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ABSTRACT 

Wheat is a major staple food of Pakistan, which not only provides the food for human 

but also has an important role in livestock feeds. It provides the raw material to various agro-

based industries. Average wheat yield of the country is 2.7 metric t ha
-1 

(Govt. of Pakistan, 

2010-11). Conventional methods of planting, late planting, poor management practices and 

imbalanced nutrient management are the major constraints of low yield in wheat production 

at farmer’s field. Zero tillage technology is considered more convenient and efficient 

planting system as it saves irrigation water, cost of inputs and increased the net income. 

Pakistani soils pH is high and productive without any major problem for crop husbandry. It is 

medium in K2O and deficient in N, P2O5 and organic matter. Research was conducted at 

University of Agriculture, Faisalabad, Pakistan, to evaluate the different tillage systems along 

with nitrogen levels and mulch materials regarding yield, growth, soil physical properties and 

grain quality. The aim of experiment was to determine the most favorable tillage system 

along with the best nitrogen level and mulch material. Two studies were carried out during 

2009-10 and 2010-11. First study comprised of four tillage systems; conventional tillage, 

deep tillage, zero tillage sowing with zone disc tiller and zero tillage sowing with happy 

seeder along with four nitrogen levels i-e 75 kg ha
-1

, 100 kg ha
-1

, 125 kg ha
-1

 and 150 kg ha
-1

 

along with control. The study-2 comprised of  same tillage systems along with four mulch 

materials i-e rice straw, wheat straw, plastic sheet @ 4 t ha
-1

, natural mulch along with no 

mulch. Split plot design with three replications having net plot size 8.0 m x 5.4 m. Wheat 

variety Sehar-2006 was sown 22.5 cm apart with seed rate of 125 kg ha
-1

 having 24 rows per 

plot. Data pertaining to growth, yield, soil physical properties and grain quality were noted 

by using standard procedures. Data collected from both experiments were statistically 

analyzed by MSTATC and the differences among the treatment means were compared for 

significance by using the Duncan’s New Multiple Range Test at 5% level of probability. The 

computer package MS-Excel was used to prepare the graphs. In 2010-11, the climatic 

conditions were favorable for crop growth, production and overall 24 % greater grain yield 

produced than 2009-10 in first experiment. Higher grain yield was produced in deep tillage 

and happy seeder as compared to other tillage systems while N125 kg ha
-1

 generated higher 

grain yield than all nitrogen levels during both the years. In both the year’s deep tillage and 

N125 kg ha
-1

 gave maximum LAI and TDM than other tillage systems and nitrogen levels. 

Higher root length was recorded at deep tillage and N125 kg ha
-1

 in comparison to all tillage 

systems and nitrogen levels both the years of study. During both the years’ soil bulk density 

was 10-20 % lower in deep tillage than all tillage systems at flowering and harvesting stage 

at 0-5 and 5-10 cm soil depth. Nutrient use efficiency was 44 % higher in deep tillage 

compared to all tillage systems. During both the years higher water use efficiency 7 to 10 % 

was noted at deep tillage and happy seeder compared to all tillage systems while N125 kg ha
-1

 

led to 53 % higher WUE. Higher grain protein content was observed at deep tillage and 5-40 

% at N150 kg ha
-1

 than other tillage systems and nitrogen levels during both the years. All the 

tillage systems in both years gave maximum net rate of return and benefit cost ratio were 

noted at N125 kg ha
-1

. In 2009-10 maximum marginal rate of return 498 % and 577 % were 

noted in conventional tillage and deep tillage at N75 kg ha
-1

 while 545 % and 508 % in zone 

disc tiller and happy seeder at N100 kg ha
-1

. Maximum marginal rate of return in all tillage 

systems were noted at N100 kg ha
-1

 during second year. 
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In second study 14 % greater grain yield was attained in 2010-11 than 2009-10. In both the 

years of study deep and happy seeder gave higher grain yield than other tillage systems while 

plastic mulch @ 4 t ha
-1

 produced higher grain yield than other mulch materials. During both 

the years higher LAI and TDM were observed at happy seeder and MPlastic @ 4 t ha
-1

. Soil 

bulk density at deep tillage was 10-15 % lower than other tillage systems while plastic mulch 

materials @ 4 t ha
-1

 at 0-5 cm gave 4-10 % lower bulk density during both the years of study. 

During both the growing seasons higher water use efficiency 2 to 7 % was noted at deep 

tillage compared to all tillage systems while plastic mulch @ 4 t ha
-1

 gave 2 to 24 % higher 

WUE. In 2009-10 and 2010-11, higher grain protein content was noted at deep tillage and 

MPlastic @ 4 t ha
-1

 compared to all tillage systems and mulch materials. Conventional tillage 

and deep tillage during first year gave maximum net rate of return and benefit cost ratio at 

MRice @ 4 t ha
-1

 while zone disc tiller and happy seeder gave at MNatural (Heavy Planking). In 

second year all tillage systems gave maximum net rate of return and benefit cost ratio at 

MRice @ 4 t ha
-1

. All tillage systems gave higher marginal rate of return at MNatural in first 

year. During 2010-11, higher marginal rate of return was recorded in conventional tillage, 

deep tillage and zone disc tiller at MNatural while happy seeder gave higher marginal rate of 

return at MRice @ 4 t ha
-1

. In light of above results, it is recommended that in rice-wheat 

cropping system, happy seeder and deep tillage with N125 kg ha
-1

 application gave higher 

grain yield. While in case of mulch materials, happy seeder and deep tillage produced 

maximum yield when natural mulch was applied. On the bases of marginal rate of returns, it 

is recommended that the resource poor farmers should grow wheat with happy seeder and 

deep tillage alongwith N100 kg ha
-1

, while the progressive farmers may fertilize wheat with 

N125 kg ha
-1

 to obtain higher net field benefits. In case of mulch, it is recommended that the 

resource poor wheat growers should grow wheat with happy seeder and deep tillage at 

MNatural, while the progressive farmers may grow wheat with MRice @ 4 t ha
-1

 to get higher net 

field benefits. The fertility status of Pakistani soil is low due to warm climate and extensive 

cropping systems. Currently, farmers do unwise wheat tillage operation. So, it is strongly 

recommended that farmers should adopt zero tillage technology alongwith above 

recommendation of nitrogen fertilizer and mulch. It would helps to reduce cost of production 

and and increase yield. Subsequently, it increases farmer’s profit, improves his livelihood 

and eventually helps to reduce poverty.  
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Chapter-1      INTRODUCTION 

 

         

 Wheat (Triticum aestivum L.) is the major cereal crop grown in world. World wheat 

production is 695 million tons (FAO, 2011). It contributes 13.1 % to the value added 

products in agriculture and 2.7 % to gross domestic production (Govt. of Pakistan, 2010-11). 

Currently, the area under wheat is 8.81 million hectares and total production is 24.2 million 

tons with an average yield of 2.7 metric ton ha
-1

 (Govt. of Pakistan, 2010-11). Despite a 

higher yield potential, average grain yield of wheat in Pakistan is well below than in most of 

the wheat producing countries of the world. Rice-wheat cropping system plays an important 

role in world food security (Timsina and Connor, 2001; Ladha et al., 2003a). In Indian-

subcontinent, the area under rice-wheat cropping system is 13.5 million hectares (Ladha et 

al., 2000). In Pakistan, wheat occupies a central position in regulating agricultural policies 

and dominates all agronomic crops in the form of total acreage and yield. Wheat is generally 

grown after rice and cotton. Rice is grown in Kharif season under puddle condition while 

irrigated spring wheat in Rabi season. The total area is about 2.4 million hectares under rice 

out of which 50% comprised of fine and long quality speciality rice varieties (Basmati). Fine 

and long quality speciality rice varieties are late maturing which often delay and / or affect 

spring wheat planting. However, farmers prefer to grow spring wheat due to its high gross 

margins (Khan, 2002). Rice is generally harvested mechanically by combine harvester, which 

leaves rice stubbles in the field. However, rice stubbles incorporation required several tillage 

operations, which also delays wheat planting. Irregular tillage operations especially 

conventional tillage during the seedbed preparation and at late maturing stage of basmati rice 

delayed the wheat planting. 

          Conventional tillage not only degrades the soil and water resources, it also affects the 

sustainability of the agricultural production (Gupta et al., 2003; Kumar and Yadav, 2001). 

Over time, frequent annual plowing creates subsoil hardpan (at 20 cm depth) due to the 

repeated cultivation at the same depth (Kukal and Aggarwal, 2003). The main contributing 

factors of hardpan formation are continuous cultivation (Alakukku et al., 2003) and tractor 

tyre inflation process (Schjonning et al., 2006). The reduction of soil compaction (e.g. bulk 
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density) is essential to develop good soil tilth (Håakansson, 2005). The high bulk density of 

soil reduced porosity, restricted root growth, concomitant poor plant growth and yield are the 

negative effects of soil compaction (Hamza and Anderson, 2005; Gysi et al., 2000). Wheat 

yield can be increased by managing resources through conservation management practices. 

The most important technology is the conservation tillage that has made to overcome soil 

erosion, maximize vegetative cover on the land, increase soil organic matter, improve carbon, 

energy and water footprints, and sustain farm economics (Brula, 2002; Gupta et al., 2003; 

Kumar and Yadav, 2001; Lithourgidis et al., 2005; Uri, 2000). 

          Zero-tillage is well known as zero-till, no-till, direct seeding and direct drilling 

(Erenstein et al., 2008a). No-till techniques have been successfully applied on more than 111 

million hectare worldwide (Derpsch et al., 2010). Continuous use of reduced or no-till 

practices substantially improves the net profitability of crop production (Verch et al., 2009). 

The yield of zero-till wheat is reportedly equal to or even higher than the yields produced by 

conventional tillage (McMaster et al., 2002; Hemmat and Eskandari, 2004). However, no-till 

wheat yields are often affected by weeds pressures and poor crop stand due to soil 

compaction, anoxic conditions, and immobilization of nitrogen (Rahman et al., 2005, Fischer 

et al., 2002, Alvarez and Steinbach. 2009, Schomberg et al., 1994). Soil properties like 

nutrient mineralization, aggregate stability, aeration, water uptake and retention are 

influences by soil organic matter content. Crop residue is an important source of organic 

matter but left-over crop residues in the field are often burnt in Pakistan. This is not a 

sustainable practice because organic matter content in our soils is very low (<0.5%). 

However, soil quality (integration of biological, chemical and physical properties) is 

enhanced by the addition of organic matter (Islam and Weil 2000; Cater, 2002). Moreover, 

crop residues significantly increased the biodiversity of soil micro-organisms (Gao et al., 

2001). Wheat yield responses under reduced tillage with previous crop residues are 

inconsistent because of immobilization of nitrogen, low soil temperatures and high moisture 

content, poor seed-bed and transitional cropping environment (Halvorson et al., 2000; Carr et 

al., 2003; Hemmat and Eskandari, 2004). Fertilizer application with reduced and no-till 

seeding requires careful attention in order to optimize efficiency of fertilizer use by crops 

(Selles et al., 1999). Favorable soil structure enhances the process of mineralization and root 

growth, which is helpful for nutrient uptake (Christensen, 2001; Pietola, 2005). Soon et al. 
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(2001) showed that greater N-fertilizer recommendation should allow for mineralization of 

organic N in zero-till compared with conventional till. Among all the plant nutrients, nitrogen 

is one of the nutrients that recycled through crop residues. Crop residues have excess amount 

of organic nitrogen, which is not available for plant growth. This organic nitrogen is only 

available for plant growth after the process of mineralization, which is done by 

microorganisms (Lupwayi et al., 2006). The atmospheric CO2 is mitigated in the form of 

carbon sequestration in agricultural soils by the using of conservation tillage practices 

(Balesdent et al., 2000; Denef et al., 2004). 

           There is an important and critical relationship exists between nitrogen and crop 

residues. Crop residue could significantly improve the supply of soil nitrogen and 

phosphorus by reducing their losses and may also control soil erosion and runoff (Xu et al., 

2006). Adjusting the proportion of straw C/N with effective microorganisms enhances 

residue decomposition to release nutrients. Soil nutrients increased significantly over time 

with crop residues application (Zhang et al., 2005). Tillage, crop residues and nitrogen have 

critical effects on plant growth and yield. Surface accumulation of crop residues with zero 

tillage improves soil physical properties and increases crop yields. Application of N fertilizer 

enhances the crop yield and some soil quality attributes but also increases the potential for 

NO3-N leaching and N2O-N emission, particularly when use higher dose than the crop 

demand (Malhi et al., 2006). Mulching is one of the important agronomic practices in 

conserving the soil moisture and modifying soil physical environment to maximize crop yield 

and enhance water use efficiency (Chakraborty et al., 2008). Straw mulch with zero-tillage 

could effectively improve soil physical quality with potential for improving crop yield 

(Zhang et al., 2007). The overall benefit is that the mulching along with reduced tillage helps 

to avoid yield reduction in wheat production (Gla and Kulig, 2008). 

There are not much reported studies on the conservation tillage and crop residues 

management strategies in rice-wheat cropping system in Pakistan. The present study was 

conducted with the following objectives: 

 

 To estimate the nitrogen requirements of wheat planted by different methods. 

 To evaluate the role of various tillage and mulching practices on crop residues 

management in post-harvest rice fields. 
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 To determine the effects of tillage and mulching on selected soil physical properties and 

wheat yields. 

 To assess the best planting method for wheat cultivation in rice-wheat cropping system. 

 

 

 



5 

 

Chapter-2     REVIEW OF LITERATURE 

 

            Tillage is an agricultural operation for soil manipulation by mechanical agitation to 

optimize the crop yield. Different tillage systems are used for wheat crop production in rice-

wheat cropping system are; intensive tillage system (conventional and deep tillage) and 

conservation tillage (minimum tillage, mulch tillage, ridge tillage and no-till or zero tillage). 

In this chapter, we reviewed the different tillage systems and their effects on soil physical 

properties, plant available water, weeds population, crop growth and production, organic 

matter, nitrogen, phosphorus and potassium contents, crop residues and nitrogen effects on 

crop growth and production, tillage and mulch effects on water use efficiency, soil physical 

properties, crop growth and production along with tillage economics.  

2.1. Zero tillage comparison with Conventional tillage 

Conventional tillage (CT) has better soil aeration, field workability, and less soil 

compaction compared with zero-tillage (ZT). Increase in soil aeration and early warming of 

CT contributed towards maximum seed germination and plant establishment compared with 

ZT (Licht and Mahdi, 2005). Erenstein et al. (2008a) reported that ZT is one of the most 

widely adopted techniques for timely planting of crops, controlling soil erosion, and reducing 

the cost of operations in Indo-Gangetic Plain.  

Wheat after rice sown by ZT generates an additional profit $ 97 ha
-1

 in terms of yield. 

Younis et al. (2006) reported that zone till sowing technique gave higher yields and greater 

benefit cost ratios than slot planting and conventional methods. The problems faced in case 

of other techniques like late sowing of wheat in post-harvest paddy fields, higher labor and 

inputs costs, and lower crop yields could be minimized with ZT. The adoption of ZT 

technology is expected to increase farmer’s profit, improve his livelihood and eventually 

reduced poverty (Bakhsh et al., 2005). De Vita et al. (2007) reported that reduction in cost of 

production and increased yield by the use of ZT which was becoming attractive among the 

farmers relative to CT. The beneficial effect of ZT is reduced water loss (e.g. evaporation) in 

association with increased soil moisture availability compared with CT. Tabatabaeefar et al. 

(2009) indicated that ZT not only reduced the farm energy consumption but also reduces the 

soil erosion and helpful in the control of soil structural degradation. The additional benefit of 
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ZT is the time saving in seedbed preparation. The difference between ZT and CT showed that 

the ZT help in the savings of inputs and cost of cultivation (Erenstein, 2009; Mileusnic´ et 

al., 2010 and Javadi et al., 2009). Deen and Kataki (2003) suggested that soil organic carbon 

(SOC) content depends on the soil depth which is influenced by the type of tillage system. 

They concluded that ZT has greater soil organic carbon concentration and storage only at the 

surface layer but not for the whole soil profile compared with the chisel and moldboard 

tillage system. Lo′pez-Fando and Pardo (2009) concluded that more soil organic carbon 

(SOC) and N within 0-5 cm under NT or ZT compared with minimum or CT. The 

concentration of soil organic carbon (SOC) and N decreases with increasing soil depth. They 

found that phosphorus and potassium were higher in NT or ZT at 0-20 cm layer than under 

MT and CT.  

McGarry et al. (2000) studied the soil physical properties under ZT and CT system 

and found that both the tillage system had significant effect on soil bulk density and 

hydraulic conductivity on both at surface and subsurface level. They concluded that the 

interaction between time and tillage system were the key source in the change of bulk density 

and hydraulic conductivity. The values of bulk density increased with the time in traditional 

than under conservation tillage. Zero till system had mechanical resistance values in the 

range of 500 ± 1000 kpa but not reached at 25000 kpa which inhibited the root growth. Soil 

water content was lower in NT than CT. So, the tillage operations in the fall did have 

negative effect on soil physical properties for growth and development of plants.  

2.2. Tillage effect on soil physical properties 

Soil physical environment is important for maintaining sustained agronomic 

production. Experimental results showed that tillage has strong effect on soil physical 

properties (Rashidi and Keshavarzpour, 2008). Martıńez et al. (2008) suggested that ZT 

alterd the soil physical properties which depend on the climate, soil and time to use of 

implements. The ZT had fast drainage, more macro pores, and greater soil water movement 

than in CT. Boydas and Turgut (2007) stated that tillage is an operation to improve soil 

conditions for optimal crop emergence and yield. Different tillage implements and 

operational variables may affect soil physical properties such as mean weight diameter, 

moisture content, penetration resistance, bulk density, and emergence rate index. Reduced 
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tillage system has greater values of aggregate stability, water infiltration rate, bulk density 

and cone penetration resistance than conventional tillage system (Alvarez and Steinbach, 

2009). Karina et al. (2009) reported that ZT minimized the detrimental effects of soil erosion 

compared with traditional tillage. So, the organic matter content and pore connectivity in the 

upper soil layer is increased by the use of long-term zero-till system.  

Ozpinar and Cay (2006) suggested that under reduced tillage system organic carbon 

and nitrogen content increased by decreasing the bulk density, which in turn had positive 

impact on crop productivity. Fuentes et al. (2009) indicated that both CT and NT effects on 

the plant, soil physical and chemical characteristics. They reported that NT along with 

residue retention on soil surface was a suitable technology for farmers obtaining higher 

yields due to better soil quality than conventional farming practices. ZT increases plant-

available water and organic matter in the soil which is the most limiting factors in any crop 

yielded area. They found that greater penetration resistance occurred due to NT but increased 

water availability which resulted in improving the soil structures. Moret and Arru´e ( 2007) 

concluded that NT presented the most compacted topsoil and lower hydraulic values than in 

CT and RT. No-till showed the largest macro pores than in CT and RT but per unit area of 

water conducting pores were fewer in NT than in CT and RT. Mohanty et al. (2007) studied 

the effect of different tillage systems on soil physical properties in rice-wheat cropping 

system. They concluded that ZT wheat along with residue retention had a positive effect on 

soil properties.  

Crop residue incorporation in addition with synthetic fertilizers not only improves the 

soil physical properties but also enhance the water infiltration and storage capacity. This 

technology reduced the soil erosion problems (Zeleke et al., 2004). Daraghmeh et al. (2009) 

studied the soil structure characteristics under different tillage system. They concluded that 

minimum tillage system enhanced the soil structure by the addition of soil organic matter and 

reduction of bulk density. Tripathi et al. (2007) conducted an experiment to check the soil 

properties under ZT along with residue incorporation in rice-wheat cropping system. They 

concluded that puddling index and bulk density were higher in conventional puddling than in 

reduced puddling. The bulk density was greater in ZT but not significantly differed with CT. 

While the infiltration rate of conventional puddling was low, however, in case of wheat, 

infiltration rate was at par under ZT and CT. Fabrizzi et al. (2005) suggested that the only 
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way to maintain the soil productivity soil was the use of ZT by avoiding the intensive 

agricultural system. They studied the soil temperature, compaction, water storage and crop 

yield in productive soil under minimum and ZT systems. They concluded that NT had higher 

water storage, bulk density, root penetration resistance, crop yield and lower soil temperature 

than minimum and CT systems. Strudley et al. (2008) reported that soil hydraulic properties 

and plant growth were affected by tillage system. They studied the interaction between tillage 

and residue management and concluded that CT decreased the macropores connectivity by 

creating consistent response in total porosity and soil bulk density compared with NT. 

Bhattacharyya et al. (2006) reported that tillage management system alters the pore size 

distribution, poregeometry and hydraulic properties of soil, which had effects on crop 

growth. They concluded that soil water retention, bulk density and saturated hydraulic 

conductivity were higher in ZT than CT while the average volume of total porosity was 

observed under CT, MT and ZT. Jat et al. (2009) concluded that soil bulk density, 

penetration resistance and infiltration rate were lower in ZT along with residue retention than 

in CT. They concluded that the increase of soil disturbance decreased the soil bulk density 

and penetration resistance. So, bulk density and penetration resistance were higher in zero 

tillage (Osunbitan et al., 2005 and Pedrotti et al., 2005). Logsdon and Karlen (2004) 

concluded that the soil bulk density was not a suitable indicator of soil quality. Wahl et al. 

(2004) suggested that NT had greater macroporosity, which increased the infiltration rate. 

They concluded that conservation tillage has lower surface runoff due to greater continuity 

and connectivity of the macropores. Moreover, they suggested that ZT improves the nutrient 

content by the addition of organic matter which enhances the CEC and decreased the soil 

C/N ratio. ZT along with residue cover improves the agronomic parameters and biomass 

production (Moussa-Machraoui et al., 2010).  

Gosai et al., (2009) conducted an experiment on highly erodible soil and concluded 

that ZT was the best tool for increasing soil C and N sequestration. Ferreras et al., (2000) 

reported that continuous cropping system deteriorated the soil structure while ZT reduced the 

soil degradation but caused the soil compaction which had negative impact on crop growth. 

They studied the effect of tillage system on soil physical properties and concluded that ZT 

increased the mechanical resistance which decreased the wheat root growth and dry matter 

accumulation. Lampurlane´s and Cantero-Martınez (2006) investigated the ZT along with 
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residue cover on soil hydraulic conductivity and moisture conservation. They found that ZT 

has maximum crop residues at the time of sowing which helps in water conservation but 

reduces the hydraulic conductivity. They concluded that total porosity under continuous 

chisel plough was higher however, soil aggregate stability and organic matter was higher in 

ZT. Ahmad et al. (2009) suggested that soil compaction effects on porosity, bulk density and 

plant root proliferation due to continuous tillage operation at same depth. These soil physical 

properties effect nutrients uptake and concentration which ultimately decrease the crop 

yields. They concluded that continuous ploughing increased the subsoil compaction which 

increased soil bulk density but reduced total porosity. Six et al. (2000) reported that NT 

enhances the formation of stable micro aggregates which sequestered carbon for longer term. 

Due to this process NT has higher contents of organic matter as compared to CT.  

Cavalieri et al. (2009) reported that ZT reduced the problem of soil erosion which 

was caused by CT. While, long term ZT causes the soil compaction which had negative 

effects on crop yield and soil structure. Sharma and Bhushan (2001) suggested that 

incorporation of crop residues helped to control weeds and enhance the physical environment 

of soil structure under rice-wheat cropping system. It is reported that reduced tillage resulted 

in increased soil stability, bulk density and water content in comparison with traditional 

tillage (Czy and Dexter, 2008; Bai et al., 2008). The results showed that the reduced tillage 

system created a more-friendly environment for soil physical properties - particularly soil 

stability than the conventional system. Elder and Lal (2008) said that soil structure was 

changed due to intensive land use. They concluded that change the tillage system from CT to 

ZT which decreased total porosity but increased soil bulk density. 

Table 2.1: Tillage systems effects on soil bulk density, water content and total porosity. 

Source Bulk density (g 

cm
-3

) 

Volumetric water 

content (mm cm
-1

) 

Total porosity 

(cm
3
 cm

-3
) 

CT NT CT NT CT NT 

Gangwar et al., 2006 1.62 1.66 - - - - 

Gangwar et al., 2004 1.59 1.68 - - - - 

López-Fando and Pardo, 2009 1.57 1.61 - - - - 

Fernandez-Ugalde et al., 2009 1.58 1.78 - - - - 

Qamar et al., 2012 1.46 1.55 0.7 1.4 0.47 0.43 
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Basamba et al., 2006 1.28 1.42 1.2 1.7 0.52 0.50 

Małecka et al., 2012 1.39 1.69 1.2 1.7 - - 

Meenakhi, 2010 1.44 1.46 1.9 1.9 - - 

Tripathi et al., 2007 1.53 1.54 - - - - 

Veiga et al., 2008 1.03 1.10 - - 0.61 0.60 

 

2.3. Tillage effects on plant available water 

Conservation of soil and water are beneficial for crop growth and yield which is 

possible by using conservation tillage practice like zero or minimum tillage system. Abid and 

Lal (2008) found that tillage system changed the water retention, transmission and soil 

strength. They reported that increased soil aggregation, reduced runoff and improved soil 

hydrological properties due to change from CT to NT. NT has greater organic matter content 

that improves the soil pore size distribution and enhance the soil available water content and 

crop yield (Bescansa et al., 2006). Shipitalo et al. (2000) conducted an experiment and 

reported that crop residues deposition on the soil surface act as mulch improved the water 

infiltration and reduced the water loss by evaporation. Bhattacharyya et al. (2008) conducted 

an experiment on both conservation tillage and ZT and found that conservation tillage 

improve soil water transmission, aggregation, plant available water (PAW) and soil organic 

carbon. They said that soil organic C and PAW were greater in ZT than in conservation 

tillage. Su et al. (2007) concluded wheat yield is increased by enhancing water use 

efficiency, water storage and save energy under ZT. Qingjie et al. (2009) studied water use 

efficiency, crop yield and soil water content under controlled traffic farming combined with 

zero tillage. They concluded that controlled traffic along with zero tillage appears to be a 

solution of water shortage by increasing the crop yield and economic benefits. Govaerts et al. 

(2007) conducted an experiment to check water infiltration, soil water content, nematodes 

population and root diseases under tillage system. They concluded ZT along with residue 

retention increased the crop yield by enhancing the soil moisture content and water 

infiltration. But due to greater residue retention, root rot incidence appeared as compared to 

residual removal. Hong-lingo et al. (2008) found that the soil water storage under subsoiling 

was more than that under NT. They concluded that the soil moisture in 50 to 100 cm depth 

under subsoiling was more compared with NT while the water consumption reduced in 
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subsoiling compared with NT in the 0-50 cm depth and increase the water consumption in 

the 50 to 100 cm depth. Subsoiling increased the yield by 18.3% and the water use efficiency 

by 16.8%. The effect of subsoiling was noticed by decreasing bulk density. Subsoiling under 

NT is the effective rotation tillage to contain more soil moisture and improve water use 

efficiency. Jin et al. (2007) suggested that conservation tillage improved soil productivity and 

water conservation. They reported that NT with 100% residue retention is effective method 

for improving crop yields and WUE. Bescansa et al. (2006) concluded that conservation 

tillage along with residue stored greater soil water content as compared to CT. Yuecun et al. 

(2008) reported reduced tillage along with crop residue increased the crop yield by enhancing 

WUE and soil moisture content.  

2.4. Tillage effects on crop growth and production 

Conservation tillage along with residues retention is the most widely used technology 

for sustainable crop production. Results from several studies conducted on wheat yield under 

different tillage systems concluded that 27 to 31% yield was greater in NT and minimum 

tillage than CT (Hemmat and Eskandari, 2004 and Hao et al., 2001). Vita et al. (2007) 

reported that thousand kernel weight and test weight were higher in ZT while protein 

contents were higher in CT 19.6% and 15.5%. They concluded that NT technique is most 

suitable in those areas where rainfall is less and problem of soil water availability. Iqbal et al. 

(2005) performed a field experiment in semi-arid area to evaluate the effect of different 

tillage system and fertilizer application on yield and nitrogen uptake in wheat. They 

concluded that maximum grain yield and nitrogen uptake was obtained in ZT at 60-60 N-P 

kg ha
-1

 in all the sites. Filipovic et al. (2006) concluded that the penetration resistance and 

bulk density were higher due to increase in depth which was observed in CT than in NT. Li 

et al. (2008) and Jin et al. (2007) observed that higher infiltration and lower surface runoff in 

controlled traffic lanes which enhance the water availability for higher crop yields. Govaerts 

et al. (2005) found that ZT along with crop residue retention in the field is the most suitable 

technique for higher crop production than CT without crop residue retention. ZT without 

crop residue incorporation has a drastic effect on crop yields. They concluded that NT 

produced the grain yield equal to deep tillage but greater than traditional tillage. ZT and deep 

tillage have similar WUE while CT has lower but similar value to ZT. So, tillage system did 

not vary in terms of total dry mater and water use efficiency (Mrabet, 2002). Su-Juan et al. 
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(2008) said that plant height, dry weight of wheat shoot, leaf area index and grain yield were 

lower in ZT due to poor seedling germination. Top soil temperature in case of ZT was lower 

which cause the revival of the seedling and delayed the emergence. Lafond et al. (2006) 

reported that tillage system was not adversely affected on plant establishment but minimum 

reduction was observed in ZT and MT. In reduced tillage, crop yield was increased due to 

greater availability of soil water at 0 to 30 cm depth. 

  Hemmat and Eskandari (2006) suggested that adaptation of reduced tillage along with 

straw mulch increased the soil moisture storage ability which was helpful for plants during 

dry season. They reported that crop yield parameters were greater in reduced tillage than in 

CT but 1000 kernel weight was not significantly influenced by the tillage system. Huang et 

al., (2008) reported that in semi-arid areas the crop sustainability and productivity was 

increased due to water and nutrient resources management in NT with residue retained on the 

soil surface. On the other hand, LampurlaneÂs et al. (2001) concluded that deeper and 

greater water storage in ZT that favored the greater root growth where rainfall was low which 

proved that ZT had low water holding capacity. Rieger et al., (2008) concluded that in NT 

the early crop growth performance was slower than in MT and CT but 2 % higher shoot 

biomass in NT than in other tillage systems. The conventional and minimum tillage have 3 % 

higher grain yield than in NT due to higher tiller numbers and 1000-grain weight. The 3 % 

reduction of grain yield in NT than in other tillage systems was similar with and without N 

fertilization. The poor crop establishment was occurred due to previous crop residues which 

hinder the preceding crop germination and growth. Crop residue affects the soil temperature, 

days to seedling emergence and percentage and dry weight. They conducted an experiment 

and concluded that 2.5
o
C less day time soil temperature due to crop residues on soil surface 

compared with no residue. Crop residue reduced the 30% seed emergence if seeds were in 

contact with crop residues; however, subsequent moisture availability that helped seeds 

imbibition.  

Seed emergence was increased when seed was placed at proper soil depth and crop 

residues present at soil surface as mulch that reduced the evaporation (Morris et al., 2009). 

CT practices reduced 90 to 100 % presence of crop residues at soil surface while reduced 

tillage reduced 50 to 70 %. NT facilitates surface accumulation of residues which reduced 

soil erosion (López-Bellido et al., 2003). McCool et al. (2008) reported that although crop 
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residues burning skip the few tillage operations for seedbed preparation and reduced the 

weeds and disease incidence problem, but exerted detrimental effects to induce soil erosion. 

The soil loss from the burn/low-till was similar to conventionally managed fields. Sadiq et al. 

(2002) concluded that rotavator give the maximum yield of wheat than other implements and 

incorporation of rice stubbles into the soil had beneficial effect on soil health. Li et al. (2008) 

said that ZT had produced less number of seedlings, plant height, dry shoot weight, leaf area 

index and grain yield than in CT and RT. In the ZT, the water content was higher during the 

growing season than in CT and RT. Top soil temperature was lower in ZT that delayed the 

seedling emergence and revival of seedling 1-3 and 4-5 days later than in CT and 

RT. Bahrani et al. (2002) concluded that maximum crop residues retained on the soil surface 

in reduced tillage that can cause unfavorable conditions for crop emergence and growth. 

Hobbs (2001) reported that the main cause of low yields in wheat was high cost of fuel and 

delayed planting that reduced the yield. He concluded that the use of zero and reduced tillage 

systems reduced the use of natural resources like fuel and tractor parts, cost of production, 

timely sowing, good crop stand and higher crop yield which enhanced the water and fertilizer 

use efficiency in agriculture. Moreover, ZT reduced the risk of global warming due to less 

emission of fuel carbon and residue burring. 

2.5. Tillage effects on organic matter content of soil 

According to (Balesdent et al., 2000), tillage increased the crop residues turn over and 

reduced the organic matter concentration due to incorporation of crop residues with soil. The 

NT and reduced tillage significantly influenced the soil organic matter, nitrogen and 

exchangeable cation when compared with CT. In NT, greater organic matter accumulation 

near the soil surface would be suitable for improved soil physical and chemical properties 

and crop yields (Thomas et al., 2007). Mahdi et al. (2005) reported that said that in 

sustainable agriculture organic matter and total nitrogen along with reduced tillage play an 

important role to increase in crop production. Wright and Hons (2005) said that carbon and 

nitrogen sequestration increased in soils by using NT and crop diversity. Soil organic carbon 

and nitrogen are mostly present in macro aggregates and their proportion was higher in NT 

than in CT (Sundermeier et al., 2011). So, NT sequestered more soil organic carbon and soil 

organic nitrogen in surface soil. The soil carbon losses occur more if ploughing is done for 
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more than one year. McConkey et al. (2003) found that fine textured soil under NT 

sequestered more than 67 to 512 kg C ha
-1

 per year than in tilled soil. Hernanz et al. (2009) 

said that the soil organic matter stratified at surface depth under NT and stratification was 

one of the key indicators for soil quality determination. Soil organic carbon accumulation at 

soil surface reduced the erosion, enhanced the infiltration of water and conserved soil 

nutrients. They concluded that in semi-arid region, the process of mineralization was high 

and lack of crop residues after dry periods decreased the soil fertility. ZT showed higher rate 

of soil organic carbon stratification than in minimum and CT. Razafimbelo et al. (2008) 

suggested that soil aggregate stability influenced by soil organic carbon which was affected 

by both tillage and crop residues on the soil. They concluded that ZT along with residue 

retention had greater macro aggregates, which contain 1.8 times more carbon associated than 

in CT without residues. Liu et al. (2009) suggested that soil organic carbon has beneficial 

effects on crop and soil productivity. They conducted an experiment by placing the crop 

residues on surface, incorporation and burring under different tillage system. They concluded 

that stubbles at soil surface was lost before sequestered as soil organic carbon. So, stubbles 

incorporation is only the beneficial way for soil organic carbon sequestration. Costantini et 

al. (2006) and Sˇimon et al. (2009) found that ZT has greater soil organic carbon stocks at 0-

5 cm depth than the reduced tillage but not at 0-20 cm. Ussiri and Lal (2009) concluded that 

NT has greater soil organic carbon at the top 30 cm depth than the conventional and 

minimum tillage. NT reduced CO2 emissions compared to MT and CT. Al-Kaisi et al. (2005) 

reported that NT had greater soil organic carbon and total nitrogen contents at 0-15 cm soil 

depth. Moraes Sa´et al. (2009) argued that in sustainable agriculture NT was the key tool, 

which affected the soil organic carbon dynamics. They concluded that there was a close 

relationship between soil organic carbon concentration and CEC due to high negative charge 

and CEC which enhanced the SOC concentration. Koch and Stockfisch (2006) reported that 

soil organic carbon and soil nitrogen stocks were decreased rapidly during few months after 

ploughing on area of several years of conservation tillage under temperate climate. 

Table 2.2: Tillage systems effects on soil organic matter content (g kg
-1

). 

Source 
Soil organic matter (g kg

-1
) 

Soil depth (cm) CT DT RT NT 

Małecka et al., 2012 0-5 8.07 - 9.55 10.18 
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10-20 7.97 - 7.60 7.43 

Fernández-Ugalde et al., 

2009 

0-5 10.17 - - 12.55 

5-15 9.63 - - 9.68 

López-Fando and Pardo, 

2009 

0-5 6.56 - 7.35 12.39 

5-10 6.46 - 8.01 9.59 

Khurshid et al., 2006 - 7.3 8.4 8.7 - 

Gangwar et al., 2006 - 5.0 - 5.1 5.1 

Al-Kaisi et al., 2005 
0-15 4.8 4.3 - 4.0 

15-30 4.6 4.2 - 4.5 

 

2.6. Tillage effects on soil nitrogen content   

Malhi and Lemke (2007) suggested that NT along with residue retaining at the soil 

surface not only improved the soil properties but played a key tool to sustain crop production. 

Angas et al. (2006) reported that nitrogen losses as volatilization in ZT was high when 

applied at soil surface. Malhi et al. (2006) reported that NT along with crop residues 

retaining on the surface improved the soil properties and reduced the nitrogen losses. 

Bossche et al. (2009) evaluated the tillage intensity on the N mineralization under crop 

residues and concluded that less nitrate leaching and higher nitrogen efficiency was found in 

reduced tillage than in CT. Salinas-Garcı´a et al. (2002) reported that conservation tillage 

increased the accumulation of crop residues at soil surface. Moreover, conservation tillage 

increased the crop residues accumulation at soil surface which increased the SOC content. 

So, the nitrogen mineralization was higher at upper soil surface of NT which consequently 

increased the crop production. Bhatia et al. (2010) and Rochette (2008) said that no-till 

farming in wheat increased the emission of nitrous oxide (N2O) and reduced the emission of 

CO2. They concluded that emission of N2O-N was reduced by the addition of nitrification 

inhibitors which increased the wheat yield and reduced the global warming.  

Sainju et al. (2006) concluded that cover crops and less tillage intensity not only 

reduced the soil erosion but also reduced the nitrogen leaching. Wiatrak et al. (2006) studied 

the wheat under different tillage systems and nitrogen level and reported that wheat yield 

after cotton under ZT was not less than the CT. Jacobs et al. (2009) indicated that available 

soil organic carbon and total nitrogen contents were increased due to reduced tillage. They 
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reported that soil stability as well as macro aggregate stabilized by ZT that protect organic 

matter in soil. The continuous cultivation of land with minimum addition of inputs leads to 

depletion of soil nutrients. Men′endez et al. (2008) concluded that an increase in total N 

content and potential to denitrify N2 was induced more by CT than in NT. Teal et al. (2007) 

studied the effect of tillage and nitrogen application method on NUE, N uptake and grain 

yield. They conducted that ZT along with V-blade application method improved the NUE. 

Alvarez et al. (2008) reported that tillage and previous crop residues had no impact on wheat 

yield. 

2.7. Tillage effect on P and K contents 

Ishaq et al. (2002) reported that bulk density was not influenced by tillage and 

fertilizer rates but soil penetration resistance was lower in DT as compared with CT and 

minimum tillage. Tillage system only effects phosphorus concentration but not nitrogen and 

potassium concentration. Wheat yield was positively related with N, P, K and organic matter 

concentration and negatively correlated with penetration resistance. Martin-Rueda et al. 

(2007) studied the soil physico-chemical properties under different tillage and crop rotation 

systems. Soil organic carbon, nitrogen and nutrients were influenced only by tillage and 

higher concentration of these nutrients was present at upper soil depths. Ferna`ndez et al. 

(2007) reported that higher concentration of N, P and K was present in conservation tillage at 

upper soil depths as compared with CT. Bauer et al. (2002) studied the nutrient distribution 

in the soil profile under different tillage systems and concluded that differences in nutrient 

content were due to tillage systems. Nutrients were removed more due to intense subsoiling 

but P, Mg and Ca concentration were higher at soil surface in NT than in DT. Zibilske et al. 

(2002) reported that higher SOC is present at 4 to 8 cm soil depth in ZT. Soil nitrogen 

concentration was higher under conservation tillage in hot climates which is reduced below 

12 cm. Zamuner et al. (2008) said that the organic and inorganic phosphorus distribution 

depends on the tillage systems. They concluded that the total P content was not affected, only 

P distribution was changed under NT and CT. The residual P was the only source of P in 

both NT and CT which was 30 % of the total P. The availability of P was controlled by 

organic P which was the larger part of the total phosphorus. Wright (2009) reported that 

increasing soil aggregation increased the P sequestration and storage in organic pool. 

Intensive cultivation decreased the aggregation size which increased the P accumulation in 
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inorganic fractions. Vogeler et al. (2009) studied the soil physical and chemical properties 

under tillage systems and P fertilization rates. They concluded that conservation tillage 

management had higher contents of SOM than in CT which increased the availability of 

phosphorus. Addiscott and Thomas (2000) reported that leaching and surface runoff of P was 

reduced in response to tillage systems. Soil solution contains both organic and inorganic P 

and 30±70 % organic P is found in mineral soils. They concluded that inversion tillage often 

reduced the phosphate losses. The aggregate size was decreased by secondary tillage which 

increased the surface area for P sorption. Tillage increased the organic phosphate 

mineralization. Lupwayi et al. (2006) studied the distribution of nutrients under different 

crop rotation and tillage systems. They concluded that concentration of N and K was greater 

in ZT than in CT while soil P concentration was usually not different between two tillage 

systems. The concentration of nutrients decreased more in ZT relative to CT at lower depth 

of soil. Rehm et al. (2003) studied the management of P for crop with conservation tillage 

compared to the use of the moldboard plow that left surface residues that could change soil 

chemical, biological, and physical properties. They concluded that there was no interaction 

between tillage system and rate of P applied, tillage system, rate and placement of P 

fertilizers.  

Table 2.3: Effect of tillage systems on soil nutrient dynamics. 

Source 

Soil 

depth 

(cm) 

N g kg
-1 

P mg kg
-1 

K mg kg
-1 

CT NT CT NT CT NT 

Malecka et al., 2012 
0-5 .96 1.12 2.09 1.92 149 225 

10-20 .94 .88 2.06 2.15 142 120 

Moussa-Machraoui et al., 2010 - 1.08 1.75 2.86 4.86 316 377 

López-Fando and Pardo, 2009 
0-5 .72 1.14 1.8 2.3 280 370 

5-10 .70 .86 1.8 2.2 250 310 

Gangwar et al., 2004 - 1.34 1.36 3.34 3.20 156 155 

Iqbal et al., 2002 
0-15 .65 .61 1.51 1.36 132 121 

15-30 .59 .57 1.2 1.22 122 113 
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2.8. Tillage and crop residues effect on crop growth and production 

Gangwar et al. (2006) concluded that wheat yield after rice was higher at reduced 

tillage along with crop residues incorporation and 150 kg N ha
−1

. Malhi and Lemke (2007) 

concluded that sustainable crop production and improved soil physical environment were 

achieved only at retaining crop residues along with NT. Rice-wheat cropping system 

removes N, P and K more than 300, 30 and 300 kg ha
-1

, respectively
 
from the soil profile. 

Removal of rice residues controls the outbreak of deleterious pest, and residues brining 

causes huge losses of N (up to 80 %), P (25 %), K (21 %) and S (4-60 %), air pollution and 

organic matter while incorporation of residues maintain the sustainability of soil. Residues 

incorporation caused immobilization of inorganic N that was overcut by using N as starter 

dose and wheat yield was not affected due to N immobilization. Rice residues retaining at the 

soil surface enhanced the NO3 by 46 %, N uptake by 29 %, and yield by 37 % greater than 

burning. Rice residues not only affects soil physical properties but also had transformed the 

electrochemical properties of acid soil that reduces the P fixation. Residues retaining and 

incorporation had positive effect on wheat yield than burning and removal. Sparrow et al. 

(2006) found that reduced tillage changed soil bulk density. NT along with rice crop residues 

retaining at the surface not only accumulated organic matter but also enhanced the microbial 

biomass and mineralization. Baumhardt and Jones (2002) concluded that in dry land crop 

production NT along with residue management was more suitable and beneficial than DT. 

Mohanty and Painuli (2004) concluded that less seedling emergence was noted in NT along 

with residue retained than in CT along with residues moved. Govaerts et al. (2006) said that 

intensive agriculture system caused the soil erosion and fertility problems. They concluded 

that ZT along with crop residues increased the crop yields, microbial activity, nutrient 

availability, and reduced the soil erosion. Heenan et al. (2000) studied tillage, crop rotation 

and stubbles management effects on growth and grain yield of crop. They found that direct 

drilling with burnt stubbles resulted higher yields than in conventional cultivation while 

stubbles retaining with direct drilling lower plant density and grain yield. NT along with crop 

residues increases the SOM content while burring of residues with CT deteriorates the soil 

properties. Mrabet (2002) studied the grain yield, total yield, water use efficiency under 

different tillage systems and concluded that both DT and NT gave equal and high results than 

off-set disk and sub-surface tillage systems.  
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Table 2.4: Tillage systems effects on wheat grain yield in puddled rice field. 

Source Years Wheat grain yield (Mg ha
-1

) 

NT CT Yield gain Gain % 

Małecka et al., 2012 4 5.4 5.8 -0.4 -7.4 

Singh, 2010 2 3.7 3.8 -0.1 -2.7 

Mrabet, 2000 4 2.4 2.0 0.4 20 

Tarkalson et al., 2006 8 2.9 2.9 - - 

Gill, 2006 2 2.6 2.4 0.2 8.3 

Husnjak et al., 2002 2 5.7 5.6 0.1 1.8 

Huang et al., 2012 2 7.0 6.4 0.6 9.4 

Sharma et al., 2005 3 3.4 3.8 -0.4 -11.8 

De Vita et al., 2007 3 4.0 4.5 -0.5 -12.5 

Usman et al., 2010 2 5.6 5.5 0.1 1.8 

Ozpinar, 2006 2 4.6 4.4 0.2 4.5 

Gangwar et al., 2006 3 4.8 4.6 0.2 4.3 

Cociu and Alionte, 2011 2 5.6 5.5 0.1 1.8 

Iqbal et al., 2011 2 2.8 3.4 -0.6 -21.4 

Qamar et al., 2012 2 5.2 4.4 0.8 18.1 

Dhiman et al., 2003 2 4.8 4.7 0.1 2.1 

Yadav et al., 2002b 2 3.6 3.2 0.4 12.5 

Prasad et al., 2002 2 4.1 3.4 0.7 20.6 

 

2.9. Tillage effects on weeds 

Weeds are the main yield-limiting factor in any crop production and reduced the yield 

up to 20-30%. It has been reported that reduced tillage decreased the weeds infestation and 

increased the gross margin per hectare ($122) because of the higher grain yield compared 

with DT ($ 22), followed by CT ($ 7) that gave the lowest gross margin (Ozpinar, 2006). 

Chhokar et al. (2007) studied the tillage and herbicides effects on weeds and wheat 

productivity under rice–wheat cropping system. They concluded that ZT along with chemical 

weeds control not only reduced the weeds population but also increased yield and reduced 

the cost of production. ZT gave profit of about US $ 161 ha
-1

 due to higher grain yields and 

reduced the cost of seed bed preparation. Anderson (2008) studied the management of crop 
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residues under different tillage systems and their influence on weed pressures in wheat-maize 

cropping system. They concluded that greater weed density was found in CT due to early 

emerge as compared with NT. Weed density in NT can be reduced by the application of 

starter fertilizer in the seed furrow. Fischer et al. (2002) conducted an experiment and 

concluded that greater number of weeds was found in ZT wheat after legume crop. Mas and 

Verdú (2003) said that the most effective way of weed management was the adoption of 

conservation tillage system. They concluded that weed biomass was not affected by tillage 

systems. Cereal production by NT had the most diverse and the richest weed community but 

it not an obstacle in NT. Samarajeewa et al. (2005) said that the weed population dynamics 

were controlled by switching from CT to conservation tillage, which changed the weed 

species. They concluded that NT had greater total weed biomass while CT reduced the major 

weed species. The prevalence of weeds was greater in NT but successive cultivation reduced 

the overall weed biomass. Carter and Ivany (2006) said that tillage systems influence on 

weed seed distribution and viability in soil depth. They concluded that in moldboard plough 

weed species diversity was lower as compared with shallower tillage and direct drilling was 

less under direct drilling than CT and greater than moldboard plough while soil depth showed 

relatively uniform weed seed distribution. Ishaya et al. (2008) reported that chemical weed 

control gave better growth and grain yield than the manual weed control while minimum 

tillage gave better crop production than under ZT. 

2.10. Tillage, crop residues and nitrogen effects on crop growth and 

production 

Bossche et al. (2009) reported that reduced tillage had slower mineralization of N-

enriched crop residues compared to CT which reduced the risk of nitrate leaching and 

enhance the N efficiency. Ghuman and Sur (2001) said that crop residue in conjunction with 

minimum tillage and nitrogen not only improved the soil properties but also increased the 

crop yield. They concluded that minimum tillage with previous crop residues and nitrogen 

increased the soil organic matter, infiltration and retention of water and crop yield. Brar et al. 

(2000) concluded that application of extra nitrogen @ 40 kg ha
-1

 along with irrigation at the 

time of incorporation of rice straw was not only reduced the N immobilization but also 

resulted increasing wheat yields. All the growth and yield attributes of wheat like emergence 
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count, plant height, effective tillers and grains/ear improved with additional nitrogen and 

irrigation as compared to farmer’s practice of residue burning or residue incorporation, 

followed by CT with recommended nitrogen dose and depth of irrigation. Kumar et al. 

(2004) studied the tillage, rice residues and nitrogen effects on wheat productivity and soil 

chemical properties. They concluded that incorporation, retention at soil surface and burning 

of rice residues in succeeding wheat field enhanced the grain yield over residue removal. 

Deep incorporation of rice residues improved the crop growth and yield attributes, which led 

to higher grain yields over others. The fertility status of soil after wheat harvest got enriched 

by the incorporation or retention of residues, irrespective of tillage types, being the highest 

under conservation tillage. Residue burning and removal did not have any variations in soil 

available N and organic carbon but in case of available P and K, residue burning 

substantiated its superiority to residue removal. Turley et al. (2003) concluded that straw 

incorporation had no consistent effect on soil mineral nitrogen and organic matter content. 

So, the soil ploughing was suitable option for disposing of straw. Dam et al. (2005) 

suggested that tillage and residue practices had the potential to improve soil properties and 

crop yield if they were implemented over a long period of time. They reported that NT had 

10 % higher bulk density than in CT while crop emergence in NT with crop residues was 14 

to 63 % slower than in NT without residues. Morris et al. (2010) said that non-inversion 

tillage left about 30% residues on the soil surface, which reduced the risk of soil erosion, 

increased soil organic matter content, and improved soil structures.  

Heenan et al. (2004) studied the effects of different tillage, stubble management and 

crop rotation systems on SOC and total nitrogen. They reported that the SOC was lost in 

wheat-wheat rotation along with direct drilling when stubble was burnt. In contrast, 3.8 t ha
-1

 

of grain  yield in clover-wheat rotation when stubble retained on the surface along with direct 

drilling. Similar results were observed for in total soil nitrogen content. Limon-Ortega et al. 

