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Abstract
[bookmark: _GoBack]Spate irrigation is a unique system of flood irrigation practiced in the piedmont plains of western Pakistan. Current research was carried out to evaluate the effect of wheat verities and tillage on soil characteristics, wheat attributes and economics of farmer. The experiment was laid out in randomized complete block design and split plot pattern. Wheat cultivars i.e. Pisabak - 15, Fateh Jhang and local landrace were placed in the main plots, while the tillage operation were kept in sub-plots asT1: Deep plough, T2: Cultivator before and after the flood, T3: Mulch tillage and T4: Zero tillage. The result of the study showed that the different verities showed non – significant effect on the soil properties, however the tillage practices significantly influenced the soil parameters including soil pH, bulk density, soil organic matter, nitrogen content. The agronomic parameters studied during the experiment showed significant effect of both the verities and tillage. Plant height, spike length, biological yield, grain yield, straw yield and harvest index was significantly changed. The grain protein content measured showed significantly higher total protein (13.61%) in the landrace as compared with the improved verities. The BCR calculated at the harvest of the experiment showed that 3.86 for the local landrace with deep plough and the least was observed 2.96 for the Fateh Jhang variety on zero tillage plots. It may be concluded from the above results that Pirsabak variety of wheat gave better result in term of yield. Landrace also showed a good response to tillage.
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Introduction
Spate irrigation is system of agriculture practiced in the western parts of Pakistan in the piedmont plains of Sulaiman ranges. The system has great potential for organic agriculture due to inherent fertility of soil and greater sediment load brought by the floods. Pakistan has an extensive spate irrigation system, and is locally called as the “Rod Kohi” (Shah, 1990). Extends from Dera Ismail Khan district of Khyber Pakhtunkhaw to Dadu district of Sindh. In Khyber Pakhtunkhaw province of Pakistan, Dera Ismail Khan District is known for this system due to huge land, agriculture, livestock rearing etc. Agriculture practiced in the area provides living to millions of inhabitants. In Dera Ismail Khan district approximately 0.63 million acres is under this system of irrigation with seasonal or perennial channels, watershed (Khan et al., 2009).
Mechanization had a great role in spate agriculture from construction of check dams for water diversion, preparation of field embankment to pulverization of soil all depend on the agricultural machinery i.e. bulldozers and tractors etc. The Tillage operations effect the soil properties i.e. physical, chemical and biological, which subsequently affect the plant growth and yield (Rashidi & Keshavarzpour, 2011). Tillage has profound affect on soil characteristics. It is important to choose tillage implements that is more sustainable for the soil characteristics and crop growth (Jabro et al., 2009).
Crops grown in spate irrigation also depend on the amount of flood water received and harvested in the field. Mostly in the Rabi season Wheat and Gram are the major crops. But wheat is preferred over gram as it is the staple food for the natives. Also wheat is opted when the moisture is in sufficient amount. Therefore, different techniques are used to conserve the moisture in the soil and its efficiently use by the crop (Kirkegaard, 2015). Local wheat verities or landrace grown in the area is organic and have better baking quality, tall plant and is some time considered as a triple purpose as its consumption as grass, food and feed. But the yield of the landrace is quite low as compared with the improved verities of wheat grown in the dry land condition of Pakistan. Current research was carried out to investigate the effect of tillage on improved wheat verities and local landrace.
Materials and Methods
An experiment was carried out at farmers field to study the effect of tillage operations on soil properties, wheat growth, yield, quality and economics of farmer. The research was carried out in Spate irrigated area of Dera Ismail Khan District during year 2017 – 18.  The experimental design used was Randomized Complete Block in split plot arrangement. In the main plots three wheat verities i.e. Pirsabak – 15, Fateh Jhang and local Landrace was sown, while the sub plots were assigned to tillage treatments. The detail of the treatments were Deep ploughing / Disk plough before flood and Cultivator after the flood (T1), Cultivator before and after the flood (T2), Mulch tillage (incorporation of crop residue) before flood and Cultivator after flood (T3) and Zero tillage or no till (T4). 
Soil Analysis:
Prior to the experiment soil analysis was carried out by taking a composite soil sample, physic – chemical characteristics of soil are presented in Table 1. The soil was also analysed after the harvest of crop for soil pH (Gupta, 2006), Soil ECe (Ryan et al., 2001), Sodium Adsorption Ratio (Richard, 1954), Bulk density and porosity (Blake & Hartage, 1986), Organic Matter (Nelson & Sommer, 1982), Total Soil Nitrogen (Bremner, 1996) and Soil Extractable Phosphorus (Olsen et al., 1954).
Agronomic parameters
Agronomic Parameters studied including plant height, spike length (cm), biological yield (kg ha-1), grain yield (kg ha-1) and straw yield (kg ha-1). The qualitative of grain was determined by calculating the protein content (%) in the grain by measuring the total nitrogen percent in the grains by Kjeldahl method according to the procedure given by American Association of Cereal Chemists (AACC, 1995). The % N was multiplied with 5.70 to calculate the grain protein content.
Economic Analysis
Benefit Cost Ratio (BCR) was calculated to determine the economic analysis of the treatments using the following formula.

