P contents in control and treatment T1 than those were recorded at 60 DAT but more or less the same quantities of available P contents in other treatments than those were recorded at 30 DAT. The highest available P content in T1 was due to the addition of concentrated chemical fertilizer (TSP). The percent increase in available P content at 60 DAT in treatments integrated with organic and inorganic fertilizer were higher than those recorded in treatments found at 30 DAT would be owing to the decomposition of organic manures added in soil. At 60 DAT and post harvest soil the highest available P contents were 51.66 and 50.54, while those recorded in control were 29.49 and 28.42%. Similar results were cited by Ayeni et al (2012) and Sunil et al. (2012).

4.4.5.4 Exchangeable K

Data on exchangeable K content in the field of T. aman rice as affected by the different treatments are presented in Figure 4.1.6. The Figure 4.1.5 is showing the zig zag pattern of exchangeable K contents in the field of kataribhog. It indicated that the lowest exchangeable K was recorded in control (0.178 me/100 g soil) which was drastically increased in T1 (0.184 me 100-1 g soil) containing 100% chemical fertilizer. Then slightly decreased in T​2 (0.163 me/100 g soil) i.e. T2 containing 25% cowdung with 75% inorganic fertilizer and decreasing rate was continued in T3 (0.149 me/100 g soil) having 50% cowdung with 50% chemical fertilizer. Then slight increased in T4 i.e. 25% poultry manure with 75% inorganic fertilizer. Slight decrease and increase in exchangeable K contents were continued in T5 having 50% poultry manure with 50% inorganic fertilizer, T6 containing 25% mustard oil cake plus 75% chemical fertilizer, T7 that contains 50% mustard oil cake with 50% inorganic fertilizer, T8 consisting of 25% cowdung, poultry manure and mustard oil cake with 75% chemical fertilizer, T9 possessing 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer. Decreasing rate of exchangeable K was continued in T10 (0.145 me/100 g soil) i.e. 34% cowdung, 33%poultry manure, 33% mustard oil cake. At 60 days after transplanting exchangeable K contents followed with slightly lower amounts the similar trend as those were found at 30 days after transplanting i.e. exchangeable K contents at 60 days after transplanting were slightly lower than those recorded at 30 days after transplanting. Again exchangeable K in post harvest soils was slightly lower than those were observed at 60 days after transplanting. The highest exchangeable K contents of 0.179 and 0.171, while the lowest of 0.122 and 0.117 me /100g soil were recorded at 60 days after transplanting and post harvest soils. The highest exchangeable K content in treatment T1 might be caused due to the application of concentrated chemical fertilizer (MoP). Ayeni et al. (2012) and Sunil et al. (2012) cited similar reports.

4.4.5.5 Available S

Different combinations of organic and inorganic fertilizer significantly increased S status of soil. The Figure 4.1.7 is showing up and down pattern of available S contents at 30 and 60 days after transplanting and post harvest soils. It indicated that the lowest available S content of 15.27 mg kg-1 was in control which was tremendously increased in T1 i.e. 100% chemical fertilizer which was reached the pick showing the highest exchangeable K content of 19.66 mg kg-1. Then slightly decreased in T2 (18.60 mg kg-1) containing 25% cowdung plus 75% inorganic fertilizer and decreasing trend continued in T3 (17.51 mg kg-1) that contains 50% cowdung plus 50% chemical fertilizer and slightly increased in T4 having 25% poultry manure with 75% inorganic fertilizer. Slight decrease and increase in available S contents were successively followed in T5 possessing 50% poultry manure with 50% chemical fertilizer, T6 i.e. 25% mustard oil cake with 75% inorganic fertilizer, T7 containing 50% mustard oil cake with 50% chemical fertilizer, T8 i.e. 25% cowdung, poultry manure and mustard oil cake with 75% inorganic fertilizer, T9 having 50% cowdung, poultry manure and mustard oil cake with 50% chemical fertilizer and decreasing trend of available S was continued in T10 (16.46 mg kg-1) i.e. 34% cowdung, 33% poultry manure and 33% mustard oil cake. At 60 days after transplanting available S contents were slightly lower than those recorded at 30 days after transplanting were in control and treatment T1 but slightly higher than those were found in other treatments consisting of organic manures and chemical fertilizer. In post harvest soils available S contents were lower in control and T1 than those were recorded at 60 days after transplanting but other treatments contain about the same quantities as those were found at 30 days after transplanting. At 60 days after transplanting and post harvest soils the highest available S contents were 19.36 and 19.12, while the lowest were 15.21 and 14.84 mg kg-1. The highest available S contents recorded in T1 would be due to the addition of gymsum. Shahiduzzman (1997) agreed with these results.
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Figure 4.4.5 Available phosphorous (P) content in the field of T. aman rice at different dates of transplanting during aman season of 2010 as affected by different treatments
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Figure 4.4.6 Exchangeable potassium (K) content in the field of T. aman rice at different dates of transplanting during aman season of 2010 as affected by different treatments 
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Figure 4.4.7 Available sulphur (S) content in the field of T. aman rice at different dates of transplanting during aman season of 2010 as affected by different treatments
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