(2008) studied the effect of crop rotation, nitrogen levels and straw management on wheat 

yield and nitrogen use efficiency. They concluded that nitrogen use efficiency and grain yield 

were higher with residue burning than incorporation of wheat straw with fertilization. The 

incorporation of Sesbania along with wheat straw gave the comparable grain yields to straw 

burning. 
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2.11. Tillage and mulch effects on water use efficiency 

Straw mulching has the potential for increasing soil water storage. Mulch increases 

WUE by 14% as compared with bare soil (Shanging and Unger, 2001). Li et al. (2004) 

reported that film mulching for 60 DAS enable the plants to utilize mineral nitrogen and soil 

water which subsequently increased the grain yield and WUE of spring wheat. Blanco-

Canqui and Lal (2007) reported that greater pore volume of macro- and mesopores were 

developed in mulched and fine mesopores in the un-mulched soils. Long-term NT with straw 

mulching improves the near surface hydraulic properties although water infiltration rates may 

not be increased by residues. Sarkar and Singh (2007) observed that shallow ploughing depth 

with straw mulching have more pronounced impact and increased grain yield and WUE than 

in dust mulch and un-mulched. Sharma and Acharya (2000) said that lack of moisture in seed 

zone in rainfed area was the main problem which caused hindrance in the timely sowing of 

crop. They conducted an experiment having different tillage systems, mulching materials, 

and sowing dates for conservation of moisture at the time of sowing. They concluded that 

conservation tillage along with mulching conserved more moisture than CT along with mulch 

and CT. The wheat grain yield was high in conservation tillage and CT along with mulches 

than without mulches. Adekalu et al. (2007) reported that soil erosion, rate of infiltration and 

surface runoff were highly dependent on the slope of the land and the amount of mulching 

materials. The rate of infiltration was increased and soil loss was reduced by using the 

highest cover increasing with slope. Dahiya et al. (2007) studied the tillage and crop residues 

effect on soil hydrothermal regime. They reported that soil hydrothermal regimes under field 

conditions were improved by using crop residues as mulching materials. Zhang et al. (2009) 

studied thermal status, soil water and wheat production under different mulching conditions. 

They concluded that mulching at the depth of 10 cm decreased 0–48 
0
C in the summer time  

and 0–28 
0
C increased in the winter time  and 20 to 28 mm more water conserved at 100 cm 

soil depth at the time of wheat sowing than un-mulched soil.  

Mulch practice is beneficial for upland and low land but not for terraced land due to 

little effect on soil water storage capacity. Feng-Min et al. (2004) reported that in semiarid 

areas, plastic film mulching with combination of pre-sowing irrigation works well for 

increased  growth and yield of spring wheat. Zhong-kui et al. (2005) studied the plastic 

mulch effect on evapotranspiration, evaporation, growth, and yield and water use efficiency 
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in spring wheat. They concluded that in semi-arid climate mulching with plastic film in 

spring wheat increased WUE and net income than non-mulched. Yong-Shan et al. (2007) 

studied the plastic film mulching (PM) and concluded that PM increased the grain yield by 

changing soil nutrient cycles. Liu et al. (2009) studied the effects of mulching on soil 

moisture status, grain yield, soil quality, and economic benefits. They concluded that 

mulching along with ZT at the time of sowing increased the crop yields by conserving soil 

water due to sealing the soil pores and addition of organic matter.  

The application of municipal solid waste reduces the rain water losses and increases 

the crop yields without creating environmental hazards (Agassi et al., 2004). Mulching 

enhance the water use efficiency which ultimately increase the crop yield. Xiao-Yan et al. 

(2010) concluded that plastic mulch reduced the demand of irrigation water. The duration of 

plastic mulching has a specific effect on evaporation. Plastic mulch has little effects on 

evapotranspiration if its duration is less than 60 days. Yan-Jun et al. (2006) studied the 

plastic mulching and water regimes on yield. They conducted experiment and concluded that 

plastic mulch was not a grantee to increase the crop yield but remarkable increase in yield 

was observed than no mulch field condition. Fan et al. (2005) studied the traditional flooding 

and non-flooded mulch along with the use of nitrogen application to check the effect on 

nitrogen uptake, soil residual nitrogen and grain yield. They concluded that in rice-wheat 

rotation system non-flooded mulch was a suitable technique for saving water and increased 

the crop yield. 

2.12. Tillage and mulch effects on soil physical properties 

Soil bulk density is an important component for plant growth and development. Each 

crop can grow within a specific values of soil bulk density, however, beyond these values 

root proliferation is affected which ultimately effects on plant growth. Mulching plays an 

important role for soil moisture conservation and soil hydraulic conductivity. Islam et al. 

(2006) reported that the soil physical properties were markedly influenced by tillage and 

mulch. They reported that tillage practices significantly affected the soil bulk density. They 

observed the lowest bulk density in disk plowing at the 0-10 cm soil depth. The lowest value 

of the soil strength was also recorded in the plough zone, which used disk and chisel 

plowing, and the highest values were recorded in minimum tillage.  
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Marked differences in weekly mean and soil temperature under different mulch 

practices were observed. Polythene mulch showed the highest temperature rise and the 

lowest were observed under the straw mulch. However, minimally tilled plots showed the 

maximum rise of soil temperature at the 10 cm depth throughout the day. Similar trend was 

observed for weekly mean soil temperatures. The cumulative infiltration rates increased with 

soil pulverization and increased depth of plowing. Cumulative infiltration rates were higher 

in disk and chisel plowing and lower in minimal and CT methods. Acharya and Sharma 

(2000) reported that application of waste organic materials under rainfed condition conserved 

the soil moisture which helped in wheat stand establishment. Sometime wheat yield under 

conservation tillage is higher or similar to CT but advantage of conservation tillage is saving 

time and energy. Gła and Kulig (2008) reported that reduced tillage and crop residue mulch 

maintain the soil moisture and increased organic matter content which had positive effects on 

crop yield. Cook et al. (2006) said that organic matter had a beneficial effect on soil in terms 

of soil physical properties. The application of crop residues as mulch act as source of organic 

matter which is suitable in dry land areas for improving physical properties and crop yield. 

However, Obalum and Obi (2010) concluded that tillage and mulch had no effect on soil 

physical properties but cropping system has significant effect on soil physical properties. 

Anikwe et al. (2007) concluded crop yield under tilled black plastic mulched was higher than 

in tilled un-mulched due to maintenance of better soil condition. Bhatt and Khera (2006) 

concluded that minimum tillage along with straw mulch increased the crop yield by reducing 

the soil erosion and conserving soil moisture. Jordán et al. (2010) suggested that mulch 

makes the rough surface which enhances the rain drops infiltration into the soil surface and 

consequently decreases the surface runoff. Chakraborty et al. (2008) found that rice husk 

mulch enhanced the wheat yield by conserving soil moisture and increased the water use 

efficiency. Smets et al. (2008) concluded that effectiveness of the mulch was depended on 

the soil and mulch type and slope of gradient, which reduced the soil erosion, by the rates of 

water. 

2.13. Tillage and mulch effect on crop growth and production 

Rahman et al. (2005) reported that in rice-wheat cropping system when wheat crop is 

sown by ZT in post-harvest rice fields, it utilized soil moisture and reduced the time of wheat 

sowing. ZT sown wheat crop faced the problem of high weed density and poor crop stand 
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due to nitrogen immobilization and rapid drying of topsoil. These problems can be overcome 

by NT and nitrogen used at the rate of 120 kg ha
-1

 along with straw mulch. Erenstein (2003) 

suggested that mulching not only enhanced the crop yields but also enhanced the soil ecology 

by conserving soil moisture. He reported that crop residues used as mulch with reduced 

tillage increase the soil fertility and control the weeds. Feng-Min et al. (2004) studied the 

effect of plastic mulch on crop production and soil properties. They found that plastic 

mulching enhanced the crop yield by increasing the mineral nitrogen, water use efficiency, 

soil moisture content and decreased the rate of decomposition of crop residues and native soil 

organic matter. Plastic mulching is an important agriculture practices for conserving soil 

moisture but affects plant emergence and crop yields due to increase in soil temperature by 2-

9 
o
C than in without mulch. Dӧring et al. (2005) studied crop yield, weed density, nitrates 

dynamics and soil erosion under straw mulch. They concluded that leaching of post-harvest 

nitrogen was reduced due to immobilization but crop yield and weed density were not 

changed under straw mulch. Erenstein (2002) suggested that crop residue mulching had high 

productivity and moisture conservation effects. He concluded that sufficient amount of crop 

residues retaining on the surface had conservation effects on soil and increased the crop 

yield. Crop residue mulching is a complete package of cultural practice and not a simple add 

on technology. Chakraborty et al. (2010) studied the effect of organic (paddy husk and straw) 

and inorganic (black polyethylene) mulch on soil and plant water status and N uptake in 

wheat crop. They concluded that more root length and weight was observed in organic 

mulches due to moderate rise in soil temperature. Atreya et al. (2008) stated that to overcome 

the problem of soil erosion, the most effective practice was conservation tillage and 

application of mulching materials. They concluded that due to eroded sediments the soil 

nitrogen and organic matter were lost due to CT. So, reduced tillage minimized the losses of 

nutrients. Zhang et al. (2008) concluded that NT did not improve the soil structural stability 

due to lack of sufficient amount of organic carbon when ZT was practiced without crop 

residues. ZT with crop residues improved the soil structure on long term bases. Jamil et al. 

(2005) studied the effects of different type of mulching materials (plastic, straw & sawdust) 

and the duration of mulching (one month & whole season) on crop growth and yield. They 

concluded that straw and plastic mulches increased the crop yield and yield components, 

irrespective of their duration. Straw mulch was recommended for crop production based on 
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better performance than the others due to cheaper and organic in nature. Kasetsart (2000) 

studied the effect of CT and NT with and without mulching materials on the growth and yield 

of crop. He suggested that crop growth and yield were not affected by tillage while 

application of mulch increased the total dry weights, leaf area, root dry weight and crop yield 

due to higher storage of soil moisture during the growing season. 

2.14. Tillage economic 

Zero tillage technology is renowed as a resource saving technology due to saving of 

time, cost of production and irrigation. Zero tillage gave the manimum net return and benefit 

cost ratio due to decreased the unwise tillage operations and labor charges. Verch et al. 

(2009) reported that more than 100 million hectare area of the world is under ZT. The rapid 

increase of ZT is due to economics of crop production. Directorate General Agriculture 

(DGA) (2000-01) compared the direct drilling and conventional planting method for sowing 

wheat and obtained average net income per acre of direct drilled plots at US $ 93, whereas, 

for conventional plots was US $ 74 per acre. Those farmers practicing ZT received an 

additional net income of US $ 19 (26 %) over the conventional cultivated plots. According to 

Uri (2000) the adoption of ZT depended upon the following factors like; climatic conditions, 

soil characteristics, cropping pattern and overall farming operations. Conservation agriculture 

minimized the energy consumption and work loads of farm operations in the range of 15-50 

% and enhanced the energetic productivity by 25-100 % (Garcua-Torres, 2000). Landers 

(2000) reported that if timing of entry and cost of ZT compared with the heavy tillage 

machinery the farmers preferred to purchase or adoption of ZT planters / drills. Iqbal et al. 

(2002) concluded that the wheat acreage with ZT technology increased rapidly in the rice-

wheat zone because study confirmed that benefits of ZT in terms of water, fertilizer and other 

agricultural resources were greater than conventional tillage. Also, there were no sufficient 

evidences about the drastic weeds infestation in the ZT. They also stated that this technology 

also reduced the per capita cost of production which ultimately gave higher farm profit. 

Erenstein et al. (2008) reported that ZT reduced the cost of production, save soil moisture 

and increased the crop yields. ZT is often called the resource saving technique due to saving 

of time, cost of production and water. But in case of Punjab, Pakistan the main reason of 

adoption of ZT is not saving water or natural resources but saving of money for wheat 

cultivation. Saharawat et al. (2010) reported that 13.5 million ha area was under rice-wheat 
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cropping system in the Indo-Gangetic Plains which might had a vital role to overcome the 

problem for food security, but due to frequent tillage operation, high cost of crop production 

with imbalanced use of inputs. This system had proven its ability. They found that yield of 

ZT wheat either higher or equal to CT but ZT wheat was 6% more economical than in CT. 

Sánchez-Girón et al. (2004) studied the economic assessment of NT, reduced tillage and CT 

in cropping system. They concluded that among the tillage systems, the minimum 

profitability were observed in CT. NT profitability was reduced due to higher costs of 

herbicides. Nail et al. (2007) reported that the price of diesel increased while the price of 

glyphosate decreased. They concluded that conservation tillage system was suitable than 

traditional tillage system due to lower price of glyphosate herbicide and higher rate of diesel. 

Kumar et al. (2005) conducted a field study to find out the effect of tillage, rice residues and 

nitrogen management on yield and economics of wheat. They concluded that deep 

incorporation of rice residue by disc plough or by mould-board plough had a better option for 

effective disposal of rice residue and recorded higher grain yield as well as net returns of 

wheat. The conservation tillage (zero and strip) at par with in-situ residue burned plot 

ploughed with traditional tillage recorded higher grain yield and net returns than residue 

removed plot prepared with traditional tillage. The benefit: cost ratio and saved up to US $ 

20 under land preparation over traditional tillage.  

Table 2.5: Tillage systems effects on gross margin and benefit cost ratio. 

Source 

CT NT 

Gross margin 

Rs ha
-1 

Benefit cost 

ratio 

Gross margin 

Rs ha
-1

 

Benefit cost 

ratio 

Bakhsh et al., 2005 13731 1.81 16815 2.28 

Iqbal et al., 2002 351370 1.16 410830 1.76 

Sarwar and Goheer, 2003 13794 1.12 17145 1.68 

Ozpinar, 2006 9760 - 1760 - 

Erenstein et al., 2008 46240 1.37 47840 1.27 

Tahir et al., 2008 27256 2.19 29286 2.11 

Gill, 2006 7258 - 7963 - 

 

          Conservation agriculture is the only way to overcome the problems of water shortage 

and soil fertility. Wheat is the main staple food in Pakistan which is grown under 
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conventional tillage in post-harvest puddle rice fields. Wheat sowing was late due to late 

maturing rice varieties (such as Basmati). Rice stubbles remain in the field (20 to 50 cm tall) 

cause problems of plowing and preparation of suitable seedbeds and delay the wheat 

cultivation. Zero tillage along with the residue retention conjunction with nitrogen is one of 

the most widely adopted techniques to overcome the problems of water shortage and 

enhanced the fertility status by controlling soil erosion. Soil physical environment is 

important for maintaining sustained agronomic production. Tillage systems have strong 

effect on soil physical properties. Zero tillage system has greater values of aggregate stability 

and organic matter which enhanced the availability of nutrient and water use efficiency.  

Conventional tillage has lower soil bulk density, penetration resistance and higher 

porosity, which increased the residue turnover rate and reduced the organic matter, enhance 

the root length and crop yield. Crop residue burning caused huge losses of N (up to 80 %), P 

(25 %), K (21 %) and S (4-60 %) if it skips the few tillage operations for seedbed preparation 

and reduced the weeds and disease incidence problem, but exerted detrimental effects to 

induce soil erosion. Greater weed density was found in conventional tillage due to early 

emerge as compared with zero tillage while moldboard plough having less weed species 

diversity as compared with lower shallow tillage and direct drilling. 

          Mulching is one of the important agronomic practices in conserving the soil moisture 

and modifying soil physical environment to maximize crop yield and enhance water use 

efficiency. Straw mulch with zero-tillage effectively improved soil physical quality with 

potential for improving crop yield. The overall benefit is that the mulching along with 

reduced tillage helps to avoid yield reduction in wheat production.  

        Pakistan farmers do the unwise tillage operation for sowing of wheat after rice. Zero 

tillage wheat cultivation generates an additional profit in terms of high yield lower the fuel 

and labor charges and gave greater benefit cost ratios than other tillage system. The adoption 

of ZT technology is to increase farmer’s profit, improves his livelihood and eventually 

reduces poverty by reduction in cost of production and increases yield by the use of ZT 

which is becoming attractive among the farmers relative to CT.  
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Wheat late sowing causes 

 

      

 

 

 

           

 

 

 

      

 

 

 

 

 

      

 

  

 

 

Fig. 2.1: The most common causes of late wheat planting following the rice harvest. Source 

Hobbes and Gupta, 2003.   
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Chapter-3     MATERIALS AND METHODS 

 

3.1 Experimental Site  

         The study was conducted at the Research Area, Directorate of Farms, University of 

Agriculture, Faisalabad, Pakistan in 2009 to 2011. Geographical location of the site was 

latitude 31.25
o
 N and longitude 73.09

o
 E. The soil type was Hafizabad series, sandy clay 

loam (USDA nomenclature fine loamy, mixed, Hyperthermic, Typic Calciargids) by texture.  

3.2 Soil analysis  

Composite soil samples were randomly collected from 0 to 20 cm depth before and at 

the end of the experiment. Soil samples were air-dried at room temperature (~25
0
C) for 14 

days and ground to pass through a 2 mm sieve. Soil chemical properties were determined; 

such as pH by the glass electrode method, electrical conductivity of the saturation paste by 

the electrical conductivity method, total N by the micro kjeldhal method, 0.5 M NaHCO3 

extracted P by the method of Olsen and Sommers (1982), exchangeable K by the flame 

photometric method and soil organic matter contents by the method described by Ryan and 

Estefan (2001). The data of soil analyses are given in (Tables 3.1, 3.2, 3.3 and 3.4). The soil 

analysis suggested that the soil was productive without any major problem for crop 

husbandry. It was medium in K2O and deficient in N, P2O5 and organic matter. Soil samples 

were randomly collected from 0-5 cm and 5-10 cm depth before sowing of the experiment 

during both the year of study for soil physical properties. Soil physical properties were 

determined; such as bulk density by using core method (Blake and Hartge, 1986), volumetric 

water content determined gravimetrically, soil water filled and air filled pore spaces by using 

formula, soil penetration resistance by cone penetrometer (Bradford, 1986) and total porosity 

from soil bulk and particle density. The initial soil physical properties are given in (Table 3.5 

and 3.6). 

3.3 Plant analysis 

Randomly selected wheat plants were collected, oven-dried at 55
0
C (until a constant 

weight was obtained), ground to a fine state (< 0.5 mm) and analyzed for total N contents. 

Total nitrogen in plant samples was determined by the Kjeldahl method of Bremner and 

Mulvaney (1982). 
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3.4   Meteorological data 

Meteorological data such as daily maximum and minimum air temperature (
o
C), 

rainfall (mm) and humidity were collected from the nearby observatory of the Department of 

Crop Physiology, University of Agriculture, Faisalabad, Pakistan, and presented in Fig. 4.1 & 

4.2 of Chapter 4.  

3.5 Experiments 

Experiment No. 1. 

RESPONSE OF WHEAT TO TILLAGE AND STUBBLE MANAGEMENT WITH 

VARYING LEVEL OF NITROGEN 

Treatments  

A. Tillage Methods (Main plot) 

      Conventional tillage (2 disc harrow -1 rotavator - 2 planking - sowing with rabi drill): CT  

      Deep tillage (1 mould board plow - 1 rotavator - 2 planking - sowing with rabi drill): DT 

      Zero tillage sowing with zone disc tiller drill: ZTDisc 

      Zero tillage sowing with happy seeder drill: ZTHappy 

B. Nitrogen Rates (Sub plot)  

     N0: 0 kg ha
-1

 

     N75: 75 kg ha
-1

 

     N100: 100 kg ha
-1

 

     N125: 125 kg ha
-1

 

     N150: 150 kg ha
-1

 

CROP HUSBANDRY AND LAYOUT 

The experiment was conducted using randomized complete block design with split plot 

arrangement having 3 replications for each treatment combination. The plot size was 5.4 m x 

8 m. The crop was sown on 23 November 2009-10 and 2010-11. The wheat was sown 22.5 

cm apart between rows having 24 rows per plot using seed rate of 125 kg ha
-1

. Sowing was 

done with the help of rabi drill in CT and DT treatments while ZT treatments was sown by 

using special drills i.e. zone disc tiller (ZTDisc) and happy seeder (ZTHappy). Phosphorous and 

potash were applied @ 100 and 60 kg ha
-1

 respectively. The full dose of phosphorous and 
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potash and a split of nitrogen were applied at sowing. Remaining nitrogen was applied with 

1
st
 irrigation at tillering stage of wheat. 

Experiment No. 2. 

EFFECT OF TILLAGE AND MULCHING MATERIALS ON WHEAT GROWN 

UNDER RICE-WHEAT CROPPING SYSTEM 

Treatments 

A. Tillage Methods (Main plots) 

      Conventional tillage (2 disc harrow - 1 rotavator - 2 planking- sowing with rabi drill): CT  

      Deep tillage (1 mould board plow - 1 rotavator - 2 planking - sowing with rabi drill): DT 

      Zero tillage sowing with zone disk tiller drill: ZTDisc 

      Zero tillage sowing with happy seeder drill: ZTHappy 

B. Mulching Material (Sub plot) 

     M0: No mulch 

     MRice: Rice-stubbles  

     MWheat: Wheat-straw 

     MPlastic: Plastic sheet 

     MNatural: Natural mulch (Heavy planking)  

CROP HUSBANDRY AND LAYOUT 

The experiment was conducted using randomized complete block design with split plot 

arrangement having 3 replications for each treatment combination in 5.4 m x 8 m plots. The 

crop was sown on 23 November 2009-10 and 2010-11. The wheat was sown 22.5 cm apart 

between rows having 24 rows per plot using seed rate of 125 kg ha
-1

. Sowing was done with 

the help of rabi drill in CT and DT treatments while ZT treatments were sown by using 

special drills i.e. zone disc tiller (ZTDisc) and happy seeder (ZTHappy). Nitrogen, phosphorous 

and potash were applied @ 120-100-60 kg ha
-1 

to all treatments. The full dose of 

phosphorous and potash and a split of nitrogen were applied at sowing to all treatments. 

Remaining nitrogen was be applied with 1
st
 irrigation at tillering stage of wheat. 

3.6 Layout 

The experiment was laid out according to split plot design with three replications. Net plot 

size was 5.4 m x 8.0 m (Fig 3.1 and 3.2). 
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Fig. 3.1: Experiment No. 1 

 

RESPONSE OF WHEAT TO TILLAGE AND STUBBLE MANAGEMENT WITH VARYING LEVELS OF NITROGEN 

Site: Directorate of Farms, UAF        Design: Split plot arrangement   Net Plot Size: 5.4 m x 8.0 m    Replication: 3    

Cultivar: Saher-2006                   Sowing Date: 23 November      Seed Rate: 125 kg ha
-1

          Fertilizer: PK: 100-60 kg ha
-1
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Fig. 3.2: Experiment No. 2 

 

EFFECT OF TILLAGE AND MULCHING MATERIALS ON WHEAT GROWN UNDER RICE-WHEAT CROPPING SYSTEM 

Site: Directorate of Farms, UAF     Design: Split plot arrangement               Net Plot Size: 5.4 m x 8.0 m      Replication: 3   

Cultivar: Saher-2006              Sowing Date: 23 November   Seed Rate: 125 kg ha
-1

    Fertilizer: NPK: 120-100-60 kg ha
-1
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Table 3.1: Soil analysis of experiment-1 during 2009-10 

Treatments pH EC (dS m
-1

) OM (g kg
-1

) N (g kg
-1

) P (mg kg
-1

) K (mg kg
-1

) 

 

Initial Data 

 

CT N0 

CT N75 

CT N100 

CT N125 

CT N150 

DT N0 

DT N75 

DT N100 

DT N125 

DT N150 

ZTDisc N0 

ZTDisc N75 

ZTDisc N100 

ZTDisc N125 

ZTDisc N150 

ZTHappy N0 

ZTHappy N75 

ZTHappy N100 

ZTHappy N125 

ZTHappy N150 

 

7.9 

 

7.4 

 

7.3 

 

7.3 

 

7.2 

 

7.3 

 

7.4 

 

7.3 

 

7.5 

 

7.6 

 

7.7 

 

7.8 

 

7.9 

 

7.4 

 

7.9 

 

8.0 

 

7.3 

 

7.2 

 

7.8 

 

7.9 

 

7.2 

 

 

1.77 

 

1.40 

 

1.45 

 

1.60 

 

1.55 

 

1.50 

 

1.55 

 

1.60 

 

1.60 

 

1.70 

 

1.88 

 

1.55 

 

1.79 

 

1.90 

 

1.52 

 

1.75 

 

1.80 

 

1.70 

 

1.80 

 

1.90 

 

1.70 

 

9.7 

 

4.9 

 

5.3 

 

5.2 

 

4.8 

 

5.6 

 

5.9 

 

6.1 

 

5.6 

 

5.5 

 

5.4 

 

5.8 

 

4.9 

 

5.9 

 

5.7 

 

5.9 

 

5.9 

 

5.7 

 

4.9 

 

5.9 

 

5.9 

 

0.49 

 

0.25 

 

0.27 

 

0.26 

 

0.24 

 

0.28 

 

0.30 

 

0.31 

 

0.28 

 

0.28 

 

0.27 

 

0.29 

 

0.25 

 

0.30 

 

0.29 

 

0.30 

 

0.30 

 

0.29 

 

0.25 

 

0.30 

 

0.30 

 

 

4.9 

 

4.7 

 

5.2 

 

4.5 

 

4.9 

 

4.5 

 

4.9 

 

4.7 

 

4.9 

 

5.2 

 

5.1 

 

5.3 

 

5.2 

 

5.6 

 

5.1 

 

5.0 

 

5.6 

 

6.2 

 

5.4 

 

6.4 

 

6.5 

 

 

135 

 

130 

 

120 

 

118 

 

125 

 

126 

 

115 

 

110 

 

120 

 

125 

 

130 

 

145 

 

135 

 

130 

 

128 

 

134 

 

120 

 

115 

 

116 

 

115 

 

130 
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Table 3.2: Soil analysis of experiment-1 during 2010-11 

Treatments pH EC (dS m
-1

) OM (g kg
-1

) N (g kg
-1

) P (mg kg
-1

) K (mg kg
-1

) 

 

Initial Data 

 

CT N0 

CT N75 

CT N100 

CT N125 

CT N150 

DT N0 

DT N75 

DT N100 

DT N125 

DT N150 

ZTDisc N0 

ZTDisc N75 

ZTDisc N100 

ZTDisc N125 

ZTDisc N150 

ZTHappy N0 

ZTHappy N75 

ZTHappy N100 

ZTHappy N125 

ZTHappy N150 

 

7.8 

 

7.8 

 

7.7 

 

7.7 

 

7.7 

 

7.8 

 

7.6 

 

7.7 

 

7.8 

 

7.7 

 

7.8 

 

7.7 

 

7.6 

 

7.6 

 

7.8 

 

8.1 

 

8.1 

 

7.9 

 

8.0 

 

7.9 

 

7.9 

 

1.75 

 

1.68 

 

1.17 

 

1.74 

 

1.71 

 

1.47 

 

1.73 

 

1.98 

 

1.25 

 

1.32 

 

1.29 

 

1.46 

 

1.98 

 

1.72 

 

1.36 

 

1.19 

 

1.28 

 

1.52 

 

1.19 

 

1.12 

 

1.33 

 

5.8 

 

6.2 

 

7.8 

 

2.6 

 

7.2 

 

5.2 

 

7.3 

 

5.2 

 

2.6 

 

3.6 

 

7.8 

 

6.2 

 

8.8 

 

4.7 

 

2.6 

 

5.2 

 

8.3 

 

3.0 

 

4.1 

 

5.0 

 

4.1 

 

0.29 

 

0.31 

 

0.39 

 

0.13 

 

0.36 

 

0.26 

 

0.36 

 

0.26 

 

0.13 

 

0.18 

 

0.39 

 

0.31 

 

0.44 

 

0.24 

 

0.13 

 

0.26 

 

0.42 

 

0.15 

 

0.21 

 

0.25 

 

0.21 

 

4.2 

 

8.4 

 

7.4 

 

3.9 

 

3.7 

 

4.8 

 

4.9 

 

3.4 

 

2.9 

 

3.9 

 

4.9 

 

5.1 

 

9.2 

 

4.7 

 

2.1 

 

2.8 

 

2.6 

 

2.0 

 

2.6 

 

4.7 

 

2.8 

 

122 

 

116 

 

120 

 

117 

 

123 

 

120 

 

120 

 

122 

 

118 

 

122 

 

114 

 

118 

 

115 

 

120 

 

122 

 

118 

 

122 

 

115 

 

118 

 

120 

 

118 
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Table 3.3: Soil analysis experiment-2 during 2009-10 

Treatments pH EC (dS m
-1

) OM (g kg
-1

) N (g kg
-1

) P (mg kg
-1

) K (mg kg
-1

) 

 

Initial Data 

 

CT M0 

CT MRice 

CT MWheat 

CT MPlastic 

CT MNatural 

DT M0 

DT MRice 

DT MWheat 

DT MPlastic 

DT MNatural 

ZTDisc M0 

ZTDisc MRice 

ZTDisc MWheat 

ZTDisc MPlastic 

ZTDisc MNatural 

ZTHappy M0 

ZTHappy MRice 

ZTHappy MWheat 

ZTHappy MPlastic 

ZTHappy MNatural 

 

7.8 

 

7.7 

 

7.9 

 

8.1 

 

8.0 

 

7.8 

 

7.8 

 

7.9 

 

8.0 

 

8.0 

 

7.9 

 

8.0 

 

7.9 

 

7.9 

 

8.0 

 

8.0 

 

7.7 

 

7.9 

 

7.8 

 

8.0 

 

8.0 

 

1.69 

 

1.45 

 

1.91 

 

1.69 

 

1.75 

 

1.21 

 

1.51 

 

1.99 

 

1.80 

 

1.48 

 

1.85 

 

1.65 

 

1.70 

 

1.88 

 

1.90 

 

1.50 

 

1.55 

 

1.79 

 

1.89 

 

1.49 

 

1.71 

 

8.7 

 

6.7 

 

6.7 

 

7.1 

 

4.1 

 

9.3 

 

8.8 

 

6.6 

 

4.1 

 

9.3 

 

6.1 

 

6.7 

 

4.1 

 

9.7 

 

9.1 

 

4.5 

 

4.1 

 

4.7 

 

4.9 

 

6.0 

 

4.5 

 

0.44 

 

0.34 

 

0.34 

 

0.36 

 

0.21 

 

0.47 

 

0.44 

 

0.33 

 

0.21 

 

0.47 

 

0.31 

 

0.34 

 

0.21 

 

0.49 

 

0.46 

 

0.23 

 

0.21 

 

0.24 

 

0.25 

 

0.30 

 

0.23 

 

4.9 

 

8.7 

 

6.2 

 

9.2 

 

9.9 

 

8.5 

 

10.6 

 

7.1 

 

6.9 

 

5.6 

 

5.4 

 

4.9 

 

7.9 

 

4.7 

 

8.3 

 

6.6 

 

10.1 

 

10.9 

 

10.5 

 

10.1 

 

5.6 

 

116 

 

140 

 

120 

 

100 

 

120 

 

130 

 

120 

 

150 

 

140 

 

160 

 

100 

 

140 

 

140 

 

120 

 

140 

 

110 

 

140 

 

120 

 

130 

 

110 

 

120 
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Table 3.4: Soil analysis of experiment-2 during 2010-11  
Treatments pH EC (dS m

-1
) OM (g kg

-1
) N (g kg

-1
) P (mg kg

-1
) K (mg kg

-1
) 

 

Initial Data 

 

CT M0 

CT MRice 

CT MWheat 

CT MPlastic 

CT MNatural 

DT M0 

DT MRice 

DT MWheat 

DT MPlastic 

DT MNatural 

ZTDisc M0 

ZTDisc MRice 

ZTDisc MWheat 

ZTDisc MPlastic 

ZTDisc MNatural 

ZTHappy M0 

ZTHappy MRice 

ZTHappy MWheat 

ZTHappy MPlastic 

ZTHappy MNatural 

 

7.9 

 

7.3 

 

7.3 

 

7.3 

 

7.2 

 

7.3 

 

7.4 

 

7.3 

 

7.5 

 

7.6 

 

7.7 

 

7.8 

 

7.9 

 

7.4 

 

7.9 

 

8.0 

 

7.3 

 

7.2 

 

7.8 

 

7.9 

 

7.2 

 

1.75 

 

1.40 

 

1.40 

 

1.60 

 

1.55 

 

1.50 

 

150 

 

1.55 

 

1.60 

 

1.70 

 

1.88 

 

1.50 

 

1.79 

 

1.89 

 

1.49 

 

1.71 

 

1.80 

 

1.70 

 

1.80 

 

1.90 

 

1.70 

 

 

10.7 

 

4.7 

 

5.2 

 

5.0 

 

4.6 

 

5.5 

 

5.8 

 

5.8 

 

5.5 

 

5.3 

 

5.3 

 

5.6 

 

4.8 

 

5.8 

 

5.6 

 

5.7 

 

5.9 

 

5.7 

 

4.9 

 

5.9 

 

5.9 

 

0.54 

 

0.24 

 

0.26 

 

0.25 

 

0.23 

 

0.28 

 

0.29 

 

0.29 

 

0.28 

 

0.27 

 

0.27 

 

0.28 

 

0.24 

 

0.29 

 

0.28 

 

0.29 

 

0.30 

 

0.29 

 

0.25 

 

0.30 

 

0.30 

 

4.9 

 

4.7 

 

5.0 

 

4.3 

 

4.7 

 

4.3 

 

4.7 

 

4.3 

 

4.7 

 

4.7 

 

4.7 

 

5.0 

 

5.0 

 

5.7 

 

5.0 

 

5.3 

 

5.5 

 

6.0 

 

5.3 

 

6.3 

 

6.1 

 

130 

 

128 

 

113 

 

117 

 

128 

 

128 

 

112 

 

108 

 

118 

 

130 

 

132 

 

145 

 

132 

 

125 

 

127 

 

133 

 

118 

 

112 

 

110 

 

111 

 

126 
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Table. 3.5: Expt # 1. Initial soil physical properties before sowing 2009-10 and 2010-11 

 
Table. 3.6: Expt # 2. Initial soil physical properties before sowing 2009-10 and 2010-11 

 

3.7 Weed Management 

 Bromoxynil @ 1250 mL ha
-1

 was applied five days after first irrigation with a 

knapsack sprayer for the control of broad leaf weeds. Fenoxaprop P-Ethyl @1000 mL ha
-1

 

was applied 3 days after 2
nd

 irrigation for the control of narrow leaf weeds.  

3.8    Irrigation 

The volume of water applied for irrigating the crop of the experiment during the year 2009-

10 to 2010-11 is given in Table 3.7 and 3.8. 

Year Soil 

depth 

(cm) 

Bulk 

density 

(g cm
-3

) 

Porosity 

(cm cm
-3

) 

Volumetric 

water 

content 

(mm cm
-1

) 

Water 

filled pore 

spaces 

(%) 

Air filled 

pore 

spaces 

(%) 

Penetration 

resistance 

(0-30 cm) 

    (kpa) 

 

2009-10 

0-5 1.48 0.44 2.5 47.8 52.2 
1730 

5-10 1.55 0.42 2.8 54.5 45.5 

 

2010-11 

0-5 1.46 0.45 2.2 41.7 58.3 
1718 

5-10 1.57 0.41 2.9 57.2 42.8 

Year Soil 

depth 

(cm) 

Bulk 

density 

(g cm
-3

) 

Porosity 

(cm cm
-3

) 

Volumetric 

water 

content 

(mm cm
-1

) 

Water 

filled pore 

spaces 

(%) 

Air 

filled 

pore 

spaces 

(%) 

Penetration 

resistance 

(0-30 cm) 

(kpa) 

2009-10 

0-5 1.51 0.43 2.7 53.6 46.4 

1727 

5-10 1.58 0.40 3.1 66.8 33.2 

 

2010-11 

0-5 1.50 0.43 2.5 50.2 49.8 

1713 

5-10 1.61 0.39 3.2 65.9 34.1 
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Table 3.7: Expt # 1. Water received by the crop during 2009-10 and 2010-11 

Year 
Water received (mm) 

Irrigation water Rainfall 

2009-10 400 21.5 

2010-11 400 48.3 

Number of irrigations 4, each of 100 mm 

Table 3.8: Expt # 2. Water received by the crop during 2009-10 and 2010-11 

Year 
Water received (mm) 

Irrigation water Rainfall 

2009-10 400 21.5 

2010-11 400 48.3 

Number of irrigations 4, each of 100 mm 

 3.9   Crop harvest 

The crop was harvested manually at maturity. The first year trail was harvested on 10
th

 May, 

2009-10 and second year trail was harvested on 29
th

 April, 2010-11. 

3.10    Measurements 

Data on the following observations were measured using standard procedures. 

3.10.1 Plant establishment 

 Germination count 

 Number of total tillers (m
-2

) 

 Number of fertile tillers (m
-2

) 

3.10.2 Quantitative traits  

 Plant height (cm) 

 Spike length (cm) 

 Number of spikelet per spike 

 Number of grains per spike 

 1000-grains weight (g) 

 Biological yield (Mg ha
-1

) 
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 Grain yield (Mg ha
-1

) 

 Straw yield (Mg ha
-1

) 

 Harvest index (%) 

3.10.3 Growth analysis 

 Total dry matter production (g m
-2

)   

 Leaf area index         

             LAI = Leaf area / Land area (Watson, 1952)                                                               

 Leaf area duration (LAD)                                                                   

            LAD = (LAI1+LAI2) x (T2 – T1)/2 

 Crop growth rate (CGR) 

            CGR = (W2-W1) / (T2- T1)  

 Net assimilation rate (NAR) 

            NAR = TDM / LAD (Hunt, 1978) 

3.10.4 Weeds Parameters 

 Total weed density (100 cm x 100 cm) 

3.10.5 Root Parameter 

 Root length (cm) 

3.10.6 Soil Parameter 

 Soil bulk density ρb (g cm
-3

) 
 

           ρb (g cm
-3

) = ms / Vt 

 

            ms = mass of oven-dried soil 

           Vt  = bulk volume of the soil 

 Total porosity St (cm
3
 cm

-3
) 

 

  St (cm
3
 cm

-3
) = (1 - ρb / ρp) 

 

          ρb = soil bulk density 

         ρp = soil particle density 
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 Volumetric water content θv (mm cm
-1

) 

 

            θv (mm cm
-1

) = (ρb / ρw) θm 

θv = volumetric water content (mwater
3
 msoil

-3
) 

 ρb = soil dry bulk density (mg m
-3

) 

 ρw = pore water density (mg m
-3

) 

 θm = gravimetric water content (kgwater kgsoil
-1

) 

 

 Soil water-filled pore spaces WFPS  

 

 

            WFPS   =           

 

 Ww = weight of water (g) 

 Ws = dry weight of soil (g) 

 Vt = bulk volume of the soil 

 ρp = particle density 

 Ws = saturated core weight  

 Dw = density of water  

  

  Air-filled pore spaces Fa  

 

Fa = St – θw ρb / Dw 

 

θw = gravimetric moisture content 

St = total porosity 

ρb = bulk density 

Dw = density of water 

 

 Particle density ρp (g cm
-3

) 

 

  ρp (g cm
-3

) =  
           

                   –     
 

 

ρ = density 

Ww /(Vt ¯ Ws / ρp) 

            Dw 
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Ws = weight of the oven-dried soil 

Wa = weight of the air dried soil 

Wsw = weight the pycnometer, water and soil 

Ww = pycnometer bottle dry weight 

 

 Soil penetration resistance (kpa) 

 

Force = Meter reading (PSI) x 6.9 

 

3.10.7  Nutrient use efficiency 

 Agronomic nutrient use efficiency 

 Physiological nutrient use efficiency 

3.10.8 Water use efficiency 

 Water use efficiency GY = Grain yield / (Irrigation + rainfall) 

3.10.9 Grain quality 

 Protein content (%) 

 Fat content (%)  

 Crude fiber (%) 

3.10.10  Economic analysis  

 Net return 

 Net field benefits 

 Benefit cost ratio 

 Dominance analysis 

 Marginal rate of return 

3.11  Procedures and formulae for recording observations 

3.11.1 Plant establishment 

3.11.1.1 Germination count  

The data of crop germination were recorded 15 days after sowing when the germination was 

complete in both 2009-10 and 2010-11 growing years. For this purpose, we selected four 

file:///C:/Users/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Low/Content.IE5/0F8H19KM/protein%20%25.pptx
file:///C:/Users/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Low/Content.IE5/0F8H19KM/crude%20fibre%25.pptx
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consecutive lines up to the length of 1 m
-2

 from two places randomly in each experimental 

unit on daily basis up to the constant level.  

3.11.1.2 Number of total and fertile tillers (m
-2

) 

 The total and fertile and tillers were counted from the four consecutive rows up to the length 

of 1 meter randomly from two places in each experimental unit at full physiological maturity 

of the wheat.  

3.11.2  Quantitative traits  

3.11.2.1 Plant height at maturity (cm) 

The wheat plant height was measured with the help of meter rod at full physiological 

maturity. For this purpose, the twenty plants were selected randomly in each experimental 

unit and measured their lengths respectively.  

3.11.2.2 Spike length (cm) 

During both the years of study, when the spikes had fully emerged and had attained their 

physiological maturity, length of the spike length was measured with the help of meter rod 

from the base to the tip of the spike. 

3.11.2.3 Number of spikelets per spike 

The number of spikelet per spike of the same twenty plants was counted. Their average was 

calculated. 

3.11.2.4 Number of grains per spike 

Number of grains per spike from the same twenty spikes was collected and then average 

number of grains per spike was calculated. 

3.11.2.5 1000-grain weight 

A sub-sample of 1000-grain was taken from each experimental unit and weighted by an 

electric balance after oven-drying at 70 
0
C for 24 hours in an oven until a constant weight 

was obtained. 

3.11.2.6 Biological yield (Mg ha
-1

) 

When the crop had attained the complete physical maturity and had completely dried out then 

each experimental unit was harvested from the net plot of 8 m x 5.4 m was tied up in the 

form of bundles and then tagged. These tagged bundles were weighed with the help of spring 

balance; it was the biological yield of plot. Then it was converted on hectare basis. 
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3.11.2.7 Grain yield (Mg ha
-1

) 

The tagged bundle from all experimental units of size 8 m x 5.4 m was threshed. The grain 

yield for each experimental unit was noted and converted into tone per hectare.  

3.11.2.8 Straw yield (Mg ha
-1

) 

The straw yield in kg per plot was calculated by subtracting the grain yield from the 

biological yield then it was converted into tone per hectare. 

             Straw yield = Biological yield – Grain yield 

3.11.2.9 Harvest index (%) 

        The harvest index was calculated by the following formula: 

                                       100
log

. x
YieldicalBio

YieldEconomic
IH   

      Economic yield       =           Grain yield 

      Biological yield       =           Total biomass of the crop 

  3.11.3 Growth analysis 

3.11.3.1 Leaf area index 

A randomly selected area of 30 cm long row was harvested 15 days intervals after seedling 

establishment. Fresh weight of leaf, stem and spike were measured on an electric balance. 

Leaf area of subsample of 5 g green laminae was recorded on leaf area meter (∆T Area 

meter MK2) and converted into m
-2

. Leaf area index (LAI) was calculated as the ratio of 

leaf area to land area (Watson, 1952). 

                           LAI = Leaf area / Land area                             

 3.11.3.2 Total dry matter production   

For this purpose the sampling procedure was the same as discussed in leaf area index but in 

this way we took a 50 gram fresh sample from that composite sample of one line harvested 

from each treatment. This 50 gram sample was sun dried for 3-4 days, oven dried for 72 

hours at 72 
0
C and then weighed. This oven-dried weight of 50 gram sample was multiplied 

with the total fresh weight of total sample harvested from non-experimental spaces. It gave 

us the total dry matter in grams of that area of 1 m length then we converted this data into 

per square meter and then into per hectare respectively. Similarly we converted grams into 

tons per hectare by using the mathematical procedures 
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   3.11.3.3 Leaf area duration 

   Leaf area duration (LAD) was calculated according to formula of Hunt (1978).  

                  LAD (days) = (LAI1+LAI2) x (T2 – T1)/2 

   Where LAI1 and LAI2 are the leaf area indices at time T1 and T2, respectively. 

    3.11.3.4 Crop growth rate  

    Hunt (1978) proposed the formula of crop growth rate (CGR) as follows. 

                    CGR (g m
-2

 day
-1

) = (W2-W1) / (T2- T1) 

     Where W1 and W2 are the total dry weights harvested at times T1 and T2,    

respectively.                    

    3.11.3.5 Net assimilation rate  
    It was estimated by using the formula proposed by Hunt (1978). 

                   NAR (g m
-2

 day
-1

) = TDM / LAD 

    Where TDM and LAD are the total dry matter and leaf area duration.   

3.11.4 Nutrient dynamics 

3.11.4.1 Nitrogen 

Total nitrogen in plant samples was determined by the Kjeldahl method of Bremner and 

Mulvaney (1982). In this method, 0.2 g of plant sample was digested with 3 mL of 

concentrated H2SO4 in the presence of digestion mixture containing K2SO4, CuSO4 and Se 

on block digestion for about 4 to 5 hours. The digestion temperature was  initially set at 

50
o
C and then the temperature raised gradually to 100, 150, 200, 300 and finally to 350

o
C 

respectively, which was maintained at least for an 1 hour (at this stage the sample turned 

light greenish or colorless). After cooling, the digest was transferred to a 100 mL 

volumetric flask and made the volume using distilled water. Twenty mL of the digested 

aliquot was distilled with 5 mL of 40 % NaOH solution into a 5 mL boric acid mixed 

indicator solution. The distillate was titrated against standard 0.005 M HCl and calculated 

the amount of N as 1 mL of 0.005 M HCl was equivalent to 70 μg N. A blank was also run 

at the same time and its reading was subtracted from the sample. 
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3.11.5  Weeds Parameters 

3.11.5.1 Weeds density measurement 

Weed density was calculated on average basis from each experimental unit collected 

randomly from two places by placing the quadrate of 1m x 1m in each plot. 

3.11.6  Soil Parameter 

3.11.6.1 Bulk density 

The bulk density was measured using the core method (Blake and Hartge, 1986). Soil cores 

of 8 cm height and 5 cm internal diameter were used for sample collection. Soil cores 

collected for bulk density measurements were also used to measure total porosity of soil by 

following techniques described by Lowery et al. (1996).  

3.11.6.2 Soil moisture contents 

Soil moisture content in the samples was determined by placing known amount of soil in 

oven at 105
o
C for 24 hours until a constant weight was obtained. Any loss in the sample 

weight after oven-drying was considered as moisture content. By using the following formula 

Soil moisture content (g g
-1

) = (weight of moist soil – weight of oven dry soil) 

                                                              Weight of oven dry soil 

3.11.6.3 Volumetric water content 

The volumetric water content in the samples was determined first by using the gravimetric 

water content using the following formula. 

         Gravimetric water content (g cm
-3

) = soil water content (g g
-1

) x bulk density (g cm
-3

) 

After calculating the gravimetric water contents, the volumetric water contents were 

determined by using the given formula. 

                                  θv (mm cm
-1

) = (ρb / ρw) θm 

3.11.6.4 Soil water-filled pore space 

Soil water and air-filled pore spaces were determined by putting the values in given formula. 

Water-filled pore spaces 

 

                                    WFPS    =             

 

Air-filled pore spaces 

         Fa = St – θw ρb / Dw 

             

 

Ww /(Vt ¯ Ws / ρp) 

            Dw 
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3.11.6.5 Soil particle density 

The following procedure was used to determine the soil particle density. 

Soil particle density was determined after taking soil samples from the field and dried it in 

oven at 105 °C. Then, gravimetric water content (θw) of air-dried soil was calculated. 

Distill water was taken and degassed it by gently boiling for several minutes, and cooled 

in room temperature. After that recorded the temperature of this water and corresponding 

density of water (Dw) at this temperature. Then, filled a pycnometer with the degassed 

water and inserted the stopper in pycnometer. Ensure that the capillary bore in the stopper 

was filled. Wipe the pycnometer bottle dry and weight (Ww). After weight, pour out about 

half of the water from the pycnometer and replaced the stopper. Dry the bottle from 

outside and weighed it again. Then, approximately 10 g of air-dried soil was added in it 

and weighed the pycnometer and stopper. Then, weighed of the oven-dried soil (Ws) and 

refilled the pycnometer with water. After that replaced the stopper and again make sure 

that the capillary bore was filled. Weighed the pycnometer, water and soil (Wsw). 

Calculation was done by the given formula 

    ρp (g cm
-3

) =  
           

                   –     
 

3.11.6.6 Soil penetration resistance 

Soil penetration resistance was measured with Cone Penetrometer, by placing the cone on the 

soil surface with the shaft oriented vertically. The cone was then pressed into the soil until it 

just became buried (i.e. soil surface was level with the base of the cone) and then reading was 

noted. Soil samples for moisture content were also taken, then correlated reading to force 

applied for each plot, five readings were noted (Bradford, 1986). 

3.11.6.7 Total porosity 

The total porosity (St) of the soil was obtained from its bulk density (ρb) and particle density 

(ρp) by using the following formula: 

                                    St = (1 - ρb /ρp) × 100 

 

 

 



 

MATERIALS AND METHODS 

49 

 

3.11.6.8 Particle size analysis 

Standard hydrometer method (Bouyoucos, 1962) was followed for particle size analysis. 

Sodium hexametaphosphate (NaPO3)6 was used as a dispersing agent. Textural class was 

determined following the International System Textural Triangle. 

3.11.6.9 Soil organic matter 

Soil organic carbon was determined following the method described by Ryan and Estefan, 

(2001). A 1 gram sample of air-dried soil was taken in a 500 mL beaker and added 10 mL 

0.167M potassium dichromate solution. Afterward added 20 mL concentrated sulfuric acid, 

swirled the beaker to mix the suspension and then allowed it to stand for 30 minutes. To it 

200 mL de-ionized water was added followed by 10 mL of concentrated orthophosphoric 

acid, allowed the mixture to cool and add 10-15 drops of diphenylamine indicator. Then the 

contents were titrated with 0.5 M Ferrous ammonium sulfate solution, until the color changed 

from violet blue to green. Two blank readings were obtained by following above procedure 

except adding soil.  

Calculations 

 

% Oxidizable organic carbon = ((V blank – V sample) x 0.3 x M) / (Weight of soil (g)) 

            % Total organic carbon (w/w) = 1.33 x % Oxidizable organic carbon 

            % Organic matter (w/w) = 1.724 x % Total organic carbon 

            M = Molarity of ferrous sulphate solution 

            V blank = Volume of ferrous ammonium sulphate solution used for blank (mL) 

            V sample = Volume of ferrous ammonium sulphate solution with soil sample (mL) 

3.11.6.10 Total nitrogen 

Total nitrogen was determined by digesting known weight of soil with concentrated H2SO4 

and digestion mixture followed by distillation according to Kjeltec autosystem I, II, III and 

IV (Teacator, 1981). 

3.11.6.11 Available phosphorus 

Available P was determined by taking 2.5 g soil and adding 50 mL of 0.5 M NaHCO3 (pH 

8.2) solution and developing color with the reagents, i.e. ammonium molybdate + antimony 

potassium tartarate + sulphuric acid + ascorbic acid (Olsen and Sommers, 1982) and taking 

the reading on Spectronic Genesys 5 at 880 µm wavelength. 
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3.11.6.12 Exchangeable Potassium 

A known weight of soil was shaken with neutral 1M ammonium acetate (Knudsen et al., 

1982) and K concentration in the filtrate was determined on Jenway PFP 7 Flame Photometer 

after calibrating it with standard K solutions. 

3.11.6.13 pH of soil  

With the help of WTW 330/SET-0-pH meter, pHs was recorded after standardizing the 

instrument with buffer solution of 7.01 and 9.20 pH (Method 21a). 

3.11.6.14 Electrical conductivity of saturated extract (ECe) 

With the help of HANNA HI-8033 electrical conductivity meter, ECe was determined after 

standardizing it with standard 0.01 N KCl solutions (Method 4b). Cell constant (K) was 

calculated by following formula: 

K = (1.4118 dS m
-1

) / (EC of 0.01 N KCl (dS m
-1

) 

3.11.7 Root Parameter 

3.11.7.1 Root length (cm) 

Ten wheat plants were randomly collected at anthesis stage with a sampling tool equipped 

with 7 cm sharp cutting tip. Roots were carefully dug-out and separated from the soil and 

other residues by gentle washing under flow of water. Root length was measured in 

centimeters from ground level to the root tips and average was worked out (Tennant, 1975). 

