


Corn cob biochar enhances germination, seedling vigor, and yield of wheat varieties

ABSTRACT
The present investigation was conducted during Rabi season 2019-20 in glass house and laboratory of College of Forestry, Ranichauri, V. C. S. G. Uttarakhand University of Horticulture and Forestry, Bharsar, Pauri Garhwal, Uttarakhand. The experiments were conducted with twelve treatments on different varieties of two crops i.e three varieties of wheat (VL-829, HD-2967, HD-3086) each. Four doses of corn cob biochar (control, 10 t/ha, 20 t/ha and 30 t/ha) were administered under the study and three experiments (viz. i. Soil less petri-dish bioassay, ii. Experiment in germination trays iii. Pot experiment) were laid in two factorial Completely Randomized Design. 
A preliminary investigation under the soil-less petri dish bioassay revealed that wheat variety **HD-3086 (V3) exhibited the highest germination (97.93%) and speed of germination (86.80%), indicating its superior early growth potential. The varieties V1 and V2 recorded higher Vigour Index I and II, respectively. In the second experiment conducted in soil and biochar mixtures, significant improvements were observed under B1 (10 t/ha biochar) treatment, where germination percentage, root length (2.21 cm), shoot length (5.35 cm), seedling length (7.63 cm), fresh weight (1.61 g), dry weight (0.34 g), seedling vigour index I (686.63), and II (32.26) were all enhanced. Among the varieties, V3 showed higher germination percentage, root–shoot ratio, and vigour index II, whereas V1 (VL-829) recorded the highest root, shoot, and seedling lengths along with vigour index I. The seedling fresh and dry weights were significantly higher in V2 (HD-2967). In the pot experiment, V2 showed the maximum number of leaves at 90 DAS, highest uptake of nitrogen and phosphorus in grains, and maximum grain yield. Overall, wheat variety HD-3086 responded more favorably to corn cob biochar for germination and seedling growth, while HD-2967 gave the highest yield. The 10 t/ha biochar dose was found most effective for wheat growth and productivity.
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INTRODUCTION
Sixteen percent of the total geographical area in the state of Uttarakhand i.e. 0.8 million hectares comes under cultivation, out of which more than 55% comes under rainfed farming (ICAR. 2007). Most of the geographical area of Uttarakhand comes under hilly region while some falls under Tarai region, where wheat are grown as major rabi crops. Wheat are dietary basis of humans and animals globally. These crops are also important in terms of global food security (Giraldo et al., 2019).
Wheat (Triticum aestivum L.) belongs to the Poaceae family and possess 2n = 6x = 42 number of chromosomes. It is a self-pollinated crop. Because of wheats’ agronomic adaptability, storage of wheat grain is easy and is also easy to convert grain into flour for production of many different food products (Curtis, 2019). It is used as a staple food worldwide and is the most important food to the major civilizations of North Africa, West Asia and Europe. It is also known as king of cereals and can be grown in diversified environments 
An important factor for better establishment and yield of wheat is germination and early growth of seedling. Improvement in germination is essential for higher growth and yield. Germination is the emergence of radical from the seed coat (Bentsink and Koorneef 2008). The growth of root and shoot from seeds results in the establishment of seedlings. Seed germination is an important parameter for growth of plant and yield production. It consists of intricate phenomenon of many biochemical and physiological changes to promote the activation of embryo (Parihar et al., 2014). Seed germination depends broadly on two factors: external factors (moisture, temperature, oxygen, and light) and internal factors (vitality, viability and dormancy). Different kinds of plants or crops require different variables of these factors for successful germination of seed. In order to improve the seed germination, growth and yield in plants without negatively affecting the quality of soil, biochar application can play a major role. Seed treatment with biochar has probable to conquer the moisture, nutrients, and hormonal constraint on germination and early growth (Solaiman et al. 2012).
Biochar (agrichar, ecochar, charcoal) refers to carbon-rich materials which is produced by pyrolysis technique (heating with very limited amount of oxygen or without oxygen) from plant residue and animal residue like plant leaf, crop straw, bark, wheat and rice husk, corn residue and corn cob etc (Lehmann and Joseph, 2009). During pyrolysis process flammable gases, heat and liquids are produced and then obtained a solid residue called as biochar. Biochar can be used as soil amendment (Lehmann and Joseph, 2009). The term biochar was formerly known as Charcoal it has been used in association with production of charcoal (Demirbas, 2004., Lehmann and Joseph, 2009) and these are often considered the same thing (Lehmann and Joseph,2009). Biochar can be added to the soils as a means to sequester carbon (Krull et al., 2003; Lehmann et al., 2006; Nguyen and Lehmann, 2009) and to improve or maintain physical and chemical properties of soil functions and crop yield (Singh et al., 2010). It has been reported to take positive effects on soil properties and can also have a negative response in soil and plant material (Deluca et al., 2009). It is recognized as an organic fertilizer and activated carbon soil conditioner and one of the soil amendment materials. According to some studies the use of biochar in agricultural systems has been reported as a modification to increase soil properties and increase productivity (Jeffery et al., 2011). 
Considering many studies, it seems that biochar has the potential to increase seed germination, early growth of seedlings, plant growth, crop production and nutrient uptake by plant and grain. It also shows that biochar can increase soil properties and nutrients, while some biochar can have negative effects on seed germination and plant growth. But there are lake of studied about the corn cob biochar on germination and early growth of seedlings and yield of crop. 
MATERIALS AND METHODS
A preliminary germination experiment was conducted in soil less petri dish bioassay with corn cob biochar for wheat and barley varieties in the laboratory of soil science, College of Forestry,Ranichauri. 
Soil used for the pot experiments and experiment conducted in germination trays for assessment of seedling growth was loamy in texture. Soil samples were analyzed for soil pH, soil organic carbon percent (SOC%) moderate levels of available nitrogen (N), available Phosphorus (P), available Potassium (K). Wheat variety VL- 829, HD-2967, HD-3086 were used in different experiments in this study. Four doses of corn cob biochar (control, 10 t/ha, 20 t/ha and 30 t/ha) were administered under the study and three experiments (viz. i. Soil less petri-dish bioassay, ii. Experiment in germination trays iii. Pot experiment) were laid in two factorial Completely Randomized Design. 
Different treatments for wheat crop VL-829 (Control for VL-829), VL-829 + Biochar @ 10 tons per hectare, VL-829 + Biochar @ 20 tons per hectare, VL-829 + Biochar @ 30 tons per hectare, HD-2967 (Control for HD-2967), HD-2967+ Biochar @ 10 tons per hectare, HD-2967+ Biochar @ 20 tons per hectare, HD-2967+ Biochar @ 30 tons per hectare, HD-3086 (Control for HD-3086), HD-3086+ Biochar @ 10 tons per hectare, HD-3086+ Biochar @ 20 tons per hectare, HD-3086+ Biochar @ 30 tons per hectare. Observation recorded Germination percentage (%), Speed of germination , Root length (cm), Shoot length (cm), Seedling length (cm), Seedling fresh weight (g), Seedling dry weight (g), Plant height (cm), Number of tillers per plant, Number of active tillers per plant, Number of leaves per plant, Length of spike/ear per plant (cm), Grain yield per pot (g) and Straw yield per pot (g).
RESULT AND DISCUSSION
Germination behavior of wheat varieties under soil less Petridish bioassay  
The data showing the effect of different doses of corn cob biochar on germination percentage and speed of germination of wheat varieties is depicted in table no.1.
The effect of varieties on germination percentage of wheat was found to be statistically significant. In terms of varieties highest value for germination percentage (97.93%) was recorded under V3. Among the biochar doses of corn cob B0 (98.33%) was found to have the statistically highest germination percentage in wheat. The interaction effect between wheat varieties and corn cob biochar doses was statistically significant. The highest germination percentage in wheat was found under V3.
In case of speed of germination of wheat varieties in the soil less petridish bioassay, biochar doses and wheat varieties significantly affected speed of germination.  Wheat variety V3 showed maximum (86.80 %) speed of germination. biochar doses of corn cob, B0 (86.91) was found to significantly increase the speed of germination. The interaction effect between varieties and different doses of corn cob biochar for speed of germination was found non- significant. 