Metrological Data: 
The metrological data recorded during the crop season shown in Table 2. It can be clearly seen from the data that the Temperature, relative humidity, evaporation, wind speed and rainfall fluctuated during the crop season. The rainfall during the season was quite low and the crop mainly depended on the mositure conserve in the soil after the floods were received in the monsoon season.

Statistical Analysis
Statistical analysis of the data were carried according to the procedure given by Steel et al., 1997), by calculating the analysis of variance and Least Significance difference (LSD) through the statistical package Statistics 8.1.
RESULTS
Soil pH
Soil pH is an important chemical property which influences other soil characteristics (Table 3). The data pertaining to soil pH showed that wheat varieties had non –significant effect. While the tillage operation had significant effect on pH of soil. The pH was recorded higher in the treatment where mulch tillage was used. Which was statistically at par with treatment of conventional and deep tillage. The lowest pH of 7.69 was found in the treatment where no tillage operation was performed. The interaction between variety and tillage also exhibited non – significant influence on the pH of soil. 
Bulk density
Bulk density of soil analysed after the experiment showed that there was non - significant affect of verities on the bulk density of soil. Comparing the treatments it was observed that the tillage operation significantly influenced the bulk density of soil at 5% level of significance. The deep tillage (Disk plough) had significantly reduced the bulk density of soil. The highest value of 1.34 g cm-3 was observed in the plots where mulch tillage was applied. It was statistically at par with no - till and conventional tillage (Table 3). The analysis of variance for the interaction between verities and tillage had significant effect on the bulk density of soil. The highest value of 1.39 g cm-3 was found in Pirsabak - 15 with zero tillage treatment. The lowest value of 1.20 g cm-3 was found in the Fateh Jhang variety in deep plough plots. 
Soil porosity
Porosity is the soil physical property which plays important role in soil aeration and water holding capacity (Table 3). The results regarding the porosity of soil showed non - significant effect of both verities and treatments alone, however the interaction between wheat cultivars × tillage operation has significantly affected the porosity of soil. The highest porosity was recorded in plots where Fateh Jhang wheat variety was cultivated and the soil was pulverized by the deep plough. It was statistically at par with the rest of the treatments except V2T3, V3T3 and V1T4. 

