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Abstract 

Economics of growing crops and soil fertility of the farmer’s field is very critical for 

agricultural scientists before introducing new field techniques for precision agriculture. 

Several soil physical, chemical and biological properties are affected by the different tillage 

practices which may affect the crop growth and development. Addition of organic matter can 

increase the soil fertility and productivity which may improve the crop yield and quality. 

During spring 2010 and 2011, two field experiments were conducted at the Agronomic 

Research Area, University of Agriculture, Faisalabad, Punjab, Pakistan to observe the effects 

of integrated management strategies on the performance of spring maize. In the first 

experiment influence of different tillage practices and poultry manure was studied on the 

growth and yield of maize and soil physical properties. In second experiment Influence of 

tillage practices and mulches on the growth, yield and soil physical properties was studied. 

Both experiments were laid out in randomized complete block design (RCBD) with split plot 

arrangement. The dimension of each plot was 10 × 4.5 m with 6 rows having three 

replications in each experiment. Four different tillage practices as zero tillage, minimum 

tillage, conventional tillage and deep tillage and three different levels of poultry manures; 

control (no poultry manure), poultry manure at 5 Mg ha
-1

 and poultry manure at 10 Mg ha
-1

 

were applied as treatments in first experiment. In the second experiment, tillage treatments 

were the same as in first experiment but the four different mulches i.e. control (no mulch), 

black plastic mulch, wheat straw mulch and grass mulch were applied between the rows of 

maize crop. All the tillage treatments in both the experiments were kept in the main plots 

while the poultry manure (first experiment) and mulches (second experiment) were kept in 

subplots. First experiment results suggested that the all the tillage operations and poultry 

manure treatments significantly increased the soil total porosity, lower the soil bulk density 

and root penetration which were conducive for plant growth and yield. Lesser time to start 

emergence, mean emergence time, higher leaf area index, leaf area duration, crop growth rate 

and net assimilation rate was observed in the tilled sown maize rather than zero tillage. Deep 

tillage gave the 4-21 % more grain yield than conventional, minimum and zero tillage during 

both year studies. Application of poultry manure @ 10 Mg ha
-1

 produced 7 % and 18 % more 

maize grain yield than poultry manure @ 5 Mg ha
-1

 and control, respectively. Better quality 

maize protein was harvested at higher doses of poultry manure and in deep tillage. Higher 

BCR and net income was obtained in minimum tillage with poultry manure @10 Mg ha
-1

 

(2.65, 2.91) than control (1.39, 1.69) in both years of study. Maximum crop productivity was 

achieved in minimum tillage with poultry manure @10 Mg ha
-1

 (0.1081 and 0.1139 kg Rs.
-1

) 

as compared to other tillage practices and poultry manure treatments. 

  As far as the results of second experiments were concerned; improved maize 

seed emergence, better leaf area index, leaf area duration, crop growth rate and net 

assimilation rate was recorded in deep tillage practice and black plastic mulch treatment. 

Yield and yield related attributes i.e. plant population, number of grain rows per cob, number 

of grains per cob, 1000-grain weight and grain yield was improved in tilled soil maize crop 
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than the no tillage. Deep tillage crop gave the 3-25 % more grain yield than conventional, 

minimum and zero tillage crop while the black plastic mulch treatment produced 7-30 % 

more grain yield than the wheat straw mulch, grass mulch and control treatments in both 

years of research. Mulches improved the water use efficiency of crop during 2010 as well as 

2010 compared to unmulched plot. Although the grain yield and other yield related traits 

were higher in deep tillage treatment but it did not improve the soil organic matter and soil 

health. Economically, deep tillage sown crop was much expensive than the conventional, 

minimum and zero tillage crop. More net return and benefit to cost ratio was calculated in 

minimum tillage over all other tillage practices. Maximum crop productivity was achieved in 

minimum tillage with black plastic mulch treatment (0.0663 and 0.0699 kg Rs.
-1

) as 

compared to conventional, minimum, zero tillage and different mulch treatments. 
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Chapter # 1        Introduction 
  

In Pakistan, maize is third important cereal crop after wheat and rice, contributing 4.8 

% of the total cropped area and 3.5 % of the value of agricultural output with an estimated 

area of 950 thousand hectares having an annual production of 3,487 thousand tones.  Khyber 

Pakhtunkhwa (KPK) and Punjab are the major producer of maize, accounting for 57 % of the 

total area and 68 % of total production (GoP, 2010). But still the maize average yield per 

hectare in Pakistan (9.065 Mg ha
-1

) is less than many other agricultural countries like U.S.A., 

China, Brazil, Mexico, India, Argentina, South Africa, Ukraine and Canada having average 

yield of  334.05, 155, 51, 22, 18.5, 15, 11, 10 and 9.56 Mg ha
-1

, respectively (Ihnen, 2010). 

No doubt, at a time many factors i.e. insect pest, diseases, weeds infestation, irrigation, 

steadily seasonal changes and post-harvest losses are responsible for the low yield of maize 

but the tillage is most important one (Rosner et al., 2008). 

For centuries, tillage has been considered very important for seed bed preparation, soil 

moisture conservation, soil temperature modulation, reduction of soil compaction, controlling 

of weeds and incorporation of plant residues (i.e. stubbles), manures and improving root 

growing zone (Azooz et al., 1995; Lal, 1997). But now, there is overwhelming evidences that 

over-cultivation has the negative sequences on soil physical properties mechanical stability 

of soil aggregates, hydraulic conductivity, soil porosity, soil, infiltration rate, water holding 

capacity, stratification of carbon biomass, and nutrients, rate of organic matter 

decomposition, biological activity and micro-environment of soil flora and fauna, soil water 

and temperature modulation regime (Ulrich et al., 2006; Jităreanu et al., 2007; Jităreanu et 

al., 2008) and also leading to destruction of earth's thin and fragile covering of fertile soil 

layer due to soil erosion (Amezquita et al., 2002) which diverting the farmers attention 

towards various conservation cropping systems and resource conservation technologies as no 

till system (Bakhsh et al., 2005). Finally, the Intensive soil cultivation has worldwide 

resulted in a long term threat to future agriculture crop yields (Haene et al., 2008). Usually 

tillage operation is done with the following objectives; 

 Inversion 

 Mixing 

 Fracture 



2 

 

 Pulverization 

 Compaction 

There is also a second group of some agricultural operations which have a direct effect on the 

soil such as 

 Mechanical weed control 

 Surface shaping (ridging, levelling) 

 Harvesting of underground crops (potato, beet, groundnut, etc.) 

The degradation of agricultural soils takes place in three stages (Mielniczuk and Schneider, 

l984); 

 The original soil characteristics are slowly destroyed. Degradation is hardly 

noticeable due to the low intensity of the processes and because productivity is 

maintained through the use of corrective measures and fertilizers; 

 More important losses of soil organic matter occur with heavy soil damage (structural 

collapse). Apart from surface crusting, there is also subsurface compaction that 

impedes water infiltration and root penetration. In this way, erosion becomes more 

accentuated and the crops respond much less efficiently to corrective measures and 

the application of fertilizers; 

 The soil becomes extensively damaged, with major collapse of the pore space. 

Erosion is accelerated and there is difficulty to operate agricultural machinery. 

Productivity falls to minimum levels. 

With the increasing population, farmers are expected to produce food in ever increasing 

quantities. To achieve this expectation, soil erosion will have to be conquered. During the 

last 40 years, about one third of the total arable land of the world is being lost by soil erosion 

and it is being continuously lost @ 10 million hectare per year (Pimental et al., 1995). Zero 

tillage farming can help us to produce abundant food while protecting the soil and giving the 

sustainability to our agriculture and environment (Friesen et al., 1997). Moreover, there is a 

significant increase in the yield with zero tillage technology over conventional tillage and the 

savings are done through less fuel consumption and machinery use (Basamba et al., 2006). 

Economically zero tillage has an upper hand over conventional method of sowing because 

more net returns were achieved in zero tillage farming than that of conventional tillage 

farming (Kelava et al., 2000; Nagarajan et al., 2002).      
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Zero tillage resulted in significantly higher soil-moisture content, higher total porosity 

and bulk density than conventional tillage and raised seed-bed (Veiga et al., 2008) and 

significantly higher maize grain yield was also found in no tillage system (Weise and 

Bourarach, 1999). Similarly, no-tillage increased whole P (Phosphorous) uptake as compared 

to MP (mould board plough) and CT (chisel tillage) and increased grain P concentration 

(Jeremy et al., 2007). It has been recorded that the conventional soil tillage practices are one 

of the greatest energy and labour consuming process while on the other hand it is also 

ecologically, organizationally and economically unfavorable for modern agriculture 

(Tebrugge and During, 1999; Zugec et al., 2000). Pelizzi et al. (1988) reported that the 

primary tillage operations required 75 % of the total energy spent before seeding time. So, 

the efficiency of non-conventional tillage systems has proved in a manner of saving 

significant amount of energy and labour (Zimmer et al., 2002; Košutić et al., 2005).   

All the Tillage practices can affect the soil environment conditions those are essential 

for crop growth and resulted to better crop harvest. Many scientists concluded that all the 

tillage operations usually can cause an increase in organic nitrogen mineralization and soil 

aeration which resulted to more N availability to the plant roots (Halvorson et al., 2001; 

Dinnes et al., 2002). Drewry et al. (2000) performed tillage experiments and concluded that 

deep tillage (sub-soiling) up to 0.30 meter depth that increased the air permeability and 

saturated hydraulic conductivity of tilled soil and finally enhances soil porosity up to 27 % 

with respect to total soil volume. Various continuous tillage operations at same soil depth 

which may result to hardpan at the certain depth which can be compensate by the deep tillage 

to optimize the crop grain yield.  Deeper soil tillage operations improves the water 

infiltration rate in the soil due to breakdown of the hardpan which will help the root to grow 

in to deeper layer of soil and leads to increased crop growth, development and yield (Bennie 

and Botha, 1986). The compacted soil profiles are eliminated by sub-soiling the soil and 

increases nutrients availability and favors soil physical properties to crop plants (Sene et al., 

1985). Therefore, plant will produce more fine roots that explore more soil area and uptake 

more nutrients and produced the heavier grain yield. Hamza and Anderson (2005) reported 

that decreasing soil bulk density and increasing total soil porosity will be a good sign of 

lower soil bulk density. Improved grain yield, biological yield and water use efficiency 
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(WUE) occurred as the result of soil loosening depth. Higher grain yield can be achieved by 

the soil disturbance at deeper depth (Schmidt et al., 1994).  

Organic matter affects soil physico-chemical properties by giving the soil darker 

colour, increases soil aggregation and aggregate stability, increases the CEC (cation 

exchange capacity), lowering soil pH, increasing soil microbial activity and enhances the 

availability of N, P and other nutrients (Mitchell et al., 2007; Reddy et al., 2002). 

Consequently, rapid decomposition of soil organic matter by temperature has attracted a lot 

of attentions (Lloyd and Taylor, 1994; Katterer et al., 1998; Luo et al., 2001; Reichstein et 

al., 2003; Sandermann et al., 2003). Furthermore, the rate of decomposition directly 

correlates with soil carbon pools, nature of organic matter, texture and structure of soil 

(Giardina and Ryan, 2000), in addition to acclimation of soil organisms to high temperature 

(Luo et al., 2001). 

Due to high cost and unavailability of mineral fertilizers, most farmers are moving 

towards other sources of fertilizer as animal manures and poultry manure along with reduced 

rates of chemical fertilizers. Hence animal manures take long time for decomposition 

compared to poultry manure due to presence of lignin in their wastes. This necessitates 

research into organic families that are cheap, readily available, increasing the availability of 

other nutrients and environmentally friendly that can be used as fertilizer (Ayeni et al., 

2010). Poultry litter is also an economical alternative to increasingly expensive fertilizers 

(Bosch and Napit, 1992). Poultry manure improved plants germination, root weight and size 

as well as reducing the proportion of misshapen roots after sowing (Reddy et al., 2009). 

Poultry manure, as a source of plant nutrients, is better than FYM for maintaining and 

improving soil fertility. Many studies showed beneficial effects of poultry manure on crop 

yield (Mitchell and Tu, 2007; Nyakatawa and Reddy, 2000; Reddy et al., 2007). 

Similarly, use of mulches is helpful to control pests, conserve soil moisture, modulate 

the soil temperature, suppress weed, increase crop yield and improve crop quality (Greer and 

Dole, 2003). However, synthetic plastic mulches promote plant growth and development in 

term of extensive root growth and nutrients absorptions by increasing the soil temperature 

and reflective radiation (Sharratt, 2002). Dry matter yield and grain yield of corn in wheat 

straw mulching plots were significantly higher (138 % and 60.5 % simultaneously) as 

compared to unmulched plots (Bhatt et al., 2004).    

file:///E:/Research%20papers/Rashad%20Research%20papres/Long-term%20effects%20of%20poultry%20litter.mht%23bbib37
file:///E:/Research%20papers/Rashad%20Research%20papres/ScienceDirect%20-%20Soil%20and%20Tillage%20Research%20_%20Effect%20of%20mulch%20and%20tillage%20system%20on%20soil%20porosity%20under%20wheat%20(Triticum%20aestivum).mht%23bbib41
file:///E:/Research%20papers/Rashad%20Research%20papres/ScienceDirect%20-%20Soil%20and%20Tillage%20Research%20_%20Effect%20of%20mulch%20and%20tillage%20system%20on%20soil%20porosity%20under%20wheat%20(Triticum%20aestivum).mht%23bbib56
file:///E:/Research%20papers/Rashad%20Research%20papres/ScienceDirect%20-%20Soil%20and%20Tillage%20Research%20_%20Effect%20of%20mulch%20and%20tillage%20system%20on%20soil%20porosity%20under%20wheat%20(Triticum%20aestivum).mht%23bbib56
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Keeping this in view, the present trials have been planned to address the following 

objectives; 

 To evaluate the qualitative and quantitative response of spring planted 

maize under various tillage and soil management practices 

 To determine the economic feasibility and viability of various tillage 

systems 

 To understand the behavior of poultry manure and mulches in various 

tillage system and nutrients uptake by the crop plants.  
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Chapter # 2      Review of Literature 

 

With the beginning of the civilization on the earth, human beings started the 

agriculture in systemic way to meet the food, feed and shelter requirements using the 

different cultural and site specific techniques. Some researchers reported that the about10-13 

millennia ago when settled agriculture began (Cavalli-Sforza and Cavalli-Sforza, 1995; 

Manning, 2004). Indeed, the popular saying captures the whole sketch of agriculture 

techniques development and initiation „„Where farming starts, other arts follow‟‟ (Jack, 

1946). During the second half of the 20
th

 century, green revolution changed the total scenario 

of the past agriculture by putting agriculture system on some scientific reasons and bases 

involving the use of genetically improved cultivars, soil fertility enhancing organic 

amendment and organic fertilizers, supplemental artificial irrigation application and plough 

based seed bed preparation.    

2.1) History and evolution of tillage 

    Agriculture with ploughing originated 10-13 millennia ago in the Fertile Crescent of 

the Near East, mostly along the Tigris, Euphrates, Nile, Indus and Yangtze River valleys, and 

was introduced into Greece and southeastern Europe ≈ 8000 years ago. Historical documents 

and archaeological evidence illustrate the „„mystique‟‟ of tillage implements that were 

thought to „„nourish the earth‟‟ and to „„break the drought‟‟. Initially, the wooden plow, 

called an ard, evolved into the „„Roman plow‟‟ having an iron plowshare, described by Virgil 

around 1 AD (Fowler, 2002) and was used in Europe until the fifth century. Then, it was 

promoted into a soil inverting plow during the 8
th

 to 10
th

 century (Lerche, 1994) while in the 

U.S., a moldboard plow was designed by Thomas Jefferson in 1784, patented by Charles 

Newfold in 1796, and marketed in the 1830s as a cast iron plough by a blacksmith named 

John Deere which was the actual first solid step toward mechanized tillage operations in 

agriculture (Editorial, 2007). In 1910, the people were rapidly accepting this „„steam horse‟‟ 

(Olmstead and Rhode, 2001) that led to widespread severe soil erosion and environmental 

degradation culminating in the Dust Bowl of the 1930s. Later on, moldboard plow was 

developed and widely used with the development of 2, 4-D after World War II to reduce the 

weed problem in the field (Editorial, 2007). 
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2.1.1.) Impact of tillage on soil physico-chemical properties:  

Tillage has been defined as the mechanical manipulation of the soil and plant residues to 

prepare a seedbed where crop seeds are planted to produce grain for human and animal 

consumption (Reicosky and Allmaras, 2003). Tillage involves seedbed preparation and post-

emergent cultivation for weed control. The selection of tillage tools is heavily dependent on 

the characteristics of soil (e.g., texture, structure, moisture, friability, plasticity) and tillage 

operations (e.g., action, depth and width of disturbance, timing and duration). Mechanical 

impedance of tillage system has long term effects on the soil texture, structure, environment, 

microbial activity, productivity, fertility and quality components such as soil organic matter 

and other soil physical, chemical and biological properties (Lal, 1991). Similarly, Etchevers 

et al. (2000) reported that the Physical, chemical, biological and mineralogical characteristics 

of soil have   drastically modify the environment for plant develop ment and regulate water 

flow in the ecosystem.  

2.1.2.) Influence of tillage on crop yield attributes: 

 No doubt, plough based seed bed preparation ensured the surplus food availability but 

its long term effects are extremely destructive to the agricultural soil in the form of salinity, 

alkalinity, low organic carbon pool, less soil biological activities and hard pan resulting in 

stagnant and low agricultural grain yield. Tillage can be used to change soil pore 

characteristics which increases the release of mineral N from active and physically protected 

N pools (Kay and Vanden Bygaart, 2002) and to influence soil water content and other soil 

physical characteristics (Parikh et al., 1979; Riha et al., 1980; Hussein et al., 1998).  

The time to reach this third stage of degradation depends on the intensity of the use of 

inappropriate tillage and management practices, on the land slope, the soil texture and on the 

resistance of the soil to erosion by water (Mielniczuk and Schneider, 1984).Compaction of 

fertile soils in all over the world is a great concern for modern agriculture technologies 

(Hamza and Anderson, 2005) and finally induced the development of plough pan in to the 

subsoils (Canarache, 1991; Taboada et al., 1998; Micucci and Taboada, 2006) which 

impeded crop root growth (Glinski and Lipiec, 1990; Passioura, 2002). Similarly, Raper 

(2005) concluded that the magnitude of soil water content is closely related to the number of 

turns of conventional tillage (CT: e.g. mouldboard, cultivators and disk harrows). Tillage 

decrease the aggregate stability of the soil which accelerates the erosion leaving the 
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unprotected soil and ultimately, the fertile top layer is lost. Furthermore during the process of 

erosion, soil organic matter, soil fertility and crop yields is comparatively decreased (Fowler 

and Rockstrom, 2001)  

 Long term cultivation (for up to 11 years) of soil showed a linear relationship 

between decline in the proportion of stable aggregates and the loss of organic C and 

microbial C, and consequently adversely affecting the physical, biological and nutrient status 

of soil (Carter, 1986; Sparling et al., 1992). Although the changes induced by different tillage 

practices were small (Kovac and Zak, 1999) but the effects of different tillage practices were 

more prominent when similar tillage system has been practiced for longer period of time 

(Jordhal and Karlen, 1993; Mielke and Wilhelm, 1998). Different researchers confirmed the 

ecological and economical advantages of non-conventional tillage system (Borin and Sartori, 

1995; Hussain et al., 1999; Tebrugge et al., 1998). Zero tillage (ZT), the paradigm of 

conservation farming system, was implemented in about 95 million hectares worldwide (Lal 

et al., 2007) because it supports the minimum agriculture trafficking (Hamza and Anderson, 

2005; Raper, 2005). According Mazuchowski and Derpsch (1984), the soil preparation 

should be based on the following objectives; 

 Elimination of undesirable plants, reducing competition with the established crop; 

 Achievement of favourable conditions for sowing or for placing vegetative material 

into the soil, so allowing germination, emergence and good plant development; 

 Maintenance over the long term of fertility and productivity, preserving the soil 

organic matter and avoiding erosion; 

 Elimination of hard pans or compacted layers to increase water infiltration through 

the soil whilst avoiding erosion; 

 Incorporation and mixing of lime, fertilizers or agro-chemical products into the soil; 

 Incorporation of organic and agricultural residues; 

 Land levelling to facilitate better quality of work with machinery during sowing and 

up to the time of harvest. 

2.1.3.) Effect of tillage on soil carbon pool: 

 Tillage is highly destructive operation affecting the soil carbon pool which is driving 

force for the biological activities in the soil to sustain the soil biota. The sub-tropical soils 

have very low level of soil carbon, mainly due to the continuous soil tillage operations and 
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some other agronomic management practices. Tillage is well known the soil organic C 

accelerated process resulting in the emission of high amount of CO2 in to the atmosphere 

(Prior et al., 2000; La Scala et al., 2006). Although, high amount of CO2 is released in the 

short period of time during the initial tillage operations and this amount us noticeable which 

ultimately reducing the soil fertility and productivity. It is proved from the experiments that 

the soil tilled plots produced more tillage induced CO2 flux as compared to reduced and no 

tilled plots (La Scala et al., 2008). Roberts and Chan (1990) applied simulated tillage 

techniques in laboratory experiments to observe the importance of tillage-induced increase in 

soil respiration as a mechanism for organic matter loss. Many researchers (Angers et al., 

1997; Yang and Wander, 1999; Dolan et al., 2006; Gal et al., 2007; Hermle et al., 2008; 

Angers and Eriksen-Hamel, 2008) believed that the tillage affects the depth distribution of 

soil organic carbon (SOC) more than its net accumulation. 

Conservation Agriculture (CA) gave the concept of resource-conserving crop 

production system. CA is considered as an agricultural system that helps to sequester C and 

improves the sustainability of temperate as well as tropical agro-ecosystems (Denef et aI., 

2007; Kern and Johnson, 1993; Lal, 1997). As the farming community is mainly concerned 

with the profit over the use of every new technology over the older one. So, the average 

returns of CA system over costs can be higher as compared to conventionally tilled systems 

due to its savings on fuel and labour (Sayre and Hobbs, 2003). Conservation practices in the 

form of control trafficking are widely adopting by the farmers of USA and Europe to sustain 

the soil carbon bank (Tullberg et al., 2007). Furthermore, the use of conservation tillage 

practices could reduce the net emission of carbon dioxide from the agricultural land (Noel 

and Bloodworth 2000; Wan and Lin, 2004; Nobuhisa et al, 2003). Present agriculture 

research is focusing on the impact of conservation tillage practices on carbon sequestration 

(Deen and Kataki, 2003) because the conservation practice retain more plant residues near 

the soil surface resulting in higher contents of carbon in the upper soil surface layer while the 

removal of crop residues from the field usually decline the soil organic carbon (SOC) 

especially when coupled with the conventional tillage (Mann et al., 2002).   

2.1.4.) Effect of zero tillage on soil health: 

Zero tillage technology was initiated in Pakistan (Punjab) in 1996-1997. The area 

reported under zero tillage has increased from 20.218 hectares in 1996-1997 to 29182.369 
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hectares in 2000-2001 in Punjab alone (Bhambhro, 2001). No-till is presently practiced on 

about 95 million hectares globally (Editorial, 2007).The area under zero tillage in Indo-

Gangetic plains crossed the 200,000 hectare figure in the year 2001 and its rapid adoption 

predicted to surpass this figure up to one million in the next five years (Gupta, 2002). Several 

authors reported that no-tillage resulted in higher steady state infiltration rate and higher soil 

water storage compared to mould board plough and chisel plough (Logsdon et al., 1993; 

Shukla et al., 2003). Licht and Al-Kaisi (2005) have observed higher soil temperatures i.e. 

1.2-1.4 8 
0
C at 5 cm soil depth under strip and chisel tillage over no-tillage. Similarly, Angers 

et al. (1997) reported that no tillage (NT) usually promotes C pool near the soil surface; 

incorporation of crop residues by mould board Plough can increase the soil carbon content at 

or near the bottom of the plough layer. 

 The higher grain yield and less cost of production per hectare were recorded in zero 

tillage farming system as compared with conventional farming system (Bakhsh et al., 2005). 

Zero tillage proved economically more superior over conventional method by giving more 

net profit return per hectare (Nagarajan et al., 2002). However, Nakamoto et al. (2006) 

reported that changes between tillage practices were effective in suppressing weed growth 

and preventing seed accumulation. Conservation tillage (zero tillage) is an efficient method 

of crop establishment (Choudhary and Baker, 1994), while Kirby et al. (1996) and 

Hermawan and Cameron (1993) concluded that no-tillage is associated with higher soil bulk 

density, soil strength and aggregate stability. The more positive aspects of zero tillage as it 

increased surface organic matter content, plant-available water, high soil hydraulic 

conductivity and earthworm populations, reduced risks of erosion and promoted the yield 

sustainability aspects (Mari and Changyin, 2006). Boyle et al. (1989) reported that the rate of 

water infiltration is significantly lower in zero tillage as compared to chisel plough and 

mould board plough.  

Previous research has concluded that 50-80 % of the P applied as fertilizer is 

adsorbed by the cation exchange side of the soil, which is lost with soil runoff (Buczko and 

Kuchenbuch, 2007). Reduced tillage has been proved to decrease soil erosion (Scholz et al., 

2008). In addition to P losses through surface runoff, P leaching is contributing to 

eutrophication of freshwater systems. Buczko and Kuchenbuch (2007) concluded that 

average annual P losses from agriculture soil ranging from 50 to 200 kg km
-2

. Zero tillage 
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resulted in significantly higher soil-moisture content and bulk density than conventional 

tillage and raised seed-bed (Dimitrov et al., 2000). Overall, previous studies have indicated 

that adoption of no-tillage can protect soils from physical and biological degradation and 

enhance soil quality as compared with conventional tillage management (Choudhary et al., 

1997; Guo et al., 1998).   

2.1.5.) Dynamic of nutrients in different tillage systems:  

Response of corn yield (Zea mays L.) towards nutrients uptake to different tillage 

system and organic amendments exhibit interactions (Mataruka et al., 1993; Eghball and 

Power, 1999; Singer et al., 2004; Singer et al., 2007). Similarly, Mataruka et al. (1993) 

reported similar maize DM yield was observed in treatments using moldboard plough with 

dairy cattle (Bos taurus) manure and supplemental fertilizer compared to NT (No tilled field) 

with similar manure and supplemental fertilize doses. Tillage and N source are directly 

correlated with each other (Oswaldo, 2006), no-tillage resulted in a significant increase in 

soil organic N compared with chisel/disk while in microbial biomass, N was 30 % greater (P 

> 0.05) under no-till compared with chisel/disk (Sparling et al., 1992). West and Post (2002) 

reported that a global analysis of 67 long-term experiments indicated that on average a 

change from CT to no-till (NT) can sequester 57 ± 14 g C m
-2

 year
-1

 with peak sequestration 

rates being reached within 5-10 years after conversion. In contrary with West and Post 

reference, Six et al. (2002a, b) estimated that a general increase in soil C pool concentration 

of ≈ 325 ± 113 kg C ha
-1

 year
-1

 under NT compared with CT for both tropical and temperate 

systems. They also concluded that, on average, C turnover was 1.5 times slower in NT 

compared with CT.  

Many studies has suggested  that the  soil nitrogen reservoir can be  significantly  

affected  by  no-till  (NT) practices due to greater downward  transport of  nitrogen  in NT  

than  in conventionally  tilled  (CT)  soils (Goss,  1990; Thompson,  1992; Dick  et al.,  1992; 

Shipitalo and Edwards, 1993). Denitrification is also lower in the NT than the CT (Angle et 

al., 1993). Conservation  tillage  systems result  in significant  reductions  in nitrate  

concentrations  in drainage water  and total  N  losses. Similarly,  total  P  losses  were  

greater with  CT  than  with  NT  (Lipiec and Stcpniewski, 2000). Moreover, Soon and 

Arshad (2006) indicated that the content of organic carbon and total nitrogen from soil was 

1.9 g C (carbon) kg
-1

 soil in NT and 0.20 g N kg
-1

 soil, in comparison with the conventional 
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tillage. The studies carried out by Franzluebbers (2006) have shown that soil and phosphorus 

losses were of 39.6 Mg ha
-1

 and 14.9 kg ha
-1 

yr
-1

, respectively, at disk tillage and 1.9 Mg ha
-1

 

and 2.9 kg ha
-1

 yr
-1

 at no-till practice. 

2.1.6.) Impact of tillage practices on crop growth and yield: 

 The impact of tillage practices may vary with respect to different soil conditions, 

climatic conditions and behavior of crop plant. Among the different crop production factors; 

tillage is important one which contributes up to 20 % in the total crop production units 

(Ahmad et al., 1996 a). Deep tillage improved the root growth, root proliferation and 

Nitrogen Recovery Efficiency (NER) i.e. higher NRE was recorded in the sub-soiling 

treatments than the compacted or no tilled soil (Versa et al., 1997: Motavalli et al., 2003). 

Moreover, Ishaq et al., 2001 cultivated the wheat on the compacted soils and concluded that 

less root length and less nutrient uptake efficiency of the crop that ultimately affected the 

crop growth, development and yield. Deep tillage improves the soil physical conditions by 

breaking the soil hard pan that ultimately increases the root development, plant growth and 

finally improves the crop grain yield (Bennie and Botha, 1986). Versa et al., (1997) ploughed 

the soil up to 90 cm depth and manifested that higher grain yield was occurred in the deep 

soil cultivation (90 cm). Similarly, Khattak et al., (2004) reported the 15 % more grain yield 

in deep tilled plots (using mould board plough). He further stated that this may be due to low 

bulk density, improved soil moisture, higher commulative infiltration rate and reduce soil 

strength. Many past studies indicated that higher biological and grain yield, improved root 

growth and highest average plant height was noted in the conventional tillage over no tillage 

(Gul et al., 2009; Marwat et al., 2007; Acharya and Sharma, 1994; Borghei et al., 2008). 

Borghei et al., (2008) documented 9.7-13.5 % increase in yield in sub-soiling 50-55cm.   

 Deep tillage with sub-soiler resulted to more seed yield of sunflower in comparison of 

unloosed soil.  Sub-soiler increased 24.5 % and 13.0 % more seed yield compared to other 

treatments during both year experiments (Botta et al., 2006).  Re-compaction of the sub-

soiling occurred by the two passes of tractor at the time the first crop was planted, however 

corn yield was increased up to 3 % by deep tillage in fields not trafficked (Reeder et al., 

1993). Chisel ploughing resulted to grain yield losses 14 % in dry matter yield and 30 % in 

final grain yield (Mullins et al., 1998), but in contrary to this dry matter yield and seed yield, 

grains per cob and 1000-grain weight was observed in case conventional tillage (Khan et al., 
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2009). Similarly, higher maize seed yield (4.24 Mg ha
-1

) was in no-tillage compared to 

surface-disking where seed yield of 3.51 Mg ha
-1

 was observed where sub-soiling was not 

practiced. Moreover, with sub-soiling corn grain yields did not differ significantly with 

surface-disking tillage with 4.98 Mg ha
-1

 grain yield in comparison with no-tillage (4.92 Mg 

ha
-1

) (Hunt et al., 2004).  21-24 % more soyabean yield was achieved from the deep tilled 

plots. Increased crop growth rate and soya yield from deep tillage are ascribed to deeper roots 

penetration which resulted in easy access to water, minerals and nutrients to the plants 

particularly during the dry season (Barbosa et al., 1989).  

Higher grain yield and biomass yield was recorded in the chiseled soil over no till soil 

(Vetsch and Randall, 2004).  Similarly, Bidefain et al., (2007) documented 0.8 Mg ha
-1

 

higher grain yields in disk chisel over strip tillage and no-tilled corn. Furthermore, deep 

ploughing up to 40 cm gave significantly more grain yield as compared to shallower one (20 

cm) (Wanas, 2006). Sub-soil compaction due to same depth tillage operations reduces the 

crops root length up to 40 % due to higher sub soil bulk density and resulted to 26 %, 28 % 

reduction in the reduction in leaf area index (LAI) and seed cotton yield, respectively 

(Coelho et al., 2000). In contrary to above discussion about deep tillage, the various yield 

and yield related traits i.e. emergence m-2, plant height, grains number ear
-1

, 1000-grain 

weight, seed and stover yield and leaf area index (LAI) were increased under minimum 

tillage (MT) and conventional tillage (CT) compared to deep tillage (DT) (Khan et al., 2009). 

Furthermore, among the various remediation to reduce the sub-soil compaction; are crop 

rotation selection of crops with deeper root system and sub-soiling (Motavalli et al., 2003). 

Khurshid et al., (2006) reported that the significantly tallest plants with 214.94 cm, more 

grains ear
-1

 (659.5), thousand grain weight (410.71 g), grain yield (5.57 Mg ha
-1

) and total 

dry matter production (32.13 Mg ha
-1

) in the tilled soil as compared to no tilled soil. corn 

yield and yield components  improved by tilling the soil with mould board plough (MB) and 

highest grain yield was obtained when field was cultivated with mould board plough, 

followed by 2-passes of disk-harrow due to reduced soil compaction, enhanced seed soil 

interaction, increased soil moisture storage, availability and suppressing weed growth 

(Rashidi and Keshavar, 2007). 

Decreased leaf area index, plant height and grain yield was lower in shallow tillage 

due to increased soil penetration resistance ranging from 4.0-4.5 MPa (Yusuf, 2006). 
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Furthermore, 35-50 % reduction in corn grain yield was observed in shallow tilled plots due 

to reduction in soil moisture contents (Yusuf, 2006). In addition to above, 26.8 and 14.5 % 

corn gain yield reduction was recorded in compacted soil treatments during first and second 

experimental years respectively which were due to higher soil bulk density and less soil 

porosity. Plants that were grown in ploughed plots had less roots concentrated near the base 

of the plant as compared to plants in plots not sub-soiled.  Soil properties and growth and 

yield of corn were improved by sub soiling and the plant height was also affected by the soil 

compaction (Abu-Hamdeh, 2003). 17 % more grain yield was observed when the field was 

ploughed with sub-soiler after compaction as compared to shallow tilled plots but yield 

improvement due to deep tillage can be lower its effect if it was followed by heavy traffic of 

tillage implement (Sidhu and Duiker, 2006). Over all plant performance and plant biomass 

was increased in the chiseled soil (sub-soiling) which might be sue to less weed biomass 

(Wang et al., 2009).   

2.2) Influence of organic matter on crop productivity: 

The organic agriculture is just like an agreement of harmony and peace with the 

nature for the future generation. We cannot do more fight with the nature and environment. 

The continuous addition of organic matter in the agricultural land before/after the start of 

every cropping season is called organic agriculture. In the early 1900s, the term organic 

agriculture is defined in different ways in different countries as it named biodynamic, 

regenerative agriculture, nature farming and permaculture movements. But UNDP (1992) 

gave the comprehensive definition of the organic agriculture “practicing organic agriculture 

involves managing the agro ecosystem as an autonomous system, based on the primary 

production capacity of the soil under local climatic conditions. Agro ecosystem management 

implies treating the system, on any scale, as a living organism supporting its own vital 

potential for biomass and animal production, along with biological mechanisms for mineral 

balancing, soil improvement and pest control. Farmers, their families and rural communities, 

are an integral part of this agro-ecosystem. Both sexes are involved on equal terms”. 

  As mankind started agriculture, erosion of topsoil has been the single largest threat 

to a soil‟s productivity accounting for 50 to 75% and finally, to farm profitability (Pimental 

et al., 1995). This is still true today and may be in future. To sustain agriculture means to 

sustain soil resources, because that is the source of a farmer‟s livelihood (Sullivan et al., 
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2004). The organic matter (OM) contents in the subtropical cultivated soil of Pakistan are 

extremely low (less than 5 %) because of high temperature, fast decomposition rate and the 

burning of the OM and it can be replenished by the addition of various natural manures and 

compost to the soil (Sarwar, 2005). Triplett and Dick (2008) reported that organic fertilizers 

improve the effectiveness of NPK fertilizers and consequently, increasing fertilizer use-

efficiency (WUE). The organic matter (OM) acts as a binding agent, increase storage bin and 

as a nucleus in the formation of aggregates, while biota, soil biological activities and their 

organic products contribute to the development and improvement of soil structure (Bronick 

and Lal, 2005).  Similarly, Feller and Beare (1997) stated that the formation and maintain of 

stable soil aggregate is enhanced by the texture, structure, mineralogy, parent material, land 

use management and quality and quantity of the added organic matter. Many scientists have 

suggested the application of mineral fertilizers with the organic manures can sustain the crop 

yield and the cropping systems through better nutrient recycling during the complete growing 

season (Palm et al., 1997; Ipimoroti et al., 2002; Kang and Balasubramanian, 1990; Makinde 

et al., 2001) and also increase the chlorophyll content in maize (Amujiyegbe et al., 2007; 

Mohamed et al., 2008).  

2.2.1.) Interaction of tillage and organic matter: 

 There is always a destructive effect of tillage on the soil organic matter, soil physical 

and chemical properties. Agricultural scientist laid down the stress on the minimum soil 

disturbance before the crop sowing. Mando et al. (2005a) reported that the use of manure can 

counter the negative effects of tillage. They compared the results of hoeing and ploughing 

with and without manure and concluded that the carbon (C) mineralization, greater soil 

organic C and crop yields were found when manure was applied, and with hoeing being 

superior to ploughing. In general, the organic matter is too much high in the undisturbed and 

covered soils e.g. meadows, grass land, forest lands, wetlands and natural habitat because 

these places have low rate of respiration and continuous addition of organic debris. In 

addition to above, Bolin et al. (2000) reported that carbon in soil is approximately five times 

larger than that in above-ground vegetation; but this ratio is much larger in grasslands (≈ 

30:1) and wetlands (≈ 15:1). However in the terrestrial ecosystems and lands, the majority of 

the soil organic carbon is escaped when the soil the soil is disturbed (Gitay et al., 2001). Due 

to cutting of trees and the increase of the cropping intensity, the source and sink difference of 

file:///C:/Users/Rashad%20Javeed/Desktop/Research%20papers/Rashad%20Research%20papres/Long-term%20effects%20of%20poultry%20litter.mht%23bbib72
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Carbon is badly disturbed which is contributing his role in the global warming. The estimates 

in the past indicate that they function as a net global sink for atmospheric CO2 sequestering 

approximately 76 Tg CO2-C (1 Tg = 1012) per year (Vasander and Kettunen 2006). 

2.2.2.) Impact of poultry manure on physicl prpperties of soil: 

The combine use of the poultry manure and the nitrogen sources increase the crop 

grain yield, water use efficiency and fertilizer use efficiency which show the synergetic 

relationship between the organic matter and the nitrogenous fertilizers (Bocchi and Tano, 

1994). Scientists are suggesting animal manures than plant residues due its slow 

decomposition and may not available to the prevailing field crops. Similarly, plant residues 

have high C/N ratio, high lignin and polyphenol contents decompose and release nutrients 

slowly (Fox et al., 1990; Palm and Sanchez, 1991; Tian et al., 1992), having low direct 

nutrient effect and high indirect mulching effect on crops while the animal manures have 

mostly low C/N ratio, lignin and phenol contents decompose rapidly, having high direct 

nutrient effect and low indirect mulching effect. That is why scientists are focusing on the 

usage of animal manures for addition of organic mature which is rapidly available to crop 

plants. 

Poultry manure treatments produced higher values for height, leaf area index and 

biomass of corn and crop grain yield was significantly higher when the farm yard manure 

(FYM) was applied along the lower level of NPK (Boateng et al., 2006). The long-term 

applications of animal manures and fertilizers based on crop nitrogen (N) requirements have 

caused soil test P values to increase well beyond what is needed for optimum crop yields 

(Klausner, 1997; Sims, 1997; Tunney et al., 1997; Edwards and Withers, 1998; Withers and 

Jarvis, 1998). Integration of poultry manures with synthetic chemical fertilizers can enhance 

the efficiency of nutrients uptake and availability to crop plant (Ahmad et al., 1996 a; Warren 

et al., 2006). Furthermore, Adeniyan and Ojeniyi (2005) and Akanni and Ojeniyi (2008) 

confirmed poultry manure as effective nutrient sources for increasing yield and nutrient 

status of crops such as maize , amaranths,  sorghum and pepper by improving soil micro and 

macro environment of plant rooting zone.   

  The application of farm yard manure (FYM) along with chemical fertilizer increases 

the solubility of SSP (single super phosphate) from 32 to 40 % (Sharif, 1985) and delays P 

fixation (Garg and Bahla, 2008). Poultry manure provides the nutrients in very quick time as 
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compared to all other organic matters and the losses of nutrients through leaching and 

volatilization are also very less. Due to quick release of nutrients, it recharges the soil organic 

matter in return of good soil health, more nutrients retention, and water holding capacity, 

improves soil micro flora and fauna and the water infiltration rate (Deksissa et al., 2008). 

Soil cations exchange capacity can be enhanced with increased rate of manure application in 

to the soil storage bin (Boateng et al., 2006). Normally the organic manures are broadcasted 

on the soil surface before crop sowing and the soil is ploughed to incorporate into the soil 

(but the 100 % incorporation is not possible) where the decomposition process is very slow 

due to water stress and less bacterial activity at the upper layer of the soil. That is why the 

scientists are always trying to find new methods of organic manures application in to the 

field crops. The scientists of south west Victoria Australia performed the laboratory 

experiments which have led to the development of new sub soiling manure application 

technology. They applied the large quantities of organic materials i.e. 20 tha
-1

 lucerne or 

dynamic lifter pellets in the clay B horizon in Sodo-sol Soils (Gill et al., 2009) which 

significantly increased in the wheat yield (50-70%) and ensured the 70 mm of additional 

subsoil water during the post anthesis plant growth stage (Gill et al., 2009). The effectiveness 

of the sub soiling gave the same results when various kind of organic amendment was 

applied showing the improved crop performance with the improvements in the soil physical 

properties (Gill et al., 2009).        

Kinsley (1994) analyzed the poultry sample and concluded that manure supplies nutrient 

composition of PM 75 %, dry matter 16.33 %, ammonium with total N of 25.40 % and 20 % 

P2O5 kg ha
-1

 and 15.42 % K2O kg ha
-1

. Although, the micronutrients require in very small 

concentration, it will very vital for the plant to complete its life cycle and helpful to sustain 

the quality and quantity of the grain. During the last a few years, the Zinc (Zn) deficiency has 

been observed in the maize growing areas which is significantly reducing the quality and 

quality of the maize crop disturbing the photosynthetic activities of the plant. Zn is involved 

as a cofactor or component of more than 400 enzymes and is necessary for replication of all 

cells, including epithelial cells, the first barrier of infection and also involved in maintaining 

tissue integrity because it is required for synthesis of the structural proteins collagen and 

keratin (Underwood and Suttle, 2001) while Copper is a required cofactor for the enzyme 

lysyl oxidase, which participates in cross-linking of both collagen and elastin proteins, and is 
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critical for tissue structural integrity (Rucker et al., 1998). The addition of the inorganic 

fertilizers with the poultry manure will provide the sufficient amount of the Zinc and copper 

(Dozier et al., 2003). As the poultry manures do not contain the lignin in their outcomes 

which allow them to decompose easily and releases high concentration of organic acids, 

lower the pH in the rhizosphere, and increase the N uptake by the Plant and also N available 

in the soil, but also for the improvement of the grain yield (Wang et al., 2001). Many 

biochemical processes like the carbohydrate metabolism would only proceed normally when 

the organic compounds had been esterase with phosphoric acid (Kogbe and Adediran, 2003).   

2.3.) Effect of mulches on crop growth and production: 

 Mulch is any material that you spread over the soil to protect the soil from erosion, 

conserve moisture, and keep weeds from growing.  Mulches are either organic which are 

usually derived from plant (crop residue, straw, paper pellets, grasses, cover crops, legumes 

intercropping,) and animal materials (poultry and live-stock litters) or inorganic (plastic film, 

rock fragment, volcanic ash, gravel-sand, city rubbish, oils etc.). However plastic film and 

straw were used most commonly (Bu et al., 2002; Unger, 2001; Tejedor et al., 2002; Li, 

2003; Berglund et al., 2006). 