3.11.8 Grain quality 

3.11.8.1 Determination of crude protein in wheat 

The percentage of nitrogen in each wheat flour sample was determined by using Kjeldahl’s 

method (AACC, 1983). A sample was first digested in Kjeldahl’s flask containing 30 mL 

concentrated H2SO4 in the presence of 5 g digestion mixture [K2SO4+CuSO4+FeSO4 

(90:10:1)] till digested content attained transparent color. Volume of the cooled digested 

sample was made up to 250 mL and then distillation was carried out in Kjeldahl’s distillation 

apparatus by using 10 mL diluted digested sample and 10 mL 40 % NaOH solution. 

Ammonia liberated was collected in 10 mL of 2 % boric acid solution using methyl red as an 

indicator. The nitrogen collected in boric acid solution was estimated by titration against 

0.1N H2SO4 till end point.  

Nitrogen percentage was calculated by using following equation.  
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1 mL of 0.1 N H2SO4 = 0.0014 g of nitrogen  

Protein percentage of wheat flour was calculated by: 

% Crude protein = % N x 5.7 

3.11.8.2 Determination of crude fat in wheat 

The crude fat content was determined by taking 3 g moisture free flour sample using 

petroleum ether as a solvent in a Soxhlet Apparatus for 2 to 3 hour according to the 

instructions of the manufacturers and the procedure given in AACC (1983). 

                            Weight of fat (g) 

Crude Fat % = ------------------------------ x 100 

                         Weight of sample (g) 

3.11.8.3 Determination of the crude fiber 

The crude fiber was estimated by taking 1 g moisture and fat free flour sample and digested 

first with 1.25 % H2SO4 and then with 1.25 % NaOH solution. The fiber percentage was 

calculated after drying (AACC, 1983).  

The crude fiber was calculated as per expression given below: 

                           Weight loss on ignition (g) 

Crude Fiber % = ------------------------------------ x 100 

                                 Weight of sample (g) 

3.11.9 Nutrient use efficiency 
3.11.9.1 Agronomic nutrient use efficiency 

Agronomic nutrient use efficiency (NUE) was determined by the following formula (SSSP, 

1994): 

NUEA (kg kg
-1
) = 

   
 nutrients kg applied nutrients 

yieldGrain yieldGrain CF

Fertilizer

kgkg 
 

         F = Fertilized crop 

         C = Control crop  

3.11.9.2 Physiological nutrient use efficiency 

Total N, P and K uptake by shoots of wheat in each treatment was converted into g ha
-1

. The 

physiological nutrient use efficiency (NUE) was determined by the formula (SSSP, 1994) as 

follow:  



 

MATERIALS AND METHODS 

52 

 

NUEP (kg g
-1

) = 
   

   1-

C

1-

F

CF

ha g uptakenutrient  ha uptakeNutrient 

yieldGrain yieldGrain 





g

kgkg
 

         F= Fertilized crop 

         C= Control crop 

3.11.10 Water use efficiency 

Water use efficiency was calculated by dividing the grain yield with evapo-transpiration (ET 

crop) (Reddi and Reddi, 1995).  

         Water use efficiency GY = Grain yield / (Irrigation + rainfall)                    

3.11.11 Economic analysis 

3.11.11.1 Net return 

Net return was determined by subtracting the total cost of production from the gross income 

of each treatment (CIMMYT, 1988).  

       Net income = Gross income – Cost of production  

3.11.11.2 Net benefit 

Net field benefits were determined by subtracting the total variable cost from the gross 

benefits of each treatment combination (CIMMYT, 1988). Input and output cost of each 

treatment combination was converted to Rs. ha
-1

. 

3.11.11.3 Benefit-cost ratio 

Benefit-cost ratio was calculated by dividing gross income to the total cost of production. 

                                                Gross income 

BCR =       

                         Total cost 

3.11.11.4 Dominance analysis 

Dominance analysis for each treatment combination was thus carried out first listing the   

treatments in order of increasing costs that vary. The treatment that had net benefit that was 

less than or equal to those treatments with lower variable cost, was dominated (CIMMYT, 

1988). 
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3.11.11.5 Marginal rate of return 

The marginal net benefit (MNB) divided by the marginal cost (MC), expressed in percentage; 

is called marginal rate of return (MRR). MRR was calculated with the formula of CIMMYT, 

(1988). 

                     MRR (%) = 100 
MC

MNB
  

3.11.12 Statistical analysis and graphics 

 Data collected from both experiments were statistically analyzed by MSTATC and the 

differences among the treatment means were compared for significance by using the 

Duncan’s New Multiple Range Test (DNMRT) at 5% level of probability unless otherwise 

mentioned (Steel et al., 1997). The significance of regression () was tested against tabulated 

values given by Snedecor and Cochran (1989). The computer package MS-Excel was used to 

prepare the graphs. 
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Chapter-4     RESULTS AND DISCUSSION 

                                 

             This study was conducted to investigate the effect of different tillage systems at 

various nitrogen rates and mulches after rice crop harvested with combine harvester. A 

significant effect on growth, yield and yield parameters of wheat and soil physical properties 

in rice-wheat cropping system was observed. The experiment was conducted at Research 

Area, Directorate of Farms, University of Agriculture, Faisalabad during the growing season 

2009-10 and 2010-11. The data recorded was analyzed and presented below with appropriate 

discussion. 

Weather 

 Fig. 4.1 (a and b) shows the summary of weather data for the crop growth period 

during 2009-10 and 2010-11. In 2010-11 the mean maximum and minimum temperature at 

the time of plant germination and tillering during December was 10 % and 20 % lower than 

mean maximum and minimum temperature in 2009-10. Relative humidity was 4 % higher in 

2010-11 that favors the plant growth. In 2010-11 the mean maximum and minimum 

temperature in January was 4 % and 22 % lower than mean maximum and minimum 

temperature in 2009-10 while relative humidity was 9 % lower in 2010-11. However, the 

pattern of average temperature was higher from March to April and then increased towards 

maturity of crop. Average monthly rainfall was less during 2009-10 (21.5 mm) as compared 

to 2010-11 (48.3 mm). Most of the rainfall was received during the months of February-

March. Maximum rainfall was received in the month of February in 2010 (17 mm) and in 

2011 (27 mm). Average relative humidity was lesser during 2009-10 (60.76 %) than 2010-11 

(63.86 %).   
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Fig. 4.1: Meteorological data at University of Agriculture, Faisalabad, Pakistan. 
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Exp # I 

4.1. RESPONSE OF WHEAT TO TILLAGE AND STUBBLE 

MANAGEMENT WITH VARYING   LEVELS OF NITROGEN 

4.1.1. Germination count  

Crop success depends on plant population per unit area. More the germination count 

per unit area more will be the plant population that ultimately contributes towards final yield. 

Factors responsible for affecting the germination count are; seed quality, seed health, sowing 

depth, soil temperature, aeration and moisture. Data regarding germination counts for the 

both growing seasons are presented in the table 4.1.1. A perusal of the table depicted that 

different tillage systems had significant in both the year of study while nitrogen and 

interaction were non-significant. Germination was 3 % high in 2010-11 than 2009-10 due to 

the variations in temperature and relative humidity. The weather during 2010-11 growing 

season was more favorable to irrigated wheat growth compared to the weather conditions in 

2009-10.  

Wheat crop sown after deep tillage and with happy seeder at zero tillage resulted in 

higher seedling emergence during both the year which were 5 % and 7 % greater than 

conventional tillage and zone disc tiller. The greater germination count in deep tillage than 

conventional tillage was due to moisture availability and fine soil tilth by the application of 

moldboard plow. Ozpinar and Cay (2006) conducted a trial and gave similar findings. They 

reported that high seed zone moisture enhanced the seedling emergence by decreasing the 

mean weight diameter by plowing and disking. Happy seeder produced maximum 

germination (155 m
-2

 and 163 m
-2

) that was higher 3 % from the zone disc tiller and 

conventional tillage in both the year due to seed cover by rice straw in case of happy seeder. 

This result supported by Morris et al. (2009) who reported that straw residue remained on the 

soil surface reduced moisture evaporation and improved seed-to-soil contact while in case of 

zone disc tiller furrow opener was not covered by rice straw that decreased seed germination. 

The result was supported by Tessir et al. (1991) who observed furrow opener of zero tillage 

drill could not cover the seed properly and gave poor germination of wheat. The results 

reported by Su-Juan et al. (2008) were contradictory to our findings. They found that CT 

gave higher germination counts per unit area.  
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Table 4.1.1: Germination count (m
-2

) of wheat planted under various tillage systems and 

nitrogen levels 

 

Individual comparison of treatment means 

 

 

a.  2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 148 149 148 148 147 148 B 

Deep tillage 155 157 155 157 156 156 A 

Zone Disc tiller 147 150 149 150 148 149 B 

Happy seeder 156 154 156 158 155 155 A 

Means 152 153 152 153 152 

 

 

LSD value, Tillage = 1.11 

 

 

b.  2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 150 152 152 150 151 151 B 

Deep tillage 162 161 163 162 164 162 A 

Zone Disk tiller 151 153 152 151 153 152 B 

Happy seeder 163 163 162 164 163 163 A 

Means 157 157 157 157 158 

 

 

LSD value, Tillage = 1.40 

 

 

Any two means not sharing a letter is common in a column differ significantly at p ≤ .05 

 



 

RESULTS AND DISCUSSION 

58 

 

4.1.2. Total number of tillers 

Plant population per unit area at the time of harvest is the crucial yield determining 

factor in wheat. More crop yield depends on the higher number of tillers per unit area. Data 

of both the growing seasons are depicted in table 4.1.2. Significant differences were found in 

producing number of total tillers per unit area by various tillage systems and nitrogen levels. 

Interaction among tillage systems and nitrogen levels was also found significant. 

Conventional tillage, zone disc tiller and happy seeder produced maximum total 

tillers at N125 kg ha
-1

 while deep tillage gave maximum total tillers by the application of N @ 

rate 150 Kg ha
-1

 during first year. Same trend was noted during 2010-11 while deep tillage 

fertilized @ 150 kg ha
-1

 produced 296 total tillers which was at par with N125 kg ha
-1

.  

Higher number of total tillers in deep tillage among other tillage systems was 

attributed to better root growth and soil preparation that favors the nutrients uptake. More 

root zone area (Table 4.1.19) enhanced the nutrients uptake that resulted in the form of robust 

growth and tillering of wheat plant. These findings were quite in line with the results of 

Mrabet (2002) who observed that due to larger root zone area enhanced nutrient availability 

and increased the total tillers in deep tillage than conventional tillage and zone disc tiller. 

After deep tillage more number of total tillers was observed in happy seeder was due to more 

soil organic matter and nutrients within 0-5 cm, which was helpful for growth and tillering 

than conventional tillage. These results were confirmed by Lopez-Fando and Pardo (2009). 

Hemmat and Eskandari (2006) defended our finding and noted that zero tillage produced 

more tillers than the conventional tillage. 

Higher nitrogen level decreased the total number of tillers 5 % and 6 % than N125 kg 

ha
-1

 in both the years. It might be due to excess of nitrogen from organic and inorganic 

sources which effected total number of tillers. Significant effect of nitrogen fertilization had 

also been reported by Hussain et al. (2006).  
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Table 4.1.2: Total number of tillers (m
-2

) of wheat at maturity planted under various 

tillage systems and nitrogen levels  

 

Individual comparison of treatment means  

 

a.  2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 207 e 232 c 225 d 256 a 245 b 233 D 

Deep tillage 174 e 253 d 265 c 281 b 285 a 252 A 

Zone Disc tiller 181 d 241 c 254 b 261 a 240 c 236 C 

Happy seeder 181 e 232 d 263 b 274 a 247 c 240 B 

Means 186 E 240 D 252 C 268 A 254 B 

 

 

LSD value, Tillage = 1.17, Nitrogen = 1.81, Tillage x Nitrogen = 3.62 

      

 

b.  2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 216 d 257 c 269 b 287 a 259 c 258 C 

Deep tillage 236 d 277 c 292 b 299 a 296 a 280 A 

Zone Disc tiller 221 e 253 d 275 b 293 a 264 c 261 B 

Happy seeder 242 e 283 d 295 b 299 a 291 c 282 A 

Means 229 E 268 D 283 B 295 A 278 C 

 

 

LSD value, Tillage = 2.11, Nitrogen = 1.55, Tillage x Nitrogen = 3.11 

     

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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4.1.3. Number of fertile tillers  

Fertile tillers per unit area have a major yield contributor that has positive impact on 

the crop production. Significant effect of tillage systems, different nitrogen levels and their 

interaction on the fertile tillers was found in both the growing seasons (Table 4.1.3). 

Deep tillage in first year and happy seeder in second year produced the maximum 

fertile tillers followed by other tillage systems. In both the growing seasons higher number of 

tillers (262 m
-2

 and 290 m
-2

) was produced at N125 kg ha
-1

 and lower number of tillers 181 m
-2

 

and 224 m
-2

 in at N0 kg ha
-1

 respectively. 

All the tillage systems produced higher fertile tillers during first year at N125 kg ha
-1 

followed by N150, N100, N75 and N0 kg ha
-1

 while deep tillage @ N 150 kg ha
-1

 produced 278 

fertile tillers which was at par with N125 kg ha
-1

.  

In second year all the tillage systems produced higher number of fertile tillers at N125 

kg ha
-1

 while N0 kg ha
-1

 gave the minimum number of fertile tillers. 

Deep tillage produced more fertile tillers than the other tillage systems due to fine soil 

seedbed which favored roots length that enhanced tillering. Mrabet (2002) reported that in 

deep tillage roots go deeper and enhanced nutrient uptake that had positive effect on yield 

and yield contributing factors. In case of zero tillage our results confirmed the finding of 

Hemmat and Eskandari (2006) and Su-Juan et al. (2008) who observed that zero tillage 

(Happy seeder) produced the higher number of fertile tillers than the conventional tillage. In 

first year deep tillage at N150 kg ha
-1

 produced maximum fertile tillers that increased the 

rooting area and decreased the risk of nitrogen excess, so it produced the maximum tillers at 

higher nitrogen rate. Deep tillage increased rate of decomposition due to deep incorporation 

of rice stubbles within the soil. In case of zero tillage (happy seeder + zone disk tiller) extra 

amount of nitrogen from organic and inorganic sources affected the fertile tillers while 

maximum tillers at N125 kg ha
-1

 were observed. 
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Table 4.1.3: Number of fertile tillers (m
-2

) of wheat at maturity planted under various 

tillage systems and nitrogen levels  

 

Individual comparison of treatment means 

  

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 201 e 225 c 220 d 250 a 241 b 227 D 

Deep tillage 168 d 245 c 259 b 275 a 278 a 245 A 

Zone Disc tiller 176 d 237 c 250 b 255 a 234 c 230 C 

Happy seeder 178 e 226 d 258 b 269 a 240 c 234 B 

Means 181 E 233 D 247 C 262 A 250 B 

 

 

LSD value, Tillage = 1.22, Nitrogen = 1.94, Tillage x Nitrogen = 3.89 

     

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 212 d 251 c 263 b 284 a 252 c 252 D 

Deep tillage 231 d 271 c 287 b 293 a 288 b 274 B 

Zone Disc tiller 217 e 249 d 269 b 288 a 257 c 256 C 

Happy seeder 236 e 277 d 290 b 295 a 284 c 276 A 

Means 224 E 262 D 277 B 290 A 270 C 

 

 

LSD value, Tillage = 0.79, Nitrogen = 1.82, Tillage x Nitrogen = 3.64 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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4.1.4. Plant height at maturity 

Plant height has an important role in crop yield that is a structural assign of a variety, 

which depends on plant genetic constitute, seed vigor, availability of soil nutrients and 

environmental conditions of area. Plant height was affected significantly by tillage systems 

and nitrogen levels during both the growing seasons. Interaction was found significant in first 

growing season and non-significant during second season (Table 4.1.4).  

Deep tillage and happy seeder attained higher plant height than conventional tillage 

and zone disc tiller in both growing seasons. The higher plant height in the deep tillage was 

due to fine seedbed preparation, higher porosity (Table 4.1.21) and uniform nutrients 

distribution in the soil profile. These results were confirmed by the results of Khan et al. 

(2001) who observed that deep seedbed preparation by plowing supported crop growth by 

increased nutrient-use. In contrast, the lower plant height of wheat under CT was due to 

subsurface compaction, which hindered root growth and affected water and nutrient uptake. 

Higher plant height in the zero tillage due to rice straw mulch which increased moisture 

availability than conventional tillage reported by Hemmat and Eskandari, (2006) and nutrient 

concentration greater in zero tillage at upper soil surface and decreased with increased in 

depth than conventional tillage noted by Lupwayi et al. (2006).   

Nitrogen @ rate of 150 kg ha
-1

 gave the highest plant height followed by N125, N100, 

N75 and N0 kg ha
-1

 in both the seasons. Nitrogen fertilization has an important role in cell 

division and enlargement of the plant observed by Keskins et al. (2005). Higher plant height 

might be attributed to more vegetative development that caused increased mutual shading 

and intermodal extension. These results substantiate findings of Mohsan (1999) and Rasheed 

et al. (2004) who reported the promotive effect of nitrogen on plant height.  

In 2009-10 all the tillage systems at N150 kg ha
-1

 gave the highest plant height 

followed by N125, N100, N75 and N0 kg ha
-1

. The plant height at deep tillage and happy seeder 

were higher than conventional tillage and zone disc tiller our findings were quite in line with 

the finding of Mrabet (2002) who reported significant effect of deep tillage and no-till 

systems than offset disc and sub-surface tillage systems. Gangwar et al. (2006) observed that 

plant height after rice was the highest at zero tillage along with crop residues at 150 kg N ha. 

Interaction remained non-significant due to favorable weather. These results supported by 

Hemmat and Eskandari (2004); they found non-significant difference between plant heights. 
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Table 4.1.4: Plant height (cm) of wheat at maturity planted under various tillage 

systems and nitrogen levels 

 

Individual comparison of treatment means 

 
a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 90.9 e 94.2 d 99.2 c 100.2 b 103.4 a 97.5 C 

Deep tillage 96.3 e 98.1 d 103.1 c 104.8 b 106.5 a 101.7 A 

Zone Disc tiller 92.7 e 93.1 d 101.7 c 102.3 b 103.2 a 98.6 B 

Happy seeder 96.3 e 96.5 d 102.5 c 104.5 b 106.5 a 101.2 A 

Means 94.6 E 95.5 D 101.6 C 102.9 B 104.9 A 

 

 

LSD value, Tillage = 0.048, Nitrogen = 0.046, Tillage x Nitrogen = 0.09 

 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 91.2 94.5 100.0 100.3 103.5 97.9 B 

Deep tillage 96.4 98.3 103.2 104.9 105.5 101.6 A 

Zone Disc tiller 92.8 93.2 101.7 102.6 103.3 98.7 B 

Happy seeder 96.6 97.2 103.1 104.6 105.4 101.3 A 

Means 94.2 C 95.8 C 102.0 B 103.1 AB 104.4 A 

 

 

LSD value, Tillage = 1.43, Nitrogen = 1.68     

 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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                       Fig. 4.2: Relationship between plant height and grain yield of wheat. 
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Linear relationship between plant height and grain yield was indicated by regression 

analysis during both the years (Fig 4.2). 

4.1.5. Spike length at maturity 

Spike length is a dominant yield leading factor that is directly related with spikelet 

spike
-1

. Longer spike more will be the number of spikelet spike
-1

 and higher will be the grain 

yield. Significant differences were observed in spike length by various tillage systems, 

nitrogen levels and their interaction during both the growing seasons (Table 4.1.5).  

Significant effect of deep tillage was found in first growing season while in second 

growing season deep tillage and happy seeder produced greater spike length than 

conventional tillage and zone disc tiller. In case of nitrogen the highest spike length of 15.5 

cm was noted at N125 kg ha
-1

 in both the year of study.  

More spike length in deep tillage and zero tillage were due to nutrient and moisture 

availability in both tillage systems and same results were reported by Lopez-Fando and 

Pardo, (2009) in zero tillage and Khan et al. (2001) in deep tillage. Mrabet (2002) observed 

that both deep tillage and no-till gave equal and high results than sub-surface tillage systems. 

Hemmat and Eskandari (2006) and Gangwar et al. (2006) also reported that zero tillage 

produced the higher spike length than the conventional tillage.  

They reported that nitrogen also had significant effect on the spike length but excess 

of nitrogen decreased the spike length by Hussain et al. (2006) and supported our findings. 

In the both growing seasons all the tillage systems produced the highest spike length 

at N125 kg ha
-1

 followed by N150, N100, N75 and N0 kg ha
-1

 while deep tillage at N150, N125, 

N100 and N75 kg ha
-1

 had 15.5 cm spike length that was 7 % higher than N0 kg ha
-1

 in 2009-10 

and in 2010-11 zone disc tiller at N125, N150 kg ha
-1

 had higher spike length than N100, N75 and 

N0 kg ha
-1

. 

The spike length at deep tillage at N150 kg ha
-1

 was higher and these findings were 

supported by Mrabet (2002) who reported that both deep tillage and zero tillage gave equal 

and high results than off-set disk and sub-surface tillage systems. Gangwar et al. (2006) 

observed that spike length after rice was higher at zero tillage along with crop residues and 

extra nitrogen than recommended rate. Linear relationship between spike length and grain 

yield was indicated by regression analysis during both the years (Fig. 4.3). 
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Table 4.1.5: Spike length at maturity (cm) of wheat at maturity planted under various 

tillage systems and nitrogen levels 

 

Individual comparison of treatment means 

  
a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 14.1 d 15.1 c 15.3 b 15.4 a 15.3 b 15.0 D 

Deep tillage 14.4 b 15.5 a 15.5 a 15.5 a 15.5 a 15.3 A 

Zone Disc tiller 14.2 e 15.2 d 15.3 c 15.5 a 15.4 b 15.1 C 

Happy seeder 14.4 d 15.4 c 15.5 b 15.6 a 15.5 b 15.2 B 

Means 14.3 D 15.3 C 15.4 B 15.5 A 15.4 B 

 

 

LSD value, Tillage = 0.0089, Nitrogen = 0.0085, Tillage x Nitrogen = 0.01 

 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 14.1 d 15.1 c 15.4 b 15.5 a 15.4 b 15.1 C 

Deep tillage 14.5 c 15.5 b 15.5 b 15.6 a 15.5 b 15.3 A 

Zone Disc tiller 14.3 d 15.3 c 15.4 b 15.5 a 15.5 a 15.2 B 

Happy seeder 14.4 c 15.5 b 15.6 a 15.6 a 15.5 b 15.3 A 

Means 14.3 D 15.3 C 15.4 B 15.5 A 15.4 B 

 

 

LSD value, Tillage = 0.0089, Nitrogen = 0.0085, Tillage x Nitrogen = 0.02 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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                 Fig. 4.3: Relationship between spike length and grain yield of wheat. 
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4.1.6. Number of spikelets per spike 

Spikelets per spike is also an important yield-enhancing factor. Number of grains per 

spike is directly related to number of spikelets per spike. Higher the spikelets per spike, 

higher will be the number of grains per spike, which will ultimately increase grain yield. 

Data regarding spikelets per spike for both growing seasons (Table 4.1.6). Significant effect 

of tillage systems, nitrogen levels and their interaction were observed in 2009-10 and non-

significant effect in 2010-11. 

Happy seeder produced the highest spikelets per spike than conventional tillage, deep 

tillage and zone disc tiller. Higher number of tillers in deep tillage might be affected on 

number of spikelets per spike. Happy seeder gave the higher number of spikelets spike
-1

 than 

deep and conventional tillage these results were quite in line with the results of Hemmat and 

Eskandari (2006) and Baumhardt and Jones (2002). They reported that no tillage (Happy 

seeder) along with residue management was more suitable and beneficial than deep tillage in 

producing spikelet per spike. Zone disc tiller gave lower spikelets per spike than deep, 

conventional tillage was probably due high weeds infestation (Table 4.1.18) which competed 

for nutrients and moisture, and our results were quite in line with the results of Fischer et al. 

(2002) who observed greater number of weeds in zero tillage. In 2010-11, tillage had non-

significant effect on spikelets per spike due to favorable conditions. Sheikh et al. (2003) 

reported the similar results; they recorded non-significant effects of tillage systems on 

spikelets per spike.  

In the year 2009-10 higher number of spikelets per spike was produced at N125 kg ha
-1

 

than N150, N100, N75 and N0 kg ha
-1

. Khan et al. (2000) reported that excess of nitrogen often 

decreased the yields because other yield components of wheat were decreased with an 

associated decrease in vegetative growth.  

All tillage systems produced the highest spikelets per spike during 2009-10 at N125 kg 

ha
-1

 than N150, N100, N75 and N0 kg ha
-1

. In 2010-11, non-significant effect was due to 

favorable climatic condition that reduced the treatment effects. Most of the studied on cereal 

production comparing tillage systems gave controversial results, apparently depending on 

soil type, crop rotation and local climatic conditions (Angas et al., 2006). 
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Table 4.1.6: Spikelets per spike of wheat at maturity planted under various tillage 

systems and nitrogen levels  

 

Individual comparison of treatment mean 

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 19.1 e 20.2 d 20.8 c 21.5 a 20.9 b 20.6 B 

Deep tillage 19.2 d 20.4 c 20.9 b 21.3 a 20.9 b 20.5 C 

Zone Disc tiller 19.1 e 20.3 d 20.6 c 21.3 a 20.8 b 20.4 D 

Happy seeder 20.1 e 20.3 d 20.9 c 21.5 a 21.2 b 20.8 A 

Means 19.2 D 20.0 C 21.0 B 21.5 A 21.0 B 

 

 

LSD value, Tillage = 0.021, Nitrogen = 0.021, Tillage x Nitrogen = 0.042 

 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 19.3 20.3 20.9 21.6 20.9 20.6 

Deep tillage 19.4 20.5 21.0 21.5 20.9 20.8 

Zone Disc tiller 19.3 20.4 20.8 21.5 20.8 20.6 

Happy seeder 20.2 20.4 21.0 21.6 21.2 20.8 

Means 19.3 20.3 21.0 22.0 21.0 

 

 

NS = Non-significant 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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4.1.7 Number of grains per spike 

Number of grains per spike is critical yield determining factor in wheat crop. Wheat 

yield will be higher when more number of grains per spike. Regarding to data (Table 4.1.7) 

the number of grains per spike affected by different tillage systems, nitrogen rates and their 

interaction in first year while in 2010-11 only nitrogen had a significant effect. 

In first growing season the conventional tillage produced the highest number of grains 

per spike than deep tillage, zone disc tiller and happy seeder. Happy seeder produced more 

number of grains per spike than deep tillage and zone disc tiller. These finding were 

supported by Baumhardt and Jones (2002) who observed that no tillage (Happy seeder) along 

with residue management was more suitable and beneficial than deep tillage while zone disc 

tiller gave lesser number of grains per spike. These findings were quite in line with Li et al. 

(2008) who reported that zero tillage (zone disc tiller) produced less yield parameter than 

conventional tillage. Lower number of grains spike
-1 

in deep tillage and happy seeder was 

due to greater number of tillers that might effects the number of grains per spike but these 

findings were opposite the results of Hemmat and Eskandari, (2006) and Muqaddas et al. 

(2005); they observed higher yield attributes in zero tillage and deep tillage. Non-significant 

effect on number of grains per spike in second growing was noted due to favorable climatic 

conditions and these results were quite in line with the findings of Bakhsh et al. (2005) and 

Sheikh et al. (2003) who concluded from their studies that tillage did not affect the number 

of grains per spike.  

Higher number of grain per spike was observed at N125 kg ha
-1 

followed by N150, N100, 

N75 and N0 kg ha
-1

 in both growing seasons. Rasheed et al. (2004) who concluded that 

increased level of N enhanced the number of grains but excess of nitrogen often decreased 

the yield components of wheat. 

All tillage systems in 2009-10 produced higher number of grains per spike at N125 kg 

ha
-1

 than N150, N100, N75 and N0 kg ha
-1

 while deep tillage gave higher number of grains at N 

150 kg ha
-1

 and happy seeder gave at N125 and N100 kg ha
-1

. In second growing season 

interaction was non-significant due to favorable climatic conditions that reduced the treatment 

effects. Cereal production by different tillage systems (conventional, deep and zero tillage) 

gave arguable results depending on soil type and climatic conditions (Angas et al., 2006).  



 

RESULTS AND DISCUSSION 

71 

 

Table 4.1.7: Number of grains per spike of wheat at maturity planted under various 

tillage systems and nitrogen levels 

 

     Individual comparison of treatment means 

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 43.0 d 45.0 c 50.0 a 50.0 a 49.0 b 47.4 A 

Deep tillage 44.4 e 46.3 d 46.6 c 48.1 b 49.1 a 46.9 C 

Zone Disc tiller 44.1 e 46.4 d 48.2 b 48.6 a 47.2 c 46.9  D 

Happy seeder 42.4 d 44.4 c 50.0 a 50.0 a 49.2 b 47.2 B 

Means 43.5 E 45.5 D 48.7 B 49.2 A 48.5 C 

 

 

LSD value, Tillage = 0.16, Nitrogen = 0.25, Tillage x Nitrogen = 0.50 

 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 42.4 46.9 48.2 50.1 47.5 47.0 

Deep tillage 43.9 47.3 48.7 49.9 48.8 47.7 

Zone Disc tiller 42.6 47.1 48.5 50.3 48.3 47.4 

Happy seeder 43.5 47.5 48.8 50.2 48.8 47.8 

Means 43.1 C 47.2 B 48.5 AB 50.1 A 48.4 AB 

 

 

LSD value, Nitrogen = 1.68 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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               Fig. 4.4: Relationship between number of grains per spike and grain yield of wheat. 
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Linear relationship between number of grains spike
-1

 and grain yield was indicated by 

regression analysis during both the years (Fig 4.4). 

4.1.8 1000-Grain weight 

The grain weight is also a major yield causative component that it is affected by soil 

moisture and nutrients status, irrigation availability at critical stages of growth and the abrupt 

environmental changes. Significant effect of nitrogen on 1000-grain weight was observed 

while tillage and its interaction were found non-significant in the both growing seasons 

(Table 4.1.8). 

A perusal of the table revealed that tillage systems in both the growing seasons had 

non-significant effect on 1000-grain weight and our results were confirmed with the findings 

of Hemmat and Eskandari (2006) who reported similar results that tillage systems had no 

influence on 1000-grain weight.  

The higher 1000-grain weight  in first growing season was recorded at N150 kg ha
-1

 

that was 1 %, 3 %, 2 % and 6 % than N125, N100, N75 and N0 kg ha
-1

 while in 2010-11 the 

higher 1000-grain weight was noted at N75, N100, N125 and N150 kg ha
-1

 and lower 1000-grain 

weight  was recorded at N0 kg ha
-1

. In our results nitrogen fertilization had increased the 

1000-grain weight by increased the nitrogen rates up to a certain level. These results were 

quite in line with the findings of Mohsan, (1999) and Hussain et al. (2006); they reported that 

nitrogen fertilization had a positive effect on 1000-grain weight.  

The 1000-grain weight was higher in 2010-11 than the year 2009-10, which was due 

to the favorable climatic condition. Therefore, it is proved that the environment has direct 

effect on grain weight that ultimately affects the total yield of the crop. These findings were 

similar to the findings of Su-Juan et al. (2008). Linear relationship between 1000-grain and 

grain yield was indicated by regression analysis during both the years (Fig. 4.5). 
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Table 4.1.8: 1000-Grain weight (gm) of wheat at maturity planted under various tillage 

systems and nitrogen levels 

 

      Individual comparison of treatment means 

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 42.7 44.2 44.3 45.5 46.1 44.5 

Deep tillage 42.3 45.7 44.7 46.1 45.1 44.8 

Zone Disc tiller 44.0 45.1 43.8 45.5 48.6 45.4 

Happy seeder 44.8 46.8 46.8 45.0 46.0 45.7 

Means 43.5 C 45.5 AB 44.7 BC 45.6 AB 46.5 A 

 

 

LSD value, Nitrogen = 1.59        

 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 42.9 46.8 47.5 48.5 46.9 46.5 

Deep tillage 44.3 47.1 47.6 48.6 47.7 47.0 

Zone Disc tiller 42.9 47.4 47.7 48.5 46.6 46.6 

Happy seeder 44.2 47.2 47.6 47.5 47.9 46.9 

Means 43.6 B 47.1 A 47.6 A 48.3 A 47.3 A 

 

 

LSD value, Nitrogen = 1.71  

 

      

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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                Fig. 4.5: Relationship between 1000-grain weight and grain yield of wheat. 
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4.1.9. Biological yield  

The biological yield comprises of grain yield and straw yield that produced by the 

crop. It has a significant role in grain yield of a crop. Crop vegetative growth trend is 

indicated by biological yield that is an index of photosynthetic efficiency. A persual of table 

4.1.9 revealed that significant effect of tillage systems, nitrogen levels and their interaction in 

first growing season were observed while in second growing season only nitrogen had 

significant effect on biological yield. 

Deep tillage and happy seeder produced higher biological yield that was 22 % and 19 

% higher than conventional tillage and zone disc tiller. Higher biological yield in deep tillage 

was due to fine and loose soil condition, lower soil bulk density (Table 4.1.20) and longer 

root length (Table 4.1.19). These results were quite in line with the findings of Rashidi and 

Keshavarzpour, (2007) and Beulter and Centurion, (2004). They reported that fine seedbed 

and longer root length had positive effect on biological yield. The higher biological yield in 

zero tillage was due to higher yield attributes and these results were quite in line with the 

results of Sip et al. (2009), they concluded that biological yield produced by zero tillage was 

higher than conventional tillage system. In 2010-11, non-significant effect on biological yield 

was due to the favorable climatic conditions. Therefore, it was proved that the environment 

had direct effect on yield attributes that ultimately affects the total yield of the crop and our 

results supported the results of Juan et al. (2008). 

In first growing season the highest biological yield was produced @ N 125 kg ha
-1 

than N150, N100, N75 and N0 kg ha
-1

 while in second growing season N100, N125 and N150 kg ha
-

1
 gave maximum biological yield and minimum was observed at N0 kg ha

-1
. Our findings 

supported the results of Khan et al. (2000) and Mohsan (1999). They observed that nitrogen 

fertilizer application increased grain and biological yield of crop but excess of nitrogen 

decreased the biological yield. 

 In 2009-10 all tillage systems produced the highest biological yield at N125 kg ha
-1

. 

Conventional tillage at N125, N150, N100 and N75 kg ha
-1

 produced higher biological yield than 

N0 kg ha
-1

 while deep tillage gave maximum biological yield at N125 and N150 kg ha
-1

 

followed by N100 kg ha
-1

 and minimum was recorded at N0 kg ha
-1

. In zone disc tiller higher 

biological yield was observed at N125 and N100 kg ha
-1
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Table 4.1.9: Biological yield (Mg ha
-1

) of wheat at maturity planted under various 

tillage systems and nitrogen levels 

 

      Individual comparison of treatment means 

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 5.4 b 9.8 a 10.0 a 10.3 a 9.5 a 9.0 B 

Deep tillage 4.9 d 11.6 c 13.2 b 14.5 a 13.7 ab 11.6 A 

Zone Disc tiller 6.0 d 9.0 c 10.8 ab 11.5 a 10.0 b 9.4 B 

Happy seeder 7.3 d 11.0 c 12.4 b 13.3 a 12.7 ab 11.4 A 

Means 5.9 D 10.4 C 11.6 B 12.4 A 11.4 B 

 

 

LSD value, Tillage = 0.75, Nitrogen = 0.42, Tillage x Nitrogen = 0.84 

 

 

 

b.  2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 7.8 13.5 15.3 16.2 14.1 13.4 

Deep tillage 9.2 13.7 15.8 16.6 16.2 14.3 

Zone Disc tiller 8.0 13.4 15.4 15.9 14.3 13.4 

Happy seeder 9.0 14.0 15.9 17.0 16.5 14.5 

Means 8.5 C 13.7 B 15.6 A 16.4 A 15.3 A 

 

 

LSD value, Nitrogen = 1.38 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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and minimum was observed at N0 kg ha
-1

 while in happy seeder maximum biological yield 

was noted at N125 and N150 kg ha
-1

 followed by N100 kg ha
-1

 and minimum was noted at N0 kg 

ha
-1

.  

 

4.1.10. Grain yield 

Grain yield is the most crucial parameter and ultimate mission of farmers. Grain yield 

is a result of various yield-contributing parameters like; number of fertile tillers, number of 

grains per spike and 1000-grain weight. Any change in these parameters will change the 

grain yield (Langer, 1980). Significant effect of tillage systems and nitrogen levels were 

found during both the years of study while interaction was significant in 2010-11.  

In both the growing seasons higher grain yield was obtained in deep tillage and happy 

seeder than conventional tillage and zone disc tiller. Higher grain yield in deep tillage was 

due to fine soil structure, which favored deeper root growth due to lower soil bulk density. 

Our results were supported by Rashidi and Keshavarzpour, (2007) and Beulter and 

Centurion, (2004). Wheat sown with happy seeder at zero tillage gave maximum grain yield 

due to more nutrients near the soil surface and moisture availability. These findings 

supported the results of Lopez-Fando and Paedo, (2009), Shipitalo at al. (2000), Younis et al. 

(2006), Jin et al. (2007) and Fuentes et al. (2009). Moussa-Machraoui et al. (2010) reported 

that zero tillage with residue retention was a feasible management technology to improve 

grain yield.  

During 2009-10 wheat crop fertilized @ 100, 125 and 150 kg ha
-1

 gave high grain 

yield than N0 kg ha
-1

 while in 2010-11 higher grain yield was noted at N125 kg ha
-1

 than N150, 

N100, N75 and N0 kg ha
-1

. Khan et al. (2000) observed that biological and grain yield 

increased by increasing nitrogen fertilization, but excess of nitrogen often decreased the 

yields because other yield components of wheat were decreased with an associated decreased 

in vegetative growth.  

In second growing season conventional tillage at N125 kg ha
-1

 gave maximum grain 

yield while in deep tillage nitrogen applied @ 100, 125 and 150 kg ha
-1

 produced higher 

grain yield and minimum was noted at N0 kg ha
-1

. In zone disc tiller higher grain yield was 

attained at N100 and N125 kg ha
-1

 while happy seeder gave higher grain yield when wheat was 

fertilized @ 125 and 150 kg ha
-1

, and lower was observed at N0 kg ha
-1

. 



 

RESULTS AND DISCUSSION 

79 

 

Table 4.1.10: Grain yield (Mg ha
-1

) of wheat at maturity planted under various tillage 

systems and nitrogen levels 

 

     Individual comparison of treatment means 

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 2.0 3.8 3.9 4.1 3.8 3.5 B 

Deep tillage 1.9 4.6 5.3 5.8 5.5 4.6 A 

Zone Disc tiller 2.4 3.6 4.3 4.6 3.9 3.8 B 

Happy seeder 2.9 4.4 5.0 5.3 5.1 4.5 A 

Means 3.0 C 4.1 B 4.6 A 4.9 A 4.6 AB 

 

 

LSD value, Tillage = 0.88, Nitrogen = 0.40     

 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 3.0 d 5.3 c 6.0 b 6.4 a 5.6 c 5.3 B 

Deep tillage 3.6 c 5.4 b 6.3 a 6.6 a 6.5 a 5.7 A 

Zone Disc tiller 3.1 d 5.3 c 6.2 a 6.3 a 5.7 b 5.3 B 

Happy seeder 3.5 d 5.6 c 6.4 b 6.8 a 6.6 ab 5.8 A 

Means 3.3 D 5.4 C 6.2 B 6.5 A 6.1 B 

 

 

LSD value, Tillage = 0.17, Nitrogen = 0.17, Tillage x Nitrogen = 0.33 

 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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Bossche et al. (2009) reported that nitrogen efficiency in reduced tillage system was 

higher than conventional tillage due to this higher grain yield obtained in zero tillage. 

Moreover, significant difference in wheat grain yields between growing seasons was due to 

the variations in temperatures, amount of rainfall and relative humidity. The weather during 

2010-11 was more favorable to irrigated wheat growth compared to the weather conditions in 

2009-10. Zero tillage (Zone disc tiller) gave 17 % less grain yield than deep tillage and 

results were quite in line with Juan et al. (2008) who observed that grain yield in zero tillage 

was the lowest. Similarly, Hobbs and Gupta (2002), Gautam et al. (2002), Baksh et al. 

(2005), Iqbal et al. (2002) and Sen et al. (2002) also advocated the yield advantage of zero 

tillage against the conventional tillage. 

4.1.11 Straw weight  

Tillage systems and nitrogen levels had significant effect on straw weight in both 

growing seasons while interaction in 2010-11 was found non-significant (Table 4.1.11). 

 In first growing season deep tillage while in second growing season both deep tillage 

and happy seeder gave more straw weight than conventional tillage and zone disc tiller. Deep 

tillage produced higher straw weight due to more biological yield was noted (Table 4.1.9) 

which was attained by fine and loose soil conditions that favored the longer root length. Our 

results were supported the findings of Rashidi and Keshavarzpour, (2007), they reported that 

higher yield in deep tillage was due to fine soil structure which favored longer root length. In 

happy seeder higher straw weight than conventional tillage was due to higher yield attributes 

and these results were quite in line with the results of Sip et al. (2009). In second year results 

confirmed by the findings of Rahman et al. (2005) who reported that zero tillage and deep 

tillage wheat produced maximum straw yield.  

In the both growing seasons the highest straw weight was produced at N125 kg ha
-1 

followed by N150 and N100 while lower was noted at N0 kg ha
-1

. Our findings were supported 

by the results of Khan et al. (2000), they reported that biological and grain yields increased 

by increasing nitrogen fertilization, but excess of nitrogen often decreased the yields because 

other yield components of wheat were decreased with an associated decrease in vegetative 

growth.  
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Table 4.1.11: Straw weight (Mg ha
-1

) of wheat at maturity planted under various tillage 

systems and nitrogen levels  

 

      Individual comparison of treatment means 

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 3.4 c 6.0 ab 6.1 a 6.2 a 5.7 b 5.5 D 

Deep tillage 3.0 d 7.0 c 7.9 b 8.7 a 8.2 b 7.0 A 

Zone Disc tiller 3.6 e 5.5 d 6.5 b 6.9 a 6.0 c 5.7 C 

Happy seeder 4.4 d 6.7 c 7.5 b 8.0 a 7.6 b 6.8 B 

Means 3.6 D 6.3 C 7.0 B 7.5 A 6.9 B 

 

 

LSD value, Tillage = 0.17, Nitrogen = 0.16, Tillage x Nitrogen = 0.32 

 

 

 

b.  2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 4.8 8.2 9.3 9.8 8.5 8.1 B 

Deep Tillage 5.6 8.2 9.5 9.9 9.7 8.6 A 

Zone Disk Tiller 4.9 8.1 9.2 9.5 8.7 8.1 B 

Happy seeder 5.3 8.4 9.6 10.1 9.9 8.6 A 

Means 5.2 D 8.2 C 9.4 B 9.8 A 9.2 B 

 

 

LSD value, Tillage = 0.34, Nitrogen = 0.39 

      

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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In 2009-10 conventional tillage gave maximum straw weight when fertilized @ 100 

and 125 kg ha
-1

 while deep tillage, zone disc tiller and happy seeder produced maximum 

straw weight at N125 kg ha
-1

 than N150, N100, N75 and N0 kg ha
-1

 in first growing season. In the 

entire cases straw yield at N125 kg ha
-1 

was higher than N150 kg ha
-1

 because excess applied of 

nitrogen did not enhanced straw weight significantly.  

4.1.12. Harvest index 

Harvest index means the ability of crop to convert assimilate into economic parts. 

Higher the economic yield the more will be the harvest index. Non-significant effect of 

tillage systems, nitrogen levels and their interaction were noted in both growing seasons 

(Table 4.1.12). 

In both growing seasons the range of harvest index varied from 37.5 % to 40 %. Our 

results were confirmed the results of Sabir et al. (2000) who observed that tillage systems 

and nitrogen levels had non-significant effect on harvest index.  

Overall harvest indices were higher in the growing season 2010-11 that might be due 

to better environmental conditions and timely onset of rainfall at critical stages. 
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Table 4.1.12 Harvest index (%) of wheat at maturity planted under various tillage 

systems and nitrogen levels  

 

          Individual comparison of treatment means 

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 37.5 39.2 39.2 39.6 39.3 39.0 

Deep Tillage 38.3 39.2 40.0 40.0 39.8 39.5 

Zone Disc Tiller 39.1 39.4 40.1 40.0 39.6 39.6 

Happy seeder 39.1 39.5 39.7 39.7 39.7 39.5 

Means 38.5 39.3 39.7 39.8 39.6 

 

 

NS = Non significant  

 

     

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 38.7 39.2 39.2 39.7 39.6 39.2 

Deep tillage 38.9 39.8 40.0 40.0 40.0 39.7 

Zone Disc tiller 38.7 39.4 40.1 40.0 39.6 39.6 

Happy seeder 38.9 39.8 40.0 40.0 40.0 39.7 

Means 38.8 39.6 39.8 39.9 39.8 

 

 

NS = Non significant 
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4.1.13. Leaf area index 

Leaf area index (LAI) is the primary physiological decisive and showed the size of 

crop assimilatory. Significant effect of different tillage systems and nitrogen levels on leaf 

area index is presented in graphical form (Fig 4.6 and 4.7). 

 In both the growing seasons (Fig 4.6) line curve increased gradually and attained the 

peak at 75 days after sowing (DAS). After 75 days the line started to decrease and reached 

lower point at 135 DAS. The line curve of deep tillage remained above than the other tillage 

systems throughout the growing season. Maximum leaf area index (5.18 and 5.24) was 

attained at 75 days by deep tillage followed by happy seeder and minimum was noted in 

conventional tillage. The maximum LAI in deep tillage was due to fine seedbed and longer 

root length (Table 4.1.19) that favored nutrient and water use efficiency (Table 4.1.28) which 

ultimately affected the plant growth positively. Our results were quite in line with the results 

of Kosmas et al. (2001). Su-Juan et al. (2008) and Lopez-Fando and Pardo, (2009) who 

reported that happy seeder had maximum leaf area index than conventional tillage.  

During both the years of study (Fig 4.7) line curve increased with time and attained 

maximum level at 75 DAS. After 75 days leaf area index started to decline and reached at 

minimum point at 135 days. Leaf area index of wheat crop was maximum when fertilized 

with N125 kg ha
-1

 followed by N100 kg ha
-1

 and minimum was observed in N0 kg ha
-1

. The line 

curve of N125 kg ha
-1

 remained above of N150, N100, N75 and N0 kg ha
-1

 throughout the 

growing seasons. In both the years LAI of 5.08 and 5.51 were observed at N125 kg ha
-1

. Leaf 

area index was increased by increasing the nitrogen levels up to a certain level and these 

findings were quite in line with the results of Warraich et al. (2002). They reported that 

nitrogen fertilization had a significant effect on plant growth.  

In both the growing seasons all the tillage systems gave maximum leaf area index @ 

N 125 kg ha
-1

 followed by N100 Kg ha
-1 

and minimum was noted at N0 kg ha
-1

 at 75 DAS. 

Increases in leaf area index over time were due to the formation of new leaves and their 

subsequent expansion. Sharp declines in the end of seasons were due to senescence of older 

leaves. However, it was clear that during both the growing seasons there was a significant 

difference in leaf area index not only among tillage system but also between the various 

nitrogen levels. 
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               Fig. 4.6: Leaf area index as affected by different tillage systems. 
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                            Fig. 4.7: Leaf area index as affected by different nitrogen levels. 
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4.1.14. Total dry matter accumulation  

More dry matter accumulation in a crop gives more return. Significant effect of 

different tillage systems and nitrogen levels on total dry matter was found in both growing 

seasons (Fig. 4.8 and 4.9).  

In both the growing seasons (Fig. 4.8) total dry matter increased gradually and was 

maximum at 135 days after sowing. The curve line of deep tillage remained above than all 

other tillage systems. In both the years maximum total dry matter (1004.40 g m
-2

 and 1082.80 

g m
-2

) was attained at deep tillage followed by happy seeder and minimum was observed at 

conventional tillage at 135 DAS. Higher total dry matter in deep tillage was produced due to 

higher leaf area index, plant height (Table 4.1.4) and deeper root length (Table 4.1.19) than 

zero tillage and conventional tillage. Our results supported the findings of Li et al. (2008) 

and Kosmas et al. (2001). They reported that higher leaf area index in deep tillage favored 

more total dry matter due to more assimilates accumulation. Su-Juan et al. (2008) and Lopez-

Fando and Pardo, (2009) observed that happy seeder produced higher total dry matter than 

conventional tillage due to moisture and nutrient availability.  

Total dry matter was higher (Fig. 4.9) at 135 DAS when crop was fertilized with N125 

kg ha
-1

. It remained above the line curve of N150, N100, N75 and N0 kg ha
-1

. Maximum total 

dry matter (1205.50 g m
-2

 and 1289 g m
-2

) was attained in both the growing seasons when 

wheat crop fertilized with nitrogen @ 125 kg ha
-1

 followed by N100 kg ha
-1

 and minimum was 

recorded at N0 kg ha
-1

. Total dry matter was increased by increasing the nitrogen levels and 

these findings were supported by Warraich et al. (2002). Hussain et al. (2006) observed that 

at higher nitrogen level 150 kg ha
-1

 produced lower total dry matter. These findings 

supported our results that at higher nitrogen rate N150 kg ha
-1

 total dry matter 20 % and 19 % 

lower than N125 kg ha
-1

. 

In deep tillage crop residues incorporation along with nitrogen increased the total dry 

matter and other yield attributes. These results were quite in line with the results of Kumar et 

al. (2004) who reported that deep incorporation of rice residues improved the total dry 

matter. Significant differences were found in total dry matter production not only among 

different tillage systems but also between the various nitrogen levels. Linear relationship 

between total dry matter and grain yield was indicated by regression analysis during both the 

years (Fig 4.10). 
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          Fig. 4.8: Total dry matter as affected by different tillage systems. 
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                   Fig. 4.9: Total dry matter as affected by nitrogen levels. 
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                Fig: 4.10: Relationship between total dry matter and grain yield of wheat. 
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4.1.15. Leaf area duration  

Leaf area duration (LAD) is a final growth component, which measured the 

persistence of leaf assimilatory surface (Bingham, 1969). Leaf area duration is a function of 

leaf area index that indicates the photosynthetic capacity of plant at anthesis stage, which 

mainly depends upon leaf area duration. Significant effect of tillage systems and nitrogen 

levels on leaf area duration was observed in both the growing seasons (Fig. 4.11 and 4.12).  

Leaf area duration increased gradually (Fig. 4.11) and attained maximum level at 135 

DAS in both the years of study. In first growing season deep tillage while in second year 

deep tillage and happy seeder produced the maximum leaf area duration (227.08 and 238.64 

days) than other tillage systems at 135 days after sowing. Maximum leaf area duration was 

noted in deep tillage was due to higher leaf area index. Our findings supported the results of 

Li et al. (2008) who observed the higher leaf area duration in deep tillage. Su-Juan et al. 

(2008) and Lopez-Fando and Pardo, (2009) reported that zero tillage (Happy seeder) 

produced higher leaf area duration than conventional tillage was due to moisture and nutrient 

availability near the soil surface that enhanced the growth. Our findings were quite in line 

with these results.  