Organic matter (%)
Data pertaining to organic matter content of soil showed non – significant effect of verities. However the tillage operation yield significant effect on the organic matter content of soil, the highest value of 0.60% was observed in deep plough plots which was statistically similar to the conventional tillage, the least value of organic matter was found in the plots with zero tillage. This may be attributed to the fact that in the tillage plots more silt and organic material received through the flash flood is captured. The interaction between the verities and tillage practices also showed significant effect on the organic matter content of soil. The highest value of 0.67 was found in the plot where Pirsabak - 15 variety of wheat was cultivated on the deep plough plots. It was statistically similar V2T1, V3T2, VIT2, V3T1 and V2T2 while the rest of the treatments followed. The lowest organic matter content was recorded in the plot where Fateh Jhang variety was cultivated with zero tillage. (Table 4).Tillage practices may strongly regulate environment of soil by changing soil geometry. These result in effecting the soil chemical, physical and biological properties and improves the condition for growth of crop.
Total Nitrogen (%)
Total nitrogen recorded after harvest of wheat crop showed non – significant effect on verities. The Tillage operation used for spate irrigated plots were significant for the total Nitrogen. The deep ploughed soil yielded 0.030 % of total nitrogen which was the highest amongst the other tillage and zero till plots. It may be due to the fact that greater sediment load was received in the deep tillage plots. The N – content of conventional tillage was also statistical similar to the former plots. The lowest nitrogen percentage was recorded in the zero – tillage plots (Table 4). The interaction between variety and tillage had no – significant effect on the nitrogen content of soil.
Soil Phosphorus content:
Extractable Phosphorus determined after the harvest of wheat crop was non – significantly changed for both the wheat cultivar and tillage operations (P<0.05). However, the highest was discovered in the plots of Pirsabak - 15 variety. While for tillage the highest extractable P was recorded in the deep tillage plots. The interaction between wheat verity and tillage had significant effect on the extractable Phosphorus content. The highest value of 6.49 mg kg-1 was recorded in the Pirsabak - 15 - variety with deep plough, it was statistically at par with the rest of the treatments except Fateh Jhang cultivar with conventional tillage and Pirsabak - 15 with zero tillage which was lowest 5.27 mg kg-1(Table 4). 
Plant height (cm)
Plant height is an important growth parameter and has significant role in biological and straw yield of crop. In spate irrigated area plant height is considered important due to its straw yield. In the current experiment plant height of wheat was compared between the three wheat cultivars i.e. Pirsabak - 15, Fateh Jhang and LR. It was found the LR was significantly taller than the improved verities. The plant height was recorded 92.99 cm in the LR, while the results for Pirsabak – 15 and Fateh Jhang had the height of 75.58 and 70.07 cm respectively (Table 5). The tillage operation performed did not significantly influenced the height of the plant. Statistical analysis of interaction between Variety and tillage was significant for plant height. The tallest plant were recorded for the LR for all the tillage plots. It was followed by Pirsabak – 15 and Fateh Jhang respectively for all tillage plots except for the mulch tillage which yielded greater height for Fateh Jhang and shortest for Pirsabak – 15.
Spike length (cm)
Spike length of wheat was recorded significant amongst the wheat verities. The highest wheat verity was recorded in Fateh Jhang (8.39 cm) which was statistically similar with landrace having length of 761 cm. The smallest spike length of wheat was recorded in Pirsabak – 15 (Table 5). The effect of deep plough, conventional tillage, mulch tillage and zero tillage has non – significant effect on the spike length. The interaction between verity and tillage was significant for spike length. The longest spikes of 9 cm were found in the Fateh Jhang verity grown on deep plough plots. It was statistically at par with treatment of tillage grown for Fateh Jhang verity and deep plough of plot of landrace cultivar. The rest of the treatments followed with shortest spike of 6.16 in Pirsabak verity cultivated on mulch tillage operation.
Biological yield