The organic form of mulches are usually called the natural mulch which include plant 

residues such as straw, hay, peanut hull and compost; wood products such as saw dust, wood 

chips/shavings and animal wastes. Excessive use of organic mulches may likely lead to 

changes in soil physical, chemical and biological characteristics (Nill and Nill 1993). Mulch 

can also increase biological activities i.e. earthworm activity, fungus proliferation and protect 

other beneficial organisms providing food for the soil organisms that live on and in the soil 

(Wardle and Lavelle 1997) but moisture conservation, erosion prevention are most noticeable 

functions (Nill and Nill, 1993)   while the suppression of weeds is perhaps the most obvious 

short-term benefit of mulch whether notice in the field or not. The selection of mulches for 

the large scale application in the field crop is quite mind pinching decision for the farmers. 

Normally, the good mulching material should be capable of blocking light, durable and 

readily available, affordable, easy to use, and easy to dispose of after the crop harvesting. 

The degree of the effectiveness of the organic mulches depends upon on its residence time 

(inversely related to its decomposition rate and hence to its quality) and its position on the 

slope. 
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Huge area is under spring maize production in the whole Pakistan. The sowing of 

spring maize is usually started in the end of January and continues at the end of February. 

Sometime the unexpected low temperature slows down the seed germination and ultimately 

the whole plant growth is affected which delayed its all phonological stages causing the low 

yield of maize due to prolong crop duration in the summer. Some researcher reported that 

early corn maturity can be enhanced 6 to 14 days by use of clear plastic mulch (Aguyoh et 

al., 1999; Hopen, 1965; Kretschmer, 1979) which may helpful to gain a market advantage 

and higher price. The proper temperature is very critical for every growth and developmental 

stage of the crop. Even a few centigrade increases in the temperature may hasten or skip the 

growth stage of the crop which cannot be recovered even over the provision of the optimum 

temperature and more fertilizers to the crop. However the soil temperature should be at least 

54 
0
F to promote extensive root growth and nutrient absorption by the crop plant (Wilcox and 

Pfeiffer, 1990). So, the many scientists recommended the application of mulches in the field 

to lower down the effects of the unavoidable environmental conditions i.e. temperature, 

rainfall, drought.  Now the scientists are working on the biodegradable, unattractive to 

animals and pests and safe to the soil physico-chemical health with some additional 

properties that it should be;  

 Opaque to prevent weed germination and growth;  

 Dark to create temperatures hot enough to kill germinant and weeds retarding their 

photosynthesis process; 

 Porous enough to allow water to infiltrate through the mulch in to the soil; 

 Thermal characteristics to maintain a favorable soil temperature regime for the root 

growth and other soil biochemical process; 

 Economical and easy to their availability; 

 Be durable enough to last until the seedling is established and growing well to 

minimize the effects of other biotic and abiotic stresses;  

 Easy to transport; 

 Have sufficient tear strength to allow easy handling and fast installation;  

 Be a color that blends into the landscape;  

 Non-toxic to the both the soil and atmospheric environment. 

(McDonald and Helgerson 1990, Bu et al., 2002) 
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Mulches accelerated the crop growth due to high soil temperature and soil moisture 

under polyethylene (Weber, 2000). Several researcher reported that the mulches improved 

rooting and increased maize grain yield by increasing plant N-uptake efficiency and reducing 

N leaching losses and improving nutrient retention over un-mulched plots (Aulakh et al., 

2000; Cline and Silvernail, 2001; Cherr et al., 2006). Long-term sustainability of soil organic 

matter and microbial biomass are achieved through mulching approaches (Chander et al., 

1997; Biederbeck et al., 1998; Goyal et al., 1999). Many studies proved that the mulches 

accelerated the growth and development of the plant and also help the plants to set the fruits 

earlier than the normal crop (Vos and Sumrani, 1997). According to Oparanadi et al. (1987) 

mulch helps to improve the soil environment for optimum crop growth and yield. Mulch 

wheat increases grain yield in comparison with un-mulched wheat. The causative reasons for 

mulch increasing wheat yield are soil and water conservation, improved soil physical and 

chemical properties, and enhanced soil biological activity (Tindall et al., 1991; Deng et al., 

2006; Ramakrishna et al., 2006). 

Plastic mulch modifies the caloric balance and can increase the solar energy take up 

at 4 % than the normal bare soil which do not allow the soil too much cool in the night time 

and ultimately producing an important gain of heat for the initial growth period of the plant 

(Ballif and Dutil, 1981). Furthermore, Plastic mulch would affect soil temperatures in four 

main ways: it would reduce connective heat loss, outgoing radiation and evaporation, thus 

increasing soil temperature (Rickard, 1976). Different colours of the plastic mulches are 

using to cover the agricultural field crop soils.  Usually the white plastic cover soils produced 

more yield than the Straw mulch (Vos and Sumrani, 1997) but the black plastic mulch is the 

overwhelming standard in the world wide growers (Schales, 1997). In spring maize growing 

areas (Punjab, Pakistan), the soil temperature at the time of sowing is low (≈ 5 
0
C) which 

slows down the germination of the maize seeds. So, the plastic mulches are helpful in the 

increase of the soil temperature, allowing the maize roots to grow much faster which 

expressed as more flowering, branching, early and higher fruit yields, and nutrient 

concentrations in the tops than the un-mulched plots. Under the plastic mulch, higher 

temperature increases the water use efficiency (WUE) and fertilizer use efficiency (FUE) of 

the roots due to its active growth (Tindall et al., 1991). The plastic mulch may be reduced the 

plant root competition in the field (Mariano and Sperandio, 1994; Truax and Gagnon, 1993). 
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After the sowing of the crop, many cultural operations is carried out in the field i.e. 

mechanical weeding, spraying with tractor, harvesting etc. causing the compaction of the soil 

which restrict the root growth, stunting plant height, water logging, reduce the FUE and 

increase the temperature at the upper layer of the soil. The mulches are known as passively 

control of vegetation (weeds in the field crop) and thereby reduce the mechanical weed 

control and increase the water infiltration and reduce the sedimentation (Mahajan and 

Kanwar 1993; Zuzel and Pikul 1993). 

2.3.1.) Mulches and soil physico-chemical properties: 

There  is  consequent  yield reduction  due  to  thermal  (Bansal  et  al.,  2004),  water  

(Chaudhary  et  al.,  1985),  and aeration  (Sandhu  et  al.,  1986)  stresses  in  the  crop  root  

zone. The  application of  mulches (natural and synthetic)  offers  the  possibility  of  

significantly modifying  the  hydrothermal  regime  of  a soil  and,  consequently,  achieving  

better  rooting and  increased  corn  yields  (Chaudhary  and  Prihar,  1974; Bansal  et  al., 

2004).  

However, some soil attributes, such as soil moisture and temperature, may change 

with the use of these covers, and also vary with the type of mulching used (Liu, 2000). The 

different types of mulching can improve the biological characteristics of the soil which leads 

to Quantitative and qualitative changes in beneficial soil microorganism‟s population due to 

modulation in soil temperature and moisture and they are useful indicators of the effects of 

any management changes (Li et al., 2004). Mainly the microbes and the temperature reflect 

the soil quality. Mulches are also change the soil ecological dynamics which sustain the soil 

biota and provide the diverse food web. Furthermore, when compost applied as an organic 

matter (OM) can suppress some weed species (Schonbeck, 2006; Wang et al., 2002b) and 

compost made in part from bio-solids can substantially suppress the root-knot nematode 

(Wang et al., 2007). 

2.3.2.) Effect of mulches on soil water use efficiency and nutrient sustainablity: 

From the last a few decades, water scarcity problem is tackling the growth and yield 

of the all major and minor crops; not only in the Pakistan but also in the world. So, the 

present and the future greatest issue in maintaining sustainable agricultural production will be 

the availability of water. Irreplaceable water supplies are already being used at an alarming 

rate as a result water table is going down day by day, and the agriculture is increasingly 
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competing with urban and Indus-trial water requirements. Therefore, many agronomic and 

cultural practices are carried out by the scientist to improve the water use efficiency and 

protect the plants from the sudden environmental water stress; mulches are one of them 

which are environmental friendly, economically viable, socially acceptable, and easy to 

install in the field crop and improve the soil health (Nill and Nill, 1993). Such effects are 

mainly contributed to the capacity of mulch to conserve soil moisture (Vavrina and Roka, 

2000) and increase early soil temperature (Shaw, 1959). Furthermore, mulches also helped 

the crop to extract the stored water more efficiently (Gill et al., 1996). Mulches may become 

economically and environmentally sustainable weed control alternatives (Forcella et al., 

2003). Evaporation from the soil surface may account for as much as 50 % of the total 

moisture lost from the soil during the growing season for soybean and corn (Shaw, 1959).  

Synthetic and non-synthetic or natural mulches can provide many benefits including 

weed suppression (Duppong et al., 2006) and delayed weed seed emergence (Teasdale and 

Mohler, 1993), conserved soil moisture and improved water infiltration (Anikwe  et al., 

2007), improved soil temperature stabilization, soil porosity, water holding capacity, 

microbial population activity, and cation exchange capacity (Truax and Gagnon, 1993; Shock 

et al. 1999; Greer and Dole, 2003) and decreased plant disease infestation (Greer and Dole, 

2003). Lafond et al., (1996) reported that the conservation of moisture by the mulch may 

reduce the yield loss due to inadequate water supply and the water stress period.   Similarly, 

use of mulches in the light soils may protect the soil and significantly reduce water and 

nutrient loss (Shock et al., 1997; Paris et al., 1998; Rathore 1998; Yohannes, 1999). Mostly 

in the dry tropical and sub-tropical areas the mulches are closely interlinked with the 

dynamic of nutrients and mainly consider with response of plant with water (Grantz et al., 

1998).  

Straw mulch is practiced successfully in many advanced countries like America 

(McCown, 1996.) and Australia (Lynch, 1978) where it  improved many soil attributes as 

aiding soil moisture retention ability, preventing of wind erosion, nutrient return, control of 

certain weeds and improvement of soil structure.  Similarly, Hudson (1957) reported that the 

use of grass mulch can reduce annual soil loss by up to 5 Mg ha
-1

 compared with no surface 

residue application. Application of composted mulch can reduce soil temperature by up to 2 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1615887/#R13#R13
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1615887/#R13#R13
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0
C (ROU, 2003) which increases soil moisture levels, reduces plant stress, and reduces risk 

of crop failure. 

Weeds are significantly reduced the crop quality and quantity of crop yield through 

competition of nutrients, water, light and space. Therefore, the mulch applied just before crop 

emergence suppressed small-seeded weed species which save the considerable amount of 

nutrients to the plant. Similarly, mulch can suppress weeds through light interception, 

allelopathy, and modification of soil moisture, temperature and nutrient supply (Teasdale and 

Mohler, 2000). Composted mulches slowly release essential macro and micronutrients for 

plant growth. This reduces the use of mineral fertilizers by 30 % or more and makes mineral 

fertilizer programs more effective (US Composting Council, 1996; US EPA, 1997).  

2.3.3.) Interaction of mulches and tillage: 

The combination of mulching with tillage in conserving soil moisture has been 

recognized by many researchers (Grevers et al., 1986; Van Ouwerkerk, 1986; Bhagat and 

Acharya, 1987; Mohler and Callaway, 1995; Kouwenhoven et al., 2002 and Pervaiz et al., 

2009) to improve crop growth and productivity through enhancing water and nutrient uptake. 

Zero tillage with surface mulch has been found to be a promising alternative to conventional 

tillage and gave higher yield as a consequence of improved water conservation (Lal, 1983; 

Tomar et al., 1992; Franzen et al., 1994) and improve the infiltration rate (Jones and Sing, 

2000).  The effects of residue and tillage management on the soil properties may be different 

for different soils, type and mode of application of crop residues, type and depth of tillage, 

and climatic conditions. Crop residues used as mulching are well known to reduce soil 

evaporation, increase soil water, decrease diurnal soil temperature variations and increase 

saturated soil hydraulic conductivity (Bussiere and Cellier, 1994; Dahiya et al., 2003). The 

mulches can regulate the microclimate conducive for the initial plant root development and 

retain the plant from the drought stress and other abiotic stress ensuring the good seed 

germination and crop establishment (Pervaiz et al., 2009). Similarly, Abu-Awwad (1998) 

concluded that covering the soil surface with mulch reduced irrigation requirement in pepper 

by about 14 to 29 % due to elimination of soil evaporation. Furthermore, Ahadiyat and 

Ranamukhaarachchi (2007) reported that tillage method is one of the most influential 

technical factors on the outcome of a crop as it changes both the soil physic-chemical 

properties and maintains the moisture content in the rooting zone of the crop which is very 
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important in hot arid climate (De Giorgio and Fornaro, 1998) like in south east Asia. The 

continuous and stable availability of nutrients through the growing season of the crop 

significantly affect the crop biomass and grain yield by retarding the rate of mineralization up 

to 20 % when the plant residues mulches is applied in no tilled field (Franchini et al., 2007;  

Torabi et al., 2008). In addition to, Lupwayi et al., (2007) reported that the mulches with no 

tillage allow the microbial activity dominate below ground life (2-3 inches) and they 

maintain agro-ecosystem functions  like recycling of nutrients, maintenance of soil structure, 

degradation of agro-chemicals and pollutants and biological control of plant pests. 
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CHAPTER # 3    MATERIALS AND METHODS 

 

3.1. Experimental Site: 

The proposed study to evaluate the performance of maize to different tillage 

practices, poultry manure and mulches was conducted for two growing season during spring 

2010 and 2011 at the Agronomic Research Area, University of agriculture, Faisalabad, 

Pakistan. The experiment station lies at 31
0
 north latitude and 73

0
 east Longitude on the 

globe with 184 m altitude.    

3.2. Experimental Soil: 

The research experiments were conducted on the sandy loam soil and soil samples at 

two different depths i.e. 0-0.15 m and 0.15-0.30 m were taken manually with the help of soil 

auger before the sowing of each experiment in both years (2010 & 2011). For representative 

soil sample, all the sub samples were completely mixed and a homogenous soil sample is 

formed. Then this soil sample is subjected to various physico-chemical analyses (Table-3.1). 

3.2.1. Mechanical analysis of experimental soil 

Hydrometer method is used to determine the sand, silt and clay percentage from the 

homogeneous soil mixture of experimental area before the start of each experiment during 

the both year study (Moodie et al., 1959) while the soil texture was determined by the 

international textural triangular method (Brady, 1990). Detail of the mechanical analysis was 

given in Table 3.1. 

3.2.2. Chemical analysis of experimental soil 

All the subsamples of the experimental soil from each plot of the each experiment 

were mixed till the homogeneous mixture is attained. Then, the chemical analysis of the soil 

for various elements was done by the Hommer and Pratt (1961) method. Table 3.1 describes 

the detailed characteristics of chemical analysis. 

3.2.3. Climate data 

   Climate data regarding to temperature, rainfall, evapotranspiration and 

relative humidity of 2010 and 2011 growing seasons was taken from the climatic station that 

was working under the Department of Crop Physiology, University of Agriculture, 

Faisalabad and data was shown in Appendix. 3.1, 3.2, 3.3 and 3.4. This climatic station was 

situated under 0.4 Km from the experimental site.  
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3.1. Physico-chemical Analysis of Soil (before sowing) 
 

Characteristics Units 

2010 2011 

Experiment Experiment Experiment Experiment 

I II I II 

0-15 15-30 0-15 0-30 0-15 15-30 0-15 15-30 

A) Mechanical Analysis 

Sand % 61 57 61 56 60 55 62 53 

Silt % 15.8 18.6 15.4 18.5 16.1 23.4 15 18.7 

Clay % 23.2 24.4 23.6 24.5 22.9 23.4 23 24.3 

Textural Class Sandy Clay Loam Sandy Clay Loam 

B) Chemical Analysis 

Saturation % 40 40 40 40 40 40 40 40 

EC dSm
-1

 1.20 1.12 1.24 1.14 1.26 1.18 1.32 1.21 

pH - 7.8 7.9 8.1 8.3 7.9 8.1 8.0 8.2 

Organic 

matter 
% 0.62 0.78 0.64 0.82 0.69 0.83 0.68 0.85 

Total 

Nitrogen 
% 0.06 0.02 0.065 0.022 0.064 0.028 0.069 0.03 

Available P ppm 7.38 6.12 7.32 6.11 7.45 6.16 7.36 6.13 

Available K ppm 290 150 294 151 292 153 193 150 
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3.2. Chemical Analysis of Poultry Manure 
 

Characteristics Unit 

Composition 

2010 2011 

Nitrogen % 2.02 2.06 

Phosphorous  

(P2O5) 
% 1.15 1.17 

Potassium (K2O) % 1.71 1.73 

Dry matter % 72.85 74.03 

 

3.3. Field research experiments 

The planned field experiments were laid out in randomized complete block design 

(RCBD) with split plot arrangement at the Research Farm of Agronomy, University of 

Agriculture, Faisalabad, Pakistan during Spring 2010 and repeated in 2011 after the 

harvesting of rice crop. The tillage will be randomized in main plot and poultry manure in 

subplots. The detailed experiment information was described below; 

3.3.1. Experiment-1 

Influence of tillage and poultry manure on the growth, yield of maize and physical 

properties of soil  

Treatments 

  The experiment was carried out by using the following treatments 

A: Tillage (Main plot) [T]: 

 T1: Zero tillage (Direct seed sowing with dibbler) 

 T2: Minimum Tillage (one cultivation with normal cultivator followed by planking) 

 T3: Conventional tillage (2-3 cultivations with normal cultivator followed by   

planking) 

 T4: Deep tillage (two deep ploughings with chisel plough + one cultivation with  

normal cultivator followed by planking) 
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B. Poultry manure (Sub-plot) [PM]: 

 P1: Poultry manure @ 0 Mg ha
-1

 (Control). 

P2: Poultry manure @ 5 Mg ha
-1

. 

 P3: Poultry manure @ 10 Mg ha
-1

. 

   After analysis of Poultry manure, the remaining fertilizer requirement 

was fulfilled through synthetic fertilizers. Whole amount of poultry manure was applied 

during soil preparation. 

3.3.2. Crop Husbandry: 

Maize hybrid Pioneer 32F10 was used the test variety. The net plot size was 10 m × 

4.5 m with R × R 75 cm and P × P 22 cm maintaining 81510 plants ha
-1

. The crop was sown 

by using seed rate of 25 kg ha
-1

. Recommended nutrients requirements of maize crop were 

applied both from poultry manure and chemical fertilizers after the soil analysis. At first, we 

fulfilled the crop requirement from poultry manure and then the remaining from the chemical 

fertilizers. Nitrogen, Phosphorous and Potash was applied @ of 380, 210 and 162 kg ha
-1

 

(recommended for this cultivar) in the form of Urea, Di-ammonium Phosphate (DAP) and 

Murate of Potash (K2SO4), respectively. Whole of Phosphorous, Potash and half of Nitrogen 

was applied at the time of sowing while remaining half of nitrogen was top dressed  at the 

time of 2
nd

 irrigation. Hoeing was done twice with help of a hand hoe after 1
st
 and 2

nd
 

irrigation to curtail the weed problem. All the other agronomic practices were kept normal 

and uniform during the both year of study. 

3.3.3. Observation under study: 

 

A. Emergence parameters; 

1. Time to start emergence (days)    

2. Time to start 50 % emergence (T50) [days]   

3. Mean emergence time (MET) [days]   

B. Phenological parameters 

1. Plant height (cm) 

2. Tassel length (cm) 

3. Days to tasseling 

4. Days to silking 

5. Ear height (cm) 
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6. Days to maturity 

C. Growth analysis 

1. Leaf area index (LAI) 

2. Leaf area duration (LAD) 

3. Crop growth rate (CGR) 

4. Net assimilation rate (NAR) 

5. Root length (cm) 

6. Root dry weight 

D. Yield and yield related traits 

1. Plant population (m
-2

) 

2. Number of cobs per plant 

3. Cob length (cm) 

4. Cob diameter (cm) 

5. Number of grains per cob 

6. Number of grain rows per cob 

7. 1000-grain yield (g) 

8. Grain yield (Mg ha
-1

) 

9. Biological yield (Mg ha
-1

) 

10. Harvest index (%) 

11. Shelling percentage 

12. Water use efficiency (kg ha
-1 

mm
-1

) 

E. Quality parameters 

1. Protein contents (%) 

2. Starch contents (%) 

3. Oil contents (%) 

F. Soil parameters 

1. Soil pH 

2. Electrical conductivity (dsm
-1

) 

3. Soil bulk density (Mg m
-3

) 

4. Total Soil Porosity (m
3 

m
-3

) 

5. Soil temperature (
0
C) 
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6. Root penetration resistance (k pa) 

7. Soil infiltration rate at harvest (mm hr
-1

) 

8. Soil organic matter before sowing and at harvest 

G. Economic analysis 

1. Partial budgeting 

2. Benefit cost ratio (BCR) 

3. Marginal analysis of variance system 

4. Sensitivity analysis 

5. Crop productivity (kg Rs.
-1

) 

3.4. Data recording Procedures: 

3.4.1. Emergence parameters  

  3.4.1.1. Time to start emergence (TSE) [days] 

   The field experiments were visited on daily basis. The time to start 

germination was recorded as the first plant came out from the soil.   

  3.4.1.2. Time to start 50 % emergence (T50) [days] 

   Time to start 50 % emergence was calculated by using the formulas as 

described by Coolbear et al. (1984). 

   T50= ti + [(N+1)/2 + ni][tj-ti]/[nj-ni] 

Where  

N: the final number of germinated seeds  

ni: the cumulative number of seeds germinated at the time ti* 

nj: the cumulative number of seeds germinated at the time tj* 

* When the ni < N/2 < nj 

 3.4.1.3. Mean emergence time (MET) [days] 

   Mean germination was calculated according to the equation proposed 

by Ellis and Roberts (1981) 

    ∑ Dn 

   MET= ------- 

    ∑n 

Where 

n: the number of seed that was germinated in “D” days 

D: the number of days that was counted from the beginning of the seed germination 
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3.4.2. Phenological parameters 

 3.4.2.1. Plant height (cm) 

   With the help of measuring tape, the height of ten plants was sleeted 

randomly from each treatment from each experiment and then average was recorded. 

 3.4.2.2. Tassel length (cm) 

   The tassel length of five tagged plants was taken by the measuring tape 

and average was noted.  

3.4.2.3. Days to 50 % tasseling 

   To calculate the days to 50 % tasseling, five plants from each plot 

were tagged randomly and recoded the days of tasseling from all treatments. The days to 50 

% tasseling were calculated from the days taken from the date of plating of the crop. 

3.4.2.4. Days to 50 % silking 

   The same five tagged plants (which were used for the Days to 50 % 

tasseling) were used to determine the days to 50 silking. The days to 50 % silking was 

recorded by counting the days from date of crop sowing.  

3.4.2.5. Ear height (cm) 

   The ear height of same five tagged plants were taken by measuring 

tape from the base of the plant to the initiation point of the cob and then average was 

recorded 

3.4.2.6. Days to maturity 

   Five plants from each treatment were tagged and then noted their days 

of maturity after counting the days from the date of planting 

3.4.3. Growth analysis 

3.4.3.1. Leaf area index (LAI) 

   Leaf area mter was used to determine the leaf area of the crop at 15 

days interval. The measurements leaf area was started after 25 days after sowing (DAS) and 

was continued till the 100 DAS. For this purpose, five plants from each plot were harvested 

and their leaves were separated. Then, the leaves were cleaned with the tissues gently to 

clean the soil on the leaf surface and the leaf area was measured using leaf area meter. 

Afterward, the leaf area index was calculated by the formula as described by Watson (1952). 
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      Leaf Area 

Leaf area index (LAI) = --------------   

      Land Area  
 3.4.3.2. Leaf area duration (LAD) [Days] 

   Leaf area duration of each for each sample was calculated by the 

formula as described by Hunt (1978).   

     (LAI1 + LAI2) × (T2-T1) 

Leaf area duration (LAD) =  ------------------------------ 

              2 

  Where the LAI and LAI2 were the leaf area index at time T1 and T2.  The 

cumulative leaf area duration was determined after adding all Leaf area duration values at 

final observation.   

3.4.3.3. Crop growth rate (CGR) [g m
-2 

d
-1

] 

   The five plants were (which were taken for the leaf area) used to find 

out the dry matter accumulation. Dry matter accumulation was started from 25 DAS and till 

the 100 DAS. Chaffed sample were sundried after taking the fresh weight of the sample and 

then put the sample in the oven at 70 ± 5 
0
C for further drying. The samples were kept into 

the oven till the constant weight was achieved. Dry matter of the each sample was used to 

calculate the Crop growth rate using the formula as described by Hunt (1978).  

     W2 - W1 

Crop growth rate (CGR) =         -------------    

     T2 - T1 

 

Where the W1 and W2 were the dry weights of the samples at time T1 and T2 respectively. 

The CGR were calculated in g m
-2 

d
-1

. The final/mean crop growth rate was calculated by 

mean of all individual crop growth rates. 

3.4.3.4. Net assimilation rate (NAR) [g m
-2 

d
-1

] 

   The net assimilation rate was taken by using the formula as proposed 

by Hunt (1978). 

      Total dry matter 

 Net assimilation rate (NAR) = ------------------ 

      Leaf area duration 

 

The final total dry matter and the leaf area duration were used for this estimation. The net 

assimilation rate was determined in g m
-2 

d
-1

. 
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3.4.3.5. Root length (cm) 

   The soil around five plants at anthesis stage were dig out with the 

sharp shovel (8 cm sharp cutting edge) up to 40 cm depth and then put the roots of the plants 

into the running water until all the soil is washed away from the roots. The root length in 

centimeters was measured using the meter tap and averaged.     

3.4.3.6. Root dry weight (g) 

   Root sample was put into oven at 70 ± 5 
0
C for drying after raping 

with paper bag until the constant weight was obtained. 

3.4.4. Yield and yield related traits 

 3.4.4.1. Plant population (m
-2

) 

   Total number of plant population from each treatment were counted 

and then converted in to meter square. 

    3.4.4.2. Number of cobs per plant 

   For this observation, the number of cobs from ten plants from each 

treatment was noted and then average was taken. 

    3.4.4.3. Cob length (cm) 

   For this observation, the cob length of ten plant sleeted at random from 

each treatment was measured using the measuring tape and averaged. 

    3.4.4.4. Cob diameter (cm) 

   With the help of Vernier caliper, the diameter of ten plants was taken 

and average diameter was recorded. 

3.4.4.5. Number of grains per row 

   After harvesting the crop, randomly ten cobs were taken to determine 

the number of grains per row. 

3.4.4.6. Number grain rows per cob 

   Ten cobs from each treatment were harvested and counted the number 

of grain rows from each cob and then average of number of grain rows per cob was noted. 

3.4.4.7. Number of grains per cob 

   For number of grains per cob, the grain number of each of ten cobs 

were counted and then averaged. 
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3.4.4.8. 1000-grain weight (g) 

   After threshing the all cobs of each plot, three samples of each plot 

were taken and oven dried at 70 ± 5 
0
C. Then each sample was weighed with the help of 

electric balance and average was recorded. 

3.4.4.9. Grain yield (Mg ha
-1

) 

  The sun dried cobs of each plot were threshed with mechanical 

Sheller, weighed and then, converted in to Mg ha
-1

.  

3.4.4.10. Biological yield (Mg ha
-1

) 

   The total sun dried plant biomass (stalk + cobs) were weighed and 

converted in to Mg ha
-1

.  

3.4.4.11. Harvest index (%) 

   Harvest index was calculated by the formula 

    Grain yield 

   HI = --------------------- × 100 

    Biological yield 

3.4.4.12. Shelling percentage 

   Shelling percentage was estimated by formula as proposed by Beadle 

(1987) 

     Grain yield 

Shelling percentage =  ----------------------×100  

     Cob weight 

3.4.4.13. Water use efficiency (Kg ha
-1 

mm
-1

) 

   Water use efficiency of each treatment of each experiment was 

determined by using the following formula; 

     Grain yield (kg ha
-1

) 

Water use efficiency (WUE) = -------------------------------------------------- 

     Water used during the whole crop husbandry 

 

Water used during the whole crop husbandry was calculated by using the following 

equation. 

   QT       =    AD 

Where 

Q = Flow rate (m
3 

sec
-1

)     

T = Application time (hours)  
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A = Field area (m
-2

) 

D = Depth of irrigation (m) 

     The dimension of cut throat flume was 90 cm × 20cm. 

3.4.5. Quality parameters 

 3.4.5.1. Protein contents (%) 

   The dried grain maize samples from each treatment of the experiment 

were ground and then micro-kjeldahl apparatus (Anonymous, 1990) was used to determine 

the Nitrogen content in the maize grain samples. The protein content was found out by using 

the formula; 

  Protein content = N × 6.25 

3.4.5.2. Oil content (%) 

   Soxhlet method (Low, 1990) was used to determine the maize grain oil 

content.  

3.4.5.3. Starch content (%) 

   Gulco-amalyse method (Anonymous, 1990) was used to find out the 

starch contents from the oven dried grain samples after grinding with grinder. 

3.4.6. Soil parameters 

3.4.6.1. Soil pH 

   Soil pH was determined by making the saturated paste of the soil (400 

g) with di-ionized water in a beaker. When the soil saturated paste showed the glistening 

look, then the pH of the soil was measured by a standardized pH meter at 7.01 and 9.20 pH 

buffer solutions (Method, 21a). Then the reading of the pH meter was recorded. 

3.4.6.2. Electrical conductivity  

    Electrical conductivity of saturated soil paste was determined by 

standardized HANNA HI-8033 EC meter at 0.01N KCl solution (Method b). 

3.4.6.3. Soil bulk density (Mg m
-3

) 

   Core method (Blake and Hartge, 1986) was used to determine the bulk 

density of the experimental soil. For soil sample collection, 0.08 height and 0.05 diameter 

soil cores was used. 
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3.4.6.4. Total soil porosity (m
3 

m
-3

) 

   Total soil porosity was determined by Lowery and Scheuler (1994) 

method using the same sample as taken for the soil bulk density. 

      3.4.6.5. Soil temperature (
0
C)   

   Soil temperature at two depth 0-5 cm and 5-10 cm depth was taken 

with the help of Model PT-04 digital thermometer after ten days intervals and shown in 

Appendix # 3.5-3.12.  At 5 cm depth, the thermometer was inserted into the soil at 7 cm 

depth and for the 10 cm depth; the thermometer was inserted at 12 cm. The reading of the 

thermometer was taken after stabilizing the values inside the soil and then presses the button 

hold to stop the variation in the reading after removing the thermometer from the soil.  

3.4.6.6. Root penetration ressitance 

Cone peneterometer was used to measure the root penetration 

ressitance. Randomly ten values of peneterometer were taken from each plot and then 

averaged (Davidson, 1965). 

3.4.6.7. Water infiltration rate (mm hr
-1

) 

Double ring infiltrometer was used to determine the soil water 

infiltration rate. The inner ring is smaller than the outer ring. Both the rings were knocked in 

to the soil up to 10 cm with the hammer. At first the inner ring is filled with water then the 

inner. Before apply water into the inner ring, inside of the ring is covered with polythen to 

maintain the water level before measuring the infiltration rate. A scale with unit centimeter is 

fixed inside the ring to note the water levels. Reading about the water levels difference after 

certain time (10, 20, 30, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280 and 300 

minutes) are measured and then per hour basis is calculated 

3.4.6.8. Soil organic matter determination   

   For soil organic matter determination, Ryan et al., (2001) was 

followed taking on gram of soil sample in 500 ml beaker and then 10 ml potassium di-

chromate was added in to it and mixed it completely. To mix the suspension in the beaker, 20 

ml concentrated sulfuric acid was added and then allowed the beaker material to stand 30 

minutes for cooling. Afterward, added 200 ml deionized water; 10ml ortho-phosphoric acid 

(concentrated) and then added 10-15 drops of diphynle-amine ether as indicator.  After 

cooling the whole mixture, then it was titrated against the 0.5 M (standardize) Ferrous 
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Ammonium Sulphate solution, allowing the mixture to change it colour from green to blue. 

Two blanks readings were also taken, using the above describe procedure, without adding 

soil sample. 

     ml used for blank reading- ml used for sample% 

Organic Carbon (Oxidizable)  = -----------------------------------------------------×0.3×M 

      Weight of Soil (g) 

% total organic Carbon*  = 1.33 × % organic Carbon (Oxidizable) 

% organic matter*   = 1.724 × % total organic Carbon 

  M: Molarity of Ferrous Sulphate solution (0.5M) used for the analysis 

  *: W/W 

3.5. Experiment-II 
Influence of tillage and mulches on the growth, yield of maize and physical 

properties of soil  
Second field experiment was comprised of tillage practices in main plot and mulches in the 

sub plots and laid out in randomized completed arrangement (RCBD) with split plot arrangement 

having following treatments; 

Treatments 

A: Tillage (Main plot) [T]: 

 T1: Zero tillage (Direct seed sowing with dibbler) 

 T2: Minimum Tillage (one cultivation with normal cultivator followed by planking) 

 T3: Conventional tillage (2-3 cultivations with the normal cultivator followed by  

planking) 

T4: Deep tillage (two deep ploughings with chisel plough + one cultivation with the  

            normal cultivator followed by planking) 

B. Mulches (Sub-plot) [M]: 

 M1: Control (No mulch) 

 M2: Black plastic mulch (BPM). 

 M3: Wheat straw mulch (WSM) @ 10 Mg ha
-1

. 

 M4: Grass mulch (GSM) @ 10 Mg ha
-1

. 

  The grass species cynodon dactylon L. was used as grass mulch. 

 

 



38 

 

3.5.1. Observations under study: 

Following observations was recorded in the both experiments during the course of 

study by using standard procedures: 

A. Emergence parameters; 

1. Time to start emergence (days)    

2. Time to start 50 % emergence (T50) [days]   

3. Mean emergence time (MET) [days]   

B. Phenological parameters 

1. Plant height (cm) 

2. Tassel length (cm) 

3. Days to tasseling 

4. Days to silking 

5. Ear height (cm) 

6. Days to maturity 

C. Growth analysis 

1. Leaf area index (LAI) 

2. Leaf area duration (LAD) 

3. Crop growth rate (CGR) 

4. Net assimilation rate (NAR) 

5. Root length (cm) 

6. Root dry weight 

D. Yield and yield related traits 

1. Plant population (m
-2

) 

2. Number of cobs per plant 

3. Cob length (cm) 

4. Cob diameter (cm) 

5. Number of grains per cob 

6. Number of grain rows per cob 

7. 1000-grain yield (g) 

8. Grain yield (Mg ha
-1

) 

9. Biological yield (Mg ha
-1

) 
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10. Harvest index (%) 

11. Shelling percentage 

12. Water use efficiency (kg ha
-1 

mm
-1

) 

E. Quality parameters 

1. Protein contents (%) 

2. Starch contents (%) 

3. Oil contents (%) 

F. Soil parameters 

1. Soil pH 

2. Electrical conductivity (dsm
-1

) 

3. Soil bulk density (Mg m
-3

) 

4. Total Soil Porosity (m
3 

m
-3

) 

5. Soil temperature (
0
C) 

6. Root penetration resistance (kpa) 

7. Soil infiltration rate at harvest (mm hr
-1

) 

8. Soil organic matter before sowing and at harvest 

G. Economic analysis 

1. Partial budgeting 

2. Benefit cost ratio (BCR) 

3. Marginal analysis of variance system 

4. Sensitivity analysis 

5. Crop productivity (kg Rs.
-1

) 

3.5.2. Experiment Layout 

 The experiment was laid out in randomized complete block design with split plot 

arrangement, have tillage in the main plot while the mulches are in the sub plot.  

3.5.3. Crop Husbandry:  

Maize hybrid Pioneer 32F10 was used the test variety. The net plot size was 10 m × 

4.5 m with R × R 75 cm and P × P 22 cm maintaining 81510 plants ha
-1

. The crop was sown 

by using seed rate of 25 kg ha
-1

. Recommended nutrients requirements of maize crop were 

applied as Nitrogen, Phosphorous and Potash was applied @ of 380, 210 and 162 kg ha
-1

 

(recommended for this cultivar) in the form of Urea, Di-ammonium Phosphate (DAP) and 
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Murate of Potash (K2SO4), respectively. Whole of Phosphorous, Potash and half of Nitrogen 

was applied at the time of sowing while remaining half of nitrogen was top dressed  at the 

time of 2
nd

 irrigation. The mulches were applied after the crop sowing. Hoeing was done 

twice with help of a hand hoe after 1
st
 and 2

nd
 irrigation to curtail the weed problem. All the 

other agronomic practices were kept normal and uniform during the both year of study. 

3.6. Data recording Procedures: 

 The data recording procedure and protocols for second experiment was the same as 

was used in the first experiment. 

3.7. Economic analysis 

3.7.1. Partial budgeting  

 The partial budget of the both experiments was made using the inputs and outputs 

prices of the local market of Faisalabad following the procedures as described in the chapter 

# 3 of CYMMT training book (CYMMT, 1988). 

3.7.2. Benefit-cost ratio (BCR) 

 Large farmland owners are more interested in the benefit to cost ration rather than net 

return. The gross income and total expenditure was calculated in local currency (Rs.). It was 

calculated by using the formula 

    Gross income (Rs.) 

BCR=  ------------------------ 

  Total expenditure (Rs.)  

3.7.3. Dominance analysis 

 Dominance analysis was calculated following the procedures developed by the 

CIMMT (1988). The numeric values with alphabet “D” were dominated treatments and were 

excluded from the other treatments. The values without “D” were used for further analysis. 

3.7.4. Marginal analysis of variance 

 The marginal analysis of variance further refines the treatments recommendations and 

composed of three parts; marginal cost (Rs. ha
-1

), marginal net benefit (Rs. ha
-1

) and 

marginal rate of return (%). All these were calculated using the methodology explained in 

chapter # 3 on CYMMT training manual (CYMMT, 1988). The following formula was used 

to calculate the MRR 

    Marginal net benefit (Rs.ha
-1

) 

   MRR= ------------------------------------- × 100 

    Marginal cost (Rs.ha
-1

) 
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3.7.5. Sensitivity analysis 

 Usually in Pakistan, the inputs and outputs prices are subjected to change from 

location to location disturbing the farmer‟s net benefit and their approach towards different 

technologies. In this analysis the inputs prices was increased by 10 % and then inputs 

decreased by 10 %. When the inputs prices were increased to certain limit then the benefit 

was reduced and vice versa.  After increasing or reducing the input prices, the marginal 

analysis of variance was performed following same procedure as in section 3.7.4. 

3.7.6. Crop productivity (kg Rs
-1

) 

 The crop productivity helps us to analysis of each rupee value of our invested capital. 

The Crop productivity was calculated as the method was proposed by Barut et al. (2011)  

      Output value (kg ha
-1

) 

   Crop productivity= -------------------------------------  

      Total cost of production (Rs. ha
-1

)  

3.8. Statistical analysis 

The data collected will be statistically analyzed using Fisher‟s analysis of variance 

technique and the treatments means will be compared by using least significant difference 

(LSD) test at 5 % level probability (Steel et al., 1997) 
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CHAPTER # 4    RESULTS AND DISCUSSION 
 

 

The field experiments were conducted to study the influence of different tillage 

practices with different poultry manure levels and mulches on the growth, yield of spring 

maize and soil physical properties. These experiments were conducted at the Agronomic 

Research Area, University of Agriculture, Faisalabad. In Pakistani soils, the organic matter is 

scarce and is less than 0.5 % (Sarwar, 2005). Tillage had significantly effected on the plant 

root growth (Lampurlanes et al., 2001), grain yield and also on the economics of the farmers 

(Cavalaris and Gemtos, 2004). Synergetic effect of integrated use of poultry manure and 

chemical fertilizers was observed on the crop nutrients availability and over all plant health.  

 The data regarding to germination, phenology, growth, yield and yield related traits, 

quality parameters, soil parameters and economic analysis of hybrid Pioneer 32F10 was 

discussed in this chapter. 

4.1. Experiment # 1 

4.1.1. Emergence parameters 

 4.1.1.1. Time to start emergence (TSE) [days] 

  The perusal of the data depicted (Fig. # 4.1) that the maize emergence in 

various tillage systems was differed significantly in both years of study. Among the tillage 

practices during the 2010, significantly more number of days to start emergence was 

observed in the zero tillage followed by the minimum tillage which was at par with 

conventional tillage. The minimum days to start emergence was taken by crop sown by the 

deep tillage. Almost similar data fashion was recorded during 2011 growing season. The 

fewer days to emergence in deep tillage may be due to more fine soil tilth, less soil clods and 

sufficient moisture availability which promoted the seed germination. The more soil 

temperature (App. # 3.5-3.12) might have accelerated the seed germination and emergence. 

In the zero tillage, the subsurface soil temperature was cooler which might be slower down 

the seed germination. Furthermore, the compaction of the soil may be delayed the seed 

emergence in the zero tillage.  The results are in accordance with those of Kanungo (2001) 

who documented that more germination percentage of sunflower seed grown in rice was 

recorded in disc plough treatments followed by rotavator and the lowest germination count 

was observed in zero tillage treatments but these results are in contradictory with those of 
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Husnain et al. (2011) who reported that more germination count per m
2
 was recorded in no 

tilled soil over the tilled soils in wheat.   

    As far as poultry manures treatments were concerned, the less days to start 

emergence was counted in the control followed by those plots where the 5 Mg ha
-1

 poultry 

manure was applied. The maximum days to start emergence were recorded in 10 Mg ha
-1

 

poultry manure treatment in 2010. During the 2011, the fewer days to start to emergence was 

observed in the control that was statistically at par with the 5 Mg ha
-1

 poultry manure 

treatment while the more days to start emergence was observed in the 10 Mg ha
-1

 poultry 

manure plots. The possible reason of this more days to start emergence might be due to 

cooler temperature and more water holding capacity of soil which resulted in slower down 

the seed enzymatic acitivty and finally slow seed germination.  Eneje and Nwosu (2012) 

reported a positive correlation between organic carbon and N-mineralization that resulted in 

more maize seed germination in cow dung treated plots than the control plots.  

4.1.1.2. Time to 50 % emergence (T50) [days]  

  Significant effect of different tillage practices were observed on time to 50 % 

emergence during both years of study. Fig. # 4.2 indicated the more days to 50 % emergence 

was observed in the zero tillage as compared to other tillage practices in 2010. The minimum 

days to 50 % emergence was observed in deep tillage. During 2011 study, similar results 

were recorded. More days to 50 % emergence in zero tillage could be due to late start of seed 

germination, lower soil temperature and compaction of the soil which created the hindrance 

to the establishment of young seedlings. The fewer days to 50 % emergence may be due to 

lower bulk density and higher soil total porosity which helped the seeds in early emergence. 

These results are supported by those of Pratibha et al. (1994) who concluded that ploughing 

once with tractor drawn mould board (MB) plough plus rotavator twice gave the early 

emergence of castor grown in the rice fallow field.  

  All the poultry manure treatments significantly affected on time to 50 % 

emergence during the both year of study. In 2010, higher T50 was recorded in 10 Mg ha
-1

 

poultry manure treatment followed by the 5 Mg ha
-1 

poultry manure treatment while the 

lower days to 50 % emergence of maize seed were recorded in control. Almost similar data 

trend was recorded in 2011. The more days was taken to 50 % emergence might be due to 

more water holding capacity of the poultry manure which lowered the soil temperature and 
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ultimately delayed germination of the seeds. Moreover, the late emergence of seed may be 

resulted to more days to 50 % maize seed emergence.   Memon et al. (2011) reported that the 

higher doses of manures were beneficial for the germination of the seedling and more 

germination count was due to continuous availability of water for seed germination.        

4.1.1.3. Mean emergence time (MET) 

  Mean emergence indicated the average time taken from the emergence 

initiation to the final emergence of the all counted seeds sown in a plot. Almost similar trend 

was revealed in MET as in the time to start to emergence and time to 50 % emergence. Data 

shown in the Fig. # 4.3 depicted the significant effect of tillage practices on MET in 2010 

and 2011 year of study. During 2010, statistically more time to mean emergence time was 

recorded in the zero tillage treatment followed by the minimum tillage and conventional 

tillage while the less mean emergence time was in the deep tillage. Significantly similar data 

trend was observed during 2011. Less mean emergence time might be due to early start of 

seedling emergence and also early approach to T50 in all deep tillage treatment and vice versa 

in case of zero tillage treatment. 

