


Elemental Status upon continuous application of fly ash in conjunction with NPK fertilizers and FYM of rice (Oryza Sativa)

Abstract

A field experiment was conducted in the year 2023 and 2024 during the Kharif seasons at the Regional Research and Technology Transfer Station (RRTTS), Odisha University of Agriculture (OUAT), Bhubaneswar, Odisha to study the effect of cumulative application of fly ash (FA) in conjunction with other chemical fertilizers (CF) and farm yard manure (FYM) on the elemental status of rice (Oryza Sativa) cv. ‘Pooja’. It was observed that the macronutrient N in 2023 varied from 1.34% to 1.54% and decreased in 2024 from 1.23% to 1.41%. P varied from 0.26% to 0.35% in 2023 and from 0.26 to 0.36% in 2024 where as K content varied from 0.49% to 0.56% in 2023 and from 0.50% to 0.61% in 2024. In 2023, the micronutrient Fe varied from 70.11 ppm to 71.00 ppm and from 68.15 ppm to 72.13 ppm in 2024. Except the treatments receiving 50% RD and 40t FA/ ha and with FYM, Fe content recorded a decrease in the year 2024. In case of Mn, it varied from 51.12 ppm to 54.02 ppm in 2023 and from 53.13 ppm to 55.70 ppm in 2024. Except the treatments receiving RD + 40t FA/ ha, 50 % RD + 20t FA/ ha and with FYM, all the treatments showed a decreasing trend in the succeeding year. Zn varied from 33.71 ppm to 35.89 ppm in 2023 and from 34.01 ppm to 36.18 ppm in 2024. It increased in all the treatments in 2024 except the dose receiving 40t FA/ ha. 
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Introduction 
[bookmark: bBIB12][bookmark: bBIB8][bookmark: bBIB11][bookmark: _GoBack][bookmark: bBIB2][bookmark: bBIB1][bookmark: bBIB9]In intensive cropping, continuous use of high levels of CF often leads to nutritional imbalance in soil and decline in crop productivity (Nambiar, 1994). The problem is more acute in acid lateritic soils because these are characteristically low in organic matter content (Mahapatra et al., 1985) and deficient in available N, P, K, Ca and Mg as well as some micronutrients. Fundamental chemical properties such as cation exchange capacity and pH buffer capacity in acid soils are largely governed by the organic matter content (Moody et al., 1997). When soils with low organic matter, cation exchange and buffer capacity are under continuous cultivation, organic matter declines quite rapidly followed by extensive leaching of basic cations and rapid development of acidity. Growing of crops with CF alone cannot mitigate the loss of C, N and P while combined application of organic manure and CF was effective in this respect (Agbenin and Goladi, 1997). High availability of Fe, Al and Mn, and deficiency of available plant nutrients in such soils can be overcome by liming and chemical fertilization. Both inputs are costly. FA is an obnoxious waste material generated from coal based industries. Its management is a challenge for the scientists round the globe. The FA contains essential macronutrients including P, K, Ca, Mg and S and micronutrients Fe, Mn, Zn, Cu, Co, B and Mo. Recycling of alkaline FA can be considered for pH adjustment and partial nutrient supplementation (Adriano et al., 1980; McCarty et al., 1994). Some FA are rich in heavy metals such as Cd and Ni (Adriano et al., 1980). Therefore, it is imperative to study the effect of cumulative application of FA, CF and FYM on nutrient uptake in plants.
Materials and Methods
Rice variety cv. Pooja was grown in 2023 and 2024 in the Regional Research and Technology Transfer Station (RRTTS), OUAT, Bhubaneswar, India taking nine numbers of different treatments in 5m × 3m plots replicated thrice in a randomized block design. Both of those were given nine treatments consisting of various doses of FA, nitrogen, phosphorous, potassium (NPK) fertilizer and FYM with only NPK serving as the control as per Pradhan, 2002. The treatments were: (1) RD of 80 – 40 – 40 kg N – P – K /ha (2) 20 t FA/ha (3) 40 t FA/ha (4) RD + 20 t FA/ha (5)  RD + 40 t FA/ha (6) 50 % RD + 20 t FA/ha (7) 50 % RD+  20 t FA/ha (8) 50 % RD + 20 t FA/ha + 10 t FYM/ha (9) 50 % RD + 40 t FA/ha + 10 t FYM/ha. The RD with neither FA nor FYM served as the control. The averages of the data are taken as the results. 20 days old seedlings of the variety were transplanted.
A suitable amount of grain was pre-digested with 10 mL. concentrated nitric acid for 6 hours following digestion with 5 mL. di-acid mixture (HNO3: HClO4 – 3:2). After filtration with Whatman No.42 filter paper, the volume was made up to 100 mL. with double distilled water. Suitable amount of aliquot was taken for determination of P, K, Fe, Mn and Zn. Total nitrogen in grain was determined by the auto analyzer (KEL Plus).
The FA was obtained from the ICCL Power Plant, Chowdwar, Cuttack, India. The soil was acidic silty loam and the FA was alkaline. The doses were calculated to maintain a suitable pH nearly about 6.5. 