Table 1: Germination percentage of wheat varieties under different doses of corn cob biochar under soil less petridish bioassay.
	Lab experiment
	Germination percentage (%)
	Speed of germination

	Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	96.75
	94.75
	94.00
	95.00
	95.12
	85.39
	83.32
	82.92
	83.32
	83.75

	V2
	98.75
	94.00
	93.75
	93.50
	95.00
	87.12
	83.14
	82.92
	82.35
	83.88

	V3
	99.50
	98.25
	97.00
	97.50
	98.06
	88.23
	86.68
	86.23
	86.34
	86.89

	Mean of Biochar
(B)
	98.33
	95.66
	94.91
	95.33
	96.06
	86.91
	84.38
	84.02
	84.02
	84.84

	

	Factors
	Varieties (V)
	Biochar (B)
	(V X B)
	Varieties (V)
	Biochar (B)
	(V X B)

	SEm ±
	0.27
	0.31
	0.54
	0.26
	0.31
	0.53

	CD 5%
	0.78
	0.90
	1.56
	0.77
	0.89
	N/S


 
Table 2: Root and shoot length (cm) of seedlings of wheat varieties under different doses of corn cob biochar.
	Lab experiment
	Root length (cm)
	Shoot length (cm)

	Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	3.48
	3.34
	1.08
	0.97
	2.21
	6.17
	5.32
	5.11
	4.81
	5.35

	V2
	3.24
	1.27
	0.98
	0.99
	1.62
	4.81
	4.18
	2.65
	2.32
	3.49

	V3
	3.40
	1.85
	1.40
	1.01
	1.91
	5.21
	5.07
	3.37
	2.22
	3.97

	Mean of Biochar
(B)
	3.37
	2.15
	1.15
	0.99
	1.91
	5.40
	4.85
	3.71
	3.11
	4.27

	

	Factors
	Varieties (V)
	Biochar (B)
	(V X B)
	Varieties (V)
	Biochar (B)
	(V X B)

