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ABSTRACT
Conservation tillage is becoming popular worldwide for sustainable soil and
water management. It is characterized by minimal soil disturbance and permanent residue
cover. The conservation tillage offers a promising solution in this regard. The condition
of livestock in Pakistan is also poor due to non-availability of good quality and adequate
quantity of forage. So, a field study of two years during 2012-13 and
2013-14 was conducted under subtropical rainfed conditions at PMAS-Arid Agriculture
University Research Farm Chakwal Road Rawalpindi, Pakistan with the objectives: i) to
study the yield and quality of forage grown in cereal-legume mixtures under different
tillage practices. ii) to identify an appropriate tillage practice that is economically
sustainable for enhanced productivity of cereal-legume forage in rainfed regions and iii)
to compare the effect of conservation versus conventional tillage systems for soil
moisture conservation and fertility. Cereal-legume treatments were: i) Oats pure stand
(O1), ii) Oats in oats-vetch mixture (O2), iii) Barley pure stand (B1), iv) Barley in barleyvetch mixture (B2), v) Vetch pure stand (V1), vi) Vetch in barleyvetch mixture (V2) and
vii) Vetch in oats-vetch mixture (V3) in cereal-legume mixtures with ratio of 70:30 while
tillage treatments were: i) Zero-tillage + Glyphosate herbicide (conservation tillage T 1),
ii) One tillage with moldboard plough and three ploughings with cultivator (minimum
tillage T 2), iii) One tillage with moldboard plough and four ploughings with cultivator
(reduced tillage T 3) and iv) One tillage with moldboard plough and six ploughings with
cultivator (Conventional tillage or
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Farmers Practice T 4). As for as cereal-legume mixture and tillage systems are concerned,
the significant results were found in oats, barley and vetch for green forage yield. Oats
and barley in oats-vetch and barley-vetch mixture produced 51 t ha -1 and 40 t ha-1 ,
respectively, higher green forage yield than their pure stands. Vetch pure stand produced
31 t ha-1 green forage yield while vetch yield in oats-vetch and barleyvetch mixture was
non-significant with value of 7 t ha -1 . Oats grown in mixture had crude protein (CP) of
175 g kg-1 greater than oats grown in pure stand with CP of 140 g kg -1. Similarly, barley
in combination with vetch resulted in higher CP than barley pure stand. The highest CP
of barley in barley-vetch mixture was recorded (170 g kg1). The CP for pure vetch was
significantly higher than vetch produced in barley-vetch mixture or vetch in oats-vetch
mixture which resulted in greater CP with values of 246, 227 and 225 g kg -1, respectively.
The tillage did not show significant differences for crude protein (CP), neutral detergent
fiber (NDF) and acid detergent fiber (ADF).
Oats in oats-vetch mixture and barley in barley-vetch mixture produced minimum NDF
of 494 and 340 g kg-1, respectively, while the lowest NDF was produced in pure vetch
stand with value of 395 g kg-1. Oats in oats-vetch mixture produced minimum ADF of
340 g kg-1. Similarly, the lowest ADF of 176 g kg -1 was produced by barley in barleyvetch mixture while higher ADF of 242 g kg -1 was produced in pure barley stand. On the
contrary, the lowest ADF was produced in pure vetch stand with value of 306 g kg -1.
Total per hectare cost that varied for zero-tillage, minimum tillage, reduced tillage and
conventional tillage was Rs. 3000, 9325, 11525 and 15925, respectively. The highest net
benefit ha-1 for oats and barley in case of reduced tillage was Rs. 81175 and 55075,
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respectively, while for vetch the highest net benefit was in case of minimum tillage i.e.,
Rs. 19691.
Chapter 1