Results and Discussion
The properties of FA and the experimental soil has been given in Table 1 and 2 respectively. 
The direct and cumulative effect of the application of nutrients have been shown in Table-3 and the macro nutrients and micro nutrients have been shown in Fig 1 and 2 respectively. In the figure each two consecutive lines represent the values in 2023 and 2024 respectively.
Macro Nutrients
Nitrogen (2023)
	Nitrogen content of the grains varied from the lowest of 1.34% in T2 receiving  20t FA /ha to the highest of 1.54% in T9 receiving 50% RD of NPK fertilizer integrated with 40tFA /ha and FYM. With 20 and 40 t FA/ha, there was a fall by 5.63% and 2.11% respectively over control. This is because FA contains very less amount of N as most of it is oxidized into gaseous constituents and lost during combustion of coal (Pandey et al, 2010). But when 100% RD of NPK fertilizer was integrated with FA, on an average there was an increase by 8.05% over FA and by 3.87% over control. It might be due to the more supply of N through NPK. However, when the dose of fertilizer was reduced, there was a decrease by 3.05% over integrated use of full dose of fertilizer and FA but recorded an increase by 0.70% over control. This proved t/hat the reduction in the dose of fertilizer had been compensated by the integrated use of 50% NPK fertilizer and FA. Application of FYM recorded an increase by 7.34% over the treatments receiving same dose of nutrients through fertilizers only and 8.09% over control. T9 recorded a significant increase over control which indicated t/hat the reduction in the dose of fertilizer had been counter balanced by the synergistic effect of FYM and FA at the higher dose. It might be due to less loss of N from soil through different means in FYM treated plots (Pradhan, 2002). The N content of rice increased significantly when FA was integrated with 50% RD of NPK and FYM over control (Pradhan 2002 and Das et al 2013). On an average, treatments receiving 40t FA /ha registered an increase of N content by 2.97% over 20 t/ha 
Nitrogen (2024)
	Nitrogen content of the grains varied from the lowest of 1.23% in T2 receiving  20t FA /ha to the highest of 1.41% in T9 receiving 50% RD of NPK fertilizer blended with 40t FA /ha  and 10t FYM /ha. With the application of 20t and 40t FA /ha, there was a fall by 8.20% and 4.47% respectively over control. But when 100% RD of NPK fertilizer was integrated with FA, there was an increase by 10.75% over FA and by 3.73% over 100% NPK (control). It might be due to the availability of more N from soil under integration. When the dose of fertilizer was reduced to 50%, the N content of the grains dropped by 1.07% but it was 10.29% more than control. Thus the reduction in the dose of fertilizer had been counter balanced by the integrated use of fertilizer and FA. With FYM integration, there was an increase by 1.09% over its exclusion and 3.73% over control. T9 recorded a significant increase over control which indicated t/hat the reduction in the dose of fertilizer had been counter balanced by the combined effect of FYM and FA at the higher dose. It might be due to the use of alkaline FA in combination of FYM that accelerated the mineralization of organic matter in acid soil and released more N from soil for plant uptake resulting in more N in grains (Moreno et al, 2005). All the treatments including control registered significantly higher values over the lowest value. On an average, treatments receiving FA in higher dose registered an increase in N content of grains by 1.67% over its lower dose. In 2024, the contents were less in all the treatments than those of the 2023. This indicated that the cumulative addition of the nutrients had no effect on the N content in grains.
Phosphorous (2023)
	Phosphorous content of the grains varied between the lowest of 0.26% in T2 receiving  20t FA/ha and the highest of 0.35% in T9 receiving 50% RD of NPK fertilizer integrated with  40t FA/ha and FYM. With 20 and 40t FA/ha, there was a fall by 16.12% and 12.90% respectively over control. But when 100% RD of NPK fertilizer was integrated with FA, there was an increase by 11.32% over FA but a fall by 4.83% over 100% RD of NPK (control). With half the RD of NPK integrated with FA, a fall by 5.08% in P was registered. FA in higher dose was at par with 50% RD of NPK combined with FA in lower dose. This indicated that the reduction in the dose of FA had been counter balanced by the combined application of both. Application of FYM, on an average increased the P content by 16.94% over its exclusion and 11.29% over control. It might be due to the combined effect of FA with fertilizer and also with FYM which augmented the release of native P because of increased pH of acid soil by the application of alkaline FA.  Except T3 and T6, all other treatments registered a significant increase over the lowest value. The highest content of P in rice grains in treatments receiving 100% RD of fertilizer integrated with FYM and FA was reported (Despande et al. 2010). On an average, treatments receiving FA in higher dose registered an increase in P content by 3.38% over its lower dose. 
Phosphorous (2024)
	Phosphorous content of the grains varied from the lowest of 0.26% in T2 receiving  20t FA /ha to the highest of 0.36% in T9 receiving 50% RD of NPK fertilizer integrated with  40t FA /ha and FYM. With the application of FA at either dose, there was a fall by 18.75% and 9.37% respectively over 100% NPK (control). But when 100% RD of NPK fertilizer was integrated with FA, on an average there was an increase by 16.36% over FA but was at par with 100% RD of NPK. This proved that the integration of FA and fertilizer had no effect on the P content of grains over full dose of lone fertilizer. With the reduction in the dose of NPK fertilizer to 50%, a fall by 9.37% was registered. With the inclusion of FYM, there was an increase by 22.41% over the treatments receiving same dose of nutrients but no FYM and 10.93% over control. More absorption of P by rice in these treatments might be due to the increase in apparent recovery percentage of applied P due to integration of FA and FYM (Rani et al. 2010) Except T6, all other treatments registered a significant increase over the lowest value. The highest content of P in rice grains was recorded in treatments receiving 100% RD of fertilizer along with FYM and FA (Das et al 2013). On an average, the treatments receiving 40t FA/ha registered an increase in P content by 6.67% over 20t/ha. In general, except T2, the P content was more in all the treatments in 2024 than those of the 2023. It may be due to the cumulative positive effect of the different treatments of P accumulation and availability. Matsi et al. (1999) reported significant increase in the P content of Ryegrass (Loliumperenne L.) by the cumulative application of alkaline FA in acid soil.