	SEm ±
	0.05
	0.06
	0.10
	0.09
	0.10
	0.18

	CD 5%
	0.15
	0.17
	0.30
	0.26
	0.30
	0.52



The data showing the effect of different doses of corn cob biochar on root and shoot length of wheat seedling in petridish is presented in table 2.
The significant highest root length was recorded in V1 (2.21 cm) and control (B0) showed significantly maximum root length (3.37cm). Interaction effect between wheat varieties and biochar doses the value for root length of wheat seedlings was found to be highest under V1 B0 (3.48 cm).
The effect of varieties of wheat, different doses of corn cob biochar and the interaction effect between varieties of wheat and doses of corn cob biochar for shoot length was statistically significant. In case of varieties significantly higher shoot length was recorded in V1 (5.35cm) followed by V3 (3.97cm) and V2 (3.49cm). Control (B0) showed higher root length than the treatments containing all biochar doses.
In terms of  interaction effect between wheat varieties and biochar doses the value for root length of wheat seedlings was found to be highest under V1 B0 (6.17 cm). However, the values recorded under V3 B3 (2.22cm) was lowest root length.
Table 3: Seedling length (cm) of wheat varieties under different doses of corn cob biochar.
	Lab experiment
	Seedling length (cm)

	Varieties (V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	

	V1
	9.66
	8.41
	6.40
	6.08
	7.63

	V2
	8.05
	5.45
	3.31
	3.65
	5.11

	V3
	8.61
	6.66
	4.77
	3.23
	5.81

	Mean of Biochar(B)
	8.77
	6.84
	4.82
	4.32
	6.18

	

	Factors
	Varieties (V)
	Biochar (B)
	(V X B)

	SEm ±
	0.08
	0.10
	0.17

	CD 5%
	0.25
	0.29
	0.50



Table 4: Fresh and dry weight of seedlings of wheat varieties under different doses of corn cob biochar.  
	Lab experiment
	Seedling fresh weight (g)
	Seedling dry weight (g)

	Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	1.50
	1.31
	1.32
	1.24
	1.34
	0.31
	0.32
	0.30
	0.30
	0.30

	V2
	1.28
	1.42
	1.35
	1.31
	1.34
	0.30
	0.35
	0.41
	0.29
	0.34

	V3
	1.92
	1.62
	1.55
	1.33
	1.61
	0.26
	0.27
	0.29
	0.34
	0.29

	Mean of Biochar(B)
	1.56
	1.45
	1.33
	1.29
	1.43
	0.29
	0.31
	0.33
	0.31
	0.31

	

	Factors
	Varieties (V)
	Biochar (B)
	(V X B)
	Varieties (V)
	Biochar (B)
	(V X B)

	SEm ±
	0.04
	0.05
	0.08
	0.00
	0.01
	0.01

	CD 5%
	0.12
	0.14
	0.24
	0.02
	N/S
	0.05



The data for seedling length (cm) of wheat varieties as affected by different doses of corn cob biochar in petridish is presented in table 4.
Wheat variety VL-829 showed maximum mean value for seedling length (7.63 cm) and biochar significantly highest seedling length (8.77 cm). Interaction effect between varieties and doses of corn cob biochar was statistically significant. Maximum seedling length was observed in combination of V1 B0 (9.66 cm) and minimum seedling length was recorded in combination of V3 B3.
The data pertaining to seedling fresh and dry weight (g) of wheat varieties as affected by different doses of corn cob biochar is depicted in table 4.
The effect of varieties and biochar doses on seedling fresh weight of wheat was found to be significant. In terms of varieties, the maximum seedling fresh weight (1.61 g) was recorded under V3 and corn cob biochar, the maximum seedling fresh weight was noted under B0 (1.56 g). The interaction effect between wheat varieties and doses of corn cob biochar was found to be statistically significant. The maximum fresh weight of seedlings (1.92 g) was noted under the V3 B0.
Result found for the effect of wheat varieties on seedling dry weight was statistically significant but biochar doses showed non-significant difference among the values of seedling dry weight of wheat varieties.  The data of dry weight of seedling in wheat varieties, the highest dry weight of seedlings was observed in V2 (0.34 g) and interaction effect between variety and biochar doses showed significant variation. The highest seedling dry weight (0.34 g) was observed under V3 B3 as compare to other combination and minimum seedling dry weight was noted under V3 B0.
The data found for the effect of different doses of corn cob biochar on seedling vigour index I and II of wheat varieties in petridish is depicting in table 5.
Table 5: Seedling vigour indexes I and II of wheat varieties under different doses of corn cob biochar.
	Lab experiment
	Vigour index  I
	Vigour index II

	Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	934.91
	631.35
	601.92
	578.34
	686.63
	29.95
	30.52
	28.74
	27.72
	29.23

	V2
	795.03
	513.08
	310.38
	341.48
	489.91
	29.87
	33.60
	38.49
	27.12
	32.27

	V3
	857.17
	826.97
	463.13
	315.53
	615.70
	25.37
	32.67
	27.01
	28.13
	28.29

	Mean of Biochar
	862.37
	657.13
	458.36
	411.78
	597.41
	28.40
	32.26
	31.41
	27.65
	29.93

	
	

	Factors
	Varieties (V)
	Biochar (B)
	(V X B)
	Varieties (V)
	Biochar (B)
	(V X B)