During both the years of study (Fig 4.12) line curve of N125 kg ha
-1

 remained above 

throughout the season and attained maximum leaf area duration of 309.48 and 316.98 days at 

135 DAS followed by N100 kg ha
-1

. At contrast; minimum LAD was noted when wheat was 

not fertilized with nitrogen. Leaf area duration was increased by increasing the nitrogen 

levels due to more vegetative growth. These findings were opposite by Warraich et al. (2002) 

who reported that by increasing the nitrogen levels leaf area duration was not affected.  

It is clear that during both the growing seasons there was significant difference in leaf 

area duration not only among tillage systems but also between the various nitrogen levels. 

Linear relationship between leaf area duration and grain yield was indicated by regression 

analysis during both the years (Fig 4.13). 
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                   Fig. 4.11: Leaf area duration as affected by different tillage systems. 
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                              Fig. 4.12: Leaf area duration as affected by nitrogen levels. 
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                Fig: 4.13: Relationship between leaf area duration and grain yield of wheat. 
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4.1.16. Crop growth rate 

It expresses the rate of dry matter accumulation per unit area per day. Tillage systems 

and nitrogen levels had significant effect on the crop growth rate (CGR) in both the growing 

seasons (Fig. 4.14 and 4.15). 

During both the years of study CGR (Fig. 4.14) increased and attained maximum 

level at 75 DAS. After 75 days, it decreased slowly up to 95 DAS then sharp decline up to 

115 DAS. After 115 days CGR decreased but comparatively at lower rate. The line curve of 

deep tillage remained higher than conventional tillage, zone disc tiller and happy seeder 

throughout the growing seasons. Deep tillage in both years of study produced the maximum 

crop growth rate of 12.14 g m
-2

 d
-1

 and 13.15 g m
-2

 d
-1

 followed by happy seeder and 

minimum CGR was noted in conventional tillage. Higher crop growth rate was recorded in 

deep tillage due to higher total dry matter production (Fig. 4.14). Our findings were 

supported by the findings of Kosmas et al. (2001) who reported that higher seasonal crop 

growth in deep tillage was due to favorable growth.  

In both the years of study line curve of N125 kg ha
-1

 (Fig. 4.15) remained higher 

throughout the growing seasons and attained maximum crop growth rate of 14.68 g m
-2

 d
-1 

and 15.77 g m
-2

 d
-1

, followed by N100 kg ha
-1

 and minimum was noted at N0 kg ha
-1

. Our 

findings were quite in line with the results of Warraich et al. (2002). They observed that crop 

growth rate was increased by increasing the nitrogen. 

Decline in CGR at 75 days was less in 2009-10 while in the succeeding year this 

decline was sharp which might be attributes to variation in climatic conditions. In first year 

mean maximum temperature (Fig. 4.1 a) from 75 DAS to 95 DAS was increased while in 

second year the mean maximum temperature (Fig. 4.1 b) was decreased from 75 DAS to 95 

DAS. It is clear that during both the growing seasons there was significant difference in crop 

growth not only among tillage systems but also between the various nitrogen levels.  
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                       Fig. 4.14: Crop growth rate as affected by different tillage systems. 
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Fig. 4.15: Crop growth rate as affected by nitrogen levels. 
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4.1.17. Net assimilation rate 

Net assimilation rate (NAR) of the crop is the carbohydrates manufactured by plant 

minus respiration. Significant effect of different tillage systems, nitrogen levels and their 

interaction was observed on net assimilation rate in both the growing seasons (Table 4.1.17). 

Maximum net assimilation rate in both years of study was observed in conventional 

tillage and minimum was recorded in deep tillage. In 2009-10 conventional tillage was at par 

with zone disc tiller. Conventional tillage and zone disc tiller had lesser leaf area index that 

might have ensured more light penetration to the crop canopy, which in turn caused high rate 

of photosynthesis, High rate of photosynthesis reduced the respiratory losses, and gave high 

net assimilation rate at conventional and zone disc tiller. 

 In both the growing seasons maximum net assimilation rate was observed at N0 kg 

ha
-1

 followed by N75 kg ha
-1

 and minimum was recorded at N125 kg ha
-1

. Net assimilation rate 

was increased by decreasing the nitrogen levels. Lesser leaf area was produced at lesser 

nitrogen levels that more light penetration to the crop canopy which increase the rate of 

photosynthesis. Low respiratory losses and high photosynthesis rate resulted in high NAR at 

lower levels of nitrogen. These findings were opposite the results of Warraich et al. (2002) 

who reported that net assimilation rate was increased by increasing the nitrogen levels.  

Interaction was significant among tillage systems and nitrogen levels. High NAR was 

obtained in all the tillage systems when no nitrogen was applied. Overall, nitrogen applied @ 

150 kg ha
-1

 gave high NAR as compared with N125 kg ha
-1

. In 2009-10 all the tillage systems 

produced maximum NAR at N0 kg ha
-1

 that was 9 %, 17 %, 20 % and 10 % higher than N75, 

N100, N125 and N150 kg ha
-1

 while in 2010-11 the trend was same.  
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Table 4.1.17: Net assimilation rate (g m
-2

 d
-1

) of wheat planted under various tillage 

systems and nitrogen levels  

 

Individual comparison of treatment means  

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 5.24 a 4.75 b 4.34 c 4.16 d 4.71 b 4.64 A 

Deep tillage 5.12 a 4.72 b 4.29 d 3.39 e 4.50 c 4.40 C 

Zone disc tiller 5.17 a 4.87 b 4.47 d 4.08 e 4.62 c 4.64 A 

Happy seeder 5.11 a 4.62 b 4.33 d 4.08 e 4.40 c 4.51 B 

Means 5.16 A 4.74 B 4.36 D 3.93 E 4.56 C 

 

 

LSD value, Tillage = 0.039, Nitrogen = 0.056, Tillage x Nitrogen = 0.11 

 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 5.11 a 4.74 b 4.39 d 4.27 e 4.61 c 4.62 A 

Deep tillage 5.26 a 4.63 b 4.19 d 3.58 e 4.57 c 4.45 D 

Zone disc tiller 5.12 a 4.61 b 4.39 d 4.35 e 4.50 c 4.59 B 

Happy seeder 5.08 a 4.53 b 4.18 d 4.16 e 4.54 c 4.50 C 

Means 5.14 A 4.63 B 4.29 D 4.09 E 4.56 C 

 

 

LSD value, Tillage = 0.062, Nitrogen = 0.047, Tillage x Nitrogen = 0.094 

 

Any two means not sharing a letter is common in a row differ significantly at p ≤ .05 
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4.1.18. Weeds density 

Weeds are the main yield limiting and major competitors of crop production and it is 

reported that weeds reduced wheat yield up to 57 % (Singh et al., 1970). Significant effect of 

weeds densities were observed by different tillage systems and nitrogen levels soon after rice 

in rice-wheat cropping system during both the years (Table 4.1.18). Interaction of tillage 

systems and nitrogen was non-significant during both the years. 

Conventional tillage produced maximum weeds in first year followed by deep tillage, 

which was at par with conventional tillage than zone disc tiller and happy seeder planted at 

zero tillage produced less number of weeds compared with conventional and deep tillage. In 

2010-11 conventional tillage had higher weeds density (95.4 m
-2

) that were 20 %, 40 % and 

51 % greater than deep tillage, zone disc tiller and happy seeder, respectively. Conventional 

tillage produced maximum weeds due to early emergence of weeds seeds by fine soil 

structure for seedbed preparation. These results supported the results of Anderson, (2008), 

Liebman et al. (2001) and Derksen et al. (2002). They observed higher weeds density due to 

stimulation of weed seeds by soil disturbance. High weeds reduced the conventional tillage 

yield (Table 4.1.10). In both the years deep tillage had higher weeds density than zone disc 

tiller and happy seeder. Deep plowing reduced the diversity of weed species than 

conventional tillage and these results were supported by Cater and Ivany, (2006). They 

reported that deep tillage influenced the weeds seed distribution and viability in soil depth. 

Less number of weeds in happy seeder and zone disc tiller than conventional and deep tillage 

was due to presence of rice crop residues on soil surface that act as a mulch. Our results were 

agreed the results of Ozpinar, (2006) and Om et al. (2004) who observed lower weeds in zero 

tillage systems.  

This was observed that by increasing nitrogen rate the weeds density was increased 

during both the years. Maximum weeds of 81.5 m
-2

 and 87.3 m
-2

 were produced at N150 kg 

ha
-1

 followed by N125 kg ha
-1

 and minimum weeds recorded at N0 kg ha
-1

 respectively. In 

2009-10 at N150 kg ha
-1

 produced 11 %, 22 %, 32 % and 49 % greater number of weeds than 

N125, N100, N75 and N0 kg ha
-1

 respectively, while in second season trend was same. 

Maximum weeds were recorded at higher nitrogen levels than N0 kg ha
-1

. Our findings 

supported the results of Blackshaw et al. (2003). They observed that weeds were more  
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Table 4.1.18: Total weed density (m
-2

) affected by various tillage systems and nitrogen 

levels  

 

                              Individual comparison of treatment means  

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 65 79 90 100 112 89.2 A 

Deep tillage 48 64 71 80 88 70.2 A 

Zone disc tiller 32 43 51 60 68 50.8 B 

Happy seeder 20 33 40 48 58 39.8 B 

Means 41.3 E 54.8 D 63 C 72 B 81.5 A 

 

 

LSD value, Tillage = 19.1, Nitrogen = 8.2   

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 69 83 97 110 118 95.4 A 

Deep tillage 51 69 78 86 96 76 B 

Zone disc tiller 40 49 56 65 73 56.6 C 

Happy seeder 28 38 48 54 62 46 D 

Means 47 E 59.8 D 69.8 C 78.8 B 87.3 A 

 

 

LSD value, Tillage = 10.3, Nitrogen = 7.5      

 

 

Any two means not sharing a letter is common in row and column differ significantly at p ≤ .05 
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responsive to higher nitrogen levels. Małecka and Blecharczyk, (2008) also reported 

higher weeds at higher nitrogen levels. 

4.1.19. Root length 

Roots are the major part of the plant, which has dominant role on plant growth and 

yield. Roots are affected by soil physical, chemical and biological properties. Wheat crop is 

sensitive to root growth. Significant effect of tillage systems, nitrogen levels and their 

interaction on root length was observed in both the growing seasons (Table 4.1.19) 

  Deep tillage produced longer root length during both the years of study followed by 

conventional tillage and shorter root length was observed in zone disc tiller. Longer root 

lengths of wheat observed in deep tillage was due to deep manipulation of the soil, increased 

soil porosity and lower soil bulk density (4.1.20). Our results were supported the findings of 

Beulter and Centurion, (2004) who observed longer roots length in deep tillage. Lopez-

Bellido et al. (2007a,b) also reported the shorter root length of crops in zero tillage than 

conventional tillage due to surface soil compaction. 

During both the growing seasons longer root length was noted when wheat was 

fertilized with nitrogen @ 125 kg ha
-1

 followed by N150 and N100 kg ha
-1

 and shorter root 

length was noted at N0 kg ha
-1

. Longer root length was observed at N125 kg ha
-1

 due to 

maximum nitrogen availability. Our results were quite in line with the results of Galantini et 

al. (2000) who noted that root length was more responsive to nitrogen levels. At higher 

nitrogen rate N150 kg ha
-1

 the root length response was lower due to higher nitrogen toxicity. 

All tillage systems produced the longer root length when nitrogen 125 kg ha
-1

 was 

added in wheat crop followed by N150 and N100 kg ha
-1

 and shorter root length was noted at 

N0 kg ha
-1

 during both the years. In first growing seasons conventional tillage at N125 kg ha
-1

 

had 6 %, 6 %, 13 % and 20 %, deep tillage 4 %, 4 %, 14 % and 29 %, zone disc tiller 8 %, 9 

%, 18 and 27 % and 5 %, 5 %, 19 % and 25 % longer root length than N150, N100, N75 and N0 

kg ha
-1

. In second growing seasons trend was same. There is negative correlation is present 

between root length and soil bulk density (Fig. 4.16).  
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Table 4.1.19: Root length (cm) of wheat affected by various tillage systems and nitrogen 

levels  

 

                            Individual comparison of treatment means  

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 14.0 d 15.1 c 16.3 b 17.5 a 16.4 b 15.9 B 

Deep tillage 15.1 d 18.3 c 20.4 b 21.4 a 20.4 b 19.1 A 

Zone disc tiller 9.2 d 10.3 c 11.5 b 12.7 a 11.6 b 11.1 D 

Happy seeder 11.2 d 12.2 c 14.2 b 15.1 a 14.3 b 13.4 C 

Means 12.4 D 14.0 C 15.6 B 16.7 A 15.7 B 

 

 

LSD value, Tillage = 0.19, Nitrogen = 0.17, Tillage x Nitrogen = 0.35 

 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 14.2 d 15.5 c 16.4 b 17.8 a 16.6 b 16.1 B 

Deep tillage 15.2 d 18.2 c 20.1 b 21.4 a 20.3 b 19.0 A 

Zone disc tiller 9.2 d 10.5 c 11.4 b 12.5 a 11.7 b 11.1 D 

Happy seeder 11.2 d 12.2 c 14.3 b 15.1 a 14.4 b 13.4 C 

Means 12.5 D 14.1 C 15.6 B 16.7 A 15.8 B 

 

 

LSD value, Tillage = 0.19, Nitrogen = 0.13, Tillage x Nitrogen = 0.27 

 

 

 

Any two means not sharing a letter in common in row differ significantly at p ≤ .05 
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      Fig: 4.16: Relationship between root length and soil bulk density. 
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4.1.20. Soil bulk density  

Soil physical environment is an important and play a dominant role for maintaining and 

sustained agronomic production. Tillage systems had a strong effect on soil physical properties 

(Rashidi and Keshavarzpour, 2008). Bulk density influenced root growth, which affected the 

crop growth. Soil bulk density was recorded at two soil depths (0-5 cm and 5-10 cm) and at 

two growth stages i-e flowering and harvesting stage. Tillage systems showed significant effect 

while nitrogen had non-significant effect. Interaction between tillage systems and nitrogen 

levels were observed non-significant during both the growing seasons (Table. 4.1.20 A and 

4.1.20 B).  

Deep tillage gave 13 % lower soil bulk density than zero tillage systems (Happy seeder 

and zone disc tiller) at flowering stage in both the growing seasons. Soil bulk density in first 

year at time of flowering was lower in deep tillage at 0-5 cm and 5-10 cm soil depth followed 

by conventional tillage. Maximum bulk density was recorded at zone disc tiller and happy 

seeder. In second year at 0-5 cm trend was same while at 5-10 cm minimum bulk density was 

observed at deep tillage followed by conventional tillage and happy seeder and maximum was 

noted at zone disc tiller.  

Deep tillage gave 12 % lower soil bulk density than zero tillage systems (Happy seeder 

and zone disc tiller) at harvesting stage in both the growing seasons. Deep tillage gave lower 

soil bulk density at harvesting stage in first year followed by conventional tillage and 

maximum was noted in zone disc tiller at both soil depths. In 2010-11 at 0-5 cm deep tillage 

gave lower soil bulk density followed by conventional tillage at par with each other and 

maximum was observed at zone disc tiller, which was at par with happy seeder. At 5-10 cm 

soil depth trend was same like first year.  

In both the years at the time of flowering and harvesting deep tillage gave lowered soil 

bulk density values at 0-5 and 5-10 cm soil depth than conventional tillage, zone disc tiller and 

happy seeder while zone disc tiller and happy seeder gave maximum soil bulk density. These 

results were supported the findings of Osunbitan et al. (2005) and Pedrotti et al. (2005). They 

reported that deep plowing cause the greater soil inversion and mixing, which increased the 

soil porosity, decreased soil penetration resistance, exposed the surface area of the moist soil to 

the sunlight, and subsequently reduced the ability of the soil to hold moisture content over  
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Table 4.1.20 (A): Soil bulk density (g cm
-3

) at flowering stage affected by various tillage 

systems and nitrogen levels  

                                     Individual comparison of treatment means  

a. 0-5 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1.32 1.32 1.31 1.31 1.31 1.31 B 

Deep tillage 1.24 1.24 1.23 1.23 1.23 1.23 C 

Zone disk tiller 1.44 1.43 1.43 1.42 1.43 1.43 A 

Happy seeder 1.41 1.40 1.40 1.39 1.39 1.40 A 

Means 1.35 1.35 1.34 1.34 1.34 
 

LSD value, Tillage = 0.06 

b. 5-10 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1.40 1.39 1.40 1.39 1.39 1.39 B 

Deep tillage 1.32 1.32 1.31 1.31 1.31 1.31 C 

Zone disc tiller 1.52 1.51 1.51 1.50 1.50 1.51 A 

Happy seeder 1.49 1.48 1.48 1.47 1.48 1.48 A 

Means 1.43 1.43 1.43 1.42 1.42 
 

LSD value, Tillage = 0.06 

c. 0-5 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1.33 1.32 1.32 1.32 1.32 1.32 B 

Deep tillage 1.25 1.25 1.24 1.24 1.24 1.24 C 

Zone disc tiller 1.45 1.45 1.44 1.44 1.44 1.44 A 

Happy seeder 1.42 1.41 1.41 1.39 1.40 1.41 A 

Means 1.36 1.36 1.35 1.35 1.35 
 

LSD value, Tillage = 0.05 

d. 5-10 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1.41 1.41 1.40 1.40 1.40 1.40 BC 

Deep tillage 1.33 1.32 1.32 1.32 1.32 1.32 C 

Zone disc tiller 1.53 1.51 1.51 1.50 1.51 1.51 A 

Happy seeder 1.50 1.49 1.49 1.48 1.49 1.49 AB 

Means 1.44 1.43 1.43 1.43 1.43 
 

LSD value, Tillage = 0.12 

       

Any two means not sharing a letter in common in a column differ significantly at p ≤ .05 
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Table 4.1.20 (B): Soil bulk density (g cm
-3

) at harvesting stage affected by various tillage 

systems and nitrogen levels  

                                      Individual comparison of treatment means  

a. 0-5 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1.44 1.43 1.42 1.42 1.42 1.43 B 

Deep tillage 1.36 1.35 1.35 1.34 1.34 1.35 C 

Zone disc tiller 1.56 1.55 1.55 1.54 1.55 1.55 A 

Happy seeder 1.53 1.52 1.52 1.51 1.52 1.52 A 

Means 1.47 1.46 1.46 1.45 1.46 
 

LSD value, Tillage = 0.05    

b. 5-10 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional Tillage 1.51 1.50 1.50 1.49 1.50 1.50 B 

Deep Tillage 1.43 1.43 1.42 1.42 1.42 1.42 C 

Zone Disc tiller 1.63 1.62 1.62 1.61 1.62 1.62 A 

Happy seeder 1.60 1.59 1.59 1.58 1.58 1.59 A 

Means 1.59 1.54 1.53 1.53 1.53 
 

LSD value, Tillage = 0.04  

c. 0-5 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1.45 1.44 1.44 1.43 1.44 1.44 BC 

Deep tillage 1.37 1.37 1.36 1.36 1.36 1.36 C 

Zone disc tiller 1.57 1.56 1.56 1.55 1.56 1.56 A 

Happy seeder 1.53 1.53 1.53 1.51 1.53 1.53 AB 

Means 1.48 1.48 1.47 1.46 1.47 
 

LSD value, Tillage = 0.12  

d. 5-10 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1.52 1.51 1.51 1.50 1.51 1.51 B 

Deep tillage 1.44 1.44 1.43 1.43 1.43 1.43 C 

Zone disc tiller 1.63 1.62 1.61 1.61 1.62 1.62 A 

Happy seeder 1.61 1.60 1.60 1.59 1.60 1.60 A 

Means 1.55 1.54 1.54 1.53 1.54 
 

LSD value, Tillage = 0.02  

 

Any two means not sharing a letter in common in a column differ significantly at p ≤ .05 
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time. In contrast, higher values of soil bulk density in zero tillage (zone disc tiller and happy 

seeder) than tillage operations were due to lack of disturbance, surface deposition of crop 

residues as mulch, and reduced evaporation (Alvarez and Steinbach., 2009; Fuentes et al., 

2009). Grain yield under zero tillage was similar to deep tillage instead of high soil bulk 

density, low porosity and high penetration resistance. These results were quite in line with 

the results of Fuentes et al. (2009). They reported that zero tillage along with residue 

retention on soil surface was a suitable technology for farmers obtaining higher yields due to 

better soil quality than conventional farming practices. 

4.1.21. Total soil porosity 

Total soil porosity shows the number of pore spaces in the soil, which is inversely 

related to the soil bulk density. Higher the soil bulk density lower will be the soil porosity. 

Subsurface soil had lower porosity than surface soil due to compaction by gravity. Total soil 

porosity was noted in both the years of study at two depths (0-5 cm and 5-10 cm) and at two 

stages i-e flowering and harvesting stage. Tillage systems showed significant effect while 

nitrogen had non-significant effect. Interaction between tillage systems and nitrogen levels 

were observed non-significant during both the growing seasons (Table. 4.1.21 A and 4.1.21 B).  

During both the growing seasons 14 % higher soil porosity was noted in deep tillage 

than zero tilled systems. Total porosity at two depths in first year at the time of flowering in 

deep tillage was higher than happy seeder and zone disc tiller. In second year at 0-5 cm trend 

was same while at 5-10 cm deep tillage had higher total porosity followed by conventional 

tillage, zone disc tiller and happy seeder.  

At the time of harvesting deep tillage had 15 % higher total soil porosity than zero tilled 

systems. Deep tillage produced higher soil porosity while lower soil porosity was observed in 

happy seeder and zone disc tiller in first year at two soil depths. In second year of study deep 

tillage produced higher soil porosity and lower was recorded in zone disc tiller. At 0-5 cm 

conventional tillage was at par with deep tillage and happy seeder while at 5-10 cm trend was 

same like first year.  

During both the growing seasons at the time of flowering and harvesting deep tillage 

had higher total soil porosity at 0-5 and 5-10 cm soil depth. Higher soil porosity in deep tillage 

was due to lower soil bulk density (Table 4.1.20 A and B) and greater soil inversion by 

moldboard plough.  
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Table. 4.2.21 (A): Total porosity (cm
3
 cm

-3
) at flowering stage affected by various tillage 

systems and nitrogen levels  

                             Individual comparison of treatment means 

a. 0-5 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.50 0.50 0.51 0.50 0.51 0.50 B 

Deep tillage 0.53 0.53 0.54 0.54 0.54 0.54 A 

Zone disc tiller 0.46 0.46 0.46 0.46 0.46 0.46 C 

Happy seeder 0.47 0.47 0.47 0.48 0.47 0.47 C 

Means 0.49 0.49 0.50 0.50 0.50 
 

LSD value, Tillage = 0.02 

b. 5-10 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.47 0.48 0.47 0.48 0.48 0.48 B 

Deep tillage 0.50 0.50 0.50 0.51 0.50 0.50 A 

Zone disc tiller 0.43 0.43 0.43 0.43 0.43 0.43 C 

Happy seeder 0.44 0.44 0.44 0.45 0.44 0.44 C 

Means 0.46 0.46 0.46 0.47 0.46 
 

LSD value, Tillage = 0.02 

c. 0-5 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.50 0.50 0.50 0.50 0.50 0.50 B 

Deep tillage 0.53 0.53 0.53 0.53 0.53 0.53 A 

Zone disc tiller 0.45 0.45 0.46 0.46 0.46 0.46 C 

Happy seeder 0.47 0.47 0.47 0.47 0.47 0.47 C 

Means 0.49 0.49 0.49 0.49 0.49 
 

LSD value, Tillage = 0.02 

d. 5-10 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.47 0.47 0.47 0.47 0.47 0.47 AB 

Deep tillage 0.50 0.50 0.50 0.50 0.50 0.50 A 

Zone disc tiller 0.42 0.43 0.43 0.44 0.43 0.43 B 

Happy seeder 0.44 0.44 0.44 0.44 0.44 0.44 B 

Means 0.46 0.46 0.46 0.46 0.46 
 

LSD value, Tillage = 0.04 

 

Any two means not sharing a letter in common in a column differ significantly at p ≤ .05 
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Table. 4.2.21 (B): Total porosity (cm
3
 cm

-3
) at harvesting stage affected by various 

tillage systems and nitrogen levels  

                             Individual comparison of treatment means 

a. 0-5 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.46 0.46 0.47 0.47 0.46 0.46 B 

Deep tillage 0.49 0.49 0.49 0.50 0.49 0.49 A 

Zone disc tiller 0.41 0.42 0.42 0.42 0.42 0.42 C 

Happy seeder 0.42 0.43 0.43 0.43 0.43 0.43 C 

Means 0.45 0.45 0.45 0.46 0.45 
 

LSD value, Tillage = 0.02  

b. 5-10 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.43 0.43 0.44 0.44 0.43 0.43 B 

Deep tillage 0.46 0.46 0.46 0.47 0.46 0.46 A 

Zone disc tiller 0.38 0.39 0.39 0.39 0.39 0.39 C 

Happy seeder 0.40 0.40 0.40 0.41 0.40 0.40 C 

Means 0.42 0.42 0.42 0.43 0.42 
 

LSD value, Tillage = 0.02  

c. 0-5 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.45 0.46 0.46 0.46 0.46 0.46 AB 

Deep tillage 0.48 0.48 0.49 0.49 0.49 0.49 A 

Zone disc tiller 0.41 0.41 0.41 0.42 0.41 0.41 C 

Happy seeder 0.42 0.42 0.42 0.43 0.42 0.42 BC 

Means 0.44 0.44 0.45 0.45 0.45 
 

LSD value, Tillage = 0.04  

d. 5-10 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.43 0.43 0.43 0.44 0.43 0.43 B 

Deep tillage 0.46 0.46 0.46 0.46 0.46 0.46 A 

Zone disc tiller 0.38 0.39 0.39 0.39 0.39 0.39 C 

Happy seeder 0.39 0.40 0.39 0.40 0.39 0.39 C 

Means 0.42 0.42 0.42 0.42 0.42 
 

LSD value, Tillage = 0.01  

 

Any two means not sharing a letter in common in a column differ significantly at p ≤ .05 
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These results were quite in line with the results of Osunbitan et al. (2005) and Pedrotti 

et al. (2005). They observed that deep plowing cause the greater soil inversion and mixing, 

which increased the soil porosity and reduced the soil bulk density. Alvarez and Steinbach, 

(2009) reported the lower soil porosity in zero tillage systems due to less soil disturbance and 

higher soil bulk density.  

4.1.22. Volumetric water content  

Volumetric water content is an important indicator for crop growth and production in 

terms of moisture availability. It depends on soil bulk density, as the value of soil bulk density 

increased the volumetric water content was also increased. Volumetric water content was noted 

in both the years of study at two depths (0-5 cm and 5-10 cm) and at two stages i-e flowering 

and harvesting stage. Tillage systems showed significant effect while nitrogen levels and their 

interaction were non-significant during both the growing seasons (Table. 4.1.22 A and B). 

Maximum volumetric water content in first year at the time of flowering was observed 

in zone disc tiller and happy seeder that 29 % and 48 % higher than conventional and deep 

tillage while happy seeder at par with conventional tillage at 0-5 cm. Zone disc tiller, happy 

seeder and conventional tillage gave higher volumetric water content than deep tillage that was 

at par with conventional tillage at 5-10 cm. In second year of study higher volumetric water 

content at both depths were observed at zone disc tiller, happy seeder and conventional tillage 

while lower was recorded in deep tillage which was at par with conventional tillage and happy 

seeder. 

Maximum volumetric water contents during first year at time of harvesting were 

observed in zone disc tiller and lower were recorded in deep tillage at 0-5 cm. Zone disc tiller 

and happy seeder at 5-10 cm gave higher volumetric water content and minimum volumetric 

water content was observed in deep tillage while conventional tillage was at par with happy 

seeder and deep tillage. During second growing season maximum volumetric water content 

was observed in zone disc tiller and happy seeder and minimum volumetric water content was 

noted in conventional and deep tillage at 0-5 cm. At 5-10 cm trend was same like first year 5-

10 cm soil depth.  

During both the years of study at the time of flowering and harvesting zone disc tiller 

had higher volumetric water content at both depths while lower volumetric water contents were  
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Table. 4.1.22 (A): Volumetric water content (mm cm
-1

) at flowering stage affected by 

various tillage systems and nitrogen levels  

                             Individual comparison of treatment means 

 

a. 0-5 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 3.0 3.0 2.8 2.6 2.8 2.9 BC 

Deep tillage 2.2 2.1 1.9 2.1 2.1 2.1 C 

Zone disc tiller 4.1 4.1 4.0 4.0 4.2 4.1 A 

Happy seeder 3.6 3.5 3.5 3.4 3.3 3.5 AB 

Means 3.2 3.2 3.1 3.0 3.1 
 

LSD value, Tillage = 1.18 

b. 5-10 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 3.7 3.4 3.6 3.3 3.4 3.5 AB 

Deep tillage 2.9 2.9 2.6 2.6 3.0 2.8 B 

Zone disc tiller 4.2 4.2 4.2 4.1 4.2 4.2 A 

Happy seeder 4.0 3.9 4.0 3.7 3.8 3.9 A 

Means 3.7 3.6 3.6 3.4 3.6 
 

LSD value, Tillage = 0.82 

c. 0-5 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 3.1 3.0 3.1 3.1 3.0 3.1 AB 

Deep tillage 2.5 2.5 2.2 2.2 2.2 2.3 B 

Zone disc tiller 4.4 4.4 4.2 4.2 4.2 4.3 A 

Happy seeder 4.0 3.6 3.7 3.5 3.4 3.6 AB 

Means 3.5 3.4 3.3 3.3 3.2 
 

LSD value, Tillage = 1.35 

d. 5-10 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 3.7 3.7 3.5 3.4 3.6 3.6 AB 

Deep tillage 3.4 3.1 3.2 3.1 3.2 3.2 B 

Zone disc tiller 4.0 4.0 4.1 3.9 4.2 4.0 A 

Happy seeder 4.0 3.9 4.0 3.8 4.0 3.9 AB 

Means 3.8 3.7 3.7 3.6 3.8 
 

LSD value, Tillage = 0.84 

 

Any two means not sharing a letter is common in a column differ significantly at p ≤ .05 
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Table 4.2.22 (B): Volumetric water content (mm cm
-1

) at harvesting stage affected by 

various tillage systems and nitrogen levels  

                              Individual comparison of treatment means 

 

a. 0-5 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1.0 0.9 0.7 0.7 0.8 0.8 C 

Deep tillage 0.5 0.4 0.4 0.4 0.4 0.4 D 

Zone disc tiller 2.1 1.8 1.9 1.8 1.8 1.9 A 

Happy seeder 1.7 1.5 1.5 1.4 1.5 1.5 B 

Means 1.3 1.2 1.1 1.1 1.1 
 

LSD value, Tillage = 0.33 

b. 5-10 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1.5 1.3 1.3 1.2 1.3 1.3 BC 

Deep tillage 0.9 1.0 0.8 0.8 0.9 0.9 C 

Zone disc tiller 2.4 2.2 2.2 2.1 2.3 2.2 A 

Happy seeder 2.0 1.9 1.9 1.7 1.8 1.9 AB 

Means 1.7 1.6 1.6 1.5 1.6 
 

LSD value, Tillage = 0.59 

c. 0-5 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1.1 1.1 1.0 0.8 0.8 1.0 B 

Deep tillage 0.6 0.7 0.5 0.5 0.5 0.6 B 

Zone disc tiller 2.2 1.9 2.0 1.8 2.0 2.0 A 

Happy seeder 1.8 1.6 1.6 1.4 1.7 1.6 A 

Means 1.4 1.3 1.3 1.1 1.3 
 

LSD value, Tillage = 0.43 

d. 5-10 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1.6 1.5 1.5 1.3 1.5 1.5 BC 

Deep tillage 1.1 1.1 1.0 1.0 1.0 1.0 C 

Zone disc tiller 2.7 2.4 2.2 2.3 2.4 2.4 A 

Happy seeder 2.0 1.9 2.0 1.7 1.9 1.9 AB 

Means 1.9 1.7 1.7 1.6 1.7 
 

LSD value, Tillage = 0.76 

 

Any two means not sharing a letter in common in a column differ significantly at p ≤ .05 
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observed in deep tillage. Our results supported the findings of Osunbitan et al. (2005) and 

Pedrotti et al. (2005). They reported that lower volumetric water contents in deep tillage and 

conventional tillage due to greater soil inversion and mixing by tillage implements that 

decreased the soil bulk density, aggregates stability and more surfaces exposed to sunlight. 

Alvarez and Steinbach. (2009) reported that in zero tillage had greater values of aggregate 

stability, soil penetration resistance and bulk density, which holds high volumetric water 

content. In both the years with increased the soil depth the values of volumetric water content 

increased. These findings were supported the results of Hussain et al. (1998) and Six et al. 

(2000). They reported that inversion tillage decreased the water-stable macro aggregates and 

mean-weight diameter in conventional tillage and deep tillage compared with zero tillage. 

Mohanty et al. (2007 and Zeleke et al. (2004) reported that zero tilled wheat along with residue 

retention and synthetic fertilizer had a positive effects on soil properties and storage capacity 

than conventional tillage. 

4.1.23 Soil water-filled pore spaces 

Soil water-filled pore space is a good indicator of structure stability, water contents and 

degree to which pores are filled with water. The percent of space filled with water influences the 

amount and rate of oxygen exchange in the soil. Soil with a good structure is loose and friable 

and pore space present between the aggregates allow for more storage and movement of air and 

water in soil. Soil water-filled pore spaces were noted at two depths (0-5 cm and 5-10 cm) and 

two stages i-e flowering and harvesting stage. Tillage systems showed significant effect while 

nitrogen levels and their interaction were non-significant during both the growing seasons 

(Table. 4.1.23 A and B). 

Soil water-filled pore spaces in first year at time of flowering at 0-5 cm was higher in 

zone disc tiller and happy seeder and minimum was noted in deep tillage while conventional 

tillage at par with happy seeder and deep tillage. Zone disc tiller and happy seeder at 5-10 cm 

gave maximum water filled pore spaces and minimum was recorded in deep tillage while 

conventional tillage was at par with happy seeder. During the second growing seasons at 0-5 cm 

trend was same while at 5-10 cm zone disc tiller, happy seeder and conventional tillage gave 

maximum water-filled pore spaces and minimum was noted at deep tillage which was at par 

with conventional tillage.  
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Table. 4.1.23 (A): Soil water-filled pore spaces (%) at flowering stage affected by 

various tillage systems and nitrogen levels  

                            Individual comparison of treatment means 

 

a. 0-5 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 60.6 60.3 54.5 50.9 55.0 56.3 BC 

Deep tillage 41.7 40.3 36.4 39.6 39.5 39.5 C 

Zone disc tiller 91.4 90.7 86.5 86.5 91.1 89.2 A 

Happy seeder 77.5 74.4 75.4 70.2 69.6 73.4 AB 

Means 67.8 66.4 63.2 61.8 63.8 
 

LSD value, Tillage = 26.71 

b. 5-10 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 79.1 73.4 76.1 69.4 71.3 73.9 B 

Deep tillage 59.2 57.2 52.9 51.9 59.5 56.1 C 

Zone disc tiller 98.0 98.2 99.5 94.2 98.1 97.6 A 

Happy seeder 92.1 87.9 90.1 83.4 85.8 87.9 AB 

Means 82.1 79.2 79.7 74.7 78.7 
 

LSD value, Tillage = 17.58     

c. 0-5 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 64.2 60.0 62.4 62.0 58.9 61.5 BC 

Deep tillage 47.8 47.6 41.4 42.1 41.7 44.1 C 

Zone disc tiller 97.6 99.1 94.2 92.5 94.0 95.5 A 

Happy seeder 86.5 78.0 79.6 74.7 72.0 78.2 AB 

Means 74.0 71.2 69.4 67.8 66.7 
 

LSD value, Tillage = 30.65  

d. Water filled pore spaces (%) flowering stage at 5-10 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 80.5 78.5 75.4 71.7 75.3 76.3 AB 

Deep tillage 69.5 63.2 66.5 62.9 65.9 65.6 B 

Zone disc tiller 95.9 93.6 94.8 90.8 98.9 94.8 A 

Happy seeder 92.7 89.8 91.4 87.4 92.2 90.7 A 

Means 84.7 81.3 82.0 78.2 83.1 
 

LSD value, Tillage = 18.86 

 

Any two means not sharing a letter is common in a column differ significantly at p ≤ .05 
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Table. 4.1.23 (B): Soil water-filled pore spaces (%) at harvesting stage affected by 

various tillage systems and nitrogen levels  

                            Individual comparison of treatment means 

 

a. 0-5 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 22.4 19.8 15.2 15.4 18.1 18.2 C 

Deep tillage 10.0 9.2 7.7 9.1 9.3 9.1 D 

Zone disc tiller 51.4 43.4 46.5 42.3 42.5 45.2 A 

Happy seeder 40.0 33.7 34.3 32.2 36.9 35.4 B 

Means 31.0 26.5 25.9 24.8 26.7 
 

LSD value, Tillage = 6.94 

b. 5-10 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 34.3 28.8 31.3 28.0 28.8 30.2 B 

Deep tillage 20.3 22.0 17.5 18.0 19.2 19.4 B 

Zone disc tiller 64.9 57.1 56.1 54.1 57.9 58.0 A 

Happy seeder 50.8 48.1 49.1 41.9 44.8 46.9 A 

Means 42.6 39.0 38.5 35.5 37.7 
 

LSD value, Tillage = 13.93 

c. 0-5 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 24.4 24.0 20.9 17.1 17.9 20.9 C 

Deep tillage 12.8 14.4 10.4 10.5 10.7 11.8 C 

Zone disc tiller 55.9 47.9 50.6 42.2 48.3 49.0 A 

Happy seeder 43.4 38.0 37.2 32.3 42.0 38.6 B 

Means 34.1 31.4 29.8 25.5 29.7 
 

LSD value, Tillage = 9.66     

d. 5-10 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 37.5 33.3 35.6 31.8 33.4 34.3 BC 

Deep tillage 23.8 24.6 22.1 21.3 21.6 22.7 C 

Zone disc tiller 73.4 60.0 56.0 57.3 62.1 61.8 A 

Happy seeder 51.4 49.1 51.2 42.6 49.8 48.8 AB 

Means 46.5 41.8 41.2 38.3 41.7 
 

LSD value, Tillage = 17.55 

 

Any two means not sharing a letter is common in a column differ significantly at p ≤ .05 
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During the first growing season at the time of harvesting maximum water-filled pore 

spaces was noted at zone disc tiller and minimum was noted in deep tillage at 0-5 cm. At 5-10 

cm zone disc tiller and happy seeder gave maximum water-filled pore spaces and conventional 

and deep tillage gave minimum water-filled pore spaces.  

In second growing season zone disc tiller gave maximum water filled pore spaces and 

minimum was noted in conventional and deep tillage. At 5-10 cm soil water-filled pore spaces 

was higher in zone disc tiller and happy seeder and minimum was observed at deep tillage 

while conventional tillage was at par with happy seeder and deep tillage.  

During both the years of study at the time of flowering and harvesting stage zone disc 

tiller gave higher soil water-filled pore spaces at 0-5 and 5-10 cm soil depth than conventional 

tillage and deep tillage. These results was quite in line with the findings of Osunbitan et al. 

(2005) who reported that soil mixing and inversion due to tillage that decreased the soil bulk 

density and soil water-filled pore spaces. Mielke and Wilhelm. (1998) reported that with the 

increased in soil depth, the soil water-filled pore spaces also increased in tillage systems.  

 

4.1.24 Air-filled pore spaces (%) 

Air-filled pore space is a good indicator of soil structure stability. The percent of space 

filled with air influences the amount and rate of oxygen exchange in the soil. This effect was 

greatest near the soil surface (0-5-cm depth) and diminished with increasing soil depth 

(Franzluebbers and Arshad, 1996). Soil with a good structure is loose and friable and pore space 

present between the aggregates allow for more storage and movement of air and water in soil. 

Soil air-filled pore spaces were noted at two depths (0-5 cm and 5-10 cm) and two stages i-e 

flowering and harvesting stage. Tillage systems showed significant effect while nitrogen levels 

and their interaction were non-significant during both the growing seasons (Table. 4.1.24 A and 

B). 

Soil air-filled pore spaces in first year at time of flowering at 0-5 cm was higher in deep 

tillage and conventional tillage and minimum was noted in zone disc tiller while conventional 

tillage at par with happy seeder and deep tillage. Deep tillage at 5-10 cm gave maximum air-

filled pore spaces and minimum was recorded in zone disc tiller while happy seeder was at par 

with conventional tillage and zone disc tiller. During the second growing seasons at 0-5 cm 

trend was same while at 5-10 cm deep tillage and conventional tillage gave maximum air-filled  
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Table. 4.2.24 (A): Air-filled pore spaces (%) at flowering stage affected by various 

tillage systems and nitrogen levels  

                             Individual comparison of treatment means 

 

a. 0-5 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 39.4 39.7 45.5 49.1 45.0 43.7 AB 

Deep tillage 58.3 59.7 63.6 60.4 60.5 60.5 A 

Zone disc tiller 8.6 9.3 13.5 13.5 8.9 10.8 C 

Happy seeder 22.5 25.6 24.6 29.8 30.4 26.6 BC 

Means 32.2 33.6 36.8 38.2 36.2 
 

LSD value, Tillage = 26.71 

b. 5-10 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 20.9 26.6 23.6 30.6 28.7 26.1 B 

Deep tillage 40.8 42.8 47.1 48.1 40.5 43.9 A 

Zone disc tiller 2.0 1.8 0.5 5.8 1.9 2.4 C 

Happy seeder 7.9 12.1 9.9 16.6 14.2 12.1 BC 

Means 17.9 20.8 20.3 25.3 21.3 
 

LSD value, Tillage = 17.58 

c. 0-5 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 35.8 40.0 37.6 38.0 41.1 38.5 AB 

Deep tillage 52.2 52.4 58.6 57.9 58.3 55.9 A 

Zone disc tiller 2.4 0.9 5.8 7.5 6.0 4.5 C 

Happy seeder 13.5 22.0 20.4 25.3 28.0 21.8 BC 

Means 26.0 28.8 30.6 32.2 33.4 
 

LSD value, Tillage = 30.66 

d. 5-10 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 19.5 21.5 24.6 28.3 24.7 23.7 AB 

Deep tillage 30.5 36.8 33.5 37.1 34.1 34.4 A 

Zone disc tiller 4.1 6.4 5.2 9.2 1.1 5.2 B 

Happy seeder 7.3 10.2 8.6 12.6 7.8 9.3 B 

Means 15.4 18.7 18.0 21.8 16.9 
 

LSD value, Tillage = 18.85 

 

Any two means not sharing a letter is common in a column differ significantly at p ≤ .05 
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Table. 4.2.24 (B): Air-filled pore spaces (%) at harvesting stage affected by various 

tillage systems and nitrogen levels  

                             Individual comparison of treatment means 

 

a. 0-5 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 77.6 80.2 84.8 84.6 81.9 81.8 B 

Deep tillage 90.0 90.8 92.3 90.9 90.7 90.9 A 

Zone disc tiller 48.6 56.6 53.5 57.7 57.5 54.8 D 

Happy seeder 60.0 66.3 65.7 67.8 63.1 64.6 C 

Means 69.1 73.5 74.1 75.3 73.3 
 

LSD value, Tillage = 6.94 

b. 5-10 cm depth 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 65.7 71.2 68.7 72.0 71.2 69.8 A 

Deep tillage 79.7 78.0 82.5 82.0 80.8 80.6 A 

Zone disc tiller 35.1 42.9 43.9 45.9 42.1 42.0 B 

Happy seeder 49.2 51.9 50.9 58.1 55.2 53.1 B 

Means 57.4 61.0 61.5 64.5 62.3 
 

LSD value, Tillage = 13.93 

c. 0-5 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 75.6 76.0 79.1 82.9 82.1 79.1 A 

Deep tillage 87.2 85.6 89.6 89.5 89.3 88.2 A 

Zone disc tiller 44.1 52.1 49.4 57.8 51.7 51.0 C 

Happy seeder 56.6 62.0 62.8 67.7 58.0 61.4 B 

Means 65.9 68.9 70.2 74.5 70.3 
 

LSD value, Tillage = 9.66 

d. 5-10 cm depth 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 62.5 66.7 64.4 68.2 66.6 65.7 AB 

Deep tillage 76.2 75.4 77.9 78.7 78.4 77.3 A 

Zone disc tiller 26.6 40.0 44.0 42.7 37.9 38.2 C 

Happy seeder 48.6 50.9 48.8 57.4 50.2 51.2 BC 

Means 53.5 58.3 58.8 61.8 58.3 
 

LSD value, Tillage = 17.55 

 

Any two means not sharing a letter is common in a column differ significantly at p ≤ .05 
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pore spaces and minimum was noted at zone disc tiller and happy seeder while happy seeder 

was at par with conventional tillage.  

During the first growing season at the time of harvesting maximum air-filled pore spaces 

was noted at deep tillage and minimum was noted in zone disc tiller at 0-5 cm. At 5-10 cm deep 

tillage and conventional tillage gave maximum air-filled pore spaces and zone disc tiller and 

happy seeder gave minimum air-filled pore spaces which was at par with each other. In second 

growing season deep tillage and conventional tillage gave maximum air-filled pore spaces and 

minimum was noted in zone disc tiller. At 5-10 cm soil air-filled pore spaces was higher in deep 

tillage and conventional tillage while minimum was observed at zone disc tiller, happy seeder 

was at par with conventional tillage and zone disc tiller.  

In both the years of study at the time of flowering and harvesting deep tillage had 

higher air-filled pore spaces at 0-5 and 5-10 cm soil depth than zone disc tiller and happy 

seeder. Our results supported the results of Osunbitan et al. (2005) who observed that soil 

mixing and inversion due to tillage decreased the soil bulk density and increased the air-filled 

pore spaces. 

 

4.1.25 Soil penetration resistance  

Tillage systems had a dominant effect on soil physical properties (Rashidi and 

Keshavarzpour, 2008) and improved soil conditions for optimum crop emergence and yield 

(Boydas and Turgut, 2007). Plant growth was affected by mechanical impedance in two ways 

first by effects the seedling emergence and second by root system. Penetration resistance 

indicates the force that a seedling would exert for emergence to soil. Two main soil physical 

properties that showed the soil compaction i-e soil bulk density and soil penetration 

resistance. Soil penetration resistance was more sensitive indicator than soil bulk density and 

could be related to root growth. Soil penetration resistance was noted in both the growing 

seasons at two stages i-e flowering stage and harvesting stage. Significant effect of soil 

penetration resistance was observed in tillage systems and nitrogen levels at flowering stage 

in both the years. At harvesting stage only tillage systems had affected significantly in first 

year while in second year both tillage systems and nitrogen levels had significant effect. 

During both the years tillage and their interaction with nitrogen was found non-significant 

(Table 4.1.25 A and B). 
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Table. 4.1.25 (A): Soil penetration resistance (kpa) at flowering stage affected by various 

tillage systems and nitrogen levels  

 

                             Individual comparison of treatment means 

 

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1380 1372 1370 1300 1328 1350 C 

Deep tillage 1273 1234 1226 1217 1219 1234 D 

Zone disc tiller 1587 1570 1542 1518 1541 1552 A 

Happy seeder 1476 1472 1471 1426 1451 1459 B 

Means 1429 A 1412 AB 1402 BC 1365 D 1385 CD 

 

 

LSD value, Tillage = 39.57, Nitrogen = 25.78 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1334 1326 1326 1318 1320 1325 C 

Deep tillage 1272 1272 1242 1234 1237 1251 D 

Zone disc tiller 1587 1561 1549 1527 1535 1552 A 

Happy seeder 1451 1448 1445 1415 1441 1440 B 

Means 1411 A 1402 AB 1391ABC 1374 C 1383 BC 

 

 

LSD value, Tillage = 36.61, Nitrogen = 23.56   

 

 

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 
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Table. 4.1.25 (B). Soil penetration resistance (kpa) at harvesting stage affected by 

various tillage systems and nitrogen levels  

 

                             Individual comparison of treatment means 

 

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1672 1660 1657 1645 1654 1658 B 

Deep tillage 1662 1660 1660 1656 1657 1659 B 

Zone disc tiller 1728 1725 1724 1720 1726 1725 A 

Happy seeder 1670 1657 1649 1645 1649 1654 B 

Means 1683 1676 1673 1667 1672 

 

 

LSD value, Tillage = 32.93         

 

Any two means not sharing a letter in common in a column differ significantly at p ≤ .05 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 1677 1668 1660 1655 1659 1664 B 

Deep tillage 1660 1658 1657 1655 1657 1657 B 

Zone Disc tiller 1723 1716 1715 1710 1714 1716 A 

Happy seeder 1664 1663 1657 1654 1655 1659 B 

Means 1681 A 1676 AB 1672 BC 1669 C 1671 BC 

 

 

LSD value, Tillage = 12, Nitrogen = 6.82 

     

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 
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During first year soil penetration resistance at the time of flowering was higher in zone 

disc tiller 13 %, 20 % and 5 % higher than conventional tillage, deep tillage and happy seeder. 

In case of nitrogen higher soil penetration resistance was noted at N0 and N75 kg ha
-1

 followed 

by N100, N125 and N150 kg ha
-1

 while nitrogen levels was at par with each other. In second year 

tillage systems had same trend while in nitrogen higher soil penetration resistance was noted at 

N0, N75 and N100 kg ha
-1

 and lower was noted at N125 kg ha
-1

 while nitrogen levels was 

statistically at par with each other. 

Soil penetration resistance during first year at the time of harvesting in zone disc tiller 

was 3 % higher than conventional tillage, deep tillage and happy seeder which were at par with 

each other. During second year in tillage systems trend was same in case of nitrogen higher soil 

penetration resistance was noted at N0 kg ha
-1

 that was 7 % higher than N125 kg ha
-1

 while other 

nitrogen levels was statistically at par with each other. 

During both the growing seasons at the time of flowering and harvesting zone disc tiller 

gave higher values of soil penetration resistance while deep tillage and conventional tillage had 

lower values. Our results supported the results of Osunbitan et al. (2005) and Pedrotti et al. 

(2005). They reported that soil inversion and mixing by the tillage implements at deep depth 

increased the soil porosity, reduced the soil bulk density and soil penetration resistance. 

Alvarez and Steinbach. (2009) and Fuentes et al. (20090 reported that higher values of soil 

bulk density in zone disc tiller than other tillage systems were due to lack of disturbance and 

surface deposition of crop residues. Mohanty et al. (2007) observed that no-till wheat crop 

along with residue retention and synthetic fertilizer had a positive effect on soil penetration 

resistance. Wheat crop planted with zero tillage and deep tillage gave equal yield due to 

variation in soil physical properties. Our results were quite in line with results of Fuentes et al. 

(2009). They observed that the yield under zero tillage was similar to deep tillage instead of 

high soil bulk density, penetration resistance and lower values of porosity. Zero tillage along 

with residue retention on soil surface is a suitable technology for farmers obtaining higher 

yields due to better soil quality than conventional farming practices.  
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4.1.26. Agronomic nutrient use efficiency 

Nitrogen fertilizer has a dominant role on agronomic nutrient use efficiency. Nutrient 

use efficiency; agronomic and physiological were determined by the total uptake of nitrogen. 

Significant effect of tillage systems and nitrogen levels were observed in first year of study 

while only nitrogen in second year of study. Interaction was found non-significant during 

both the seasons (Table. 4.1.26).  

Maximum agronomic nutrient use efficiency (Table. 4.1.26) in first growing season 

was recorded in deep tillage that 44 %, 48 % and 40 % higher than conventional tillage, zone 

disc tiller and happy seeder. Deep tillage gave higher agronomic nutrient use efficiency by 

deep root length (Table. 4.1.19), which provided the plants favorable conditions for nutrient 

uptake. Our results were quite in line with the results of Khan et al. (2001) who observed that 

higher agronomic nutrient use efficiency in deep tillage was due to better seed bed 

preparation, higher soil porosity and longer root length which favored the nutrient and water 

uptake. Teal et al. (2007) reported that wheat crop sown by zero tillage drills (Happy seeder 

and zone disc tiller) gave maximum agronomic nutrient use efficiency when nitrogen was 

applied along with drill.  