INTRODUCTION
The total area of the world has been estimated to be 510 million km2 . Out of
which, land occupies 148.9 million km2 (29.2 %) and rest of 361.1 million km2 area (70.8
%) is under water. The area under arid and semi-arid regions has been reported to be 68
million km2, 45.67% of total land area (World Atlas, 2008).
Pakistan’s climate varies from arid to semi arid. The total geographical area is 79.61
million hectare, out of which 22.94 million hectare is cultivated (FAO, 2004) and 5.28
million hectare (23-25%) of the cultivated area is rainfed and 20% of which lies in
Punjab and area entirely depends on rainfall for agricultural production (Mian, 1992).
There is a vast tract of land in Pothwar region of Pakistan. The climate of the region is
sub-humid to semi-arid. Pothwar plateau is an important part of rainfed zone and covers
an area of 1.8 million hectares. This tract starts from Attock and ends up to Jhelum district
of the Punjab and lies between two rivers Jhelum and Indus (Nizami et al., 2004), consists
of more than 4.6 million hectares (18% of the total cultivated area of the country). This
tract has a lot of potential for crop production which can play a significant role in the
economy of country. Rain fall in the area during summer is erratic and varies greatly
from 250-375mm to 1000-1500 mm in the south-west and north-east parts of the region,
respectively. The seasonal pattern of rains does not match with the plant growth
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requirements (Sahi et al., 1997). About 70% rainfall is received in summer during
monsoon rainy season i.e., mid June to mid September (Shafiq et al., 2005). Rainfall is
extremely variable within the year, particularly in winter season (Yousaf, 2007).
The main copping system developed over a period of time relies upon residual summer
moisture to establish winter season crop. This system is known as “Dofasla”(two crops
in a year). Fallowing is commonly practiced to conserve water for the following (next
coming) crop. The existing farming system in this area includes crops such as wheat,
barley and rapeseed in winter while sorghum, millet, maize and groundnut during
summer in conjunction with rearing of livestock, mainly small ruminants. The important
cropping patterns include wheat-fallow and fallowgroundnut (low rainfall area), wheatmillet-lentil and wheat-millet-fallow (medium rainfall area) and wheat-maize and wheatfodder (high rainfall area) (Khan, 2001). The soils of Pothwar Plateau are low in fertility
especially, NP and organic matter. Moreover, the resent trend for growing continuous
cereals on all arable lands has further depleted the nutrients in the soils that are already
low in organic matter. There are widespread deficiencies of all major nutrients especially
in Pothwar area (Rashid and Shafiq, 2002).
Livestock is the main source of nutrition and earning for the inhabitants of the
region. The role of livestock in rural economy of Pakistan may be assessed by the fact
that 30-35 million of the total rural population is engaged in livestock rearing activities
and deriving 30-40 % of income from it (Bilal et al., 2006).
The livestock sector accounts for 55.4% of agriculture value added, contributes
11.4% to GDP. The increase in livestock (only sheep, buffaloes, cattle and goats)
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population is about 86% from 2006 to 2011-12 (GOP, 2012-13). The main problem
associated with livestock production in rainfed region is the provision of sufficient
nutritional fodder. Against the estimated requirement of 358.11 million tones, only
165.76 million tones of green forage is available for livestock in Pakistan, which presents
54-60 % forage deficiency (Tauqir et al., 2009).
The condition of livestock, however, is also poor in this area due to nonavailability of
good quality and adequate quantity of fodder. The leguminous crops in rainfed area are
minimal but their potential is very high. The yield and quality of forages can be improved
by many ways like cereal-legume mixture, supply of farm byproducts (Khalili et al.,
1992; Umunna et al., 1995; Mpairwe, 1998; Mpairwe