  As far as poultry manure treatments were concerned during 2010, the 

maximum MET was recorded in those plots where poultry manure @ 10 Mg ha
-1

 was applied 

followed by the 5 Mg ha
-1 

poultry manure treatment. The minimum MET was recorded in the 

control plots where no poultry manure was applied i.e. only recommended dose of synthetic 

fertilizers was applied. During 2011, almost similar data fashion was observed. The higher 

mean emergence time of seed emergence was might be due to more days to start emergence 

and more days to 50 % emergence.    
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Fig. # 4.1. Influence of different tillage practices and poultry manure treatments on 

time to start emergence (TSE) during 2010 and 2011 

Zero= zero tillage, Mini= minimum tillage, Conven= conventional tillage, Deep= deep tillage 

0 Mg/ha= Poultry manure @ 0 Mg ha
-1

, 5 Mg/ha= poultry manure @ 5 Mg ha
-1

, 10 Mg/ha= 

poultry manure @ 10 Mg ha
-1 
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Fig. # 4.2. Influence of different tillage practices and poultry manure treatments on 

time to 50 % emergence (T50) during 2010 and 2011 

Zero= zero tillage, Mini= minimum tillage, Conven= conventional tillage, Deep= deep tillage 

0 Mg/ha= Poultry manure @ 0 Mg ha
-1

, 5 Mg/ha= poultry manure @ 5 Mg ha
-1

, 10 Mg/ha= 

poultry manure @ 10 Mg ha
-1
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Fig. # 4.3. Influence of different tillage practices and poultry manure treatments on 

mean emergence time (MET) during 2010 and 2011 

Zero= zero tillage, Mini= minimum tillage, Conven= conventional tillage, Deep= deep tillage 

0 Mg/ha= Poultry manure @ 0 Mg ha
-1

, 5 Mg/ha= poultry manure @ 5 Mg ha
-1

, 10 Mg/ha= 

poultry manure @ 10 Mg ha
-1 

4

6

8

10

12

14

16

Zero Mini Conven Deep

M
ET

 (
D

ay
s)

 

Tillage practices 

2010 

0 Mg/ha

5 Mg/ha

10 Mg/ha

4

6

8

10

12

14

16

Zero Mini Conven Deep

D
ay

s 

Tillage practices 

2011 

0 Mg/ha

5 Mg/ha

10 Mg/ha



48 

 

4.1.2. Phenological parameters 

 4.1.2.1. Plant height (cm) 

  Plant height is directly responsible in supporting the photosynthetic system 

(leaves) of the plant and also helps in keeping correct geometry and direction of the leaves. 

At seedling stage, the green plant stem is also responsible of slight photosynthesis of the 

plant to sustain the plant internal metabolic system. As the plant height increase, the number 

of leaves will also increase and directly the chlorophyll content area of the plant area will 

also increase and ultimately, the plant light capturing area increases. During both year 

experiments, (2010 and 2011), the effect of tillage practices and poultry manure application 

along with inorganic fertilizers application was significant on plant height.  

  Tillage provided the suitable soil micro-environment for the plant root to 

anchor and reach the plant root into a proper minerals and nutrients storage place in the soil. 

In 2010, the maximum plant height was observed in deep tillage practice (206.34 cm) 

followed by conventional and minimum tillage practices which were 199.63 cm and 193.36 

cm, respectively (Table # 4.1). As far as results of second year (2011) are concerned, the 

maximum plant height was recorded in deep tillage that was at par with that of conventional 

tillage. Both the years of research trials indicated that the minimum plant height was in zero 

tillage (181.64 cm and 193.77 cm). Deep tillage resulted in longer plant height (Khurshid et 

al., 2006) as compared to two other shallow tillage practices (Conventional and minimum 

tillage). This might be due to more availability of nutrients, more approach to deeper soil 

water profile and greater rooting to the deep tillage becaue the deep tillage provided the loos 

soil to the root for its deeper penetration. The experiment results were supported by those of 

Vetsch and Randall (2002) and Vyn et al. (2000) and Chaudhary et al., (2003). They stated 

that the plant height was lower in zero tillage due to cooler soil temperature which delayed 

the seed germination and finally shorter plants were recorded. Similarly, Pommel et al. 

(2002) noted that the shorter plants in the zero tillage was mainly due to delayed germination 

of seeds which was main morphometric indicators of decreased yields in maize because the 

plant morphologically was standing behind than that of tilled soils.  

  Poultry manure provides the sustainable nutrients to the plant and improve the 

soil physical and chemical structure through improving the water holding capacity, increase 

the cation exchange capacity and lowering the soil pH (Boateng et al., 2006). Review 
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showed that the among the all organic matters, the poultry manure is only which took less 

time in decomposing (Ali, 2005) as it had no lignin, which required a long time for 

conversion in to simpler one. Poultry manure significantly affected the plant height in both 

year of experiments. With the increase in amount of poultry manure, the plant height was 

significantly increased (Table # 4.1). The maximum plant height (208.03 cm) was recorded 

in the plots where poultry manure @ 10 Mg ha
-1

 was applied followed by 191.16 cm and 

186.54 cm where the 5 Mg ha
-1

 and no poultry manure (Control) was applied, respectively. 

Taller plants in poultry manure @ 10 Mg ha
-1

 was might be due to sustainable availability of 

nutrients. Poultry manure application along with sysnthetic fertilizer provided the good soil 

conditions that supported the plants in increasing their height.  Moreover, the poultry manure 

provided balanced amount of nutrients to the plant which may be increase their growth and 

development. Our experiment results were in line with those of Warren et al. (2006) who 

recorded that the poultry manure application with synthetic application of fertilizers 

increased the plant height due to proper availability of moisture and nutrients throughout the 

plant cropping season.  

  The interaction of tillage × poultry manure towards plant height was found 

significant during 2010 and 2011. Taller plants were measured in T4P3 that was at par with 

those of T3P3 while the lower was in the T1P1. Taller plants were might be due to conducive 

soil conditions along the lavish availability of nutrients to the plant from its germination to 

full vegetative growth. Deep tillage along with the poultry manure has the synergetic effects 

on the plant height as compared to zero tillage and no poultry manure. Khan et al. (2009) 

reported that interactive effect of tillage and different organic and inorganic nitrogen sources 

on the plant height was found significant.  

 4.1.2.2. Tassel length (cm) 

  Tassel is male part of maize and developed earlier than the female part of the 

crop. They are responsible for the fertilization of eggs inside the ovary lying on the stove. 

The pollens are produced by the tassel and fall on the silk/hair of the cob which are usually 

moist and the pollens float over them and reached to the eggs. Any drought and temperature 

fluctuation might be caused in drying of the pollen tube and pollens may fail to reach the 

eggs. So the tillage and fertilizers management practices improve the shelf life and viability 

of pollen and also timely maturity of cob.  
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  Table # 4.1 concluded that the tassel length was decreased with the increasing 

order of the tillage practices starting from the zero tillage (36.68 cm), followed by minimum 

tillage (34.05 cm) and conventional tillage (33. 26 cm) while the minimum was in deep 

tillage (33.19 cm). In 2011, the zero tillage (39.19 cm) produced the longer tassel which was 

statistically at par with minimum tillage (38.56 cm). The minimum tassel length was 

recorded in deep tillage plots (36.33 cm). Khan and Parvej (2010) concluded that the 

maximum tassel length was noted in the zero tillage treatment while the minimum tassel 

length was recorded in the tilled plots. The possible reason of longer tassel length in zero 

tilled plot might be the late start of germination than the tilled soil and plant was late in 

phenological stages and tried to fulfill its deficiency to produce longer tassel length with 

more number of pollens per tassel. In 2010, the minimum tillage was also significantly 

different from the zero tillage; it might be due to the good environment for plant as compare 

to zero tillage that is why it had shorter tassel length.  But in case of deep and conventional 

tillage, they had statistically similar tassel length in both years. It might be the indication of 

favorable condition for the plant body. As in the 2011, the temperature was normal (lower 

than the 2010), the tassel length in minimum tillage and zero tillage was not statistically 

different from each other which might be due to more moisture available and less 

evaporation from the plant body.   

  In 2010, the poultry manure @ 10 Mg ha
-1

 resulted the longer length of tassel 

than 5 Mg ha
-1

 poultry manure treatment and control where no dose of manure was applied. 

Similar results were also observed in second year trial (2011). The control and the poultry 

manure @ 5 Mg ha
-1

 produced the same tassel length which might be due to fewer nutrients 

availability while in case of poultry manure @ 10 Mg ha
-1

 due to more balanced and 

sustainable availability of nutrients to the plant body, the plant got the significantly more 

tassel length. The poultry manure could hold the water and hence increased the water use 

efficiency of the plant. These results are in accordance with those of Farhad et al. (2011) who 

stated that the tassel length was increased as the poultry manure doses was also increased.   

  The interaction of tillage and poultry manure was found non-significant with 

significant seasonal effect. 
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4.1. Influence of different tillage practices and poultry manure treatments on plant 

height (cm) and tassle length (cm)  

 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD  

NS= Non-significant 

Treatments 
Plant height (cm) Tassel length (cm) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero Tillage (T1) 181.64d 193.77c 36.68a 39.19a 

Minimum tillage (T2) 193.36c 205.41b 34.05b 38.56a 

Conventional  Tillage (T3) 199.63b 215.31a 33.26c 36.77b 

Deep Tillage (T4)  206.34a 217.15a 33.19c 36.33b 

LSD (0.05) 5.188 6.809 0.762 1.774 

B. Poultry Manure (PM)  

Control 

(PM @ 0 Mg ha
-1

) (P1) 
186.54b 190.84c 33.56b 37.07b 

PM @ 5 Mg ha
-1 

 (P2) 191.16b 209.39b 34.05b 37.56ab 

PM @ 10 Mg ha
-1 

(P3) 208.03a 223.50a 35.27a 38.51a 

LSD (0.05) 4.735 6.217 0.636 1.277 

C. Interaction (TP× PM) 

T1 × P1 171.80g 179.73f 37.88 40.39 

T1 × P2 180.78fg 189.46ef 36.34 39.47 

T1 × P3 192.33def 212.12bcd 35.82 38.85 

T2 × P1 184.50efg 187.22ef 34.96 38.33 

T2 × P2 186.90ef 210.20cd 34.16 38.32 

T2 × P3 208.67abc 218.81abc 34.09 37.89 

T3 × P1 193.13def 197.50de 33.81 37.67 

T3 × P2 193.90def 218.78abc 33.38 36.58 

T3 × P3 211.87ab 229.64ab 33.07 36.51 

T4 × P1 196.72cde 198.89de 32.99 36.50 

T4 × P2 203.07bcd 219.13abc 32.55 36.06 

T4 × P3 219.23a 233.42a 32.48 35.99 

LSD (0.05) 13.876 18.220 NS NS 
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4.1.2.3. Days to tasseling (days) 

  Physiologically, the days to tasseling are changed by the plant system at any 

kind of stress imposed on the plant like high temperature, moisture stress and deficiency or 

imbalanced availability of nutrients. Normally, tassel emerges earliar than that of cob of the 

maize plant. Too much early emergence and maturity of tassel may cause the loss of pollens 

or drying of pollens. But the particular scheduling of days of tasseling is very important for 

the proper grain filling and grain development on the cob. 

  In 2010, the zero tillage showed the statistically higher number of days to 

tasseling (52.16) as compared to tilled soil and significantly decreased from zero tillage to 

deep tillage in order of minimum tillage (50.50), conventional tillage (49.87) and deep tillage 

(48.55) while in 2011, almost same trend was recorded (Table # 4.2). The more days to 

tasseling in zero tillage treatment might be due to cool soil temperature and more hinderance 

to root establishment which delayed the seed emergence trsulting in late approach to 

tasseling stage as compared to other tillage sown maize crop.   

  Plants in plots treated with poultry manure @ 10 Mg ha
-1

 was taken more 

number of days to tasseling followed by poultry manure @ 5 Mg ha
-1

 which was statistically 

similar with those of control treatment and the same fashion of data was observed in 2011 

(Table # 4.2). The more days of tasseling in poultry manure @ 10 Mg ha
-1

 were might be due 

to more nutrients availability and higher moisture content which delayed the tasseling growth 

stage. The poultry manure doses significantly affected the days of tasseling (Farhad et al., 

2011) which might be due to more provision of nutrients by the poultry manure. Waseem et 

al. (2012) used various sources of nitrogen and noted higher days to tasseling in poultry 

manure treatments as compared to farmyard manure, press mud of sugarcane, compost and 

the control.  

  Seasonal effect was positive with non-significant interaction of tillage and 

poultry manure in both years study.  

4.1.2.4. Days to silking (days) 

  Days to silking represents the number of days taken by the crop to start the 

silking. Silk of the cob is very important without which the plant is unable to complete its 

fertilization process. 
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  In 2010, the maximum days to silking were recorded in zero tillage plots 

(54.59) followed by minimum tillage (50.50) that was at par with those of conventional 

tillage (49.87) and the minimum days to silking were observed in deep tillage (50.89). In 

2011, the maximum days to silking were recorded in zero tillage that was statistically at par 

with the minimum tillage which inturn was significantly similar with conventional tillage. 

Similarly, the minimum days to silking in 2011 were recorded in deep tillage (Table # 4.2). 

The zero tillage plots had four more days to silking than the deep tilled plots. It might be due 

to delayed seedling emergence in zero tillage and plant took the more time to complete its 

silking process. The experiment results are in line with those of Khan and Parvej (2010) who 

noted the significantly more days to silking in no-tilled soils as compared to tilled soil.  

  Trend fashion of poultry manure data was significant in both years of study. 

The maximum days to silking were observed in 10 Mg ha
-1

 poultry manure treatment 

followed by 5 Mg ha
-1

 poultry manure treatment which was at par with 0 Mg ha
-1

 poultry 

manure in 2010. Similar trend of data fashion was recorded in 2011 (Table # 4.2). Early 

silking stage in the control treatment might be due to less nutrients and water avilablity 

which may force the plant to approach the silking stage earliar as compared to other poultry 

manure treatments. These results are supported by those of Ogbomo and Remison (2009) 

who stated that the increaseed poultry manure amount prolonged crop biomass due to more 

lavish availability of nutrients which led to longer duration of crop and hence more number 

of days to silking. Significantly more days to silking were observed in poultry manure 

treatments over the other nitrogen sources (Waseem et al., 2012). 

  The difference in the trend between two years of growing season was might 

be due to temperature of the surrounding weather (App. # 3.1-3.4). The interaction of tillage 

and poultry manure was found non-significant in both years study. 
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4.2. Influence of different tillage practices and poultry manure treatments on days to 

tasseling and days to silking  

Treatments 

Days to tasseling (days) Days to silking (days)  

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 52.16 a 56.19 a  54.59 a  56.59 a  

Minimum tillage (T2) 50.50 b  54.60 b  52.84 b  55.84 ab  

Conventional  tillage 

(T3) 
49.87 c 54.37 b 52.40 b 55.40 b 

Deep tillage (T4) 48.55 d  52.65 c 50.89 c  53.89 c 

LSD (0.05) 0.424 0.419 1.004 0.942 

B. Poultry Manure (PM) 

P1=Control 

(PM @ 0 Mg ha
-1

) 
49.34 b 53.43 b 51.55 b 54.30 b 

P2=PM @ 5 Mg ha
-1

 49.96 b 54.17 b 52.45 b 55.20 b 

P3=PM @ 10 Mg ha
-1

 51.51 a 55.76 a 54.04 a 56.79 a 

LSD (0.05) 0.794 0.795 1.110 0.943 

Interaction  (TP×PM) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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 4.1.2.5. Ear height (cm) 

  Ear is the main storage bin of the plant where photosynthates are stored as 

economic part of the plant. Ear is almost located in the middle of the stem and its height 

might be also dependent on the height of the stem. If the stem is longer than its position 

might be at higher rank and vice versa. 

  In deep tillage, ear was located at higher position (85.52 cm) as measured 

from the stem base which was statistically at par with the conventional tillage (84.99 cm) and 

the minimum ear height position was noted in zero tillage (81.01 cm) in 2010. However in 

the 2011, the same fashion of data was recorded but the difference in the values of the both 

the years was might be due to the more favorable environmental conditions in 2011 (Table # 

4.3). In addition, the plant wanted to achieve maximum biological yield because it had 

sufficient nutrients and moisture and ultimately the ear height position was shifted from 

85.52 to 105.52 cm from 2010 to 2011 in deep tillage and in conventional tillage from 84. 99 

to 104. 99 cm while the lowest value in zero tillage plots was shifted from the 81.01 to 

101.01 cm. These findings are in line with those of Liu and Wiatrak (2011) who observed a 

positive correlation between plant height and ear height. 

  As the plant height was increased the ear position was also shifted from lower 

to higher position of plant stem body. Same data trend was observed in poultry manure 

treatments. The data of 2010 (Table # 4.3) suggested that the higher position of ear height 

was noted in 10 t ha
-1

 poultry manure applied plots (87.46 cm) followed by 5 Mg ha
-1

 poultry 

manure treatment (81.99 cm) which was at par with control plots (81.26 cm). As far as 2011 

data is concerned, almost similar data trend was recorded regarding to 10 Mg ha
-1

, 5 Mg ha
-1

 

poutry manure treatments and control plots. In 2011, the ear height was relatively higher than 

those of 2010. The longer ear height from the base of the stem at higher doses of poultry 

manure was might be due to more plant height and more physiological growth of the plant as 

compared to lower dose of poultry manure and control treatments. Ayoola and Makinde 

(2009) concluded that the more ear height was recorded in poultry manure applied plot as 

compared with the inorganic fertilized and control plots. Similarly with the increase of 

nitrogen, the ear height was also significantly increased (Idikut et al., 2009). 

  Year effect was significant with non-significant effect of tillage × poultry 

manure interaction.  
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 4.1.2.6. Days to maturity (days) 

  Days to maturity were the average time with in which the physiological 

harvesting time crop is achieved. Late maturity caused the loss of farm resources and 

delaying of the next crop to be sown. The early maturity causes the fewer yields in term of 

less photosynthates accumulation in the seed.  

  Table # 4.3 showed that in 2010, the maximum days to maturity were taken by 

the zero tilled crop which was statistically at par with those of minimum tillage sown crop 

followed by the conventional tillage. The deep tillage grown crop took the lowest days for its 

maturity as compared to minimum tillage and no tilled crop plots. In 2011, the same trend 

was observed and significantly higher days for maturity were in zero tillage sown crop 

followed by the minimum tillage maize crop which was statistically at par with those of 

conventional tillage and the lower days for maturity were noted by the crop sown in the deep 

tillage plots. The higher days of maturity in zero tillage might be due to more moisture and 

cool temperature inside the soil layers as the deep tillage had ploughed deeply and all the soil 

is exposed to the sun rays and crop is matured at their proper time. The experiment results are 

in close agreement with thoae of Khan and Parvej (2010) who noted that the higher maturity 

days were recorded in the zero tillage sown crop as compared to tilled soil. 

 Poultry manure significantly affected the number of days of maturity in both years of 

study. In 2010, the crop which was sown at 10 Mg ha
-1

 poultry manure matured late as 

compared to 5 Mg ha
-1

 and control while in the 2011, the higher days to maturity were 

recorded in 10 Mg ha
-1

 poultry manure followed by 5 Mg ha
-1

 poultry manure (Table # 4.3). 

The lower number of days of maturity was noted in control plots where no poultry manure 

was applied. The higher days to maturity were due to the more water holding capacity in 

those plots which received the higher doses of poultry manure. In 2010, the number of days 

to maturity in control and 5 Mg ha
-1

 poultry manure treatments was statistically same because 

it could be due to high temperature. These results are supported by those of Waseem et al. 

(2012) who reported that more days to maturity were recorded in poultry manure nitrogen 

source over the other nitrogen sources i.e. farm yard manure, press mud of sugar cane,  

compost and control. The interaction (T × PM) was non-significant while significant 

difference in days to maturity of both years was mainly due to temperature difference in 2010 

and 2011 (App. # 3.1-3.4). 
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4.3. Influence of different tillage practices and poultry manure treatments on ear height 

and days to maturity 

Treatments 

Ear height (cm) Days to maturity (days)  

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 81.01 c 101.01 c 112.52 a  118.02 a  

Minimum tillage (T2) 82.75 b 102.75 b 109.66 b  115.16 b  

Conventional  tillage (T3) 84.99 a 104.99 a 107.75 bc 114.42 b 

Deep tillage (T4)  85.52 a  105.52 a 106.01 c 111.51 c 

LSD (0.05) 0.916 1.468 2.131 2.670 

B. Poultry Manure (PM) 

P1=Control 

(PM @ 0 Mg ha
-1)

 
81.26 b 101.25 b 106.25 b 111.13 c 

P2=PM @ 5 Mg ha
-1

 81.99 b 101.99 a 106.74 b 112.99 b 

P3=PM @ 10 Mg ha
-1

 87.46 a 107.46 a 113.96 a 120.21 a 

LSD (0.05) 0.864 0.990 0.967 0.896 

Interaction  (TP×PM) NS 

 

Mean not sharing the different letters in a column is statistically non-significant @ P 

<5% according to LSD 

NS= Non-significant 
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4.1.3. Growth analysis 

 4.1.3.1. Leaf area index (LAI) 

  Periodic data about the leaf area index of maize showed the significant effect 

of tillage practices on leaf area index (LAI) which reached the maximum numeric value at 55 

DAS in both growing seasons; afterward declined steadily as crop reached to its maturity 

because the leaves were turning from green to dry; therefore reducing the leaf area of the 

plant (Fig. # 4.4). Significantly, higher numeric values of leaf area index at 55 DAS were 

recorded during the both years of study in the chiseled sown crop (deep tillage) while the 

lower LAI value was noted in zero tillage crop. In both the years, graphical representation 

showed that the initial leaf area index was almost similar in all tillage treatments up to 30 

DAS then plants started differentiation with respect to the prevailing conditions. Leaf area 

index of maize in conventional and minimum tillage was intermediate of deep and zero 

tillage. This differentiation among the leaf area index of maize in different tillage practices 

was might be due to extraction of more nutrients, minerals and water as tillage was gone 

deeper that provided the extra inputs to plant. Significant higher leaf area index in the deep 

tillage practice might be due to early maize seedling emergence and early approaches to 50 

% seedling emergence. Moreover, good crop growth in the deep tillage practice may be 

resulted in good leaf area index. Promotive effect of different tillage practices on leaf area 

index was documented by those of Yusuf (2006) who stated that the shallow rooted plants 

had significantly lower leaf area index as compared to chiseled sown crop which might be 

due to less area of soil under surveillance of shallow root crop and hence less nutrients and 

water was available.  

  Substational increase in leaf area index was observed with the increase in the 

dose of poultry manure as compared to control (Fig. # 4.5). The reduction in leaf area index 

was much more pronounced at the lower level of poultry manure (5 Mg ha
-1

) over the higher 

level of poultry manure which might be due to early drying and senescence of leaves. The 

higher amount of poultry manure may be increased the nutrients holding capacity and 

availability over lower poultry manure dose and control which caused the leaves to remain 

green for longer period while the maize plants sown in the control plots showed lower leaf 

area index due to higher leaching and volatilization of nitrogen as compared to organic 

matter added plots. The experiment results are in close agreement with those of Gungula et 
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al., 2005 who observed that higher dose of poultry manure significantly increase the over all 

crop growth and also improve the leaf area index than those plots where no maure was 

applied.  Khaliq et al. (2009) and Valadabadi and Farahani (2010) reported that the greater 

leaf area expansion was noted in the long period availability of nitrogen over the shorter 

period nitrogen availability. Similarly Cha-um et al. (2010) found significant correlation 

between LAI and photosynthesis rate. Efthimiadou et al. (2010) reported this increase in 

photosynthesis rate is due to more availability of nitrogen and also correlation analysis of 

photosynthesis rate with transpiration was positive and significant. 

  The overall leaf area index was higher in 2011 as compared to 2010 which 

could be due to more rainfall (App. # 3.2) and lower temperature (App. # 3.1) in March and 

April which might be favour the maize plant to get more smooth growth. 
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Fig. # 4.4. Influence of different tillage practices on the leaf area index 

(LAI) during 2010 and 2011 

Zero= zero tillage, Mini= minimum tillage, Conven= conventional tillage, Deep= deep tillage 
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Fig. # 4.5. Influence of different poultry manure treatments on the leaf area 

index (LAI) during 2010 and 2011 

0 Mg/ha= Poultry manure @ 0 Mg ha
-1

, 5 Mg/ha= poultry manure @ 5 Mg ha
-1

, 10 Mg/ha= 

poultry manure @ 10 Mg ha
-1
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4.1.3.2. Leaf area duration (LAD) [days] 

  Cumulative data regarding to leaf area duration were presented in the Fig. # 

4.6.  Data indicated that all the tillage practices significantly affected on the crop leaf area 

duration during the both years of study. Among the different tillage practices, the 

significantly higher LAD was observed in the deep tillage crop that was statistically at par 

with that of conventional tillage crop which was followed by crop sown by the minimum 

tillage and the lower LAD was noted in the zero tilled sown crop during the 2010. In 2011, 

maximum leaf area duration was recorded in the deep tillage that was followed by the 

conventional tillage which was statistically at par with the minimum tillage. The minimum 

LAD was observed in the zero tillage crop. More days of leaf area duration in the deep tillage 

was might be due to more availability of nutrients and water to the crop plant as plant root 

may go to deeper soil profile. The higher leaf area duration may be due to more leaf area 

index in deep tillage treatments (Yusuf, 2006).  

The poultry manure significantly affected the leaf area duration of the crop. In 

2010, more days of leaf area duration was achieved in those treatments where poultry manure 

@ 10 Mg ha
-1

 was applied followed by the 5 Mg ha
-1

 poultry manure treatment. The lower 

LAD was observed in the control where no poultry manure was applied. Similar data trend 

was noted in the 2011 (Fig. # 4.7). LAD at the higher poultry manure doses might be due to 

more and balance nutrients availability to the plant throughout the plant life cycle which 

might have kept the plant leaves green and hence greater LAD. Moreover, the poultry 

manure may increase the water holding capacity of the soil that may provide sustainable 

water to the plant root. These results are supported by those of Ali et al. (2012) that higher 

LAD was exhibited in poultry manure treatments as compared to press mud of sugarcane and 

control treatments.   

Overall LAD was higher in the 2011 as compared to 2010, it might be due to 

more rainfall in 2011 (App. # 3.2) and lower temperature provided the more time for leaves 

to be remain green. Hence higher was the LAI, higher LAD was achieved.        
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Fig. # 4.6. Influence of different tillage practices on the leaf area duration 

(LAD) during 2010 and 2011 

Zero Till= zero tillage, Mini Till= minimum tillage, Conv Till= conventional tillage, Deep 

Till= deep tillage,  

0

50

100

150

200

250

300

350

400

LAD 25-40 LAD 40-55 LAD 55-70 LAD 70-85 LAD 85-100

L
A

D
 

DAS 

2010 

Zero Till.

Mini. Till.

Conve. Till.

Deep Till.

0

50

100

150

200

250

300

350

400

LAD 25-40 LAD 40-55 LAD 55-70 LAD 70-85 LAD 85-100

L
A

D
 

DAS 

2011 

Zero Till.

Mini. Till.

Conv. Till.

Deep Till.



64 

 

 

 

 

Fig. # 4.7. Influence of different poultry manure treatments on the leaf area 

duration (LAD) during 2010 and 2011 

0 Mg/ha= Poultry manure @ 0 Mg ha
-1

, 5 Mg/ha= poultry manure @ 5 Mg ha
-1

, 10 Mg/ha= 

poultry manure @ 10 Mg ha
-1
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 4.1.3.3. Crop growth rate (CGR) [gm
-2

d
-1

] 

  Data pertaining to cumulative crop growth rate (CGR) starting from 25 DAS 

to 100 DAS given in Fig. # 4.8. The maximum crop growth rate was recorded in chiseled 

sown maize plants in 2010 followed by the conventional tillage and the minimum tillage 

crop. The minimum CGR was noted in the zero tillage treatment. Almost similar data fashion 

was observed during 2011. Higher crop growth rate might be due to more total dry matter 

(TDM) accumulation in the deep tillage sown maize plants which took more nutrients, 

minerals from the soil. Morover, the deep tillage plot sown maize seeds emerged earliar and 

start their growth than the other tillage treatments. TDM production during crop growth 

period especially before flowering considered very important for determination of number of 

grains unit land area
-1

 as sink capacity could utilize this produced photosynthates 

(carbohydrates) (Horie et al., 2003). Moreover, differences in CGR of the treatments could 

be ascribed to variations in the amount of light intercepted as well as its efficiency of usage 

by the LAI and LAD.   

  Significantly maximum CGR was obtained in those maize plots where poultry 

manure @ 10 Mg ha
-1

 was applied followed by the 5 Mg ha
-1

 poultry manure treatment. 

Minimum CGR was recorded in the control treatment during 2010 while in 2011, similar 

data trend was exhibited (Fig. # 4.9). Higher CGR in the poultry manure treatments (@ 10 

Mg ha
-1

) was might be due to better utilization of available nutrients in the soil during the 

crop growth period as compared to control where only the synthetic fertilizer was applied.  

Furthermore, higher LAI might have resulted in more crop growth rate (Carpenter and Board, 

1997). Poultry manure significantly increased the crop growth rate of maize crop over other 

fertilizer sources (Ali et al., 2012).  

  Seasonal effect was observed during the both year of crop growth, higher 

CGR was in 2010 and lower was in the 2011. Thus differences in CGR among different 

tillage and poultry manure treatments during the crop growth period might have resulted in 

the variation of environmental conditions such as radiation which directly influenced the 

plant biomass production (Horie and Sakuratani, 1985). 
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Fig. # 4.8. Influence of different tillage practices on the crop growth rate (CGR) during 

2010 and 2011 

Zero= zero tillage, Mini= minimum tillage, Conven= conventional tillage, Deep= deep tillage 
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Fig. # 4.9. Influence of different poultry manure treatments on the crop growth rate 

(CGR) during 2010 and 2011 

0 Mg/ha= Poultry manure @ 0 Mg ha
-1

, 5 Mg/ha= poultry manure @ 5 Mg ha
-1

, 10 Mg/ha= 

poultry manure @ 10 Mg ha
-1

 

0

5

10

15

20

25

30

CGR1 CGR2 CGR3 CGR4 CGR5

C
G

R
 (

g
m

-2
d

-1
) 

15 Days Interval, Starting from 25 DAS 

CGR-2010 

0 Mg/ha

5 Mg/ha

10Mg/ha

0

5

10

15

20

25

30

CGR-1 CGR-2 CGR-3 CGR-4 CGR-5

C
G

R
 (

g
m

-2
d

-1
) 

15 Days Interval, Starting from 25 DAS 

CGR-2011 

O Mg/ha

5 Mg/ha

10 Mg/ha



68 

 

 4.1.3.4. Net assimilation rate (NAR) [gm
-2

d
-1

] 

  The average net assimilation rate of any crop represents its net photosynthetic 

activity unit land area
-1 

(Hunt, 1978). Indirectly, NAR depends upon the total dry matter 

production and the leaf area duration.  

  Fig. # 4.10 & 4.11 depicted that all the tillage and poultry manure treatments 

significantly affected the NAR during the both years of study. Maximum net assimilation rate 

during 2010 year was recorded in the zero tillage crop followed by the minimum tillage and 

conventional tillage crop. The statistically minimum NAR was found by deep tilled sown 

maize crop. In 2011, the almost same trend prevailed (Fig. # 4.10). The higher NAR in the 

zero tillage treatment was most probably due to less TDM, ultimately less crop canopy 

developed that resulted in more light to penetrate in to the plant body with more 

photosynthesis activity. However, the respiratory enzymes activity may stop at high 

temperature due to more light penetration in to the zero tillage crop canopy as compared to 

other tillage practices and untimately, the photosyntic activity might be reduced. These 

results are in line with those of Yue-hua et al. (2011) who concluded that 7-14 % higher 

NAR was recorded in no tilled sown rice crop as compared to conventional tillage field crop 

from the panicle initiation stage to heading stage.    

  Statistically higher net assimilation rate was recorded in the control during 

2010 followed by the 5 Mg ha
-1

 poultry manure treatment while the lower NAR was 

exhibited in those plots where poultry manure @ 10 Mg ha
-1

 was applied. Similar data 

fashion was noted in 2011 (Fig. # 4.11). In control treatment, less TDM and less LAI was 

produced as compared to other poultry manure treatment which resulted in higher light 

interception in to the plant body and ultimately, higher NAR. Ali et al. (2012) reported that 

higher NAR was recorded in control over other nutrients sources. These results are in 

contrary with those of Aderi et al. (2011) who reported that the NAR was increased with 

higher manure rate after 28-49 DAS but was similar with that of 49-70 DAS. This might be 

due to recording of data at different intervals and difference in weather conditions. 
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Fig. # 4.10. Influence of different tillage practices on the net assimilation rate (NAR) 

during 2010 and 2011 

 

 

 

Fig. # 4.11. Influence of different poultry manure treatments on the net assimilation 

rate (NAR) during 2010 and 2011 

0 Mg/ha= Poultry manure @ 0 Mg ha
-1

, 5 Mg/ha= poultry manure @ 5 Mg ha
-1

, 10 Mg/ha= 

poultry manure @ 10 Mg ha
-1
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 4.1.4.5. Root length (cm) 

  Maize root has unique rooting system with adventitious fibrous root system 

that varies at different growth stages.  Maize also produces the adventitious root system to 

support the plant and absorbs more water and mineral for the long stem body. Root can only 

go into deeper layer of soil if they need more inputs and support for their body. 

  Data in Table # 4.4 showed that higher root length was observed in the deep 

tilled plots followed by conventional tillage which was statistically at par with the minimum 

tillage. The minimum root length was recorded in the zero tillage treatments during 2010. 

Same data pattern was also noted in 2011. The longer root in chiseled soil was might be due 

to more pulverize and soft soil which allowed the root to go to deep in search of more lavish 

nutrition, water and mineral. In case of zero tilled soil, the root did not go deeper into the soil 

due to more mechanical resistance from the hard soil and hence restrict their growth. 

Furthermore, the initial zero tilled sown maize crop had more rapid root growth at the upper 

soil profile layer and did not go deeper due to more compacted soil. It was noticed that the 

zero tillage have less total soil porosity which may caused shallow depth of root. 

  Data presented in Table # 4.4 explained that the maximum root length in 2010 

was in the 10 Mg ha
-1

 poultry manure treatment followed by the treatment with 5 Mg ha
-1

 

poultry manure and lowest root length was in the control plots where only the synthetic 

fertilizer were applied. The same data pattern was observed in the 2011. Longer roots in the 

10 Mg ha
-1

 poultry manure treatment was might be due to more pulverizes soil which may 

allow roots to increase its volume and length than the control plots where no manure was 

applied and roots are not longer. In addition to, the microbial activity was not too much 

active in the no poultry manure plots which may help in moving to deep soil in PM @ 10 kg 

ha
-1

.Kumar et al. (2007) observed the same trend of data as we noted during the study. They 

suggested that the plots with poultry manure doses had longer roots than those without 

poultry manure. 

  The interaction of tillage and poultry manure differed significantly in 2010 but 

did not reach the level of significant in 2011.  Higher root length was recorded in the T4 × P3 

that was at par with those of T4 × P2 and T3 × P3 but the lower was noted in T1 × P1 that was 

statistically did not differ from T1 × P2. Similar results were noted by Kumar et al. (2007). 

They used two cultivars and concluded that there was a highly significant cultivar x poultry 
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manure interaction on root length caused by an increase in cv. Vula Ono root length with 

addition of poultry manure but no effect on the root length of Tausala-ni-Samoa. 

4.1.4.6. Root dry weight (g) 

  Data regarding to root dry weight is presented in the Table # 4.4 showed the 

significant effect of tillage practices on the root dry weight during the both years of study. In 

2010 significantly higher root weight was observed in zero tillage (108.21 g) followed by 

minimum tillage (100.00 g) which is at par with conventional tillage (98.28 g) and deep 

tillage (93.02 g). Similar data trend was found in 2011. Higher root dry weight was recorded 

in zero tillage while the minimum was in the deep tillage that was statistically similar with 

conventional tillage. In the deep tillage, roots were fine and less bulky as compared to roots 

in zero tillage. Moreover, the mechanical impedance in the zero tilled treatments could be 

resulted in heavier roots of maize. The zero tillage crop have more bulky roots because the 

roots did not go to deeper soil layers and remained on the upper soil profiles where they only 

increased their biomass resulted in heavier roots. The experiment reults are in close line with 

those of Monneveux et al. (2006) who did experiments on the zero tillage and residue 

conservation in continuous maize cropping system. The zero tillage resulted in better root 

biomass which might be due to more soil organic matter than the tilled soil.  

  For poultry manure treatments in 2010, significantly higher root dry weight 

was obtained in the treatments where the poultry manure was applied @ 10 Mg ha
-1

, 

followed by 5 Mg ha
-1

 poultry manure treatment (Table # 4.4). The minimum root dry weight 

was in the inorganically fertilized plots (control).  Almost similar data fashion was observed 

in 2011. Higher root dry weight in the 10 Mg ha
-1

 poultry manure treatment might be due to 

more balanced nutrients available in the soils of poultry manure treatments. Hence they 

increase their root system in length as well as in width as much as maximum due to luxury 

availability of nutrients. Moreover, the poultry manure may be increased the nutrients 

holding capacity of soil. In control treatment, the nitrogen and other minerals might have 

leached down with the water and they were away from the plant reach and some 

concentrations of nutrients were fixed with the clay minerals of the soil. These results are in 

consonance with those of Modupeola et al. (2011). They applied the various levels (10, 20, 

30 and 40 Mg ha
-1

) of poultry manures and documented that the higher root dry mass was 

recorded at 40 Mg ha
-1

 poultry manure treatment. 
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4.4. Influence of different tillage practices and poultry manure treatments on root 

length and root dry weight 

Treatments 
Root length (cm) Root dry weight (g) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero Tillage (T1) 20.89c 25.09c 108.21a 145.07a 

Minimum tillage (T2) 26.78b 33.83b 100.00b 141.26b 

Conventional  Tillage (T3) 28.67b 34.50b 98.28b 139.69c 

Deep Tillage (T4)  34.44a 37.78a 93.09c 139.64c 

LSD (0.05) 2.459 2.531 4.250 1.414 

B. Poultry Manure (PM) 

Control 

(PM @ 0 Mg ha
-1

) (P1) 

24.17c 28.75b 95.67b 136.52c 

PM @ 5 Mg ha
-1 

 (P2) 28.00b 34.13a 100.25a 141.44b 

PM @ 10 Mg ha
-1 

(P3) 30.92a     35.50a 103.92a 146.28a 

LSD (0.05) 2.236 1.666 4.438 0.708 

C. Interaction (TP× PM) 

T1 × P1 18.67f 22.43 101.10 141.85     

T1 × P2 21.01f 26.21 108.73  145.46   

T1 × P3 23.84def 27.98 115.49   150.17  

T2 × P1 22.69ef 29.76 96.87   139.58     

T2 × P2 28.17bcde 35.49 100.60   144.68   

T2 × P3 29.67bc 37.25 104.27  145.52   

T3 × P1 24.09cdef 29.09 95.49   136.42      

T3 × P2 29.91bcd 36.50 99.08   139.26     

T3 × P3 33.45ab 38.49 100.97   144.75  

T4 × P1 31.63b 35.26 90.23     135.12      

T4 × P2 34.09ab 38.15 93.07   139.21      

T4 × P3 38.13a 40.53 95.61    144.75 

LSD (0.05) 6.5514 NS NS NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.1.4. Yield and yield related components 

 4.1.4.1. Plant population (m
-2

) 

  A balance plant number is helpful in managing the field nutrients, more plants 

m
-2

 than recommended caused the nutrients deficiency while the less plant wasted the 

nutrients and the farmers resources and also providing the more space to the weeds to fill this 

space. Plant population is dependent on the seed germination and on the good seedling 

establishment. The seed germination can be enhanced by improving the good micro-seed 

environment (Khan et al., 2001). Tillage is one of the key factors in good seed germination 

and better root development of the plant. If the plant roots do not have good contact with the 

soil then the plant stand will be poor, resulting poor plant health and less yield. 

  The data regarding to plant population (m
-2

) showed that tillage significantly 

affected the plant population in 2010 and 2011. The maximum plant population was recorded 

in deep tillage treatment (6.67) which was at par with those of the conventional (6.67) and 

minimum tillage treatment (6.66) while the minimum was in the no tilled treatment (6.56). 

The same data trend was recorded in the second year of research experiment (Table # 4.5). 

No doubt the tilled soil was loose enough to facilitate the seed in early establishment and 

young seedling did not suffer during early rooting. More germinated seed in the tilled soil 

(tillage treatments) was might be due to more aeration and pulverization of the soil condition 

which may favour the maximum seed germination resulted in maximum plant poplution as 

compared to zero tillage while in no tilled soil where less plant population was might be due 

to compacted soil with higher bulk density and did not allow the seed to fully germinate and 

might be some of them was unable to broke the hard soil cover and die inside, lower the plant 

population. The experiment results were close in line with those of Vetsch and Randall 

(2002) and Mari and Changyin (2006) who stated that the tillage supported the seed in 

germination and early adjustment in the soil environment as compared to the no tilled soil. 

Furthermore, the no tilled soil was much cooler and low temperature hinders the seed to 

germinate, causing the slower germination and ultimately poor seedling. The result of less 

plant population in the zero tillage soil was supported by Hussain et al., (1999).   Wilhelm et 

al. (2004) stated that the variety of tillage system greatly affected the corn grown growth and 

development. 
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  No doubt, the poultry manure improved the soil environment conditions and 

the more rapid nutrients availability (Ali, 2005) than other organic manure but it did not 

affect significantly the plant population in both year because for seed imbibitions the seed 

required a few millimeter of water which was available in the soil seeding zone that is 

enough for the seed germination initiation.  

  The interactive effect of tillage and poultry manure was non-significant with 

significant seasonal effect.    

 4.1.4.2. Number of cobs per plant 

  Number of cobs per plant is the major yield boosting attributes of the plant 

body which can multiply or divide the grain yield of the prevailing crop, depending upon the 

number of grains on the each cob. More or less it was controlled genetically but fully plant 

potential can be attained through integrated management strategies of the said plant variety.  

  The data of both year indicated that tillage did not affect significantly the 

number of cobs per plant. Data showed that all the tillage practices provided the satiable 

condition to the plant body for equal number of cob (Table # 4.5). A non-significant effect of 

tillage on number of cobs per plant was observed by the Rashidi and Keshavarzpour (2007).  

The poultry manure also did not affect significantly on the number of cobs per 

plant during the both year of the study (Table # 4.5). These results were supported by the 

Khaliq et al. (2007) who reported that the different organic and inorganic sources of 

fertilizers had non-significant effect on number of cobs per plant. 

The interaction of tillage × poultry manure on number of cobs plant was non-

significant. 
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4.5. Influence of different tillage practices and poultry manure treatments on plant 

population and number of cobs per plant 

 

Treatments 

Plant population (m
-2

) Number of cobs  plant
-1

 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 6.56 b 6.57 b 1.30  1.47  

Minimum tillage (T2) 6.66 a 6.66 a 1.44  1.67  

Conventional  tillage (T3)  6.67 a  6.67 a 1.56  1.67  

Deep tillage (T4)  6.67 a   6.67 a  1.67   1.78  

LSD (0.05) 0.0487 0.049 NS NS 

B. Poultry Manure (PM) 

P1=Control 

(PM @ 0 Mg ha
-1

) 
6.64  6.64   1.31  1.43  

P2=PM @ 5 Mg ha
-1

 6.64  6.64   1.50  1.67  

P3=PM @ 10 Mg ha
-1

 6.64  6.64  1.67  1.83  

LSD (0.05) NS NS NS NS 

Interaction  (TP×PM) NS 

* Mean not sharing the different letters in a column is statistically non-significant @ P 

< 5 % according to LSD 

NS= Non significant 
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4.1.4.3. Cob Length (cm) 

  Cob length is responsible for more number of grains per plants and major 

grain yield contributing factor of the maize plant. Longer the cob length and more will be the 

number of grains per cob and ultimately higher will be the grain yield. Although the cob 

length is also a genetic character of the every variety but its potential will be dependent on 

the nutrients availability and current field conditions to the crop body. Usually in the maize 

genetically point of view; the maximum cob length or bigger cob diameter with small stover 

diameter is considered best variety for cultivation.  