Fig. 1: Effect on macronutrients (N, P and K)



Fig. 2: Effect on micronutrients (Fe, Mn and Zn)

Potassium (2023)
Potassium content varied from the lowest of 0.49% in T2 receiving  20t FA/ha to the highest  of 0.56% in T9 receiving 50% RD of NPK fertilizer integrated with  40t FA/ha and FYM. With  20 and 40t FA/ha, there was a fall by 9.26% and 5.55% respectively as compared to 100% RD of NPK (control). It was due to the interaction among K, Ca and Mg in the root-soil solution interface and within the plant system which reduced the K uptake by plants (Jala et al, 2006). But when 100% recommended dose of NPK fertilizer was integrated with FA, there was an increase by 7.0% over FA but a fall by 0.92% over control. However, when the dose of fertilizer was reduced, a decrease by 3.05% was registered. Imposition of FYM, on an average resulted in an increase by 5.77% over the treatments receiving same dose of nutrients excluding FYM and 1.85% over control. Highest values of P in rice grains in treatments receiving FA in combination with FYM and fertilizer was reported (Das et al 2013 and Prabhakar et al 2010). It might be due to the improvement in physical properties of soil which helped in the translocation of K from soil to the grains (Pradhan, 2002). On an average, treatments receiving 40t FA/ ha registered an increase of K content in grains by 3.38% over its lower dose.
Potassium (2024)
	Potassium content varied from the lowest of 0.50% in T2 receiving  20t FA/ ha to the highest of 0.61% in T9 receiving 50% RD of NPK fertilizer integrated with  40t FA/ ha  and FYM. With 20 and 40t FA/ha, there was a fall by 12.28% and 7.01% respectively over control. It might be due to the less availability of K through FA. With the integration of 100% RD of NPK fertilizer and FA, on an average, there was an increase by 9.70% over FA but a fall by 0.87% than control receiving 100% NPK. However, when the dose of fertilizer was reduced, there was a fall by 2.65%. Imposition of FYM resulted in an increase by 10.0% over its exclusion and 6.14% over control. The increase in K content may be due to the more availability and absorption of more K from the combination of FA and FYM sources. Das et al also reported highest values of K in rice grains in the plots receiving FA in combination with FYM and fertilizer. On an average, treatments receiving 40t FA/ha registered an increase in K content by 4.11% over 20t/ha. All the treatments receiving FA in lower dose registered higher value than that of the crop grown in 2023 which might be due to the cumulative application of different nutrients. 
Micro Nutrients
Iron (2023)
	Iron content of the grains varied from the lowest of 70.11ppm in T1 receiving 100% RD of NPK to the highest of 72.00ppm in T3 receiving  40t FA/ha. Application of 20t FA/ ha and 40t FA/ ha registered an increase by 1.45% and 0.94% respectively over control. But it recorded a decrease by 0.88% over FA when 100% RD of NPK fertilizer was integrated with FA. It further decreased by 0.16% when the dose of fertilizer was reduced to 50% and the fall was continued insignificantly by 0.35% with inclusion of FYM. It might be due to the increase in pH of soil which helped in the chelating of Fe with the organic matter of FYM in presence of FA and hence the decreased availability to the grains. Treatments receiving FYM, on an average recorded an insignificant increase by 0.64% over 100% RD of NPK (control). This proved that the reduction in the dose of NPK fertilizer to 50% had been counter balanced by the integrated use of FA in presence of FYM. On an average, treatments receiving 40t FA/ ha registered an increase in Fe content of rice by 1.20% over 20t/ha. An increase in the Fe content of rice grains with increase in the dose of FA was reported by Despande et al (2010). Fe content of wheat grain increased significantly from 88.70 ppm in without FYM to 101.10 ppm in FYM treated plots was reported by Goswami et al (1986). Treatments receiving 40t FA/ ha recorded significant increase over control. 
Iron (2024)