et al., 2003) and use of

concentrates (Mpairwe et al., 2003a). The former is the most cost-effective (Topps,
1997) while latter two are the most scarce, costly and limiting factors. Most of farmers
are using cereal hay for their animals which is also of substandard quality (Lithourgidis
et al., 2006) while wheat straw used to feed the livestock is also less nutritious. Cereallegume mixture is a sustainable solution in such situations to meet the shortage of forage,
which has been studied by many researchers in semi-arid tropics (Ghosh et al., 1999;
Yadav and Yadav, 2001). Cereal-legume mixture has shown improvement in the
qualitative characteristics of forage. Improved forage may be achieved by yielding good
quality of cereal-legume mixture (Khalili et al., 1992; Umunna et al., 1995; Mpairwe
1998, Mpairwe et al., 2003) while pure cereal stands have been found to be deficient in
crude protein (Umunna et al., 1997). Performance of animals can be improved by good
quality forage especially legume
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(Topps, 1997).
Now-a-days there is increasing interest in sustainable agriculture especially for cereallegume mixture to obtain maximum cost effective production. Several benefits of
legumes in mixture have been noticed such as soil fertility by nitrogenfixation, high land
use efficiency and yield (Willey, 1979; Ofori and Stern, 1987; Ghosh 2004). The benefits
of mixcropping under soil water stress conditions were reported by Natarajan and Willey
(1980) and Astatke et al. (1995). The increase of water use efficiency in cereal-legume
mixture was due to windbreak effect of cereals on legumes (Steiner 1982). In cereallegume mixture high land use efficiency and yield, efficient utilization of light and water,
and soil were observed with better use of nutrients (Anil et al., 1998; Lithourgidis et al.,
2006; 2007; Dhima et al., 2007; Javanmard et al., 2009). The better utilization of
environmental resources and optimum yield were achieved in mixcropping than pure
stands (Vandermeer 1990).
Cereal-legume mixture resulted in soil conservation and lodging resistance (Anil et al.,
1998), high yield (Lithourgidis et al., 2006), improved hay quality, forage preservation
and CP concentration (Qamar et al., 1999). The mixcropping resulted in increased water
and nutrient uptake and thus conserved soil (Stern, 1993; Ranells and Wagger 1997; Anil
et al., 1998; Vasilakoglou et al., 2005). Vetch with cereals facilitates forage growth and
harvest conditions (Anil et al., 1998) improve forage quality whereas cereals in return
provide advantages as, structural support, better light interpretation and harvesting
(Robinson 1969, Thompson et al., 1992). However, insufficient and limited investigation
on cereal-legume mixtures for forage quality have been carried out in subtropical dry
regions of Pakistan. So, there is a dire need for strategic quality forage supplementation
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through cereal-legume mixture to improve animal health and ultimately to provide
economic benefit to farmers.
Intensive tillage operations have created some serious problems such as high cost
of production, more fuel and time consumption, compaction and damage of soil structure
(Sheikh et al., 1983).
New technological developments to decrease cost of production, have directed
agricultural scientists to keep serious check on existing agriculture practices especially
tillage systems. Significantly higher plant growth and improved soil conditions can be
achieved by less intensive tillage practices such as minimum tillage (Sainju et al., 2002;
Papini et al., 2007) and no-tillage (Agenbag and Maree, 1989; Wiatrak et al.,
2006; Zanatta et al., 2007). Conservation tillage reduces soil erosion and runoff
(Freebairn and Wockner, 1983, 1986; Wockner and Freebairn, 1991), and increase s
fallow efficacy, soil water storage and yield (Radford and Nielsen 1983). Reducing the
tillage intensity changed both demand and supply of nitrogen for crop (Malhi et al.,
2001). Also in case of crop residue, minimum tillage has more advantages over
conventional tillage.
The area adapted to no-tillage during 2000-2001 was about 29182 ha that has
increased to 117 million ha by 2012 (ICARDA, 2012). However, effects of tillage
practices vary greatly with soil type, agro-climatic conditions and crops (Hulugalle and
Entwistle, 1997; Lopez and Arrue, 1997; Cantero-Martínez et al., 2003; Iqbal et al.,
2005; Kato et al., 2007).
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Tillage influences. Tillage stimulates modifications in structure, texture, and
organic characteristics depending on nature of soil, kind of tillage, and environmental
conditions (Prihar, 1990).
The aim of conservation tillage system is to reduce deterioration of soil and
conserve water. On the other hand these losses are well-known in case of conventional
tillage system (Mannering and Fenster, 1983). The aims of the best tillage systems are to
maximize infiltration and to minimize evaporation (Khalil and Jan., 2002). The adoption
of no-tillage has proved to reduce the soil erosion as well as conserve the soil
moisture.
No doubt, the agriculture in rainfed tract is risky and is mainly dependent on
moisture availability through rainfall, but soil and moisture conservation practices at
proper time play a significant role in crop production both for food and forage.
A two-year field study was carried out with following objectives:
1. To study the yield and quality of forage grown in cereal-legume mixtures
under different tillage practices.
2. To identify an appropriate tillage practice that is economically sustainable for
enhanced productivity of cereal-legume forage in rainfed regions.
3. To compare the effect of conservation tillage with conventional tillage
systems for soil moisture conservation and fertility.
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Chapter 2