  As the tillagefacilitate the nutrients availability in the mobile phase to the 

plant root system (Barbosa et al., 1989). That is why; our results depicted that in 2010, the 

maximum cob length was observed in deep tillage system (18.63 cm) which was followed by 

the conventional (18.49 cm) and minimum tillage system (18.42 cm) while the minimum cob 

length was noted in the zero tillage (17.34 cm) and the same data chemistry was recorded in 

2011 (Table # 4.6). The deep tilled sown maize produced the longer cob which might be due 

to more mineralization and less immobilization as compared to zero tillage treagtment that 

allowed the more availability of nitrates resulted in more healty growth of cobs. Increasing 

order of tillage (zero to deep tillage) favoured the cob length in term of more availability of 

nutrients as sown in our results of experiment. These results were in close relation to those of 

Chaudhary et al. (2003) who reported that the deep tillage maize crop produced the longer 

cobs over the minimum and zero tillage crop.   

 Poultry manure had significant effect on the cob length in the both cropping 

year. The data trend concluded that with increase of poultry manure dose, the cob length was 

increased significantly. The maximum cob length (19.34 cm) was recorded in those plots 

where poultry manure @ of 10 Mg ha
-1

 was applied followed by 5 Mg ha
-1

 (18.24 cm). The 

minimum cob length (17.09 cm) was noted in control plants in 2010. The similar data fashion 

was observed during 2011 (Table # 4.6). The higher amount of poultry manure provided the 

more nutrients and more water availability to the crop as compared to the chemical 

fertilizers. Poultry manure treatments may helped the soil to realease the nitrogen on 

sustainable bais resulted in longer cobs. These results were supported by those of Akhtar and 

silva (1999) who reported that the fertilizers increased the development of cob length and 

diameter. Rajindran et al. (2003) and Khaliq et al. (2004) stated that the integrated 
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application of organic and inorganic application of fertilizers significantly improved the grain 

yield and yield related components.  

The interaction of TP × PM was significant during 2010 and 2011. Longer cobs was 

recorded in the T4 × P3 that was at par with those of T3 × P3 and T2 × P3  while the shorter 

cob was recorded in T1 × P1 in 2010. Almost similar data trend was observed in 2011. The 

longer cob may due to the positive interactive effect of deep tillage practices with poultry 

manure application. Both enhanced the soil micro-climate which may trigger the crop growth 

and development providing the better nutrients and water availability.   

4.1.4.4. Cob Diameter (cm) 

  Cob diameter is a genetic character of any maize variety but its potential 

depends upon the field crop management practices, nutrients and water availability. 

Conducive plant growth conditions help the cob to achieve its maximum girth and grains.  

  Significant results of cob diameter were observed in both years of study 

(Table # 4.6). In 2010, the maximum cob diameter was recorded in deep tillage crop (4.37 

cm) which was followed by the conventional (4.32 cm) and minimum tillage crop (4.30 cm). 

The minimum cob diameter was in the zero tilled sown crop (4.22 cm). As far as 2011 data 

were concerned, the maximum cob diameter was noted in deep tillage crop (4.51 cm) 

followed by conventional tillage crop (4.46 cm) and minimum cob diameter was observed in 

the zero tillage crop (4.34 cm). In the deep tillage crop, the cob diameter was higher than the 

other tilled plots. It might be due to availability of more water and available form of nutrients 

in the deeper soil profiles to sustain the turgor pressure and provide the nutrients in available 

form. The minimum cob diameter in zero tillage could be due to compacted soil and plant 

roots had some anchoring problems in the soil. The reults regarding to minimum cob 

diameter in the zero tillage was supported by Khurshid et al., (2006) who reported that the 

zero tillage badely impacted on the cob diameter. These results are in agreement with those 

of Rashidi and Keshavarzpour (2007). They concluded that the deep tillage significantly 

increased the cob diameter probably due to more nutrients at the deeper profiles of soil.  

Significant effect of poultry manure was observed on cob diameter in 2010 

and 2011 years of study (Table # 4.6). Statistically maximum cob diameter was observed in 

the plots where poultry manure @ 10 Mg ha
-1

 (4.45 cm) was applied followed by 5 Mg ha
-1

 

poultry manure  treatment (4.34 cm) and the minimum (4.12 cm) was in control (no poultry 
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manure). Almost same data trend was recorded in 2011(Table # 4.6). Higher cob diameter in 

poultry manure treatments could be due to its more water holding capacity of soil which 

increased the soil cation exchage capacity and resulted in more nutrients availability to maize 

plants. The experiment results are in line with those of Khaliq et al. (2004) who noted that 

the integrated use of poultry manure with the synthetic fertilizers increased the cob diameter.  

  The interaction between TP × PM was significant. Maximum cob diameter 

was noted in the T4 × P3 that was at par with those of T3 × P3 while minimum cob diameter 

was recorded T1 × P1 that was statistically similar with those of T2 × P1. As far data of 2011 

were concerned; almost similar data fashion regarding to interaction was observed. The 

higher cob diameter might be due to more fine and pulverized soil in the tilled soil which 

allowed the roots to get more nutrients and water from the deeper soil profiles. In addition, 

poultry manure also softened the soil and lowered the soil impedance for root growth.     

  The difference in the cob diameter of 2010 and 2011 might be due to the 

difference of weather conditions of both years. In 2010 the average temperature in the April 

was relatively higher than the year 2011 (App. # 3.1). Higher cob diameter in 2011 could be 

due to more photosynthetic activity and more favorable environmental conditions for the use 

of nutrients. 
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4.6. Influence of different tillage practices and poultry manure treatments on cob length 

and cob diameter 

 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

Treatments 
Cob length (cm) Cob diameter (cm) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero Tillage (T1) 17.34c 19.85d 4.22c 4.34d 

Minimum tillage (T2) 18.42b 21.24c 4.30b 4.44c 

Conventional  Tillage (T3) 18.49b 21.29b 4.32b 4.46b 

Deep Tillage (T4)  18.63a 21.47a 4.37a 4.51a 

LSD (0.05) 0.112 0.041 0.037 0.047 

B. Poultry Manure (PM) 

Control 

(PM @ 0 Mg ha
-1

) (P1) 
17.087c 19.83c 4.12c 4.26c 

PM @ 5 Mg ha
-1 

 (P2) 18.24b 21.03b 4.34b 4.47b 

PM @ 10 Mg ha
-1 

(P3) 19.34a 22.02a 4.45a 4.59a 

LSD (0.05) 0.074 0.047 0.025 0.014 

C. Interaction (TP× PM) 

T1 × P1 16.04f 18.24h 4.08g 4.18h 

T1 × P2 17.26e 20.18g 4.21e 4.36e 

T1 × P3 17.60d 21.12e 4.37cd 4.49d 

T2 × P1 17.30e 20.28g 4.11fg 4.26g 

T2 × P2 18.48c 21.22de 4.34d 4.48d 

T2 × P3 19.48a 22.23b 4.16ef  4.31f  

T3 × P1 17.40de 20.30g 4.12fg 4.27g 

T3 × P2 18.54bc 21.25d 4.38bcd 4.50d 

T3 × P3 19.53a 22.32ab 4.45ab 4.61b 

T4 × P1 18.73b  20.51f 4.44bc 4.58bc 

T4 × P2 18.67bc 21.46c 4.43bc 4.55c 

T4 × P3 19.61a 22.44a 4.52a 4.67a 

LSD (0.05) 0.215 0.139 0.072 0.040 
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4.1.4.5. Number of grains per cob 

  Number of grains per cob is yield multiplication factor. Significantly higher 

number of grains was recorded in the deep tillage crop (422.69) that was statistically at par 

with those of conventional tillage crop (415.30) which was also statistically similar with 

those of minimum tillage (404.84) while the crop sown by zero tillage had minimum number 

of grains per cob (377.83) in the year 2010. Similarly in the year 2011, deep tillage sown 

crop produced maximum number of grains per cob (466.75) followed by conventional tillage 

crop (457.72) that was statistically similar with those of minimum tillage (452.90) [Table # 

4.7]. Higher number of grains per cob in the deep tillage treatment could be due to better 

field conditions for crop growth. In addition, longer roots in the deep tillage might have 

helped the plant to uptake more nutrients and minerals. The lower number of grains per cob 

in the zero tillage treatment could be due to greater impedance to root growth that disturbed 

the plant growth and development. These results are supported by those of Ahadiyat and 

Ranamukhaarachchi (2008). They reported that the reduction in number of grains per cob 

was due to week rooting system with higher bulk density which hindered the crop growth 

and development in the zero tilled sown maize treatment. Wasaya et al. (2011) documented 

that higher number of grains per cob was noted in the deep tillage treatment as compared to 

conventional tillage and mould board plough treatments.  

  Maximum number of grains per cob (431.66) was obtained in the treatment 

which received the poultry manure @ of 10 Mg ha
-1

 followed by 5 Mg ha
-1

 poultry manure 

treatment (405.28) and minimum number of grains per cob was in no poultry manure 

application plots (378.55) during 2010. Similarly, the same data fashion regardning to 

number of grains per cob was recorded in 2011 (Table # 4.7). Higher number of grains per 

cob in 10 Mg ha
-1

 poultry manure treatment could be due to more and sustainable availability 

of nutrients. The deep tillage soil conditions may favour the maize crop to attain maximum 

number of grains per cob as compared to conventional, minimum, and zero tillage practices. 

Moreover, poultry manure helped the soil in the slow release of nutrients to the crop during 

the whole growing season by increasing the soil CEC and lowering the soil pH. The 

experiment results are in accordance with those of Boateng et al., (2006) who documented 

that the poultry manure application along with the synthetic fertilizer may increase the crop 

growth and yield related components.  
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  The interaction of tillage practices and poultry manure on the number of 

grains per cob was found significant during the year 2010 while was non-significant in 2011.  

Statistically more number of grains per cob was recorded in T4 × P3 that was at par with those 

of T3 × P3 while the lower was noted in the T1 × P1.  Similar results were noted by those of 

Khan et al. (2009) stated that different organic and inorganic sources of nitrogen with tillage 

practices observed significant on number of grains per cobs.   

 4.1.4.6. Number of grain rows per cob 

  Among tillage treatments in 2010, deep tillage sown crop produced more 

number of grain rows per cob (16.7) followed by conventional tilled sown crop (16.5) which 

did not statistically differ with minimum tillage crop (16.4) and the minimum number of 

grain rows per cob was noted in zero tillage crop (15.8). In 2011, the maximum number of 

grain rows per cob was observed in the deep tillage crop which was statistically similar with 

those of conventional and minimum tillage crop. The minimum number of grain rows per 

cob was recorded in zero tillage crop as shown in Table # 4.7.  Higher number of grain rows 

per cob in the deep tillage may be due to more fertilization of egges in to grains and 

ultimately in to grains rows that may be due to more favorable soil conditions (less soil bulk 

density and more soil porosity) in absorbing more nutrients with longer root growth. These 

results are in line with those of Rashidi and Keshavarzpour (2007). They reported that the 

deep tillage produced more number of grains per cob followed by conventional tillage. In 

addition to above, the deep tillage tillage practice was performed better with more numner of 

grain rows per row which might be due to more soil aeration (Zorita, 2000), less soil bulk 

density (Hao et al., 2001), more microbial activity (Patil and Sheelavanta, 2006) and higher 

soil porosity (Hao et al., 2001) that were conducive for growth and development in the plots 

where maize was sown by deep tillage practices as compared to zero tillage.  

  The poultry manure has significantly affected the number of grain rows per 

cob in both growing years of the experiments. With the increase in poultry manure rate, the 

number of grain rows per cob was also significantly increased. In 2010, the maximum 

number of grain rows per cob was in 10 Mg ha
-1

 poultry manure application treatment (17.1) 

followed by 5 Mg ha
-1

 poultry manure treatment (16.5). The minimum number of grains rows 

per cob was in zero tillage sown crop in both years 2010 (15.3). Almost similar data trend 

was observed during 2011. More number of grain rows per cob in the 10 Mg ha
-1

 poultry 
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manure treatment was might be due to synergetic effect of chemical fertilizers and poultry 

manure on the spring maize crop while in the control treatment (no poultry manure) less 

number of grains per cob might be the due to less food availability for grains formation. 

These results are in close agreement with those of Boateng et al. (2006). They reported that 

the increase in the amount of poultry manure linearly increased the number of grain rows per 

cob. 

  The interactive effect of tillage practices and poultry manure treatments on the 

number of grain rows per cob was found significant during the both years of study. Highest 

cob diameter was measured in T4 × P3 that was at par with those of T3 × P3 and T2 × P3 while 

the lowest was in the T1 × P1. During the 2011 growing season, data were manifested almost 

similar trend as in 2010. 

The year effect was significant. It might be due to more rainfall and less 

temperature during 2011 as compared to 2010 (App. # 3.1 & 3.2). 
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4.7. Influence of different tillage practices and poultry manure treatments on number of 

grains per cob and number of grain rows per cob 

Treatments 
Number of grains cob

-1
 Number of grain rows cob

-1
 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero Tillage (T1)  377.83 c  417.05 c 15.8 c 16.4 c 

Minimum tillage (T2) 
404.84 b 452.90 b  16.4 b 17.2 b 

Conventional  Tillage (T3) 415.30 ab  457.72 b  16.5 b  17.5 ab  

Deep Tillage (T4)  422.69 a  466.75 a  16.7 a  17.3 a  

LSD (0.05) 10.929 8.231 0.16 0.12 

B. Poultry Manure (PM) 

Control 

(PM @ 0 Mg ha
-1

) (P1) 
378.55 c 433.98 c 15.3 c 16.3 c 

PM @ 5 Mg ha
-1 

 (P2) 405.28 b 447.63 b 16.5 b 17.1 b 

PM @ 10 Mg ha
-1 

(P3) 431.66 a 464.21 a 17.1 a 17.7 a 

LSD (0.05) 5.729 4.512 0.13 0.15 

C. Interaction (TP× PM) 

T1 × P1 348.52 i 401.19 14.6 f 15.7 f 

T1 × P2    376.15 gh 418.00 16.0 d 16.1 ef 

T1 × P3    408.80 def 431.96 16.8 bc 17.2 c 

T2 × P1 371.88 h 438.94 15.5 e 16.4 de 

T2 × P2    409.45 def 452.50 16.5 c 16.5 d 

T2 × P3   433.17 abc 467.26 15.7 de 17.8 ab 

T3 × P1  394.76 fg 443.26 15.6 e 16.5 de 

T3 × P2   414.85 cde 456.90 16.7 c 17.4 c 

T3 × P3 436.28 ab 473.00 17.1 b 17.9 a 

T4 × P1 399.03 ef 452.51 16.8 bc 17.3 c 

T4 × P2 420.65 bcd 463.10 17.1 b 17.5 bc 

T4 × P3 448.40 a 484.63 17.5 a 18.0 a 

LSD (0.05) 16.788 NS 0.39 0.43 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.1.4.7. 1000- grain weight (g) 

  1000-grain weight is obtained after shelling the cobs from each plot. It was a 

good indicator to check the effect of the treatments on the grain yield of crop.  Fertilizers 

especially integrated management of organic and inorganic with sustainable moisture 

availability significantly improved the grain size and weight.  

  Data regarding to 1000-grain weight were given in Table # 4.8 showed the 

significant effect of different tillage practices in both years of study. Significantly, higher 

1000-grain weight was recorded in deep tillage crop (283.15 g) which was statistically 

similar with those of conventional tillage crop (275. 64 cm) that was also at par with those of 

minimum tillage crop (267.98 g). Statistically lower 1000-grain weight was noted in the 

maize crop sown by zero tillage (240. 31 g) during 2010. In 2011, significantly higher 

thousand grain weight was noted in deep tillage crop which was followed by conventional 

tillage crop and lower was observed in zero tillage crop. Higher thousand grain weight in 

deep tillage practice might be due to proper moisture availability and frequent availability of 

nutrients that resulted in bulky seeds. Moreover, the more bulky number of grais per cob and 

number of grain rows per cob may also resulted in heavier 1000-grain weight. No tillage 

treatment has lighter number of grains per cob and number of grain rows per cob reulted in 

lower 1000-grain weight.  These findings were supported by those of Zorita (2000). They 

noted the higher grain yield trend was shifted from deep tillage crop to zero tillage crop.  

Khan et al. (2007) concluded that deep tillage grown maize produced heavier 1000-grain 

weight as compared to conventional and zero tilled maize crop.  

  Significantly more thousand grain weight was obtained in 10 Mg ha
-1

  poultry 

manure treatment (278.16 g) followed by 5 Mg ha
-1

 poultry manure treatment (268.71 g). 

The less thousand grain weight was recorded in control (253.44 g) where no poultry manure 

was applied. In 2011, poultry manure showed the similar data trend as in 2010 (Table # 4.8). 

Higher 1000-grain weight in 10 Mg ha
-1

 poultry manure treatment might be due to more crop 

growth rate, higher leaf area index with more chlorophyll contents due to integrated 

application of poultry manure and inorganic fertilizer which resulted in more formation of 

plant carbohydrates and ultimately heavier grains. Ayoolal and Makinde (2009) obtained 

higher 1000-grain yield in poultry manure plots and lower in synthetic fertilizer plots and in 

control. Garg and Bahla (2008) was reported that the higher thousand grain yield with the 
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increased poultry manure amount which was might be due to balanced nutrients supply 

throughout the growth and development stages of the plant. 

  The significant difference in the year was might be due to difference in the 

climatic conditions in both years (App. # 3.1-3.4).  

  Interactive effect of tillage practices and poultry manure during 2010 and 

2011 was significant with highest thousand grain weight was in T4 × P3 (292.88 g) that was 

statistically similar with those of T3 × P3 and T2 × P3 while the lowest thousand grain weight 

was observed in T1 × P1 as shown in Table # 4.8. As far as 2011 data are concerned, almost 

similar data fashion were noted as in 2010. Heavier grains were might be due to synergetic 

effect of deep tillage and poultry manure with more provision of nutrients and minerals to the 

maize plants. 

 4.1.4.8. Grain yield (Mg ha
-1

)  

  Grain yield is the final cumulative behavior of yield and yield related 

attributes which is the main interest of the farming community. The grain yield indicates 

efficient use of resources for good crop harvest. After a series of physiological and 

morphological processes; nutrients, minerals, water, sun light and enzymes are chemically 

combined in to the grains.   

  The data presented in Table # 4.8 showed that the different tillage practices 

had significantly affected the grain yield in both years of study. Significantly higher grain 

yield was in deep tillage crop (8.01 Mg ha
-1

) followed by conventional (7.75 Mg ha
-1

) and 

minimum tillage crop (7.68 Mg ha
-1

). Zero tillage sown maize crop produced the lower grain 

yield (6.37 Mg ha
-1

) during 2010. In 2011, deep tillage sown maize produced significantly 

higher grain yield than the zero tillage crop followed by the conventional tillage and 

minimum tillage crop. The higher grain yield in the deep tillage was might be due to the 

more moisture and nutrients availability from the deeper soil profiles throughout the growing 

season and plant enjoyed the lavish nutrients for growth and development. In addition, the 

plant might have completed all the growth stages in accordance to their circadian clock. 

Moreover, the 1000-grain weight was also higher in deep tilled crop as compared to other 

tillage crop which might also be resulted in good grain yield. The lower grain yield in zero 

tillage treatment could be due to unhealthy soil conditions for the plants. In addition, more 

soil mechanical impedance and more mechanical injury in the zero tillage treatment stopped 
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the plant roots to go to deeper soil profiles for more nutrients and minerals. The experiment 

results of lower grain yiled in the zero tillage treatment are in line with those of Hamza and 

Anderson (2005), Micucci and Taboada (2006) and Passioura (2002). They reported that 

higher soil bulk density and more root penetration resistance may resulted in to lower grain 

yield.  The experiment results are in accordance with those of Vetsch and Randall (2004). 

They reported that the deep tillage crop produced the more grain yield than the other tillage 

practices (minimum tillage, zero tillage and strip tillage). Zorita (2000) concluded that chisel 

plough and mould board plough sown maize crop produced almost 90 % more grain yield 

than the zero tilled and shallow maize grain fields. Similarly, Marwart et al. (2007) 

concluded that conventional tillage crop produced more grain yield as compared to zero or 

reduced tillage crop. Khan et al. (2009) reported that higher grain yield was in zero tillage 

crop as compared to conventional and deep tillage crop.  

 Significantly more grain yield was recorded in 10 Mg ha
-1

 poultry manure 

treatment (7.92 Mg ha
-1

) followed by the 5 Mg ha
-1

 poultry manure treatment (7.48 Mg ha
-1

) 

and less grain yield was in the control treatment (6.95 Mg ha
-1

) during 2010. The same 

fashion of data was noted in the next year trial (2011) as shown in Table # 4.8. The data trend 

concluded that higher amount of poultry manure could produce more grain yield which was 

due to more provision of nitrogen and other balanced nutrients.  The results of higher grain 

yield in the pultry manure treatment are supported by Garg and Bahla (2008) and Ma  et al. 

(1999) who noted that poultry manure may provided more sustainable nutrients as compare 

to no poultry manure treatment. In addition, poultry manure improved soil physico-chemical 

conditions i.e. soil cation exchange capacity and pH. Moreover, the poultry manure had 

lower C:N ratio than the other organic manures which allowed them to decompose easily 

with more nutrients avaiablity. The experiment results are in line with those of Shepherd and 

Withers (1999). Similarly, Boateng et al. (2006) reported that the poultry manure 

significantly increased the grain yield as compared to the inorganic fertilizers and farm yard 

manure which might be due to slow release of nutrients from the poultry manure.  

  The interaction of tillage practices and poultry manure was significant during 

the both growing seasons.  Statistically maximum interactive grain yield was recorded in T4 

× P3 that could not reach the level of significance with those of T2 × P3 during 2010 while in 

2011, almost similar data pattern was observed. These results are in accordance with those of 
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Sistani et al. (2008). They observed a significant effect of different tillage systems and 

poultry litter on the grain yield of maize was observed. 

Year effect was found significant on the grain yield. These results are in line 

with those of Vetsch and Randall (2004). They reported that the weather significantly 

affected on the maize grain yield. 
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4.8. Influence of different tillage practices and poultry manure treatments on thousand 

grains weight and grain yield 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

 

Treatments 
1000-grain weight (g) Grain yield (Mg ha

-1
) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero Tillage (T1) 240.31 c 289.97 c 6.37 c 7.48 c 

Minimum tillage (T2) 267.98 b 341.22 b 7.68 b 8.77 b 

Conventional  Tillage (T3) 275.64 ab 344.27 b 7.75 b 8.87 b 

Deep Tillage (T4)  283.15 a 351.53 a 8.01 a 9.08 a 

LSD (0.05) 12.952 3.176 0.077 0.111 

B. Poultry Manure (PM) 

Control 

(PM @ 0 Mg ha
-1

) (P1) 

253.44 c 316.16 c  6.95 c  7.93 c  

PM @ 5 Mg ha
-1 

 (P2) 268.71 b 332.35 b 7.48 b  8.65 b 

PM @ 10 Mg ha
-1 

(P3) 278.16 a 346.73 a      7.92 a 9.07 a 

LSD (0.05) 8.569 5.339 0.068 0.069 

C. Interaction (TP× PM) 

T1 × P1 219.38 e 270.67 h 5.90 i 6.96 h 

T1 × P2 245.17 d 287.42 g 6.47 h 7.48 g 

T1 × P3 256.37 bcd 311.81f 6.73 g 8.02 f 

T2 × P1 253.98 cd 320.87 ef 7.14 f 8.12 f 

T2 × P2 270.10 abcd 346.36 bcd 7.69 de 8.94 d 

T2 × P3 279.85 ab 356.42 ab 8.22 b 9.24 b 

T3 × P1 268.26 abcd 333.24 de 7.23 f 8.22 ef 

T3 × P2 275.12 abc 342.79 bcd 7.74 d 8.98 cd 

T3 × P3 283.54 a 356.78 ab 8.29 ab 9.42 ab 

T4 × P1 272.14 abcd 339.84 cd 7.52 e 8.44 e 

T4 × P2 284.44 a 352.84 abc 8.02 c 9.20b c 

T4 × P3 292.88 a 361.92 a 8.45 a 9.61 a 

LSD (0.05) 25.112 15.648 0.201 0.203 
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4.1.4.9. Biological yield (Mg ha
-1

) 

  In 2010, deep tillage crop had significantly more biological yield (17.19 Mg 

ha
-1

) which was followed by the conventional tillage crop (17.03 Mg ha
-1

) and the minimum 

tillage crop (16.77 Mg ha
-1

). The lower biomass was in zero tillage crop (15.75 Mg ha
-1

). As 

far as 2011 data are concerned, the higher biological yield was recorded in deep tillage 

treatment which was statistically similar with those of conventional and minimum tillage 

crop. Again the lower biological yield was recorded in the zero tillage crop (Table # 4.9). 

More plant biomass in deep tillage treatment may be attributed to the more plant height and 

more number of leaves per plant and more crop growth rate as compared to other tillage 

treatments. These results are supported by those of Khan et al. (2001) and McWilliams 

(2003). They reported that the subsoil tillage improved the root length and water availability 

as the root was gone for the extraction of storage of water in the deeper profiles of soil. Deep 

tillage might have improved the root proliferation of maize crop and resulted more nutrients 

availability resulted in more healthy growth. These resulted are supported by Snap and 

Borden (2005) who observed the higher crop biomass in the deep tillage as compare to no 

tillage. Zorita et al. (2000) stated that when the chisel plough was used as deep tillage then 

the 27 % more biomass was produced as compared to zero tillage due to more area under 

root water and nutrients surveillance.  

  Significantly higher biological yield was recorded in the 10 Mg ha
-1

 poultry 

manure treatment (17.44 Mg ha
-1

) followed by the 5 Mg ha
-1

 poultry manure treatment 

(16.91 Mg ha
-1

) and lower was in control (15.70 Mg ha
-1

) in the year 2010. Similar trend of 

data was noticed in the 2011 as shown in Table # 4.9. More biological yield in 10 Mg ha
-1

 

poultry manure treatment might be due to more nutrients availability and uptake which 

resulted in more vegetative growth of the crop than the 5 Mg ha
-1

 poultry manure treatment 

and control [no poultry manure] (Table # 4.9). The lower biological biomass in the control 

treatments was might be due to more leaching of nutrients that resulted to less availability of 

nutrients. These resulted are supported by Mitchell and Tu (2005) and Deksissa et al. (2008). 

They noted the poultry manure addition in to the soil which resulted in more maize crop 

biological weight over no poultry manure. Moreover, higher plant biological mass may be 

due to more plant height at higher doses of poultry manure. These results are in consonance 

with those of Ibeawuchi et al. (2007) and Warren et al. (2006). They recorded that the 
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poultry manure had the significant effect on the plant body structure building components 

and some other complex physiological processes necessary for the development. Modupeola 

et al. (2011) treated the maize with four poultry manure levels i.e. 10, 20, 30 and 40 Mg ha
-1

. 

They resulted in higher plant biomass, growth characteristics and nutrients uptake at 40 Mg 

ha
-1

 among other poultry manure levels. 

  Biological yield significantly affected by the weather conditions during both 

the years of study. Significantly higher biological yield was observed in 2011 as compared to 

2010. The higher biological yield in 2011 may be due to more effective rain fall and 

favorable temperature for crop growth and development (Scopel et al., 2001). 

  The interactive effect of tillage practices and poultry manure was found 

significant in 2010 and was non-significant during 2011. Maximum biomass of maize was 

recorded in T4 × P3 and minimum was in T1 × P1 (Table # 4.9). These results are supported 

by those of Sistani et al. (2008). They observed that the interaction of tillage and poultry 

litter on the plant biological yield was found significant.  

 4.1.4.10. Harvest index (%) 

  Tillage practices significantly affected the harvest index in both years of study 

(Table # 4.9). In 2010, higher harvest index was calculated in deep tillage crop (46.52 %) 

followed by conventional tillage crop (45.78 %) and minimum tillage crop (45.50 %). The 

lower harvest index was recorded in the zero tillage crop (40.42 %). As far as 2011 data were 

concerned. Significantly deep tillage crop gave the higher harvest index followed by 

conventional tillage crop which was statistically similar with those of minimum tillage crop 

(Table # 4.9). More harvest index in deep tillage might be due to more grain yield and more 

biological yield in the both years of maize crop. The lower harvrest index in the zero tillage 

practice may be due to more biological yield and less grain yield. These results are in 

inconsonance with those of Ahadiyat and Ranamukhaarachchi (2008). They stated that the 

deep tillage produced the higher harvest index than the other tillage system. 

  In 2010, poultry manure @ 10 Mg ha
-1

 treatment produced significantly 

higher harvest index (45.33 %) as compared to 5 Mg ha
-1

 poultry manure treatment (44.19 

%) which was statistically at par with those of control (44. 16 %). In 2011, almost similar 

data trend was recorded (Table # 4.9).  Higher harvest index in poultry manure treatments 

(10 Mg ha
-1

) might be due to healthier crop growth and better grain yield. The lower harvest 
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index in the control treatment was might be due to less sustainable availability of nutrients 

and water to the maize crop. In additionto, poor grain yield may be resulted to less harvest 

index.   These results are in confirmatory with those of Farhad et al. (2009). They stated that 

with increase in the poultry manure doses; a significant increase of harvest index was 

observed which was might be due to more nutrients for good grain yield and more biological 

output. 

  The interaction between the tillage practices and poultry manure was found 

significant in both years cropping season (2010 and 2011). Significantly maximum HI 

obtained in T4 × P3 that was at par with those of   T4 × P2, T3 × P3 and T2 × P3 while the 

minimum was in T1 × P1 which could not reach the level of significance with those of T1 × P2 

and T1 × P3 during 2010. In 2011, almost similar data fashion was observed (Table # 4.9). 
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4.9. Influence of different tillage practices and poultry manure treatments on thousand 

grains weight and grain yield
 

 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 

Treatments 
Biological yield (Mg ha

-1
) Harvest index (%) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero Tillage (T1) 15.75 d 16.78 b 40.42 d 44.58 c 

Minimum tillage (T2) 16.77 c 18.30 a 45.50 c 47.87 b 

Conventional  Tillage (T3) 17.03 b 18.37 a 45.78 b 48.29 b 

Deep Tillage (T4)  17.19 a 18.42 a 46.52 a 49.29 a 

LSD (0.05) 0.092 0.198 0.265 0.715 

B. Poultry Manure (PM) 

Control 

(PM @ 0 Mg ha
-1

) (P1) 

15.70 c  16.87 c  44.16 b 46.94 b 

PM @ 5 Mg ha
-1 

 (P2) 16.91 b 18.15 b 44.19 b  47.59 a 

PM @ 10 Mg ha
-1 

(P3) 17.44 a 18.88 a 45.33 a 47.98 a 

LSD (0.05) 0.062 0.114 0.455 0.397 

C. Interaction (TP× PM) 

T1 × P1 14.80 h 15.71 39.88 d 44.05 f 

T1 × P2 15.85 g 16.97 40.85 d 44.28 ef 

T1 × P3 16.03 g 17.31 40.53 d 45.40 e 

T2 × P1 15.97 g 17.22 44.72 c 47.14 d 

T2 × P2 16.96 e 17.26 45.36 c 48.34ab cd 

T2 × P3 17.38 cd 19.20 46.94 ab 48.14b cd 

T3 × P1 15.99 g 17.66 44.72 c 47.63 cd 

T3 × P2 16.60 f 18.54 45.21 c 48.44 abcd 

T3 × P3 17.55 c 19.30 46.58 ab 48.80 ab 

T4 × P1 17.30 d  18.49 45.69 bc 48.73 abc 

T4 × P2 17.79 b  18.58 46.94 ab 49.54 a 

T4 × P3 18.00 a 19.37 47.27 a 49.59 a 

LSD (0.05) 0.180 NS 1.33 1.164 
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4.1.4.11. Shelling percentage (%) 

  The data in Table # 4.10 showed that the tillage practices affected 

significantly on the shelling percentage of the crop in 2011 while the shelling percentage did 

not significantly differ in 2010 (Table # 4.10). During 2011, the deep tillage crop 

significantly produced higher shelling percentage (87.16 %) which was statistically at per 

with those of conventional tillage crop (83. 57 %) and minimum tillage crop (82.15 %). 

Statistically lower shelling percentage was recoeded in the zero tilled sown crop (75.02 %). 

Higher shelling percentage in the deep tillage treatment was might be due to bold and better 

seed growth and development during 2011. 

  Poultry manure statistically affected the shelling percentage of the maize 

during both years (Table # 4.10). Higher shelling percentage was calculated in poultry 

manure @ 10 Mg ha
-1

 treatment (80.63 %) followed by 5 Mg ha
-1

 poultry manure treatment 

(76.30 %) while the lower was observed in the control (71.75 %). The similar fashion of data 

was recorded in the 2011(Table # 4.10). The higher shelling percentage at the higher dose of 

poultry manure might be due to more nutrients and water availability throughout the growing 

season in both years of study. Udom and Bello (2009) resulted that among five levels of 

poultry litter (0, 2, 4, 6 and 8 Mg ha
-1

), higher shelling percentage was recorded in 8 Mg ha
-1

. 

  The interactive effect of tillage and poultry manure was found non-significant 

during 2010 and 2011. 

The shelling percentage of tillage practices and poultry manure was higher in 

2011 as compared to 2010 which might be due to more favorable climatic conditions and 

more grain yield in 2011. Amanullah and Shah (2010) reported the seasonal effect of weather 

on the shelling percentage was significant. 

 4.1.4.12. Water use efficiency (WUE) [kg ha
-1 

mm
-1

] 

  Data regarding to water use efficiency (WUE) on the tillage practices was 

significant in both years (2010 and 2011) of study. Tillage treatments showed the better 

water use efficiency as compared to no till soil. The deep tillage treatment gave the higher 

water use efficiency (9.67 kg ha
-1 

mm
-1

) followed by the conventional tillage treatment (9.37 

kg ha
-1 

mm
-1

) which was at par with those of minimum tillage treatment (9.29 kg ha
-1 

mm
-1

). 

The minimum WUE was recorded in the zero tillage treatment (7.70 kg ha
-1 

mm
-1

) during 

2010 (Table # 4.10). In 2011, significantly higher water use efficiency was observed in the 
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deep tillage treatment followed by conventional tillage treatment which was statistically 

similar with those of minimum tillage treatment. The lower water use efficiency was in the 

zero tillage treatment. The higher WUE in the deep tillage treatment was might be due to 

more grains formation with less amount of water. The water use efficiency in the deep tillage 

was much higher than the other tillage treatment that was might be due to more storage of 

irrigation water in to the deeper soil profile because the soil was poulghed deeply. The more 

grain production in the deep tillage plot was migh be due to more efficient utilization of 

nutrients with the available water resulted in water use efficiency.  

  The maximum water use efficiency (WUE) was recorded in the poultry 

treatments than the control (Table # 4.10).  Significantly maximum WUE was noted in the 10 

Mg ha
-1

 poultry manure treatment (9.58 kg ha
-1 

mm
-1

) followed by 5 Mg ha
-1

 poultry manure 

treatment (9.05 kg ha
-1 

mm
-1

). Significantly minimum WUE was recored in the control 

treatment (8.40 kg ha
-1 

mm
-1

) during 2010. The same data fashion was in the 2011 (Table # 

4.10). The higher water use efficiency in 10 Mg ha
-1

 poultry manure treatment was might be 

due to more water holding capacity of soil which increased the soil nutrients availability by 

lowering soil pH, CEC and TSS which ultimately increased the grain weight and grain yield. 

In contarary to it, the lower water use efficiency in the control treatment (no poultry manure) 

was might be due to less water holding capacity of soil and water is either leached or 

evaporated and ultimately less water is used for grain formation. Hatfield et al. (2001) 

reported that modifying nutrients management practices may increaseed WUE by 15 to 25 %. 

  The difference in the data of 2010 and 2011 was due to better climatic 

conditions (temperature, rainfall and relative humidity). The interactive effective of tillage 

practices and poultry manure treatments on the water use efficiency was found significant 

(Table # 4.10). The higher water use efficiency was recorded in T4 × P3 that was statistically 

at par with those of T3 × P3 and T4 × P3 while the lower water use efficiency was noted in the 

T1 × P1 in 2010. Almost similar data trend was recorded in 2011. 
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4.10. Influence of different tillage practices and poultry manure treatments on shelling 

percentage and water use efficiency 

 

Treatments 
Shelling percentage (%) 

Water use efficiency  

(kgha
-1

mm
-1

) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero Tillage (T1) 72.94 75.02 b 7.70 c 11.75 c 

Minimum tillage (T2) 75.34 82.15 a 9.29 b 13.76 b 

Conventional  Tillage (T3) 77.27 83.57 a 9.37 b 13.93 b 

Deep Tillage (T4)  79.35 87.16 a 9.67 a 14.26 a 

LSD (0.05) NS 5.792 0.093 0.175 

B. Poultry Manure (PM) 

Control 

(PM @ 0 Mg ha
-1

) (P1) 

71.75 c   77.11 c 8.40 c 12.45 c 

PM @ 5 Mg ha
-1 

 (P2) 76.30 b 81.76 b 9.05 b 13.58 b 

PM @ 10 Mg ha
-1 

(P3) 80.63 a   87.06 a 9.58 a 14.24 a 

LSD (0.05) 2.702 3.717 0.083 0.109 

C. Interaction (TP× PM) 

T1 × P1 70.77 72.57 7.14 i 10.92 h 

T1 × P2 72.41 73.45 7.83 h 11.74 g 

T1 × P3 78.55 76.41   8.14 g 12.58 f 

T2 × P1 73.12 73.99 8.63 f 12.74 f 

T2 × P2 75.47 76.41    9.30 de 14.03 d 

T2 × P3 79.79 79.95  9.94 b 14.51 b 

T3 × P1 75.25 73.99 8.74 f  12.90 ef 

T3 × P2 78.55 84.05 9.35 d 14.10 cd 

T3 × P3 82.17 87.68  10.02 ab 14.79 ab 

T4 × P1 76.68 78.46 9.10 e 13.2 4e 

T4 × P2 80.63 86.66 9.70 c  14.45 bc 

T4 × P3 82.02 88.22 10.22 a 15.08 a 

LSD (0.05) NS NS 0.243 0.318 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5% according to LSD 

NS= Non-significant 
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4.1.5. Quality parameters 

 4.1.5.1. Grain protein content (%)  

  For human consumption as well as animal feed point of view, grain protein 

content is very important which can be improved with integrated management strategies in 

the field.  

  Grain protein content affected significantly by the tillage practices and poultry 

manure treatments in the both cropping years (2010 & 2011). Significantly higher protein 

content was noted in the deep tillage crop (8.34 %) followed by the conventional tillage crop 

(8.22 %). The minimum protein content was in the zero tillage crop (8.16 %) which was at 

par with those of minimum tillage crop (8.16 %). The same data pattern was observed in the 

2011 (Table # 4.11). Higher protein content in the deep tillage treatment was might be due to 

more uptake of nutrients especially nitrogen than the conventional and minimum tillage 

treatments. Chiseled grown maize might have up taken the nitrogen and water from more 

than 40 cm of soil depth which increased the chlorophyll contents in the leaves (Boomsma et 

al., 2009) and ultimately caused the more production of protein contents in the grains. These 

results are in accordance with those of Cociu and Alionte (2011). They observed that higher 

grain protein content was noted in no tilled maize crop than the moldboard plough, 

disc/sweep tillage and strip tillage crop. Temperly and Borges (2005) conducted long term 

experiments and concluded that protein content significantly lowered in conventional tillage 

practices from 357 mg kg
-1

 to 351 mg kg
-1

 in maize.  

  Poultry manure significantly affected the protein content in both growing 

years of trial (2010 & 2011). The poultry manure @ 10 Mg ha
-1

 produced more protein 

content in the grains (8.36 %) as compared to 5 Mg ha
-1

 poultry manure (8.21 %). The 

minimum protein content was recorded in the control treatment where only the synthetic 

fertilizers were applied (8.09 %) during 2010. The data trend of 2011 was the same as in 

2010. Higher dose of poultry manure (@ 10 Mg ha
-1

) might have provided the more nitrogen 

and water to the plant root which was converted in to protein. The lower protein content in 

the the control treatment could be due to less nutrients holding capacity of soil as compared 

to poultry manure treatments. These results are in confirmatory with those of Nasim et al. 

(2012). They concluded that integrated use of poultry manure with synthetic fertilizer 

increased the grain protein content. Rafiq et al. (2010) concluded that the nitrogen 
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significantly increased grain protein content of maize. Thomison et al. (2004) observed that 

the protein content showed the positive response with the increase of nitrogen amount. The 

crude protein, percent crude fiber, total nitrogen and carbohydrate contents in the grains of 

two cowpea varieties was significantly higher with application of poultry manure alone, 

poultry manure + inorganic fertilizer than the inorganic fertilizers alone (Amujoyegbe and 

Alofe, 2003). 

  Seasonal effect was significant while the interaction of tillage practices × 

poultry manure treatments was non-significant during both years of study (Table # 4.11). 

 4.1.5.2. Grain oil content (%)  

  A significant effect of tillage practices was noted on grain oil content in both 

growing seasons (2010 & 2011). Significantly more oil content was recorded after the 

analysis of the grain of zero tillage crop (3.30 %) which was at par with those of minimum 

tillage crop (3.30 %). The lower oil content was found in the deep tillage crop (2.90 %) 

followed by the conventional tillage crop (3.11 %) in 2010. Samiliar data trend was recorded 

in 2011 (Table # 4.11). The lower oil content in the deep tillage treatment was might be due 

to more supply of nitrogen which resulted in more protein formation than the oil content. The 

higher oil content in the zero tillage and minimum tillage might be due to less availability of 

nitrogen fertilizer. These results are supported by those of Cociu and Alionte (2011). They 

stated that no tilled sown maize grain showed higher oil content than the moldboard plough, 

disc/sweep tillage and strip tillage. Gurumurthy et al. (2008) documented that the tillage 

significantly affected the oil content in the soybean grain.  

  Statistically higher grain oil content was observed in control (3.28 %) 

followed by lower dose (@ 5 Mg ha
-1

) of poultry manure (3.16 %). The minimum oil content 

in the maize grain was recorded in the treatment where poultry manure @ 10 Mg ha
-1

 was 

applied (3.02 %) during 2010. Similar data fashion was observed in 2011. The lower oil 

content in the deep tillage crop was might be due to easily and frequent availability of 

nutrients to the crop slowed down the oil formation and triggered the formation of more 

protein. These results are in confirmatory with those of Nasim et al. (2012). They stated that 

grain oil content of two maize varieties was statistically increased with the integrated use of 

poultry manure + synthetic fertilizer. The application of nitrogen from the different sources 

decreased the grain oil content (Hati et al., 2001). 
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4.11. Influence of different tillage practices and poultry manure treatments on percent 

grain protein content and percent grain oil content  

 

Treatments 

Grain protein content (%) Grain oil content (%) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 8.16 c 8.23 c  3.30 a   3.35 a 

Minimum tillage (T2) 8.16 c 8.25 c  3.30 a  3.34 a 

Conventional  tillage (T3) 8.22 b 8.29 b  3.11 b  3.07 b 

Deep tillage (T4)  8.34 a  8.41 a 2.90 c  2.82 c 

LSD (0.05) 0.036 0.036 0.060 0.061 

B. Poultry Manure (PM) 

Control 

(PM @ 0 Mg ha
-1

) (P1) 
8.09 c 8.17 c 3.28 a 3.26 a 

PM @ 5 Mg ha
-1

 (P2) 8.21 b 8.28 b  3.16 b  3.15 b 

PM @ 10 Mg ha
-1

 (P3) 8.36 a 8.44 a 3.02 c 3.02 c 

LSD (0.05) 0.020 0.018 0.024 0.023 

Interaction  (TP×PM) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.1.5.3. Starch content (%) 

  Grain starch content statistically affected by the different tillage practices and 

poultry manure applications. In 2010, significantly higher starch content was in the zero 

tillage crop (68.48 %) which was statistically at par with those of minimum tillage (68.48 %). 