	SEm ±
	8.62
	9.95
	17.24
	0.86
	0.99
	1.72

	CD 5%
	24.83
	28.68
	49.67
	2.48
	N/S
	4.96



The effect of wheat varieties and corn cob biochar doses on seedling vigour index I was statistically significant. Among the varieties, the highest seedling vigour index I was observed in V1 (686.63) and corn cob biochar, the highest seedling vigour index I was found in B0 (862.37). 
The interaction effect between varieties of wheat and doses of corn cob biochar was found to be statistically significant. The highest value (934.91) of wheat seedlings vigour index I was found under V1 B0 and the least value (310.38) of wheat seedling vigour index I was recorded under V2 B2.
The effect of wheat varieties on seedling vigour index II was statistically significant and corn cob biochar doses was found to be non-significant. In terms of wheat varieties, the highest seedling vigour index II (32.27) and corn cob biochar, the highest seedling vigour index II (32.26) was recorded under B1, while the least value for seedling vigour index II (27.65) was noted under B3. 
The interaction effect between varieties of wheat and different doses of corn cob biochar was significant. The highest value (38.49) for seedling vigour index II was recorded under V2 B2 and lowest value (25.37) for seedling vigour index II was found in V3 B0. 
Growth parameter 
Plant height
The data associated with the response of wheat varieties under different doses of corn cob biochar is depicted in table number 6
In terms of varieties of wheat, V1 with significantly highest (5.39 cm) plant height at 30 DAS and application of corn cob biochar at the rate of 10 t/ ha (B1) resulted was significantly highest (5.80 cm) plant height at 30 DAS. The interaction effect between varieties and biochar was statistically non-significant for plant height at 30 days after sowing. 
The varieties of wheat showed maximum plant height (15.75 cm) at 60 DAS in V1 (VL-829) as compare to compared to other varieties and biochar application the maximum plant height (16.12 cm) at 60 DAS was observed in B1. The interaction effect between varieties of wheat and doses of corn cob biochar was found to be statistically significant. The highest plant height (17.66 cm) of wheat was found under V1 B1 (VL-829+ biochar 10 t/ha)
The data related to effect of wheat varieties and different doses of corn cob biochar on plant height (cm) at 90 DAS and at the time of harvesting is showed in table 7.
The plant height at 90 DAS of wheat varieties was significantly highest with V1 (31.47 cm) and biochar doses, B1 (31.50 cm) was recorded with highest plant height at 90 DAS. Interaction effect between wheat varieties and corn cob biochar doses was also found to be statistically significant. The plant height at 90 DAS was found highest (33.59 cm) under 10 tons/ha biochar (B1) application with VL-829 (V1).
Wheat variety V1 (VL-829) has been resulted significantly highest plant height (62.44 cm) at the time of harvesting and biochar at the rate of 10 t/ha (B1) showed maximum plant height (65.04 cm). Interaction between varieties of wheat and different doses of corn cob biochar on plant height at harvesting time of wheat was observed to be statistically significant. The highest (68.63 cm) plant height was registered with the combination of V1 B1 than the all other combination of variety and biochar.
Table 6: Effect of wheat varieties and different doses of corn cob biochar on plant height (cm) at 30 DAS and 60 DAS under pot experiment.
	Pot  Experiment
	Plant height(cm) at 30 DAS
	Plant height (cm) at 60 DAS

	Varieties (V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	5.71
	6.15
	5.09
	4.62
	5.39
	16.22
	17.66
	14.86
	14.26
	15.75

	V2
	5.23
	5.67
	4.50
	3.90
	4.82
	15.30
	15.87
	14.09
	13.44
	14.67

	V3
	5.17
	5.59
	4.54
	3.99
	4.82
	14.16
	14.84
	13.93
	14.10
	14.26

	Mean of Biochar (B)
	5.37
	5.80
	4.71
	4.17
	5.01
	15.22
	16.12
	14.29
	13.94
	14.89

	
	

	Factors
	Varieties (V)
	Biochar (B)
	V X B
	Varieties (V)
	Biochar (B)
	V X B

	SEm ±
	0.05
	0.058
	0.1
	0.05
	0.06
	0.10

	CD 5%
	0.147
	0.169
	NS
	0.15
	0.18
	0.31



Table 7: Effect of wheat varieties and different doses of corn cob biochar on plant height (cm) at 90 DAS and at the time of harvesting under pot experiment.
	Pot  Experiment
	Plant height(cm) at 90 DAS
	Plant height (cm) at harvesting

	Varieties (V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	31.28
	33.59
	31.43
	30.67
	31.47
	65.98
	68.63
	60.71
	54.44
	62.44

	V2
	30.24
	30.39
	25.77
	26.52
	27.23
	64.36
	66.36
	58.30
	50.73
	59.94

	V3
	30.33
	31.54
	29.61
	29.24
	30.18
	58.07
	60.13
	51.32
	49.32
	54.64

	Mean of Biochar (B)
	30.61
	31.50
	28.94
	28.81
	29.62
	62.80
	65.04
	56.78
	51.40
	59.00

	
	