REVIEW OF LITERATURE
2.1 TILLAGE OPERATIONS
Different researchers have described tillage as: i) the practice of working the soil with
implements to provide suitable conditions to raise crops, ii) the mechanical manipulation
of the soil aimed at improving its physical conditions or tilth, iii) the practice of
modifying the state of soil in order to provide conditions favorable for crop growth
(Bakht Roidar Khan, 1994), iv) a method to enhance soil properties including its quality
by improving its financial, environmental and aesthetic functions (Lal, 1990; Lal, 1993).
During tillage operations soil conditions are modified in such a way that it enhances crop
production by giving favorable conditions for grain germination, root expansion,
controlling weeds, scheming the magnitude of eroded soil, promoting penetration and
decreasing loss of soil water by evaporation. Intermingling of crop residues for better
soil amendments help to organize and prepare seedbed and rupturing hard soil layer for
better incursion of roots under the soil. Tillage influences structure, texture, and organic
characteristics of soil. Tillage stimulates modifications in these characteristics depending
on nature of soil, kind of tillage, and environmental conditions (Prihar, 1990).
Conventional tillage includes tine cultivator or mouldboard plough (Halvorson et al.,
2001a; Zibilske et al., 2002; Puget and Lal, 2005; Guzman et al., 2006;
Habtegebrial et al., 2007; Papini et al., 2007). These implements till the soil for optimum
plant productivity of shallow rooted crops such as wheat and barley (Gangwar et al.,
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2006). For deep tillage, chisel ploughs, disk harrow and subsoilers are used which
cultivate the soil to a greater depth (Gajri et al., 1997; Dolan et al., 2006; Papini et al.,
2007). Secondary tillage implements are used in heavy (clay rich) soils to enhance their
proper drainage.
Conservation tillage as defined by different researchers is: i) reduced tillage and notillage are jointly illustrated as conservation tillage (Gupta et al., 2002; Khan et al.,
2004a), ii) more than 30% of crop residue remains on the ground in case of conservation
tillage system whereas in conventional tillage as far as crop residues are concerned they
are left not more than 15 percent on soil surface. The aims of conservation tillage system
are to reduce deterioration of soil and to save water. On the other hand these losses are
well-known in case of conventional tillage system (Mannering and Fenster, 1983).
The research for substitutes of tillage operations has led to minimum and
zerotillage practices. The application of herbicides has been directed towards the
implementation of zero-tillage. The conservation tillage is chiefly a set of numerous
tillage kinds to manage crop residues such as zero tillage, no-till, minimum tillage,
reduced tillage etc. In zero-tillage, crops are raised without any disturbance of the soil
surface by direct drilling into the stubble of the previous crop (Halvorson et al., 2001a;
Al-Kaisi and Yan, 2005; Guzman et al., 2006; Wiatrak et al., 2006). No-tillage refers to
planting the crop in undisturbed soil with a minimum of 90% ground cover from the
previous crop’s residue maintained after sowing, or where at least 1,000 pounds acre 1

of small seed residue equivalent are maintained on the surface during the serious