The minimum grain starch content was noted in the deep tillage crop (68.33 %) followed by   

conventional tillage crop (68.40 %). In 2011, the same data fashion was recorded (Table # 

4.12). Lower starch contents in the deep tillage practice was might be due to more 

availability of nutrients and minerals which results in more formation of protein and less 

starch contents while in the zero tillage practice, the lower nutrients availability may favour 

in more formation of starch contents. These results are in contradictory with those of Cociu 

and Alionte (2011). They manifested that the tillage systems did not affect the grain starch 

content. This could be due to different locations/weather conditions or different varietals 

response of the maize crop. 

  A significant effect of poultry manure was observed on grain starch content. 

In 2010, the higher grain starch content (69.40 %) was noted in the treatment where sole 

application of synthetic fertilizer was applied as compared to the 5 Mg ha
-1

 poultry manure 

treatment (68.50 %). Significantly lower starch content was observed in 10 Mg ha
-1

 poultry 

manure treatment (67.38 %). In 2011, poultry manure behavior on the grain starch content 

was similar as in 2010. Higher starch contents in the control treatment where no poultry 

manure was applied may be due to less sustainable availability of nutrients and minerals 

which may be resulted in the formation of less protein contents and more starch contents. 

However, in the poultry manure treatments, the lavish availablity of nutrients might be 

helped the maize metabolic pathway in the formation of more protein contents and less starch 

contents.  These results are in line with those of Amanullah et al. (2007c). They documented 

that poultry manure has significantly affected the starch content of the tubers.  Zhang et al. 

(2010) reported the higher dose of nitrogen application decreased the starch content in the 

grain. 

  The seasonal effect on the grain starch content was significant. These results 

are in line with those of Cociu and Alionte (2011). 
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4.12. Influence of different tillage practices and poultry manure treatments on grain 

starch content (%)  

 

Treatments 

Grain starch content (%) 

2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1)  68.48 a  70.56 a 

Minimum tillage (T2)  68.48 a  70.55 a 

Conventional  tillage (T3)  68.40 b  70.48 b 

Deep tillage (T4) 68.33 c  70.39 c 

LSD (0.05) 0.019 0.019 

B. Poultry Manure (PM) 

Control 

(PM @ 0 Mg ha
-1

) (P1) 
69.40 a 71.82 a 

PM @ 5 Mg ha
-1

  (P2)  68.50 b 70.88 b 

PM @ 10 Mg ha
-1

 (P3)   67.38 c   68.78 c

LSD (0.05) 0.0120 0.019 

Interaction  (TP×PM) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.1.6. Soil characteristics 

 4.1.6.1. Soil bulk density (Mg m
-3

)  

  Data in Table # 4.13 showed that the different tillage practices significantly 

affected the soil bulk density in both years of growing seasons. The highest bulk density of 

1.51 Mg m
-3

 was noted in the zero tillage treatment that was at par with those of 1.49 Mg m
-3

 

in minimum tillage treatment followed by 1.40 Mg m
-3

 in conventional tillage treatment. The 

lowest bulk density was recorded in deep tillage treatment which was 1.36 Mg m
-3

. The same 

fashion of data was observed in 2011. The higher soil bulk density in zero tillage treatment 

was might be due to more compacted and undisturbed soil as compared to other tilled soils. 

The deep tillage treatment has least soil bulk density in the both years of study might be due 

to more fine and pulverize soil. These results are in line with those of Zorita (2000). He 

concluded that the bulk density was significantly decreased as the tillage intensity was 

increased. Jin et al. (2007) concluded that the lower soil bulk density in the deep tillage 

treatment than the conventional tillage treatment which was might be due to loosening of the 

lower soil layers through deep shoveling. Zero tillage was found to be associated with 

increased soil bulk density (Monneveux et al., 2006) 

  The data regarding to poultry manure treatments showed that the maximum 

soil bulk density was in control treatment which was 1.48 Mg m
-3

 that was statistically at par 

with those of 5 Mg ha
-1

 poultry manure (1.45 Mg m
-3

). Statistically lower soil bulk density 

was recorded in the treatment where 10 Mg ha
-1

 poultry manure was applied (1.39 Mg m
-3

) 

during 2010. As far as 2011 data of bulk density was concerned, maximum soil bulk density 

was recorded in control and the minimum was in the poultry manure treatments. The highest 

bulk density in the control treatment was might be due to less organic matter and less water 

holding capacity of the soil which resulted in hard and compacted soil. The lower soil bulk 

density in the poultry manure treatments could be due to sufficient concentration of organic 

matter which increased the water holding capacity and softeness of the soil. These reults are 

in line with those of Agbede et al. (2008). They noted that significantly lower bulk density 

was in the poultry manure treatments than no manure treatment. Bahremand et al. (2003) 

observed that application of farmyard manure reduced the soil bulk density. 

  The interaction of tillage and poultry manure on the bulk density was found 

significant in 2010 growing years of study but was non-significant in 2011. Significantly 
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higher soil bulk density was recorded in T1 × P1 treatment but the lowest one was in T4 × P3. 

Lower bulk density was might be due to more soil pulverization by chisel plough with high 

dose of poultry manure that improved the soil physical condition. Khan et al. (2010) reported 

that the interaction of tillage and farm yard manure (FYM) was positive with maximum bulk 

density was recorded in minimum tillage with control (no FYM) treatment as compared to 

conventional and deep tillage with different doses of FYM treatments.    

 4.1.6.2. Soil total porosity (m
-3 

m
-3

) 

  Proper soil porosity is very important for the soil microbial activities and 

organic matter decomposition. In 2010, significantly higher total soil porosity was recorded 

in the deep tillage treatment followed by conventional tillage and minimum tillage 

treatments. Lower soil total porosity was observed in zero tillage treatment. The similar data 

trend was recorded in 2011 with maximum total soil porosity was recorded in deep tillage 

treatment followed by conventional tillage treatment that was statistically similar with those 

of minimum tillage treatment. Statistically minimum total soil porosity was recorded in zero 

tillage treatment (Table # 4.13). The higher total soil porosity in the deep tillage was might 

be due to more porous soil and deep shoveling of soil which may separate the particles 

completely. The lower value of total soil porosity in the zero tilled soil might be due to very 

compacted soil with higher moisture contents. Tangyuan et al. (2009) observed the total soil 

porosity among zero-tillage, harrow-tillage, subsoil-tillage and conventional tillage 

treatments between the 20-40 cm soil layers and reported that the porosity was decrease in 

order of subsoil-tillage, harrow-tillage, conventional tillage and zero tillage, respectively. 

 The poultry manure treatments significantly affected the soil porosity in both 

years of study (Table # 4.13). The maximum total soil porosity was noted in the 10 Mg ha
-1

 

poultry manure treatment which was at par with those of 5 Mg ha
-1

 poultry manure treatment 

and then control during 2010. In 2011, the significant difference among the poultry manure 

treatments was observed with maximum total soil porosity was noted in the treatment where 

poultry manure @ 10 Mg ha
-1

 was applied while the minimum total soil porosity was 

recorded in the control treatment. The higher total soil porosity in the 10 Mg ha
-1

 poultry 

manure treatment was might be due to more aggregation of soil particles by poultry manure 

application. These results are in confirmatory with those of Agbede et al. (2008). They 

conducted three years long experiments with manure and without manure and they concluded 
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that the poultry manure was significantly increased total soil porosity as compared to no 

manure and control plots. 

  The interactive effect of tillage practices and poultry manure was significant 

in 2010 while non-significant was in 2011. Significantly maximum total soil porosity was 

observed in T4 × P3 while less was recorded in T1 × P1 (Table # 4.13). Lower soil total 

porosity in the zero tillage treatment and control was might be due to more compacted soil 

with less amount of organic matter which made the soil hard.       
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4.13. Influence of different tillage practices and poultry manure treatments on soil bulk 

density and soil total porosity 

Treatments 
Soil bulk density (Mg m

-3
)  Soil total porosity (m

3
 m

-3
) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero Tillage (T1) 1.51 a 1.46a 0.43c 0.46c 

Minimum tillage (T2) 1.49 a  1.42b 0.44c 0.47b 

Conventional  Tillage (T3) 1.40 b 1.37c 0.47b 0.48b 

Deep Tillage (T4)  1.36 c 1.34d 0.49a 0.49a 

LSD (0.05) 0.032 0.027 0.012 0.005 

B. Poultry Manure (PM) 

Control 

(PM @ 0 Mg ha
-1

) (P1) 

1.48 a 1.43 a 0.44 b  0.46 c 

PM @ 5 Mg ha
-1 

 (P2) 1.45 a 1.40 b 0.45 b 0.47 b 

PM @ 10 Mg ha
-1 

(P3) 1.39 b 1.36 c 0.48 a 0.49 a       

LSD (0.05) 2.702 0.032 0.015 0.003 

C. Interaction (TP× PM) 

T1 × P1 1.57 a 1.50 0.41 f 0.45 

T1 × P2 1.51 abc 1.46 0.43 def 0.46 

T1 × P3 1.46 abcd 1.42 0.45 cdef 0.46 

T2 × P1 1.53 ab 1.44 0.44 def 0.47 

T2 × P2 1.50 abc 1.42 0.46 bcde 0.47 

T2 × P3 1.44b cde 1.40 0.46 bcde 0.47 

T3 × P1 1.43b cde 1.41 0.46 bcde 0.48 

T3 × P2 1.42 cde 1.37 0.47 abcd 0.48 

T3 × P3 1.34 ef 1.33 0.49 ab 0.49 

T4 × P1 1.41 cdef 1.38 0.46 bcd 0.49 

T4 × P2 1.37 def 1.34 0.48 abc 0.50 

T4 × P3 1.31 f 1.30 0.51 a 0.51 

LSD (0.05) 0.116 NS 0.044 NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.1.6.3. Root penetration resistance (K pa) 

  In the year 2010, maximum root penetration resistance was recorded in zero 

tillage treatment (1740.6 k Pa) followed by minimum tillage treatment (1678.8 k pa) and then 

conventional tillage treatment (1658.0 k pa). Significantly minimum root prnetration 

resistance was in the deep tillage treatment (1637.2 k pa). In 2011, the tillage practices also 

significantly affected the root penetration resistance. Statistically higher root penetration 

resistance was observed in zero tillage treatment that was statistically at par with those of 

minimum tillage treatment which was also statistically similar with those of conventional 

tillage treatment. The lower root penetration resistance was in deep tillage treatment (Table # 

4.14). Higher root penetration resistance in the zero tillage treatment was due to more 

compactness of soil. The lower root penetration resistance in the deep tillage treatment could 

be due to more soil proliferation and less hardness of the soil. Similar results were noted by 

those of Wilhelm et al. (1982). They measured the root penetration resistance in chemical 

tillage (zero tillage), plough soil and sub-tillage. They found the highest root penetration 

resistance in the chemical soil followed by plough soil and then sub tillage in order of 

decreasing tillage. Lampurlanes and Martinez (2003) noted the higher root penetration 

resistance in no tillage than in subsoil tillage and minimum tillage treatments.  

  Higher root penetration resistance was observed in control treatment where no 

poultry manure was applied (1700.9 K pa) that was followed by 5 Mg ha
-1

 poultry manure 

treatment (1675.2 K pa). The lower root penetration resistance was in 10 Mg ha
-1

 poultry 

manure treatment in 2010.  The similar fashion of data was recorded in 2011(Table # 4.14). 

The lower root penetration resistance in the 10 Mg ha
-1

 poultry manure treatment was might 

be due to more organic matter, less soil bulk density and higher total soil porosity. In 

addition, the loose soil in the deep tillage treatment might be easily compressed than the no 

tilled soil which could be the possible reason of less root penetration resistance. The higher 

penetration resistance in the control treatment might be due to less organic matter, harder soil 

surface and less moisture contents in the soil. These results are in close agreement with those 

of Amézquita et al. (2002) noted that significantly lower root penetration resistance was 

recorded in poultry manure treatments than the control treatment. 
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 4.1.6.4. Water infiltration rate (Kg ha
-1

 mm
-1

)  

It is the movement of water into the soil profiles and also indirectly shows the 

water holding capacity of the soil. All the tillage practices significantly affected the water 

infiltration rate of the soil during the both years of research (2010 & 2011). Significantly 

higher water infiltration rate was noted in the deep tillage treatment (20.23 mm hr
-1

) that was 

at par with those of conventional tillage treatment (19.75 mm hr
-1

) and minimum tillage 

treatment (19.57 mm hr
-1

) while the lower water infiltration rate was recorded in the zero 

tillage treatment (18.05 mm hr
-1

) in 2010. During 2011, almost similar data trend was noted 

(Table # 4.14). Data of both years research concluded that more the tillage operations and 

lower would be the water holding capacity of the soil as the tillage operation pulverized the 

soil which encouraged the water runoff and disturbed the hydrological cycle of the soil as 

compared to no tilled soil. Higher water infiltration rate in the deep tillage treatment might be 

due to its higher soil porosity and less bulk density which increased the water flow in the soil. 

In addition, deep tillage with chisel plough might have caused the breakdown of hard pan up 

to 40 cm depth which resulted in higher water infiltration rate. The lower water infiltration 

rate in zero tillage treatment might be due to less soil porosity which created the hindrance to 

the water flow due to its surface toughness. These results were in accordance with those of 

Hussain et al. (1998) reported that the higher tillage practices induced macro-pores especially 

in the upper soil surface which results in higher water infiltration rate. Lampurlance and 

Cantero-Marteniz (2005) stated that no tillage treatment decreased the water infiltration rate 

due to reduction in the total soil porosity.    

As far as poultry manure treatments was concerned, significantly higher water 

infiltration rate in 2010 was recorded in control treatment (20.47 mm hr
-1

) followed by the 5 

Mg ha
-1

 poultry manure treatment (19.73 mmhr
-1

). Statistically, minimum water infiltration 

(18.00 mm hr
-1

) was noted in 10 Mg ha
-1 

poultry manure treatment. Data regarding to 2011 

showed almost similar fashion as in 2010 (Table # 4.14). Lower water infiltration rate in the 

poultry manure treatments may be due to higher concentration of organic matter in the soil 

that improved the soil aggregates and increased water holding capacity of the soil over the 

control. The interactive effect of tillage and poultry manure was found non-significant during 

both years of study. 
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4.14. Influence of different tillage practices and poultry manure treatments on root 

penetration resistance and water infiltration rate  

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS = Non-significant 

 

 

Treatments 

Root penetration resistance 

(K pa)  

Water infiltration rate  

(mm hr
-1

) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero Tillage (T1) 1740.6 a 1720.3 a 18.05 b  15.01 c 

Minimum tillage (T2) 1678.8 b 1663.6 b 19.57 a  17.29 b 

Conventional  Tillage (T3) 1658.0 c 1645.4 bc 19.75 a 17.71 b 

Deep Tillage (T4)  1637.2 d 1627.0 c 20.23 a 19.19 a 

LSD (0.05) 10.89 23.21 1.384 1.365 

B. Poultry Manure (PM) 

Control 

(PM @ 0 Mg ha
-1

) (P1) 
1700.9 a 1674.1 a 20.47 a  18.36 a 

PM @ 5 Mg ha
-1 

 (P2) 1675.2 b 1664.8 b 19.73 a  17.55 a 

PM @ 10 Mg ha
-1 

(P3) 1659.8 c 1653.3 c 18.00 b 16.00 b 

LSD (0.05) 8.30 9.09 0.868 0.829 

C. Interaction (TP× PM) 

T1 × P1 1776.0 a 1731.7 17.00 14.00 

T1 × P2 1730.7 b 1723.3 18.00 15.15 

T1 × P3 1715.0b c 1706.0 18.00 15.88 

T2 × P1 1697.3 cd 1676.7 18.15 16.00 

T2 × P2 1680.7 de 1664.7 19.00 16.00 

T2 × P3 1658.3 ef 1649.3 19.00 17.50 

T3 × P1 1671.3 e 1633.7 20.20 18.00 

T3 × P2 1659.0 ef 1624.0 20.25 18.25 

T3 × P3 1643.7 fg 1623.3 20.30 18.38 

T4 × P1 1659.0 ef 1654.2 20.50 18.88 

T4 × P2 1630.3 g 1647.6 21.00 19.30 

T4 × P3 1622.3 g 1634.9 21.40 20.28 

LSD (0.05) 24.318 NS NS NS 
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4.1.6.5. Soil organic matter (g kg
-1

) 

  Considerable amount of organic matter (OM) in the soil can improve the soil 

nutrients availability, regulate the soil bio-diversity and increase the soil carbon stock. 

Generally the soil poor in organic matter will have low fertility status. In short, organic 

matter acts like Hemoglobin for the soil as in human beings.  

  Data pertaining to organic matter showed that the tillage practices and poultry 

manure treatments had significantly affected on the soil organic matter. Significanly higher 

organic matter content was recorded in the zero tillage treatment followed by the minimum 

tillage treatment and conventional tillage treatment while the lowest was in the deep tillage 

during 2010. In 2011, the effect of tillage practices on the organic matter was found non-

significant (Table # 4.15). Higher organic matter contents in the zero tillage tillage treatment 

was might be due to more microbial acitivty and less burning of organic matter. Moreover, in 

zero tillage, the soil was remained under the soil cover of soil mulch and avaided from the 

direct sun rays resulted in the more water conservation and slow down the rate of 

decomposition of organic matter from the outer higher temperature. In the deep tillage 

treatments, the soil was poughed deeply and exposed to sun rays that may fasten the rate of 

organic matter decomposition and ultimately had less organic matter contents. These results 

are in close agreement with those of Kern and Johson (1993) documented that more organic 

matter content was under zero tillage over the conventional tillage. Similarly, khan et al. 

(2010) reported that organic matter contents were increased as the tillage intensity was 

reduced from the deep to minimum tillage.      

  Significantly higher organic matter was observed in the poultry manure @ 10 

Mg ha
-1

 treatment followed by the 5 Mg ha
-1

 treatment while the minimum organic matter 

was in the control treatment during the both years of study (Table # 4.15). The higher organic 

matter content in the 10 Mg ha
-1

 poultry manure was might be due to addition of heavy 

amount of poultry manure before crop sowing that improved the carbon stock in the soil than 

the 5 Mg ha
-1

 and control. These results are in close agreement with those of Ewulo et al. 

(2008) who reported that organic matter content was significantly increased as the dose of 

poultry manure was increased. 

  The interaction of tillage and poultry manure was found none-significant 

during the study.  
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4.15. Influence of different tillage practices and poultry manure treatments on soil 

organic matter (g kg
-1

)  

 

Treatments 

Soil organic matter (g kg
-1

) 

2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 4.3 a 4.6 

Minimum tillage (T2) 3.9 a 3.5 

Conventional  tillage (T3) 3.7 b 3.2 

Deep tillage (T4) 2.9 c 2.6 

LSD (0.05) 0.61 NS 

B. Poultry Manure (PM) 

Control 

(PM @ 0 Mg ha
-1

) (P1) 
2.8 b 2.5c 

PM @ 5 Mg ha
-1

 (P2) 3.7 a 4.1b 

PM @ 10 Mg ha
-1

 (P3) 4.0 a 4.6a 

LSD (0.05) 0.43 0.61 

Interaction  (TP×PM) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS = Non-significant 
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4.1.7. Economic analysis 

4.1.7.1. Economic analysis of different tillage practices and poultry manure levels 

  The economics of any new agronomic and improved practices is very 

important for the farming community towards its adoption. The farmers are always interested 

in the benefits and cost of new technologies with respect to their capital invested in it. 

Actually they want to nullify the chance of possible risk while leaving the old and past 

practices and stepped in the practicing field of new innovation or technology.  Economic 

analysis includes the partial budgeting, cost that vary, gross income, net income and benefit 

to cost ration (BCR). Procedures for the preparation of partial budgeting and calculation of 

other components of economic analysis were used CIMMYT (1988) methodology discussed 

in the Chapter # 3 of the An Economic Training Manual of CIMMYT. For the calculation of 

marginal cost, marginal benefit and then marginal rate of return, the chapter # 4 of CIMMYT 

Economic Training manual was used.  The crop productivity was calculated by the method 

followed by Barut et al. (2011). 

  Before the preparation of partial budget, the prices of inputs and outputs 

during the year 2010 and 2011 was taken from the local market of Faisalabad, Punjab 

Pakistan where the experiments were conducted.  At first step, the partial budget of different 

tillage and poultry manure treatments were calculated as shown in the Table # 4.16. On the 

basis of partial budget, the net field income was calculated and finally the BCR was 

estimated dividing the total cost of production by total output values from the crop harvest. 

  The detailed input prices and out prices regarding to the experiments during 

2010 and 2011 were given in the Table # 4.16 and 4.17 respectively. 
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4.16. Partial budget of different tillage practice and poultry manure treatments of 

experiment # 1 during the year 2010  

A. Fixed Cost 

 

Item/Input Amount Rate unit
-1

 (Rs.) 

Total 

expenditure  

(Rs. ha
-1

) 

i) Seed 

Hybrid seed 25kg 350 8750 

   8750 

ii) Sowing 

Bund making 2 man day 250 man
-1

day
-1

 500 

Seed sowing 6 man days 250 man
-1

day
-1

 1500 

   2000 

iii) Plant protection charges 

Insecticide (Furadan) 2 550 550 

Application charges 1 man day 250 250 

Herbicide charges 2 ------ 1200 

Watch and ward 1 man for 30 days 3000 3000 

   5000 

iv) Irrigation charges 

Cleaning of water channel 3 man day 250 man
-1

day
-1

 750 

Irrigation charges ------ 200 ha
-1

 200 

10 irrigation 2.5 man day 250 man
-1

day
-1

 625 

   1575 

Subtotal (i-iv)   16575 

v) Crop harvesting and land charges 

Harvesting 6 man days 250 man
-1

day
-1

 1250 

Threshing 3 man days 250 man
-1

day
-1

 750 

Land rent (half year) 20000 per year 20000 6 mth
-1

 20000 

Mark up on investment @ 9 

% per annum (excluding 

water rates) from i-iv 

6 month 124.31 month
-1

 746 

Management cost 6 month 625 month
-1

 ha
-1

 3750 

   26496 

Grand total (i-v)   43071 

B. Cost that vary (with respect to treatments) 

 

Item/Input Amount Rate per unit Rs. 
Total expenditure 

(Rs. ha
-1

) 

1. Tillage (Main Factor) 

1.1) Zero tillage (T1)    

Ploughing  0 0 0 

Planking 0 0 0 



112 

 

Dibbling and labor charges 4 man day 250 man
-1

day
-1

 1000 

Sub Total for T1   1000 

1.2) Minimum Tillage 

(T2) 

   

Ploughing  1 1000 1000 

Planking 1 1250 1250 

Sub Total for T2   2250 

1.3) Conventional Tillage (T3) 

Ploughing  2 1000 2000 

Planking 2 1250 2500 

Sub Total for T3   4500 

1.4) Conventional Tillage    

Deep Ploughing  2 2000 4000 

Ploughing  1 1000 1000 

Planking 2 1250 2500 

Sub Total for T4   7500 

2. Organic and inorganic Fertilizer charges (with respect to treatment)(Sub plot factor) 

P1 = Control 16.52 bags (Urea) 875 per bag 14455 

 9.13 bags (DAP) 2680 per bag 24468 

 5.4 bags (Potash) 2280 per bag 12312 

Transportation charges 27.57 bags Rs. 20 per bag 551 

Application charges 2.5 man day 250 man
-1

day
-1

 625 

Sub Total for P1   52441 

P2 = Poultry manure @ 5 

Mg ha
-1

 
5 t per ha 800 per tone 4000 

Transportation charges ------- 2000 2000 

Application charges 2 man day 250 man
-1

day
-1

 500 

 12.13 bags (Urea) 875 per bag 10613.75 

 6.63 bags (DAP) 2680 per bag 17768.4 

 2.73 bages (Potash) 2280 per bag 6224.4 

Transportation charges 19.73 bags Rs. 20 per day  394.6 

Application charges 1.5 man day 250 man
-1

day
-1

 375 

Sub Total for P2   41876 

P3 = Poultry manure @ 10 

Mg ha
-1

 
10 Mg ha

-1
 800 per tone 8000 

Transportation charges ------ 3600 3600 

Application charges 3 man day 250 man
-1

day
-1

 750 

 7.74 bags (urea) 875 per bag 6772.5 

 4.13 bags (DAP) 2680 per bag 11068.4 

 0.00 bags (Potash) -------------- 0 

Transportation charges 11.10 bags 20 per day 222.14 

Application charges 1 man day 250 man
-1

day
-1

 250 

Sub Total for P3   30663.04 
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4.17 Partial budget of different tillage practice and poultry manure treatments of 

experiment # 1 during the year 2011  

A. Fixed Cost 

Item/Input Amount Rate unit
-1

 (Rs.) 

Total 

expenditure  

(Rs. ha
-1

) 

i) Seed 

Hybrid seed 25 kg 380 9500 

   9,500 

ii) Sowing 

Bund making 2 man day 250 man
-1

day
-1

 500 

Seed sowing 6 man days 250 man
-1

day
-1

 1,500 

   2,000 

iii) Plant protection charges 

Insecticide (Furadan) 2 550 550 

Application charges 1 man day 250 250 

Herbicide charges 2 ------ 1200 

Watch and ward 1 man for 30 days 3000 3,000 

   5,000 

iv) Irrigation charges 

Cleaning of water channel 3 man day 250 man
-1

day
-1

 750 

Irrigation charges ------ 200 ha
-1

 200 

6 irrigation 2 man day 250 man
-1

day
-1

 50 

   1,000 

Sub-total (i-iv)   1,750 

v) Crop harvesting and land charges 

Harvesting 6 man days 250 man
-1

day
-1

 1,250 

Threshing 3 man days 250 man
-1

day
-1

 750 

Land rent (half year) 20000 per year 20000 6 mth
-1

 20,000 

Mark up on investment @ 9 

% per annum (excluding 

water rates) from i-iv 

6 month 125.25 month
-1

 751.6 

Management cost 6 month 625 month
-1

 ha
-1

 3,750 

   26,501 

Grand total (i-v)   44,751 

B. Cost that vary (with respect to treatments) 

 

Item/Input Amount Rate unit Rs.
-1

 
Total expenditure 

(Rs. ha
-1

) 

1. Tillage (Main Factor) 

1.1) Zero tillage (T1)    
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Ploughing  0 0 0 

Planking 0 0 0 

Dibbling and labor charges 4 man day 250 man
-1

day
-1

 1,000 

Sub Total for T1   1,000 

1.2) Minimum Tillage (T2)    

Ploughing  1 1000 1,000 

Planking 1 1250 1,250 

Sub Total for T2   2,250 

1.3) Conventional Tillage (T3) 

Ploughing  2 1000 2,000 

Planking 2 1250 2,500 

Sub Total for T3   4,500 

1.4) Conventional Tillage    

Deep Ploughing  2 2000 4,000 

Ploughing  1 1000 1,000 

Planking 2 1250 2,500 

Sub Total for T4   7,500 

2. Organic and inorganic Fertilizer charges (with respect to treatment)(Sub plot factor) 

P1 = Control 16.52 bags (Urea) 1250 per bag 20,650 

 9.13 bags (DAP) 2713 per bag 24,769.69 

 5.4 bags (Potash) 2360 per bag 12,744.8 

Transportation charges 27.57 bags Rs. 20 per bag 551.1 

Application charges 2.5 man day 250 man
-1

day
-1

 625 

Sub Total for P1   59,340 

P2 = Poultry manure @ 5 

Mg ha
-1

 
5 t per ha 800 per tone 4,000 

Transportation charges ------- 2000 2,000 

Application charges 2 man day 250 man
-1

day
-1

 500 

 12.13 bags (Urea) 1250 per bag 15,162.5 

 6.63 bags (DAP) 2713 per bag 17,987.19 

 2.73 bages (Potash) 2360 per bag 6,442.8 

Transportation charges 19.73 bags Rs. 20 per day  394.6 

Application charges 1.5 man day 250 man
-1

day
-1

 375 

Sub Total for P2   46,862 

P3 = Poultry manure @ 10 

Mg ha
-1

 
10 t per ha 800 per tone 8,000 

Transportation charges ------ 3600 3,600 

Application charges 3 man day 250 man
-1

day
-1

 750 

 7.74 bags (urea) 1250 per bag 9,675 

 4.13 bags (DAP) 2713 per bag 11,177.56 

 0.00 bags (Potash) -------------- 0 

Transportation charges 11.10 bags 20 per day 222.14 

Application charges 1 man day 250 man
-1

day
-1

 250 

Sub Total for P3   33,674.70 

 



115 

 

4.2.7.2. Economic analysis of different tillage practices and poultry manure treatments 

of experiment # 1 during the year 2010 and 2011 

  The details in the Table # 4.16 depicted the estimation of begetting of all used 

input during the study. The addition of fixed cost and variable cost gave the total expenditure 

of the experiment.  The economic analysis concluded that the deep tillage gave the higher 

gross field benefit in all poultry manure treatments while the among the manure treatments, 

the higher was achieved in the 10 Mg ha
-1

 poultry manure treatments, followed by 5 Mg ha
-1

 

and then control. Highest maize crop gross benefit of Rs. 210373 ha
-1

 was obtained in deep 

tillage with poultry manure @ 10 Mg ha
-1

, followed by the Rs. 202043 with same tillage 

treatment but different poultry manure level (@ 5 Mg ha
-1

) as shown in the table 4.16 while 

lower was calculated in the zero tillage treatments without the poultry manure application 

(Rs. 133,688 ha
-1

).  The almost the similar trend of economic analysis was achieved in year 

2011. Although the cost of production and gross income of all treatments was higher than the 

preceding year (2010); this was due to increase in the prices of input and also higher price of 

grain per 40 kg. 

  The net income of different treatments of tillage and poultry manure during 

2010 and 2011 was shown in Table # 4.18 and Table # 4.19 respectively. The higher net 

income of Rs. 129,139 and 153,945 ha
-1

 was recorded in the deep tillage with poultry manure 

@ 10 Mg ha
-1

 while lower net income of Rs. 37,176 and 72,304 ha
-1

 was achieved during 

2010 and 2011 respectively. The higher net income was due to higher grain yield and lower 

was due to lower grain yield.    

Benefit to cost ratio shows the ratio between the invested capital to the 

achieved net profit or benefit at the end of the research. If the calculated benefit to cost ratio 

is less than 1 then the present value to cost at this discount rate would have exceeded the 

present value of the benefits and our adopted or used practices in the experiments would not 

have recovered our initial expenditure plus the return on our investment. Among the different 

tillage practices and poultry manure treatments, the higher benefit to cost ration was 

calculated in 2.65 and 2.91 in minimum tillage treatments with poultry manure @ 10 Mg ha
-1

 

during 2010 and 2011 respectively. The higher BCR was due to less cost of tillage operation 

and almost similar gross field income with the other tillage treatments. 
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4.18. Net Income and benefit-cost ratio (BCR) of different tillage and poultry manure 

treatments of experiment-1 (2010) 

 

Treatments 

Gross 

income  

(Rs. ha
-1

) 

Total cost of 

production 

(Rs. ha
-1

) 

Net income 

(Rs. ha
-1

) 

B:C 

ratio 

Zero tillage (T1) 

T1P1 = Control  133,688 96,512 37,176 1.39 

T1P2 = Poultry manure @ 5 Mg ha
-1

 147,245 85,947 61,298 1.71 

T1P3 = Poultry manure @ 10 Mg ha
-1

 164,885 74,734 90,151 2.21 

Minimum tillage (T2) 

T2P1 = Control 169,622 97,762 71,860 1.74 

T2P2 = Poultry manure @ 5 Mg ha
-1

 183,260 87,197 96,063 2.10 

T2P3 = Poultry manure @ 10 Mg ha
-1

 201,308 75,984 125,324 2.65 

Conventional tillage (T3) 

T3P1 = Control 172,317 100,012 72,305 1.72 

T3P2 = Poultry manure @ 5 Mg ha
-1

 185,220 89,447 95,773 2.07 

T3P3= Poultry manure @ 10 Mg ha
-1

 202,043 78,234 123,809 2.58 

Deep Tillage (T4) 

T4P1 = Control 180,238 103,012 77,226 1.75 

T4P2 = Poultry manure @ 5 Mg ha
-1

 193,142 92,447 100,695 2.09 

T4P3= Poultry manure @ 10 Mg ha
-1

 210,373 81,234 129,139 2.59 
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4.19. Net Income and benefit-cost ratio (BCR) of different tillage and poultry manure 

treatments of experiment-1 (2011)  

 

Treatments 

Gross 

income  

(Rs. ha
-1

) 

Total cost of 

production 

(Rs. ha
-1

) 

Net income 

(Rs. ha
-1

) 

B:C 

ratio 

Zero tillage (T1) 

T1P1 = Control  (1020) 177,395 105,091 72,304 1.69 

T1P2 = Poultry manure @ 5 Mg ha
-1

 194,905 92,613 102,292 2.10 

T1P3= Poultry manure @ 10 Mg ha
-1

 204,425 79,425 125,000 2.57 

Minimum tillage (T2) 

T2P1= Control 206,975 106,341 100,634 1.95 

T2P2 = Poultry manure @ 5 Mg ha
-1

 224,315 93,863 130,452 2.39 

T2P3= Poultry manure @ 10 Mg ha
-1

 234,430 80,675 153,755 2.91 

Conventional tillage (T3) 

T3P1= Control 209,610 108,591 101,019 1.93 

T3P2 = Poultry manure @ 5 Mg ha
-1

 226,695 96,113 130,582 2.36 

T3P3= Poultry manure @ 10 Mg ha
-1

 237,660 82,925 154,735 2.87 

Deep tillage (T4) 

T4P1= Control 211,735 111,591 100,144 1.90 

T4P2 = Poultry manure @ 5 Mg ha
-1

 229,075 99,113 129,962 2.31 

T4P3= Poultry manure @ 10 Mg ha
-1

 239,870 85,925 153,945 2.79 
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4.2.7.3. Marginal analysis of different tillage practices and poultry manure treatments 

of experiment # 1 during the year 2010 and 2011 

  Dominance analysis, marginal rate of return and marginal net benefit are the 

main components of marginal analysis. Usually, land lord or a big farmer are more interested 

to net return and may go for advance analysis to check the actual net return while the small 

farmers only concentrate on the maximum return with lower inputs. Marginal analysis was 

done on the basis of CYMMNT (1988) methodology which discussed in chapter # 4 of An 

Economic Training Manual of CYMMNT. Dominance analysis is first ladder of the marginal 

analysis. To perform the dominance analysis, the values of cost that vary are arranged in 

ascending order without noticing their net field benefit. The value which is dominated if their 

cost those vary was increasing from preceding value with decreasing net benefit. Such values 

are assigned the alphabet “D” (Table # 4.20 & 4.22) and these treatments are considered 

dominated and removed for MRR. 

  Table # 4.20 showed that the higher poultry manure treatments (@10 Mg ha
-1

) 

with zero tillage, minimum tillage and deep tillage was none dominated in 2010. As far as 

2011 dominance analysis concerned, the zero tillage, minimum tillage and conventional 

tillage with @10 Mg ha
-1

 was none dominate (Table # 4.22). The probable reason of none 

dominated was the lower cost of organic fertilizers over inorganic fertilizers. 

  Marginal rate of return is a further refined method for the treatments 

recommendation. The values which are without “D” alphabet are further used for marginal 

analysis. The marginal cost and marginal benefit was calculated by the subtracting preceding 

value of variable cost from the exceeding value. The marginal rate of return was calculated 

by dividing the marginal benefit to the marginal cost then multiplied with 100 for percentage. 

The Higher MRR was estimated in minimum tillage with poultry manure @10 Mg ha
-1

 

which was due to lower variable cost during 2010 (Table # 4.21) and similar trend of 

dominance analysis was calculated in 2011 (Table # 4.23). 
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4.20. Dominance analysis (2010) 

 

 

Treatments (Tillage× Poultry manure) Cost that vary (Rs. ha
-1

) Net income (Rs. ha
-1

) 

T1P3 = Poultry manure @ 10 Mg ha
-1

 74734 90151 

T2P3 = Poultry manure @ 10 Mg ha
-1

 75984 125324 

T3P3 = Poultry manure @ 10 Mg ha
-1

 78234 123809 D 

T4P3 = Poultry manure @ 10 Mg ha
-1

 81234 129139 

T1P2 = Poultry manure @ 5 Mg ha
-1

 85947 61298 D 

T2P2 = Poultry manure @ 5 Mg ha
-1

 87197 96063 D 

T3P2 = Poultry manure @ 5 Mg ha
-1

 89447 95773 D 

T4P2 = Poultry manure @ 5 Mg ha
-1

 92447 100695 D 

T1P1 = Control 96512 37176 D 

T2P1 = Control 97762 71860 D 

T3P1 = Control 100012 72305 D 

T4P1 = Control 103012 77226 D 

 

4.21. Marginal rate of return (MRR) 

 

Treatments 
Cost that vary 

(Rs.ha
-1

) 

Marginal 

cost (Rs.ha
-1

) 

Net Income 

(Rs.ha
-1

) 

Marginal 

net benefit 

(Rs.ha
-1

) 

Marginal 

rate of 

return (%) 

T1P3
 

74734  90151   

T2P3 75984 1250 125324 35173 2813.87 

T4P3 81234 5250 129139 3815 72.67 
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4.22. Dominance analysis (2011) 

 

Treatments (Tillage × Poultry manure) Cost that vary (Rs. ha
-1

) Net income (Rs. ha
-1

) 

T1P3 = Poultry manure @ 10 Mg ha
-1

 79,425 125,000 

T2P3 = Poultry manure @ 10 Mg ha
-1

 80,675 153,755 

T3P3 = Poultry manure @ 10 Mg ha
-1

 82,925 154,735 

T4P3 = Poultry manure @ 10 Mg ha
-1

 85,925 153,945 D 

T1P2 = Poultry manure @ 5 Mg ha
-1

 92,613 102,292 D 

T2P2 = Poultry manure @ 5 Mg ha
-1

 93,863 130,452 D 

T3P2 = Poultry manure @ 5 Mg ha
-1

 96,113 130,582 D 

T4P2 = Poultry manure @ 5 Mg ha
-1

 99,113 129,962 D 

T1P1 = Control 105,091 72,304 D 

T2P1 = Control 106,341 100,634 D 

T3P1 = Control 108,591 101,019 D 

T4P1 = Control 111,591 100,144 D 

 

 

4.23. Marginal rate of return (MRR) 

 

Treatments 

Cost that vary 

(Rs. ha
-1

) 

Marginal 

cost (Rs. ha
-1

) 

Net Income 

(Rs. ha
-1

) 

Marginal net 

benefit  

(Rs. ha
-1

) 

Marginal 

rate of 

return (%) 

T1P3
 

79,425 
 

125,000 
  

T2P3 

80,675 1,250 153,755 28,755 4.347 

T3P3  

82,925 2250 154,735 980 229.59 
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4.1.7.4. Sensitivity analysis  

  In Pakistan, the input and output prices are subjected to change from year to 

year and location to location. This analysis is performed by changing the prices of input or a 

combination of prices and noted their effect on the net benefit and then on marginal rate of 

return. Usually two cases are studied in the sensitivity analysis; one is decreased and other is 

increased in price up to certain limit (10 %) keeping the amount of output is same with 

respect to local market (we do not apply the 10 % increase or decrease on output). 

4.1.7.4.1. Sensitivity analysis as input prices increased/decreased by 10 % 

  To perform this analysis, the input price is increased/decreased by 10 % that 

resulted in the increase/decrease in the prices of cost that vary. The dominance analysis was 

given in Table # 4.24 and 4.26 showed that increased/decreased in the variable cost of 

different tillage system and poultry manure but their respective net benefit was decreased. 

Higher variable cost was observed in T4P1 (deep tillage with no poultry manure application) 

and lower was in the T1P3 (zero tillage with poultry manure @ 10 Mg ha
-1

) during year 2010. 