	Factors
	Varieties (V)
	Biochar (B)
	V X B
	Varieties (V)
	Biochar (B)
	V X B

	SEm ±
	0.13
	0.15
	0.27
	0.12
	0.14
	0.25

	CD 5%
	0.40
	0.46
	0.80
	0.38
	0.43
	0.76



Number of leaves per plant
The data pertaining to number of leaves per plant at 60 and 90 DAS of wheat varieties as affected by the application of corn cob biochar is depicted in table 8.
The effect of wheat varieties was found to be non significant for number of leaves per plant at 60 DAS. However, it was significantly affected by different doses of corn cob biochar. Biochar at the rate of 10 t/ha gave significantly highest (2.39) number of leaves per plant at 60 DAS. Interaction effect between variety and different doses of corn cob biochar were found to be non significant.
The effect of corn cob biochar and wheat varieties on number of leaves per plant at 90 DAS was significant. Maximum number of leaves (5.45) was presented in V2 and corn cob biochar showed highest number of leaves (5.91) per plant at 90 DAS under application of corn cob biochar 10 t/ha (B1). Interaction between HD-2967 (V2) with 10 t/ha corn cob biochar (B1) had statistically highest value (6.56) for number of leaves per plant at 90 DAS being at par with V2 B0 (control).
The data related to number of leaves per plant at harvesting of wheat is presented in table 9.
Varieties, HD-2967 (V2) produced maximum (5.60) number of leaves per plant at harvesting than the other varieties and corn cob biochar, at the rate of 10 t/ha (B1) resulted highest (6.66) number of leaves per plant at harvesting time. Interaction effect between wheat varieties and biochar doses was found to be significant for number of leaves per plant at the time of harvesting of wheat.  Highest (6.93) number of leaves per plant was observed under the treatment combination of V1 B1.
Table 8: Effect of wheat varieties and different doses of corn cob biochar on number of leaves per plant at 60 DAS and 90 DAS under pot experiment. 
	Pot  Experiment
	Number of leaves at 60 DAS
	Number of leaves at 90 DAS

	Varieties (V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	2.30
	2.43
	2.26
	2.00
	2.25
	5.63
	5.80
	3.80
	3.80
	4.75

	V2
	2.33
	2.36
	2.00
	2.00
	2.17
	6.33
	6.56
	4.73
	4.06
	5.45

	V3
	2.46
	2.40
	1.93
	1.87
	2.16
	4.83
	5.36
	4.00
	3.66
	4.46

	Mean of Biochar (B)
	2.36
	2.39
	2.06
	1.95
	2.19
	5.60
	5.91
	4.17
	3.84
	4.88

	
	

	Factors
	Varieties (V)
	Biochar (B)
	V X B
	Varieties (V)
	Biochar (B)
	V X B

	SEm ±
	0.03
	0.04
	0.04
	0.04
	0.05
	0.08

	CD 5%
	NS
	0.12
	NS
	0.12
	0.14
	0.25



Table 9: Effect of wheat varieties and different doses of corn cob biochar on number of leaves per plant at harvesting under pot experiment
	Pot Experiment
	Number of leaves per plant at harvesting

	Varieties (V)
	Biochar (B)
	Mean of  Varieties (V)

	
	B0
	B1
	B2
	B3
	

	V1
	6.86
	6.93
	4.73
	3.73
	5.56

	V2
	5.82
	6.80
	5.60
	4.16
	5.60

	V3
	5.50
	6.26
	4.13
	3.53
	4.85

	Mean of Biochar (B)
	6.07
	6.66
	4.82
	3.81
	4.04

	

	Factors
	Varieties (V)
	Biochar (B)
	(V X B)

	SEm ±
	0.04
	0.05
	0.09

	CD 5%
	0.13
	0.16
	0.27



Number of tillers and active tillers per plant 
The result showing the effect of different doses of corn cob biochar on number of tillers and active tillers per plant of wheat varieties is depicted in table 10.
Variety VL-829 maximum number of tillers (1.35) was observed and Out of the all doses of corn cob biochar, highest (1.57) number of tillers per plant was observed under control (B0). Interaction effect of biochar and varieties on number of tillers of wheat was observed to be significant. Maximum (1.66) number of tillers per plant was noted in interaction of V3 with B0. 
Varieties, VL-829 (V1) was showed highest (1.33) number of active tillers per plant at the time of harvesting and corn cob biochar doses on number of active tillers per plant at harvesting was to be significant. Highest active tillers (1.54) were observed under (B1). The interaction effect between different wheat varieties and different doses of corn cob biochar was registered to be significant. Under the treatment combination of V1 B1 found to be maximum (1.60) number of active tillers
Length of spike (cm) per plant
The data pertaining to the effect of different doses of corn cob biochar and varieties of wheat on length of spike (cm) per plant is depicted in table 11.
Varieties longest spike (10.75 cm) per plant was recorded under V1 and biochar doses of corn cob B1 (12.39 cm) has to be statistically highest spike length was recorded. The interaction effect between wheat varieties and corn cob biochar doses was statistically significant. Maximum length of spike (12.95 cm) was found under V2 with 10 tons per hectare biochar (B1).
Yield parameter 
Grain and straw yield (g) per pot
Result associated with the response of wheat varieties and different doses of corn cob biochar on grain and straw yield (g) of wheat per pot is depicted in table 12.
The highest grain yield (6.22 g) was recorded in variety HD-2967 (V2) and corn cob biochar doses also affected the grain per pot was found to be highest under B1 (7.54 g). The effect of interaction between different wheat varieties and different doses of corn cob biochar on grain yield per pot was observed to be statistically significant. The highest (8.11 g) grain yield per pot was registered with the combination of V2 B1 than the other combination.
variety VL-829 (V1) showed highest (3.16 g) straw yield per pot and Maximum straw yield (4.11 g) per pot was observed under the application of corn cob biochar at the rate of 10 t/ha (B1). Interaction effect between varieties of wheat and biochar doses of corn cob, significantly highest weight of wheat straw  (4.66 g) per pot was observed in VL-829 (V1) with the application of 10 tons of biochar (B1). 
Table 10: Effect of wheat varieties and different doses of corn cob biochar on number of tillers and number of active tillers per plant at 90 DAS and at the time of harvesting under pot experiment.
	Pot  Experiment
	Number of tillers at 90 DAS 
	Number of active tillers harvesting 