During first growing season maximum agronomic nutrient use efficiency was 

recorded at N75, N100 and N125 kg ha
-1 

while minimum was observed at N150 kg ha
-1

. In second 

year higher agronomic nutrient use efficiency was noted at N75 and N100 kg ha
-1

 followed by 

N125 kg ha
-1

 while minimum was recorded at N150 kg ha
-1

. During both the years of study 

agronomic nutrient use efficiency was decreased by increasing the nitrogen rate. These 

results were quite in line with the findings of Zhao et al. (2007) who noted that nitrogen 

fertilizers had positive effect on nutrient use efficiency, which was decreased with the 

increased of nitrogen rates. 

4.1.27. Physiological nutrient use efficiency 

Nitrogen application has an important role in physiological nutrient use efficiency 

because it was calculated by analysis from the plant sample. Nitrogen levels had significant 

effect while tillage systems and interaction were non-significant on physiological nutrient use 

efficiency during both the growing seasons (Table. 4.1.27). 
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Table 4.1.26: Agronomic nutrient use efficiency (kg kg
-1

) of wheat affected by various 

tillage systems and nitrogen levels. 

                                         Individual comparison of treatment means  

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.00 23.79 18.49 16.25 11.39 13.98 B 

Deep tillage 0.00 36.34 34.21 31.32 24.00 25.17 A 

Zone disc tiller 0.00 16.59 19.88 18.09 10.57 13.03 B 

Happy seeder 0.00 19.79 21.00 19.42 14.58 14.96 B 

Means 0.00 C 24.13 A 23.40 A 21.27 A 15.14 B 

 

     

LSD value, Tillage = 8.15, Nitrogen = 4.12  

   

Any two means not sharing a letter in common in row and column differ significantly at p ≤ .05 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.00 30.11 29.81 27.33 17.10 20.87 

Deep tillage 0.00 25.05 27.47 24.64 19.37 19.31 

Zone disc tiller 0.00 29.05 30.79 26.04 17.23 20.62 

Happy seeder 0.00 27.49 28.54 26.20 20.49 20.54 

Means 0.00 D 27.93 A 29.15 A 26.05 B 18.55 C 

 

     

LSD value, Nitrogen = 1.56 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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Table 4.1.27: Physiological nutrient use efficiency (kg g
-1

) affected by various tillage 

systems and nitrogen levels  

 

                                         Individual comparison of treatment means  

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.00 133.2 121.5 110.6 99.1 92.9 

Deep tillage 0.00 153.2 143.3 123.3 113 106.6 

Zone disc tiller 0.00 138.6 128.1 116.4 104.1 97.4 

Happy seeder 0.00 149.6 137.3 121.9 112.3 104.2 

Means 0.00 143.7 A 132.6 B 118.1 C 107.1 D 

 

  

LSD value, Nitrogen = 8.9 

 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.00 136.2 124.8 113.3 102.4 95.3 

Deep tillage 0.00 154 144 126 114.7 101.7 

Zone disc tiller 0.00 141.9 130.1 119 107.4 99.7 

Happy seeder 0.00 155.3 146.7 127.3 117.6 109.4 

Means 0.00 146.6 A 136.4 B 121.4 C 110.5 D 

 

 

LSD value, Nitrogen = 9.5 

 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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During both the years maximum physiological nutrient use efficiency was observed at 

N75 kg ha
-1 

followed by N100 kg ha
-1

 while minimum was noted at N150 kg ha
-1

. Physiological 

nutrient use efficiency decreased by increased the nitrogen levels in both the growing 

seasons. Our results supported the findings of Zhao et al. (2007) who observed that nitrogen 

fertilizers had positive effect on physiological nutrient use efficiency, which was decreased 

with the increased of nitrogen levels.  

4.1.28. Water use efficiency 

Conservation of soil and water are beneficial for crop growth and yield, which are 

possible by using conservation techniques by change the water retention, transmission and 

soil strength (Abid and Lal, 2008). Significant effect of tillage systems and nitrogen levels 

were found during both the growing seasons. Interaction was significant only in second 

growing seasons (Table. 4.1.28). 

During the first year maximum WUE was observed at deep tillage and happy seeder 

followed by zone disc tiller and conventional tillage. Deep tillage and happy seeder gave 

maximum WUE and minimum was observed at zone disc tiller and conventional tillage, 

which were at par with each other in the second year. Deep tillage and happy seeder gave 

higher WUE during both the years. Our results were quite in line with the findings of Hong-

ling et al. (2008) who reported that deep tillage gave higher water use efficiency due to deep 

plowing which increased root length (Table.4.1.19) and water storage area. Rashidi and 

Keshavarzpour, (2007) and Bescansa et al. (2006) reported that zero tilled wheat (Happy 

seeder) soil was cooler, moist and high organic matter contents that improves the soil pore 

size distribution which enhanced the WUE compared to conventional. Mrabet, (2002) 

reported that deep and zero tillage had similar and high WUE than conventional tillage.  

During the first year maximum water use efficiency was observed at N125, N150 and 

N100 kg ha
-1

 and minimum was noted at N0 kg ha
-1

. In second year water use efficiency at 

N125 kg ha
-1

 was 7 %, 5 %, 17 % and 49 % higher than N150, N100, N75 and N0 kg ha
-1

 while 

N100 and N150 kg ha
-1

 were at par with each other. During both the growing seasons higher 

water use efficiency was noted at N125 kg ha
-1

 was due to higher grain yield. Our results 

supported the findings of Zhao et al. (2007) who reported that nitrogen fertilizer has positive 

effect on water use efficiency by increased the grain yield. 
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Table. 4.1.28: Water use efficiency (kg ha
-1

 mm
-1

) of wheat affected by various tillage 

systems and nitrogen levels  

 

                                         Individual comparison of treatment means  

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 4.87 9.10 9.25 9.69 8.92 8.37 B 

Deep tillage 4.45 10.92 12.57 13.74 12.99 10.93 A 

Zone disc tiller 5.58 8.53 10.30 10.94 9.34 8.94 AB 

Happy seeder 6.85 10.37 11.83 12.61 12.04 10.74 A 

Means 5.44 C 9.73 B 10.99 A 11.75 A 10.82 A 

 

     

LSD value, Tillage = 2.1, Nitrogen = 0.96   

    

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 6.74 e 11.78 d 13.39 b 14.36 a 12.46 c 11.75 B 

Deep tillage 7.95 c 12.15 b 14.08 a 14.83 a 14.44 a 12.69 A 

Zone disc tiller 6.90 d 11.76 c 13.77 a 14.16 a 12.67 b 11.85 B 

Happy seeder 7.84 d 12.44 c 14.20 b 15.14 a 14.69 ab 12.86 A 

Means 7.36 D 12.03 C 13.86 B 14.62 A 13.57 B 

 

    

LSD value, Tillage = 0.37, Nitrogen = 0.37, Tillage x Nitrogen = 0.74 

     

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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During the second year conventional tillage gave maximum WUE at N125 kg ha
-1

 and 

minimum was noted at N0 kg ha
-1

. In deep tillage maximum WUE was noted at N125, N150 

and N100 kg ha
-1

 while lower was recorded at N0 kg ha
-1

. Zone disc tiller gave maximum 

WUE at N125 and N100 kg ha
-1

 and lower was noted at N0 kg ha
-1

. Happy seeder gave 

maximum WUE at N125 and N150 kg ha
-1

 followed by N100 kg ha
-1

 and minimum was noted at 

N0 kg ha
-1

. Our results were supported by Brar et al. (2000) who reported that zero tillage 

along with residues retention and application of extra nitrogen while deep tillage with 

residues incorporation (Kumar et al., 2004) had positive effect on yield attributes which 

helped to enhance water consumption and water use efficiency. 

4.1.29. Protein content  

Wheat is primarily used as a staple food providing protein than any other cereals. 

Nitrogen plays a vital role not only in grain yield but also in grain quality. Grain quality was 

affected by genotype, environment and nutriention (Loffler and Busch, 1982). Significant 

effect of tillage systems and nitrogen levels while non-significant on interactions was found 

at grain protein content during both the growing seasons (Table 4.1.29). 

Deep tillage in first year gave higher grain protein and minimum was noted at zone 

disc tiller which was at par with happy seeder. During the second years deep tillage gave 

maximum grain protein while happy seeder and zone disc tiller gave lower grain protein 

content. Maximum grain protein contents were observed in deep tillage and minimum was 

observed in zero tillage systems (Happy seeder and zone disc tiller) during both the growing 

seasons. These results supported the findings of Cociu and Alionte, (2011) who reported that 

deep tillage had long roots length (Table 4.1.19) that increased the nutrient use efficiency 

(Table 4.1.26) which increased the grain protein content. Vita et al. (2007) found the lower 

protein content in zero tillage. Coventry et al. (2011) noted higher protein contents in zero 

tillage but these findings were opposite to our results. 

During both the growing seasons maximum grain protein content was observed when 

wheat crop fertilized with nitrogen @ 150 kg ha
-1

 followed by N100 kg ha
-1

 and minimum was 

noted at N0 kg ha
-1

. Both the years of study at higher nitrogen levels higher grain protein was 

noted. Our results were quite in line with the results of Hussain et al. (2006) and Sameen et 

al. (2002) who reported that nitrogen fertilizer levels affects the protein contents and 

increased by increasing the nitrogen rates. 

file:///C:/Users/M.Rafi/AppData/Roaming/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Low/Content.IE5/0F8H19KM/protein%20%25.pptx


 

RESULTS AND DISCUSSION 

130 

 

Table. 4.1.29: Protein content (%) of wheat affected by various tillage systems and 

nitrogen levels  

 

                                    Individual comparison of treatment means  

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 8.40 11.56 12.26 12.96 13.52 11.74 B 

Deep tillage 8.45 11.59 12.29 13.01 13.55 11.78 A 

Zone disc tiller 8.37 11.55 12.22 12.93 13.49 11.71 C 

Happy seeder 8.38 11.56 12.23 12.94 13.50 11.72 BC 

Means 8.40 E 11.57 D 12.25 C 12.96 B 13.52 A 

 

     

LSD value, Tillage = 0.021, Nitrogen = 0.015           

 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 8.42 11.58 12.26 12.98 13.52 11.75 B 

Deep tillage 8.46 11.61 12.29 13.02 13.54 11.78 A 

Zone disc tiller 8.38 11.56 12.22 12.95 13.50 11.72 C 

Happy seeder 8.39 11.57 12.23 12.96 13.51 11.73 C 

Means 8.41 E 11.58 D 12.25 C 12.98 B 13.52 A 

 

    

 LSD value, Tillage = 0.014, Nitrogen = 0.017   

     

 

 

Any two means not sharing a letter in common in row and column differ significantly at p ≤ .05 
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4.1.30. Fat content   

Wheat is primarily used as a staple food providing nutrition than any other cereals 

and nitrogen plays a vital role in grain quality. The grain quality was affected by genotype, 

environment and nutrients (Loffler and Busch, 1982). Nitrogen had significantly effect on fat 

content while tillage and their interaction remained non-significant during both the growing 

seasons (Table 4.1.30).  

During both the years tillage systems had non-significant effect fat contents. Our 

findings were supported by Lestingi et al. (2010) who noted tillage systems were non-

significant in grain fat contents. 

Wheat crop fertilized with nitrogen @ 125, 150 kg ha-1 gave maximum fat contents 

followed by N100 kg ha-1, and minimum was noted at N0 kg ha
-1

 during both the growing 

seasons. At higher nitrogen level maximum grain fat content was observed. Our results 

supported the findings of Hussain et al. (2006) who observed the maximum fat contents at 

higher nitrogen rates. 

  4.1.31. Crude fiber  

Wheat is used as a staple food than any other cereal crops. The grain quality was 

affected by genotype, environment and nutriention (Loffler and Busch, 1982). Non-

significant of tillage systems, nitrogen levels and their interaction was found during both the 

growing seasons (Tables 4.1.31) 

Tillage system had non-significant effect on crude fiber during both the year of study. 

These findings were supported by Lestingi et al. (2010) who reported that tillage system had 

non-significant effects on grain fat contents. 

Nitrogen levels gave non-significant effect on crude fiber during both the growing 

seasons. These results were supported by Sameen et al. (2002) who reported that fertilizer 

levels significantly affected the grain protein and ash contents with increased the nitrogen 

levels while fat and fiber contents remained unaffected. 
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Table. 4.2.30: Fat content (%) of wheat affected by various tillage systems and nitrogen 

levels  

 

                               Individual comparison of treatment means  

 

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.78 0.80 0.82 0.84 0.85 0.82 

Deep tillage 0.79 0.81 0.83 0.85 0.86 0.83 

Zone disc tiller 0.78 0.80 0.82 0.83 0.84 0.81 

Happy seeder 0.78 0.80 0.82 0.84 0.85 0.82 

Means 0.78 D 0.80 C 0.82 B 0.84 A 0.85 A 

 

       

LSD value, Nitrogen = 0.012    

 

 

 

b.  2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.78 0.81 0.83 0.85 0.86 0.83 

Deep tillage 0.79 0.82 0.84 0.86 0.86 0.83 

Zone disc tiller 0.78 0.80 0.82 0.85 0.85 0.82 

Happy seeder 0.78 0.81 0.83 0.85 0.86 0.83 

Means 0.78 D 0.81 C 0.83 B 0.85 A 0.86 A 

 

 

LSD value, N itrogen = 0.013    

     

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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Table 4.2.31: Fat content (%) of wheat affected by various tillage systems and nitrogen 

levels  

 

                         Individual comparison of treatment means  

 

 

a. 2009-10 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.12 0.14 0.12 0.13 0.13 0.13 

Deep tillage 0.13 0.15 0.13 0.14 0.14 0.14 

Zone disc tiller 0.11 0.13 0.11 0.12 0.12 0.12 

Happy seeder 0.12 0.14 0.12 0.13 0.13 0.13 

Means 0.12 0.14 0.12 0.13 0.13 

 

     

NS = Non-significant 

 

 

 

b. 2010-11 

Treatments N0 N75 N100 N125 N150 Means 

Conventional tillage 0.12 0.15 0.13 0.14 0.14 0.14 

Deep tillage 0.13 0.15 0.14 0.14 0.15 0.14 

Zone disc tiller 0.11 0.13 0.12 0.13 0.14 0.13 

Happy seeder 0.12 0.14 0.12 0.14 0.14 0.13 

Means 0.12 0.14 0.13 0.14 0.14 

 

 

NS = Non-significant 
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Exp. # 2 

EFFECT OF TILLAGE AND MULCHING MATERIALS ON WHEAT GROWN 

UNDER RICE-WHEAT CROPPING SYSTEM 

4.2.1 Germination count 

Germination count has a substantial role in plant population and crop yield. More 

plant population increased the crop yield which was attained by higher germination count per 

unit area. Germination affected by sowing depth, seed quality and health, soil aeration, 

temperature, and moisture. Significant effect of tillage systems and mulch materials were 

observed while interaction remained non-significant during both the growing seasons (Table 

4.2.1). 

During both the years deep tillage and happy seeder gave 2 % and 7 % higher 

germination count than conventional tillage and zone disc tiller. Higher germination count 

was observed in deep tillage and happy seeder while minimum germination count was 

observed in conventional and zone disc tiller. These results were quite in line with the results 

of Ozpinar and Cay (2006) who observed that seedbed reparation with moldboard plow 

decreased the mean weight diameter and enhanced the moisture storage and availability. 

Morris et al. (2009) observed that moisture evaporation was decreased, if seedling row was 

covered with straw. Tessir et al. (1991) reported lower germination count in zone disc tiller 

due to not proper cover of seedling with straw.  

Maximum germination count was observed at MPlastic @ 4 t ha
-1 

followed by MRice @ 

4 t ha
-1

 while minimum germination count was recorded in control during both the years.
 

Plastic mulch had higher germination count than the other mulch materials because improved 

the soil water content and thermal conditions. These results were supported the findings of 

Yan-Jun et al. (2006) and Rahman et al. (2005). They observed higher and earlier seedling 

emergence in plastic mulch than straw mulch was due to high soil temperature and conserve 

soil moisture from evaporation that helped the plant in early growth stages while straw mulch 

lowered soil temperature and higher moisture contents might be effect on seedling 

emergence. Rahman et al. (2005) reported lower germination count in straw mulch was due 

to allelochemicals and lowered soil temperature while lowered germination count in no 

mulched was due to higher soil temperature and lower soil moisture at 0-15 cm soil depth.  
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Table 4.2.1: Germination count (m
-2

) of wheat planted under various tillage systems 

and mulch materials after rice 

                                           Individual comparison of treatment means 

 

a. 2009-10 

 

LSD value, Tillage = 1.30, Mulch = 1.74 

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 115 142 122 150 133 132 B 

Deep tillage 122 152 131 163 143 142 A 

Zone disc tiller 112 141 120 151 136 132 B 

Happy seeder 123 152 129 161 145 142 A 

Means 118 E 147 B 126 D 156 A 139 C 

 

  

 LSD value, Tillage = 2.06, Mulch = 1.62 

 

 

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 

 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 130 141 132 143 137 137 B 

Deep tillage 131 145 136 148 144 141 A 

Zone disc tiller 128 141 133 145 141 138 B 

Happy seeder 133 145 137 148 143 141 A 

Means 131 E 143 B 135 D 146 A 141 C 
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4.2.2. Total number of tillers 

Plant population is an essential yield causative factor that depends upon the tillering 

capacity of a crop. Significant effect of tillage systems, mulch materials and their interaction 

was found during both the growing seasons (Table 4.2.2). 

Maximum total number of tillers in first year was produced by happy seeder and 

minimum was given by zone disc tiller and conventional tillage. During the second year 

happy seeder and deep tillage produced higher total tillers while zone disc tiller and 

conventional tillage gave minimum number of total tillers. During both the years of study 

happy seeder produced higher number of total tillers while minimum was observed in 

conventional and zone disc tiller. Higher number of total tillers was produced in happy 

seeder due to moisture and nutrient availability upper soil depth, which supported the plants 

for more tillering. Our results were quite in line with the results of Lopez-Fando and Pardo 

(2009) and Hemmat and Eskandari (2006). They observed that zero tillage produced the 

higher total tillers than the deep and conventional tillage due to moisture and nutrient 

availability near to the soil surface. Mrabet (2002) who reported that due to larger root zone 

area enhances nutrient availability and increase the total tillers in deep tillage than 

conventional and zone disc tiller.  

Plastic mulch @ 4 t ha
-1

 applied in wheat gave maximum total tillers followed by 

MRice @ 4 t ha
-1

 and minimum was produced when no mulch applied during the both growing 

seasons. Maximum total number of tillers in plastic mulch might be due to higher water use 

efficiency (Table 4.2.26) and nutrient availability that effected on crop yield and yield 

parameters including total number of tillers than no mulch. Our results were quite in line with 

the findings of Feng-Min et al. (2004), Zhong-Kui et al. (2005) and Yong-Shan et al. (2007). 

They reported that plastic mulch gave the higher number of total tillers. Yan-Jun et al. (2006) 

observed higher number of total tillers in rice straw mulch due to higher moisture and lower 

temperature. Rahman et al. (2005) reported lower total tillers in wheat straw mulch due to 

allelochemicals and lower soil temperature and higher soil moisture. 

All the tillage systems gave maximum total tillers at MPlastic @ 4 t ha
-1

 followed by 

MRice @ 4 t ha
-1

 and minimum was observed at M0. Zone disc tiller gave minimum total 

tillers at MWheat @ 4 t ha
-1

 during first year. During the second growing season at  
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Table 4.3.2: Total number of tillers (m
-2

) of wheat at maturity planted under various 

tillage systems and mulch materials  

 

Individual comparison of treatment means  

 

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 215 e 246 b 228 d 255 a 236 c 236 C 

Deep tillage 235 e 256 b 238 d 265 a 250 c 248 B 

Zone disc tiller 225 d 245 b 222 e 252 a 240 c 237 C 

Happy seeder 236 e 271 b 245 d 279 a 256 c 257 A 

Means 228E 255B 233 D 263 A 246 C 

 

 

LSD value, Tillage = 1.44, Mulch = 1.20, Tillage x Mulch = 2.41 

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 235 e 272 b 255 d 286 a 259 c 261 B 

Deep tillage 248 e 295 b 280 d 299 a 290 c 282 A 

Zone disc tiller 236 e 270 b 250 d 288 a 258 c 260 B 

Happy seeder 249 d 296 a 281 c 298 a 287 b 282 A 

Means 242 E 283 B 267 D 293A 247 C 

 

 

LSD value, Tillage = 1.23, Mulch = 1.28, Tillage x Mulch = 2.57 

 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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MPlastic @ 4 t ha
-1

 all the tillage systems gave higher total tillers and minimum was 

observed at M0. In happy seeder maximum total tillers were observed at MPlastic and MRice @ 

4 t ha
-1

. Average across the year 7 % greater total tillers were observed in 2010-11 was due to 

the variations in temperatures, amount of rainfall and relative humidity (Fig 4.1) which was 

favorable to irrigated wheat growth compared to the weather conditions in 2009-10. 

4.2.3. Number of fertile tillers 

Number of fertile tillers per unit area has a leading yield subscriber that had positive 

impact on the high crop production. Tillage systems, mulch materials and their interaction 

were significant during both the growing seasons (Table 4.2.3). 

In first year happy seeder while in second year both happy seeder and deep tillage 

gave maximum fertile tillers while minimum was recorded at conventional and zone disc 

tiller. Both the growing seasons maximum fertile tillers were recorded in happy seeder 

followed by deep tillage and minimum was noted in conventional and zone disc tiller. Our 

results supported the results of Lopez-Fando and Pardo (2009) and Hemmat and Eskandari 

(2006). They reported that zero tillage produced the higher fertile tillers than the deep and 

conventional tillage due to more moisture and nutrient availability near to the soil surface. 

Mrabet (2002) observed higher fertile tillers in deep tillage due to longer roots (Table 4.2.19) 

that enhanced nutrient availability. He also reported that deep tillage and zero tillage gave 

equal and high results than sub-surface tillage system.  

During both the growing seasons plastic mulch @ 4 t ha
-1

 gave maximum fertile 

tillers followed by rice straw mulch and minimum fertile tillers were noted at no mulch. 

Higher fertile tillers were noted in plastic mulch because it might be increased the water use 

efficiency (Table 4.2.26) that had substantial effect on crop yield and yield parameters 

including fertile tillers than no mulch. Our results were quite in line with the results of Feng-

Min et al. (2004), Zhong-Kui et al. (2005) and Yong-Shan et al. (2007). They noted higher 

number of fertile tillers in plastic mulch than control. Yan-Jun et al. (2006) observed higher 

number of fertile tillers in straw mulch due to convenient condition i-e soil moisture and 

temperature. 

All the tillage systems gave maximum fertile tillers at MPlastic @ 4 t ha
-1

 followed by 

MRice @ 4 t ha
-1

 and minimum was observed at M0. Zone disc tiller gave minimum total 

tillers at MWheat @ 4 t ha
-1

 during first year. 
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Table 4.2.3: Number of fertile tillers (m
-2

) of wheat at maturity planted under various 

tillage systems and mulch material 

Individual comparison of treatment means  

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 210 e 242 b 222 d 250 a 231 c 231 D 

Deep tillage 230 e 252 b 233 d 260 a 248 c 244 B 

Zone disc tiller 222 d 240 b 218 e 248 a 235 c 233 C 

Happy seeder 230 e 268 b 240 d 275 a 253 c 253 A 

Means 223 E 250 B 228 D 258 A 242 C 

 

 

LSD value, Tillage = 0.61, Mulch = 1.81, Tillage x mulch = 3.62 

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 232 e 268 b 250 d 283 a 254 c 257 B 

Deep tillage 243 e 290 b 276 d 296 a 285 c 278 A 

Zone disc tiller 230 e 266 b 246 d 284 a 253 c 256 B 

Happy seeder 245 e 291 b 276 d 295 a 282 c 278 A 

Means 238 e 279 b 262 d 289 a 269 C 

 

 

LSD value, Tillage = 1.36, Mulch = 1.52, Tillage x Mulch = 3.04 

 

 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 



 

RESULTS AND DISCUSSION 

140 

 

During the second growing season all the tillage systems gave maximum fertile tillers 

at MPlastic @ 4 t ha
-1

 and minimum fertile tillers were observed at M0. 

4.2.4. Plant height at maturity 

Plant height is an important yield attribute and has a dominant role in crop yield. 

Plant height depends on plant genetic constitute, seed vigor, availability of soil nutrients and 

environmental conditions. Significant effect of mulch was found in first year while tillage 

and mulch in second year. Interaction was found non-significant during both the growing 

seasons (Table 4.2.4). 

Deep tillage and happy seeder gave maximum plant height during the second year 

and minimum was observed in conventional and zone disc tiller. Higher plant height was 

noted in deep tillage and happy seeder due to moisture and nutrients availability. Our results 

supported the findings of Khan et al. (2001) who reported that deep seedbed preparation by 

plowing supported crop growth and nutrient uptake due to longer root length (Table 4.2.19). 

Lower plant height under conventional tillage was due to subsurface soil compaction, which 

might hindered root growth and affected water and nutrient uptakes. Hemmat and Eskandari, 

(2006) and Lupwayi et al. (2006) observed higher plant height in the zero tillage than 

conventional tillage due to high moisture availability and nutrient concentrations greater in 

zero tillage at upper soil surface and decreased with increased in soil depth than conventional 

tillage.  

Higher plant height in first year was attained at MPlastic and MRice @ 4 t ha
-1

 and lower 

plant height was noted at MNatural, MWheat @ 4 t ha
-1

 and M0 while MNatural, MWheat and M0 

were at par with MRice @ 4 t ha
-1

. In second year maximum plant height was noted at MPlastic 

and MRice @ 4 t ha
-1

 followed by
 
MNatural and MWheat @ 4 t ha

-1
 and lower plant height was 

noted at no mulch. In both the years of study plastic mulch produced the higher plant height 

due to moisture availability, longer root lengths (Table 4.2.19) and lower weeds density 

(4.2.18) than no mulch. Our results supported the findings of Yan-Jun et al. (2006) and Feng-

Min et al. (2004). They reported that plastic mulch increased the plant height due to moisture 

availability and less weeds competition. Yuashan et al. (2002) observed that mulch materials 

had positive effect on plant height. 

Linear relationship between plant height and grain yield was indicated by regression 

analysis during both the years (Fig 4.17). 
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Table 4.2.4. Plant height (cm) of wheat at maturity planted under various tillage 

systems and mulch materials 

 

Individual comparison of treatment means 

 

 
a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 100.3 102.1 100.5 103.4 101.2 101.5 

Deep tillage 100.5 103.1 100.7 106.5 102.3 102.7 

Zone disc tiller 100.4 102.2 100.4 103.5 101.2 101.7 

Happy seeder 100.5 104.2 100.7 106.5 101.3 102.6 

Means 100.7 B 102.9 AB 100.7 B 105.0 A 101.5 B 

 

 

LSD value, Mulch = 2.00        

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 

 

 

b. 2010-11 

Treatments Mo MRice MWheat MPlastic MNatural Means 

Conventional tillage 100.1 100.3 100.3 102.5 100.6 100.8 B 

Deep tillage 101.6 104.9 102.6 105.3 103.2 103.5 A 

Zone disc tiller 100.2 102.7 100.4 103.5 101.6 101.7 B 

Happy seeder 101.7 104.6 102.7 105.4 103.2 103.5 A 

Means 100.9 C 103.1 AB 101.5 BC 104.1 A 102.1 BC 

 

 

LSD value, Tillage = 1.38, Mulch = 1.70 

 

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05       
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                 Fig. 4.17: Relationship between plant height and grain yield of wheat. 

 

 

y = 0.2088x - 16.317 

r² = 0.62 

4.0

4.5

5.0

5.5

6.0

6.5

7.0

100 101 102 103 104 105 106

G
ra

in
 y

ie
ld

 (
t 

h
a-1

) 

Plant height (cm) 

 (a) 2009-10 

y = 0.2423x - 18.868 

r² = 0.85 

4.0

4.5

5.0

5.5

6.0

6.5

7.0

100 101 102 103 104 105 106

G
ra

in
 y

ie
ld

 (
t 

h
a-1

) 

Plant height (cm) 

(b) 2010-11 



 

RESULTS AND DISCUSSION 

143 

 

4.2.5. Spike length at maturity 

Spike length is a crucial yield causative factor and directly related with spikelet per 

spike, longer the spike length more will be the number of spikelets per spike. Crop yield is 

directly proportional to number of spikelets per spike. Tillage systems, mulch and their 

interaction was non-significant during both the growing seasons (Table 4.2.5). 

 Tillage systems had non-significant effect on yield attributes. Our results were 

supported by Lafond et al. (2006) who observed that tillage systems had non-significant 

effect on spike length and yield attributes. Yan-Jun et al. (2006) reported that mulch 

materials had non-significant effect on spike length and yield attributes.  

4.2.6. Number of spikelets per spike 

Spikelets per spike are crucial and yield contributing factor. Number of spikelet per 

spike is directly related to the spike length and number of grains per spike. Higher the 

number spikelet per spike more will be the number of grains per spike and finally higher 

grain yield. Significant effect was observed in mulch materials during the second year. Non-

significant was noted in tillage systems and their interaction with mulch materials during 

both the growing seasons (Table 4.2.6).  

During both the years tillage systems had non-significant effect on number of 

spikelets per spike. Our results supported the findings of Sheikh et al. (2003) who reported 

that tillage systems gave non-significant effects on spikelets per spike.  

Plastic and rice straw mulch @ 4 t ha
-1

 gave higher number of spikelet per spike 

during second year followed by MNatural and MWheat @ 4 t ha
-1

 while minimum was noted in 

no mulch. Our results quite in line with the results of Feng-Min et al. (2004) and Li et al. 

(1999). They observed maximum number of spikelet per spike in plastic mulch followed by 

other mulch materials than no mulch.  
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Table 4.2.5: Spike length (cm) of wheat at maturity planted under various tillage 

systems and mulch materials  

Individual comparison of treatment means  
 
a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 15.1 15.4 15.1 15.5 15.3 15.3 

Deep tillage 15.3 15.5 15.5 15.6 15.5 15.5 

Zone disc tiller 15.1 15.4 15.3 15.5 15.3 15.3 

Happy seeder 15.4 15.5 15.5 15.6 15.5 15.5 

Means 15.2 15.5 15.3 15.5 15.4 

 

 

NS = Non-significant  

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 15.0 15.4 15.3 15.5 15.4 15.3 

Deep tillage 15.2 15.5 15.4 15.6 15.5 15.4 

Zone disc tiller 15.1 15.4 15.3 15.5 15.4 15.3 

Happy seeder 15.2 15.5 15.4 15.6 15.5 15.4 

Means 15.2 15.5 15.4 15.5 15.4 

 

 

NS = Non-significant  

 

 

 



 

RESULTS AND DISCUSSION 

145 

 

Table 4.2.6: Number of spikelets per spike of wheat at maturity planted under various 

tillage systems and mulch materials  

Individual comparison of treatment mean 

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 20.5 21.0 20.6 21.2 20.8 20.8 

Deep tillage 20.5 21.1 20.7 21.3 20.9 20.9 

Zone disc tiller 20.5 21.0 20.7 21.3 20.8 20.8 

Happy seeder 20.5 21.1 20.8 21.4 20.9 20.9 

Means 20.5 21.1 20.7 21.3 20.9 

 

 

NS = Non-significant  

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 18.6 20.9 19.2 21.6 18.0 19.6 

Deep tillage 20.0 20.9 19.2 21.5 21.0 20.5 

Zone disc tiller 18.4 20.9 20.0 21.6 20.0 20.2 

Happy seeder 20.1 21.0 20.2 21.5 21.0 20.8 

Means 19.3 C 20.9 AB 19.7 BC 21.6 A 20.0 BC 

 

 

LSD value, Mulch = 1.51 

 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05   
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4.2.7. Number of grains per spike 

Number of grains per spike is a crucial yield contributing factor in wheat crop. More 

number of grains per spike higher will be the crop yield. Significant effect was observed in 

mulch materials while non-significant was noted in tillage systems and their interaction 

during both the growing seasons (Table 4.2.7).  

During both the years tillage systems had non-significant effect on number of grains 

per spike due to favorable climatic conditions that reduced the effects of treatments. Our 

results were quite in line with the results of Bakhsh et al. (2005), Hemmat and Eskandari, 

(2004) and Sheikh et al. (2003). They concluded from their studies that tillage systems did 

not affect the number of grains per spike.  

During the first year plastic, rice and natural mulch @ 4 t ha
-1

 gave maximum number 

of grains per spike and minimum was observed in MWheat @ 4 t ha
-1

 and M0. Plastic and rice 

mulch @ 4 t ha
-1

 gave higher number of grains per spike followed by natural mulch and 

minimum was recorded at MWheat @ 4 t ha
-1

 and M0. Plastic mulch had higher number of 

grains per spike than all the mulch materials. Our results supported the findings of Rahman et 

al. (2005) and Feng-Min et al. (2004). They reported that all the mulch materials gave higher 

number of grains per spike than no mulch. Linear relationship between number of grains 

spike
-1

 and grain yield was indicated by regression analysis during both the years (Fig 4.18). 

4.2.8. 1000 Grain weight 

The 1000-grain weight is a main yield-contributing constituent that it is affected by 

soil moisture and nutrients status, irrigation availability at critical growth stages and the 

abrupt environmental changes. Non-significant effect was found in tillage systems, mulch 

materials and their interaction on 1000-grain weight during both the growing seasons (Table 

4.2.8). 

Tillage systems had no influence on 1000-grain weight might be favorable climatic 

conditions and nutrients status that reduced the treatments effect. Our results were quite in 

line with the findings of Hemmat and Eskandari, (2006) who observed that tillage systems 

had no influence on 1000-grain weight.  

Mulching materials had non-significant effect on 1000-grain weight. These results 

were supported by Rahman et al. (2005) and Yan-Jun et al. (2006).  
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Table 4.2.7: Number of grains per spike
 
of wheat at maturity planted under various 

tillage systems and mulch materials  

      Individual comparison of treatment means 

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 46.6 49.1 46.7 48.7 49.0 48.0 

Deep tillage 46.6 49.2 46.8 49.6 49.1 48.3 

Zone disc tiller 46.5 49.2 46.6 48.8 47.2 47.7 

Happy seeder 46.7 49.3 46.8 50.0 49.2 48.4 

Means 46.6 B 49.2 A 46.8 B 49.3 A 48.6 A 

 

 

LSD value, Mulch = 1.67        

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 47.8 49.7 48.2 49.8 48.8 48.9 

Deep tillage 48.5 50.0 48.7 50.1 49.0 49.3 

Zone disc tiller 48.1 49.7 48.3 49.8 48.8 48.9 

Happy seeder 48.5 50.0 48.8 50.2 48.9 49.3 

Means 48.2 C 49.9 AB 48.5 C 50.0 A 48.9 BC 

 

 

LSD value, Mulch = 1.08        

 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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            Fig. 4.18: Relationship between number of grains per spike and grain yield of wheat. 
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Table 4.3.8: 1000-Grain weight (g) of wheat at maturity planted under various tillage 

systems and mulching materials 

      Individual comparison of treatment means 

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 43.9 46.1 45.3 45.6 46.2 45.4 

Deep tillage 45.5 46.2 45.5 46.3 45.2 45.7 

Zone disc tiller 44.4 46.2 45.2 45.3 48.6 45.9 

Happy seeder 45.5 46.2 45.6 46.2 46.0 45.9 

Means 44.8 46.2 45.4 45.8 46.5 

 

 

NS = Non-significant  

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 46.8 48.3 47.4 48.5 47.5 47.7 

Deep tillage 47.2 48.5 47.5 48.6 47.7 47.9 

Zone disc tiller 47.2 48.3 47.4 48.5 47.5 47.8 

Happy seeder 47.2 48.4 47.5 48.6 47.7 47.9 

Means 47.1 48.4 47.5 48.6 47.6 

 

 

 

NS = Non-significant  
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             Fig. 4.19:  Relationship between 1000-grain weight and grain yield of wheat. 
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Linear relationship between 1000-grain and grain yield was indicated by regression 

analysis during both the years (Fig 4.19) 

4.2.9. Biological yield 

Biological yield is the sum of grain yield and straw yield that produced by the crops. 

It has causative effect on grain yield of a crop. Crop vegetative growth trend is indicated by 

biological yield that is an index of photosynthetic efficiency. During both the years mulch 

materials had significant effect on biological yield (Table 4.2.9).  

Tillage systems gave non-significant effect on wheat biological yield might be due to 

climatic conditions and nutrients availability during both the years. Our results supported the 

results of Alvarez et al. (2008) who noted that tillage had no impact on wheat yield. 

Higher biological yield was produced by plastic, ric straw @ 4 t ha
-1

 and natural 

mulch and minimum biological yield was observed in no mulch in 2009-10.  

During second year plastic, rice straw, wheat straw @ 4 t ha
-1

 and natural mulch gave 

higher biological yield and lower was recorded in no mulch. Plastic mulch had higher 

biological yield due to higher yield attributes, soil moisture condition that favored plant 

establishment and plant population (Table 4.2.2) which ultimately enhanced the crop yield. 

Our results were quite in line with the results of Feng-Min et al. (2004), Zhong-kui et al. 

(2005), Rahman et al. (2005), Yong-shan et al. (2007) and Yan-Jun et al. (2006). They 

reported that plastic mulch gave higher yield than no mulch due to moisture availability.  

4.2.10. Grain yield 

The most essential parameter and ultimate mission of farming system is grain yield, 

which was affected by different tillage systems and mulching materials. Grain yield is a form 

of various yield-contributing parameters like number of fertile tillers, number of grains per 

spike and 1000-grain weight. Significant effect of tillage systems and mulch materials was 

observed during both the growing seasons (Table 4.2.10). Interaction was remained non-

significant during both the years of study.  

Happy seeder and deep tillage gave higher grain yield in first year followed by zone 

disc tiller and lower grain yield was noted in conventional tillage. During second year happy 

seeder and deep tillage gave higher grain yield and minimum was observed in conventional 

and zone disc tiller. During both the years higher grain yield was observed in happy seeder 

and deep tillage and lower was observed in conventional and zone disc tiller.  
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Table 4.2.9: Biological yield (Mg ha
-1

) of wheat at maturity planted under various 

tillage systems and mulch materials  

     Individual comparison of treatment means 

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 10.4 13.4 11.4 13.2 13.2 12.3 

Deep tillage 11.4 13.6 11.4 13.8 13.5 12.7 

Zone disc tiller 11.2 13.2 11.0 13.3 13.2 12.4 

Happy seeder 11.8 13.9 11.9 14.1 13.8 13.1 

Means 11.2 C 13.5 A 11.4 BC 13.6 A 13.4 A 

 

 

LSD value, Mulch = 1.7        

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 12.9 15.4 14.3 15.4 14.7 14.5 

Deep tillage 14.1 16.1 14.5 16.1 15.0 15.1 

Zone disc tiller 12.8 15.6 13.8 15.7 14.4 14.5 

Happy seeder 14.1 16.2 14.8 16.3 14.9 15.3 

Means 13.5 B 15.8 A 14.4 AB 15.9 A 14.8 AB 

 

 

LSD value, Mulch = 1.7        

 

 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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Table 4.2.10: Grain yield (Mg ha
-1

) of wheat at maturity planted under various tillage 

systems and mulch materials 

        Individual comparison of treatment means 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 4.1 5.3 4.5 5.1 5.2 4.8 C 

Deep tillage 4.5 5.5 4.5 5.5 5.4 5.1 AB 

Zone disc tiller 4.5 5.3 4.4 5.3 5.2 4.9 BC 

Happy seeder 4.7 5.6 4.7 5.6 5.5 5.2 A 

Means 4.5 B 5.4 A 4.5 B 5.4 A 5.3 A 

 

 

LSD value, Tillage = 0.195, Mulch = .155   

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 5.1 6.0 5.6 6.1 5.8 5.7 B 

Deep tillage 5.6 6.4 5.8 6.5 6.0 6.1 A 

Zone disc tiller 5.1 6.2 5.5 6.3 5.7 5.8 B 

Happy seeder 5.6 6.5 5.9 6.5 6.0 6.1 A 

Means 5.4 D 6.3 A 5.7 C 6.4 A 5.9 B 

 

 

LSD value, Tillage = 0.103, Mulch = 0.108   

 

 

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 
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Higher grain yield in deep tillage was fine soil structure, reduced the soil bulk density 

(Table 4.2.20) which favored the longer root length (Table 4.2.19). 

Our results were quite in line with the results of Rashidi and Keshavarzpour, (2007) 

and Beulter and Centurion, (2004). They reported the higher grain yield in deep tillage was 

due to fine soil structure, lower soil bulk density that favored longer root length. Mrabet, 

(2002) reported that deep tillage and zero tillage gave same grain yield due to longer root 

zone enhanced nutrient availability in deep tillage and nutrient near the soil surface in zero 

tillage. Lopez-Fando and Paedo, (2009) and Shipitalo at al. (2000) reported that moisture 

availability due to residue cover in zero tillage wheat planted with happy seeder than 

conventional tillage. Younis et al. (2006) observed that zero tillage (happy seeder) sowing 

techniques gave higher yields than slot planting (zone disc tiller) and conventional methods.  

Higher grain yield was in first year was recorded in plastic, rice straw @ 4 t ha
-1

 and 

natural mulch while lower was observed in wheat straw @ 4 t ha
-1

 and no mulch. During the 

second year, the trend was same only plastic and rice straw mulch @ 4 t ha
-1

 gave higher 

grain yield. Plastic mulch gave higher grain yield than other mulch materials due to moisture 

availability (Table 4.2.26) lower soil bulk density (Table 4.2.20) and longer root length 

(4.2.19). Our results supported the findings of Feng-Min et al. (2004), Zhong-kui et al. 

(2005) and Rahman et al. (2005). They reported that plastic mulch had higher grain yield due 

to favorable soil conditions that favored plant establishment and population which ultimately 

enhanced the crop yield.  

4.2.11. Straw weight 

Significant effect of tillage systems, mulch materials and their interaction was 

observed during the both growing seasons (Table 4.2.11). 

Happy seeder and deep tillage gave higher straw weight while lower was noted in 

conventional and zone disc tiller during both the growing seasons. Higher straw weight in 

deep tillage was due to loose soil condition that reduced the soil bulk density and gave higher 

root length. Our results were quite in line with the results of Rashidi and Keshavarzpour, 

(2007) who reported that fine soil structure increased the plant growth. Rahman et al. (2005) 

reported that zero tillage wheat produced maximum straw weight due to more crop growth. 

During both the growing seasons higher straw weight was observed in plastic and rice 

straw @ 4 t ha
-1

 followed by natural mulch and minimum was recorded in no mulch.  
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Table 4.2.11: Straw weight (Mg ha
-1

) of wheat at maturity planted under various tillage 

systems and mulch materials 

     Individual comparison of treatment means 

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 6.3 c 8.1 a 6.9 b 7.8 a 7.8 a 7.4 B 

Deep tillage 6.9 b 8.2 a 6.8 b 8.3 a 8.1 a 7.7 A 

Zone disc tiller 6.7 b 7.9 a 6.6 b 8.0 a 7.9 a 7.4 B 

Happy seeder 7.1 b 8.3 a 7.1 b 8.5 a 8.3 a 7.8 A 

Means 6.8 C 8.1 AB 6.9 C 8.2 A 8.0 B 

 

 

LSD value, Tillage = 0.164, Mulch = 0.149, Tillage x Mulch = 0.312 

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 7.8 c 9.3 a 8.7 b 9.3 a 8.9 b 8.8 B 

Deep tillage 8.5 d 9.6 a 8.7 c 9.7 a 9.0 b 9.1 A 

Zone disc tiller 7.7 d 9.3 a 8.3 c 9.4 a 8.7 b 8.7 B 

Happy seeder 8.5 c 9.7 a 8.9 b 9.8 a 8.9 b 9.2 A 

Means 8.1 D 9.5 A 8.7 C 9.6 A 8.9 B 

 

 

LSD value, Tillage = 0.12, Mulch = 0.11, Tillage x Mulch = 0.23 

 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 



 

RESULTS AND DISCUSSION 

156 

 

Plastic mulch had higher straw yield than other mulching materials due to favorable 

soil conditions for plant establishment and plant population, which ultimately enhanced the 

straw weight. Our results were quite in line with the results of Yong-shan et al. (2007) and 

Yan-Jun et al. (2006). They observed the higher straw weight in plastic mulch than no mulch.  

During first year, all the tillage systems gave maximum straw weight at at plastic, rice 

straw @ 4 t ha
-1

 and natural mulch while minimum was recorded in no mulch. In 2010-11, 

the trend was same but all the tillage systems gave higher straw weight in both plastic and 

rice straw mulch @ 4 t ha
-1

.  

Maximum straw weight was observed in zero tillage at MPlastic and these results were 

supported the findings of Liu et al. (2009) and Rahman et al. (2005). They reported that 

mulching along with zero tillage at the time of sowing increased the crop yield and yield 

attributes by conserving soil moisture by sealing the soil pores and added organic matter. 

Straw yield difference between two growing seasons was due to the variations in air 

temperatures, amount of rainfall and relative humidity.  

4.2.12 Harvest index (%) 

Crop ability is to convert its assimilates into economic part call harvest index. Higher 

the economic yield the higher will be the value of harvest index. Significant effect was 

observed in tillage systems during both the growing seasons (Table 4.2.12). Mulch materials 

and their interaction were non-significant. 

During both the growing seasons deep tillage, zone disc tiller and happy seeder 

produced similar and higher harvest index than conventional tillage. Higher the efficiency of 

converting dry matter into economic yield, higher would be the value of harvest index (%). 

Our results supported the findings of Sabir et al. (2000) who reported higher harvest index in 

deep, zone disc and happy seeder. 

 Mulching materials had non-significant effect on harvest index. This result was 

supported by Malecka and Blecharezyk (2008) who reported that mulching materials had 

non-significant effect on harvest index due to climatic conditions. 
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Table 4.2.12: Harvest index (%) of wheat at maturity planted under various tillage 

systems and mulch materials  

          Individual comparison of treatment means 

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 39.2 39.2 39.4 39.6 39.6 39.4 B 

Deep tillage 39.7 40.0 39.8 40.0 40.0 39.9 A 

Zone disc tiller 39.9 40.1 39.9 40.0 39.6 39.9 A 

Happy seeder 39.6 40.0 39.8 40.0 40.0 39.9 A 

Means 39.6 39.8 39.7 39.9 39.8 

 

 

LSD value, Tillage = 0.34 

 

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 39.2 39.2 39.4 39.6 39.6 39.4 B 

Deep tillage 39.7 40.0 39.8 40.0 40.0 39.9 A 

Zone disc tiller 39.9 40.1 39.9 40.0 39.6 39.9 A 

Happy seeder 39.6 40.0 39.8 40.0 40.0 39.9 A 

Means 39.6 39.8 39.7 39.9 39.8 

 

 

LSD value, Tillage = 0.33 

 

Any two means not sharing a letter in common in a column differ significantly at p ≤ .05 
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4.2.13 Leaf area index 

Leaf area index (LAI) is the basic physiological decisive and showed the size of crop 

assimilatory. Significant effect of different tillage systems and mulch materials on leaf area 

index is presented in graphical form (Fig 4.20 and 4.21). 

In both the growing seasons (Fig 4.20) line curve increased gradually and attained the 

peak at 75 days after sowing. After 75 days the line started to decreased and reached lower 

point at 135 DAS. The line curve of happy seeder remained above than other tillage systems 

throughout the growing seasons. Maximum leaf area index (5.36 and 5.43) was attained at 75 

days by happy seeder followed by deep tillage and minimum was noted in conventional 

tillage. The maximum LAI in happy seeder was due to moisture and nutrient availability near 

the soil surface. Our results were quite in line with the results of Su-Juan et al. (2008) and 

Lopez-Fando and Pardo (2009). They reported that higher leaf area index in happy seeder 

was due to moisture and nutrient availability.  

During both the years of study (Fig 4.21) line curve increased with time and attained 

maximum level at 75 DAS. After 75 days leaf area index started to decline and reached at 

minimum point at 135 days. Leaf area index of wheat crop was maximum when plastic 

mulch @ 4 t ha
-1

 was applied followed by MRice @ 4 t ha
-1

 and minimum was observed in 

M0. The line curve of MPlastic @ 4 t ha
-1

 remained above of MRice, MNatural, MWheat @ 4 t ha
-1

 

and M0 throughout the growing seasons. In both the years LAI of 5.12 and 5.20 were 

observed at MPlastic @ 4 t ha
-1

. Leaf area index was higher in plastic mulch in both the 

growing seasons. All the mulch materials gave higher LAI than no mulch. Our results were 

quite in line with the results of Yan-Jun et al. (2006). They recorded higher LAI in plastic 

mulch than other mulch materials due to warmer soil temperature and light absorption than 

rice straw and wheat straw mulch that enhanced the growth of the plants. Yan-min et al. 

(2006) reported higher leaf area index in the mulch plots than control due to moisture and 

nutrient availability that favored the plants growth.  

Interaction of different tillage systems and mulch materials had non-significant effect 

on leaf area index in both the growing seasons. Increased in leaf area index over time was 

due to the formation of new leaves and their subsequent expansion. Sharp declines in the end 

of seasons were due to senescence of older leaves.  
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                      Fig. 4.20: Leaf area index as affected by different tillage systems. 
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Fig. 4.21: Leaf area index as affected by different mulch materials. 
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However, it was clear that during both the growing seasons there was significant 

difference in leaf area index not only among tillage system but also between the various 

mulch materials. 

4.2.14 Total dry matter accumulation 

More dry matter accumulation in a crop gives more return. Significant effect of 

different tillage systems and mulch materials on total dry matter was found in both growing 

seasons (Fig. 4.22 and 4.23). 

 In both the growing seasons (Fig. 4.22) total dry matter increased gradually and was 

maximum at 135 days after sowing. The curve line of happy seeder remained above than all 

other tillage systems. In both the years maximum total dry matter (904 g m
-2

 and 1107 g m
-2

) 

was attained at happy seeder followed by deep tillage and minimum was observed at 

conventional tillage at 135 DAS. Higher total dry matter in happy seeder was produced due 

to higher leaf area index, moisture and nutrient availability near the soil surface. Our results 

supported the findings of Su-Juan et al. (2008) and Lopez-Fando and Pardo, (2009). They 

reported that zero tillage (Happy seeder) produced higher total dry matter than conventional 

methods of sowing due to moisture and nutrient availability near the soil surface. Kosmas et 

al. (2001) and Li et al. (2008) noted that higher total dry matter in deep tillage was due to 

higher leaf area index and plant height than zone disc tiller and conventional tillage. 

Total dry matter was higher (Fig. 4.23) at 135 DAS when plastic mulch @ 4 t ha
-1

 

was applied in wheat. It remained above the line curve of MRice, MWheat @ 4 t ha
-1

, MNatural 

and M0. Maximum total dry matter (934.75 g m
-2

 and 1142.75 g m
-2

) was attained in both the 

growing seasons when plastic mulch @ 4 t ha
-1

 was applied followed by MRice @ 4 t ha
-1

 and 

minimum was recorded at M0. Higher total dry matter was observed in plastic mulch than 

other mulch materials. These findings were quite in line with the results of Yan-Jun et al. 