The higher cost was due to application of synthetic fertilizer that was too much costly as 

compared to organic amendments. With the increase/decrease in the output prices, surely the 

net benefit was decreased/ increased. The marginal rate of return was opposite to increase 

and decrease of output prices. With the increase in output prices the marginal rate of return 

was decreased and with decrease in output prices, the MRR was increased. The increase in 

output price was decreased the net benefit and increased the total cost which lowered the 

MRR and vice versa (Table # 4.25 and 4.26). In 2011, the similar trend with respect to the 

sensitivity analysis of different tillage and poultry manure treatments was observed.   
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4.24. Sensitivity analysis as input prices decreased 10 % (2010) 

 

Treatments (Tillage × Poultry manure) Cost that vary (Rs. ha
-1

) Net income (Rs. ha
-1

) 

T1P3 = Poultry manure @ 10 Mg ha
-1

 67261 97624 

T2P3 = Poultry manure @ 10 Mg ha
-1

 68386 132923 

T3P3 = Poultry manure @ 10 Mg ha
-1

 70411 131633 D 

T4P3 = Poultry manure @ 10 Mg ha
-1

 73111 137263 

T1P2 = Poultry manure @ 5 Mg ha
-1

 77352 69893 D 

T2P2 = Poultry manure @ 5 Mg ha
-1

 78477 104783 D 

T3P2 = Poultry manure @ 5 Mg ha
-1

 80502 104718 D 

T4P2 = Poultry manure @ 5 Mg ha
-1

 83202 109939 D 

T1P1 = Control 86861 46828 D 

T2P1 = Control 87986 81636 D 

T3P1 = Control 90011 82306 D 

T4P1 = Control 92711 87527 D 

 

4.25. Marginal rate of return (MRR) 

 

Treatments 

Cost that vary 

(Rs. ha
-1

) 

Marginal 

cost (Rs. ha
-1

) 

Net Income 

(Rs. ha
-1

) 

Marginal 

net benefit 

(Rs. ha
-1

) 

Marginal 

rate of 

return (%) 

T1P3
 

67261  97624   

T2P3 

68386 1125 132923 35298 3137.63 

T4P3  

73111 4725 137263 4340 91.85 
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4.26. Sensitivity analysis as input prices increased 10 % (2010) 

 

Treatments (Tillage × Poultry manure) Cost that vary (Rs. ha
-1

) Net income (Rs. ha
-1

) 

T1P3 = Poultry manure @ 10 Mg ha
-1

 82,207 82678 

T2P3 = Poultry manure @ 10 Mg ha
-1

 83,582 117,726 

T3P3 = Poultry manure @ 10 Mg ha
-1

 86,057 115,986 D 

T4P3 = Poultry manure @ 10 Mg ha
-1

 89,357 12,1016 

T1P2 = Poultry manure @ 5 Mg ha
-1

 94,542 52,703 D 

T2P2 = Poultry manure @ 5 Mg ha
-1

 95,917 87,343 D 

T3P2 = Poultry manure @ 5 Mg ha
-1

 98,392 86,828 D 

T4P2 = Poultry manure @ 5 Mg ha
-1

 101,692 91,450 D 

T1P1 = Control 106,163 27,525 D 

T2P1 = Control 107,538 62,083 D 

T3P1 = Control 110,013 62,303 D 

T4P1 = Control 113,313 66,925 D 

 

4.27. Marginal rate of return (MRR) 

 

Treatments 

Cost that vary 

(Rs. ha
-1

) 

Marginal cost 

(Rs. ha
-1

) 

Net Income 

(Rs. ha
-1

) 

Marginal 

net benefit 

(Rs. ha
-1

) 

Marginal 

rate of 

return (%) 

T1P3
 

82207  82678   

T2P3 

83582 1375 117726 35048 2548.97 

T4P3  

89357 5775 121016 3290 56.97 
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4.28. Sensitivity analysis as input prices decreased 10 % (2011) 

 

Treatments (Tillage × Poultry manure) Cost that vary (Rs. ha
-1

) Net income (Rs. ha
-1

) 

T1P3 = Poultry manure @ 10 Mg ha
-1

 71,483 132,942 

T2P3 = Poultry manure @ 10 Mg ha
-1

 72,608 161,822 

T3P3 = Poultry manure @ 10 Mg ha
-1

 74,633 163,027 

T4P3 = Poultry manure @ 10 Mg ha
-1

 77,333 162,537 D 

T1P2 = Poultry manure @ 5 Mg ha
-1

 83,352 111,553 D 

T2P2 = Poultry manure @ 5 Mg ha
-1

 84,477 139,838 D 

T3P2 = Poultry manure @ 5 Mg ha
-1

 86,502 140,193 D 

T4P2 = Poultry manure @ 5 Mg ha
-1

 89,202 139,873 D 

T1P1 = Control 94,582 82,813 D 

T2P1 = Control 95,707 111,268 D 

T3P1 = Control 97,732 111,878 D 

T4P1 = Control 100,432 111,303 D 

 

4.29. Marginal rate of return (MRR) 

 

Treatments 

Cost that vary 

(Rs. ha
-1

) 

Marginal cost 

(Rs. ha
-1

) 

Net Income 

(Rs. ha
-1

) 

Marginal 

net benefit 

(Rs.ha
-1

) 

Marginal 

rate of 

return (%) 

T1P3
 

71,482  132,942   

T2P3 
72,607 1,125 161,822 28,880 2567.11 

T4P3  
74,632 2,025 163,027 1,205 59.51 
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4.30. Sensitivity analysis as input prices increased 10 % (2011) 

 

Treatments (Tillage × Poultry manure) Cost that vary (Rs. ha
-1

) Net income (Rs. ha
-1

) 

T1P3 = Poultry manure @ 10 Mg ha
-1

 87,368 117,057 

T2P3 = Poultry manure @ 10 Mg ha
-1

 88,743 145,687 

T3P3 = Poultry manure @ 10 Mg ha
-1

 91,218 146,442 

T4P3 = Poultry manure @ 10 Mg ha
-1

 94,518 145,352 D 

T1P2 = Poultry manure @ 5 Mg ha
-1

 101,874 93,031 D 

T2P2 = Poultry manure @ 5 Mg ha
-1

 103,249 121,066 D 

T3P2 = Poultry manure @ 5 Mg ha
-1

 105,724 120,971 D 

T4P2 = Poultry manure @ 5 Mg ha
-1

 109,024 120,051 D 

T1P1 = Control 115,600 61,795 D 

T2P1 = Control 116,975 90,000 D 

T3P1 = Control 119,450 90,160 D 

T4P1 = Control 122,750 88,985 D 

 

4.31. Marginal rate of return (MRR) 

 

Treatments 

Cost that vary 

(Rs. ha
-1

) 

Marginal cost 

(Rs. ha
-1

) 

Net Income 

(Rs. ha
-1

) 

Marginal 

net benefit 

(Rs. ha
-1

) 

Marginal 

rate of 

return (%) 

T1P3
 

87367  117057   

T2P3 
88742 1375 145687 28630 2082.18 

T4P3  
91217 2475 146442 755 30.50 
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4.1.7.5. Productivity 

  Poor or small farmers do not concerned with such type of analysis but an 

economist or the big landholder will definitely more conscious about per rupee output 

evaluation for future investment and to enhance his business. The crop productivity was 

calculated by dividing the total output of crop to total cost of production which gave the 

output value kg per rupee. Both the year of study, the minimum tillage with poultry manure 

@ 10 Mg ha
-1

 was gave the higher productivity as compared to all other tillage and poultry 

manure treatments as shown in Table # 4.32 and 4.33. 
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4.32. Crop productivity (2010) 

 

 

Treatments 

Product 

output  

(kg ha
-1

) 

Total cost of 

production  

(Rs. ha
-1

) 

Crop 

productivity 

(kg Rs
-1

) 

Zero tillage (T1) 

T1P1 = Control 5,457 96,512 0.0565 

T1P2 = Poultry manure @ 5 Mg ha
-1

 6,010 85,947 0.0699 

T1P3 = Poultry manure @ 10 Mg ha
-1

 6,730 74,734 0.0900 

Minimum tillage (T2) 

T2P1 = Control 6,923 97,762 0.0708 

T2P2 = Poultry manure @ 5 Mg ha
-1

 7,480 87,197 0.0859 

T2P3 = Poultry manure @ 10 Mg ha
-1

 8,217 75,984 0.1081 

Conventional tillage (T3) 

T3P1 = Control 7,033 100,012 0.0703 

T3P2 = Poultry manure @ 5 Mg ha
-1

 7,560 89,447 0.0845 

T3P3 = Poultry manure @ 10 Mg ha
-1

 8,247 78,234 0.1054 

Deep Tillage (T4) 

T4P1 = Control 7,357 103,012 0.0714 

T4P2 = Poultry manure @ 5 Mg ha
-1

 7,883 92,447 0.0853 

T4P3 = Poultry manure @ 10 Mg ha
-1

 8,587 81,234 0.1057 
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4.33. Crop productivity (2011) 

 

 

Treatments 
Product output 

(kg ha
-1

) 

Total cost of 

production 

(Rs. ha
-1

) 

Crop 

productivity 

(kg Rs
-1

) 

Zero tillage (T1) 

T1P1 = Control 6,956.67 105,091 0.0662 

T1P2 = Poultry manure @ 5 Mg ha
-1

 7,643.33 92,613 0.0825 

T1P3 = Poultry manure @ 10 Mg ha
-1

 8,016.67 79,425 0.1009 

Minimum tillage (T2) 

T2P1 = Control 8,116.67 106,341 0.0763 

T2P2 = Poultry manure @ 5 Mg ha
-1

 8,796.67 93,863 0.0937 

T2P3 = Poultry manure @ 10 Mg ha
-1

 9,193.33 80,675 0.1139 

Conventional tillage (T3) 

T3P1 = Control 8,220 108,591 0.0757 

T3P2 = Poultry manure @ 5 Mg ha
-1

 8,890 96,113 0.0925 

T3P3 = Poultry manure @ 10 Mg ha
-1

 9,320 82,925 0.1124 

Deep Tillage (T4) 

T4P1 = Control 8,303.33 111,591 0.0744 

T4P2 = Poultry manure @ 5 Mg ha
-1

 8,983.33 99,113 0.0906 

T4P3 = Poultry manure @ 10 Mg ha
-1

 9,406.67 85,925 0.1095 
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4.2. Experiment # II 

 4.2.1. Emergence parameters 

 4.2.1.1. Time to start emergence (TSE) [days]  

  Data presented in the Fig. # 4.12 depicted that different tillage practices 

significantly affected the seedling emergence during 2010 and 2011.  Significantly less days 

to start emergence was recorded in deep tillage sown crop followed by the conventional 

tillage crop and then the minimum tillage crop while more days to start to emergence was 

observed in the zero tillage crop in 2010. Almost similar data trend prevailed in the 2011. 

More days to start emergence in the zero tillage sown maize crop could be due to more 

cloddy soil particals, less seed-soil contact and more soil moisture  which may lowered the 

soil temperature probably the possible reason of late seed emergence. In addition, the 

hardness of zero tillage soil surface may hindered the seedling to emerge. Higher soil bulk 

density in the zero tillage may also favour in delaying the time to start emergence  Less days 

to start emergence in the deep tillage crop might be due to more pulverize soil and good soil 

temperature which may triggered the seedling to emerge faster. These results are in line with 

those of Paul et al. (2010) who stated that the soil variable moisture, cloddy soil and depth of 

seeding affected on the time to start of emergence of maize seed.  

  During 2010, fewer days to seedling emergence was observed in the black 

plastic mulch sown crop (BPM) followed by the control and grass mulch crop (GM). The 

more days to start emergence was noted in the wheat straw mulch crop (WSM). Almost 

similar data trend was observed in 2011. Fewer days in the BPM might be due to more 

suitable temperature for seed germination and seedling growth. In addition, black plastic 

mulch captured the sun rays and increased the soil temperature under the black plastic sheet 

that may triggered enzymatic activity in the seeds. More days to start emergence in the wheat 

straw mulch sown crop might be due to low temperature and higher moisture content in the 

soil which may slowed down the seed germination. The wheat straw mulch reflected the sun 

rays and less temperature under the wheat straw mulch that may slow down seed germination 

and seedling emergence. These results are in line with those of Cavero et al. (1996) who 

reported that the plastic mulch improved the seed emergence due to high temperature under 

it. 
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4.2.1.2. Time to 50 % emergence (T50)  

  Data given in Fig. # 4.13 indicated the more days to 50 % emergence was 

observed in the zero tillage sown maize followd by the minimum tillage crop and 

conventional tillage crop. The minimum days to 50 % emergence was observed in deep 

tillage crop during 2010. In 2011 study, similar results were recorded. Higher days to 50 % 

emergence in zero tillage crop might be due to late start of seed germination, lower soil 

temperature and compaction of the soil which created the hindrance to the establishment of 

young seedlings. The lower days to 50 % emergence in the deep tllage crop could be due to 

less soil bulk density and proper moisture availability which may favored seed in early 

emergence. These results are supported by those of Pratibha et al. (1994) who concluded that 

that ploughing once with tractor drawn mould Board plough (MB) plus rotavator twice gave 

the early emergence of castor than the no tilled sown crop.  

  The mulch treatments significantly affected the time to 50 % emergence 

during the both years of study. Fewer days to T50 was noted in the black plastic mulch crop 

followed by the control and grass mulch crop while the lower time to 50 % emergence was in 

the wheat straw mulch crop during 2010. Similar data fashion was recorded in 2011. Higher 

T50 in the black plastic mulch crop might be due to less time was taken to start emergence 

and 50 % seed emerged earliar than the other mulches treatments while lower time to 50 % 

emergence in the wheat straw mulch treatment was might be due to more soil moisture 

contents which caused the cooling effect on the seed sourounding and slower down the 

seedling growth and emergence. These results are in line with those of Yang et al. (2006). 

They noted that the straw mulch crop conserved more soil water that slowed down the maize 

germination and growth. 

4.2.1.3. Mean emergence time (MET) 

  Mean emergence time indicated the average time taken from the emergence 

initiation to the final emergence of the all counted seeds sown in a plot. Almost similar data 

trend was observed in MET as in the time to start to emergence and time to 50 % emergence. 

During 2010, statistically more days to mean emergence was recorded in the zero tillage 

sown crop followed by the minimum tillage crop and conventional tillage crop while the less 

mean emergence time was in the deep tillage sown crop. Almost similar data trend was 

observed during 2011(Fig. # 14). Less mean emergence time in the deep tillage sown crop 
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might be due to early start of seedling emergence and also early approached to T50 in both 

years of study. As far as higher mean emergence time was concerned, more time start to 

emergence and late approaches to T50 stage. 

  Mean emergence time was significantly affected by the mulches during the 

both years of study (Fig. # 14). Statistically minimum mean emergence time (MET) was 

noted in the black plastic mulch crop followed by the control and grass mulch crop. The 

maximum MET was recorded in the wheat straw mulch crop in 2010. The similar data set 

was observed in 2011. The higher mean emergence time might be due to early start of 

emergence and early approached to T50 which may helped the BPM to complete their 

germination well in time than the other mulch treatments. 
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Fig. # 4.12. Influence of different tillage practices and mulch treatments on time to start 

emergence (TSE) during 2010 and 2011 

Zero= zero tillage, Mini= minimum tillage, Conven= conventional tillage, Deep= deep tillage 

BMP= black plastic mulch, WSM= wheat straw mulch, GM= grass mulch, Cont= control (no 

mulch) 
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Fig. # 4.13. Influence of different tillage practices and mulch treatments on time to 50 

% (T50) emergence during 2010 and 2011 

Zero= zero tillage, Mini= minimum tillage, Conven= conventional tillage, Deep= deep tillage 

BMP= black plastic mulch, WSM= wheat straw mulch, GM= grass mulch, Cont= control (no 

mulch) 
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Fig. # 4.14. Influence of different tillage practices and mulch treatments on mean 

emergence time (MET) during 2010 and 2011 

Zero= zero tillage, Mini= minimum tillage, Conven= conventional tillage, Deep= deep tillage 

BMP= black plastic mulch, WSM= wheat straw mulch, GM= grass mulch, Cont= control (no 

mulch) 
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4.2.2. Phenological parameters 

 4.2.2.1. Plant height (cm) 

  Tillage practices significantly affected the plant height in the both years of 

study. The maximum plant height was observed in the deep tillage practice (193.70 cm) 

followed by conventional tillage practice (184.97 cm) that was at par with those of minimum 

tillage  practice (184.09 cm). The minimum plant height was in the zero tillage practice 

(174.13 cm) in 2010. During 2011, deep tillage practice produced the tallest plant which was 

at par with those of conventional tillage and minimum tillage practices. The shortest plant 

was in the zero tillage practice (Table # 4.34). The tallest plant in the deep tillage practice 

might be due to more space availability for the root growth and development where they took 

significant amount of water, minerals and nutrients from the soil and hence increased their 

height. The shorter plants in the zero tillage practice might be due to higher bulk density, 

more root penetration resistance and less total soil porosity which reduced the plant height. 

These results are in confirmatory with those of Vetsech et al. (2007) who suggested that the 

plant height is increased as the tillage depth was increased. Similarly, the growth and the 

development of the shoot were slower in no tilled soil (Chassot et al., 2001).  

  The mulch treatments in the experiment statistically affected the plant height 

during the both cropping seasons (Table # 4.34). During 2010, black plastic mulch sown crop 

statistically produced the taller plants (195.13 cm) followed by grass mulch crop (183.32 cm) 

which was at par with those of wheat straw mulch crop (187.15 cm). The shorter plants were 

noted in the control treatment where no mulch was applied (171.29 cm). In 2011, the same 

data trend prevailed (Table # 4.34). The taller plants in black plastic mulch crop might be due 

to more conducive soil environment for the good crop growth and development. In addition, 

the black plastic mulch conserved the moisture, restricted the weeds germination and saved 

the nutrients for the plant which could be the possible reason of taller plants. Shorter plants in 

the control treatment might be due to no soil protection and higher weeds intensity which 

may competed for minerals, nutrients and water that badly affected the plant height. Uwah 

and Iwo (2011) conducted two years experiment with four levels of organic mulches (2, 4, 6 

and 8 Mg ha
-1

) and they noted that the mulches significantly increased the plant higher over 

the control. Khursheed et al. (2006) reported the significantly positive effect of muclhes on 

the plant height.  
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The year effect was found significant. The interaction between the tillage 

practices and mulches regarding to plant height was non-significant in the both years of 

study. These results are in accordance with those of Khursheed et al. (2006) who stated that 

the interaction of tillage practices and mulches on the plant height of maize was found non-

significant.  

 4.2.2.2. Tassel length (cm) 

  Data in the Table # 4.34 showed the significant effect of tillage practices on 

the tassel length. The tassel length reduced as tillage intensity was increased. During 2010, 

the higher tassel length was recorded in the zero tillage crop (39.09 cm) followed by the 

minimum tillage crop (38.09 cm). The lower tassel length was in the deep tillage crop (37.19 

cm) that was statistically similar with those of conventional tillage crop (37.12 cm). In the 

2011, almost samilar results were recorded (Table # 4.34). The longer tassel length in the 

zero tillage treatment might be due to the higher bulk density which many impeded the root 

to penetrate in to the soil and created stress for the plant. These results are supported by those 

of Khan and Parvej (2010) who recorded that the no tilled sown crop had longer tassel as the 

tilled sown crop. 

  During the 2010, the higher tassel length was in the black plastic mulch crop 

that was at par with those of wheat straw mulch crop followed by the grass mulch crop. The 

shorter male part of the maize was in the control treatment. The similar data fashion was in 

the 2011. The higher tassel length in the black plastic mulch crop might be due to very 

condusive soil temperature to the root growth and weed free field which may provided all the 

nutrients to the crop and resulted in longer tassel. In addition, better moisture conservation 

and good microbial activity that may minarlized the nutrients to the crop root which could be 

the possible reasons of higher tassel length. The shorter tassel in the control treatment might 

be due more weeds density which might be disturbed the plant growth and nutrition status.  
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4.34. Influence of different tillage practices and mulch treatments on plant height and 

tassel length 

 

Treatments 

Plant height (cm) Tassel length (cm) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 174.13 c 202.30 b  39.09 a  42.17 a 

Minimum tillage (T2) 184.09 b 216.72 a  38.09 b  40.92 b  

Conventional  tillage (T3) 184.97 b 218.21 a  37.19 c  40.50 b 

Deep tillage (T4)  193.70 a  224.97 a  37.12 c  39.58 c 

LSD (0.05) 8.503 6.762 0.523 0.697 

B. Mulch (M) 

M1=Control (No mulch) 171.29 c 205.03 c 36.12 c 39.42 c 

M2=Black plastic mulch  195.13 a  225.51 a  39.10 a 41.83 a 

M3=Wheat straw mulch  187.15 b  216.83 b  38.45 ab  41.17 ab 

M4=Grass mulch  183.32 b  214.84 b  37.82 b  40.75 b 

LSD (0.05) 5.512 8.683 1.059 0.824 

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS=Non-significant 
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4.2.2.3. Days to tasseling (days) 

  Physiologically, the days to tasseling are change by the plant system at any kind 

of stress imposed on the plant like high temperature, moisture stress and deficiency or 

imbalanced availability of nutrients (Bullock and Anderson, 1998).   

  Tillage practices significantly affected the days to tasseling during both 

cropping years (Table # 4.35). The higher days to tasseling were observed in the no-tilled 

sown crop than the tilled crop. In 2010, the zero tillage sown crop attained more days to 

tasseling (51.34) followed by the minimum tillage crop (49.33) that was statistically at par 

with those of conventional tillage crop (48.92). The minimum days to tasseling were in the 

deep tillage crop (48.02) in the year 2010. During 2011, the same data fashion was recorded 

(Table # 4.35). The zero tillage sown crop was taken almost 3 more days for tasseling than 

the deep tillage sown crop, 2 more days from the minimum and the conventional tillage sown 

crop. The more days to tasseling in the zero tillage crop was might be due to more moisture 

content and more root penetration resistance of the soil. Moreover, late start to emergence, 

more time to 50 % emergence and cool soil temperature may slow down the crop growth 

resulted in delayed taselling.  These results are in line with those of Khan and Parvej (2010) 

who reported that the higher tassel length of maize crop was observed in the no-tilled plot 

than the tilled plots. 

  Mulch treatments significantly affected the days to tasseling during the both 

years of study. Statistically more days to tasseling were taken in the wheat straw mulch sown 

crop (50.07) which was at par with those of grass mulch sown crop (49.72) followed by the 

black plastic mulch sown crop (48.64). The lower days to tasseling were in the control 

treatment (47.17) during 2010 (Table # 4.35).  Almost similar data trend was recorded in 

2011. More days to tasseling in the wheat straw and grass mulch treatments might be due to 

more moisture, more nutrients availability and low temperature which resulted in longer 

tassel. The fewer number of days for tasseling initiation in the control treatment might be due 

to more weeds infestation which competed for the nutrients, water in the soil, light and 

ultimately they achieved the earliar days to tasseling. These results are supported by those of 

Khan and Parvej (2010). They reported that the more days to tasseling in the mulch 

treatments might be due to more moisture and nutrients availablity than the bare soil (no 

mulch treatment). Tolk et al. (1999) reported that delayed in tasseling might be due to 
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avaiablity of moisture before tasseling stage which may caused in delaying of tassel 

formation in the mulch treatments over the control (no mulch). 

 4.2.2.4. Days to silking (days) 

  Days to silking represents the number of days was taken by the crop to start the 

silking stage. 

   The data presented in the Table # 4.35 indicated the significant effect of 

tillage practices on the days to silking. During 2010, no tilled sown crop was taken more days 

to silking as compared to the tilled sown crop. Significantly more days to silking were 

observed in the zero tillage sown crop (53.17) followed by the minimum tillage sown crop 

(52.12) that was statistically similar with those of conventional tillage sown crop (51.46) and 

deep tillage  sown crop (51.71). Similar data chemistry was noted in 2011 (Table # 4.35). 

Fewer days to silking were taken in the tillage treatments which might be due to more 

favorable soil micro-climate and plant completed its silking growth phase well in time. The 

more days to silking in zero tillage sown crop might be due to cool soil temperature, more 

soil moisture and compacted soil conditions which may favoured the plant for more days to 

silking. Similar results for days to silking were observed by those of Martin et al. (1999). 

They concluded that higher days to silking in maize were recorded in zero tillage treatment 

as compared to control treatment (conventional tillage). 

  Mulch treatments significantly affected the days to silking in both cropping 

seasons (2010 & 2011). Significantly more days to silking were taken by wheat straw mulch 

sown maize crop (53.08) followed by grass mulch sown crop (52.42) that was statistically at 

par with those of black plastic mulch sown maize crop (52.25). The fewer days to silking 

were in the control treatment as shown in Table # 4.35 (50.71). During the 2011, data showed 

the similar trend as in 2010.  The fewer days to silking in the control treatment might be due 

to more weeds and its allelopathic effect created the hurdles for the normal plant growth and 

less moisture and nutrients which coulde be possible reason of early silking. More days to 

silking in the wheat straw mulch crop might be due to significantly more plant available 

water and cooler temperature before silking which resulted in late initiation of silking stage 

(Tolk et al., 1999). 

  Year effect was significant with non-significant interactive effect of tillage 

practices and mulche treatments during both years of study. 
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4.35. Influence of different tillage practices and mulch treatments on days to tasseling 

and days to silking 

 

Treatments 

Days to tasseling (days) Days to silking (days) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 51.34 a  56.71 a   53.17 a  57.33 a 

Minimum tillage (T2) 49.33 b  54.58 b   52.12 b  55.62 b 

Conventional  tillage (T3) 48.92 b 53.93 b 51.46 b 55.21 b  

Deep tillage (T4)  48.02 c 52.15 c  51.71 b   53.63 c 

LSD (0.05) 0.616 1.638 1.019 1.165 

B. Mulches (M) 

M1=Control (No mulch) 47.17 c   52.50 c  50.71 c 53.71 c 

M2=Black plastic mulch 48.64 b  53.75 b  52.25 b 55.25 b 

M3=Wheat straw mulch  50.07 a  55.25 a  53.08 a  57.25 a 

M4=Grass mulch  49.72 a  54.86 a  52.42 b   55.58 b 

LSD (0.05) 0.488 1.050 0.448  0.695 

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.2.2.5. Ear height (cm) 

  Proper ear height is essential for the pollination and ultimately for good grain 

yield. Ear is the main storage bin of the plant where photosynthates are stored as economic 

part of the plant.  

  In 2010, the tillage practices had significant effect on the ear height. 

Statistically maximum ear height was in deep tillage sown crop (95.34 cm) which was at par 

with those of conventional (95.33 cm) and minimum tillage sown crop (94.92 cm). The 

minimum ear height (94.02 cm) was in the zero tilled crop (Table # 4.36). During the 2011, 

maximum ear height was in deep tillage sown crop (121.29 cm) which was at par with those 

of conventional tillage sown crop (120.71 cm) followed by the minimum tillage sown crop 

(108.37 cm) while the minimum ear height was in in the zero tillage sown crop (104 .08 cm). 

The maximum ear height in the deep tillage practice might be due to the early seed 

germination and balance nutrients availablity which made the plants successful in achieving 

good crop stand and resulted in the maximum ear height. The minimum ear height in zero 

tillage practice might be due to higher root penetration resistance which could not allow the 

plants to achieve maximum plant height and hence less ear height. These results are in 

accordance with those of Martin et al. (1999). They reported that the final ear height was 

greater in the control treatment (conventional tillage sown crop) as compared to zero tillage 

sown crop. 

  Ear height statistically affected by the all mulch treatments. The data during 

2010 showed that the maximum distance of the cob from the base of the stem was noted in 

the black plastic mulch sown maize crop (96.17 cm) followed by the wheat straw mulch 

sown maize crop (95.07 cm) that was at par with those of grass mulch sown maize crop 

(94.72 cm). The minimum ear height (93.64 cm) was noted in control treatments [no mulch 

plots] (Table # 4.36) in 2010.  Data of 2011 showed the similar trend as previous year. The 

maize plant produced the maximum ear height under the black plastic mulch might be due to 

balanced moisture conservation and less weeds infestation which facilitated the maize plants 

to grow and attain more plant height and resulted in more ear height.  

The year effect was significant might be due to difference in the climatic 

conditions of the both consecutive growing seasons (App. # 3.1-3.4). The interaction of the 

tillage practices and mulch treatments was non-significant on the ear height. 
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 4.2.2.6. Days to maturity (days) 

  Days to maturity were the average time with in which the physical harvesting 

time of the crop is achieved. Late maturity of the crop causes the loss of farm resources and 

delayed the sowing of the next crop. The early maturity causes the loss of yield in term of 

less photosynthates accumulation in the seeds.  

  Table # 4.36 showed that in 2010, more days to maturity were taken by the 

zero tillage sown maize crop (111.25) followed by the minimum tillage crop (108.75) which 

was at par with those of conventional tillage crop (107.75). The deep tillage sown maize crop 

was taken the minimum days for its maturity (103.75). In 2011, the effect of all tillage 

practices on the days to maturity was non-significant. The higher days to maturity in zero 

tillage sown maize crop might be due to more moisture and cool temperature in the soil 

layers which may be delayed the crop maturity. The lower days to maturity in deep tillage 

sown crop might be due to good soil micro-climate conditions which may favoured the crop 

to mature at their proper time. These results are in close agreement with those of Khan and 

Parvej (2010). They noted that the higher days to maturity were recorded in the zero tillage 

sown maize crop as compared to tilled sown maize crop. 

  Data regarding to mulch treatments are presented in Table # 4.36. 

Significantly higher days to maturity were noted in wheat straw mulch sown maize crop 

followed by the grass mulch sown maize crop and then followed by the black plastic mulch 

sown maize crop in the year 2010. The minimum days to maturity were recorded in the 

control treatments where no mulch was applied during the both years of study (2010 and 

2011). During 2011, maximum days to maturity were in the wheat straw mulch sown maize 

crop followed by the grass mulch sown maize crop that was at par with those of black plastic 

mulch sown maize crop (Table # 4.36). Higer days to maturity under wheat straw mulch 

sown maize crop might be due to more soil moisture that provided the nutrients in available 

form for longer period of time than the other mulches which may delayed the maize crop 

maturity. The research experiment results are in line with those of Kataria and Bassi (1997) 

who noted that maize crop maturity was delayed under the wheat straw mulch. Similarly, 

Awal and khan (2000) reported that black plastic mulched grown maize crop matured earlier 

than other mulches. 
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4.36. Influence of different tillage practices and mulch treatments on ear height and 

days to maturity 

 

Treatments 

Ear height (cm)  Days to maturity (days)  

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 94.02 b 104.08 c 111.25 a  116.00  

Minimum tillage (T2) 94.92 a 108.37 b 108.75 b  115.58  

Conventional  tillage (T3) 95.33 a 120.71 a 107.75 b 115.25 

Deep tillage (T4)  95.34 a 121.29 a 103.75 c  114.00 

LSD (0.05) 0.616 3.903 2.441 NS 

B. Mulches (M) 

M1=Control (No mulch) 93.64 c  109.96 c 98.75 d  110.08 c 

M2=Black plastic mulch  96.17 a  120.50 a  107.50 c  116.00 b 

M3=Wheat straw mulch  95.07 b  111.83 b  115.00 a  118.50 a 

M4=Grass mulch  94.72 b  112.17 b  110.25 b  116.25 b 

LSD (0.05) 0.488 3.707 2.345 2.011 

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.2.3. Growth analysis 

 4.2.3.1 Leaf area index (LAI) 

  The tillage practices significantly affected the leaf index (LAI) of maize crop 

during the both years of study. Leaf area index was increased with the increase in crop 

growth and attained its maximum value at 55 days after sowing (DAS) and then again started 

decreasing when the crop approached to its harvesting time. First year of research data (Fig. 

# 4.15) revealed that maximum leaf area index was observed in deep tillage crop at 55 DAS 

followed by the conventional tillage crop that was at par with those of minimum tillage crop. 

The minimum leaf area index was noted in the minimum tillage crop. Almost similar data 

fashion was recorded during 2011 crop growing season. Higher leaf area index in the deep 

tillage crop might be due to more availability of water, minerals and nutrients that may 

helped crop in good crop growth and development. The minimum leaf area index in the zero 

tillage sown crop might be due to late emergence of seedlings that may delayed the crop 

growth stages and ultimately crop gained the lower leaf area index. These results are in close 

agreement with those of Gurumurthy et al. (2008) who documented that the higher LAI in 

deep tillage crop might be due to more favorable soil conditions for the maize growth. Lower 

LAI in no tillage sown crop might be due to more compacted soil and low soil temperature 

which slowed down crop growth and development as compared other tillage practices 

(Ahadiyat and Ranamukhaarachchi, 2008). 

  Mulches significantly affected the leaf area index of maize plant during 2010 

and 2011(Fig. # 4.16).  The leaf area index was observed non-significant among all the 

mulch treatments at 25 DAS. LAI of mulch treratments was found significant after 25 DAS. 

Highest LAI was recorded in the black plastic mulch crop (BPM) followed by the wheat 

straw mulch crop (WSM) and grass mulch crop (GM). The minimum LAI was noted in the 

control treatments where no mulch was applied. Perusal of data of 2011 showed almost 

similar trend as in 2010. Higher LAI under BPM crop might be due to early seedling 

emergence and less weeds infestation which may saved the water and minerals for the crop 

growth. Khan et al. (2009) reported that significantly higher leaf area index was in black 

plastic mulch sown maize crop. LAI during 2011 was higher than 2010, which might be due 

to more favorable temperature and more rainfall during April and May in 2011 as compared 

to 2010 (App. # 3.1 & 3.2). 
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Fig. # 4.15. Influence of different tillage practices on leaf area index during (LAI) 2010 

and 2011 

Zero Till= zero tillage, Mini Till= minimum tillage, Conven Till= conventional tillage, Deep 

Till= deep tillage 
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Fig. # 4.16. Influence of different mulch treatments on leaf area index (LAI) during 

2010 and 2011 

Cont= control (no mulch), BMP= black plastic mulch, WSM= wheat straw mulch, GM= 

grass straw mulch  
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4.2.3.2. Leaf area duration (LAD) [days] 

  Perusal of the data presented in the Fig. # 4.17 depicted that the tillage 

practices significantly affected the leaf area duration (LAD) of maize crop during 2010 and 

2011. Maximum cumulative leaf area duration at 55 DAS was observed in the deep tillage 

crop that was followed by the conventional tillage crop while the minimum LAD was in the 

zero tillage crop during 2010. Almost similar data trend prevailed in 2011. Higher LAD in 

the deep tillage practice might be due to deeper root penetration which may uptook more 

water and nutrients and caused the leaf green for longer period of time as compared to other 

tillage treatments during both years of study. The lower LAD in the zero tillage treatment 

was might be due to late start of maize seed emergence resulted in week plant growth and 

development that ultimately had less LAI. Actually, the lower LAI in the zero tillage 

treatment shifted to lower LAD. These results are supported by those of Gajri et al. (1994) 

who stated that the deep tillage lowered down the soil bulk density, root penetration 

resistance and provided more pulverize soil which may favored better crop development and 

got the higher LAI and ultimately more LAD of the plant was achieved. Yusuf (2006) 

documented that the higher LAI are resulted in higher LAD that might be due to more 

nutrients up take in case of deep tillage sown maize crop. 

  Mulch treatments significantly affected the LAD of the maize during both 

years of study (Fig. # 4.18). Maximum LAD was observed in the black plastic mulch crop 

(BPM) followed by the wheat straw mulch crop (WSM) and minimum LAD was observed in 

the control treatment during 2010. Same trend was recorded in 2011. Higher LAD in the 

black plastic mulch crop might be due to sustainable availability of moisture and nutrients to 

the crop which might be caused the crop leaves to reamin green for longer period of time. In 

addition, the BPM also prevented the weeds to grow that may also be saved the nutrients for 

the plants during the lateral stages of maize crop. In addition to, maize crop sown under black 

plastic mulch was also maintained the good crop growth and development which may be 

resulted in to better LAD than other mulches.       

  Seasonal effect on the LAD was observed. Overall higher numeric values of 

LAD was observed in 2011 over 2010 that might be due to more rain fall and less 

temperature that may favored the LAI and ultimately more LAD of the crop (App. # 3.1-3.2). 
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Fig. # 4.17. Influence of different tillage practices on leaf area duration (LAD) during 

2010 and 2011 

Zero Till= zero tillage, Mini Till= minimum tillage, Conv Till= conventional tillage, Deep 

Till= deep tillage 
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Fig. # 4.18. Influence of different mulch treatments on leaf area duration (LAD) during 

2010 and 2011 

Cont= control (no mulch), BMP= black plastic mulch, WSM= wheat straw mulch, GM= 

grass straw mulch 
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4.2.3.3. Crop growth rate (CGR) [g m
-2

 d
-1

] 

  Tillage practices and mulches significantly affected the cumulative crop 

growth rate (CGR) of the maize plant and gained its maximum value (CGR3) at 55 days after 

sowing (DAS). Afterward CGR started decreasing and achieved its minimum value at 100 

DAS during both years of study. Significantly higher crop growth rate at 55 DAS was 

recorded in the deep tillage sown crop followed by conventional and minimum tillage sown 

crop. The minimum CGR was in the zero tillage sown crop in 2010. Almost similar data 

fashion was observed in 2011 (Fig. # 4.19). Higher numeric values of CGR in the deep 

tillage crop might be due to less root penetration and chiseling of the soil at 0.40 m which 

may helped in the early seedling establishment. In addition, more inputs availability 

especially nitrogen to the deep tillage sown crop may triggered the crop growth and 

development. These results are in accordance with those of Ghosh et al. (2006 a). They 

manifested that the sub-soiling (deep tillage) significantly increased the crop growth rate of 

pigeon pea and soybean as compared to the conventional tillage. Diaz-Zorita (2000) noted 

the higher CGR in the deep tilled sown maize crop that might be due to more availability of 

nutrients as the roots were gone to deeper soil layer in case of deep tillage practice.    

  Significant effect of mulches on the crop growth rate was presented in the Fig. 

# 4.20. Maximum CGR was recorded in the black plastic mulch crop followed by the wheat 

straw mulch crop while the minimum CGR was recorded in the control treatment in 2010. 

Almost similar data trend was found in 2011. Higher CGR in BPM crop might be due to 

more rapid growth of crop, weed free environment and the availability of nutrients. In 

addition, early seedling emergence in the BPM treatment may favored higher CGR. The 

minimum CGR in the control treatment might be due to more intensity of weeds and higher 

weed-plant competition that may shared the plant nutrients and lowered the crop biomass. In 

addition, weed might have the allopathic effect on the mize that may restricted the plant 

growth and hence lowered the CGR. Carpenter and Board (1997) reported that leaf area 

index indirectly controled crop growth rate (CGR) and net assimilation rate (NAR).        

Seasonal effect was significant on the crop growth rate (Horie and Sakuratani, 

1985). Difference in CGR among the tillage practices and mulch treatments during the crop 

growth period might be due to variation in environmental conditions i.e radiation, 

temperature and rain fall (App. # 3.1-3.4).   
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Fig. # 4.19. Influence of different tillage practices on crop growth rate (CGR) during 

2010 and 2011 

Zero= zero tillage, Mini= minimum tillage, Conven= conventional tillage, Deep= deep tillage 
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Fig. # 4.20. Influence of different mulch treatments on crop growth rate (CGR) during 

2010 and 2011 

Cont= control (no mulch), BMP= black plastic mulch, WSM= wheat straw mulch, GM= 

grass straw mulch 
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 4.2.3.4. Net assimilation rate (NAR) [g m
-2 

d
-1

] 

  The average net assimilation rate of any crop represents its net photosynthetic 

activity unit land area
-1 

(Hunt, 1978). NAR depends upon the total dry matter production and 

the leaf area duration. 

   Tillage practices significantly affected the net assimilation rate during the year 

2010 and 2011 (Fig. # 4.21). In 2010, maximum NAR was recorded in the zero tillage sown 

crop that was followed by the minimum and conventional tillage sown crop while the 

minimum NAR was in the deep tillage sown crop. Same data fashion was found in 2011(Fig. 

# 4.21). Maximum NAR in the zero tillage sown crop might be due to less biomass of the 

crop that allowed the more sun rays to penetrate in to the plant body. More light penetration 

may resulted in more carbohydrate formation but high temperature inside the canopy may 

stoped the respiratory enzymes activity which resulted in lower grain yield. The lower NAR 

noted in the deep tillage sown crop might be due to heavier canopy (more plant biomass) that 

may allowd less light to penetrate in to the plant body and hence less NAR. The proper light 

penetration into the maize canopy in the deep tillage practice was produced good and 

economical photosynthates and ultimately good crop yield.  

  Fig. # 4.22 suggested that net assimilation rate of maize crop affected by 

different mulches during both years of study. Highest NAR was recorded in the control 

followed by the grass mulch sown crop while the lowest was in the black plastic mulch sown 

crop in 2010. Similar data trend was manifested by the 2011 growing season (Fig. # 4.22).  

Higher NAR in the control plot might be due to less LAI and less TDM which allowed the 

higher light interception by the plant body that may resulted in higher NAR. The less net 

assilimilation rate was in the black plastic mulch treatment which might be due to more crop 

biomass with dense plant canopy. 
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Zero Till= zero tillage, Mini Till= minimum tillage, Conven Till= conventional tillage, Deep 

Till= deep tillage 

Fig. # 4.21. Influence of different tillage practices on net assimilation rate (NAR) during 

2010 and 2011 

 

Fig. # 4.22. Influence of different mulch treatments on net assimilation rate (NAR) 

during 2010 and 2011 

Cont= control (no mulch), BMP= black plastic mulch, WSM= wheat straw mulch, GM= 

grass straw mulch 
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4.2.3.5. Root length (cm) 

  Roots collect the water, minerals and nutrients for the plant.  Field 

management practices can help the plant root to go deeper in search of water, minerals and 

nutrients. 

  The data regarding to root length was presented in Table # 4.37 showed that 

higher root length was obtained in the deep tillage crop followed by the conventional tillage 

crop that was at par with those of minimum tillage crop. Statistically minimum root length 

was noted in the zero tillage crop in 2010. During 2011, the same data trend was observed 

(Table # 4.37). The minimum root length in the zero tillage crop might be due to compacted 

soil, higher bulk density and more root penetration resistance which did not allow the crop 

root to go deeper and crop produced bulky and fatty roots in the upper soil profiles. In 

addition to, increased soil bulk density and root penetration resistance resulted in reduction of 

the root growth parameters such as total root length, fresh and dry root masses. The 

experiment results are supported by those of Panayiotopoulos et al. (1994) who noted that 

soil bulck density and root penetration was resulted in to longer roots.    

  Significant effect of mulches was noted on the root length in both cropping 

years (2010 & 2011). Statistically maximum root length was measured in the black plastic 

mulch crop flowed by the wheat straw mulch crop that was at par with those of grass mulch 

crop. The minimum root length was recorded in the unmulched treatment (control) during 

2010. Almost similar data trend was observed in 2011. The longer roots in the black plastic 

mulch crop might be due to proper thermal regime which may triggered the root growth and 

development. In addition, the less weeds density in plastic mulch crop which improved the 

availablity of water and nutrients to the root. The shorter roots in the control treatment might 

be due to more weeds infestation that reduced the root length by competiting for inputs and 

also may had allelopathic effect. Acharya and Sharma (1994) reported that mulch treatments 

showed significantly greater total uptake of N, P and K due to more mineralization than 

corresponding unmulched one. They also stated that the mulches affected the soil physical 

environment which promoted the microbial biomass and enhanced root length. 

4.2.3.6. Root dry weight (g) 

  Root dry weight was significantly affected by the tillage practices. During 

2011, the maximum mean root dry weight was noted in the zero tilled crop (173.53 g) 
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followed by the minimum tillage crop (149.43 g) that was at par with those of conventional 

tillage crop (142.24 g). Statistically lower root dry weight was noted in the deep tillage crop 

(136.42 g). Similar data fashion was observed in 2011 (Table # 4.37). The lower root dry 

weight in the deep tilled sown crop might be due to fine, longer and succulent roots. That 

was the probabl reason of the low dry weight in the deep tilled crop. The higher root dry 

weight in the zero tillage sown crop might be due to more woody, hard and thick roots. In 

addition, higher root penetration resistance and soil bulk density in the zero tillage sown crop 

may affected the root dry weight. These research results are in accordance with those of 

Monneveux et al. (2006) who documented that the zero tillage was associated with greater 

root mass. Acharya and Sharma (1994) described that the no till treatment increased the bulk 

density of the surface layer and hence resulted in greater root growth. Furthermore, they are 

reported that soil bulk density was greater under no-till (1.5 Mg m
-3

) than under conventional 

till (1.4 Mg m
-3

) in the top 0.15 m. Higher soil bulk density may triggered the formation of 

lateral roots and greater aggregation which contributed to more superficial development by 

deflecting roots from their gravi-tropic pathway. 

  The mulches significantly affected the root dry weight in the year 2010 and 

2011(Table # 4.37). The maximum root dry weight was recorded under the black plastic 

mulch sown crop (155.06 g) followed by the wheat straw mulch sown crop (151.00 g) that 

was statistically similar with those of grass mulch sown crop (150.25 g). Significantly lower 

root dry weight was noted in the control treatment (144.32 g). Data regarding to 2011 

concluded that all the mulch treatments were statistically at par with each other but was 

significantly differed with those of control treatment (no mulch). The higher root dry weight 

in the black plastic mulch sown maize crop might be due to proper soil temperature and 

moisture contents which may triggered root growth environment and hence more root 

biomass was achieved. Furthermore, the root was longer and fiberious in nature with healthy 

biomass. In control treatment, root dry weight was less which was might be due to more 

weeds infestation and weed-maize crop competition may be caused in to small and unhealthy 

roots. These results are supported by those of Zhoua et al. (1999) who manifested that plastic 

mulch sown crop produced more underground plant biomass as compared to bare soil sown 

crop. 

 

http://www.sciencedirect.com/science/article/pii/S0378429011003492#aff0005
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4.37. Influence of different tillage practices and mulch treatments on root length and 

root dry weight 

 

Treatments 

Root length (cm)  Root dry weight (g)  

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 19.50 c 24.50 c 173.53 a 153.30 a 

Minimum tillage (T2) 27.00 b 29.00 b 149.43 b 129.20 b 

Conventional  tillage (T3) 28.00 b 31.00 b 142.24 c 122.01 c 

Deep tillage (T4) 34.75 a 37.00 a 136.42 d 116.35 c 

LSD (0.05) 6.552 2.768 3.173 6.040 

B. Mulches treatment (M) 

M1=Control (No mulch) 22.00 c 24.50 c 144.32 c 123.98 b 

M2=Black plastic mulch 32.25 a 35.25 a 155.06 a 138.63 a 

M3=Wheat straw mulch 27.50 b 31.25 b 151.00 b 133.48 a 

M4=Grass mulch 27.50 b 30.50 b 150.25 b 132.69 a 

LSD (0.05) 3.502 2.652 1.599 6.019 

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.2.4. Yield and yield related traits 

 4.2.4.1. Plant population (m
-2

) 

  Plant population is an indicator of good germination conditions for seeds and 

seedlings. It can be improved through the management practices. Young seedlings have very 

soft radicals and plumules that can die even with small hindrance of the soil during 

emergence. Proper plant population prevent the unwanted plants emergence in the field and 

also better utilization of inputs. 

  Significant effect of tillage practices and mulches on the plant population of 

the maize crop was recorded. The tillage treatments statistically differed from the no till 

treatment with respect to plant population. The maximum (100 %) plant population (6.67 m
-

2
) was noted in the deep tillage treatment which was at par with those of conventional and 

minimum tillage treatments. The minimum plant population was observed in the zero tillage 

treatment in 2010 (6.57 m
-2

). During 2011, the data showed the same trend as in 2010 (Table 

# 4.38). The date exhibited that the plant population was positively affected as the tillage 

intensity was increased. This was the indication that the tillage may provide the good soil 

tilth for seed germination and establishment. The highest plant population in the tillage 

treatments might be due to more pulverized and fine soil conditions for seed germination and 

seedling establishment with optimum moisture content. The fine soil tilth provided the good 

root growth and development in all tillage treatments. The minimum plant population in both 

years (2010 & 2011) was in the zero tillage treatment which might be due to more soil root 

penetration resistance and compacted soil which may restricted the early roots establishment. 

Moreover, the higher soil bulk density may be created a hinderance in the seed germination 

and emergence. These results are in line with those of Potter et al. (1996). They revealed that 

more corn seed emergence was recorded in the conventional tillage treatment which might be 

due to more soil-seed contact as compared to reduce and no tilled treatments. 

  The mulches significantly affected the plant population in both cropping 

seasons (2010 & 2011) as shown in Table # 4.38. Significanly maximum plant population 

(100%) was recorded in the black plastic mulch treatment (6.67 m
-2

) followed by wheat straw 

mulch treatment (6.65 m
-2

) that was at par with those of grass mulch treatment (6.65 m
-2

). 