The biological yield of wheat was compared amongst the two improved verities and one land race. It was found that biological yield was significantly different (P<0.05). The highest biological yield of 5652 kg ha-1 was obtained in the landrace, which was followed by the Pirsabak - 15 and the least was recorded in the Fateh Jhang verity. Also the effect of tillage operation had significant effect on the biological yield of wheat. The highest biological yield of 5696 kg ha-1 was recorded in the deep tillage plots which was statistical similar with the conventional plots. It was followed by the mulch tillage plots. The lowest biological yield was recorded in the zero tillage plots. As more cracks were developed in no – till plots, which lead to least yield of biological yield. The interaction between wheat verity and tillage was non – significant for biological yield (Table 5).
Grain yield
Grain yield is an important yield attribute. In the current study the effect of wheat verities, tillage and their interaction has significantly influenced the grain yield of wheat. Amongst the wheat cultivars Pirsabak – 15 gave the highest grain yield of 2357 kg ha-1 and it was followed by the landrace. However the wheat verity Fateh Jhang gave the lowest yield amongst the three (Table 6). Studying the effect of tillage operation it was found that deep plough followed by the cultivator gave the highest grain yield of 2403 kg ha-1. The grain yield of 2304, 2205 and 2028 kg ha-1 was recorded in conventional tillage (cultivator before and after the floods), mulch tillage (incorporation of residues by the cultivator) and zero tillage respectively. The interaction between the wheat cultivars and tillage showed the highest grain yield of 2450 kg ha-1, which was statistically similar with V1T2, V3 T1, V1T2 and V1T3 respectively. The least grain yield of 1916 kg ha-1 was recorded in Fateh Jhang cultivar grown on zero tillage plots(V2T4).
Straw yield
The straw yield of wheat was found to be significant for wheat verities. The highest straw yield of 3297 kg ha-1 was recorded in landrace, it was followed by the Pirsabak – 15 and the lowest was recorded in Fateh Jhang verity (Table 6). Also the tillage practices have shown significant effect on the straw yield of wheat. The highest straw yield of 3318 kg ha-1 was found in the conventional tillage plots. It was statistically at par with deep plough treatment and mulch tillage, the least was found in the zero tillage plot. The interaction between verity and tillage was significant at 5% level of significance, with maximum straw yield of landrace which has greater plant height and biological yield as compared to the other verities.
Protein Content in Wheat Grain:
Grain protein content is an important qualitative trait influencing the crops nutritional value. The protein content measured in the grains of wheat was significantly different amongst the wheat verities (Table 6). The highest protein content of 13.61 % was recorded in the Landrace, which was at par with the Pirsabak – 15 and the lowest was recorded 11.75 % in the Fateh Jhang variety. The effect of tillage operations on the protein content of wheat grain was non significantly different (P<0.05). Also the interaction amongst the wheat variety and tillage operation was non significantly changed for grains protein content at 5% level of significance. 
Economics of the treatments:
The Benefit cost ration of three wheat verities and tillage treatment were calculated and found that the highest BCR value of 3.86 was found in the treatment where landrace with deep plough treatment was used. It might have been due to the fact that greater straw yield obtained in landrace and the seed of the landrace was comparatively less expensive, which might have enhanced the economics of the treatment. The least BCR was found 2.96 in the treatment where zero tillage was used (Table 7). 
Discussion
Soil characteristics are greatly influenced by the tillage operation under the spate irrigated soil. While the wheat verities did not showed any significant impact on soil physico – chemical characteristics in our study. Soil pH was significantly affected by the tillage as compared with no till plots (Gholami et al., 2014). The lowest was found in the no till as in case of our study. Conventional tillage reduces the bulk density and has positive effect on soil to permit the water and solute movement and enhances soil aeration (Wolkowski & Lowery, 2008). But others have reported that deep tillage reduced the bulk density of soil over conventional tillage but increased the water content Ji et al. (2013).
Soil organic matter and nutrients under spate irrigation showed great variation amongst the different plots of tillage. It has been found that the sediments deposited also played great role in soil organic matter and also soil nutrients. Short term effect of tillage on soil organic matter by comparing No – till (NT) and mould board (MP) (Liang et al., 2014). They found that NT decreased silt Organic Carbon, while clay Organic Carbon increased. Also explained that it was due to the fact that more residues were  retain on the surface of soil and no disturbance lead to loss of silt plus clay Organic Carbon in the No – till or zero till plots. Due to MP treatment the total organic carbon (silt + clay) increased by 4.5%. Tillage practices showed an impact on total N storage of soil (Qin et al., 2006). But the effect of tillage on soil nitrogen for the spate irrigated field varied from the finding of other researchers due to amount of siltation which carry enormous amount of organic manure. Also it has been found that use of conventional tillage accelerates the nitrogen mineralization (Lopex –Fando & Pardo, 2012). Extractable phosphorus has been found to have non significant effect of tillage operations in the rhizosphere soil (Priyadarshi et al., 2018). The highest content was recorded in Zero tillage which had 2-4% greater P than conventional tillage. 