(2006). They reported that plastic mulch gave higher TDM than other mulch materials due to 

warmer soil temperature and light absorption than rice straw and wheat straw mulch. Yan-

min et al. (2006) reported that total dry matter was higher in the mulch plots than control due 

to moisture and nutrients availability. 

Significant differences were found in total dry matter production not only among 

different tillage systems but also between the various mulch materials.  
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   Fig. 4.22: Total dry matter as affected by different tillage systems. 
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 Fig. 4.23: Total dry matter as affected by different mulch materials. 
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                 Fig. 4.24: Relationship between total dry matter and grain yield of wheat. 
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Linear relationship between total dry matter and grain yield was indicated by 

regression analysis during both the years (Fig 4.24). 

4.2.15 Leaf area duration (LAD) 

Leaf area duration (LAD) is a final growth component, which measured the 

persistence of leaf assimilatory surface (Bingham, 1969). Leaf area duration is a function of 

leaf area index that indicates the photosynthetic capacity of plant at anthesis stage, which 

mainly depends upon leaf area duration. Significant effect of tillage systems and mulch 

materials on leaf area duration was observed in both the growing seasons (Fig. 4.25 and 

4.26).  

Leaf area duration increased gradually (Fig. 4.25) and attained maximum level at 135 

DAS in both the years of study. In both the growing seasons happy seeder produced the 

maximum leaf area duration (221.72 and 227.17 days) than other tillage systems at 135 days 

after sowing. Maximum leaf area duration was noted in happy seeder was due to higher leaf 

area index. Our findings supported the results of Su-Juan et al. (2008) and Lopez-Fando and 

Pardo, (2009). They reported that zero tillage (Happy seeder) produced higher leaf area 

duration due to moisture and nutrient availability near the soil surface that enhanced the 

growth.  

During both the years of study (Fig 4.26) line curve of MPlastic @ 4 t ha
-1

 remained 

above throughout the season and attained maximum leaf area duration of 242.88 and 248.22 

days at 135 DAS followed by MRice @ 4 t ha
-1

. At contrast; minimum LAD was noted when 

wheat was grown without mulch. Higher leaf area duration was observed in plastic mulch 

than other mulching materials. These findings were quite in line with the results of Yan-min 

et al. (2006) who observed that leaf area duration was higher in the mulch plots than control 

due to moisture and nutrient availability that favors the plants for growth. Yan-Jun et al. 

(2006) and Rahman et al. (1999) noted higher leaf area duration in plastic mulch than other 

mulch materials due to warmer soil temperature than rice straw and wheat straw mulch that 

enhanced the growth of the plant. 

It is clear that during both the growing seasons there was significant difference in leaf 

area duration not only among tillage systems but also between the various mulch materials.  
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                         Fig. 4.25: Leaf area duration as affected by different tillage systems. 
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                    Fig. 4.26: Leaf area duration as affected by different mulch material. 
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                  Fig. 4.27: Relationship between leaf area duration and grain yield of wheat. 
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Linear relationship between leaf area duration and grain yield was indicated by 

regression analysis during both the years (Fig 4.27). 

 

4.2.16. Crop growth rate  

It expresses the rate of dry matter accumulation per unit area per day. Tillage systems 

and mulch materials had significant effect on the crop growth rate (CGR) in both the growing 

seasons (Fig. 4.28 and 4.29). 

During both the years of study CGR (Fig. 4.28) increased and attained maximum 

level at 75 DAS. After 75 days it decreased slowly up to 95 DAS then sharp decline up to 

115 DAS. After 115 days CGR decreased but comparatively at lower rate. The line curve of 

happy seeder remained higher than conventional tillage, deep tillage and zone disc tiller 

throughout the growing seasons. Happy seeder in both years of study produced the maximum 

crop growth rate of 10.89 g m
-2

 d
-1

 and 13.53 g m
-2

 d
-1

 followed by deep tillage and minimum 

CGR was noted in conventional tillage. Higher crop growth rate was recorded in happy 

seeder due to higher total dry matter production. Our results were opposite the results of 

Salvagiotti and Miralles, (2008) and Gangwar et al. (2004). They noted the higher crop 

growth rate in conventional tillage than zero tillage.  

In both the years of study line curve of MPlastic @ 4 t ha
-1

 (Fig. 4.29) remained higher 

throughout the growing seasons and attained maximum crop growth rate of 11.12 g m
-2

 d
-1 

and 13.80 g m
-2

 d
-1

, followed by MRice @ 4 t ha
-1

 and minimum was noted at M0. Our findings 

were quite in line with the results of Yan-min et al. (2006) who reported that crop growth 

rate was higher in the mulch plots than control. Yan-Jun et al. (2006) and Rahman et al. 

(1999) reported that plastic mulch had greater total dry matter than other mulch materials that 

enhanced the CGR due to warmer soil temperature than rice and wheat straw mulch.  

Decline in CGR at 75 days was less in 2009-10 while in the succeeding year this 

decline was sharp which might be attributes to variation in climatic conditions. In first year 

mean maximum temperature (Fig. 4.1 a) from 75 DAS to 95 DAS was increased while in 

second year the mean maximum temperature (Fig. 4.1 b) was decreased from 75 DAS to 95 

DAS. It is clear that during both the growing seasons there was significant difference in crop 

growth not only among tillage systems but also between the various mulch materials.  
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                          Fig. 4.28: Crop growth rate as affected by different tillage systems.  
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                  Fig. 4.29: Crop growth rate as affected by different mulch materials.        
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4.2.17 Net assimilation rate (NAR) 

Net assimilation rate (NAR) of the crop is the carbohydrates manufactured by plant 

minus respiration. Significant effect of different tillage systems, mulch materials and their 

interaction was observed on net assimilation rate in both the growing seasons (Table 4.2.17). 

Maximum net assimilation rate in both years of study was observed in conventional 

tillage and minimum was recorded in happy seeder. Conventional tillage and zone disc tiller 

had lesser leaf area index that might have ensured more light penetration to the crop canopy, 

which in turn caused high rate of photosynthesis, High rate of photosynthesis reduced the 

respiratory losses, and gave high net assimilation rate at conventional and zone disc tiller. 

 In both the growing seasons maximum net assimilation rate was observed at M0 

followed by MWheat @ 4 t ha
-1

 and minimum was recorded at MPlastic @ 4 t ha
-1

. Net 

assimilation rate was higher at no mulch and produced lesser leaf area that favored more light 

penetration to the crop canopy, which ultimately increased the rate of photosynthesis. Low 

respiratory losses and high photosynthesis rate resulted in high NAR at no mulch. These 

findings were opposite the results of  

Rahman et al. (1999) who found higher variation in net assimilation rate in mulch materials.  

Interaction was significant among tillage systems and nitrogen levels. High NAR was 

obtained in all the tillage systems when no mulch was applied. Overall, no mulch followed 

by MWheat @ 4 t ha
-1

 gave high NAR as compared with MPlastic @ 4 t ha
-1

. In 2009-10 all the 

tillage systems produced maximum NAR at M0 that was 1 %, 2 %, 4 % and 5 % higher than 

MWheat, MNatural, MRice and MPlastic @ 4 t ha
-1

 while in 2010-11 the trend was same.  
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Table 4.2.17: Net assimilation rate (g m
-2

 d
-1

) of wheat planted under various tillage 

systems and mulch materials  

Individual comparison of treatment means  

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 4.42 a 4.04 c 4.31 b 3.75 d 4.04 c 4.11 A 

Deep tillage 4.12 a 3.99 b 4.12 a 3.93 b 4.06 a 4.04 AB 

Zone disc tiller 4.25 a 4.01 c 4.16 b 3.86 d 4.12 b 4.08 A 

Happy seeder 4.09 a 3.90 cd 4.01 ab 3.87 d 3.98 bc 3.97 B 

Means 4.22 A 3.99 D 4.15 B 3.85 E 4.05 C 

 

 

LSD value, Tillage = 0.07, Mulch = 0.04, Tillage x Mulch = 0.087 

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 5.15 a 4.79 a 5.08 ab 4.50 d 5.00 b 4.90 A 

Deep tillage 4.91 a 4.76 b 4.91 a 4.69 c 4.84 ab 4.82 B 

Zone disc tiller 5.06 a 4.79 c 4.96 ab 4.62 d 4.91 b 4.87 AB 

Happy seeder 4.87 a 4.64 c 4.77 ab 4.62 cd 4.74 bc 4.73 C 

Means 5.00 A 4.75 D 4.93 B 4.61 E 4.87 C 

 

 

LSD value, Tillage = 0.056, Mulch = 0.050, Tillage x Mulch = 0.10 

 

 

Any two means not sharing a letter is common in a row differ significantly at p ≤ .05 
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4.2.18. Weed density 

Weeds are the main yield limiting and major competitors of crop production and it is 

reported that weeds reduced wheat yield up to 57 % (Singh et al., 1970). Significant effect of 

weeds densities were observed by different tillage systems and mulch materials soon after 

rice in rice-wheat cropping system during both the years (Table 4.2.18). Interaction of tillage 

systems and mulch was non-significant during both the years. 

Conventional tillage produced maximum weeds in first year followed by deep tillage, 

than zone disc tiller and happy seeder planted at zero tillage produced less number of weeds 

compared with conventional and deep tillage. In 2010-11 conventional tillage had higher 

weeds density (79.2 m
-2

) that were 27 %, 53 % and 62 % higher than deep tillage, zone disc 

tiller and happy seeder, respectively. Conventional tillage produced maximum weeds due to 

early emergence of weeds seeds by fine soil structure for seedbed preparation. These results 

supported the results of Anderson, (2008), Liebman et al. (2001) and Derksen et al. (2002). 

They observed higher weeds density due to stimulation of weed seeds by soil disturbance. 

High weeds reduced the conventional tillage yield (Table 4.2.10). In both the years deep 

tillage had higher weeds density than zone disc tiller and happy seeder. Deep plowing 

reduced the diversity of weed species than conventional tillage and these results were 

supported by Cater and Ivany, (2006). They reported that deep tillage influenced the weeds 

seed distribution and viability in soil depth. Less number of weeds in happy seeder and zone 

disc tiller than conventional and deep tillage was due to presence of rice crop residues on soil 

surface that act as a mulch. Our results were agreed the results of Ozpinar, (2006) and Om et 

al. (2004) who observed lower weeds in zero tillage systems. 

Higher weed density was observed in no mulch and natural mulch in first year 

followed by MWheat @ 4 t ha
-1

 and lower was recorded in MPlastic @ 4 t ha
-1

. During second 

year no mulch gave higher weed density and lower weed density was observed in MPlastic @ 4 

t ha
-1

. During both the growing seasons higher weed density was recorded in no mulch than 

other mulch materials. Our results supported the results of Lafond et al. (2005) and 

Ngouaajio and Ernes, (2005). They reported that plastic mulch changed the soil temperature, 

enhanced the crop and water use efficiencies and reduced the weeds competition by crop 

development. Ali et al. (2011) observed lowered weed density in plastic mulch than rice 

straw and wheat straw mulch.  
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Table 4.2.18: Total weed density (m
-2

) of wheat affected by various tillage systems and 

mulch materials  

                            Individual comparison of treatment means  

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 99 64 88 48 91 78 A 

Deep tillage 80 40 52 31 70 54.6 B 

Zone disc tiller 55 26 35 13 48 35.4 C 

Happy seeder 46 21 28 12 37 28.8 D 

Means 70 A 37.8 C 50.8 B 26 D 61.5 A 

 

 

LSD value, Tillage = 4.6, Mulch = 8.6 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 100 73 84 47 92 79.2 A 

Deep tillage 84 49 58 31 66 57.6 B 

Zone disc tiller 58 29 39 20 37 36.6 C 

Happy seeder 48 24 31 15 32 30 C 

Means 72.5 A 43.8 C 53 B 28.3 D 56.8 B 

 

 

LSD value, Tillage = 10.6, Mulch = 7.9 

 

Any two means not sharing a letter is common in row and column differ significantly at p ≤ .05 
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Mulch materials reduced the weed density due to no transmission of light by 

thickness of cover (Essien et al., 2009; Rahman et al., 2005 and Khan and Rarvej, 2010).  

4.2.19. Root length 

Roots are the major part of the plant, which has dominant role on plant growth and 

yield. Roots are affected by soil physical, chemical and biological properties. Wheat crop is 

sensitive to root growth. Significant effect of tillage systems, mulch materials and their 

interaction on root length was observed in both the growing seasons (Table 4.2.19). 

Deep tillage produced longer root length during both the years of study followed by 

conventional tillage and shorter root length was observed in zone disc tiller. Longer root 

lengths of wheat observed in deep tillage was due to deep manipulation of the soil, increased 

soil porosity and lower soil bulk density (4.2.20). Our results were supported the findings of 

Beulter and Centurion, (2004) who observed longer roots length in deep tillage. Lopez-

Bellido et al. (2007a,b) also reported the shorter root length of crops in zero tillage than 

conventional tillage due to surface soil compaction. 

During both the growing seasons longer root length was noted when plastic mulch 

was applied in wheat @ 4 t ha
-1

 followed by MRice @ 4 t ha
-1

 and shorter root length was 

noted when no mulch was applied. Plastic mulch increased the root length than other mulch 

materials due to lower soil bulk density (Table 4.2.20) and higher soil moisture, which was 

suitable for root growth. Rice and wheat straw had higher moisture that inhibits the root 

growth than plastic mulch while lower root length in natural and un-mulched was due to 

lower moisture. Our results were quite in line with the results of Hassan et al. (2005). They 

reported lower moisture content effected the root growth and root length was shorter in no 

mulched. 

 All tillage systems produced the longer root length when plastic mulch @ 4 t ha
-1

 

was applied in wheat crop followed by MRice @ 4 t ha
-1

 and shorter root length was noted at 

no mulch. In first growing seasons conventional tillage at MPlastic @ 4 t ha
-1

 had 2 %, 14 %, 

17 % and 24 %, deep tillage 2 %, 7 %, 8 % and 28 %, zone disc tiller 1 %, 8 %, 8 and 18 % 

and happy seeder 1 %, 5 %, 8 % and 17 % longer root length than MRice, MWheat @ 4 t ha
-1

, 

MNatural and M0. There is negative correlation is present between root length and soil bulk 

density (Fig 4.30). 
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Table 4.3.19: Root length (cm) of wheat affected by various tillage systems and mulch 

materials 

                            Individual comparison of treatment means  

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 13.8 e 17.8 b 15.6 c 18.3 a 15.1 d 16.1 B 

Deep tillage 15.0 d 20.5 b 19.6 c 21.1 a 19.4 c 19.1 A 

Zone disc tiller 10.0 c 12.1 a 11.1 b 12.3 a 11.2 b 11.3 D 

Happy seeder 11.8 d 14.2 a 13.5 b 14.3 a 13.1 c 13.4 C 

Means 12.7 E 16.2 B 15.0 C 16.5 A 14.7 D 

 

  

LSD value, Tillage = 0.14, Mulch = 0.11, Tillage x Mulch = 0.22 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 14.0 e 17.9 b 15.7 c 18.5 a 15.3 d 16.3 B 

Deep tillage 15.0 e 20.4 b 19.6 c 20.9 a 19.2 d 19.0 A 

Zone disc tiller 10.0 c 12.2 a 11.2 b 12.4 a 11.2 b 11.4 D 

Happy seeder 11.9 d 14.2 a 13.5 b 14.4 a 13.2 c 13.4 C 

Means 12.7 E 16.2 B 15.0 C 16.6 A 14.7 D 

 

   

LSD value, Tillage = 0.09, Mulch = 0.11, Tillage x Mulch = 0.23 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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         Fig. 4.30: Relationship between root length and soil bulk density. 
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4.2.20. Soil bulk density (ρb)  

Soil physical environment is an important, play a dominant role for maintaining, and 

sustained agronomic production. Tillage systems had a strong effect on soil physical properties 

(Rashidi and Keshavarzpour, 2008). Bulk density influenced root growth, which affected the 

crop growth. Soil bulk density was recorded at two soil depths (0-5 cm and 5-10 cm) and at 

two growth stages i-e flowering and harvesting stage. Tillage systems showed significant effect 

at both soil depth while mulch significant at 0-5 cm and non-significant at 5-10 cm. Interaction 

between tillage systems and mulch materials were observed non-significant during both the 

growing seasons (Table. 4.2.20 A and 4.2.20 B).  

Deep tillage gave lower soil bulk density than zero tillage systems (Happy seeder and 

zone disc tiller) at flowering stage in both the growing seasons. Soil bulk density in first year 

was lower in deep tillage at 0-5 cm and 5-10 cm soil depth and maximum was recorded at zone 

disc tiller and happy seeder. In second year at 0-5 cm minimum bulk density was observed in 

deep tillage and maximum was noted at zone disc tiller while at 5-10 cm minimum bulk 

density was observed at deep and conventional tillage followed by happy seeder and maximum 

was noted at zone disc tiller and happy seeder. In case of mulch materials maximum bulk 

density at 0-5 cm was observed at M0, MNatural and MWheat @ 4 t ha
-1

 and minimum was noted at 

MPlastic @ 4 t ha
-1

 in both the years. 

Deep tillage gave 12 % lower soil bulk density than zero tillage systems (Happy seeder 

and zone disc tiller) at harvesting stage in both the growing seasons. Deep tillage gave lower 

soil bulk density in first year and maximum was noted in zone disc tiller and happy seeder at 

both soil depths. In 2010-11 at 0-5 cm deep and conventional tillage gave lower soil bulk 

density and maximum was observed at zone disc tiller and happy seeder while at 5-10 cm soil 

depth trend was same. Maximum bulk density in first year at 0-5 cm was noted at M0, MWheat 

@ 4 t ha
-1

 and MNatural and minimum was noted at MPlastic and MRice @ 4 t ha
-1

. In second year 

maximum bulk density at 0-5 cm was noted at M0, MWheat @ 4 t ha
-1

 and MNatural and minimum 

was observed at MPlastic @ 4 t ha
-1

. 

In both the years at the time of flowering and harvesting deep tillage gave lowered soil 

bulk density values at 0-5 and 5-10 cm soil depth than conventional tillage, zone disc tiller and 

happy seeder while zone disc tiller and happy seeder gave maximum soil bulk density. These 

results were supported the findings of Osunbitan et al. (2005) and Pedrotti et al. (2005).  
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Table 4.2.20 (A): Soil bulk density (g cm-3) at flowering stage affected by various tillage 

systems and mulch materials  

                                          Individual comparison of treatment means  

a. 0-5 cm depth 2009-10 

LSD value, Tillage = 0.032, Mulch = 0.025 

b. 5-10 cm depth 2009-10 

LSD value, Tillage = 0.05 

c. 0-5 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1.33 1.29 1.32 1.27 1.31 1.30 C 

Deep tillage 1.24 1.20 1.23 1.18 1.22 1.21 D 

Zone disc tiller 1.46 1.41 1.44 1.40 1.43 1.43 A 

Happy seeder 1.42 1.38 1.42 1.36 1.41 1.40 B 

Means 1.36 A 1.35 BC 1.36 A 1.35 C 1.35 AB 
 

LSD value, Tillage = 0.024, Mulch = 0.028 

d. 5-10 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1.40 1.40 1.39 1.39 1.39 1.39 BC 

Deep tillage 1.31 1.30 1.31 1.30 1.31 1.31 C 

Zone disc tiller 1.53 1.52 1.52 1.51 1.52 1.52 A 

Happy seeder 1.50 1.50 1.49 1.49 1.49 1.49 AB 

Means 1.44 1.43 1.43 1.42 1.43 
 

LSD value, Tillage = 0.05 

 

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 

 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1.32 1.28 1.30 1.26 1.30 1.29 B 

Deep tillage 1.24 1.21 1.23 1.19 1.22 1.22 C 

Zone disc tiller 1.46 1.41 1.43 1.39 1.42 1.42 A 

Happy seeder 1.42 1.38 1.40 1.35 1.40 1.39 A 

Means 1.36 A 1.32 BC 1.34 AB 1.30 C 1.34 AB 
 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1.40 1.39 1.39 1.39 1.40 1.39 B 

Deep tillage 1.32 1.31 1.31 1.31 1.32 1.31 C 

Zone disc tiller 1.52 1.51 1.51 1.51 1.52 1.51 A 

Happy seeder 1.49 1.48 1.49 1.48 1.48 1.48 A 

Means 1.43 1.42 1.43 1.42 1.43 
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Table 4.2.20 (B): Soil bulk density (g cm
-3

) at harvesting stage affected by various tillage 

systems and mulch materials  

 

                             Individual comparison of treatment means  

 

a. 0-5 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1.47 1.44 1.45 1.42 1.44 1.44 B 

Deep tillage 1.39 1.34 1.36 1.32 1.35 1.35 C 

Zone disc tiller 1.58 1.54 1.55 1.53 1.55 1.55 A 

Happy seeder 1.53 1.50 1.53 1.47 1.52 1.51 A 

Means 1.48 A 1.47 B 1.48 A 1.47 B 1.48 A 
 

LSD value, Tillage = 0.048, Mulch = 0.032 

b. 5-10 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1.53 1.51 1.51 1.51 1.52 1.52 B 

Deep tillage 1.45 1.44 1.44 1.44 1.45 1.44 C 

Zone disc tiller 1.64 1.63 1.63 1.63 1.63 1.63 A 

Happy seeder 1.62 1.61 1.61 1.61 1.62 1.61 A 

Means 1.56 1.55 1.55 1.55 1.56 
 

LSD value, Tillage = 0.04 

c. 0-5 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1.47 1.43 1.45 1.42 1.45 1.44 B 

Deep tillage 1.39 1.35 1.37 1.32 1.37 1.36 B 

Zone disc tiller 1.59 1.53 1.56 1.51 1.55 1.55 A 

Happy seeder 1.54 1.51 1.53 1.47 1.53 1.52  A 

Means 1.50 A 1.46 BC 1.48 AB 1.43 C 1.48 AB 
 

LSD value, Tillage = 0.070, Mulch = 0.018  

d. 5-10 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1.53 1.52 1.52 1.52 1.52 1.52 B 

Deep tillage 1.45 1.44 1.44 1.44 1.45 1.44 C 

Zone disc tiller 1.63 1.62 1.63 1.62 1.63 1.63 A 

Happy seeder 1.61 1.60 1.61 1.60 1.61 1.61 A 

Means 1.56 1.55 1.55 1.55 1.55 
 

LSD value, Tillage = 0.03 

 

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 

 



 

RESULTS AND DISCUSSION 

182 

 

They reported that deep plowing cause the greater soil inversion and mixing, which 

increased the soil porosity, decreased soil penetration resistance, and exposed the surface area 

of the moist soil to the sunlight and subsequently reduced the ability of the soil to hold 

moisture content over time. In contrast, higher values of soil bulk density in zero tillage (zone 

disc tiller and happy seeder) than tillage operations were due to lack of disturbance, surface 

deposition of crop residues as mulch, and reduced evaporation (Alvarez and Steinbach., 2009 

and Fuentes et al., 2009). 

In both the years mulch materials especially plastic mulch had lowered soil bulk 

density than un-mulched. Mulch materials had a markedly influenced on the soil physical 

properties. Our results were quite in line with the results of Islam et al. (2006), Pervaiz et al. 

(2009), Ghuman et al. (2001) and Oliveira and Merwin, (2001). They reported that mulch 

changed the soil properties and decreased the soil bulk density. Diaz-Zorita (2000) and 

Khurshid et al. (2006) reported that plastic mulch gave lower soil bulk density than the other 

mulch materials. In our study, mulch affected only 0-5 cm soil depth. It was due to short time 

(6 month) application of mulch materials in wheat crop and rice was cultivated 

conventionally puddle methods. Therefore, mulch materials could affect only 0-5 cm soil 

depth. 

 

4.2.21. Total porosity (St) 

Total soil porosity shows the number of pore spaces in the soil, which is inversely 

related to the soil bulk density. Higher the soil bulk density lower will be the soil porosity. 

Subsurface soil had lower porosity than surface soil due to compaction by gravity. Total soil 

porosity was noted in both the years of study at two depths (0-5 cm and 5-10 cm) and at two 

stages i-e flowering and harvesting stage. Tillage systems showed significant effect at both 

depths while mulch effect at 0-5 cm and non-significant at 5-10 cm. Interaction between tillage 

systems and mulch materials were observed non-significant during both the growing seasons 

(Table. 4.2.21 A and 4.2.21 B). 

Deep tillage gave higher total porosity than zero tillage systems (Happy seeder and 

zone disc tiller) at flowering stage in both the growing seasons. Total soil porosity in first year 

was higher in deep tillage at 0-5 cm and 5-10 cm soil depth and minimum was recorded at zone  
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Table 4.2.21 (A): Total porosity (cm
3
 cm

-3
) at flowering stage affected by various tillage 

systems and mulch materials  

                                 Individual comparison of treatment means 

a. 0-5 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 0.50 0.52 0.51 0.52 0.51 0.51 B 

Deep tillage 0.53 0.54 0.54 0.55 0.54 0.54 A 

Zone disc tiller 0.45 0.47 0.46 0.48 0.46 0.46 C 

Happy seeder 0.46 0.48 0.47 0.49 0.47 0.47 C 

Means 0.49 C 0.50 AB 0.49 BC 0.51 A 0.49 BC 
 

LSD value, Tillage = 0.013, Mulch = 0.01 

b. 5-10 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 0.47 0.48 0.47 0.48 0.47 0.47 B 

Deep tillage 0.50 0.50 0.50 0.51 0.50 0.50 A 

Zone disc tiller 0.43 0.43 0.43 0.43 0.43 0.43 C 

Happy seeder 0.44 0.44 0.44 0.44 0.44 0.44 C 

Means 0.46 0.46 0.46 0.47 0.46 
 

LSD value, Tillage = 0.02 

c. 0-5 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 0.50 0.51 0.50 0.52 0.51 0.51 B 

Deep tillage 0.53 0.55 0.54 0.55 0.54 0.54 A 

Zone disc tiller 0.45 0.47 0.46 0.47 0.46 0.46 D 

Happy seeder 0.46 0.48 0.46 0.49 0.47 0.48 C 

Means 0.49 C 0.50 AB 0.49 C 0.51 A 0.50 BC 
 

LSD value, Tillage = 0.01, Mulch = 0.01 

d. 5-10 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 0.47 0.47 0.47 0.47 0.47 0.47 B 

Deep tillage 0.51 0.51 0.50 0.51 0.50 0.51 A 

Zone disc tiller 0.42 0.43 0.43 0.43 0.43 0.43 C 

Happy seeder 0.44 0.44 0.44 0.44 0.44 0.44 C 

Means 0.46 0.46 0.46 0.46 0.46 
 

LSD value, Tillage = 0.02 

 

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 
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Table 4.2.21 (B): Total porosity (cm
3
 cm

-3
) at harvesting stage affected by various tillage 

systems and mulch materials  

                             Individual comparison of treatment means 

a. 0-5 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 0.45 0.46 0.45 0.46 0.46 0.45 B 

Deep tillage 0.48 0.49 0.49 0.50 0.49 0.49 A 

Zone disc tiller 0.40 0.42 0.42 0.42 0.42 0.42 C 

Happy seeder 0.42 0.43 0.42 0.45 0.43 0.43 C 

Means 0.43 C 0.45 AB 0.44 BC 0.46 A 0.45 ABC 
 

LSD value, Tillage = 0.017, Mulch = 0.012 

b. 5-10 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 0.42 0.43 0.43 0.43 0.43 0.43 B 

Deep tillage 0.45 0.46 0.46 0.46 0.45 0.46 A 

Zone disc tiller 0.38 0.39 0.38 0.39 0.38 0.38 C 

Happy seeder 0.39 0.39 0.39 0.39 0.39 0.39 C 

Means 0.41 0.42 0.42 0.42 0.41 
 

LSD value, Tillage = 0.01 

c. 0-5 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 0.45 0.46 0.45 0.46 0.45 0.45 B 

Deep tillage 0.48 0.49 0.48 0.50 0.48 0.49 A 

Zone disc tiller 0.40 0.42 0.41 0.43 0.42 0.42 C 

Happy seeder 0.42 0.43 0.42 0.45 0.42 0.43 BC 

Means 0.44 C 0.45 AB 0.44 BC 0.46 A 0.44 BC 
 

LSD value, Tillage = 0.028, Mulch = 0.015 

d. 5-10 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 0.42 0.43 0.43 0.43 0.43 0.43 B 

Deep tillage 0.45 0.46 0.46 0.46 0.45 0.46 A 

Zone disc tiller 0.38 0.39 0.38 0.39 0.39 0.39 C 

Happy seeder 0.39 0.40 0.39 0.40 0.39 0.39 C 

Means 0.41 0.42 0.42 0.42 0.42 
 

LSD value, Tillage = 0.028 

 

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 
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disc tiller and happy seeder. In second year at 0-5 cm maximum total porosity was observed in 

deep tillage and minimum was noted at zone disc tiller while at 5-10 cm trend was same. In 

case of mulch materials maximum porosity at 0-5 cm was observed at MPlastic and MRice @ 4 t 

ha
-1

 and minimum was noted at M0 in first year while both M0 and MWheat @ 4 t ha
-1

 in the 

second year. Deep tillage gave 12 % higher total soil porosity than zero tillage systems (Happy 

seeder and zone disc tiller) at harvesting stage in both the growing seasons. In first year deep 

tillage gave higher total porosity and minimum was noted in zone disc tiller and happy seeder 

at both soil depths. In 2010-11 at 0-5 cm deep tillage gave higher porosity and minimum was 

observed at zone disc tiller and happy seeder while happy seeder was at par with conventional 

tillage. At 5-10 cm soil depth trend was same. Higher soil porosity was observed MPlastic, MRice 

@ 4 t ha
-1

 and MNatural in first year at 0-5 cm and minimum was recorded at no mulch. In 

second year higher porosity was recorded at MPlastic and MRice @ 4 t ha
-1

 and minimum was 

noted at M0 at 0-5 cm. 

In both the years at the time of flowering and harvesting deep tillage gave higher total 

soil porosity at 0-5 and 5-10 cm soil depth than conventional tillage, zone disc tiller and 

happy seeder while zone disc tiller and happy seeder gave lower total porosity. These results 

were supported the findings of Osunbitan et al. (2005) and Pedrotti et al. (2005). They 

reported that deep plowing cause the greater soil inversion and mixing, which increased the 

soil porosity. In contrast, lower values of soil porosity in zero tillage (zone disc tiller and 

happy seeder) than tillage operations were due to lack of disturbance (Alvarez and 

Steinbach., 2009; Fuentes et al., 2009). 

In both the years mulch materials especially plastic mulch had higher porosity than 

un-mulched. Mulch materials had a markedly influenced on the soil physical properties. Our 

results were quite in line with the results of Islam et al. (2006), Pervaiz et al. (2009), 

Ghuman et al. (2001) and Oliveira and Merwin, (2001). They reported that mulch changed 

the soil properties and increased the soil porosity. Diaz-Zorita (2000) and Khurshid et al. 

(2006) reported that plastic mulch gave higher soil porosity than the other mulch materials.  
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4.2.22. Volumetric water content (θv) 

Volumetric water content is an important indicator for crop growth and production in 

terms of moisture availability. It depends on soil bulk density, as the value of soil bulk density 

increased the volumetric water content was also increased. Volumetric water content was noted 

in both the years of study at two depths (0-5 cm and 5-10 cm) and at two stages i-e flowering 

and harvesting stage. Tillage systems and mulch materials showed significant effect during 

both the growing seasons (Table. 4.2.22). Interaction was found significant only at 0-5 cm soil 

depth in flowering stage. 

In flowering stage during first year conventional tillage at M0 and MWheat @ 4 t ha
-1

, 

deep tillage at all mulch materials including no mulch, zone disc tiller and happy seeder at M0 

gave maximum volumetric water content at 0-5 cm. At 5-10 cm interaction was non-

significant. Maximum volumetric water content was observed at zone disc tiller and happy 

seeder and minimum was noted at deep tillage. In case of mulch materials higher volumetric 

content noted at M0 and MWheat @ 4 t ha
-1

 and minimum was observed at MRice and MPlastic @ 4 

t ha
-1

. During second year at 0-5 cm conventional tillage at M0, MWheat @ 4 t ha
-1

 and MNatural, 

deep tillage and happy seeder trend was same like first year and zone disc tiller at M0 and 

MWheat @ 4 t ha
-1

 gave maximum volumetric water content. Interaction was non-significant at 

5-10 cm. Zone disc tiller gave maximum volumetric water content and minimum was noted at 

deep tillage while in case of mulch maximum was recorded at M0 and MWheat @ 4 t ha
-1

 and 

minimum was observed at MRice and MPlastic @ 4 t ha
-1

. 

During first year at harvesting stage, zone disc tiller gave maximum volumetric water 

content at both depths and lower was observed at deep tillage. In second year at 0-5 cm zone 

disc tiller and happy seeder gave maximum volumetric water content and minimum was noted 

at deep tillage while at 5-10 cm trend was same like first year. During both the years maximum 

volumetric water content was noted at M0 and minimum was observed at MPlastic @ 4 t ha
-1

 at 

0-5 and 5-10 cm soil depth. 

During both the years of study at the time of flowering and harvesting zone disc tiller 

had higher volumetric water content at both depths while lower volumetric water contents were 

observed in deep tillage. Our results supported the findings of Osunbitan et al. (2005) and 

Pedrotti et al. (2005).  
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Table 4.2.22 (A): Volumetric water content (mm cm
-1

) at flowering stage affected by 

various tillage systems and mulch materials  

                             Individual comparison of treatment means 

 

a. 0-5 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 3.7 a 2.8 b 3.4 a 2.2 c 3.0 b 3.0 C 

Deep tillage 2.4 a 2.3 a 2.2 a 2.1 a 2.2 a 2.2 D 

Zone disc tiller 4.8 a 3.8 c 4.3 b 3.4 d 4.1 bc 4.1 A 

Happy seeder 4.2 a 3.1 b 3.2 b 2.9 b 3.0 b 3.3 B 

Means 3.8 A 3.0 C 3.3 B 2.7 D 3.1 C 
 

LSD value, Tillage = 0.11, Mulch = 0.17, Tillage x Mulch = 0.33 

b. 5-10 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 3.6 3.2 3.4 2.9 3.2 3.3 B 

Deep tillage 2.9 2.2 2.7 2.0 2.5 2.5 C 

Zone disc tiller 4.7 4.0 4.5 3.9 4.2 4.3 A 

Happy seeder 4.3 3.7 4.0 3.5 3.9 3.8 A 

Means 3.9 A 3.2 CD 3.7 AB 3.1 D 3.5 BC 
 

LSD value, Tillage = 0.41, Mulch = 0.25 

c. 0-5 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 3.9 a 3.0 bc 3.6 ab 2.4 d 3.2 ab 3.1 B 

Deep tillage 2.6 a 2.4 a 2.5 a 2.3 a 2.4 a 2.4 C 

Zone disc tiller 5.0 a 4.0 b 4.5 ab 3.6 c 4.3 b 4.3 A 

Happy seeder 4.4 a 3.3 b 3.4 b 3.1 b 3.2 b 3.5 B 

Means 3.8 A 3.2 B 3.5 B 2.9 C 3.3 B 
 

LSD value, Tillage = 0.46, Mulch = 0.26, Tillage x Mulch = 0.51 

d. 5-10 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 3.9 3.5 3.7 3.2 3.5 3.6 C 

Deep tillage 3.2 2.5 3.0 2.3 2.8 2.8 D 

Zone disc tiller 5.0 4.3 4.8 4.2 4.5 4.6 A 

Happy seeder 4.6 4.0 4.3 3.8 4.2 4.2 B 

Means 4.2 A 3.6 CD 4.0 AB 3.4 D 3.8 BC 
 

LSD value, Tillage = 0.27, Mulch = 0.25 

 

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 
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Table 4.2.22 (B): Volumetric water content (mm cm
-1

) at harvesting stage affected by 

various tillage systems and mulch materials  

                             Individual comparison of treatment means 

 

a.  0-5 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1.2 0.7 1.0 0.5 0.9 0.9 C 

Deep tillage 0.8 0.2 0.6 0.2 0.4 0.4 D 

Zone disc tiller 2.7 2.1 2.5 1.9 2.3 2.3 A 

Happy seeder 2.5 1.8 2.3 1.5 2.1 2.0 B 

Means 1.8 A 1.2 D 1.6 B 1.0 E 1.4 C 
 

LSD value, Tillage = 0.20, Mulch = 0.13 

b. 5-10 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1.7 0.9 1.4 0.7 1.1 1.2 C 

Deep tillage 1.2 0.5 0.8 0.5 0.8 0.8 D 

Zone disc tiller 2.9 1.8 2.4 1.4 2.0 2.1 A 

Happy seeder 2.4 1.4 2.1 1.1 1.9 1.8 B 

Means 2.1 A 1.2 D 1.7 B 0.9 E 1.5 C 
 

LSD value, Tillage = 0.15, Mulch = 0.15 

c. 0-5 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1.4 0.9 1.2 0.7 1.1 1.1 B 

Deep tillage 1.0 0.4 0.8 0.4 0.6 0.6 C 

Zone disc tiller 2.9 2.3 2.7 2.1 2.5 2.5 A 

Happy seeder 2.7 2.0 2.5 1.7 2.3 2.2 A 

Means 2.0 A 1.4 D 1.8 B 1.2 E 1.6 C 
 

LSD value, Tillage = 0.34, Mulch = 0.11   

d. 5-10 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1.9 1.1 1.6 0.9 1.3 1.4 C 

Deep tillage 1.4 0.7 1.0 0.7 1.0 1.0 D 

Zone disc tiller 3.1 2.0 2.6 1.6 2.2 2.3 A 

Happy seeder 2.6 1.6 2.3 1.3 2.1 2.0 B 

Means 2.3 A 1.4 D 1.9 B 1.1 E 1.6 C 
 

LSD value, Tillage = 0.18, Mulch = 0.16 

 

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 
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They reported that lower volumetric water contents in deep tillage and conventional 

tillage due to greater soil inversion and mixing by tillage implements that decreased the soil 

bulk density, aggregates stability and more surfaces exposed to sunlight. Hussain et al. (1998) 

and Six et al. (2000) reported that volumetric water content increased by increasing the soil 

depth. Mulch had a significant effect on volumetric water content during both the years. Our 

results were quite in line with the results of Mulumba and Lal, (2008) who reported that 

mulching materials effected volumetric water content due to change in soil bulk density and 

porosity. The higher volumetric water content was noted in M0 was due to higher soil bulk 

density and lower soil porosity. These results were supported by Feng-Min et al. (2004) who 

reported that soil moisture content was decreased in mulched than un-mulch due to change in 

soil bulk density. 

4.2.23. Soil water-filled pore spaces (%) 

Soil water-filled pore space is a good indicator of structure stability, water contents and 

degree to which pores are filled with water. The percent of space filled with water influences the 

amount and rate of oxygen exchange in the soil. Soil with a good structure is loose and friable 

and pore space present between the aggregates allow for more storage and movement of air and 

water in soil. Soil water-filled pore spaces were noted at two depths (0-5 cm and 5-10 cm) and 

two stages i-e flowering and harvesting stage. Tillage systems, mulch materials and their 

interaction were significant during both the growing seasons (Table. 4.2.23 A and B). 

During both the years at flowering stage, conventional tillage at M0 and MWheat @ 4 t 

ha
-1

, deep tillage at all mulch including no mulch, zone disc tiller at M0, MWheat @ 4 t ha
-1

 and 

MNatural and happy seeder at M0 gave maximum water filled pore spaces at 0-5 cm. During both 

the years at 5-10 cm interaction was non-significant at flowering stage. Zone disc tiller gave 

maximum water filled pore spaces and minimum was observed at deep tillage while in case of 

mulch higher water filled pore spaces were noted at M0 and MWheat @ 4 t ha
-1

 and lower was 

observed at MPlastic @ 4 t ha
-1

.  

During first year at harvesting stage, zone disc tiller and M0 gave higher water filled 

pore spaces and minimum was observed at deep tillage and MPlastic @ 4 t ha
-1

 at 0-5 cm. At 5-

10 cm all the tillage systems gave maximum water filled pore spaces at no mulch and 

minimum was observed at MPlastic @ 4 t ha
-1

.  
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Table 4.2.23 (A): Soil water-filled pore spaces (%) at flowering stage affected by various 

tillage systems and mulch materials  

                           Individual comparison of treatment means 

a. 0-5 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 73.7 a 54.2 bc 66.6 ab 42.0 d 58.9 b 59.1 C 

Deep tillage 45.3 a 42.3 a 41.1 a 38.1 a 40.7 a 41.5 D 

Zone disc tiller 95.5 a 81.3 bc 93.6 a 71.5 c 88.4 ab 86.1 A 

Happy seeder 90.5 a 66.8 b 65.9 b 59.1 b 63.6 b 69.2 B 

Means 76.3 A 61.2 C 66.8 B 52.7 D 62.9 BC 
 

LSD value, Tillage = 10.54, Mulch = 3.92, Tillage x Mulch = 10.51 

b. 5-10 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 76.3 87.4 71.8 60.9 67.9 68.9 C 

Deep tillage 59.2 43.7 53.6 39.5 50.0 49.2 D 

Zone disc tiller 98.5 92.9 95.0 90.7 98.5 95.1 A 

Happy seeder 98.6 83.8 91.3 79.1 88.3 88.2 B 

Means 83.5 A 72.0 CD 77.9 AB 67.6 D 76.2 BC 
 

LSD value, Tillage = 8.62, Mulch = 6.20 

c. 0-5 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 78.3 a 57.5 bc 71.7 ab 46.1 d 63.3 b 63.4 C 

Deep tillage 48.9 a 45.7 a 44.4 a 42.1 a 44.4 a 45.1 D 

Zone disc tiller 98.6 a 85.5 bc 93.5 ab 76.4 c 92.4 ab 89.3 A 

Happy seeder 94.8 a 70.9 b 71.1 b 63.7 b 72.9 b 74.7 B 

Means 80.1 A 65.0 B 70.1 B 57.1 C 68.2 B 
 

LSD value, Tillage = 9.70, Mulch = 5.26, Tillage x Mulch = 10.52 

d. 5-10 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 83.2 75.3 78.0 67.5 74.2 75.6 C 

Deep tillage 63.4 49.4 59.9 46.2 56.0 55.0 D 

Zone disc tiller 99.1 90.6 95.6 85.7 98.5 95.5 A 

Happy seeder 93.9 92.3 98.1 87.0 95.8 93.4 B 

Means 84.9 A 78.9 CD 82.9 AB 71.6 D 81.1 BC 
 

LSD value, Tillage = 7.81, Mulch = 5.96 

 

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 
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Table 4.2.23 (B): Soil water-filled pore spaces (%) at harvesting stage affected by 

various tillage systems and mulch materials  

                             Individual comparison of treatment means 

 

a. 0-5 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 27.0 15.5 22.3 10.8 19.7 19.1 C 

Deep tillage 16.9 4.3 12.3 4.0 8.1 13.1 D 

Zone disc tiller 66.9 50.1 60.3 44.9 55.5 55.5 A 

Happy seeder 591 41.4 54.6 33.7 49.3 47.6 B 

Means 42.5 A 30.3 D 37.4 B 25.9 E 33.2 C 
 

LSD value, Tillage = 5.30, Mulch = 3.36 

b. 5-10 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 40.6 a 21.1 bc 32.8 b 16.5 d 26.0 b 27.4 C 

Deep tillage 26.4 a 11.2 b 17.5 b 10.8 b 17.6 b 16.7 D 

Zone disc tiller 79.9 a 47.1 c 62.8 b 36.2 d 52.3 c 55.1 A 

Happy seeder 62.2 a 35.9 c 53.4 b 28.1 d 48.7 b 45.7 B 

Means 51.5 A 28.8 D 41.6 B 22.9 E 36.2 C 
 

LSD value, Tillage = 5.72, Mulch = 3.70, Tillage x Mulch = 7.41 

c. 0-5 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 31.5 a 19.6 c 26.7 ab 15.1 c 24.6 b 23.5 B 

Deep tillage 21.1 a 8.1 c 16.5 b 8.0 c 12.4 bc 13.2 C 

Zone disc tiller 72.5 a 54.5 d 65.6 b 48.9 e 60.3 c 60.3 A 

Happy seeder 64.4 a 46.5 c 59.1 b 38.2 d 54.5 b 52.5 A 

Means 47.4 A 32.2 D 42.0 B 27.6 E 38 C 
 

LSD value, Tillage = 8.16, Mulch = 2.44, Tillage x Mulch = 4.89 

d. 5-10 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 45.4 a 25.7 cd 38.0 ab 21.4 d 30.9 bc 32.3 C 

Deep tillage 30.9 a 15.3 b 21.8 b 15.3 b 22.0 b 21.1 D 

Zone disc tiller 81.4 a 52.0 c 68.3 b 41.1 d 57.6 c 60.1 A 

Happy seeder 66.9 a 40.7 c 58.8 ab 32.9 c 53.6 b 50.6 B 

Means 56.2 A 33.4 D 46.7 B 27.7 E 41.0 C 
 

LSD value, Tillage = 7.26, Mulch = 4.19, Tillage x Mulch = 8.39 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 

 



 

RESULTS AND DISCUSSION 

192 

 

In 2010-11 all the tillage systems gave maximum water filled pore spaces at M0 

followed by MWheat @ 4 t ha
-1

 and minimum was observed at MPlastic and MRice @ 4 t ha
-1

 at 

both soil depths.  

During both the years at the time of flowering and harvesting stage zone disc tiller gave 

higher soil water-filled pore spaces at 0-5 and 5-10 cm soil depth than conventional tillage and 

deep tillage. These results were quite in line with the findings of Osunbitan et al. (2005) who 

noted that soil mixing and inversion due to tillage that decreased the soil bulk density and soil 

water-filled pore spaces. Mielke and Wilhelm, (1998) observed that with the increased in soil 

depth, the soil water-filled pore spaces also increased in tillage systems. Pagliai and Vignozzi, 

(2002) reported that mulch materials affected the water-filled pore spaces. Higher water-filled 

pore space was noted at M0 due to higher soil bulk density (Table 4.2.20), which holds the 

higher soil water than mulched materials. Soil that had water content above 50 % effected the 

root penetration and crop yield.  

 

4.2.24. Air-filled pore spaces (%) 

Soil air-filled pore space is a good indicator of structure stability, air contents and degree 

to which pores are filled with air. The percent of space filled with air influences the amount and 

rate of oxygen exchange in the soil. Soil with a good structure is loose and friable and pore 

space present between the aggregates allow for more storage and movement of air and water in 

soil. Soil air-filled pore spaces were noted at two depths (0-5 cm and 5-10 cm) and two stages i-

e flowering and harvesting stage. Tillage systems, mulch materials and their interaction were 

significant during both the growing seasons (Table. 4.2.24 A and B). 

During both the years at flowering stage, conventional and zone disc tiller at MPlastic @ 4 

t ha
-1

, deep tillage at all mulch including no mulch, and happy seeder at MPlastic, MRice, MWheat @ 

4 t ha
-1

 and MNatural gave maximum air-filled pore spaces at 0-5 cm. During both the years at 5-

10 cm interaction was non-significant at flowering stage. Deep tillage gave maximum air-filled 

pore spaces and minimum was observed at zone disc tiller and happy seeder while in case of 

mulch higher air-filled pore spaces were noted at MPlastic and MRice @ 4 t ha
-1

 and lower was 

observed at M0, MWheat @ 4 t ha
-1

 and MNatural.  

During first year at harvesting stage, deep tillage and MPlastic @ 4 t ha
-1

 gave higher air-

filled pore spaces and minimum was observed at zone disc tiller and M0 at 0-5 cm.  
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Table 4.2.24 (A): Air-filled pore spaces (%) at flowering stage affected by various tillage 

systems and mulch materials  

                                    Individual comparison of treatment means 

 

a. 0-5 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 36.3 c 45.8 b 33.4 c 58.0 a 41.1 bc 42.9 B 

Deep tillage 54.7 a 57.7 a 58.9 a 61.9 a 59.3 a 58.5 A 

Zone disc tiller 6.9 c 18.7 6.4 c 28.5 a 11.6 bc 14.4 C 

Happy seeder 9.5 b 33.2 a 34.1 a 40.9 a 36.4 a 30.8 D 

Means 26.9 D 38.9 B 33.2 C 47.3 A 37.1 BC 
 

LSD value, Tillage = 3.24, Mulch = 3.91, Tillage x Mulch = 7.82 

b. 5-10 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 23.7 32.6 28.2 39.1 32.1 31.1 B 

Deep tillage 40.8 56.3 46.4 60.5 50.0 50.8 A 

Zone disc tiller 10.5 7.1 6.0 9.3 3.7 7.3 C 

Happy seeder 4.0 16.2 8.7 20.9 11.7 12.3 C 

Means 19.8 C 28.1 AB 22. BC 32.5 A 24.4 BC 
 

LSD value, Tillage = 6.87, Mulch = 6.45 

c. 0-5 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 21.7 d 42.5 b 28.3 cd 53.9 a 36.7 bc 36.6 B 

Deep tillage 51.1 a 54.3 a 55.2 a 57.9 a 55.6 a 54.8 A 

Zone disc tiller 1.4 c 14.5 ab 6.5 bc 23.6 a 7.6 bc 10.7 D 

Happy seeder 5.2 b 29.1 a 28.9 a 36.3 a 27.1 a 25.3 C 

Means 19.9 D 35.1 B 29.7 C 42.9 A 31.8 BC 
 

LSD value, Tillage = 8.74, Mulch = 5.28, Tillage x Mulch = 10.56 

d. 5-10 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 16.8 24.7 22.0 32.5 25.8 24.4 B 

Deep tillage 36.6 50.6 40.1 53.8 44.0 45.2 A 

Zone disc tiller 19.6 8.4 15.7 6.2 12.1 6.1 C 

Happy seeder 7.6 8.6 4.2 13.6 4.2 6.6 C 

Means 15.1 C 23.1 AB 17.1 BC 28.4 A 18.9 BC 
 

LSD value for tillage = 10.41, Mulch = 6.40 

 

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 
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Table 4.2.24 (B): Air-filled pore spaces (%) at harvesting stage affected by various 

tillage systems and mulch materials  

                             Individual comparison of treatment means 

 

a. 0-5 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 73.0 84.5 77.7 89.2 80.3 80.9 B 

Deep tillage 83.1 95.6 87.7 96.0 91.9 90.9 A 

Zone disc tiller 33.1 49.9 39.7 55.1 44.5 44.5 D 

Happy seeder 40.9 58.6 45.4 66.3 50.7 52.4 C 

Means 57.5 E 72.2 B 62.6 D 76.7 A 66.9 C 
 

LSD value, Tillage = 5.30, Mulch = 3.36 

b. 5-10 cm depth 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 59.4 d 78.9 ab 67.2 c 83.5 a 74.0 bc 72.6 B 

Deep tillage 73.6 b 88.8 a 82.5 a 89.2 a 82.4 a 83.3 A 

Zone disc tiller 23.1 d 52.9 b 37.2 c 63.8 a 47.7 b 44.9 D 

Happy seeder 37.8 d 64.1 b 46.6 c 71.9 a 51.3 c 54.3 C 

Means 48.5 E 71.2 B 58.4 D 77.1 A 63.9 C 
 

LSD value, Tillage = 5.72, Mulch = 3.70, Tillage x Mulch = 7.41 

c. 0-5 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 68.5 c 80.4 a 73.3 bc 84.9 a 75.4 b 76.5 B 

Deep tillage 78.9 c 91.9 a 83.5 bc 92.0 a 87.6 ab 86.8 A 

Zone disc tiller 27.5 d 45.5 b 34.4 c 51.1 a 39.7 c 39.6 C 

Happy seeder 35.6 d 53.5 b 40.9 c 61.8 a 45.5 c 47.5 C 

Means 52.6 E 67.8 B 58.0 D 72.5 A 62.1 C 
 

LSD value, Tillage = 8.15, Mulch = 2.44, Tillage x Mulch = 4.89 

d. 5-10 cm depth 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 54.6 d 74.3 ab 62.0 cd 78.6 a 69.1 bc 67.7 B 

Deep tillage 69.1 b 84.7 a 78.2 a 84.7 a 78.0 a 78.9 A 

Zone disc tiller 18.9 d 48.0 b 31.7 c 58.9 a 42.4 b 39.9 D 

Happy seeder 33.1 c 59.3 a 41.2 bc 67.1 a 46.4 b 49.4 C 

Means 43.9 E 66.6 B 53.3 D 72.3 A 59.0 C 
 

LSD value, Tillage = 7.26, Mulch = 4.19, Tillage x Mulch = 8.39 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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At 5-10 cm all the tillage systems gave maximum air-filled pore spaces at MPlastic @ 4 t 

ha
-1

 and minimum was observed at M0. In 2010-11 conventional and deep tillage at MPlastic and 

MRice @ 4 t ha
-1

 while zone disc tiller and happy seeder at MPlastic @ 4 t ha
-1

 gave maximum air-

filled pore spaces and minimum was observed at M0. Deep tillage at 5-10 cm gave maximum 

air-filled pore spaces at all mulch except the control.  