	Varieties (V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	1.53
	1.60
	1.20
	1.06
	1.35
	1.40
	1.60
	1.26
	1.06
	1.33

	V2
	1.53
	1.00
	1.00
	1.00
	1.16
	1.13
	1.50
	1.00
	1.13
	1.19

	V3
	1.66
	1.53
	1.06
	1.00
	1.31
	1.47
	1.52
	1.00
	1.00
	1.24

	Mean of Biochar (B)
	1.57
	1.37
	1.37
	1.06
	1.27
	1.33
	1.54
	1.08
	1.06
	1.25

	
	

	Factors
	Varieties (V)
	Biochar (B)
	V X B
	Varieties(V)
	Biochar (B)
	V X B

	SEm ±
	0.03
	0.03
	0.06
	0.02
	0.03
	0.02

	CD 5%
	0.08
	0.10
	0.17
	0.06
	0.07
	0.12



Table 11: Effect of wheat varieties and different doses of corn cob biocahr on length of spike per plant under pot experiment.
	Pot Experiment
	Length of spike per plant (cm.)

	Varieties (V)
	Biochar (B)
	Mean of  Varieties (V)

	
	B0
	B1
	B2
	B3
	

	V1
	11.86
	12.33
	10.39
	8.44
	10.75

	V2
	12.78
	12.95
	6.52
	5.68
	9.48

	V3
	11.19
	11.89
	5.76
	5.12
	8.49

	Mean of Biochar (B)
	11.94
	12.39
	7.56
	6.41
	9.57

	

	Factors
	Varieties (V)
	Biochar (B)
	(V X B)

	SEm ±
	0.03
	0.04
	0.07

	CD 5%
	0.10
	0.12
	0.21



Table 12: Effect of wheat varieties and different doses of corn cob biochar on grain and straw yield (g) per pot under pot experiment
	Pot  Experiment
	Grain yield (g) per pot 
	Straw yield (g) per pot

	Varieties (V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	6.90
	7.32
	5.13
	4.89
	6.06
	3.53
	4.66
	2.33
	2.13
	3.16

	V2
	7.13
	8.11
	5.16
	4.50
	6.22
	3.00
	3.15
	2.12
	2.22
	2.62

	V3
	6.60
	7.20
	4.10
	3.96
	5.46
	3.10
	4.50
	2.34
	2.05
	3.00

	Mean of Biochar (B)
	6.87
	7.54
	4.80
	4.45
	5.91
	3.21
	4.11
	2.26
	2.13
	2.92

	
	

	Factors
	Varieties (V)
	Biochar (B)
	V X B
	Varieties (V)
	Biochar (B)
	V X B

	SEm ±
	0.02
	0.02
	0.04
	0.04
	0.05
	0.08

	CD 5%
	0.06
	0.08
	0.13
	0.12
	0.14
	0.25



Nitrogen concentration (%) in grain and straw of wheat
The data for nitrogen concentration in grain and straw of wheat varieties under different doses of corn cob biochar is depicted in table 13.
In terms of varieties maximum concentration of nitrogen (0.26%) and (0.18 %) was recorded under V2 in grain and straw biochar doses of corn cob B1 (10 t/ha) has to be significantly highest nitrogen concentration (0.42 %) in grain and (0.27 %) in straw.
Different doses of corn cob biochar on nitrogen concentration in grain and straw of wheat was found maximum concentration of nitrogen (0.26%) and (0.18 %) was recorded under V2 in grain and straw and biochar doses of corn cob B1 (10 t/ha) has to be significantly highest nitrogen concentration (0.42 %) in grain and (0.27 %) in straw of wheat was observed.
The interaction between wheat varieties and biochar doses of corn cob on nitrogen concentration (%) in grain and straw of wheat was found to be statistically significant. In case of grain, the maximum nitrogen concentration (0.45 %) was recorded under the combination of V2 B1.
Phosphorus concentration (%) in grain and straw of wheat
The data related to phosphorus concentration in grain and straw of wheat as affected by different doses of corn cob biochar and different varieties of wheat is shown in table 14.