The agronomic traits studied in the experiment showed significant variation in the wheat verities. Different wheat verities under the agro – ecological condition of Dera Ismail Khan were studied and have been found different in plant stature (Baloch et al., 2015). This parameters is ascribed to the genetic diversity of the wheat cultivars. Significant difference amongst plant height of wheat verities have been reported by Zamir et al. (2010). Contrary to our finding the verity × tillage also had significant effect on plant height of wheat. Plant height of wheat significantly change by the use of tillage practices, the tallest plants were found in the tillage practice receiving three tillers (Islam et al., 2011). Difference in spike length of wheat amongst the exotic genotypes in Mansehra district of Khyber Pakhtunkhaw have been reported by Rasheed et al. (2015). Also it has been reported by other workers that variation in spike lengths may be attributed to the genetic characteristic of genotypes ( Nawaz et al., 2013). 
Biological yield has been significantly changed by the use of tillage practices and were recorded maximum in deep plough plots where mould board was used as compared with the plots where cultivator and chisel plough were applied (Hassan et al. 2015). In a two years experiment grain yield was significantly higher for reduced tillage practice, which was non – significantly changed from the Conventional tillage for both the years (Khorami et al., 2018). The yield was consistently lower in the no – till plots. They concluded that the least yield in the no – till plots may be due to the decreased irrigation or moisture than the Conventional and reduce till plots. Grain yield of wheat was highest where mould board plough was used and it was followed by cultivator (Ali et al., 2016a). They strongly recommended deep ploughs as it improves the total porosity, infiltration rate and soil aeration. This ultimately results in more moisture conservation for longer time. It also enhances the root spread, cycling of plant nutrients and may result in greater yield of crop (Ali et al., 2014; David et al., 2006). 
Significantly higher straw yield in zero tillage plots than the conventional tillage plots have been reported by (Ali et al., 2016b). Contrary to these findings Alam et al. (2013) recorded significantly greater straw yield by using the conventional tillage practices and lower for the zero tillage. Khan et al. (2013) studied the grain protein content of fourteen wheat verities of Sindh Province and found that total protein content was highest recorded in Anmol variety and the lowest was recorded in the local variety. Anjum et al. (2005) reported that the protein content in Pakistani wheat grain range from 9.68 to 13.45 %, while Khan et al., 2009 recorded the protein content between 10.23 to 11.60 % in Pakistani wheat. Jaskulska et al. (2013) reported stronger effect of previous crop along with tillage on the protein content. Shakeel et al. (2014) reveled higher BCR for the treatments of minimum tillage as compared with the deep plough sown on ridges. They concluded that the higher BCR value may be attributed to less cost of treatment and attaining higher yield of the crop. Meena et al. (2015) reported greater BCR for conventional tillage methods as compared with the no – till plots for two crops i.e. Chick pea and maize. The residue incorporated by the conventional method had greater BCR. Also similar results have been reported by Dodwadiya & Sharma (2012).
Conclusion
The present study showed that tillage operation had significantly effect on characteristics of soil under spate irrigation. The agronomic traits studied also showed significant effect of tillage and wheat verities. The parameters which were significantly changed included plant height, spike length, biological yield, grain yield, straw yield and harvest index. The qualitative parameter of protein content in wheat grain was non – significant but was found comparatively higher in landrace variety. The economics of the study showed grater BCR value of the local landrace along with deep plough. Conclusion from the above results revealed that Pirsabak – 15 variety of wheat gave better result in term of yield. The local Landrace also showed a good response to tillage
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Table 1 Physico – Chemical Characteristics of soil
	Soil Parameters
	Values