During both the years at the time of flowering and harvesting stage deep tillage gave 

higher soil air-filled pore spaces at 0-5 and 5-10 cm soil depth than zone disc tiller and happy 

seeder. These results were quite in line with the findings of Osunbitan et al. (2005) who 

observed that soil mixing and inversion due to tillage that decreased the soil bulk density and 

increased air-filled pore spaces. Mielke and Wilhelm, (1998) reported that with the increased 

in soil depth, the soil air-filled pore spaces also decreased in tillage systems. Pagliai and 

Vignozzi, (2002) noted that mulch materials affected the air-filled pore spaces. Higher air-

filled pore spaces were noted at MPlastic due to lower soil bulk density (Table 4.2.20), which 

holds the higher soil air than no mulch. 

4.2.25. Soil penetration resistance 

Tillage systems had a dominant effect on soil physical properties (Rashidi and 

Keshavarzpour, 2008) and improved soil conditions for optimum crop emergence and yield 

(Boydas and Turgut, 2007). Plant growth was affected by mechanical impedance in two ways 

first by effects the seedling emergence and second by root system. Penetration resistance 

indicates the force that a seedling would exert for emergence to soil. Two main soil physical 

properties that showed the soil compaction i-e soil bulk density and soil penetration 

resistance. Soil penetration resistance was more sensitive indicator than soil bulk density and 

could be related to root growth. Soil penetration resistance was noted in both the growing 

seasons at two stages i-e flowering stage and harvesting stage. Significant effect of soil 

penetration resistance was observed in tillage systems, mulch materials and their interaction 

at flowering and harvesting stage in both the years (Table 4.2.25). 

Maximum soil penetration resistance at both zone disc tiller and happy seeder in first 

year while at zone disc tiller in second year was observed at flowering stage. Minimum soil 

penetration was recorded at deep tillage. During both the years maximum soil penetration was 

recorded at no mulch and lower was noted at MPlastic @ 4 t ha
-1

.  
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Table 4.2.25 (A): Soil penetration resistance (kpa) at flowering stage affected by various 

tillage systems and mulch materials  

                             Individual comparison of treatment means 

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1393 a 1372 bc 1382 ac 1363 c 1389 ab 1380 B 

Deep tillage 1275 a 1234 b 1255 a 1228 b 1262 a 1251 C 

Zone disc tiller 1586 a 1544 b 1572 a 1526 b 1572 a 1560 A 

Happy seeder 1497 a 1441 b 1486 a 1426 b 1491a 1468 A 

Means 1438 A 1398 C 1424 B 1386 D 1429 B 

 

 

LSD value, Tillage = 13.54, Mulch = 8.49, Tillage x Mulch = 17 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1376 a 1367 a 1366 a 1316 b 1368 a 1359 C 

Deep tillage 1277 a 1225 c 1265 b 1232 c 1265 b 1253 D 

Zone disc tiller 1585 a 1547 c 1568 b 1504 d 1565 b 1554 A 

Happy seeder 1470 a 1430 b 1465 a 1425 b 1468 a 1452 B 

Means 1427 A 1392 C 1416 B 1369 D 1417 B 

 

 

LSD value, Tillage = 5.38, Mulch = 8.52, Tillage x Mulch = 17  

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 



 

RESULTS AND DISCUSSION 

197 

 

Table 4.32.25 (B): Soil penetration resistance (kpa) at harvesting stage affected by 

various tillage systems and mulch materials  

                             Individual comparison of treatment means 

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1693 a 1634 c 1672 b 1622 c 1680 ab 1660 C 

Deep tillage 1684 a 1641 c 1664 b 1605 d 1668 ab 1652 C 

Zone disc tiller 1725 a 1723 a 1725 a 1720 a 1726 a 1724 A 

Happy seeder 1687 a 1657 b 1677 a 1654 b 1678 a 1671 B 

Means 1697 A 1664 C 1685 B 1650 D 1688 B 

 

 

LSD value, Tillage = 7.18, Mulch = 8.87, Tillage x Mulch = 17.7 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 1694 a 1625 c 1640 b 1605 d 1684 a 1650 C 

Deep tillage 1643 a 1602 c 1612 bc 1602 c 1627 ab 1617 D 

Zone disc tiller 1724 a 1723 a 1724 a 1720 a 1725 a 1723 A 

Happy seeder 1691 a 1677 ab 1679 ab 1664 b 1684 ab 1679 B 

Means 1688 A 1657 B 1664 B 1648 C 1680 A 

 

 

LSD value, Tillage = 17.67, Mulch = 8.38, Tillage x Mulch = 16.8 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05 
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In first year all tillage systems at M0, MWheat @ 4 t ha
-1

 and MNatural gave maximum soil 

penetration resistance while minimum was observed at MPlastic and MRice @ 4 t ha
-1

.  

During second year conventional tillage at M0, MWheat, MRice @ 4 t ha
-1

 and MNatural, 

deep and zone disc tiller at M0 and happy seeder at M0, MWheat @ 4 t ha
-1

 and MNatural gave 

maximum soil penetration resistance while lower was recorded at MPlastic @ 4 t ha
-1

.  

During both the years at harvesting stage maximum soil penetration resistance was 

observed at zone disc tiller and minimum was noted at deep tillage. First year no mulch and in 

second year both no mulch and MNatural gave maximum soil penetration resistance while 

minimum was recorded at MPlastic @ 4 t ha
-1

. In first year conventional, deep and happy seeder 

at M0 and MNatural gave maximum soil penetration resistance while minimum was observed at 

MPlastic and MRice @ 4 t ha
-1

. Zone disc tiller gave maximum penetration resistance at all mulch 

including no mulch. During second year trend was same while happy seeder gave maximum 

resistance at M0, MWheat, MRice @ 4 t ha
-1

 and MNatural.  

During both the growing seasons at the time of flowering and harvesting zone disc tiller 

gave higher values of soil penetration resistance while deep tillage and conventional tillage had 

lower values. Our results supported the results of Osunbitan et al. (2005) and Pedrotti et al. 

(2005). They reported that soil inversion and mixing by the tillage implements at deep depth 

increased the soil porosity, reduced the soil bulk density and soil penetration resistance. 

Alvarez and Steinbach. (2009) and Fuentes et al. (20090 reported that higher values of soil 

bulk density in zone disc tiller than other tillage systems were due to lack of disturbance and 

surface deposition of crop residues. Wheat crop planted with zero tillage and deep tillage gave 

equal yield due to variation in soil physical properties. Our results were quite in line with 

results of Fuentes et al. (2009). They observed that the yield under zero tillage was similar to 

deep tillage instead of high soil bulk density, penetration resistance and lower values of 

porosity. Zero tillage along with residue retention on soil surface is a suitable technology for 

farmers obtaining higher yields due to better soil quality than conventional farming practices. 

In both the years mulch affected the soil penetration resistance and higher penetration 

resistance was noted in no mulch due to higher soil bulk density (Table 4.2.20). Our results 

supported the findings of Pervaiz et al. (2009) who observed that mulch materials effected on 

the soil penetration resistance. 
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4.2.26. Water use efficiency 

Conservation of soil and water are beneficial for crop growth and yield, which are 

possible by using conservation techniques by change the water retention, transmission and 

soil strength (Abid and Lal, 2008). Significant effect of tillage systems and mulch materials 

were found while interaction non-significant during both the growing seasons (Table. 

4.2.26). 

During the first year maximum WUE was observed at deep tillage and happy seeder 

followed by zone disc tiller and minimum was noted at conventional tillage. Deep tillage and 

happy seeder gave maximum WUE and minimum was observed at zone disc tiller and 

conventional tillage, which were at par with each other in the second year. Deep tillage and 

happy seeder gave higher WUE during both the years. Our results were quite in line with the 

findings of Hong-ling et al. (2008) who reported that deep tillage gave higher water use 

efficiency due to deep plowing which increased root length (Table.4.2.19) and water storage 

area. Rashidi and Keshavarzpour, (2007) and Bescansa et al. (2006) reported that zero tilled 

wheat (Happy seeder) soil was cooler, moist and high organic matter contents that improves 

the soil pore size distribution which enhanced the WUE compared to conventional. Mrabet, 

(2002) reported that deep and zero tillage had similar and high WUE than conventional 

tillage. 

In 2009-10 maximum WUE was observed at MPlastic, MRice @ 4 t ha
-1

 and MNatural 

while minimum was noted at M0 and MWheat @ 4 t ha
-1

. During second year MPlastic and MRice 

gave higher WUE and lower were noted at M0.  

Mulch enhanced the water use efficiency and maximum water use efficiency was 

noted at MPlastic @ 4 t ha
-1

. Our results were quite in line with the results of Shangning and 

Unger, (2001) and Palada et al. (2003). They reported that plastic mulch increased the water 

use efficiency 33 to 50 % higher than bare soil. Zhong-kui et al. (2005), Xiao-Yan et al. 

(2010) and Zhang et al. (2009) reported that mulch materials enhanced the grain yield by 

enhancing the WUE.  
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Table 4.2.26: Water use efficiency (kg ha
-1

 mm
-1

) of wheat affected by various tillage 

systems and mulch materials  

                                   Individual comparison of treatment means  

 

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 9.7 12.5 10.6 12.4 12.2 11.5 C 

Deep tillage 10.7 12.9 10.7 13.1 12.8 12.1 AB 

Zone disc tiller 10.6 12.6 10.4 12.7 12.4 11.7 BC 

Happy seeder 11.1 13.2 11.2 13.4 13.1 12.4 A 

Means 9.8 B 12.8 A 10.7 B 12.9 A 12.6 A 

 

 

LSD value, Tillage = 0.47, Mulch = 0.37     

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 11.3 13.4 12.6 13.6 13 12.8 B 

Deep tillage 12.5 14.3 12.9 14.4 13.4 13.5 A 

Zone disc tiller 11.4 13.9 12.3 14 12.7 12.9 B 

Happy seeder 12.5 14.4 13.1 14.6 13.3 13.6 A 

Means 11.9 D 14 A 12.7 C 14.1 A 13.1 B 

 

 

LSD value, Tillage = 0.23, Mulch = 0.24  

     

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 
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4.2.27. Protein content (%) 

Wheat is primarily used as a staple food providing protein than any other cereals. 

Grain quality was affected by genotype, environment and nutriention (Loffler and Busch, 

1982). Significant effect of tillage systems and mulch while non-significant interactions at 

grain protein content during both the growing seasons (Table 4.2.27). 

Deep tillage in first year gave higher grain protein and minimum was noted at zone 

disc tiller and happy seeder. During the second year deep tillage gave maximum grain protein 

while zone disc tiller gave lower grain protein content. Maximum grain protein contents were 

observed in deep tillage and minimum was observed in zero tillage systems (Happy seeder 

and zone disc tiller) during both the growing seasons. These results supported the findings of 

Cociu and Alionte, (2011) who reported that deep tillage had long roots length (Table 4.2.19) 

that increased the nutrient use efficiency (Table 4.2.26) which increased the grain protein 

content. Vita et al. (2007) found the lower protein content in zero tillage. Coventry et al. 

(2011) noted higher protein contents in zero tillage but these findings were opposite to our 

results. 

During both the growing seasons plastic mulch @ 4 t ha
-1

 gave maximum grain 

protein while lower was recorded at no mulch. Mulch materials affected the grain quality and 

higher grain protein content was noted due to favorable soil conditions that enhanced the 

roots for water and nutrients uptake. These findings supported the results of Hiltbrunner and 

Liegdens, (2008) who reported that mulch had significant effects on grain quality due to 

favorable soil and environmental conditions.   
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Table 4.2.27: Protein content (%) of wheat affected by various tillage systems and 

mulch materials  

                              Individual comparison of treatment means 

 

a. 2009-10 

 

LSD value, Tillage = 0.02, Mulch = 0.013     

      

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 12.14 12.44 12.24 12.54 12.34 12.34 B 

Deep tillage 12.15 12.48 12.28 12.57 12.36 12.37 A 

Zone disc tiller 12.11 12.40 12.21 12.52 12.30 12.31 D 

Happy seeder 12.12 12.42 12.22 12.54 12.31 12.32 C 

Means 12.13 E 12.44 B 12.24 D 12.54 A 12.33 C 

 

 

LSD value, Tillage = 0.013, Mulch = 0.017     

      

 

Any two means not sharing a letter in common in a row and column differ significantly at p ≤ .05 

 

 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 12.12 12.42 12.22 12.52 12.32 12.32 B 

Deep tillage 12.13 12.46 12.26 12.55 12.36 12.35 A 

Zone disc tiller 12.09 12.38 12.19 12.48 12.29 12.29 C 

Happy seeder 12.10 12.40 12.20 12.48 12.30 12.30 C 

Means 12.11 E 12.42 B 12.22 D 12.51 A 12.32 C 
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4.2.28. Fat content (%)  

Wheat is primarily used as a staple food providing nutrition than any other cereals. 

The grain quality was affected by genotype, environment and nutrients (Loffler and Busch, 

1982). Mulch materials had significantly effect on fat content while tillage and their 

interaction remained non-significant during both the growing seasons (Table 4.2.28).  

During both the years tillage systems had non-significant effect fat contents. Our 

findings were supported by Lestingi et al. (2010) who noted tillage systems were non-

significant in grain fat contents. 

During both the growing seasons plastic mulch @ 4 t ha
-1

 gave higher fat content. In 

first year at M0 and MWheat @ 4 t ha
-1

 while in second year M0 gave lower fat content. Mulch 

materials had a significant effect on grain quality content than the un-mulched. The high 

grain fat content was noted at MPlastic @ 4 t ha
-1

. Our results were quite in line with the results 

of Hiltbrunner and Liegdens, (2008) who reported that mulch affected grain quality due to 

favorable soil and environmental conditions.  

 

4.2.29. Crude fiber (%) 

Wheat is used as a staple food than any other cereal crops. The grain quality was 

affected by genotype, environment and nutriention (Loffler and Busch, 1982). Non-

significant of tillage systems, mulch and their interaction was found during both the growing 

seasons (Tables 4.2.29). 

Tillage system had non-significant effect on crude fiber during both the year of study. 

These findings were supported by Lestingi et al. (2010) who reported that tillage system had 

non-significant effects on grain fat contents. 

In case of mulching materials there was no effect on crude fiber % and result was 

opposite to the finding of Hiltbrunner and Liegdens, (2008) who reported that mulching 

materials had significant effects on grain quality. 
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Table 4.2.28: Fat content (%) of wheat affected by various tillage systems and mulch 

materials  

                            Individual comparison of treatment means  

 

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 0.84 0.88 0.85 0.90 0.87 0.87 

Deep tillage 0.85 0.89 0.86 0.91 0.87 0.88 

Zone disc tiller 0.83 0.87 0.83 0.90 0.86 0.86 

Happy seeder 0.84 0.88 0.84 0.90 0.86 0.86 

Means 0.84 C 0.88 B 0.85 C 0.90 A 0.87 B 

 

 

LSD value, Mulch = 0.015 

 

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 0.85 0.89 0.86 0.91 0.87 0.88 

Deep tillage 0.85 0.89 0.87 0.92 0.88 0.88 

Zone disc tiller 0.84 0.88 0.85 0.89 0.87 0.87 

Happy seeder 0.84 0.89 0.86 0.90 0.88 0.87 

Means 0.85 E 0.89 B 0.86 D 0.91 A 0.88 C 

 

 

LSD value, Mulch = 0.016
 

 

 

Any two means not sharing a letter in common in a row differ significantly at p ≤ .05
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Table 4.2.29: Fat content (%) of wheat affected by various tillage systems and mulch 

materials  

                                Individual comparison of treatment means  

 

 

a. 2009-10 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 0.15 0.12 0.13 0.13 0.14 0.13 

Deep tillage 0.15 0.13 0.14 0.14 0.14 0.14 

Zone disc tiller 0.13 0.12 0.12 0.12 0.12 0.12 

Happy seeder 0.14 0.12 0.13 0.13 0.13 0.13 

Means 0.14 0.12 0.13 0.13 0.13 

 

 

NS = Non-significant 

 

 

 

 

b. 2010-11 

Treatments M0 MRice MWheat MPlastic MNatural Means 

Conventional tillage 0.15 0.13 0.14 0.14 0.15 0.14 

Deep tillage 0.16 0.14 0.15 0.15 0.15 0.15 

Zone disc tiller 0.14 0.12 0.13 0.12 0.13 0.13 

Happy seeder 0.14 0.12 0.13 0.12 0.13 0.13 

Means 0.15 0.13 0.14 0.14 0.14 

 

 

NS = Non-significant 

 



 

203 

 

 

Chapter-5      ECONOMIC ANALYSIS 

 

Economic analysis is essential to check the profitability and net return of the system. 

Farmers are more interested in variable costs and economic return of newly introduced 

enterprises. Economic analysis assist researcher to plan their research for detail investigation 

and make decision which provides base for recommendations to the farmers. The differences 

were in crop yield and prices of input during 2009-10 and 2010-11; individual year analysis was 

made for both experiments by using standard procedures as mentioned in Chapter 3. 

Experiment # 1:  

5.1.1. Net Return 

Net return was calculated during both the years (2009-10 and 2010-11) are given in the 

table 5.1.1 (a,b). In second growing season the environment during the whole crop period was 

good. Timely rainfall at critical stages well supported the growth of wheat that’s why the overall 

yield in the year 2010-11was more than in year 2009-10. During both the years conventional 

tillage (Rs. 30084 and Rs. 89492), deep tillage (Rs. 74901 and Rs. 93977), zone disc tiller (Rs. 

51121 and Rs. 94249) and happy seeder (Rs. 69865 and Rs. 106889) gave maximum net return 

at N125 kg ha
-1

. All the tillage systems gave minimum net return at control during both the years. 

Wheat crop planted with zero tillage (Happy seeder and zone disc tiller) gave higher net return 

than conventional methods of sowing during both the growing seasons. In zero tillage, low fixed 

cost of production and higher grain yield with respect to conventional tillage system that’s why 

it produced the maximum net return at all nitrogen levels. No doubt, the yields of all the 

combinations were statistically at par but the difference in net return was due to less cost of 

production in zero tillage as compared with conventional. These results were well supported by 

Erienstien et al. (2008) they concluded form their long-term experiments that the zero tillage is 

primarily a cost saving technology, which gave maximum return over the conventional tillage in 

rice-wheat system. 

5.1.2. Benefit cost ratio 

Benefit cost ratio is an indicator that tries to sum up the overall value for money of a 

project or proposal. A major defect of benefit cost ratio is that it dismisses non-monetized 

impacts.  

http://en.wikipedia.org/wiki/Value_for_money


 

ECONOMIC ANALYSIS 

207 

 

Benefit cost ratio is another important economic parameter in which farmers are 

interested to see the gain in net returns with a given increase in total costs. During both the 

years maximum BCR in conventional tillage (1.33 and 1.88), deep tillage (1.77 and 1.92), zone 

disc tiller (1.60 and 2.01) and happy seeder (1.79 and 2.12) were noted at N125 kg ha
-1

, 

respectively. Minimum benefit cost ratio in conventional tillage (0.76 and 1.08), deep tillage 

(0.71 and 1.26), zone disc tiller (0.97 and 1.23) and happy seeder (1.15 and 1.35) were observed 

at control during 2010-09 and 2010-11, respectively. The happy seeder produced 25 % and 11 

% greater BCR than conventional tillage in 2009-10 and 2010-11 respectively. These results 

were quite in line with the results of Erenstein et al. (2008), Gangwar et al. (2006) and Kumar 

et al. (2005); they reported highest benefit-cost ratio at zero tillage (happy seeder) compared 

with conventional tillage along with the optimum nutrient application.    

5.1.3. Net field benefits 

Farmers are more concerned in variability in benefits than yield variability, therefore net 

field benefits were calculated against the variable cost. Farmers are interested to calculate all the 

variables that are faced in adopting a new practice. Therefore, it is crucial to take into concern 

all inputs related with the experimental treatments. The variable cost calculated is given in 

appendices (Appendix I to VI).   

 During the second year, higher net field benefits were recorded due to more crop yield. 

During both the years conventional tillage (Rs. 103904 and Rs. 163387), deep tillage (Rs. 

148721 and Rs. 167872), zone disc tiller (Rs. 118165 and Rs. 160144) and happy seeder (Rs. 

135685 and Rs. 172781) gave maximum NFB at N125 kg ha
-1

 respectively (Table 5.1.3 a and b). 

During both the years, all tillage systems gave minimum NFB at control. Zero tillage systems 

(Happy seeder and zone disc tiller) gave 23 % and 5 % greater NFB than conventional tillage 

systems in both the growing seasons. The maximum net field benefits at N125 kg ha
-1

 in all 

tillage systems were due to availability of optimum nitrogen that helped in residue 

decomposition and enhanced the yield. Our results were quite in line with the results of Kumar 

et al. (2005) who reported that residue incorporation with moldboard plow and residue retention 

in zero tillage gave the maximum net field benefits than conventional tillage. Saharawat et al. 

(2010) and Iqbal et al. (2002) reported that zero tillage reduced the per capita cost and gave 

higher yield that was 6 % more economical than conventional tillage. 
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     Wheat grain price = Rs. 950 per 40 kg.  Wheat straw price = Rs. 160 per 40 kg.   

 

 

 

 

 
Table 5.1.1.a: Effect of different tillage system and levels of nitrogen on total cost, net return and benefit-cost ratio of wheat planted during 2009-10 

Treatment 
Yield t 

ha
-1 

Value Rs. 

ha
-1 

Straw yield   

t ha
-1 

Value        

Rs. ha
-1 

Gross 

income Rs. 

ha
-1 

Total cost 

Rs. ha
-1 

Net Return. 

Rs. ha
-1 

Benefit cost 

ratio  

C
T

: 
C

o
n
v
en

ti
o
n
al

 

ti
ll

ag
e 

N0: No nitrogen 2.0 47500 3.4 13600 61100 80351 -19251 0.76 

N75: 75 kg N ha
-1 

3.8 90250 6.0 24000 114250 89242 24996 1.28 

N100: 100 kg N ha
-1 

3.9 92625 6.1 24400 117025 90479 26552 1.29 

N125: 125 kg N ha
-1 

4.1 97375 6.2 24800 122175 92085 30084 1.33 

N150: 150 kg N ha
-1 

3.8 90250 5.7 22800 113050 92184 20854 1.23 

D
T

: 
D

ee
p
 t

il
la

g
e N0: No nitrogen 1.9 45125 3.0 12000 57125 80025 -22894 0.71 

N75: 75 kg N ha
-1 

4.6 109250 7.0 28000 137250 91855 45384 1.49 

N100: 100 kg N ha
-1 

5.3 125875 7.9 31600 157475 95051 62418 1.66 

N125: 125 kg N ha
-1 

5.8 137750 8.7 34800 172550 97637 74901 1.77 

N150: 150 kg N ha
-1 

5.5 130625 8.2 32800 163425 97736 65695 1.67 

Z
T

: 
Z

o
n

e 
d
is

c 
ti

ll
er

 

N0: No nitrogen 2.4 57000 3.6 14400 71400 73658 -2258 0.97 

N75: 75 kg N ha
-1 

3.6 85500 5.5 22000 107500 80589 26911 1.33 

N100: 100 kg N ha
-1 

4.3 102125 6.5 26000 128125 83785 44346 1.53 

N125: 125 kg N ha
-1 

4.6 109250 6.9 27600 136850 85718 51121 1.60 

N150: 150 kg N ha
-1 

3.9 92625 6.0 24000 116625 84511 32120 1.38 

Z
T

: 
H

ap
p

y
 s

ee
d

er
 N0: No nitrogen 2.9 68875 4.4 17600 86475 75290 11179 1.15 

N75: 75 kg N ha
-1 

4.4 104500 6.7 26800 131300 83202 48098 1.58 

N100: 100 kg N ha
-1 

5.0 118750 7.5 30000 148750 86071 62667 1.73 

N125: 125 kg N ha
-1 

5.3 125875 8.0 32000 157875 88004 69865 1.79 

N150: 150 kg N ha
-1 

5.1 121125 7.6 30400 151525 88430 63101 1.71 
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Table 5.1.1.b: Effect of different tillage system and levels of nitrogen on total cost, net return and benefit-cost ratio of wheat planted during 2010-11 

 

Wheat grain price = Rs. 950 per 40 kg.   Wheat straw price = Rs. 160 per 40 kg. 

Treatment Yield t ha
-1

 
Value Rs. ha

-

1
 

Straw yield t 

ha
-1

 
Value Rs. ha

-1
 

Gross 

income Rs. 

ha
-1

 

Total cost 

Rs. ha
-1 

Net Return. 

Rs. ha
-1

 

Benefit cost 

ratio  

C
T

: 
C

o
n

v
en

ti
o

n
al

 

ti
ll

ag
e 

N0: No nitrogen 3.0 71250 4.8 19200 90450 83692 6746 1.08 

N75: 75 kg N ha
-1 

5.3 125875 8.2 32800 158675 95453 63217 1.66 

N100: 100 kg N ha
-1 

6.0 142500 9.3 37200 179700 99039 80661 1.81 

N125: 125 kg N ha
-1 

6.4 152000 9.8 39200 191200 101708 89492 1.88 

N150: 150 kg N ha
-1 

5.6 133000 8.5 34000 167000 100583 66417 1.66 

D
T

: 
D

ee
p

 t
il

la
g

e N0: No nitrogen 3.6 85500 5.6 22400 107900 85651 22249 1.26 

N75: 75 kg N ha
-1 

5.4 128250 8.2 32800 161050 95779 65259 1.68 

N100: 100 kg N ha
-1 

6.3 149625 9.5 38000 187625 100018 87612 1.88 

N125: 125 kg N ha
-1 

6.6 156750 9.9 39600 196350 102361 93977 1.92 

N150: 150 kg N ha
-1 

6.5 154375 9.7 38800 193175 103522 89647 1.87 

Z
T

: 
Z

o
n

e 
d

is
c 

ti
ll

er
 

N0: No nitrogen 3.1 73625 4.9 19600 93225 76018 17212 1.23 

N75: 75 kg N ha
-1 

5.3 125875 8.1 32400 158275 87453 70816 1.81 

N100: 100 kg N ha
-1 

6.2 147250 9.2 36800 184050 91692 92346 2.01 

N125: 125 kg N ha
-1 

6.3 149625 9.5 38000 187625 93381 94249 2.01 

N150: 150 kg N ha
-1 

5.7 135375 8.7 34800 170175 92909 77260 1.83 

Z
T

: 

H
ap

p
y

 s
ee

d
er

 N0: No nitrogen 3.5 83125 5.3 21200 104325 77325 27006 1.35 

N75: 75 kg N ha
-1 

5.6 133000 8.4 33600 166600 88433 78167 1.88 

N100: 100 kg N ha
-1 

6.4 152000 9.6 38400 190400 92345 98055 2.06 

N125: 125 kg N ha
-1 

6.8 161500 10.1 40400 201900 95015 106886 2.12 

N150: 150 kg N ha
-1 

6.6 156750 9.9 39600 196350 95848 100490 2.05 
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5.1.4. Dominance analysis 

In economic analysis calculation the net field benefits is an intermediate step and 

does not show the rate of return in relation to investment. Final recommendations for new 

production technology cannot be assigning to a common farmer only based upon NFB. 

Dominance analysis provides us guidance to adopt the substitute. Data given in tables (5.1.3 

a and b) showed that some treatments had lower net field benefits due to higher cost. The 

treatments having lower net field benefits were dominated (D) and remaining (un-dominated) 

treatments were far conceive for the marginal analysis.  

Conventional tillage, deep tillage, zone disc tiller and happy seeder at N0, N75, N100 

and N125 kg ha
-1

 were not dominated due to their lower variable cost and higher net field 

benefits as compared to N150 kg ha
-1

. Therefore, the farmers would be better by using N125 Kg 

ha
-1

, provided they were planted wheat conventional tillage, deep tillage, zone disc tiller and 

happy seeder. 

 

5.1.5. Marginal analysis 

 Marginal analysis assists the farmers to get maximum benefit from the input by using 

the limited resources. The main benefit of the marginal analysis is to provide the base for 

making economic reasoning and to check a small change in the control variable. 

 A significant difference was found among various treatments in the form of yield, 

therefore a marginal analysis was done. During both the years (Table 5.1.5 a and b) marginal 

analysis was done on un-dominated treatments. Maximum marginal rate of return in 

conventional tillage (498 %) at N75 kg ha
-1

, deep tillage (577 %) at N75 kg ha
-1

, zone disc 

tiller (545 %) at N100 kg ha
-1

 and happy seeder (508 %) at N100 kg ha
-1

 was observed during 

first year. In second year maximum marginal rate of return in conventional tillage (486 %), 

deep tillage (527 %), zone disc tiller (508 %) and happy seeder (508 %) were noted at N100 

kg ha
-1

. In 2009-10 conventional and deep tillage gave maximum marginal rate of return at 

N75 kg ha
-1

 due to deep incorporation of residues which decomposed completely and gave 

higher return. In happy seeder and zone disc tiller residues retained at the soil surface, not 

well decomposed, and gave maximum marginal rate of return at N100 kg ha
-1

. During second 

year all the tillage system gave maximum marginal rate of return at N100 kg ha
-1

.  
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Previous puddled rice growth was higher due to well-decomposed crop residues were 

available. It utilized the nutrients and nitrogen demand for crop residues in plant wheat was 

increased. It mentioned in the results that in rice-wheat cropping system farmers used 

different tillage systems with those nitrogen rates, which gave maximum benefits. Kumar et 

al. (2005), Iqbal et al. (2002) and Erenstein et al. (2008) reported that zero tillage gave 

maximum marginal rate of return than conventional tillage in rice-wheat cropping system.  
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        Table 5.1.3.a: Effect of different tillage system and levels of nitrogen on net field 

benefits and dominance analysis of wheat planted during 2009-10 

Treatments Variable cost 

(Rs. ha
-1

) 
Net field benefits 

(Rs. ha
-1

) 

CTN0 = Conventional tillage, Nitrogen 0 kg ha
-1 6531 54569 

CTN75 = Conventional tillage, Nitrogen 75 kg ha
-1 15434 98816 

CTN100 = Conventional tillage, Nitrogen 100 kg ha
-1 16653 100372 

CTN125 = Conventional tillage, Nitrogen 125 kg ha
-1 18271 103904 

CTN150 = Conventional tillage, Nitrogen 150 kg ha
-1 18376 94674 D 

DTN0 = Deep tillage, Nitrogen 0 kg ha
-1 6199 50926 

DTN75 = Deep tillage, Nitrogen 75 kg ha
-1 18046 119204 

DTN100 = Deep tillage, Nitrogen 100 kg ha
-1 21237 

136238 

DTN125 = Deep tillage, Nitrogen 125 kg ha
-1 23829 148721 

DTN150 = Deep tillage, Nitrogen 150 kg ha
-1          23910 

139515 D 

ZTZDTN0 = Zone disc tiller, Nitrogen 0 kg ha
-1 7838 63562 

ZTZDTN75 = Zone disc tiller, Nitrogen 75 kg ha
-1 14769 92731 

ZTZDTN100 = Zone disc tiller, Nitrogen 100 kg ha
-1 17959 110166 

ZTZDTN150 = Zone disc tiller, Nitrogen 150 kg ha
-1 18685 96716 D 

ZTZDTN125 = Zone disc tiller, Nitrogen 125 kg ha
-1 19909 118165 

ZTHSN0 = Happy seeder, Nitrogen 0 kg ha
-1 9476 76999 

ZTHSN75 = Happy seeder, Nitrogen 75 kg ha
-1 17382 113918 

ZTHSN100 = Happy seeder, Nitrogen 100 kg ha
-1 20263 128487 

ZTHSN125 = Happy seeder, Nitrogen 125 kg ha
-1 22190 135685 

ZTHSN150 = happy seeder, Nitrogen 150 kg ha
-1 22604 128921 D 

        D = Dominated  
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       Table 5.1.3.b: Effect of different tillage system and levels of nitrogen on net field benefits 

and dominance analysis of wheat planted during 2010-11 

Treatments Variable cost 

(Rs. ha
-1

) 

Net field benefits 

(Rs. ha
-1

) 

CTN0 = Conventional tillage, Nitrogen 0 kg ha
-1 9809 80641 

CTN75 = Conventional tillage, Nitrogen 75 kg ha
-1 21563 137112 

CTN100 = Conventional tillage, Nitrogen 100 kg ha
-1 25144 154556 

CTN150 = Conventional tillage, Nitrogen 150 kg ha
-1 26688 140312 D 

CTN125 = Conventional tillage, Nitrogen 125 kg ha
-1 27813 163387 

DTN0 = Deep tillage, Nitrogen 0 kg ha
-1 11756 96144 

DTN75 = Deep tillage, Nitrogen 75 kg ha
-1 21896 139154 

DTN100 = Deep tillage, Nitrogen 100 kg ha
-1 26118 161507 

DTN125 = Deep tillage, Nitrogen 125 kg ha
-1 28478 167872 

DTN150 = Deep tillage, Nitrogen 150 kg ha
-1 29633    163542 D 

ZTZDTN0 = Zone disc tiller, Nitrogen 0 kg ha
-1 10118 83107 

ZTZDTN75 = Zone disc tiller, Nitrogen 75 kg ha
-1 21564 136711 

ZTZDTN100 = Zone disc tiller, Nitrogen 100 kg ha
-1 25809 158241 

ZTZDTN150 = Zone disc tiller, Nitrogen 150 kg ha
-1 27020    143155 D 

ZTZDTN125 = Zone disc tiller, Nitrogen 125 kg ha
-1 27481 160144 

ZTHSN0 = Happy seeder, Nitrogen 0 kg ha
-1 11424 92901 

ZTHSN75 = Happy seeder, Nitrogen 75 kg ha
-1 22538 144062 

ZTHSN100 = Happy seeder, Nitrogen 100 kg ha
-1 26450 163950 

ZTHSN125 = Happy seeder, Nitrogen 125 kg ha
-1 29119 172781 

ZTHSN150 = happy seeder, Nitrogen 150 kg ha
-1 29965 166385 D 

       D = Dominat
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Table 5.1.5.a: Effect of different tillage system and levels of nitrogen on marginal analysis of wheat planted during 2009-10 

 

 

 

Treatments Cost that vary 

(Rs. ha
-1

) 

Marginal cost that 

vary (Rs. ha
-1

) 

Net field benefits 

(Rs. ha
-1

) 

Marginal net 

benefits (Rs. ha
-1

) 

Marginal rate 

of return (%) 

T1N0 = Conventional tillage, Nitrogen 0 kg ha
-1

 6531 -- 54569 -- -- 

T1N75 = Conventional tillage, Nitrogen 75 kg ha
-1

 15434 8903 98816 44247 497 

T1N100 = Conventional tillage, Nitrogen 100 kg ha
-1

 16653 1219 100372 1556 128 

T1N125 = Conventional tillage, Nitrogen 125 kg ha
-1

 18271 1618 103904 3532 218 

T2N0 = Deep tillage, Nitrogen 0 kg ha
-1

 6199 -- 50926 -- -- 

T2N75 = Deep tillage, Nitrogen 75 kg ha
-1

 18046 11847 119204 68278 576 

T2N100 = Deep tillage, Nitrogen 100 kg ha
-1

 21237 3191 136238 17034 534 

T2N125 = Deep tillage, Nitrogen 125 kg ha
-1

 23829 2592 148721 12483 482 

T3N0 = Zone disc tiller, Nitrogen 0 kg ha
-1

 7838 -- 63562 -- -- 

T3N75 = Zone disc tiller, Nitrogen 75 kg ha
-1

 14769 6931 92731 29169 421 

T3N100 = Zone disc tiller, Nitrogen 100 kg ha
-1

 17959 3190 110166 17435 547 

T3N125 = Zone disc tiller, Nitrogen 125 kg ha
-1

 19909 1950 118165 7999 410 

T4N0 = Happy seeder, Nitrogen 0 kg ha
-1

 9476 -- 76999 -- -- 

T4N75 = Happy seeder, Nitrogen 75 kg ha
-1

 17382 7906 113918 36919 467 

T4N100 = Happy seeder, Nitrogen 100 kg ha
-1

 20263 2881 128487 14569 506 

T4N125 = Happy seeder, Nitrogen 125 kg ha
-1

 22190 1927 135685 7198 374 
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Table 5.1.5.b: Effect of different tillage system and levels of nitrogen on marginal analysis of wheat planted during 2010-11 

Treatments Cost that vary 

(Rs. ha
-1

) 

Marginal cost that 

vary (Rs. ha
-1

) 

Net field benefits 

(Rs. ha
-1

) 

Marginal net 

benefits (Rs. ha
-1

) 

Marginal rate 

of return (%) 

T1N0 = Conventional tillage, Nitrogen 0 kg ha
-1

 9809 -- 80641 -- -- 

T1N75 = Conventional tillage, Nitrogen 75 kg ha
-1

 21563 11754 137112 56471 480 

T1N100 = Conventional tillage, Nitrogen 100 kg ha
-1

 25144 3581 154556 17444 487 

T1N125 = Conventional tillage, Nitrogen 125 kg ha
-1

 27813 2669 163387 8831 331 

T2N0 = Deep tillage, Nitrogen 0 kg ha
-1

 11756 -- 96144 -- -- 

T2N75 = Deep tillage, Nitrogen 75 kg ha
-1

 21896 10140 139154 43010 424 

T2N100 = Deep tillage, Nitrogen 100 kg ha
-1

 26118 4222 161507 22353 529 

T2N125 = Deep tillage, Nitrogen 125 kg ha
-1

 28478 2360 167872 6365 270 

T3N0 = Zone disc tiller, Nitrogen 0 kg ha
-1

 10118 -- 83107 -- -- 

T3N75 = Zone disc tiller, Nitrogen 75 kg ha
-1

 21564 11446 136711 53604 468 

T3N100 = Zone disc tiller, Nitrogen 100 kg ha
-1

 25809 4245 158241 21530 507 

T3N125 = Zone disc tiller, Nitrogen 125 kg ha
-1

 27481 1672 160144 1903 114 

T4N0 = Happy seeder, Nitrogen 0 kg ha
-1

 11424 -- 92901 -- -- 

T4N75 = Happy seeder, Nitrogen 75 kg ha
-1

 22538 11114 144062 51161 460 

T4N100 = Happy seeder, Nitrogen 100 kg ha
-1

 26450 3912 163950 19888 508 

T4N125 = Happy seeder, Nitrogen 125 kg ha
-1

 29119 2669 172781 8831 331 



 

ECONOMIC ANALYSIS 

216 

 

Experiment # 2: 

5.2.1. Net Return 

Net return was calculated during both the years (2009-10 and 2010-11) are given in 

the table 5.2.1 (a,b). In second growing season the environment during the whole crop period 

was good. Timely rainfall at critical stages well supported the growth of wheat that’s why the 

overall yield in the year 2010-11was more than in year 2009-10. In 2009-10, conventional 

tillage (Rs. 56007) and deep tillage (Rs. 60504) at MRice @ 4 t ha
-1

 while zone disc tiller (Rs. 

63409) and happy seeder (Rs. 71154) at MNatural gave maximum net return. During second 

year, conventional tillage (Rs. 68612), deep tillage (Rs. 78006), zone disc tiller (Rs. 80709) 

and happy seeder (Rs. 88454) gave maximum net return at MRice @ 4 t ha
-1

. During both the 

growing seasons all the tillage systems gave minimum net return at MPlastic @ 4 t ha
-1

. Wheat 

crop planted with zero tillage (Happy seeder and zone disc tiller) gave higher net return than 

conventional methods of sowing during both the growing seasons. In zero tillage, low fixed 

cost of production and higher grain yield with respect to conventional tillage system that’s 

why it produced the maximum net return at all mulch materials. No doubt, the yields of all 

the combinations were statistically at par but the difference in net return was due to less cost 

of production in zero tillage as compared with conventional. Our results were quite in line 

with the findings of Erienstien et al. (2008) they concluded form their long-term experiments 

that the zero tillage is primarily a cost saving technology, which gave maximum return over 

the conventional tillage in rice-wheat system. 

5.2.2: Benefit cost ratio 

Benefit cost ratio is another important economic parameter in which farmers are 

interested to see the gain in net returns with a given increase in total costs. In 2009-10 

maximum BCR of conventional tillage (1.55), deep tillage (1.60), zone disc tiller (1.69) and 

happy seeder (1.77) were noted at MNatural while conventional tillage also gave maximum 

BCR at MRice @ 4 t ha
-1

, respectively (Tables 5.2.1 a and b). During second year maximum 

BCR of conventional tillage (1.62), deep tillage (1.69), zone disc tiller (1.78) and happy 

seeder (1.84) were noted at MRice @ 4 t ha
-1

. During both the growing seasons, all tillage 

systems gave minimum BCR at MPlastic @ 4 t ha
-1
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Wheat grain price = Rs. 950 per 40 kg.  Wheat straw price = Rs. 160 per 40 kg. 

 

 

 
Table 5.2.1.a: Effect of different tillage systems and mulching materials on total cost, net return and benefit-cost ratio of wheat planted during 2009-10 

Treatment 
Yield t 

ha
-1 

Value Rs. 

ha
-1 

Straw yield   

t ha
-1 

Value        

Rs. ha
-1 

Gross 

income Rs. 

ha
-1 

Total cost 

Rs. ha
-1 

Net 

Return. Rs. 

ha
-1 

Benefit cost 

ratio  

C
T

: 
C

o
n
v
en

ti
o
n
al

 

ti
ll

ag
e 

M0: No mulch 4.1 97375 6.3 25200 122575 94099 28476 1.30 

MRice: Rice straw mulch 5.3 125875 8.1 32400 158275 102268 56007 1.55 

MWheat: Wheat straw mulch 4.5 106875 6.9 27600 134475 115655 18820 1.16 

MPlastic: Plastic sheet 5.1 121125 7.8 31200 152325 147615 4710 1.03 

MNatural: Natural mulch 5.2 123500 7.8 31200 154700 99691 55009 1.55 

D
T

: 
D

ee
p
 t

il
la

g
e 

 

M0: No mulch 4.5 106875 6.9 27600 134475 95405 39070 1.41 

MRice: Rice straw mulch 5.5 130625 8.2 32800 163425 102921 60504 1.59 

MWheat: Wheat straw mulch 4.5 106875 6.8 27200 134075 115655 18420 1.16 

MPlastic: Plastic sheet 5.5 130625 8.3 33200 163825 148921 14904 1.10 

MNatural: Natural mulch 5.4 128250 8.1 32400 160650 100344 60306 1.60 

Z
T

: 
Z

o
n

e 
d
is

c 
ti

ll
er

 

M0: No mulch 4.5 106875 6.7 26800 133675 87405 46270 1.53 

MRice: Rice straw mulch 5.3 125875 7.9 31600 157475 94268 63207 1.67 

MWheat: Wheat straw mulch 4.4 104500 6.6 26400 130900 107329 23571 1.22 

MPlastic: Plastic sheet 5.3 125875 8.0 32000 157875 140268 17607 1.13 

MNatural: Natural mulch 5.2 123500 7.9 31600 155100 91691 63409 1.69 

Z
T

: 
H

ap
p

y
 s

ee
d

er
 M0: No mulch 4.7 111625 7.1 28400 140025 88058 51967 1.59 

MRice: Rice straw mulch 5.6 133000 8.3 33200 166200 95248 70952 1.74 

MWheat: Wheat straw mulch 4.7 111625 7.1 28400 140025 108308 31717 1.29 

MPlastic: Plastic sheet 5.6 133000 8.5 34000 167000 141248 25752 1.18 

MNatural: Natural mulch 5.5 130625 8.3 33200 163825 92671 71154 1.77 
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Wheat grain price = Rs. 950 per 40 kg. Wheat straw price = 160 per 40 kg. 

 

 

 

 

 
Table 5.2.1.b: Effect of different tillage systems and mulching materials on total cost, net return and benefit-cost ratio of wheat  planted during 2010-11 

Treatment 
Yield t 

ha
-1 

Value Rs. 

ha
-1 

Straw yield   

t ha
-1 

Value        

Rs. ha
-1 

Gross 

income Rs. 

ha
-1 

Total cost 

Rs. ha
-1 

Net Return. 

Rs. ha
-1 

Benefit cost 

ratio  

C
T

: 

C
o
n
v
en

ti
o
n
al

 

ti
ll

ag
e 

M0: No mulch 5.1 121125 7.8 31200 152325 103899 48426 1.47 

M1: Rice straw mulch 6.0 142500 9.3 37200 179700 111088 68612 1.62 

M2: Wheat straw mulch 5.6 133000 8.7 34800 167800 125782 42018 1.33 

M3: Plastic sheet 6.1 144875 9.3 37200 182075 157414 24661 1.16 
M4: Natural mulch 5.8 137750 8.9 35600 173350 108185 65165 1.60 

D
T

: 
D

ee
p
 

ti
ll

ag
e 

M0: No mulch 5.6 133000 8.5 34000 167000 105532 61468 1.58 

M1: Rice straw mulch 6.4 152000 9.6 38400 190400 112394 78006 1.69 

M2: Wheat straw mulch 5.8 137750 8.7 34800 172550 126435 46115 1.36 
M3: Plastic sheet 6.5 154375 9.7 38800 193175 158721 34454 1.22 
M4: Natural mulch 6.0 142500 9.0 36000 178500 108838 69662 1.64 

Z
T

: 
Z

o
n
e 

d
is

c 

ti
ll

er
 

M0: No mulch 5.1 121125 7.7 30800 151925 95899 56026 1.58 

M1: Rice straw mulch 6.2 147250 9.3 37200 184450 103741 80709 1.78 

M2: Wheat straw mulch 5.5 130625 8.3 33200 163825 117455 46370 1.39 

M3: Plastic sheet 6.3 149625 9.4 37600 187225 150067 37158 1.25 

M4: Natural mulch 5.7 135375 8.7 34800 170175 99858 70317 1.70 

Z
T

: 
H

ap
p

y
 s

ee
d

er
 

M0: No mulch 5.6 133000 8.5 34000 167000 97532 69468 1.71 

M1: Rice straw mulch 6.5 154375 9.7 38800 193175 104721 88454 1.84 

M2: Wheat straw mulch 5.9 140125 8.9 35600 175725 118761 56964 1.48 

M3: Plastic sheet 6.5 154375 9.8 39200 193575 150721 42854 1.28 

M4: Natural mulch 6.0 142500 8.9 35600 178100 100838 77262 1.77 
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The happy seeder produced 4 % and 5 % greater BCR than conventional tillage 

during both the years. These results were quite in line with the results of Erenstein et al. 

(2008), Gangwar et al. (2006) and Kumar et al. (2005); they reported highest benefit-cost 

ratio of at zero tillage (happy seeder) compared with conventional tillage. 

Benefit cost ratio is an indicator that tries to sum up the overall value for money of a 

project or proposal. A major defect of BCR is that it dismisses non-monetized impacts.  

 

5.2.3: Net field benefits 

Farmers are more concerned in variability in benefits than yield variability, therefore 

net field benefits were calculated against the variable cost. Farmers are interested to calculate 

all the variables that are faced in adopting a new practice. Therefore, it is crucial to take into 

concern all inputs related with the experimental treatments. The variable cost calculated is 

given in appendices (Appendix VII to XII).   

 During first year conventional tillage (Rs. 136717) and deep tillage (Rs. 141214) at 

MRice @ 4 t ha
-1

, while zone disc tiller (Rs. 136119) and happy seeder (Rs. 143864) gave 

maximum NFB at natural mulch (Table 5.2.3 a and b). In second year conventional tillage 

(Rs. 155856), deep tillage (Rs. 165250), zone disc tiller (Rs. 159953) and happy seeder (Rs. 

167698) gave maximum NFB at MRice @ 4 t ha
-1

. During both the years, all tillage systems 

gave minimum NFB at MPlastic @ 4 t ha
-1

. During first year maximum net field benefits in 

conventional and deep tillage at MRice @ 4 t ha
-1

 were due to residue incorporation during 

seed bed preparation. Zone disc tiller and happy seeder gave maximum NFB at MNatural due to 

direct drilling soil was not manipulated and residues act as mulch. During second year, all 

tillage systems gave maximum NFB at MRice @ 4 t ha
-1

. Zone disc tiller and happy seeder 

gave maximum NFB due to direct drilling and addition of rice residues act as mulch. Our 

results supported the results of Saharawat et al. (2010) and Iqbal et al. (2002) who noted that 

zero tillage reduced the per capita cost and gave higher yield that was 6 % more economical 

than conventional tillage. Liu et al. (2009) reported that mulch effects on economics benefits 

by changing soil moisture status, soil quality and grain yield. 

http://en.wikipedia.org/wiki/Value_for_money


 

ECONOMIC ANALYSIS 

220 

 

5.2.4. Dominance analysis 

In economic analysis calculation the net field benefits is an intermediate step and 

does not show the rate of return in relation to investment. Final recommendations for new 

production technology cannot be assigning to a common farmer only based upon NFB. 

Dominance analysis provides us guidance to adopt the substitute. Data given in tables (5.2.3 

a and b) showed that some treatments had lower net field benefits due to higher cost. The 

treatments having lower net field benefits were dominated (D) and remaining (un-dominated) 

treatments were far conceive for the marginal analysis.  

During first year conventional and deep tillage at M0, MNatural and MRice @ 4 t ha
-1

 

while zone disc tiller and happy seeder at M0 and MNatural were not dominated. In second year 

all tillage systems at M0 and MNatural and MRice @ 4 t ha
-1

 were not dominated due to their 

lower variable cost. Therefore, the farmers would be better off using M0, MNatural and MRice, 

provided they were planted wheat at conventional tillage, deep tillage, zone disc tiller and 

happy seeder. 

5.2.5. Marginal analysis 

 Marginal analysis assists the farmers to get maximum benefit from the input by using 

the limited resources. The main benefit of the marginal analysis is to provide the base for 

making economic reasoning and to check a small change in the control variable. 