The maximum (0.29 %) phosphorus concentration was found in V2 while V1 and V3 both varieties shows (0.28%) which was at par with V1. In straw highest concentration (0.30 %) of phosphorus was recorded under variety HD-2967 (V2) and biochar doses affect on phosphorus concentration was significantly highest in grain (0.33 %) showed in B1 (10 t/ha). 
The interaction effect between varieties and biochar was significant in case of straw and interaction effect between varieties and biochar doses was showed significant difference. Interaction between V2 B1 showed maximum concentration of phosphorus (0.34 %) and (0.35 %) in grain and straw. 
Potassium concentration (%) in grain and straw of wheat
The data pertaining to potassium concentration in grain and straw of wheat varieties as affected by the application of corn cob biochar is depicted in table 15.
Variety HD- 3086 showed maximum potassium concentration (0.19) in grain and variety HD- 2967 showed maximum concentration of potassium in straw and Biochar at the rate of 10 t/ha showed significantly highest (0.22 %) and (1.41 %) potassium concentration over the other biochar doses in grain and straw. 
Observation found for the interaction effect of corn cob biochar and wheat varieties on potassium concentration maximum (0.30 %) was recorded in V1 B2 and straw showed highest potassium concentration (1.50 %) under V1 B2.

Table 13: Effect of corn cob biochar on nitrogen concentration (%) in grain and straw of wheat.
	Nutrient concentration
	Nitrogen concentration (%) 

	
	Grain 
	Straw 

	Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	0.28
	0.38
	0.17
	0.17
	0.25
	0.11
	0.25
	0.02
	0.11
	0.12

	V2
	0.30
	0.45
	0.13
	0.14
	0.26
	0.17
	0.31
	0.14
	0.11
	0.18

	V3
	0.28
	0.42
	0.03
	0.00
	0.18
	0.06
	0.25
	0.06
	0.08
	0.11

	Mean of Biochar (B)
	0.29
	0.42
	0.11
	0.10
	0.23
	0.11
	0.27
	0.07
	0.10 
	0.13

	
	

	Factors
	Varieties (V)
	Biochar
(B)
	V X B
	Varieties (V)
	Biochar (B)
	V X B

	SEm ±
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00

	CD 5%
	0.02
	0.03
	0.05
	0.00
	0.00
	0.00



Table 14: Effect of corn cob biochar on phosphorus concentration (%) in grain and starw of wheat.
	Nutrient concentration
	Phosphorus concentration (%) 

	
	Grain 
	Straw 

	Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	0.28
	0.32
	0.27
	0.27
	0.28
	0.25
	0.26
	0.24
	0.23
	0.24

	V2
	0.29
	0.34
	0.28
	0.27
	0.29
	0.33
	0.35
	0.27
	0.25
	0.30

	V3
	0.28
	0.33
	0.27
	0.26
	0.28
	0.27
	0.35
	0.26
	0.24
	0.28

	Mean of Biochar (B)
	0.28
	0.33
	0.27
	0.26
	0.28
	0.28
	0.32
	0.25
	0.24
	0.27

	
	

	Factors
	Varieties (V)
	Biochar
 (B)
	V X B
	Varieties (V)
	Biochar (B)
	V X B

	SEm ±
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00

	CD 5%
	NS
	0.01
	NS
	0.01
	0.02
	0.02



Table 15: Effect of corn cob biochar on potassium concentration (%) in grain and straw of wheat varieties
	Nutrient concentration
	 Potassium concentration (%)

	
	Grain 
	Straw 

	Varieties
(V)
	Biochar(B)
	Mean of  Varieties
(V)
	Biochar(B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	0.20
	0.30
	0.10
	0.10
	0.17
	1.00
	1.50
	1.00
	0.75
	1.06

	V2
	0.10
	0.19
	0.19
	0.09
	0.14
	1.50
	1.50
	0.99
	0.753
	1.18

	V3
	0.19
	0.19
	0.30
	0.09
	0.19
	0.75
	1.25
	1.50
	0.75
	1.06

	Mean of Biochar (B)
	0.16
	0.22
	0.19
	0.09
	0.16
	1.08
	1.41
	1.16
	0.75
	1.10

	
	

	Factors
	Varieties
 (V)
	Biochar 
(B)
	V X B
	Varieties (V)
	Biochar 
(B)
	V X B

	SEm ±
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	CD 5%
	0.01
	0.01
	0.02
	0.00
	0.00
	0.01