	Iron content of the grains varied from the lowest of 68.15ppm in T1 (control) receiving 100% RD of NPK fertilizer to the highest of 72.13 ppm in T3 receiving 40t FA/ ha. With 20and 40t FA/ha, an increase by 2.89% and 5.84% respectively over control was registered. On an average, with FA, an increase by 4.36% over control was recorded. It might be due to more supply of Fe through FA. When 100% RD of NPK fertilizer was integrated with FA, a decrease by 0.53% over lone FA but an increase by 3.82% over control was recorded. It further decreased by 0.44% when the dose of fertilizer was reduced and the fall was continued by 0.40% when FYM was imposed over its exclusion. But FYM treated plots recorded an increase by 3.58% over control. It might be due to the improved soil reaction due to the addition of alkaline FA to the acid soil and supply of substrates and nutrients through organic matter which would have stimulated microbial activity leading to the higher Fe release and hence more availability to rice (Sarangi et al. 1997). This proved that the reduction in the dose of NPK fertilizer had been counter balanced by the positive effect of FA in presence of FYM. On an average, treatments receiving 40t FA/ ha registered an increase of Fe content by 1.98% over its lower dose. Das et al (2013) reported an increase in the Fe content of rice grains with the increase in the dose of FA. All the treatments recorded significant increase in Fe content over control. Treatments receiving FA in higher dose registered higher values than those of the corresponding treatments in 2023 which might be attributed to the more supply of Fe through FA due to the cumulative addition. 
Manganese (2023)
	Manganese content varied between the lowest of 51.12 ppm in T1 (control) receiving 100% RD of NPK fertilizer and the highest of 54.02 ppm in T9 receiving 50% RD of fertilizer along with 40t FA/ ha and 10t FYM/ha. With the application of 20and 40t FA/ha, an increase by 2.13% and 2.30% respectively over control was registered. When FA was blended with 100% RD of fertilizer, it further recorded an increase by 2.13% over FA and a significant increase by 4.40% over control. But when the dose of fertilizer was reduced to 50%, there was a fall by 0.34%. However, when FYM was included, it registered a significant increase by 1.52% over the treatments receiving no FYM and 5.62% over control. This might be due to the favourable effect of adding FYM as a good source of plant nutrients since FYM acts as a natural source of soil conditioner which improved the soil properties and consequently soil productivity Ghodrati et al (1995). Das et al (2013) reported increase in Mn content of rice with the increase in the quantity of FA and also when FYM was included in the treatments. Ghamry et al (2009) reported Mn content of wheat grain increased significantly from 37.93 ppm in without FYM to 45.08 ppm in FYM treated plots. On an average, treatments receiving 40t FA/ ha registered an increase in Mn content in rice by 5.62% over 20t/ha. All the treatments registered significant increase over control.   
Manganese (2024) 
	Manganese content in the grains varied from the minimum of 53.13 ppm in T1 receiving 100% RD of NPK fertilizer to the maximum of 55.70 ppm in T7 receiving 50% RD of fertilizer integrated with 40t FA/ ha. Application of 20 and 40t FA/ha registered an increase by 3.35% and 4.16% respectively over control. When FA was blended with 100% RD of fertilizer, on an average, it recorded a fall by 1.78% over FA but an increase by 1.90% over control. When the dose of fertilizer was reduced to 50%, a further increase by 1.64% was registered but had comparable values with FA. However, when FYM was included, it registered a decrease by 1.97% over its exclusion but registered an increase by 1.53% over control. Das et al (2013) reported increase in Mn content of rice with the increase in the quantity of FA and also when FYM was included in the treatments. On an average, treatments receiving FA in higher dose registered an increase in Mn content by 2.13% over its lower dose. All the treatments registered significant increase over control. Except T8 all other treatments registered higher values than those of the values in 2023. 
Zinc (2023)