 A significant difference was found among various treatments in the form of yield, 

therefore a marginal analysis was done. During both the years (Table 5.2.5 a and b) marginal 

analysis was done on un-dominated treatments. In first year conventional tillage (475 %), 

deep tillage (430 %), zone disc tiller (400 %) and happy seeder (416 %) gave maximum 

marginal rate of return at MNatural. During second year, conventional tillage (391 %), deep 

tillage (248 %) and zone disc tiller (361 %) at MNatural while happy seeder (288 %) at MRice @ 

4 t ha
-1

 gave maximum marginal rate of return. Our results supported the findings of Kumar 

et al. (2005), Iqbal et al. (2002) and Erenstein et al. (2008). They reported that zero tillage 

gave maximum marginal rate of return than conventional tillage in rice-wheat system.
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Table 5.2.3.a: Effect of different tillage system and mulching materials on dominance 

analysis of wheat planted during 2009-10 

Treatments Variable cost 

(Rs.ha
-1

) 

Net field benefits 

(Rs. ha
-1

) 

CTM0 = Conventional tillage, No mulch 13389 109186 

CTMNatural = Conventional tillage, Natural mulch 18981 135719 

CTNRice  = Conventional tillage, Rice straw mulch 21558 136717 

CTMWheat  = Conventional tillage, Wheat straw mulch 34945 99530 D 

CTMPlastic = Conventional tillage, Plastic sheet mulch 66905 85420 D 

DTM0 = Deep tillage, No mulch 14695 119780 

DTMNatural = Deep tillage, Natural mulch 19634 141016 

DTNRice  = Deep tillage, Rice straw mulch  22211 141214  

DTMWheat  = Deep tillage, Wheat straw mulch 34945 99130 D 

DTMPlastic = Deep tillage, Plastic sheet mulch 68211 95614 D 

ZTZDTM0 = Zone disc tiller, No mulch 14695 118980 

ZTZDTMNatural = zone disc tiller, Natural mulch 18981 136119 

ZTZDTMRice  = Zone disc tiller, Rice straw mulch  21558 135917 D 

ZTZDTMWheat  = Zone disc tiller, Wheat straw mulch 34619 96281 D 

ZTZDTMPlastic = zone disc tiller, Plastic sheet mulch 67558 90317 D 

ZTHSM0 = Happy seeder, No mulch 15348 124677 

ZTHSMNatural = Happy seeder, Natural mulch 19961 143864 

ZTHSMRice  = Happy seeder, Rice straw mulch  22538 143662 D 

ZTHSMWheat  = Happy seeder, Wheat straw mulch 35598 104427 D 

ZTHSMPlastic = Happy seeder, Plastic sheet mulch 68538 98462 D 

 D = Dominated 
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Table 5.2.3.b: Effect of different tillage system and mulching material on dominance 

analysis of wheat planted during 2010-11 

Treatments Variable cost 

(Rs.ha
-1

) 

Net field benefits 

(Rs. ha
-1

) 

CTM0 = Conventional tillage, No mulch 16655 135670 

CTMNatural = Conventional tillage, Natural mulch 20941 152409 

CTMRice  = Conventional tillage, Rice straw mulch 23844 155856 

CTMWheat  = Conventional tillage, Wheat straw mulch 38538 129262 D 

CTMPlastic = Conventional tillage, Plastic sheet mulch 70170 111905 D 

DTM0 = Deep tillage, No mulch 18288 148712  

DTMNatural = Deep tillage, Natural mulch 21594 156906 

DTMRice  = Deep tillage, Rice straw mulch  25150 165250 

DTMWheat  = Deep tillage, Wheat straw mulch 39191 133359 D 

DTMPlastic = Deep tillage, Plastic sheet mulch 71477 121698 D 

ZTZDTM0 = Zone disc tiller, No mulch 16655 135270 

ZTZDTMNatural = zone disc tiller, Natural mulch 20614 149561 

ZTZDTMRice  = Zone disc tiller, Rice straw mulch  24497 159953 

ZTZDTMWheat  = Zone disc tiller, Wheat straw mulch 38211 125614 D 

ZTZDTMPlastic = zone disc tiller, Plastic sheet mulch 70823 116402 D 

ZTHSM0 = Happy seeder, No mulch 18288 148712 

ZTHSMNatural = Happy seeder, Natural mulch 21594 156506 

ZTHSMRice  = Happy seeder, Rice straw mulch  25477 167698 

ZTHSMWheat  = Happy seeder, Wheat straw mulch 39517 136208 D 

ZTHSMPlastic = Happy seeder, Plastic sheet mulch 71477 122098 D 

 D = Dominated 
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Table 5.2.5.a: Effect of different tillage system and mulching materials on marginal analysis of wheat planted during 2009-10 

Treatments Cost that vary 

(Rs. ha
-1

) 
Marginal cost that 

vary (Rs. ha
-1

) 
Net field benefits 

(Rs. ha
-1

) 
Marginal net 

benefits (Rs. ha
-1

) 
Marginal rate 

of return (%) 

CTM0 = Conventional tillage, No mulch 13389 -- 109186 -- -- 

CTMNatural = Conventional tillage, Natural mulch 18981 5592 135719 26533 475 

CTMRice  = Conventional tillage, Rice straw mulch 21558 
2577 136717 998 39 

DTM0 = Deep tillage, No mulch 14695 
-- 119780 -- -- 

DTMNatural = Deep tillage, Natural mulch 19634 4939 141016 21236 430 

DTMRice  = Deep tillage, Rice straw mulch  22211 
2577 141214  198 8 

ZTZDTM0 = Zone disc tiller, No mulch 14695 -- 118980 -- -- 

ZTZDTMNatural = zone disc tiller, Natural mulch 18981 4286 136119 17139 400 

ZTHSM0 = Happy seeder, No mulch 15348 -- 124677 -- -- 

ZTHSMNatural = Happy seeder, Natural mulch 
19961 

4613 143864 19187 416 
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 Table 5.2.5.b: Effect of different tillage system and mulching material on marginal analysis of wheat planted during 2010-11 

Treatments Cost that vary 

(Rs. ha
-1

) 
Marginal cost that 

vary (Rs. ha
-1

) 
Net field benefits 

(Rs. ha
-1

) 
Marginal net 

benefits (Rs. ha
-1

) 
Marginal 

rate of 

return (%) 

CTM0 = Conventional tillage, No mulch 16655 -- 135670 -- -- 

CTMNatural = Conventional tillage, Natural mulch 20941 4286 152409 16739 391 

CTMRice  = Conventional tillage, Rice straw mulch 23844 2903 155856 3447 119 

DTM0 = Deep tillage, No mulch 18288 -- 148712  -- -- 

DTMNatural = Deep tillage, Natural mulch 21594 3306 156906 8194 248 

DTMRice  = Deep tillage, Rice straw mulch  25150 3556 165250 8344 235 

ZTZDTM0 = Zone disc tiller, No mulch 16655 -- 135270 -- -- 

ZTZDTMNatural = zone disc tiller, Natural mulch 20614 3959 149561 14291 361 

ZTZDTNRice  = Zone disc tiller, Rice straw mulch  24497 3883 159953 10392 268 

ZTHSM0 = Happy seeder, No mulch 18288 -- 148712 -- -- 

ZTHSMNatural = Happy seeder, Natural mulch 21594 3306 156506 7794 236 

ZTHSMRice  = Happy seeder, Rice straw mulch  25477 3883 167698 11192 288 
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Chapter-6         SUMMARY 

 

Soil health has a dominant role in the success or failure of any crop. Pakistani soils 

are located in arid and semi-arid regions, which are deficit in organic matter due to high 

temperature, low return of organic crop residues, intensive cropping systems, and exhaustive 

tillage operations that are not need of the crops. Three major cropping systems generally 

practiced in irrigated areas of Pakistan are; rice-wheat cropping system, cotton-wheat 

cropping system and mixed cropping system. In all above cropping systems farmers are 

facing the main problems of late sowing of crop (wheat), low nutrient status soils, water 

shortage, high input costs of fuel, fertilizers and pesticides, less economic return and unwise 

tillage operations. In order to overcome these problems we need to adopt such technology 

that enhance the organic matter, reduce the irrigations, reduced the fuel and input cost and 

most importantly to have positive effect on soil health. 

Rice-wheat cropping system is an important cropping system, which is being 

practiced on the large area (Kollar Tract) of the Pakistan. The present study was conducted 

with the following objectives. A) To estimate the nitrogen requirements of wheat planted by 

different methods. B) To evaluate the role of various tillage and mulching practices on crop 

residues management in post-harvest rice fields. C) To determine the effects of tillage and 

mulching on soil physical properties and wheat yields. D) To assess the best planting method 

for wheat cultivation in rice-wheat cropping system. 

Two field studies were conducted at Research Area, Directorate of Farms, University 

of Agriculture, Faisalabad during the growing season 2009-10 and 2010-11. In Exp. 1 four 

tillage systems including conventional tillage (CT), deep tillage (DT), zero tillage sowing 

with zone disc tiller (ZTDisc) and zero tillage sowing with happy seeder (ZTHappy) along with 

five varying nitrogen levels (control, N75: 75 kg ha
-1

,N100: 100 kg ha
-1

, N125: 125 kg ha
-1

 and 

N150: 150 kg ha
-1

) were applied  to grow wheat crop. In case of Exp. 2 effect of four tillage 

systems including conventional tillage (CT), deep tillage (DT), zero tillage sowing with zone 

disc tiller (ZTDisc) and zero tillage sowing with happy seeder (ZTHappy) along with five 

mulching materials (control, MRice, MWheat, MPlastic and MNatural @ 4 t ha
-1

 were used. 
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The experiments were laid out in split plot design with three replications. Wheat 

variety Sehar-2006 was sown 22.5 cm apart with seed rate of 125 kg ha
-1

 having 24 rows per 

plot on 23 November during both the years 2009-10 and 2010-11. Soil analysis showed that 

the experimental soil was medium in K2O, deficient in N, P2O5 and organic matter. Fertilizer 

was applied at the rate of 120, 100 and 60 kg NPK ha
-1

. All other agronomic practices were 

kept normal and uniform. The crop was harvested manually after its maturity on 15
th

 April 

2010 and 2011, respectively.  

In study-1 the effect of different tillage systems and nitrogen levels were evaluated 

for two years 2009-10 and 2010-11 on yield attributes, growth, weed density, root length, soil 

physical properties, nutrient and water use efficiency, grain quality and economic analysis of 

wheat. Germination count was higher in deep tillage and happy seeder than other tillage 

systems in both the experimental years. Deep tillage produced higher total and fertile number 

of tillers in first growing season as compared to other tillage systems while in second 

growing seasons both deep tillage and happy seeder led to higher total number of tillers while 

happy seeder produced  higher number of fertile tillers than other tillage systems. In both the 

years of study N125 kg ha
-1

 produced higher total and fertile tillers compared to other nitrogen 

levels. All tillage systems along with N125 kg ha
-1

 had higher total and fertile number of 

tillers while deep tillage produced higher total and fertile tillers at N150 kg ha
-1

. Statistically 

higher plant height was recorded in deep tillage and happy seeder in contrast to other tillage 

systems while nitrogen @ 150 kg ha
-1

 had the highest plant height than other nitrogen levels. 

Interaction was significant in first year in which all tillage systems along with N150 kg ha
-1

 

had higher plant height. Deep tillage in first year while both deep tillage and happy seeder 

had higher spike length compared to other tillage systems in second growing seasons. In both 

the years N125 kg ha
-1

 produced higher spike length compared to other nitrogen levels and 

interaction of all tillage systems along with N125 kg ha
-1

 gave higher spike length while deep 

tillage produced higher spike length at N150 kg ha
-1

. Higher number of spikelet spike
-1

 was 

produced in first growing seasons at happy seeder and nitrogen when applied @ 125 kg ha
-1

 

compared to other tillage systems and nitrogen levels while in case of interaction all tillage 

systems produced higher number of spikelet spike
-1

 at N125 kg ha
-1

. Tillage systems and 

nitrogen levels had non-significant effect on number of spikelets spike
-1

 in second growing 

seasons. In first growing seasons higher number of grains spike
-1

 was produced at 
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conventional tillage and N125 kg ha
-1

 compared to other tillage system and nitrogen levels 

while in case of interaction all tillage systems produced higher number of grains spike
-1

 at 

N125 kg ha
-1

 while deep tillage produced higher number of grains spike
-1

 at N150 kg ha
-1

. 

Nitrogen levels had higher number of grains spike
-1

 at N125 kg ha
-1

 in second growing season. 

In both the growing seasons only nitrogen levels had significant effect and produced higher 

1000-grain weight at N125 kg ha
-1

. Maximum biological yield was produced in deep tillage 

and happy seeder in the first year of study as compared to other tillage systems pertaining to 

nitrogen @ 125 kg ha
-1

 gave maximum biological yield. During both the years all tillage 

system produced higher biological yield at N125 kg ha
-1

. In both years of study higher grain 

yield was recorded in deep tillage and happy seeder in comparison to other tillage systems 

while in case of nitrogen maximum grain yield was noted at N125 kg ha
-1

 than all nitrogen 

levels. In second growing seasons all the tillage systems produced higher grain yield at N125 

kg ha
-1

. Deep tillage and N125 kg ha
-1 

gave higher straw yield compared to other tillage 

systems and nitrogen levels in first growing seasons while in case of interaction all the tillage 

systems produced higher straw yield at N125 kg ha
-1

. During second growing seasons deep 

tillage and happy seeder in tillage systems and N125 kg ha
-1

 in nitrogen levels had higher 

straw yield. Tillage systems and nitrogen levels had non-significant effect on harvest index in 

both years of study.  

In both years, LAI and CGR at 75 and TDM and LAD at 135 days after planting was 

higher at deep tillage and at N125 kg ha
-1

 compared to all tillage systems and nitrogen levels. 

During both the years of study NAR was higher at conventional tillage and at N0 kg ha
-1

 

compared to all tillage systems and nitrogen levels while in case of interaction all the tillage 

system had higher NAR at N0 kg ha
-1

. During both the years weed density at conventional 

tillage and deep tillage was  higher than all the tillage systems while at N150 kg ha
-1

 gave 

higher weed density compared to all nitrogen levels in case of interaction all the tillage 

system had higher weed density at N150 kg ha
-1

. Longer root length was noted at deep tillage 

and at N125 kg ha
-1

 compared to all tillage systems and nitrogen levels. Tillage systems and 

nitrogen levels gave longer root length at N125 kg ha
-1

 in both the years. 

Soil bulk density, volumetric water content and soil water-filled pore spaces were 

noted at flowering and harvesting stage at 0-5 and 5-10 cm soil depth in 2009-10 and 2010-

11. Higher values of soil bulk density, volumetric water content and soil water-filled pore 
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spaces were noted at zone disk tiller compared to other tillage systems while nitrogen had 

non-significant effect on these factors. Total soil porosity and air-filled pore spaces were 

higher at flowering and harvesting stage at 0-5 and 5-10 cm soil depth in deep tillage 

compared to other tillage systems while nitrogen had no effect on soil porosity and air-filled 

pore spaces. Soil penetration resistance was higher in zone disc tiller and N0 kg ha
-1

 

compared to all tillage systems and nitrogen levels at flowering and harvesting stage in both 

the years. In first year tillage systems and nitrogen levels had significant effect on agronomic 

nutrient use efficiency and higher value was noted at deep tillage and at N75 kg ha
-1

 compared 

to other tillage systems and nitrogen levels. In second year only nitrogen had significant 

effect and higher value of agronomic nutrient use efficiency was noted at N75 kg ha
-1

. In both 

year of study only nitrogen had significant effect on physiological nutrient use efficiency and 

higher physiological nutrient use efficiency was noted at N75 kg ha
-1

. During both the years 

higher water use efficiency was noted at deep tillage and happy seeder compared to all tillage 

systems and in case of nitrogen at N125 kg ha
-1

 gave higher WUE. In second growing seasons 

higher WUE value of all tillage systems were noted at N125 kg ha
-1

. 

During both the years of study higher grain protein contents were noted at deep tillage 

and N150 kg ha
-1

 compared to other  tillage systems and nitrogen levels. Tillage systems had 

non-significant effect on fat content and nitrogen had significant effect on wheat. Higher fat 

contents were noted at N125 and N150 kg ha
-1

 compared to all nitrogen levels in both the 

growing seasons. Fiber content were un-effected by tillage systems and nitrogen levels in 

both the years. In all the tillage systems in both years maximum net rate of return, net field 

benefit and benefit cost ratio were noted at N125 kg ha
-1

. Maximum marginal rate of return 

498 % and 577 % were noted in conventional tillage and deep tillage at N75 kg ha
-1

 while 545 

% and 508 % in zone disc tiller and happy seeder at N100 kg ha
-1

 in first year. In second year 

maximum marginal rate of return in all tillage system was noted at N100 kg ha
-1

.   

The yield potential of Sehar-2006 was higher than other wheat varieties. Deep tillage 

and happy seeder produced higher yield than conventional tillage and zone disc tiller at N125 

kg ha
-1

. In case of deep tillage the observed high yield was ascribed to deep manipulation of 

the soil, which reduced the soil bulk density and penetration resistance and increased the soil 

porosity. Less soil penetration resistance favored the root growth that enhanced the nutrient 

and water use efficiency. These factors favored the plant growth that increased the LAI, 
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which intercepted more radiation and produced the higher TDM. Residue incorporation 

effects on the nitrogen availability were due to nitrogen immobilization, which had negative 

effects on the plant growth. To overcome the problems of immobilization extra amount of 

nitrogen was added than the recommended dose. High dose of nitrogen caused the toxicity 

problem and instead of increasing the crop yield it reduced the crop yield. So, deep tillage 

had higher crop yield at N125 kg ha
-1

 and extra amount of nutrients came from the organic 

matter decomposition. In happy seeder (zero tillage) soil had higher soil bulk density that 

restricted the root growth but most of the nutrients were remained at the upper soil surface 

that helped the roots for nutrients and water uptake. Soil in case of happy seeder was 

remained cooler that helped the nutrient availability and water uptake. Water holding 

capacity was higher in zero till soils due to high soil bulk density. Crop residues were 

remained at the upper soil surface that acted as mulch and to overcome the problem of 

immobilization, extra amount of nitrogen was added. So, happy seeder at N125 kg ha gave 

maximum yield. In conventional tillage, tillage increased the soil temperature due to soil 

manipulation, which caused sub-surface soil compaction and reduced the water holding 

capacity that reduced the yield. In zone disc tiller lower yield was due to high soil bulk 

density and penetration resistance than happy seeder and higher water-filled pore spaces that 

restrict the gaseous exchange and high weeds problems due to not proper soil cover. 

  The yield in 2010-11 was higher than the yield of 20009-10 due to climatic 

conditions of rainfall, mean temperature and relative humidity that favors the crop yield and 

growth. The climatic conditions of 2010-11 enhanced the tillering capacity of the plant and 

rainfall at the month of March had positive effects on grain filling and grain formation stage. 

In study-2 the effect of different tillage systems and mulching materials were evaluated on 

wheat for two years 2009-10 and 2010-11 on yield attributes, growth, weed density, root 

length, soil physical properties, water use efficiency, grain quality and economic assessment.  

Germination count was found higher in deep tillage and happy seeder compared to 

other tillage systems while in MPlastic @ 4 t ha
-1

 had higher germination count than other 

mulching materials. Happy seeder in 2009-10 had higher total and fertile number of tillers 

compared to other tillage system while in 2010-11 deep tillage and happy seeder had higher 

total and fertile number of tillers. In both years MPlastic @ 4 t ha
-1

 had higher total and fertile 

tillers compared to other mulching materials and interaction of all tillage systems along with 
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MPlastic @ 4 t ha
-1

 had higher total and fertile number of tillers. Higher plant height was 

observed in MPlastic @ 4 t ha
-1

 than other mulching materials in 2009-10. Deep tillage and 

happy seeder along with MPlastic @ 4 t ha
-1

 had higher plant height than all tillage system and 

mulching materials in 2010-11. Tillage system and mulching materials in 2009-10 and 2010-

11 had non-significant effect on spike length. Tillage systems and mulching materials had 

non-significant effect on number of spikelet spike
-1

 in 2009-10 while in 2010-11 MPlastic @ 4 

t ha
-1

 had higher number of spikelet spike
-1

 than other mulching materials. Tillage systems 

had non-significant effect on number of grains spike
-1

 in 2009-10 and 2010-11 while MPlastic 

@ 4 t ha
-1

 had higher number of grains spike
-1

. In 2009-10 and 2010-11 only mulching 

materials had significant effect and produced higher 1000-grain weight at MPlastic @ 4 t ha
-1

. 

In 2009-10 and 2010-11 higher biological yield was produced in MPlastic @ 4 t ha
-1

 than other 

mulching materials. In both year of study higher grain yield was recorded in deep tillage and 

happy seeder compared to other tillage system and higher in case of MPlastic @ 4 t ha
-1

 than all 

mulching materials. In 2009-10 and 2010-11 deep tillage and happy seeder along with MPlastic 

@ 4 t ha
-1 

had higher straw yield compared to other tillage system and mulching materials 

while in case of interaction all the tillage systems had higher straw yield at MPlastic @ 4 t ha
-1

. 

In 2009-10 and 2010-11 deep tillage, zone disc tiller and happy seeder had higher harvest 

index than conventional tillage. Mulching materials had non-significant effect on harvest 

index. In both year 2009-10 and 2010-11 LAI and CGR at 75 and TDM and LAD at 135 

days after planting was higher at happy seeder and MPlastic @ t ha
-1

 compared to all tillage 

systems and mulching materials while in case of interaction all the tillage system had higher 

CGR, TDM and LAD at MPlastic @ 4 t ha
-1

. In both year 2009-10 and 2010-11 NAR was 

higher at happy seeder and deep tillage and M0 compared to all tillage systems and mulching 

materials while in case of interaction all the tillage system had higher NAR at M0. In both 

years 2009-10 and 2010-11, weed density at conventional tillage in all tillage systems and in 

M0 compared to all mulching materials was higher. Higher root length was noted at deep 

tillage and MPlastic @ 4 t ha
-1

 compared to other tillage systems and mulching materials.  

Soil bulk density, volumetric water content and soil water-filled pore spaces were 

noted at flowering and harvesting stage at 0-5 and 5-10 cm soil depth in 2009-10 and 2010-

11. Higher values of soil bulk density, volumetric water content and soil water-filled pore 

spaces were  noted at zone disk tiller and happy seeder compared to other tillage system 
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while mulching materials had significant effect at 0-5 cm soil depth and higher values were 

noted at M0. Total soil porosity and air-filled pore spaces were higher at flowering and 

harvesting stage at 0-5 and 5-10 cm soil depth in deep tillage compared to other tillage 

systems while mulching materials had significant effect at 0-5 cm soil depth and higher 

values were noted at MPlastic @ 4 t ha
-1

. Soil penetration resistance was higher in zone disc 

tiller and happy seeder along with M0 compared to all tillage systems and mulching materials 

were noted at flowering and harvesting stage in 2009-10 and 2010-11. In 2009-10 and 2010-

11 higher water use efficiency was noted at deep tillage and happy seeder compared to all 

tillage systems and in case of mulching materials at MPlastic @ 4 t ha
-1

 had higher WUE.  

In 2009-10 and 2010-11 higher grain protein content was noted at deep tillage and 

MPlastic @ 4 t ha
-1

 compared to all tillage systems and mulching materials. Tillage systems 

had non-significant effect on fat content while mulching materials had significant effect. In 

2009-10 and 2010-11 higher fat content was noted at MPlastic @ 4 t ha
-1

 compared to all 

mulching materials. Fiber content was un-effected by tillage systems and mulching materials 

in both the years. In the case of conventional tillage and deep tillage during 2009-10, 

maximum net rate of return, net field benefit and benefit cost ratio were noted at MRice @ 4 t 

ha
-1

 while in zone disc tiller and happy seeder maximum values were noted at MNatural. In 

year 2010-11 all tillage systems had maximum net rate of return, net field benefit and benefit 

cost ratio was obtained at MRice @ 4 t ha
-1

. During 2009-10 maximum marginal rate of return 

475 %, 430 %, 400 % and 416 % was noted in conventional tillage, deep tillage, zone disc 

tiller and happy seeder at MNatural, respectively. In 2010-11 maximum marginal rate of return 

391 %, 248 %, 361 % was noted in conventional tillage, deep tillage and zone disc tiller at 

MNatural while 288 % was noted in happy seeder at MRice @ 4 t ha
-1

.   

Deep tillage and happy seeder produced substantially higher yield than conventional 

tillage and zone disc tiller at MPlastic @ 4 t ha
-1

. Plastic mulch performed better due to soil 

moisture conservation and warmed the soil temperature than other mulching materials. 

Plastic mulch increased the root length by decreased the soil bulk density and penetration 

resistance, which helped the plants for water and nutrients uptake. Plastic mulch increased 

the LAI of the plants, which intercepted more radiation which increased the TDM of the 

plants. In case of no-mulch the soil was bare which evaporated the soil water and faced 

greater weeds density, which affected the nutrients availability. 
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  The yield in 2010-11 was higher than the yield of 20009-10 due to climatic 

conditions of rainfall, mean temperature and relative humidity that favored the crop yield and 

growth. The climatic conditions of 2010-11 enhanced the tillering capacity of the plant and 

rainfall at the month of March, which had positive effects on grain filling at grain formation 

stage. 

CONCLUSIONS  

      Based on the results, the following conclusions were derived for study-1 and study-2.  

1. Happy seeder and deep tillage gave more than 20 % higher grain yield than conventional 

tillage and zone disc tiller. 

2. Nitrogen @ 125 kg ha
-1

 gave 4 to 40 % higher grain yield than other nitrogen levels.  

3. Deep tillage along with N125 kg ha
-1

 gave maximum LAI and TDM which enhanced the 

crop yield. 

4. Deep tillage along with N125 kg ha
-1

 had greater grain protein content than other tillage 

systems and nitrogen levels.  

5.  All the tillage system gave the maximum BCR at N125 kg ha
-1

. 

6. Maximum marginal rate of return in all the tillage systems was noted at N100 kg ha
-1

 

7. Happy seeder and deep tillage produced more than 5 % higher grain yield than 

conventional   tillage and zone disc tiller. 

8. Plastic mulch @ 4 t ha
-1

 led to 4 to 20 % higher grain yield than other mulching 

materials.  

9. Happy seeder along with MPlastic @ 4 t ha
-1

 gave maximum LAI and TDM which 

enhanced the crop yield. 

10. Deep tillage along with MPlastic @ 4 t ha
-1

 had greater grain protein content than other 

tillage systems and mulching materials.  

11. All the tillage system gave the maximum BCR at MRice @ 4 t ha
-1

. 

12. Maximum marginal rate of return of in all tillage systems were noted at MNatural.  

RECOMMENDATIONS 

1. Wheat planted with happy seeder and deep tillage gave higher grain yield at N125 kg ha
-1

. 

2. On the basis of marginal rate of return it is recommended that the resource poor wheat 

growers of central Punjab (Pakistan) should grow wheat with happy seeder and deep 
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tillage at N100 kg ha
-1

, while the progressive farmers may fertilize wheat N125 kg ha
-1

 to 

get higher net field benefits.  

3. Wheat planted with happy seeder and deep tillage gave higher grain yield at MPlastic @ 4 t 

ha
-1

. 

4. On the basis of marginal rate of return it is recommended that the resource poor wheat 

growers should grow wheat with happy seeder and deep tillage at MNatural, while the 

progressive farmers may grow wheat MRice @ 4 t ha
-1

 to get higher net field benefits. 

FUTURE RESEARCH  

1. In zero tilled wheat in order to overcome the problems of soil compaction, cover crops 

should be introduced. 

2. Long term zero tillage trials should be conducted to check the maximum benefits. 

3. In rice-wheat cropping systems both the crops can be planted with zero tillage.  

4. Soil chemical and biological aspect of different tilled soil should be checked for getting 

higher crop yield. 

5. Different levels of macro-nutrients should be checked under various tillage systems. 

6. Different organic and inorganic nitrogen source can be used in different tillage systems. 

7. Future studies should be based upon modeling the relationship between tillage system 

and climate towards growth, development, yield and quality of wheat crop. 

8. Greenhouse gases emission should be chacked under various tillage systems. 

9. Soil moisture and temperature role should be studied under various tillage syetem and 

mulch.  
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APPENDICES 

Appendix I: Fixed Cost (Rs. per ha) (2009-10) 

Operation/ Input 
No. /Amount / 

Quantity 
Rate per unit (Rs.) 

Cost per ha 

(Rs.) 

1) Seed 125 kg per ha
 

40 
 

5000 

     5000 

2) Fertilizer      

SSP (100 kg P per ha)  11.11 bags 726 per bag
 

8066 

SOP (60 kg K per ha) 2.4 bags 2370 per bag 5688 

Transportation charges 13.51 bags 20  per bag
 

270 

Application charges 1 man day 250 per man day 250 

     14274 

3) Irrigation      

Water rates - 200 per ha
 

200 

Tube well irrigations 1 3000 per ha
 

3000 

 Water course cleaning 2 man days 250 per man day 500 

Application charges 3 man days 250 per man day 750 

     4450 

4) Plant protection      

Herbicide (Buctril M + Puma Super) 

Application and machine charges 

1.5 liters 

1 man days 

1500 per liter 
 

250 per man day 

2250 
 

250 

     2500 

Total charges from 1-4     26224 

Mark up on investment from 1-4 @9 

% per annum (excluding water rates) 
6 months 195.2 per month

 
1171 

Harvesting charges 6.5 monds per ha  Rs. 950 per mond
 

6175 

Management charges (25000 per 

month for 40 hectares) 
6 months 625 per month

 
per

 
ha

 
3750 

Land rent per annum  6 months 50000 per annum
 

25000 

    

Total permanent cost 
A. Total permanent cost including 

conventional and deep tillage 

B. Total permanent cost including 

zone disc tiller and happy seeder 

  

             

            11500 

           3500  

         62320 

         73820 

         65820 

Source: Federal Bureau of Statistics/Records of National Fertilizer Development Centre. 
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Appendix. II: Variable cost (Rs. per ha) (2009-10)  

Treatments No. of operations Cost of operation (Rs.) Total cost Rs. per ha
 

Factor A: Tillage 

CT: Conventional tillage 

       Disc harrow 

       Rotavator 

       Planking 

       Rabi drill charges 

 

 

DT: Deep tillage 

       Mould board plough 

       Rotavator 

       Planking 

       Rabi drill charges 

 

 

 

ZTZDT: Zone disc tiller 

 

 

ZTHS: Happy seeder  

 

 

Factor B: Nitrogen 

 

N0: no nitrogen 

 

N75: 75 kg N per ha 

Application charges 

 

 

 

N100: 100 kg N per ha 

Application charges 

 

 

N125: 125 kg N per ha 

Application charges 

 

 

N150: 150 kg N per ha 

Application charges 

 

 

2 

1 

2 

1 

 

 

 

                 1 

1 

2 

1 

 

 

 

1 

 

 

1 

 

 

 

 

 

 

3.3 bags per ha 

1/2 man day 

 

 

 

4.34 bags per ha 

1/2 man day 

 

 

5.43 bags per ha 

1/2 man day 

 

 

6.52 bags per ha 

1 man day 

 

 

2000 per ha 

3000 per ha 

1250 per ha 

2000 per ha 

 

 

 

            4000 per ha 

   3000 per ha 

   1250 per ha 

   2000 per ha 

 

 

 

  3500 per ha 

 

 

  3500 per ha 

 

 

 

 

 

 

875 per bag 

250 per man
 
day 

 

 

 

875 per bag 

250 per man day 

 

 

875 per bag 

250 per man day 

 

 

875 per bag 

250 per man day 

 

 

4000 

3000 

2500 

2000 

11500 

 

             4000 

3000 

2500 

2000 

11500 

            

           3500 

3500 

 

3500 

3500 

 

 

0 

 

2888 

125 

3013 

 

3798 

125 

3923 

 

4751 

125 

4876 

 

5705 

250 

5955 
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Appendix. III: Fixed Cost (Rs. per ha) (2010-11) 

Operation/ Input 
No. /Amount / 

Quantity 
Rate per unit 

(Rs.) 
Cost per ha (Rs.) 

1) Seed 125 kg per ha
 

40 
 

5000 

     5000 

2) Fertilizer      

SSP (100 kg P per ha)  11.11 bags 726 per bag
 

8066 

SOP (60 kg K per ha) 2.4 bags 2400 per bag 5760 

Transportation charges 13.51 bags 20 per bag
 

270 

Application charges 1 man day 250 per man day 250 

     14346 

3) Irrigation      

Water rates - 200 per ha
 

200 

Tube well irrigations 1 3000 per ha
 

3000 

 Water course cleaning 2 man days 250 per man day 500 

Application charges 3 man days 250 per man day 750 

     4450 

4) Plant protection      

Herbicide (Buctril M + Puma Super) 

Application and machine charges 

1.5 liters 

1 man days 

1500 per liter 
 

250 per man day 

2250 
 

250 

     2500 

Total charges from 1-4     26296 

Mark up on investment from 1-4 @9 % 

per annum (excluding water rates) 
6 months 195.7 per month

 
1174 

Harvesting charges 6.5 monds per ha  Rs. 950 per mond
 

6175 

Management charges (25000 per 

month for 40 hectares) 
6 months 

625 per month 

per
 
ha

 3750 

Land rent per annum  6 months 50000 per annum
 

25000 

Total permanent cost 
A. Total permanent cost including 

conventional and deep tillage 

B. Total permanent cost including 

zone disc tiller and happy seeder 

  

         

        11500 

         3500  

62395 

73895 

65895 

Source: Federal Bureau of Statistics/Records of National Fertilizer Development Centre. 
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Appendix. IV: Variable cost (Rs. per ha) (2010-11)  
Treatments No. of operations Cost of operation (Rs.) Total cost Rs. per ha

 

Factor A: Tillage 

CT: Conventional tillage 

       Disc harrow 

       Rotavator 

       Planking 

       Rabi drill charges 

 

 

DT: Deep tillage 

       Mould board plough 

       Rotavator 

       Planking 

       Rabi drill charges 

 

 

 

ZTZDT: Zone disc tiller 

 

 

ZTHS: Happy seeder  

 

 

Factor B: Nitrogen 

 

N0: no nitrogen 

 

N75: 75 kg N per ha 

Application charges 

 

 

 

N100: 100 kg N per ha 

Application charges 

 

 

N125: 125 kg N per ha 

Application charges 

 

 

N150: 150 kg N per ha 

Application charges 

 

 

2 

1 

2 

1 

 

 

 

1 

1 

2 

1 

 

 

 

1 

 

 

1 

 

 

 

 

 

 

3.3 bags per ha 

1/2 man day 

 

 

 

4.34 bags per ha 

1/2 man day 

 

 

5.43 bags per ha 

1 man day 

 

 

6.52 bags per ha 

1 man day 

 

 

2000 per ha 

3000 per ha 

1250 per ha 

2000 per ha 

 

 

 

4000 per ha 

3000 per ha 

1250 per ha 

2000 per ha 

 

 

 

3500 per ha 

 

 

3500 per ha 

 

 

 

 

 

 

1250 per bag 

250 per man
 
day 

 

 

 

1250 per bag 

250 per man day 

 

 

1250 per bag 

250 per man day 

 

 

1250 per bag 

250 per man day 

 

 

4000 

3000 

2500 

2000 

11500 

 

                

               4000 

3000 

2500 

2000 

11500 

 

3500 

3500 

 

3500 

3500 

 

 

0 

 

4125 

125 

4250 

 

5425 

125 

5550 

 

6788 

125 

6913 

 

8150 

250 

8400 
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Appendix. V: Total cost 2009-10 

   Threshing charges = 5.5 kg per 40 kg. Wheat grain price = Rs. 23.75 per kg 

 

 

Treatment 
Nitrogen   

Rs. ha
-1 

Yield t ha
-1 

Threshing 

charges (kg ha
-1

) 
Threshing 

charges Rs. ha
-1  

Total variable 

cost Rs. ha
-1 

Total cost    

Rs. ha
-1 

C
T

: 

C
o
n
v
en

ti
o
n
al

 

ti
ll

ag
e 

N0: No nitrogen 0 2.0 275 6531 6531 80351 

N75: 75 kg N ha
-1 

3013 3.8 523 12421 15434 89254 

N100: 100 kg N ha
-1 

3923 3.9 536 12730 16653 90473 

N125: 125 kg N ha
-1 

4876 4.1 564 13395 18271 92091 

N150: 150 kg N ha
-1 

5955 3.8 523 12421 18376 92196 

D
T

: 
D

ee
p
 t

il
la

g
e 

N0: No nitrogen 0 1.9 261 6199 6199 80019 

N75: 75 kg N ha
-1 

3013 4.6 633 15033 18046 91866 

N100: 100 kg N ha
-1 

3923 5.3 729 17314 21237 95057 

N125: 125 kg N ha
-1 

4876 5.8 798 18953 23829 97649 

N150: 150 kg N ha
-1 

5955 5.5 756 17955 23910 97730 

Z
T

: 
Z

o
n
e 

d
is

c 

ti
ll

er
 

N0: No nitrogen 0 2.4 330 7838 7838 73658 

N75: 75 kg N ha
-1 

3013 3.6 495 11756 14769 80589 

N100: 100 kg N ha
-1 

3923 4.3 591 14036 17959 83779 

N125: 125 kg N ha
-1 

4876 4.6 633 15033 19909 85729 

N150: 150 kg N ha
-1 

5955 3.9 536 12730 18685 84505 

Z
T

: 
H

ap
p

y
 s

ee
d

er
 N0: No nitrogen 0 2.9 399 9476 9476 75296 

N75: 75 kg N ha
-1 

3013 4.4 605 14369 17382 83202 

N100: 100 kg N ha
-1 

3923 5.0 688 16340 20263 86083 

N125: 125 kg N ha
-1 

4876 5.3 729 17314 22190 88010 

N150: 150 kg N ha
-1 

5955 5.1 701 16649 22604 88424 
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Appendix. VI: Total cost 2010-11 

Threshing charges = 5.5 kg per 40 kg.  Wheat grain price = Rs. 23.75 per kg

Treatment 
Nitrogen   

Rs. ha
-1 

Yield t ha
-1 

Threshing 

charges (kg ha
-1

) 
Threshing 

charges Rs. ha
-1  

Total variable 

cost Rs. ha
-1 

Total cost    

Rs. ha
-1 

C
T

: 

C
o
n
v
en

ti
o
n
al

 

ti
ll

ag
e 

N0: No nitrogen 0 3.0 413 9809 9809 83704 

N75: 75 kg N ha
-1 

4250 5.3 729 17313 21563 95458 

N100: 100 kg N ha
-1 

5550 6.0 825 19594 25144 99039 

N125: 125 kg N ha
-1 

6913 6.4 880 20900 27813 101708 

N150: 150 kg N ha
-1 

8400 5.6 770 18288 26688 100583 

D
T

: 
D

ee
p
 t

il
la

g
e 

N0: No nitrogen 0 3.6 495 11756 17756 85651 

N75: 75 kg N ha
-1 

4250 5.4 743 17646 21896 95791 

N100: 100 kg N ha
-1 

5550 6.3 866 20568 26118 100013 

N125: 125 kg N ha
-1 

6913 6.6 908 21565 28478 102373 

N150: 150 kg N ha
-1 

8400 6.5 894 21233 29633 103528 

Z
T

: 
Z

o
n
e 

d
is

c 

ti
ll

er
 

N0: No nitrogen 0 3.1 426 10118 10118 76013 

N75: 75 kg N ha
-1 

4250 5.3 729 17314 21564 87459 

N100: 100 kg N ha
-1 

5550 6.2 853 20259 25809 91704 

N125: 125 kg N ha
-1 

6913 6.3 866 20568 27481 93376 

N150: 150 kg N ha
-1 

8400 5.7 784 18620 27020 92915 

Z
T

: 
H

ap
p

y
 s

ee
d

er
 N0: No nitrogen 0 3.5 481 11424 11424 77319 

N75: 75 kg N ha
-1 

4250 5.6 770 18288 22538 88433 

N100: 100 kg N ha
-1 

5550 6.4 880 20900 26450 92345 

N125: 125 kg N ha
-1 

6913 6.8 935 22206 29119 95014 

N150: 150 kg N ha
-1 

8400 6.6 908 21565 29965 95860 
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Appendix. VII: Fixed Cost (Rs. per ha) (2009-10) 

Operation/ Input 
No. /Amount / 

Quantity 
Rate per unit (Rs.) 

cost per ha 

(Rs.) 

1) Seed 125 kg per ha
 

40 per kg
 

5000 

    5000 

2) Fertilizer 

 

 

 

 
 

Urea (80.87 kg N per ha) 

DAP (100 kg P per ha + 39.13 kg N per ha) 

3.5 bags 

4.35 bags 

       875 per bag
 

      2680 per bag
 

3066 

11658 

SOP (60 kg K per ha) 2.4 bags 2370 per bag 5688 

Transportation charges 10.25 bags 20 per bag
 

205 

Application charges 1 man day 250 per man day 250 

     20867 

3) Irrigation      

Water rates - 200 per ha
 

200 

Tube well irrigations 1 3000 per ha
 

3000 

 Water course cleaning 2 man days 250 per man day 500 

Application charges 3 man days 250 per man day 750 

     4450 

4) Plant protection      

Herbicide (Buctril M + Puma Super) 

Application and machine charges 

1.5 liters 

1 man days 

1500 per liter 
 

250 per man day 

2250 
 

250 

     2500 

Total charges from 1-4     32817 

Mark up on investment from 1-4 @9 % per 

annum (excluding water rates) 
6 months 244.6 per month

 
1468 

Harvesting charges 
6.5 monds per 

ha  
Rs. 950 per mond

 
6175 

Management charges (25000 per month
 
for 

40 hectares) 
6 months 625 per month per

 
ha

 
3750 

Land rent per annum  6 months 50000 per annum
 

25000 

Total permanent cost 
A. Total permanent cost including 

conventional and deep tillage 

B. Total permanent cost including zone 

disc tiller and happy seeder 

  

             

             11500 

   3500  

       69210 

       80710 

       72710 

Source: Federal Bureau of Statistics/Records of National Fertilizer Development Centre. 
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Appendix. VIII: Variable cost (Rs. per ha) (2009-10)  

Treatments No. of operations Cost of operation (Rs.) Total cost Rs. per 

ha
 

Factor A: Tillage 

CT: Conventional tillage 

       Disc harrow 

       Rotavator 

       Planking 

       Rabi drill charges 

 

 

DT: Deep tillage 

       Mould board plough 

       Rotavator 

       Planking 

       Rabi drill charges 

 

 

 

ZTZDT: Zone disc tiller 

 

 

ZTHS: Happy seeder  

 

 

Factor B: Mulch 

 

M0: no mulch 

 

MRice: Rice straw 

Application charges 

 

 

 

MWheat: Wheat straw 

Application charges 

 

 

MPlastic: Plastic sheet 

Application charges 

 

 

MNatural: Natural mulch 

 

 

 

2 

1 

2 

1 

 

 

 

1 

1 

2 

1 

 

 

 

1 

 

 

1 

 

 

 

 

 

 

4 t per ha
 

1 man day 

 

 

 

4 t per ha
 

1 man day 

 

 

10000 sq meter 

1 man day 

 

 

Heavy planking 

 

 

 

2000 per ha 

3000 per ha 

1250 per ha 

2000 per ha 

 

 

 

4000 per ha 

3000 per ha 

1250 per ha 

2000 per ha 

 

 

 

3500 per ha 

 

 

3500 per ha 

 

 

 

 

 

 

1000 per t 

250 per man
 
day 

 

 

 

5000 per t 

250 per man day 

 

 

5 per m
2
 

250 per man day 

 

 

2000 

 

 

4000 

3000 

2500 

2000 

11500 

 

 

4000 

3000 

2500 

2000 

11500 

 

3500 

3500 

 

3500 

3500 

 

 

0 

 

4000 

250 

4250 

 

20000 

250 

20250 

 

50000 

250 

50250 

 

2000 

2000 
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Appendix. IX: Fixed Cost (Rs. per ha) (2010-11) 

Operation/ Input 
No. /Amount / 

Quantity 
Rate per unit 

(Rs.) 
cost per ha 

(Rs.) 

1) Seed 125 kg per ha
 

40 per kg
 

5000 

    5000 

2) Fertilizer 

 

 

 

 
 

Urea (80.87 kg N per ha) 

DAP (100 kg P per ha + 39.13 kg N per ha) 

3.5 bags 

4.35 bags 

      1250 per bag
 

      3800 per bag
 

4375 

16530 

SOP (60 kg K per ha) 2.4 bags  2400 per bag 5760 

Transportation charges 10.25 bags         20 per bag
 

205 

Application charges 1 man day 250 per man day 250 

     27120 

3) Irrigation      

Water rates - 200 per ha
 

200 

Tube well irrigations 1 3000 per ha
 

3000 

 Water course cleaning 2 man days 250 per man day 500 

Application charges 3 man days 250 per man day 750 

     4450 

4) Plant protection      

Herbicide (Buctril M + Puma Super) 

Application and machine charges 

1.5 liters 

1 man days 

1500 per liter 
 

250 per man day 

2250 
 

250 

     2500 

Total charges from 1-4     39070 

Mark up on investment from 1-4 @9 % per 

annum (excluding water rates) 
6 months 291.5 per month

 
1749 

Harvesting charges 
6.5 monds per 

ha  
Rs. 950 per mond

 
6175 

Management charges (25000 per month for 

40 hectares) 
6 months 

625 per month per
 

ha
 3750 

Land rent per annum  (Rs. 75000 per ha) 6 months 50000 per annum
 

25000 

Total permanent cost 
A. Total permanent cost including 

conventional and deep tillage 

B. Total permanent cost including zone 

disc tiller and happy seeder 

  

 

 11500 

3500 

     75744 

      87244 

      79244 

Source: Federal Bureau of Statistics/Records of National Fertilizer Development Centre. 
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Appendix. X: Variable cost (Rs. per ha) (2010-11)  

Treatments No. of operations Cost of operation (Rs.) Total cost Rs. per ha
 

Factor A: Tillage 

CT: Conventional tillage 

       Disc harrow 

       Rotavator 

       Planking 

       Rabi drill charges 

 

 

DT: Deep tillage 

       Mould board plough 

       Rotavator 

       Planking 

       Rabi drill charges 

 

 

 

ZTZDT: Zone disc tiller 

 

 

ZTHS: Happy seeder  

 

 

Factor B: Mulch 

 

M0: no mulch 

 

MRice: Rice straw 

Application charges 

 

 

 

MWheat: Wheat straw 

Application charges 

 

 

MPlastic: Plastic sheet 

Application charges 

 

 

MNatural: Natural mulch 

 

 

 

2 

1 

2 

1 

 

 

 

1 

1 

2 

1 

 

 

 

1 

 

 

1 

 

 

 

 

 

 

4 t per ha
 

1 man day 

 

 

 

4 t per ha
 

1 man day 

 

 

10000 sq meter 

1 man day 

 

 

Heavy planking 

 

 

 

2000 per ha 

3000 per ha 

1250 per ha 

2000 per ha 

 

 

 

4000 per ha 

3000 per ha 

1250 per ha 

2000 per ha 

 

 

 

3500 per ha 

 

 

3500 per ha 

 

 

 

 

 

 

1000 per t 

250 per man
 
day 

 

 

 

5000 per t 

250 per man day 

 

 

5 per m
2
 

250 per man day 

 

 

2000 

 

 

4000 

3000 

2500 

2000 

11500 

 

 

4000 

3000 

2500 

2000 

11500 

 

3500 

3500 

 

3500 

3500 

 

 

0 

 

4000 

250 

4250 

 

20000 

250 

20250 

 

50000 

250 

50250 

 

2000 

2000 
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Appendix. XI: Total cost 2009-10 

Treatment 
Mulch   Rs. 

ha
-1 

Yield t ha
-1 

Threshing charges 

(kg ha
-1

) 
Threshing charges 

Rs. ha
-1  

Total variable 

cost Rs. ha
-1 

Total cost 

Rs. ha
-1 

C
T

: 
C

o
n
v
en

ti
o
n
al

 

ti
ll

ag
e 

M0: No mulch 0 4.1 564 13389 13389 94099 

MRice: Rice straw mulch 4250 5.3 729 17308 21558 102268 

MWheat: Wheat straw mulch 20250 4.5 619 14695 34945 115655 

MPlastic: Plastic sheet 50250 5.1 701 16655 66905 147615 

MNatural: Natural mulch 2000 5.2 715 16981 18981 99691 

D
T

: 
D

ee
p
 t

il
la

g
e M0: No mulch 0 4.5 619 14695 14695 95405 

MWheat: Rice straw mulch 4250 5.5 756 17961 22211 10292 

MWheat: Wheat straw mulch 20250 4.5 619 14695 34945 115655 

MPlastic: Plastic sheet 50250 5.5 756 17961 68211 148921 

MNatural: Natural mulch 2000 5.4 743 17634 19634 100344 

Z
T

: 
Z

o
n
e 

d
is

c 

ti
ll

er
 

M0: No mulch 0 4.5 619 14695 14695 87405 

MRice: Rice straw mulch 4250 5.3 729 17308 21558 94268 

MWheat: Wheat straw mulch 20250 4.4 605 14369 34619 107329 

MPlastic: Plastic sheet 50250 5.3 729 17308 67558 140268 

MNatural: Natural mulch 2000 5.2 715 16981 18981 91691 

Z
T

: 
H

ap
p

y
 s

ee
d

er
 

M0: No mulch 0 4.7 646 15348 15348 88058 

MRice: Rice straw mulch 4250 5.6 770 18288 22538 95248 

MWheat: Wheat straw mulch 20250 4.7 646 15348 35598 108308 

MPlastic: Plastic sheet 50250 5.6 770 18288 68538 141248 

MNatural: Natural mulch 2000 5.5 756 17961 19961 92671 

 

Threshing charges = 5.5 kg per 40 kg.       Wheat grain price = Rs. 23.75 per kg. 
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Appendix. XII: Total cost 2010-11 

Threshing charges = 5.5 kg per 40 kg. Wheat grain price = Rs. 23.75 per kg. 

Treatment 
Mulch   Rs. 

ha
-1 

Yield t ha
-1 

Threshing charges 

(kg ha
-1

) 
Threshing charges 

Rs. ha
-1  

Total variable 

cost Rs. ha
-1 

Total cost 

Rs. ha
-1 

C
T

: 
C

o
n
v
en

ti
o
n
al

 

ti
ll

ag
e 

M0: No mulch 0 5.1 701 16655 16655 103899 

MRice: Rice straw mulch 4250 6.0 825 19594 23844 111088 

MWheat: Wheat straw mulch 20250 5.6 770 18288 38538 125782 

MPlastic: Plastic sheet 50250 6.1 839 19920 70170 157414 

MNatural: Natural mulch 2000 5.8 798 18941 20941 108185 

D
T

: 
D

ee
p
 t

il
la

g
e M0: No mulch 0 5.6 770 18288 18288 105532 

MWheat: Rice straw mulch 4250 6.4 880 20900 25150 112394 

MWheat: Wheat straw mulch 20250 5.8 798 18941 39191 126435 

MPlastic: Plastic sheet 50250 6.5 894 21227 71477 158721 

MNatural: Natural mulch 2000 6.0 824 19594 21594 108838 

Z
T

: 
Z

o
n
e 

d
is

c 

ti
ll

er
 

M0: No mulch 0 5.1 701 16655 16655 95899 

MRice: Rice straw mulch 4250 6.2 853 20247 24497 103741 

MWheat: Wheat straw mulch 20250 5.5 756 17961 38211 117455 

MPlastic: Plastic sheet 50250 6.3 866 20573 70823 150067 

MNatural: Natural mulch 2000 5.7 784 18614 20614 99858 

Z
T

: 
H

ap
p

y
 s

ee
d

er
 

M0: No mulch 0 5.6 770 18288 18288 97532 

MRice: Rice straw mulch 4250 6.5 894 21227 25477 104721 

MWheat: Wheat straw mulch 20250 5.9 811 19267 39517 118761 

MPlastic: Plastic sheet 50250 6.5 894 21227 71477 150721 

MNatural: Natural mulch 2000 6.0 825 19594 21594 100838 