The minimum plant polutaion was in the control treatment (6.52 m
-2

) in 2010. Almost similar 

data set was noted in the year 2011. The more plant population in the black plastic mulch 
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treatment might be due to good soil micro-environmental conditions for the seed 

germination. The lower plant population in the control treatment might be due to more weeds 

density and more fluctuation in moisture content as compared to the mulch treatments. 

 4.2.4.2. Number of cobs per plant 

Cob is fruiting body of the maize plant on which grains are adjusted. The 

tillage practices and mulch treatments did not significantly affect the number of cobs per 

plant in 2010 and 2011 growing years (Table # 4.38). The tilled and no tilled sown crop 

statistically produced the similar number of cobs per plant.  

  The mulches also did not significantly affect the number of cobs per plant 

during the both years of study. It might be due to similar external environmental and internal 

(inside the plant body) environmental conditions for cob initiation. 

  The interaction of tillage practices and mulches on the number of cobs per 

plant was non-significant. These results are supported by those of Khurshid et al. (2006). 
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4.38. Influence of different tillage practices and mulch treatments on plant population 

and number of cobs plant
-1

  

 

Treatments 

Plant population (m
-2

)  Number of cobs plant
-1

  

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 6.57 b 6.61 b 1.49  1.67  

Minimum tillage (T2) 6.67 a 6.67 a 1.58  1.71  

Conventional  tillage (T3) 6.67 a 6.67 a 1.67  1.71  

Deep tillage (T4)  6.67 a  6.67 a 1.67  1.83  

LSD (0.05) 0.017 0.015 NS NS 

B. Mulches (M) 

M1=Control (No mulch) 6.52 c 6.58 b  1.58 1.71 

M2=Black plastic mulch  6.67 a  6.67 a  1.67 1.79 

M3=Wheat straw mulch 6.65 b  6.67 a  1.67 1.71 

M4=Grass mulch  6.65 b  6.67 a  1.49  1.71 

LSD (0.05) 0.008 0.007 NS NS 

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.2.4.3. Cob length (cm) 

  Cob is the home for the grains and also provides the food for the development 

of seeds.  It is an important yield determining factor for the maize plant. The tillage practices 

statistically affected the cob length of maize in both cropping years (2010 & 2011). Tillage 

depth influenced the cob length. Significantly maximum cob length was observed in the deep 

tillage sown maize (18.99 cm) which was at par with those of conventional tillage practice 

(18.95 cm) followed by the minimum tillage practice (18.88 cm). The minimum cob length 

was in the zero tilled crop (18.74 cm). During the 2011 season of the crop, the longest cob 

was noted in the deep tillage treatment that was at par with those of conventional tillage and 

minimum tillage treatments and the shortest cob was measured in the no tilled treatment. The 

maximum cob length was in the deep tillage treatment might be due to more nitrogen and 

moisture availability which may enhanced the cob length. In addition to, the crop roots may 

go deeper soil profile in search of water and mineral which helped the maize plant to get 

longer cobs. These results are in contradictory with those of Pabin et al. (2006) who declared 

that the tillage did not affect the cob length. It was due to difference in the soil texture and 

structure with different environmental conditions. 

  A significant effect of mulches on the cob length was observed. The trend of 

cob length was shifted from the black plastic mulch crop to wheat straw mulch crop and 

grass mulch crop. During the 2010 course of study, the maximum cob length was achieved in 

black plastic mulch crop (19.49 cm) followed by wheat straw mulch crop (18.98 cm) which 

was statistically at par with those of grass mulch crop (18.95 cm). The minimum cob length 

was observed in the control treatment (18.14 cm). The similar data pattern was recorded in 

the 2011. The longer cob length in the black plastic mulch sown maize might be due to less 

weeds infestation, less weeds-crop competition period and more nutrients concentration 

which may used for carbohydrates formation that resulted in more cob development. The 

shorter cobs in the control treatment might be due to more weeds which utilized most of the 

nutrients and moisture and ultimately less nutrients for the cob development. These results 

are in close agreement with those of Ihsanullah et al. (2003) who concluded that the 

maximum cob length was observed in mulch treatments then unmulch treatment which might 

be due to less weeds and less weeds-crop competition period and more nutrients are available 

for healthy crop growth. 
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  The year effect on the cob length was significant with higher cob length in 

2011 as compared to 2010 which was due to more favorable climatic conditions for plant 

growth (App. # 3.1-3.4). The interaction of tillage practices and mulches was found non-

significant. These results are in line with those of Pabin et al. (2006) who stated that the 

interaction of tillage practices and straw mulch treatment was non-significant regarding to 

cob length. 

 4.2.4.4. Cob diameter (cm) 

  Cob diameter indicates the available space for the grains and grain rows on 

the stover. The balanced amount of nutrients and better prevailing environmental conditions 

can make possible to achieve the genetic potential of cultivar cob diameter.   

  The tillage practices significantly affected the cob diameter in the year  2010 

and 2011. Among the tillage treatments, the higher cob diameter was recorded in the deep 

tillage sown crop (4.34 cm) followed by the conventional tillage sown crop (4.31 cm) that 

was at par with those of minimum tillage sown crop (4.30 cm) and the minimum cob 

diameter was in the zero tillage sown crop (4.25 cm) in 2010. During the 2011, the maximum 

con diameter was recorded in the deep tillage sown crop which was statistically similar with 

those of conventional and minimum tillage sown crop. The minimum cob diameter was in 

the zero tillage sown crop (Table # 4.39). The higher cob diameter in deep tilled crop might 

be due to more nutrients and water availability for the maize plant.  

  Cob diameter was significantly affected by different mulch treatments during 

both the years of study. Significantly maximum cob diameter was noted in the black plastic 

mulch sown crop (4.40 cm) followed by the wheat straw mulch sown crop (4.31 cm) that was 

at par with those of grass mulch sown crop (4.30 cm). The minimum crop diameter was 

observed in control treatment in 2010 (4.16 cm).  Similar data trend was noticed in 2011. The 

lower cob diameter in the control treatment might be due to more weed crop competition that 

may restricted the crop growth and development. 

  Seasonal effect on the cob diameter was significant with non-significant 

interactive effect of tillage practices and mulch treatments were observed. These results are 

supported by Pabin et al. (2006). They found that the interaction of tillage practices and 

straw mulch treatment on the cob diameter was non-significant. 
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4.39. Influence of different tillage practices and mulch treatments on cob length and 

cobs diameter  

 

Treatments 

Cob length (cm)  Cob diameter (cm)  

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 18.74 c 20.16 c 4.25 c 4.42 b 

Minimum tillage (T2) 18.88 b 21.91 b 4.30 b 4.51 a 

Conventional  tillage (T3) 18.95 a  22.02 ab 4.31 b 4.52 a 

Deep tillage (T4) 18.99 a  22.12 a  4.34 a 4.53 a 

LSD (0.05) 0.062 0.122 0.011 0.028  

B. Mulches treatment (M) 

M1=Control (No mulch) 18.14 c 20.48 c  4.16 c 4.36 c 

M2=Black plastic mulch  19.49 a  22.52 a  4.40 a 4.60 a 

M3=Wheat straw mulch  18.98 b  21.63 b  4.31 b 4.51 b 

M4=Grass mulch  18.95 b  21.59 b  4.30 b 4.50 b 

LSD (0.05) 0.060 0.069 0.016 0.024 

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.2.4.5. Number of grains per cob
 

  Data in the Table # 4.40 showed that the tillage practices statistically affected 

the number of grains per cob during the year 2010 and 2011. Significantly higher number of 

grains per cob was recorded in the deep tillage crop (416.54) that was at par with those of 

conventional tillage crop (408.52) and minimum tillage crop (406.25). The minimum number 

of grains per cob was in the zero tillage crop (398.51) in 2010. Similar results are obtained in 

2011. The higher number of grains per cob in the deep tillage sown crop might be due to 

more soil porosity and roots explored the more area for water and nutrients that resulted in 

more grains formation. The less number of grains per cob in the zero tillage crop might be 

due to higher soil bulk density that may restricted the roots in the upper soil profiles and 

caused the reduction of grains per cob (Ahadiyat and Ranamukhaarachchi, 2008). Similar 

results are obtained by those of Khan et al. (2009) who reported that the tillage practices 

significantly increased the number of grains per cob. These results are in contradictory with 

those of Gul et al. (2011) who reported that the number of grains per cob was not affected by 

the tillage practices. It was might be due to different environmental conditions, varietals 

response and soil type where experiment was sown. 

  The maximum number of grains per cob was counted in black plastic mulch 

crop (433.34) followed by the wheat straw mulch crop (406.49) that was not statistically 

differ from those of grass mulch crop (398.21). The lower number of grains per cob was in 

the control treatment (391.78) in the year 2010. Data regarding to 2011 was also significantly 

affected on the number grains per cob (Table # 4.40). The black plastic mulch crop produced 

the higher number of grains per cob followed by wheat straw mulch crop that was at par with 

those of grass mulch crop while the minimum number of grains per cob was obtained in the 

control. The lowest number of grains per cob was recorded in control treatment might be due 

to more weeds between the rows of maize.These results are in line with those of Kwabiah 

(2003), Kwabiah (2004) and Fischer and Larry (1992). They documented that the plastic 

mulch increased the number of grains per cob.  

  The interaction of tillage practices and mulches was non-significant. These 

results are in accordance with those of Gul et al. (2011) who concluded that the interaction of 

tillage practices and mulches in maize was non-significant. 
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 4.2.4.6. Number of grain rows per cob 

  The tillage practices statistically affected the number of grain rows per cob 

during the both cropping seasons (2010 & 2011). The deep tillage sown crop produced the 

higher number of grain rows per cob (17.4) that was similar with those of conventional 

tillage sown crop (17.3) and the minimum tillage sown crop (17.2). Significantly minimum 

number of grain rows per cob was in the zero tillage sown crop (16.9) in 2010 (Table # 4.40). 

During 2011, almost similar data fashion was recorded as in 2010. The higher number of 

grain rows per cob in the deep, conventional and minimum tillage sown crop might be due to 

more nutrients availablity to the plant which may helped them to produce the more number 

of grain rows per cob. These resulta are in close agreement with those of Rashidi and 

Keshavarzpour (2007) who reported that significantly more number of grain lines per cob 

was observed in the intensive tillage sown maize crop as compared to reduce and no tiled 

field. Memon et al. (2011) concluded that tillage depth had positive relationship with the 

number of grain rows per cob.  

  The mulches significantly affected the number of grain rows per cob. The 

black plastic mulch sown crop produced the maximum number of grain rows per cob (17.5) 

followed by the wheat straw mulch sown crop (17.2) that was at par with those of grass 

mulch sown crop (17.1). The minimum number of grain rows per cob was in control 

treatment (17.0) in 2010. Similar data fashion was observed in 2011 (Table # 4.40). The 

more number of grain rows per cob in the black plastic mulch sown crop might be due to 

good soil temperature, better soil moisture conservation and efficient weeds control. The 

lowest number grains per cob in control treatment might be due to higher weeds infestation 

and increased interspecific competition. These results are in substantiate with those of Bu et 

al. (2002) who stated that the higher yield in the mulch treatments might be due to several 

benefits of surface-applied mulches to crop production through improving water, nutrients 

status in soil and heat energy than un mulch treatment. 

  Year effect was significant with non-significant effect of interaction with 

respect to tillage practices and mulches on the number of grain rows per cob. This implied 

that the tillage practices and mulches behaved separately for the above parameter. 
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4.40. Influence of different tillage practices and mulch treatments on number of grains 

cob
-1

 and number grain rows cob
-1

  

 

Treatments 

Number of grains cob
-1

  Number grain rows cob
-1

  

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 398.51 b  431.90 b 16.9 c 17.4 b 

Minimum tillage (T2)  406.25 ab  464.57 a 17.2 b 17.8 a 

Conventional  tillage (T3)  408.52 ab  466.37 a  17.3 ab  17.8 a 

Deep tillage (T4) 416.54 a  470.48 a 17.4 a  17.8 a 

LSD (0.05) 10.792 9.124 0.159 0.068 

B. Mulches (M) 

M1=Control (No mulch)   391.78 c   445.59 c  17.0 c  17.6 c

M2=Black plastic mulch  433.34 a  471.03 a  17.5 a  17.9 a 

M3=Wheat straw mulch  406.49 b  461.00 b  17.2  b  17.7   b

M4=Grass mulch   398.21 bc  455.69 b   17.1  bc   17.6   bc

LSD (0.05) 8.296  9.453 0.132 0.082 

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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 4.2.4.7. 1000-grain weight (g) 

  Significantly maximum 1000-grain weight was produced in the deep tillage 

sown maize crop (303.75 g) followed by conventional tillage sown crop (298.79 g) that was 

statistically similar with those of minimum tillage sown crop (296.28 g). The minimum 

1000-grain was produced by the zero tillage sown maiz crop (273.47 g) in 2010. During 

2011, the maximum 1000-grain weight was obtained in deep tillage sown maize crop that 

was at par with those of conventional tillage and the minimum tillage sown crop. The zero 

tillage sown maize crop produced the minimum 1000-grain weight (Tabel # 4.41). Higher 

1000-grain weight in the deep tillage treatment might be due to deeper rooting of the crop 

which enjoyed the luxury nutrients, minerals and water from the deeper soil layers that 

resulted in bold seeds and hence more 1000-grain weight. In addition to, more bold number 

of grains per cob and more bold number of grain rows per cob was also contributed to higher 

1000-grain weight. The deep tillage maize crop produced higher LAI that provided the larger 

area of photosynthesis and ultimately more bold seeds were produced. The lower 1000-grain 

weight in the zero tillage sown crop might be due to higher soil bulk density and more root 

penetration resistence which resulted in lower up take of nutrients and water and hence light 

weight grains were produced. The duration of grains formation and grains filling is very 

sensitive to moisture, nutrients and environmental stresses (Carter et al., 2002).These results 

in line with those of those of Karunatilake (2000) who reported poor root development under 

zero tillage system compared to the prolific root growth under conventional tillage system 

that may helped in more nutrients uptake. Diaz-Zorita (2000) who obtained the hevier grains 

in deep tillage sown maize crop as compared to no-tillage sown crop. Khan et al. (2007) 

concluded that the more 1000-grain weight was obtained in the deep tillage sown maize as 

compared to conventional tillage and no-tillage sown crop. 

  Mulches significantly affected the thousand grain weight of the maize. 

Significantly higher 1000-grain weight was recorded in black plastic mulch sown crop 

(302.14 g) that could not reach the level of significance with those of wheat straw mulch 

sown crop (295.50 g) which was also statistically similar with those of rice straw mulch sown 

crop (292.33 g).  The lower thousand grain weight was noted in control treatment [no mulch] 

(282.33 g) in 2010. The data in the year 2011 gave the almost similar results as the previous 

year. Lower grain yield in the control treatment might be due to heavy weeds infestation and 
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less nutrients was available for more and bold seeds formation. These results in close 

agreement with those of Maurya and Lal (1981) who reported that black plastic and straw 

mulches yielded more than unmulch treatment (control treatment) while Malik  et al. (1998) 

reported that the lowest 1000-grain weight was recorded in the living mulch.   

  Year effect was significant while the interaction was non-significant during 

the both years of research. This implied that the tillage practices and mulches are 

independent and behaved separately for 1000-grain yield. 

 4.2.4.8. Grain yield (Mg ha
-1

) 

  Tillage practices significantly affected the grain yield in the year 2010 and 

2011. Significantly higher grain yield was achieved in deep tillage crop (8.60 Mg ha
-1

) that 

was at par with those of conventional tillage crop (8.54 Mg ha
-1

) followed by minimum 

tillage crop (7.40 Mg ha
-1

). The lower grain yield in both years (2010 and 2011) was 

recorded in zero tillage crop (5.43 & 6.60 Mg ha
-1

, respectively). In 2011, almost similar data 

trend was recorded (Table # 4.41). The higher grain yield in the deep tillage sown crop might 

be due to more number of grains per cob as well as 1000-grain weight. In addition, deep 

tillage broke the soil hard pan which may resulted to deeper root penetration for more 

nutrients uptake and ultimately higer grain yield was obtained. The lower grain yield in the 

zero tillage sown crop might be due to unfavourable soil conditions for crop growth under 

zero tillage treatment as compared to deep and conventional tillage treatments. Memon et al. 

(2011) compared different tillage treatments in tropical region of Pakistan and resulted that 

higher grain yield was recorded in the deep tillage treatment as compared to conventional 

tillage and zero tillage treatmnts in maize crop. Arora et al. (1991) reported that deep tillage 

was beneficial for maize cultivation and good crop harvest. Kersten and Hack (1991) 

indicated that best results could be achieved by ploughing against no till cultivation. 

According to Ghuman and Sur (2001) no-tillage maize yielded less than conventional tillage. 

Zero tillage recorded lower grain yield than tilled maize (Suena, 1997). Astier et al. (2006) 

obtained higher grain yield in the chiseled sown maize crop as aompared to zero tillage sown 

maize crop. Vetsch and Randall (2004) noted the higher grain yield of maize under the deep 

tillage practice as compared to zero tillage practice. 

  Significantly higher grain yield was obtained in the black plastic mulch sown 

maize crop (8.38 Mg ha
-1

) followed by the wheat straw mulch sown crop (7.76 Mg ha
-1

) 
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which did not significantly differ from those of grass mulch sown crop (7.71 Mg ha
-1

). The 

control treatment gave the lower grain yield in 2010 (6.13 Mg ha
-1

). Similar findings were 

observed in 2011 (Table # 4.41). The higher grain yield was in the black plastic mulch 

treatment might be due to proper soil moisture, good heat units and less weeds intensity that 

may resulted in good crop harvest (Table # 4.41). Moreover, the water conservation under 

the black plastic mulch may favourved in more nutrients availability to the crop. The lower 

grain yield in the control treatment might be due to more weeds intensity and strong weeds 

plant competition which shared the plant nutrients. These results are in substantiated with 

those of Khurshid et al. (2006) who ascribed the positive yield response in maize to increased 

water contents in soils due to reduced evaporation in mulch treatments. Yang et al. (2006) 

noted that the straw mulch conserved more soil water but decreased grain yield probably due 

to low temperature that has slowed down the maize germination and growth. Khajanji et al. 

(2002) stated that higher grain yield was possible with weeds free crop. However according 

to Chikoye et al. (2004) three times hand weeding was necessary to obtain maximum grain 

yield in case of control treatment. Lal (1995) observed that mulches reduced the weeds 

competition to such extent that maize grain yield was doubled.  Bu et al. (2002) concluded 

that surface-applied mulches provided several benefits to crop grain production through 

improving water, heat energy and nutrients status in soil, preventing soil and water loss, 

preventing soil salinity from flowing back to surface and controlling weeds. 

  Seasonal effect was significant while the interaction (TP × M) was non-

significant during both years of study. This implied that the tillage practices and mulches are 

independent and behaved separately for maize grain yield. 
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4.41. Influence of different tillage practices and mulch treatments on 1000- grain yield 

and grain grain yield 

 

Treatments 

1000-grain weight (g)  Grain yield (Mg ha
-1

)  

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 273.47 c 352.05 b 5.43 c 6.60 c 

Minimum tillage (T2) 296.28 b 374.59 a 7.40 b 8.29 b 

Conventional  tillage (T3) 298.79 b 379.18 a 8.54 a 8.34 b 

Deep tillage (T4)  303.75 a  384.11 a  8.60 a 8.90 a 

LSD (0.05) 4.420 10.084 0.278 0.060 

B. Mulches treatment (M) 

M1=Control (No mulch) 282.33 c 360.26 c 6.13 c 6.92 c 

M2=Black plastic mulch  302.14 a  383.72 a  8.38 a  8.57 a 

M3=Wheat straw mulch  295.50 ab  374.20 b  7.76 b  8.35 b 

M4=Grass mulch  292.33 b  371.76 b  7.71 b  8.29 b 

LSD (0.05) 9.363 6.867 0.192 0.083 

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.2.4.9. Biological yield (Mg ha
-1

) 

Biological yield reflects the total dry weight produced by the plants during its 

life cycle under the prevailing conditions. It is the combination of three plant components i.e. 

stalk, pith yield and grain yield.  

Both years of research trials showed that the tillage practices significantly 

affected the biological yield. In 2010, the deep tillage crop produced higher plant biomass 

(17.65 Mg ha
-1

) that was statistically at par with those of conventional tillage crop (17.59 Mg 

ha
-1

) followed by the minimum tillage crop (16.78 Mg ha
-1

). The statistically minimum crop 

biomass was noted in the zero tillage sown crop (13.68 Mg ha
-1

). In 2011, statistically all the 

tillage treatments produced the similar biological yield while the minimum biological yield 

was in the zero tillage crop (Table # 4.41). The higher plant biomass in the deep tillage sown 

crop might be due to more plant height as compared to other tillage treatments.The lower 

biological yield in the zero tillage crop might be due to stunted plant height which could be 

due to unfavorable soil conditions for the plant root growth and development (Karunatilake, 

2000). These results are in close agreement with those of Khan et al. (2009). They reported 

that the deep tillage sown crop produced more biomass as compared to no tilled crop. 

Ghuman and Sur (2001) stated that higher biomass was produced by the crop plants which 

were sown after proper soil preparation.  

  Mulches significantly affected the biological yield of the maize crop during 

the both years of study. Significantly higher plant biomass was noted in black plastic mulch 

crop (16.91 Mg ha
-1

) which was followed by the wheat straw mulch crop (16.16 Mg ha
-1

) that 

was at par with those of grass mulch crop (16.11 Mg ha
-1

) during 2010 (Table # 4.41). The 

minimum biological yield was in control treatment (15.53 Mg ha
-1

). In 2011, almost similar 

data chemistry was found. The maximum biological yield in the black plastic mulch crop 

might be due to more water and nutrients availability to the crop palnt during the growth 

period (Bu et al., 2002). In addition, under mulch condition the higher biomass might be 

attributed to the fact that the thick mulch layers protected the soil surface against solar 

radiation, thereby reduced evaporation from the soil and enhanced favorable moisture storage 

into the soil for longer period of time to the crop use (Wicks et al., 1994). The lower plant 

biomass in the control treatment might be due to the higher frequency of weeds in the un-

mulched treatment than in mulch treatments (Essien et al., 2009). Awal and khan (2000) 
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reported that the mulched sown maize produced the higher biological yield than un-mulched 

crop. 

 4.2.4.10. Harvest Index (%) 

  Significantly higher harvest index was observed in the deep tillage crop (48.64 

%) which was statistically at par with those of conventional tillage crop (48.44 %) followed 

by the minimum tillage crop (46.85 %). The lower harvest index was in the zero tillage crop 

(39.54 %) in 2010. During 2011, almost similar data fashion prevailed (Table # 4.41). The 

maximum harvest index in tillage treatments than the no tilled treatments might be due to 

more grain yield and higher plant biomass. In addition, the soil micro climate in the deep 

tilled treatment may enhanced the grain yield and biomass due to more luxury availability of 

nutrients and moisture. These results are in accordance with those of Martin et al. (1999). 

They conducted an experiment with various tillage systems and no till system and finally 

concluded that higher harvest index was found in the tillage treatment and lower was in the 

no till system. Ahadiyat and Ranamukhaarachchi (2008) reported the higher harvest index in 

the deep tillage sown crop. 

  The mulches significantly affected the harvest index in both years of study 

(Table # 4.41). Significantly higher harvest index was recorded in the black plastic mulch 

crop (49.26 %) which was followed by the wheat straw mulch crop (47.60 %) that was at par 

with those of grass mulch crop (47.51 %). The lower harvest index was observed in control 

treatment (39.04 %) in 2010.  During 2011, almost similar data trend was observed. The 

higher harvest index in the black plastic mulch crop might be due to more gain yield and 

biological yield. These results are in confirmatory with those of Martin et al. (1999) who 

ascribed that the mulches (both organic and inorganic) produced higher harvest index as 

compared to control (without any mulch). Significantly higher harvest index was reported by 

Awal and khan (2000) for maize crop with mulching than without mulching. 

  The year effect was significant which was due to better climatic conditions in 

2011 (App.# 3.1-3.4) while the interaction TP × M was found non-significant during the both 

years of study. 
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4.42. Influence of different tillage practices and mulch treatments on biological yield 

and harvest index  

 

Treatments 

Biological yield (Mg ha
-1

)  Harvest index (%) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 13.68 c 15.19 b 39.54 c 50.73  

Minimum tillage (T2) 16.78 b 17.54 a 46.85 b 51.14  

Conventional  tillage (T3) 17.59 a 17.58 a 48.44 a  51.57   

Deep tillage (T4) 17.65 a 17.65 a  48.64 a 51.78 

LSD (0.05) 0.278 0.413 1.064 NS  

B. Mulches treatment (M) 

M1=Control (No mulch) 15.53 c 15.89 c 39.04 c 41.52 b 

M2=Black plastic mulch  16.91 a 17.89 a  49.26 a  54.67 a 

M3=Wheat straw mulch  16.16 b  17.64 ab  47.60 b  54.53 a 

M4=Grass mulch  16.11 b 17.55 b  47.51 b  54.49 a 

LSD (0.05) 0.192 0.286 0.688 1.059 

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 



174 

 

 4.2.4.11. Shelling percentage (%) 

  The data in Table # 4.42 exhibited that the tillage practices significantly 

affected the shelling percentage.  In 2010, better shelling percentage was observed in the 

deep tillage treatment (79.55 %) followed by the conventional tillage treatment (76.29 %) 

that was statistically similar with those of minimum tillage treatment (74.35 %) while the 

minimum shelling percentage was in zero tillage treatment (69.72 %). Almost similar 

findings were recorded in 2011. The higher shelling percentage in the deep tillage treatment 

might be due to bold and health grains. The deep tillage crop roots might have more soil area 

under surveliance for nutrients absorption that resulted in more grain yield.     

  Significant effect of mulches on the shelling percentage was observed in the 

both years of study. The maximum shelling percentage was recorded in black plastic mulch 

crop (78.95 %) followed by wheat straw mulch crop (76.27 %) that was at par with those of 

grass mulch crop (75.45 %) while the lower shelling percentage was manifested in the 

control in 2010 (69.23 %). Similar data trend was observed in 2011(Table # 4.42). The 

higher shelling percentage in the black plastic mulch crop might be due to good soil moisture 

conservation which may enhanced efficient use of fertilizers and ultimately the higher yield 

was obtained. The mulch layer on the field surface reduced the intensity of turbulent 

exchange between the atmosphere and soil water content which may caused soil moisture to 

be prevented from evaporating and thus reduced ineffective water consumption (Dong and 

Qian, 2002). 

 4.2.4.12. Water use efficiency (Kg ha
-1

 mm
-1

) 

  Water use efficiency (WUE) defined as a given level of biomass or grain yield 

per unit of water used by the crop.   

  Tillage practices significantly affected the water use efficiency in the both 

years of study. Significantly higher water use efficiency was recorded in the deep tillage 

treatment (10.55 kg ha
-1

 mm
-1

) that was at par with those of conventional tillage treatment 

(10.46 kg ha
-1

 mm
-1

) followed by the minimum tillage treatment (10.23 kg ha
-1

 mm
-1

). The 

lower water use efficiency was in zero tillage treatment (8.82 kg ha
-1

 mm
-1

). During the 2011, 

maximum water use efficiency was recorded in the deep tillage treatment that was 

statistically similar with those of conventional tillage treatment while the minimum was 

observed in control treatment (Table # 4.42). The higher water use efficiency in the deep 
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tillage treatment might be due to more production of grains per unit application of water. In 

addition to, the chiseled soil might have permitted more rapid water entry into the soil with 

subsequent storage at a greater depth and ultimately increased the water use efficiency. The 

research experiment results are in close agreement with those of Hatfield et al. (2001). They 

concluded that water use efficiency was increased by 25 to 40 % through various soil 

management practices involving tillage. Similarly, Norwood (1999) noted the higher water 

use efficiency was recorded in the conventional tillage treatment compared to no till 

treatment. The corn water use efficiency was increased from 10.5 to 16.3 kg ha
-1 

mm
-1

 under 

various soil tillage management practices from the no tilled sown crop to tilled sown crop 

(Tolk et al., 1998).  

  As far as the data were concerned to the mulch treatments, significantly higher 

water use efficiency was observed in the black plastic mulch sown crop that was 11.14 kg ha
-

1 
mm

-1
 followed by the wheat straw mulch sown crop (10.94 kg ha

-1
 mm

-1
) which was at par 

with those of grass mulch sown crop (10.87 kg ha
-1

 mm
-1

) and the statistically minimum 

water use efficiency was observed in the no mulch treatment (7.12 kg ha
-1

 mm
-1

). The data 

trend in 2011 was similar to 2010. The higher water use efficiency in the black plastic mulch 

sown crop might be due to less evaporation from the soil surface and conserved the soil 

moisture which may used in the production of more grains.  In addition, black plastic mulch 

may provided the better utilization of water and nutrients in the rooting zone. The less water 

use efficiency in the control treatment might be more water evaporation and less soil water 

holding capacity. These resulte are in accordance with those of Nanda et al. (2000). They 

reported that potassium availability was increased by two folds due to mulch application that 

improved the plant water use efficiency and more grain yield. 

  Seasonal effect was significant with non-significant interactive effect of 

tillage practices and mulches during both years of study. 
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4.43. Influence of different tillage practices and mulch treatments on shelling 

percentage and water use efficiency  

 

Treatments 

Shelling percentage (%)  
Water use efficiency  

(kg ha
-1 

mm
-1

) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 69.72 c 73.52 c 8.82 c 12.19 c 

Minimum tillage (T2) 74.35 b 78.85 bc 10.23 b 14.19 b 

Conventional  tillage (T3) 76.29 b 79.67 ab  10.46 a 14.33 ab 

Deep tillage (T4)  79.55 a 84.85 a 10.55 a 14.44 a 

LSD (0.05) 2.289 5.195 0.144 0.182 

B. Mulches (M) 

M1=Control (No mulch) 69.23 c 65.56 c 7.12 c 9.67 c 

M2=Black plastic mulch  78.95 a  85.96 a 11.14 a 15.36 a 

M3=Wheat straw mulch  76.27 b  82.98 ab 10.94 b 15.11 b 

M4=Grass mulch  75.45 b  82.38 b 10.87 b 15.02 b 

LSD (0.05) 1.637 3.166 0.139 0.182 

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.2.5. Quality parameters 

 4.2.5.1. Grain protein content (%) 

  Data pertaining to protein content were presented in the Table # 4.43. Tillage 

practices significantly affected the protein content in the maize grain. During 2010, 

significantly higher protein content was recorded in the deep tillage sown crop (8.30 %) 

followed by conventional tillage sown crop (8.17 %) that was at par with those of minimum 

tillage (8.17%) and zero tillage sown crop (8.15 %).  Almost similar data fashion was noted 

in 2011(Table # 4.43). The higher protein content in the deep tilled sown crop might be due 

to absorption of more nitrogen from the deeper soil profile which may be due to longer roots.  

The plant used this extra nitrogen for the synthesis of amino acid which is building block of 

protein. In addition to, the deep tillage may be helped in acceleration of mineralization 

process resulted in more availability of nitrogen for protein systhesis. The lower protein 

content in the zero tillage sown crop might be due to compacted soil and less soil under plant 

root surveillance for the nutrients uptake. These results are in line with those of Andrija et al. 

(2009). They reported that significantly higher protein content in the maize grain was 

recorded under more intensive tillage as compared to zero tillage. Ahmad et al. (2009) 

reported that the protein content was significantly decreased due to compactness of soil 

profiles. Vita et al. (2007) documented that the highest protein content was obtained under 

conventional tillage (CT) (19.6 % and 15.5 % for CT versus 14.7 % and 11.4 % for NT, 

respectively) than the no tilled soil. 

  Data presented in Table # 4.43 indicated that mulches did not significantly 

affect the grain protein content in both years of study. Bu the higher protein content was 

recorded in black plastic mulch crop followed by wheat straw mulch crop. The minimum 

grain protein content was observed in zero tillage crop.    

  The interaction between tillage practices and mulches was found non-

significant. The year effect was significant. 

 4.2.5.2. Grain oil content (%) 

  Tillage practices significantly affected the grain oil content in the both 

growing seasons. Significantly lower grain oil content was observed in the deep tillage sown 

crop (2.96 %) followed by the conventional tillage sown crop (3.27 %) that was at par with 

those of minimum tillage sown crop (3.28 %). Zero tillage sown crop gave statistically 
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maximum grain oil content during 2010 (3.33 %). The same data trend was observed in 2011 

(Table # 4.43). The higher oil contents in zero tillage sown crop might be due to less 

availability of nutrients (nitrogen) and the plant diverted his body mechanism in the 

formation of oil. In case of deep tillage treatment, less oil contents from the maize seed was 

recorded due to more lavish provision of nutrients and water from the soil and maize plant 

produced more protein contents. These results are supported by those of Diaz-Zorita (2004) 

who ascribed that the higher oil content was achieved in the compacted soil as compared to 

tilled soil. Quiroz et al. (2008) stated that the oil content of soybean was significantly 

increased in zero tillage treatment than the conventional tillage treatment. 

  Data of both years depicted an opposite relationship between grain oil content 

and tillage practices. The deep tillage absorbed more nutrients and minerals from the soil 

which resulted in lower oil content. These results are in close agreement with those of Miao 

et al. (2006). They concluded that more nitrogen apsorption by maize crop resulted to 

decrease in grain oil content.  

  Data presented in Table # 4.43 indicated that mulches did not significantly 

affect the grain oil content in both cropping years of study. But over all higher oil content 

was observed in control treatment (No mulch) over the other mulch treatmetns.   

  Seasonal effect was positive while the interaction (TP × M) was non-

significant during both growing seasons. 
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4.44. Influence of different tillage practices and mulch treatments on grain protein 

content and grain oil content   

 

Treatments 

Grain protein contents (%)  Grain oil contents (%) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 8.15 b 8.21 c  3.33 a  3.27 a 

Minimum tillage (T2) 8.17 b 8.24 b  3.28 b  3.24 b 

Conventional  tillage (T3) 8.17 b 8.25 b  3.27 b  3.24 b 

Deep tillage (T4) 8.30 a  8.34 a  2.96 c  3.01 c 

LSD (0.05) 0.027 0.014 0.025 0.029 

B. Mulches (M) 

M1=Control (No mulch) 8.19 8.25 3.22  3.19 

M2=Black plastic mulch 8.21 8.26 3.20 3.18  

M3=Wheat straw mulch 8.20 8.26 3.22  3.19 

M4=Grass mulch 8.20 8.26 3.21 3.18 

LSD (0.05) NS NS NS NS  

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 



180 

 

 4.2.5.3. Grain starch content (%) 

  Perusal of data showed that tillage practices significantly affected the starch 

content. Significanly higher starch content was recorded in zero tilled sown crop followed by 

the minimum tillage sown crop that was par with those of conventional tillage sown crop. 

The lower starch content was observed in the deep tillage sown crop (Table # 4.44). The data 

trend of 2011 was similar as in 2010. The lower starch content in the deep tillage sown maize 

crop might be due to deeper rooting system and more nutrients especially nitrogen 

availability which may triggered the formation of starch while in the zero tillage practice, the 

lower nutrients availability may favour in more formation of starch contents. These results 

are in close agreement with those of Miao et al. (2006), Singh et al. (2002) and Singh et al. 

(2004). They reported that that grain starch content significantly decreased with the 

increasing of nitrogen rates. Zhang et al. (2010) reported that more nitrogen absorption by 

the maize plant resulted in lower grain starch content. 

  Results indicated that the effect of mulches on the grain starch content was 

statistically non-significant in 2010 and 2011 cropping years.  

  The year effect was significant with non-significant interactive effect of tillage 

practices and mulches.  
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4.45. Influence of different tillage practices and mulch treatments on percent grain 

starch content (%) 

 

Treatments 

Grain starch content (%)  

2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1)  73.60 a  71.26 a 

Minimum tillage (T2)  72.56 b  70.23 b 

Conventional  tillage (T3)  72.54 b  70.20 b 

Deep tillage (T4)   72.02 c   69.67 c 

LSD (0.05) 0.032 0.035 

B. Mulches (M) 

M1=Control (No mulch) 72.66 70.32  

M2=Black plastic mulch  72.70 70.37 

M3=Wheat straw mulch 72.67  70.34 

M4=Grass mulch  72.69  70.33 

LSD (0.05) NS NS 

Interaction  (TP × M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.2.6. Soil parameters 

 4.2.6.1. Soil bulk density (Mg m
-3

) 

  Soil provides the space, nutrients, minerals and air to the germinating seeds 

and growing seedlings. Any change in the physical and chemical compositions of the soil 

will cause the hindrance in the uptake of nutrients, minerals and germination of seeds.  

  The tillage practices significantly affected the soil bulk density in the both 

growing years. Statistically higher soil bulk density (1.49 Mg m
-3

) was noted in the zero 

tillage treatment that was statistically similar with those of minimum tillage treatment (1.48 

Mg m
-3

) followed by the conventional tillage treatment (1.45 Mg m
-3

). The minimum soil 

bulk density was observed in the deep tillage treatment (1.40 Mg m
-3

) in 2010. Almost 

similar data chemistry was noted in 2011 (Table # 4.45). The higher soil bulk density in the 

zero tillage treatment might be due to the higher soil compactness and more soil moisture. 

The lower soil bulk density in deep tillage treatment might be due to cultivation of soil to 

deeper layers which may caused the breaking down of hard pane and ultimately lesser soil 

bulk density. These results are in line with those of Khan et al. (2010) who documented that 

higher soil bulk density was recorded in the zero tillage treatment as compared to 

conventional and minimum tillage treatments. Muqaddas et al. (2005) reported that the soil 

disturbance increased the bulk density as compared to conventional and minimum tillage. 

Zorita (2000) concluded that the soil bulk density significantly increased with decrease of 

tillage operations.  Jabro et al. (2010) stated that significantly higher soil bulk density of 1.57 

Mg m
-3

 recorded in shallow tillage upto a depth of 10 cm as compared to deep tillage 

treatment where soil bulk density was 1.54 Mg m
-3

. 

  The mulches significantly affected the soil bulk density during the first year of 

study and non-significant during the second year of study. The maximum soil bulk density 

was recorded in the control treatment (1.49 Mg m
-3

) followed by the wheat straw mulch (1.46 

Mg m
-3

) that was at par with those of grass mulch (1.45 Mg m
-3

). Significantly minimum soil 

bulk density was noted in the black plastic mulch in 2010 (1.43 Mg m
-3

). The lower soil bulk 

density in the black plastic mulch sown crop might be due to less the surface crusting and 

proper soil moisture contet in deeper soil profile which may resuleds in lower soil bulk 

density. The higher soil bulk density in the unmulch treatment might be due to less moisture 

and nutrients in the soil which may caused the soil hard. The results are in close agreement 
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with the findings of Blanco-Canqui et al. (2006) and Ghuman and Sur (2001) who concluded 

that mulching decreased bulk density of the soil than without mulch. Soil surface mulching 

protected the soil against crusting, surface sealing and detachment by intercepting and 

buffering the kinetic energy of rainfall and runoff (Lentz and Bjorneberg, 2003). 

  Interactive effect of tillage and mulch was found non-significant during both 

years of study.   

4.2.6.2. Soil total porosity (m
3 

m
-3

) 

  Statistically higher soil porosity was in the deep tillage treatment (0.47 m
3
 m

-

3
) where chisel plough was used followed by the conventional tillage treatment (0.46 m

3
 m

-3
). 

The lower soil porosity was observed in the zero tillage treatment (0.44 m
3
 m

-3
) which was at 

par with those of minimum tillage treatment (0.44 m
3
 m

-3
) in 2010. During 2011, the 

maximum soil total porosity was recorded in the deep tillage treatment (0.50 m
3
 m

-3
) 

followed by the conventional tillage treatment (0.48 m
3
 m

-3
) and then followed by minimum 

tillage treatment (0.47 m
3
 m

-3
). Significantly minimum soil total porosity was in the zero 

tillage treatment (0.45 m
3
 m

-3
) [Table # 4.45]. Higher soil total porosity in the deep tillage 

treatment might be due to more pore spaces in the soil due to deep and intensive cultivation 

which shatter the soil particales from each other.  Lower soil total porosity in the zero tillage 

treatment might be due to more compacted and hard soil. These results are in consonance 

with those of Hossain et al. (2004) who documented that higher soil porosity was recorded in 

the deep tillage treatment over control treatment (No tillage). Nidal (2003) documented that 

higher soil porosity was measured in deep tilled soil.  

  The total soil porosity significantly affected by the mulches in 2010 while 

during the year 2011 that was non-significant (Table # 4.45). The higher total soil porosity 

was obrained in the black plastic mulch treatment (0.46 m
3
 m

-3
) followed by the wheat straw 

mulch treatment (0.45 m
3
 m

-3
) that was at par with those of grass mulch treatment (0.45 m

3
 

m
-3

). The minimum total soil porosity was noted in the control treatment (0.44 m
3
 m

-3
). The 

minimum soil total porosity was might be due to hard and bare soil resulted in to higher bulk 

density. These results are in line with those of Gonzalez and Cooperband (2003).  Glab and 

Kulig (2008) reported that with addition of the mulch of fodder radish which increased the 

soil porosity in range of 50-500 μm than the control plot in wheat crop. 
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4.46. Influence of different tillage practices and mulch treatments on soil bulk density 

and soil total porosity  

 

Treatments 

Soil bulk density (Mg m
-3

)  Soil total porosity (m
3 

m
-3

) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1)  1.49 a  1.47 a 0.44 c 0.45 d 

Minimum tillage (T2)  1.48 a  1.42 b 0.44 c 0.47 c 

Conventional  tillage (T3)   1.45 b   1.36 c  0.46 b  0.48 b 

Deep tillage (T4)  1.40 c  1.32 d 0.47 a 0.50 a 

LSD (0.05) 0.021 0.029 0.008 0.001 

B. Mulches treatment (M) 

M1=Control (No mulch)  1.49 a  1.40  0.44 c 0.47 

M2=Black plastic mulch  1.43 c  1.38  0.46 a 0.48 

M3=Wheat straw mulch  1.46 b  1.39  0.45 b 0.47 

M4=Grass mulch  1.45 b  1.39  0.45 b 0.47 

LSD (0.05) 0.019 NS 0.007 NS 

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.2.6.3. Root penetration resistance (K pa) 

  The tillage practices significantly affected the root penetration resistance 

during the both years of study. Significantly higher root penetration resistance was recorded 

in the zero tillage treatment (1768.8 K pa) followed by the minimum tillage treatment 

(1758.3 K pa) and then followed by conventional tillage (1741.5 K pa) while the lower root 

penetration resistance was in the deep tillage treatment (1727.0 K pa). The same data fashion 

was observed in 2011 (Table # 4.46). The higher root penetration resistance in the zero 

tillage treatment might be due to undisturbed soil condition and less soil total porosity which 

resulted in higher soil bulk density and ultimately caused more root penetration resistance. 

The lower root penetration resistance in the deep tillage treatment might be due to the 

chiseling of soil which may broken down the soil hardpan and provided the less soil root 

penetration resistance. These results are supported by those of Zpinar and Cay (2005) who 

noted the higher root penetration resistance was recorded in minimum tillage treatment over 

conventional and mould board plough treatments. Katoa et al. (2007) measured the cone 

penetrometer resistance between different tillage practices and found lower root penetration 

resistance in the deep tillage in the upland rice (Oryza sativa L.) field. 

  In 2010, the ninimum root penetration resistance was observed in the black 

plastic mulch treatment (1743.1 k pa) that was at par with those of wheat straw mulch 

treatment (1747.3 k pa). Statistically maximum root penetration resistance was recorded in 

the control treatment (1755.9 k pa) which did not significantly differ with those of grass 

mulch treatment (1749.2 k pa). During 2011, similar data trend was found (Table # 4.46). 