	Zinc content of the grains varied from the lowest of 33.71 ppm in T1 receiving 100% RD of NPK fertilizer (control) to the highest of 35.89 ppm in T5 receiving 50% RD of NPK fertilizer integrated with 20t FA/ha. 20 and 40t FA/ha registered an increase by 2.34% and 3.82% respectively over control. When FA was blended with 100% RD of fertilizer, it further recorded an increase by 2.15% over FA and a significant increase by 5.32% over control. It might be due to the addition of Zn through FA. But, when the dose of fertilizer was reduced to 50%, a fall by 1.33% was recorded which might be due to the reduced absorption from soil. However, when FYM was incorporated there was an increase by 0.17% over the treatments receiving no FYM and 4.09% over control. This proved that the reduction in the dose of NPK fertilizer had been counter balanced by the combined effect of FA in presence of FYM. Increase in Zn content of rice with the increase in the quantity of FA was reported by Das et al (2013). Except T2 receiving FA @ 20tha-1, all other treatments recorded a significant increase in Zn content over control. On an average, treatments receiving 40t FA/ha registered an increase in Zn content by 4.09% over 20t FA/ha. 
Zinc (2024)
	Zinc content in the grains varied from the lowest of 34.01ppm in T1 (control) receiving 100% RD of NPK fertilizer to the highest of 36.18ppm in T7 receiving 50% RD of NPK fertilizer integrated with 40t FA/ha. With the application of 20 and 40t FA/ha, there was an increase by 3.20% and 6.29% respectively over control. When FA was blended with 100% RD of fertilizer, on an average, it further recorded an increase by 0.14% over lone FA and 4.89% over control. It might be attributed to the better soil health due to the combined effect of FA and fertilizer. But when the dose of fertilizer was reduced to 50%, there was a fall by 0.08%. When FYM was incorporated, a further decrease by 0.29% over its exclusion but 4.70% increase over control was registered. This proved that the reduction in the dose of NPK fertilizer had been counter balanced by the combined effect of FA in presence of FYM. Das et al (2013) reported an increase in Zn content of rice grain with the increase in the dose of FA. Rautray et al (2003) reported the highest amount of Zn in rice in FYM treatments integrated with FA and CF. All the treatments recorded a significant increase over control. On an average, the treatments receiving 40t FA/ha registered an increase of Zn content by 0.09% over its lower dose. All the treatments registered higher values of Zn than those in 2023 which might be due to the more availability by the cumulative application of the nutrients. 
Conclusion 
	The following conclusions were drawn from the study
· Since FA contains very trace amount of N, in all the treatments it decreased due to the cumulative addition of nutrients.
· P content in grains increased due to the cumulative addition of nutrients
· K content in grains increased due to the cumulative addition of nutrients in all the treatments
· Except T7 and T9 all the treatments recorded a decrease in the value of Fe content.
· Except T5, T6 and T8, all other treatments recorded an increase of Mn content due to the cumulative addition of nutrients.
· In all the treatments Zn increased over the preceeding year.
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Table-1 Properties of Fly ash
Properties of Fly ash
A 	Physical Properties
1. Bulk Density (Mgm-3)					          		0.847
1. Water Holding Capacity (%) 				          		89.6
1. Porosity (%)						        		41.0
B 	Chemical Properties
1. pH (1 : 2)						     			7.30
2. EC (dSm-1)						          		0.73
3. O.C (%)						          			0.30
4. N (mgkg-1)		(Alkaline KMnO4)			          	5.0
5. P (mgkg-1)		(Olsen’s method)		          		30.0
6. K (mgkg-1)		(NH4OAc extractable)	          			180.0
7. Ca (mgkg-1)		(NH4OAc extractable)	          			900.0
8. S (mgkg-1)		(CaCl2 extractable)		          		180.3
9. Fe (mgkg-1)		(DTPA Extractable)		          		9.46
10. Mn (mgkg-1)		(DTPA Extractable)		          		0.80
11. Zn (mgkg-1)		(DTPA Extractable)		           		9.46
12. Cu (mgkg-1)		(DTPA Extractable)		           		2.16
13. Ni (mgkg-1)		(DTPA Extractable)		           		1.98
14. B (mgkg-1)		(Hot water soluble)		           		0.90 
15. Cd (mgkg-1)		(DTPA Extractable)		           		0.25