Nitrogen uptake (mg/plant) by grain and straw of wheat
The data pertaining to the uptake of nitrogen by grain and straw have been presented in table 16.
highest uptake of nitrogen (114.56mg/plant) and (5.05 mg/plant) was observed in V2 in grain and straw and corn cob biochar significantly maximum (159.96mg/plant) in grain and in straw (10.94mg/plant) was observed under dose of corn cob biochar at rate of 10 t/ha (B1). 
Interaction effect between variety and biochar was found to be statistically significant. The highest nitrogen uptake (184.16mg/plant) was recorded with the treatment combination of (V2 B1) and straw maximum nitrogen uptake (11.76 mg/plant) was observed in combination of V1 B1.
Phosphorus uptake (mg/plant) by grain and straw of wheat
The data depicting the effect of different doses of corn cob biochar on phosphorus uptake by grain and straw of wheat is shown in table 17.
The highest phosphorus uptake (18.74 mg/plant) was recorded under the variety V2 and corn cob biochar doses also affected the phosphorus uptake significantly. The uptake of phosphorus by grain of wheat was found to be maximum under B1 (24.92 mg/plant). The interaction effect between wheat varieties and doses of biochar was also statistically significant. The application of biochar at the rate of 10 tons/ha (B1) increased phosphorus uptake by grain the most in V2 (27.55 mg/plant) and doses of corn cob biochar and interaction effect between varieties of wheat and doses of biochar on phosphorus uptake in wheat straw was statistically significant. In terms of varieties, the V3 (8.88 mg/plant) was noted with maximum uptake of phosphorus.
The interaction effect between V1 and B1 was observed with highest uptake of phosphorus (12.75 mg/plant) in wheat straw and the interaction effect between V1 and B3 was recorded.
Potassium uptake (mg/plant) by grain and straw of wheat
	The data related to potassium uptake by grain and straw of wheat is presented in table 17.
Varieties, VL-829 (V1) uptake of potassium was recorded maximum (11.45 mg/plant) and (36.17 mg/plant) by grain and straw and corn cob biochar, at the rate of 10 t/ha (B1) resulted highest (17.53 mg/plant) and (57.89 mg/plant) of potassium uptake by grain and straw of wheat 
The interaction effect between wheat varieties and different doses of corn cob biochar maximum uptake of potassium (21.97 mg/plant) in grain and (70.00 mg/plant) in straw of wheat was recorded under the treatment combination of V1 B2. 
Table 16: Effect of corn cob biochar on nitrogen uptake in grain and straw of wheat.
	Nutrients uptake
	Nitrogen uptake (mg/plant) 

	
	Grain
	Straw

	Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	133.30
	150.30
	73.78
	67.05
	106.11
	3.96
	11.76
	0.00
	2.39
	4.52

	V2
	142.48
	184.16
	74.74
	56.86
	114.56
	5.04
	9.71
	2.96
	2.48
	5.05

	V3
	121.96
	145.42
	47.14
	43.91
	89.61
	1.74
	11.36
	1.32
	1.72
	4.03

	Mean of Biochar (B)
	132.58
	159.96
	65.22
	55.94
	103.42
	3.58
	10.94
	1.43
	2.20
	4.53

	
	

	Factors
	Varieties 
(V)
	Biochar
 (B)
	V X B
	Varieties (V)
	Biochar 
(B)
	V X B

	SEm ±
	0.02
	0.03
	0.05
	0.02
	0.02
	0.04

	CD 5%
	0.07
	0.08
	0.15
	0.05
	0.05
	0.11



Table 17: Effect of corn cob biochar on phosphorus uptake in grain and straw of wheat varieties
	Nutrients uptake
	Phosphorus uptake(mg/plant)

	
	Grain
	Straw

	Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	19.38
	23.27
	14.04
	13.38
	17.51
	8.88
	12.75
	5.51
	4.90
	8.01

	V2
	20.56
	27.55
	14.51
	12.33
	18.74
	9.97
	10.95
	6.05
	5.60
	8.08

	V3
	19.02
	23.95
	11.22
	10.24
	16.74
	8.49
	15.96
	6.05
	5.00
	8.88

	Mean of Biochar (B)
	19.65
	24.92
	13.25
	11.98
	17.66
	9.11
	13.22
	5.79
	5.16
	8.32

	
	

	Factors
	Varieties 
(V)
	Biochar
 (B)
	V X B
	Varieties 
(V)
	Biochar 
(B)
	V X B

	SEm ±
	0.01
	0.01
	0.02
	0.02
	0.02
	0.04

	CD 5%
	0.03
	0.04
	0.07
	0.06
	0.07
	0.12



Table 18: Effect of corn cob biochar on potassium uptake in grain and starw of wheat varieties
	Nutrients uptake
	Potassium uptake (mg/plant)

	
	Grain
	Straw

	Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)
	Biochar (B)
	Mean of  Varieties
(V)

	
	B0
	B1
	B2
	B3
	
	B0
	B1
	B2
	B3
	

	V1
	13.80
	21.97
	5.13
	4.89
	11.45
	35.32
	70.00
	23.33
	16.02
	36.17

	V2
	7.13
	16.22
	10.32
	4.50
	9.54
	45.00
	47.35
	21.20
	16.70
	32.56

	V3
	13.20
	14.40
	12.31
	3.96
	10.97
	23.27
	56.33
	35.10
	15.37
	32.52

	Mean of Biochar (B)
	11.37
	17.53
	9.25
	4.45
	10.65
	34.53
	57.89
	26.54
	16.03
	33.75

	
	

	Factors
	Varieties 
(V)
	Biochar 
(B)
	V X B
	Varieties 
(V)
	Biochar 
(B)
	V X B

	SEm ±
	0.01
	0.01
	0.03
	0.02
	0.02
	0.04

	CD 5%
	0.04
	0.05
	0.08
	0.06
	0.07
	0.13



CONCLUSION 
The results and findings of the present investigation showed that in wheat crops, wheat variety HD-3086 responded more affirmatively to corn cob biochar in terms of seed germination and seedling growth whereas the same trend did not carried on further in terms of yield as highest grain yields were recorded for wheat variety HD-2967. The corn cob biochar at lower rate i.e 10 t/ha was found to be more effective than its higher doses. However; the field experiments with corn cob biochar doses in different soil types are required to be conducted to recommend suitable seeds of wheat varieties to be grown with corn cob biochar in order to obtain better yield along with sustaining soil health with application of biochar.
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