	Textural Class
	Silt Loam

	Electrical conductivity (dS m-1)
	1.42

	pH
	8.09

	Organic matter (%)
	0.56

	SAR
	7.32

	Bulk Density (g cm-3)
	1.28

	Phosphorus (mg kg-1)
	5.49

	Potassium (mg kg-1)
	158



	Month
	Temperature Co
	Relative humidity (%)
	Screen pan
Evaporation
(mm day-1)
	Wind speed
(kmhr-1)
	Rainfall
(mm)

	
	Mini
	Max
	0800 hrs
	1400 hrs
	
	
	

	Oct –17
	19
	34
	67
	41
	2.35
	0.84
	00

	Nov –17
	06
	26
	81
	57
	1.60
	1.19
	18

	Dec –17
	03
	22
	75
	70
	1.28
	1.09
	00

	Jan – 18
	02
	24
	71
	53
	1.34
	1.22
	00

	Feb – 18
	04
	24
	84
	57
	2.30
	1.50
	12

	Mar – 18
	10
	30
	79
	48
	3.28
	2.10
	17

	Apr – 18
	15
	35
	84
	67
	4.33
	2.63
	10


Table 2. Metrological Data during the crop season
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Table 3. Soil Properties as affected by verities and tillage practices.
	Treatment
	Soil pH 
	Bulk Density (gcm-3)
	Soil Porosity (%)

	
	Pirsabak – 15
	Fateh Jhang
	Landrace
	Mean
	Pirsabak – 15
	Fateh Jhang
	Landrace
	Mean
	Pirsabak - 15
	Fateh Jhang
	Landrace
	Mean

	T1:Deep ploughing 
	7.81
	7.74
	7.78
	7.77 ab
	1.30 ab
	1.20 b
	1.23 b
	1.24 b
	50.94 ab
	54.71 a
	51.95 ab
	NS 53.20

	T2:Conventional tillage
	7.79
	7.97
	7.85
	7.87 ab
	1.28 ab
	1.22 b
	1.29 ab
	1.26 ab
	51.69 ab
	53.96 ab
	49.60 ab
	52.45

	T3:Mulch tillage 
	8.07
	7.96
	7.78
	7.94 a
	1.30 ab
	1.36 a
	1.36 a
	1.34 a
	50.94 ab
	48.67 b
	46.87 b
	49.43

	T4:Zero tillage 
	7.62
	7.77
	7.68
	7.69 b
	1.39 a
	1.33 ab
	1.29 ab
	1.33 a
	47.54 b
	49.81 ab
	49.60 ab
	49.81

	Mean
	NS7.82
	7.86
	7.77
	
	1.31
	1.28
	1.29
	
	NS50.56 
	51.69
	49.60
	

	LSD Tillage
	0.211
	0.0754
	NS

	LSD Interaction
	NS
	0.1306
	4.92



Table 4. Soil organic matter and plant nutrients as affected by verities and tillage practices.
	Treatment
	Organic matter (%)
	Total Nitrogen (%)
	Extractable Phosphorus (mg kg-1)

	
	Pirsabak - 15
	Fateh Jhang
	Landrace
	Mean
	Pirsabak – 15
	Fateh Jhang
	Landrace
	Mean
	Pirsabak - 15
	Fateh Jhang
	Landrace
	Mean

	T1:Deep ploughing 
	0.67 a
	0.58 abc
	0.55 abcd
	0.60 a
	NS0.033
	0.029
	0.027
	0.030 a
	6.49 a
	6.46 a
	5.71 abc
	6.22 NS

	T2:Conventional tillage
	0.57 abc
	0.54 abcd
	0.60 ab
	0.57 a
	0.029
	0.027
	0.030
	0.029 ab
	6.47 a
	5.29 bc
	5.94 abc
	5.90

	T3:Mulch tillage 
	0.43 de
	0.51 bcd
	0.49 bcd
	0.48 b
	0.025
	0.025
	0.024
	0.025 bc
	6.39 ab
	6.00 abc
	5.82 abc
	6.07

	T4:Zero tillage 
	0.47 cde
	0.35 e
	0.53 bcd
	0.45 b
	0.027
	0.017
	0.026
	0.024 c
	5.27 c
	5.55 abc
	6.48 a
	5.77

	Mean
	0.53
	0.49
	0.54
	
	NS0.029
	0.027
	0.027
	
	6.15 NS
	5.82
	5.58
	

	LSD Treatment
	0.0801
	4.285E-03
	0.888

	LSD Interaction
	0.1388
	NS
	NS




Table. 5 Growth of Parameter of wheat as affected by verities and tillage practices. 
	Treatment
	Plant Height
	Spike Length (cm)
	Total Biomass (kg ha-1)