Table-2 Properties of the experimental Soil
Properties of the experimental Soil
A	Physical Properties
1.	Bulk Density	(Mgm-3)							1.42
2.	Water Holding Capacity (%)				          			34.11
1. Porosity (%)								`	39.0
1. CEC [cmol(P+)kg-1]								8.65 
1. Sand (%)									54.0
1. Silt (%)									29.4
1. Clay (%)									16.6
1. Texture							             Silty Loam
B	Chemical Properties 
9.	pH (1: 2)									5.32 
1. EC (dSm-1)									0.31
1. O.C (gkg-1)									5.30
Macronutrients
1. Available N (kgha-1)						          		370.0
1. Available P (kgha-1)								19.6
1. Available K (kgha-1)						          		166.8
1. Ca 										5.05
1. S (mgkg-1)									6.52
Micronutrients
1. Fe (mgkg-1)									71.0
1. Mn (mgkg-1)									30.6
1. Zn (mgkg-1)									0.80
1. Cu (mgkg-1)									0.54
1. Ni (mgkg-1)									0.86 
1. B (mgkg-1)									0.72
Heavy Metal
1. Cd (mgkg-1)							          		0.008




Table-3: Direct and cumulative effect on elements in grains of cv. Pooja
	Tr. 
No
	N
(%)
	P
(%)
	K
(%)
	Fe
(ppm)
	Mn
(ppm)
	Zn
(ppm)