The lower root penetration resistance was in the black plastic mulch might be due to less soil 

bulk density, more total porosity and more soil water conservation by preventing the 

evaporation that may enhanced soil biological processes. In addition to, less root penetration 

resistance under mulches might be due improvement of the soil structure and micro-

environment in the root zone. Higher root penetration resistance in the control treatment 

might be due to higher soil bulk density and colded soil structure. These results are in 

conosance with those of Blanco-Canqui et al. (2006) and Diaz et al. (2005) reported that 

higher soil moisture was observed under the mulch treatments that may lowered the root 

penetration resistance. Khurshid et al. (2006) stated that mulches improved the ecological 

http://www.sciencedirect.com/science/article/pii/S0167198705003181#aff1
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environment of the soil and increased soil water content which may resulted in less root 

penetrstion resistance. 

4.2.6.4. Water infiltration rate (mm hr
-1

)  

 The tillage treatments significantly affected the water infiltration rate in the 

year 2010 (Table # 4.46). Higher water infiltration rate was measured in deep tillage 

treatment (19.67 mm hr
-1

) followed by the conventional tillage treatment (18.05 mm hr
-1

) that 

was at par with those of minimum tillage treatment (17.65 mm hr
-1

) while the minimum 

water infiltration rate was recorded in the zero tillage treatment that was 16.11 mm hr
-1

 

during 2010. Almost similar data set was noted in 2011 growing season (Table # 4.46). The 

higher water infiltration rate in the deep tillage treatment might be due to more soil porosity 

and fine soil particals which allowed the more water conservation in the deeper soil layer. 

Furthermore, the deep tillage broke the soil hard pan up to 40 cm and water may store and 

available to plant roots from deeper soil profiles. The lower water infiltration rate in the zero 

tillage practice might be due to hard and compoacted soil creating a barrier in the water 

infiltration in to the soil. Moreover, the soil upper profiles may saturate earliar which may 

stop the water infiltration in to deeper soil layers due to hard pan. These results are in line 

with those of Ogban et al. (2008) who noted the higher water infiltration rate in the tilled soil 

compared to no-tilled soil.which might be due to more soil porosity and fine soil particals. 

Significantly higher water infiltration rate was observed in the deep tillage treatment over 

compacted treatment. Compacted soil may increased the soil bulk density and roughness of 

soil (Nidal, 2003). 

Significant effect of mulches on the water infiltration rate was observed 

during 2010 study while the non-significant effect was recorded in the year 2011. 

Statistically maximum water infiltration rate was recorded in the black plastic mulch 

treatment (18.98 mm hr
-1

) that was at par with those of wheat straw mulch (18.14 mm hr
-1

) 

followed by the grass mulch treatment (17.06 mm hr
-1

) while the minimum water infiltration 

rate was found in the control treatment (15.61 mm hr
-1

). Higher water infiltration rate in 

BPM might be due to good soil conditions under it. Ogban et al. (2008) resulted that higher 

water infiltration rate was in the mulched treatments over no-mulched plot. 

The interaction of tillage practices and mulches was found non-significant 

during the both years of stud 
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4.47. Influence of different tillage practices and mulch treatments on root penetration 

resistance and water infiltration rate 

 

Treatments 

Root penetration resistance  

(k pa)  

Water infiltration rate  

(mm hr
-1

) 

2010 2011 2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1)  1768.8 a  1762.7 a 16.11 c 13.61 b 

Minimum tillage (T2)  1758.3 b  1752.1 b 17.65 b 14.35 ab 

Conventional  tillage (T3)  1741.5 c  1735.3 c 18.05 b 15.87 a 

Deep tillage (T4)  1727.0 d  1720.7 d 19.67 a 16.45 a 

LSD (0.05) 8.72 9.72 1.524 1.625 

B. Mulches (M) 

M1=Control (No mulch)  1755.9 a  1751.3 a 15.61 c 14.58 

M2=Black plastic mulch  1743.1 b  1732.2 c 18.98 a 14.66 

M3=Wheat straw mulch  1747.3 b  1742.8 b 18.14 a 15.24 

M4=Grass mulch   1749.2 ab   1744.4 ab 17.06 b 16.11 

LSD (0.05) 8.40 8.06 0.840 NS 

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.2.6.5. Organic matter (g kg
-1

) 

Considerable amount of organic matter (OM) in the soil can improve the soil 

nutrients availability, regulate the soil bio-diversity and increase the soil carbon stock.  

  Higher organic matter was recorded in the zero tillage treatment (4.44 g kg
-1

) 

followed by the minimum tillage treatment (3.91 g kg
-1

) and conventional tillage treatment 

(3.58 g kg
-1

) while the lower organic matter was in the deep tillage treatment (3.11 g kg
-1

). 

Almost similar data trend was found in 2011. The higher organic matter in the zero tillage 

treatment might be due to less exposure of soil to the sun rays and oxygen that may slowed 

down the organic matter decomposition. In addition to, the already root stubbles in to the soil 

may be added the organic matter in to the soil. Lower organic matter in to the deep tillage 

was might be due to more chiseling of soil that accelerated the oxidation of soil carbon and 

lowerd down the soil organic matter contents. These results are in close agreement with Kern 

and Johson (1993) who documented after long term experiments that more carbon stock was 

found under zero tillage treatment as compared to the conventional tillage treatment. 

Balesdent et al. (1990) conducted tillage experiment using three tillage treatments with 
13

C 

labeling of the crop and resulted that in the no tilled treatment 50 % new carbon was 

observed in 4 cm soil layer and 20 % was in the below 20 % soil layer. Ryan et al. (1995) 

reported the higher organic matter carbon in no tilled soil as compared to other tillage 

treatments. 

  Data in the Table # 4.47 manifested that effect of different mulches on the soil 

organic carbon was non-significant during 2010 and was significant in 2011. Statistically 

maximum amount of organic matter was observed in the wheat straw mulch treatment (4.71 

g kg
-1

) that was at par with those of grass mulch  treatment (4.54 g kg
-1

) and followed by the 

black plastic mulch treatment (4.22 g kg
-1

) while the lowest was found in the control 

treatment (3.83 g kg
-1

) where no mulch was applied. The higher organic matter contents 

under the WSM was might be due to more addition of organic matter in to the soil and less 

burning of organic matter due to less contact with the sunrays. These results are in 

consonance with those of Yang et al. (2006) who documented that higher organic matter was 

in the mulched plots over the control which might be due to more water conservation in the 

soil that may reduced the orgnic matter decomposition.   

 

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Yang%2BYm%5bauth%5d
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4.48. Influence of different tillage practices and mulch treatments on organic matter    

 

Treatments 
Organic matter (g kg

-1
) 

2010 2011 

A. Tillage Practices (TP) 

Zero tillage (T1) 4.44a 5.65 a 

Minimum tillage (T2) 3.91b 5.29 b 

Conventional  tillage (T3) 3.58b 4.83 c 

Deep tillage (T4) 3.11c 4.43 d 

LSD (0.05) 0.451 0.336 

B. Mulches (M) 

M1=Control (No mulch) 3.03 3.83 c 

M2=Black plastic mulch 3.41 4.22 b 

M3=Wheat straw mulch 3.62 4.71 a  

M4=Grass mulch 3.59 4.54 a 

LSD (0.05) NS 0.223 

Interaction  (TP×M) NS 

Mean not sharing the different letters in a column is statistically non-significant @ P < 

5 % according to LSD 

NS= Non-significant 
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4.2.7. Economic Analysis 

4.2.7.1. Economic analysis of different tillage practices and poultry manure 

levels 

  The economics of any new agronomic and improved practices is very 

important for the farming community towards its adoption. The farmers are always interested 

in the benefits and cost of new technologies with respect to their capital invested in it. 

Actually they want to nullify the chance of possible risk while leaving the old and past 

practices and stepped in the practicing field of new innovation or technology.  Economic 

analysis includes the partial budgeting, cost that vary, gross income, net income and benefit 

to cost ration (BCR). Procedures for the preparation of partial budgeting and calculation of 

other components of economic analysis were used CIMMYT (1988) methodology discussed 

in the Chapter # 3 of the An Economic Training Manual of CIMMYT. For the calculation of 

marginal cost, marginal benefit and then marginal rate of return, the chapter # 4 of CIMMYT 

Economic Training manual was used.  The crop productivity was calculated by the method 

followed by Barut et al., 2011. 

  Before the preparation of partial budget, the prices of inputs and outputs 

during the year 2010 and 2011 was taken from the local market of Faisalabad, Punjab 

Pakistan where the experiments was conducted.  At first step, the partial budget of different 

tillage and mulches treatments was calculated as shown in the Table # 4.48 & 4.50. On the 

basis of partial budget, the net field income was calculated and finally the BCR was 

estimated dividing the total cost of production by total output values from the crop harvest. 

  The detailed input prices and out prices regarding to the experiments during 

2010 and 2011 was given in the Table # 4.48 and 4.50 respectively. 
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4.2.7.2. Economic analysis of different tillage practices and poultry manure treatments 

of experiment # 2 during the year 2010 and 2011 

  Table # 4.48 & 4.50 depicted the arranging and calculation of all used input 

prices during the study. The addition of fixed cost and variable cost gave the total 

expenditure of the experiment which was used for the calculation of benefit to cost ratio. As 

in the experiment-1, the economic analysis concluded that the deep tillage gave the higher 

gross field benefit among the all tillage treatments while the among the mulches treatments, 

the higher was achieved in the black plastic mulch treatments, followed by wheat straw and 

grass mulches and then control. Highest maize crop gross income (grain yield price) of Rs. 

236,915 ha
-1

 was obtained in deep tillage with black plastic mulch, followed by the Rs. 

234,710 ha
-1

 with conventional tillage treatment with black plastic mulch as shown in the 

Table # 4.49 & 4.51 while lower was calculated in the zero tillage treatments (Rs. 124,215 

ha
-1

) in control treatments (without the mulch application). The higher gross income was due 

to higher grain yield.  The almost the similar trend of economic analysis was achieved in year 

2011. Although the cost of production and gross income of all treatments was higher than the 

preceding year; this was due to increase in the prices of input and also higher price of grain 

per 40 kg. 

  The net income of different treatments of tillage practices and mulches during 

2010 and 2011 was shown in Table # 4.49 & 4.51 and table respectively. The higher net 

income of Rs. 90,052 ha
-1

 and Rs. 89,257 ha
-1

 was recorded in the conventional tillage and 

deep tillage with black plastic mulches respectively while lower net income of Rs. 33,057 ha
-

1
 was achieved during 2010.  The similar trend of economic analysis net income was 

recorded in 2011. The higher net income in 2011 was due to higher grain yield and lower was 

due to lower grain yield.    

Benefit to cost ratio shows the ratio between the invested capital to the 

achieved the net profit or benefit at the end of the research. If the calculated benefit to cost 

ratio is less than 1 then the present value to cost at this discount rate would have exceeded the 

present value of the benefits and our adopted or used practices in the experiments or on the 

farm would not have recovered our initial expenditure plus the return on our investment. 

Among the different tillage practices and poultry manure treatments, the higher benefit to 

cost ration was calculated in 1.62 in minimum and conventional tillage treatments with black 
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plastic and wheat straw mulches during 2010. In 2011, the maximum BCR (1.78) was noted 

in minimum tillage with black plastic mulches, followed by the minimum tillage with wheat 

straw mulch (1.76) and grass mulch (1.76) and conventional mulches with black plastic 

mulch (1.76). Among the all tillage and mulches treatments, the minimum benefit to cost 

ratio was recorded in Zero tillage with no mulch (1.36 and 1.46) in 2010 and 2011 

respectively.  The higher BCR was due to less cost of tillage operation and almost similar 

gross field income with the other tillage treatments. 
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4.49. Partial budget of different tillage practice and mulches treatments of experiment # 

2 during the year 2010 

A. Fixed Cost 

 

Item/Input Amount 
Rate unit

-1
 

(Rs.) 

Total 

expenditure 

(Rs. ha
-1

) 

i) Seed 

Hybrid seed 25kg 350 8,750 

   8,750 

ii) Sowing 

Bund making 2 man days 250 man
-1

day
-1

 500 

Seed sowing 6 man days 250 man
-1

day
-1

 1,500 

   2,000 

iii) Fertilizer charges    

Urea 12.95 bags  875 per bag 11,331 

DAP 9.13 bags  2680 per bag 24,468.4 

Potash 5.4 bags  2280 per bag 12312 

Transportation charges 27.48 bags Rs. 20 per bag 549.6 

Application charges 2.5 man day 250 man
-1

day
-1

 625 

   49,286 

iv) Plant protection charges 

Insecticide (Furadan) 2 550 550 

Application charges 1 man day 250 250 

Watch and ward 1 man for 30 days 3000 3,000 

   3,800 

v) Irrigation charges 

Cleaning of water channel 2 man day 250 man
-1

day
-1

 500 

Irrigation charges ------ 200 ha
-1

 200 

7 irrigation 2 man day 250 man
-1

day
-1

 500 

   1,200 

vi) Crop harvesting and land charges 

Harvesting 6 man days 250 man
-1

day
-1

 1,500 

Threshing 3 man days 250 man
-1

day
-1

 750 

Land rent (half year) 20,000 half year 20,000 6 mth
-1

 20,000 

Mark up on investment @ 9 

% per annum (excluding 

water rates) and 

management cost 

6 month 478 mth
-1

 2,872 

   25,122 

Grand total (i-vi)   90,158 
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B. Cost that vary (with respect to treatments) 

 

Item/Input Amount 
Rate per unit  

(Rs.) 

Total 

expenditure  

(Rs. ha
-1

) 

1. Tillage (Main Factor) 

1.1) Zero tillage (T1)    

Ploughing  0 0 0 

Planking 0 0 0 

Dibbling and labor 

charges 
4 man day 250 man

-1
day

-1
 1,000 

Sub Total for T1   1,000 

1.2) Minimum Tillage 

(T2) 

   

Ploughing  1 1000 1,000 

Planking 1 1250 1,250 

Sub Total for T2   2,250 

1.3) Conventional Tillage (T3) 

Ploughing  2 1000 2,000 

Planking 2 1250 2,500 

Sub Total for T3   4,500 

1.4) Conventional 

Tillage 

   

Deep Ploughing  2 2000 4,000 

Ploughing  1 1000 1,000 

Planking 2 1250 2,500 

Sub Total for T4   7,500 

2. Mulch charges (with respect to treatment)(Sub plot factor) 

M1 = Control ------------ ------------- -------------- 

M2= Black plastic mulch ------------ 50,000 ha
-1

 50,000 

   50,000 

M3=Wheat straw mulch 

@ 10 Mg ha
-1

 
10 tone 48,000 tone

-1
 48,000 

   48,000 

M4= Grass mulch @ 10 

Mg ha
-1

  
10 tone 48,000 tone

-1
 48,000 

   48,000 
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4.50. Net Income and benefit-cost ratio (BCR) of different tillage and mulch treatments 

of experiment#2 during 2010 

 

Treatments 
Gross income  

(Rs. ha
-1

) 

Cost that vary  

(Rs. ha
-1

) 

Net income 

(Rs. ha
-1

) 

B:C 

ratio 

Zero tillage (T1) 

T1M1  124,215 91,158 33,057 1.36 

T1M2  199,749 141,158 58,591 1.42 

T1M3 195,755 139,158 56,597 1.41 

T1M4 195,020 139,158 55,862 1.40 

Minimum Tillage (T2) 

T2M1 145,113 92,408 52,705 1.57 

T2M2  231,206 142,408 88,798 1.62 

T2M3 226,870 140,408 86,462 1.62 

T2M4 225,816 140,408 85,408 1.61 

Conventional Tillage (T3) 

T3M1 152,635 94,658 57,977 1.61 

T3M2  234,710 144,658 90,052 1.62 

T3M3 231,108 142,658 88,450 1.62 

T3M4 229,565 142,658 86,907 1.61 

Deep Tillage (T4) 

T4M1 154,742 97,658 57,084 1.58 

T4M2  236,915 147,658 89,257 1.60 

T4M3 232,750 145,658 87,092 1.60 

T4M4 230,716 145,658 85,058 1.58 
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4.51. Partial budget of different tillage practice and mulches treatments of experiment # 

2 during the year 2011 

A. Fixed Cost 

Item/Input Amount 
Rate unit

-1
 

(Rs.) 

Total 

expenditure 

(Rs. ha
-1

) 

i) Seed 

Hybrid seed 25kg 380 9,500 

   9,500 

ii) Sowing 

Bund making 2 men for 1.2 day 250 man
-1

day
-1

 250 

Seed sowing 4 man day 250 man
-1

day
-1

 1,000 

   1,250 

iii) Fertilizer charges    

Urea 14 bags  875 per bag 12,250 

DAP 9.13 bags  2713 per bag 24,769 

Potash 5.4 bags  2360 per bag 12,744 

Transportation charges 28.53 bags Rs. 20 per bag 570 

Application charges 2.5 man day 250 man
-1

day
-1

 625 

   50,958 

iv) Plant protection charges 

Insecticide (Furadan) 2 550 550 

Application charges 1 man day 250 250 

Watch and ward 1 man for 30 days 3500 3,500 

   3,800 

v) Irrigation charges 

Cleaning of water channel 2 man days 250 man
-1

day
-1

 500 

Irrigation charges ------ 200 ha
-1

 200 

7 irrigation 2 man days 250 man
-1

day
-1

 500 

   1,200 

vi) Crop harvesting and land charges 

Harvesting 6 man days 250 man
-1

day
-1

 1,500 

Threshing 3 man days 250 man
-1

day
-1

 750 

Land rent (half year) 20000 per year 20000 6 mth
-1

 20,000 

Mark up on investment @ 9 

% per annum (excluding 

water rates) and 

management cost 

6 month 491.31 mth
-1

 2,947 

   25,197 

Grand total (i-vi)   91,905 
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B. Cost that vary (with respect to treatments) 

 

Item/Input Amount 
Rate per unit 

(Rs. ha
-1

) 

Total 

expenditure  

(Rs. ha
-1

) 

1. Tillage (Main Factor) 

1.1) Zero tillage (T1)    

Ploughing  0 0 0 

Planking 0 0 0 

Dibbling and labor 

charges 
4 man day 250 man

-1
day

-1
 1,000 

Sub Total for T1   1,000 

1.2) Minimum Tillage 

(T2) 

   

Ploughing  1 1000 1,000 

Planking 1 1250 1,250 

Sub Total for T2   2,250 

1.3) Conventional Tillage (T3) 

Ploughing  2 1000 2,000 

Planking 2 1250 2,500 

Sub Total for T3   4,500 

1.4) Conventional 

Tillage 

   

Deep Ploughing  2 2000 4,000 

Ploughing  1 1000 1,000 

Planking 2 1250 2,500 

Sub Total for T4   7,500 

2. Mulch charges (with respect to treatment)(Sub plot factor) 

M1= Control ------------ ------------- -------------- 

M2= Black plastic mulch ------------ 50,000 ha
-1

 50,000 

   50,000 

M3=Wheat straw mulch 

@ 10 tone ha
-1

 
10 tone 50,000 tone

-1
 50,000 

   50,000 

M4= Grass mulch @ 10 

tone ha
-1

  
10 tone 4,8000 tone

-1
 48,000 

   48,500 
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4.52. Net Income and benefit-cost ratio (BCR) of different tillage and mulches 

treatments of experiment # 2 during 2011 

 

Treatments 
Gross income 

(Rs. ha
-1

) 

Cost that vary 

(Rs. ha
-1

) 

Net income 

(Rs. ha
-1

) 

B:C 

ratio 

Zero tillage (T1) 

T1M1  135,660 92,905 42,755 1.46 

T1M2  221,926 142,905 79,021 1.55 

T1M3 217,770 139,905 77,865 1.55 

T1M4 217,005 140,905 76,100 1.54 

Minimum Tillage (T2) 

T2M1 154,824 94,155 60,669 1.64 

T2M2  257,295 144,155 113,140 1.78 

T2M3 253,138 144,155 111,983 1.76 

T2M4 251,608 142,655 109,453 1.76 

Conventional Tillage (T3) 

T3M1 165,240 96,405 68,835 1.71 

T3M2  258,315 146,405 111,910 1.76 

T3M3 254,566 146,405 108,161 1.74 

T3M4 252,960 144,905 108,055 1.74 

Deep Tillage (T4) 

T4M1 167,458 99,405 68,053 1.68 

T4M2  260,610 149,405 111,205 1.74 

T4M3 256,275 149,405 106,870 172 

T4M4 246,508 147,905 98,603 1.67 
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4.2.7.3. Marginal analysis of different tillage practices and mulches treatments of 

experiment # 2 during the year 2010 and 2011 

  Marginal analysis comprised of dominance analysis, marginal rate of return 

and net benefit cure. Usually, land lord or a big farmer are more interested to net return and 

may go for advance analysis to check the actual net return while the small farmers only 

concentrate on the maximum return with lower inputs. Marginal analysis was done on the 

basis of CYMMNT (1988) methodology which discussed in chapter # 4 of An Economic 

Training Manual of CYMMNT. Dominance analysis is basic step of the marginal analysis. 

To perform the dominance analysis, the values of cost that vary are arranged in ascending 

order without noticing their net field benefit. The value which is dominated if their cost those 

vary was increasing from preceding value with decreasing net benefit. Such values are 

assigned the alphabet “D” (Table # 4.52 & 4.54) and these treatments are considered 

dominated and removed for MRR. 

  Table # 4.52 & 4.54 showed that the values of zero tillage, minimum tillage, 

conventional tillage with no mulches and minimum tillage with wheat straw mulches and 

conventional tillage with black plastic mulches were dominate that the other tillage and 

mulches treatments during 2010. As far as 2011 dominance analysis concerned, the zero 

tillage and minimum tillage with no mulch and wheat straw mulch, Conventional tillage with 

no mulch and minimum tillage with black plastic mulches was none dominate than the other 

treatments.  

  Marginal rate of return helps the researcher to further refine their treatments 

recommendation. The values which are without “D” alphabet are further used for marginal 

analysis. The marginal cost and marginal benefit was calculated by the subtracting preceding 

value of variable cost from the exceeding value. The marginal rate of return was calculated 

by dividing the marginal benefit to the marginal cost then multiplied with 100 for percentage. 

The Higher MRR was estimated in minimum tillage with no mulch which was due to lower 

variable cost during 2010 (Table # 4.53) and similar trend of dominance analysis was 

calculated in 2011 (Table # 4.55). 
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 4.53. Dominance analysis (2010) 

 

Treatments Cost that vary (Rs. ha
-1

) Net benefit (Rs. ha
-1

) 

T1M1 91,158 33,057 

T2M1 92,408 52,705 

T3M1 94,658 57,977 

T4M1 97,658 57,084 D 

T1M3 139,158 56,597 D 

T1M4 139,158 55,862 D 

T2M3 140,408 86,462 

T2M4 140,408 85,408 D 

T1M2 141,158 58,591 D 

T2M2 142,408 88,798 

T3M3 142658 88,450 D 

T3M4 142,658 86,907 D 

T3M2 144658 90,052 

T4M3 145,658 87,092 D 

T4M4 145,658 85,058 D 

T4M2 147,658 89,257 D 

 

  

4.54. Marginal rate of return (MRR) [2010] 

 

Treatments 

Cost that 

vary 

(Rs.ha
-1

) 

Marginal cost 

(Rs.ha
-1

) 

Net benefit 

(Rs.ha
-1

) 

Marginal benefit 

(Rs.ha
-1

) 
MRR (%) 

T1M1 91,158  33,057   

T2M1 92,408 1250 52,705 19648 1571.84 

T3M1 94,658 2250 57,977 5272 234.31 

T2M3 140,408 45750 86,462 28485 62.26 

T2M2 142,408 2000 88,798 2336 116.80 

T3M2 144,658 2250 90,052 1254 55.73 
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4.55. Dominance analysis (2011) 

 

Treatments Cost that vary (Rs. ha
-1

) Net benefit (Rs. ha
-1

) 

T1M1 92,905 42,755 

T2M1 94,155 60,669 

T3M1 96,405 68,835 

T4M1 99,405 68,053 D 

T1M3 139,905 77,865 

T1M4 140,905 76,100 D 

T2M3 142,655 109,453 

T2M4 142,905 79,021 D 

T1M2 144,155 113,140 

T2M2 144,155 111,983 D 

T3M3 144,905 108,055 D 

T3M4 146,405 111,910 D 

T3M2 146,405 108,161 D 

T4M3 147,905 98,603 D 

T4M4 149,405 111,205 D 

T4M2 149,405 106,870 D 

 

4.56. Marginal rate of return (MRR) 

 

Treatments Cost that 

vary 

(Rs.ha
-1

) 

Marginal cost 

(Rs.ha
-1

) 

Net benefit 

(Rs.ha
-1

) 

Marginal benefit 

(Rs.ha
-1

) 

MRR (%) 

T1M1 92,905  42,755   

T2M1 94,155 1250 60,669 17914 1433.12 

T3M1 
96,405 2250 68,835 8166 362.9333 

T2M3 
139,905 43500 77,865 9030 20.75862 

T2M2 
142,655 2750 109,453 31588 1148.655 

T3M2 
144,155 1500 113,140 3687 245.8 
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4.2.7.4. Sensitivity analysis  

  In Pakistan, the input and output prices are subjected to change from year to 

year and location to location. This analysis is performed by changing the prices of input or a 

combination of prices and noted their effect on the net benefit and then on marginal rate of 

return. Usually two cases are studied in the sensitivity analysis; one is decreased and other is 

increased in price up to certain limit (10 %) keeping the amount of output is same with 

respect to local market (we do not apply the 10 % increase or decrease on output). 

4.2.7.4.1. Sensitivity analysis as input prices increased/decreased by 10 % 

  To perform this analysis, the input price is increased/decreased by 10 % that 

resulted in the increase/decrease in the prices of cost that vary. The dominance analysis of 

this analysis was given in Table; 4.56, 4.58, 4.60 and 4.62 showed that increase/decrease in 

the variable cost of different tillage system and mulches but their respective net benefit was 

decreased. Higher variable cost was observed in T4M1 (deep tillage with no mulches) and 

lower was in the T1M1 (zero tillage with no mulch) during year 2010. The higher cost was 

due to higher cost due to deep tillage operation compared to other tillage practices. With the 

increase in the output prices, surely the net benefit was decreased. The marginal rate of return 

was opposite to increase and decrease of output prices. With the increase in output prices the 

marginal rate of return was decreased and with decrease in output prices, the MRR was 

increased. The increase in output price was decreased the net benefit and increased the total 

cost which lowered the MRR and vice versa (Table # 4.57and 4.59). In 2011, the similar 

trend with respect to the sensitivity analysis of different tillage and poultry manure 

treatments was observed (Table # 4.61 and 4.63). 
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4.57. Sensitivity analysis as 10 % increased in Input cost in experiment # 2 during 2010 

 

 

Treatments Cost that vary (Rs. ha
-1

) Net benefit (Rs. ha
-1

) 

T1M1 100,274 23,941 

T2M1 101,649 43,464 

T3M1 104,124 48,511 

T4M1 107,424 47,318 D 

T1M3 153,074 42,681 D 

T1M4 153,074 41,946 D 

T2M3 154,449 72,421 

T2M4 154,449 71,367 D 

T1M2 155,274 44,475 D 

T2M2 156,649 74,557 

T3M3 156,924 74,184 D 

T3M4 156,924 72,641 D 

T3M2 159,124 75,586 

T4M3 160,224 72,526 D 

T4M4 160,224 70,492 D 

T4M2 162,424 74,491 D 

 

 

4.58. Marginal rate of return 

 

Treatments 

Cost that 

vary 

(Rs.ha
-1

) 

Marginal cost 

(Rs.ha
-1

) 

Net benefit 

(Rs.ha
-1

) 

Marginal benefit 

(Rs.ha
-1

) 
MRR (%) 

T1M1 100,273.8  23,941.2   

T2M1 101,648.8 1,375 43,464.2 19,523 1419.85 

T3M1 104,123.8 2,475 48,511.2 5,047 203.92 

T2M3 154,448.8 50,325 72,421.2 23,910 47.511 

T2M2 156,648.8 2,200 74,557.2 2,136 97.09 

T3M2 159,123.8 2,475 75,586.2 1,029 41.58 
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4.59. Sensitivity analysis as 10 % decreased in Input cost in experiment # 2 during 2010 

 

 

Treatments Cost that vary (Rs. ha
-1

) Net benefit (Rs. ha
-1

) 

T1M1 82,042.2 42,172.8 

T2M1 83,167.2 61,945.8 

T3M1 85,192.2 67,442.8 

T4M1 87,892.2 66,849.8 D 

T1M3 125,242.2 70,512.8 D 

T1M4 125,242.2 69,777.8 D 

T2M3 126,367.2 100,502.8 

T2M4 126,367.2 99,448.8 D 

T1M2 127,042.2 72,706.8 D 

T2M2 128,167.2 103,038.8 

T3M3 128,392.2 102,715.8 D 

T3M4 128,392.2 101,172.8 D 

T3M2 130,192.2 104,517.8 

T4M3 131,092.2 101,657.8 D 

T4M4 131,092.2 99,623.8 D 

T4M2 132,892.2 104,022.8 D 

 

 

4.60. Marginal rate of return 

 

Treatments Cost that 

vary 

(Rs.ha
-1

) 

Marginal cost 

(Rs.ha
-1

) 

Net benefit 

(Rs.ha
-1

) 

Marginal benefit 

(Rs.ha
-1

) 

MRR (%) 

T1M1 82,042.2  42,172.8   

T2M1 83,167.2 1,125 61,945.8 19,773 1757.6 

T3M1 85,192.2 2,025 67,442.8 5,497 271.46 

T2M3 126,367.2 41,175 100,502.8 33,060 80.29 

T2M2 128,167.2 1,800 103,038.8 2,536 140.89 

T3M2 130,192.2 2,025 104,517.8 1479 73.03704 
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4.60. Sensitivity analysis as 10 % increase in Input cost in experiment # 2 during 2011 

 

 

Treatments Cost that vary (Rs. ha
-1

) Net benefit (Rs. ha
-1

) 

T1M0 102,196 33,465 

T2M0 103,571 51,254 

T3M0 106,046 59,195 

T4M0 109,346 58,113 D 

T1M2 153,896 63,875 

T1M3 154,996 62,010 D 

T2M2 156,921 95,188 

T2M3 157,196 64,731 D 

T1M1 158,571 98,725 

T2M1 158,571 97,568 D 

T3M2 159,396 93,565 D 

T3M3 161,046 97,270 D 

T3M1 161,046 93,521 D 

T4M2 162,696 83,813 D 

T4M3 164,346 96,265 D 

T4M1 164,346 91,930 D 

 

 

4.61. Marginal rate of return 

 

Treatments 

Cost that 

vary 

(Rs.ha
-1

) 

Marginal cost 

(Rs.ha
-1

) 

Net benefit 

(Rs.ha
-1

) 

Marginal benefit 

(Rs.ha
-1

) 
MRR (%) 

T1M0 102195  33464   

T2M0 103570 1375 51253 17789 1293.74 

T3M0 106045 2475 59194 7941 320.85 

T2M2 153895 47850 63874 4680 9.78 

T2M1 156920 3025 95187 31313 1035.14 

T3M1 158570 1650 98724 3537 214.36 
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4.63. Sensitivity analysis as 10 % decreased in Input cost in experiment # 2 during 2011 

 

 

Treatments Cost that vary (Rs. ha
-1

) Net benefit (Rs. ha
-1

) 

T1M0 83,615 52,046 

T2M0 84,740 70,085 

T3M0 86,765 78,476 

T4M0 89,465 77,994 D 

T1M2 125,915 91,856 

T1M3 126,815 90,191 D 

T2M2 128,390 123,719 

T2M3 128,615 93,312 D 

T1M1 129,740 127,556 

T2M1 129,740 126,399 D 

T3M2 130,415 122,546 D 

T3M3 131,765 126,551 D 

T3M1 131,765 122,802 D 

T4M2 133,115 113,394 D 

T4M3 134,465 126,146 D 

T4M1 134,465 121,811 D 

 

 

4.64. Marginal rate of return (MRR) 

 

Treatments 

Cost that 

vary 

(Rs.ha
-1

) 

Marginal cost 

(Rs.ha
-1

) 

Net benefit 

(Rs.ha
-1

) 

Marginal benefit 

(Rs.ha
-1

) 
MRR (%) 

T1M0 83,614  52,045   

T2M0 84,739 1,125 70,084 18,039 1,603.47 

T3M0 86,764 2,025 78,475 8,391 414.37 

T2M2 125,914 39,150 91,855 13,380 34.17 

T2M1 128,389 2,475 123,718 31,863 1,287.39 

T3M1 129,739 1,350 127,555 3,837 284.22 
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4.2.7.5. Productivity 

  Poor or small farmers do not concerned with such type of analysis but an 

economist or the big landholder will definitely more conscious about per rupee output 

evaluation for future investment and to enhance his business. The crop productivity was 

calculated by dividing the total output of crop to total cost of production which gave the 

output value kg per rupee. Both the year of study, the minimum tillage with black plastic 

mulches, followed by conventional tillage with black plastic mulch was gave the higher 

productivity as compared to all other tillage and mulches treatments as shown in Table # 4.64 

and 4.65. 
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4.65. Crop Productivity (kg Rs.
-1

) [2010] 

 

 

Treatments 
Product output 

(kg. ha
-1

) 

Total 

production cost 

(Rs. ha
-1

) 

Maize grain 

productivity 

(kg. Rs
-1

) 

Zero tillage (T1) 

T1M1 5070.00 91,158 0.0556 

T1M2 8153.02 141,158 0.0578 

T1M3 7990.00 139,158 0.0574 

T1M4 7960.00 139,158 0.0572 

Minimum Tillage (T2) 

T2M1 5922.98 92,408 0.0641 

T2M2 9436.98 142,408 0.0663 

T2M3 9260.00 140,408 0.0660 

T2M4 9216.98 140,408 0.0656 

Conventional Tillage (T3) 

T3M1 6230.00 94,658 0.0658 

T3M2 9580.00 144,658 0.0662 

T3M3 9432.98 142,658 0.0661 

T3M4 9370.00 142,658 0.0657 

Deep Tillage (T4) 

T4M1 6316.00 97,658 0.0647 

T4M2 9670.00 147,658 0.0655 

T4M3 9500.00 145,658 0.0652 

T4M4 9416.98 145,658 0.0646 
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4.66. Crop Productivity (kg Rs.
-1

) [2011] 

 

 

Treatments 
Product output 

(kg. ha
-1

) 

Total 

production cost 

(Rs. ha
-1

) 

Maize grain 

productivity 

(kg. Rs
-1

) 

Zero tillage (T1) 

T1M1 5,320.00 92,905 0.0573 

T1M2 8,702.98 142,905 0.0609 

T1M3 8,540.00 139,905 0.0610 

T1M4 8,510.00 140,905 0.0604 

Minimum Tillage (T2) 

T2M1 6,071.53 94,155 0.0645 

T2M2 10,090.00 144,155 0.0699 

T2M3 9,926.98 144,155 0.0689 

T2M4 9,866.98 142,655 0.0692 

Conventional Tillage (T3) 

T3M1 6,480.00 96,405 0.06722 

T3M2 10,130.00 146,405 0.0692 

T3M3 9,982.98 146,405 0.0682 

T3M4 9,920.00 144,905 0.0685 

Deep Tillage (T4) 

T4M1 6,566.98 99,405 0.0661 

T4M2 10,220.00 149,405 0.0684 

T4M3 10,050.00 149,405 0.0673 

T4M4 9,666.98 147,905 0.0654 
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Chapter # 5        SUMMERY 

 

Two year research trials were conducted during 2010 and 2011 at the Agronomic Research 

Area, Department of Agronomy, University of agriculture, Faisalabad to explore the 

substantiate effect of “integrated management strategies to improve the performance of 

spring maize”. Two field experiments were conducted; in the first experiment, “influence of 

tillage and poultry manure on the growth, yield of maize and physical properties of soil” was 

studied. Four different tillage practices as zero tillage (T1), minimum tillage (T2), 

conventional tillage (T3) and deep tillage (T4) and three different levels of poultry manures; 

control (P1) no poultry manure; only recommended dose of synthetic fertilizers was applied), 

poultry manure (P2) at 5 Mg ha
-1

 and poultry manure (P3) at 10 Mg ha
-1

 were applied as 

treatments. Synthetic fertilizers were applied to the poultry manure treatments after fulfilling 

crop nutritional requirement from the poultry manure. Second field experiment “influence of 

tillage and mulches on the growth, yield of maize and physical properties of soil” was 

investigated. This experiment included four tillage treatments i.e. zero tillage (T1), minimum 

tillage (T2), conventional tillage (T3) and deep tillage (T4) and four different mulches i.e. 

control (M1= no mulch), black plastic mulch (M2), wheat straw mulch (M3) and grass mulch 

(M4) were applied between the rows of maize crop. Recommended dose of chemical 

fertilizers were applied. All the tillage treatments in the both experiment was kept in the main 

plots while the poultry manure (first experiment) and mulches (second experiment) in the sub 

plots. Randomized complete block design with split plot arrangement was used in the both 

field experiment. Pioneer hybrid 32F10 at 25 kg seed ha
-1

 was sown in 6 rows within 10 × 

4.5 m plots with three replications in each experiment. The observation on soil parameters, 

growth analysis, yield and yield related traits and quality parameter was recorded using the 

standard procedures. Data was analyzed with MSATAT-C software and the significant mean 

were separated using least significant difference (LSD) at 0.05 probabilities. The summery of 

each experiment are given below,  

 

 

 



211 

 

Experiment # 1   

 More time to start emergence, time to start 50 % emergence and mean emergence 

time was observed in the zero tillage during the both year of study while the lesser days was 

noted in the deep tillage, while all the poultry manure was significantly affected TSE, T50 and 

MET giving more days in the 10 Mg ha
-1

 poultry manure treatments and less in the control. 

Taller plants (204.34 & 214.51 cm) and higher ear height (85.52 & 105.52 cm) was recorded 

in the deep tillage while the longer tassel, more days to tasselling, more days to silking and 

higher days to maturity was exhibited by the zero tillage during the both years (2010 & 

2011). All the growth parameters i.e. LAI, LAD, CGR and NAR was significantly affected 

by the all the tillage and poultry manure treatments.  As far as poultry manure treatments 

were concerned; taller plant, higher ear height, longer tassel length, more days to tasseling, 

silking  and maturity was recorded in the 10 Mgha
-1 

poultry manure applied plots while the 

lower was in the control plots (no poultry manure). 

 Different tillage practices and poultry manure treatments affected the yield and yield 

related attributes during the two year study. With increase of tillage intensity and poultry 

manure doses improved the grain yield and harvest index.  All the yield and yield related 

traits i.e. plant population, cob length, cob diameter, number of grains per cob, number of 

grain rows per cob, 1000-grain weight, biological yield and grain yield was significantly 

affected by the different tillage practices and poultry manure treatments. Significantly higher 

grain yield was recorded in the deep tillage (7.94 & 8.90 Mg ha
-1

) and in poultry  manure at 

10 Mg ha
-1 

(7.95 & 8.98.Mg ha
-1

) during both years of 2010 and 2011, respectively while the 

harvest index was ranged between 38-46 %, 44-48 % and 42-45 %, 46-47 % for tillage 

practices and poultry manure respectively, during the study period. Significantly higher grain 

yield was observed in 2011 as compared to 2010 that may be contributed to more favorable 

environmental condition in that year.    

Soil bulk density, soil total porosity, root penetration resistance was higher in the no 

tilled field while the infiltration rate was higher in the minimum, conventional, deep tillage 

treatments. Poultry manure levels and different types of mulches were also influenced the 

soil related characteristics. As the poultry manure doses were increased the soil bulk density, 

soil total porosity, root penetration resistance and the infiltration rates was also increased. 
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Among the mulches treatments; higher bulk density, total soil porosity, lower root 

penetration resistance and infiltration was recorded in the black plastic mulch. 

Tillage practices had significantly affected the quality parameters of maize with 

higher protein contents was found in the deep tillage treatments, while higher oil and starch 

contents was recorded  in the zero tillage treatments. Effect of different poultry manure on 

the quality parameters of maize was also significantly. More protein content while less oil 

and starch contents was observed in the 10 Mgha
-1

 poultry manure treatments during both 

years research study.   

Maximum net income, BCR and higher cropproductivity were obtained in those 

treatments where minimum tillage and the poultry manure @ 10 Mg ha
-1

 were applied.   

Experiment # 2 

 More days to start emergence, time to 50 % emergence and mean emergence time 

was counted in the zero tillage during the both years. Mulches significantly improve the seed 

germination with higher TSE, T50 and MET was observed in the black plastic mulch. Tillage 

practices significantly improved the phenological and growth parameters with taller plants 

and maximum ear height, improved LAI, LAD, CGR and NAR while smaller tassel, less 

days to tasseling, silking and maturity was recorded in the deep tillage. Among the mulches, 

improved phenological and growth parameters was observed in the black plastic mulches.    

Plant population, number of cobs plant
-1

, number of grains cob
-1

, number of grain rows cob
-1

, 

thousand grain weight, biological yield, grain yield, shelling percentage and harvest index 

was improved in the deep tillage and black plastic mulch during 2010 and 2011. 

 Heavier 1000-grain weight resulted in higher grain yield was recorded in the deep 

tillage and black plastic mulch. Higher grain yield, biological yield and harvest index was 

observed in the 2011 as compared to 2011 that was may be due to seasonal effect. 

Significantly higher protein contents with lower oil and starch contents was observed in the 

deep tillage and black plastic mulch during the both year of study. 

 During both growing season, zero tillage gave significantly higher soil bulk density, 

less soil total porosity, and more root penetration resistance while the infiltration rate was 

increase in increasing order from the minimum to conventional and then deep tillage 

treatments. Different types of mulches were also influenced the soil related characteristics. 
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Higher bulk density, lower soil total porosity, more root penetration resistance and water 

infiltration rate was observed in the control. 

 Economic return of different tillage system was increased with increase in tillage 

operations. However, minimum tillage and black plastic mulch gave the higher net income, 

BCR and crop productivity during both years of research.   

RECOMMENDATIONS 

 Although the higher grain yield was achieved in deep tillage but it is not 

economically viable. So, minimum tillage should be included in the field operation 

practice to achieve the higher net income, BCR and crop productivity. 

 Poultry manure should be included with the chemical fertilizer to attain sustainable 

crop harvest.   

 Black plastic mulch should be included to conserve the moisture for the optimum 

grain yield with good soil physic-chemical properties. 

FUTURE RESEARCH NEEDS 

 Long term different tillage system experiments should be carried out in order to get 

the sustainable results on tillage experiments and repeated in both growing season 

(spring & autumn)  

 Strip tillage should be evaluated with respect to soil physical and chemical aspect   

 Live mulches should be evaluated in maize crop with tillage experiments 
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Appendices 

 

Appendix # 3.1. Mean monthly temperature data of crop growing season during 2010 and 2011 

 

 

 
 

 

 

 

 

 

Appendix # 3.2. Mean monthly rainfall data of crop growing season during 2010 and 2011 
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Appendix # 3.3. Mean monthly evapotranspiration data of crop growing season during 2010 

and 2011 

 

 

 

 
 

 

 

 

Appendix # 3.4. Mean monthly relative humidity data of crop growing season during 2010 and 

2011 
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Appendix # 3.5. Influence of different tillage practices on soil temperature from 0-5 cm 

depth at 14:00 PST during 2010 

 

  

 

Appendix # 3.6. Influence of different tillage practices on soil temperature from 5-10 cm 

depth at 14:00 PST during 2010 
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Appendix # 3.7. Influence of different poultry manure treatments on soil temperature 

from 0-5 cm depth at 14:00 PST during 2010 

 

 

 

Appendix # 3.8. Influence of different poultry manure treatments on soil temperature 

from 5-10 cm depth at 14:00 PST during 2010 
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Appendix # 3.9. Influence of different tillage practices on soil temperature from 0-5 cm 

depth at 14:00 PST during 2011 

 

 

 

Appendix # 3.10. Influence of different tillage practices on soil temperature from 5-10 

cm depth at 14:00 PST during 2011 
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Appendix # 3.11. Influence of different mulches treatments on soil temperature from 0-

5 cm depth at 14:00 PST during 2011 

 

 

 

Appendix # 3.12. Influence of different mulches treatments on soil temperature from 5-

10 cm depth at 14:00 PST during 2011 
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Statement concerning data 

 The replication wise raw date and the summary of variance have been lodged in the 

department of Agronomy, Faculty of Agriculture, University of Agriculture, Faisalabad. Any 

person interested may contact to Dr. Muhammad Shahid Ibni Zamir, Department of 

Agronomy for the use of date. 
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