	
	Pirsabak – 15
	Fateh Jhang
	Landrace
	Mean
	Pirsabak – 15
	Fateh Jhang
	Landrace
	Mean
	Pirsabak – 15
	Fateh Jhang
	Landrace
	Mean

	T1:Deep ploughing 
	76.66 b
	66.60 c
	91.6 a
	76.66 b
	6.83 cde
	9.00 a
	8.00 abc
	NS7.94
	NS 5633
	5656
	5800
	5696 a

	T2:Conventional tillage
	78.67 b
	67.00 c
	94.33 a
	78.67 b
	6.33 de
	8.63 ab
	7.20 bcde
	7.38
	5650
	5430
	5776
	5618 ab

	T3:Mulch tillage 
	68.00 c 
	77.34 b
	94.67 a
	68.00 c 
	6.16 e
	8.10 abc
	8.23 abc
	7.49
	5263
	5181
	5603
	5349 b

	T4:Zero tillage 
	79.00 b
	69.34 c
	91.34 a
	79.00 b
	6.83 cde
	7.83 abcd
	7.03 cde
	7.23
	4893
	4830
	5430
	5051 c

	Mean
	75.58 b
	70.07 c
	92.99 a
	75.58 b
	6.53 b
	8.39 a
	7.61 a
	
	5359 b
	5274 b
	5652 a
	

	LSD Verities
	3.78
	0.86
	154.18

	LSD Treatment
	NS
	NS
	287.73

	LSD Interaction
	7.56
	1.71
	NS



Table.6 Yield Parameters and protein content of wheat as affected by verities and tillage practices.
	Treatment
	Grain yield (kg ha-1)
	Straw Yield (kg ha-1)
	Protein content (%)

	
	Pirsabak – 15
	Fateh Jhang
	Landrace
	Mean
	Pirsabak – 15
	Fateh Jhang
	Landrace
	Mean
	Pirsabak – 15
	Fateh Jhang
	Landrace
	Mean

	T1:Deep ploughing 
	2450 a
	2356 ab
	2400 ab
	2402 a
	3233 ab
	3283 ab
	3350 ab
	NS7.94
	NS 12.7
	11.9
	13.65
	NS12.75

	T2:Conventional tillage
	2413 ab
	2208 c
	2300 bc
	2304 b
	3350 ab
	3233 ab
	3373 a
	7.38
	12.76
	11.91
	12.91
	12.52

	T3:Mulch tillage 
	2366 ab
	2050 d
	2224 c
	2205 c
	3063 bc
	3131 abc
	3236 ab
	7.49
	12.51
	11.78
	14.02
	12.77

	T4:Zero tillage 
	2215 c
	1916 e
	1970 de
	2028 d
	2923 c
	2913 c
	3230 ab
	7.23
	12.82
	11.42
	13.86
	12.70

	Mean
	2357 a
	2130 c
	2217 b
	
	3142 b
	3140 b
	3297 a
	
	12.70ab
	11.75 b
	13.61 a
	

	LSD Verities
	62.849
	114.31
	1.26

	LSD Treatment
	83.60
	240.94
	NS

	LSD Interaction
	125.70
	228.61
	NS



Table 7 Economics of wheat verities and tillage operations
	Treatments
	Total Cost of each (Rs)
	Production (Rs)
	BCR

	
	Pirsabak– 15
	Fateh Jhang
	Landrace
	Pirsabak – 15
	Fateh Jhang
	Landrace
	Pirsabak– 15
	Fateh Jhang
	Landrace

	T1:Deep ploughing 
	20850
	20450
	19850
	77415
	75315
	76750
	3.71
	3.68
	3.86

	T2:Conventional tillage
	21300
	20900
	20300
	77075
	71365
	74365
	3.61
	3.41
	3.66

	T3:Mulch tillage 
	21800
	21400
	20800
	74465
	66905
	71780
	3.41
	3.12
	3.45

	T4:Zero tillage 
	21500
	21100
	20500
	69990
	62465
	65400
	3.25
	2.96
	3.19