	
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024

	T1
	1.42
	1.34
	0.31
	0.32
	0.54
	0.57
	70.11
	68.15
	51.12
	53.13
	33.71
	34.01

	T2
	1.34
	1.23
	0.26
	0.26
	0.49
	0.50
	71.13
	70.12
	52.21
	54.91
	34.51
	35.10

	T3
	1.39
	1.28
	0.27
	0.29
	0.51
	0.53
	72.00
	72.13
	52.30
	55.34
	35.00
	36.15

	T4
	1.43
	1.38
	0.29
	0.31
	0.53
	0.55
	70.50
	70.18
	53.02
	53.15
	35.12
	35.18

	T5
	1.52
	1.40
	0.30
	0.33
	0.54
	0.58
	71.37
	71.34
	53.72
	55.13
	35.89
	36.17

	T6
	1.42
	1.37
	0.27
	0.28
	0.51
	0.54
	70.31
	70.06
	52.93
	54.36
	34.95
	35.11

	T7
	1.44
	1.38
	0.29
	0.30
	0.53
	0.56
	71.32
	71.69
	53.44
	55.70
	35.11
	36.18

	T8
	1.53
	1.40
	0.34
	0.35
	0.54
	0.60
	70.24
	70.21
	53.97
	53.51
	35.09
	35.10

	T9
	1.54
	1.41
	0.35
	0.36
	0.56
	0.61
	70.89
	70.97
	54.02
	54.38
	35.10
	36.12

	SE
(±m)
	0.05
	0.05
	0.01
	0.01
	0.02
	0.02
	0.91
	0.19
	0.18
	0.14
	0.34
	0.09

	CD
(0.05)
	0.12
	0.11
	0.03
	0.03
	0.05
	0.06
	1.86
	0.59
	0.52
	0.41
	1.03
	0.26


T1: Recommended Dose (RD) (80 – 40 – 40) kgha-1 N, P2O5, K2O	 T2:20 tha-1 FA T3: 40 tha-1FA  T4:RD + 20 tha-1 FA T5: RD + 40 tha-1 FA	T6: 50 % RD + 20 tha-1 FA   T7:  50 % RD + 40 tha-1 FA  T8: 50 % RD + 20 tha-1 FA+ 10 tha-1 FYM	T9: 50 % RD + 40 tha-1 FA+ 10 tha-1 FYM


T1	T2	T3	T4	T5	T6	T7	T8	T9	70.11	71.13	72	70.5	71.36999999999999	70.31	71.319999999999993	70.239999999999995	70.89	T1	T2	T3	T4	T5	T6	T7	T8	T9	68.149999999999991	70.11999999999999	72.13	70.179999999999978	71.34	70.06	71.69	70.209999999999994	70.97	T1	T2	T3	T4	T5	T6	T7	T8	T9	51.120000000000012	52.21	52.3	53.02	53.720000000000013	52.93	53.44	53.97	54.02	T1	T2	T3	T4	T5	T6	T7	T8	T9	53.13	54.91	55.339999999999996	53.15	55.13	54.36	55.7	53.51	54.379999999999995	T1	T2	T3	T4	T5	T6	T7	T8	T9	33.71	34.51	35	35.120000000000012	35.89	34.949999999999996	35.11	35.090000000000003	35.1	T1	T2	T3	T4	T5	T6	T7	T8	T9	34.01	35.1	36.15	35.18	36.17	35.11	36.18	35.1	36.120000000000012	T1	T2	T3	T4	T5	T6	T7	T8	T9	1.42	1.34	1.3900000000000001	1.43	1.52	1.42	1.44	1.53	1.54	T1	T2	T3	T4	T5	T6	T7	T8	T9	1.34	1.23	1.28	1.3800000000000001	1.4	1.37	1.3800000000000001	1.4	1.41	T1	T2	T3	T4	T5	T6	T7	T8	T9	0.31000000000000083	0.26	0.27	0.29000000000000031	0.30000000000000032	0.27	0.29000000000000031	0.34000000000000047	0.35000000000000031	T1	T2	T3	T4	T5	T6	T7	T8	T9	0.32000000000000095	0.26	0.29000000000000031	0.31000000000000083	0.33000000000000107	0.28000000000000008	0.30000000000000032	0.35000000000000031	0.36000000000000032	T1	T2	T3	T4	T5	T6	T7	T8	T9	0.54	0.49000000000000032	0.51	0.53	0.54	0.51	0.53	0.54	0.56000000000000005	T1	T2	T3	T4	T5	T6	T7	T8	T9	0.56999999999999995	0.5	0.53	0.55000000000000004	0.58000000000000052	0.54	0.56000000000000005	0.60000000000000064	0.61000000000000065	