wind erosion stage (Distch et al., 1988). In zero-tillage, the soil remains undamaged
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except at seeding and fertilizer applications. Zero-tillage is one of the soil cultivation
system in which the seeds are directly placed into uncultivated soil with previous plant
remnants. It is also described as no-till. The special zero-tillage seeding equipment with
low disturbance in case of discs and higher disturbance in case of thin point coulters
make a thin opening in the soil for placement of grain under the soil which is covered by
crop residues (CTIC, 2011). The term minimum tillage is used where only slight
disturbance of soil occurs (Halvorson et al., 2000) by using rotavators (Tripathi et al.,
2007). Minimum tillage system leaves residue cover in the range of 15-30% after
planting. The minimum tillage operation decreases the chances of soil crusting and soil
erosion due to less soil disturbance (Lal, 1997).
The aims of the best tillage systems are to maximize infiltration and to minimize
evaporation. Tillage practices with mouldboard and sub-soiler have been successfully
developed for proper water conservation in semi-arid regions. Mouldboard is a primary
tillage implement to break, overturn, intermingle, and mash the soil effectively to 20-30
cm depth (Khalil and Jan, 2002); whereas, sub-soiler or chisel works to the depth of 50
cm to facilitate deep water percolation and root growth but it does not invert or pulverize
the soil (Nazir, 1994)
2.2 IMPORTANCE AND ADOPTION OF ZERO-TILLAGE OVER
CONVENTIONAL TILLAGE
Tillage treatments were selected like minimum tillage to eliminate crusting. The
significance of conservation tillage over conventional tillage is presented in Table
2.1. Some scientists have suggested economic superiority of reduced tillage and no-
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tillage over traditional tillage. Reduced tillage might have some beneficial effects like
sequestrating of C, saving of energy, avoiding the risk of soil erosion, saving water
pollution on and beneath the ground, improving the physical structure of soil, improving
chemical state of soil by adding organic C, N and organic matter, minimizing cost of
production, shortening the greenhouse gasses from agricultural land, improving air,
making better production and assuming good environment (Gupta et al., 2002; Khan et
al., 2004a; Conant et al., 2007; Fernandez et al., 2007). The adoption of no-tillage has
proved to reduce the soil erosion as well as conserve the soil moisture. It has also
been investigated that extreme weather conditions increase the adoption of conservation
tillage (Ding

and

Schoengold,

2007). The adoption of no-tillage system has the

potential to reduce the soil erosion (McGregor, 1978). The practical crop production
demonstration by no-tillage convinced more than 60% farmers to adopt this system
(SAIC, 2004).
Excessive tillage has yielded both good and bad effects. Bad effects comprise
compacted soil and eroded soil, reduced organic matter, which eventually damage
interior passage of water through the soil (Soane et al., 1982; Unger, 1982). The
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Table 2.1. Importance and adoption of conservation tillage
Tillage System
Comments
Minimum tillage

References

Reduce tillage might have environmental impacts like carbon Fernandez et al.
sequestration, fuel saving, and reduced risk of soil erosion, surface and (2007)
ground water pollution, improvement in soil physical and chemical structure,
increase in soil organic carbon and soil nitrogen.

Minimum tillage

It reduces production costs, saves water, increases soil organic matter, Khan et al.
prevents soil erosion, mitigates greenhouse gases from the soil, (2004a) improves air
quality, protects wildlife habitat and biodiversity, improves production and ensures
environmental safety.

No-tillage

The adoption of no-tillage performance has been revealed to Ding and reduce the
soil erosion as well as conserves the soil moisture. It Schoengold.
has also been investigated that the extremely dry and wet conditions (2007) increase the
adoption of conservation tillage.
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No-tillage
McGregor.
The adoption of no-tillage system has the potential to reduce the soil
erosion.
No-tillage

(1978)
SAIC. (2004)

No-tillage practical crop production demonstration convinced more than
60 % farmers to adopt this system.
No-tillage

The no-tillage adoption rate is relatively greater in rice-wheat zone than
the cotton-wheat zone of the Punjab.

Hussain et al.
(2010)
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obvious good effects comprise the addition and retention of water into the soil by
macropores in case of less tillage system, stabilizing organic matter by various tillage
systems and managing crop residues (Unger, 1982). Main objectives of conservation
tillage should include control of soil erosion and conservation of soil moisture.

2.3 EFFECTS OF ZERO-TILLAGE AND CONVENTIONAL TILLAGE ON
PHYSICO-CHEMICAL PROPERTIES
In the present scenario soil compaction is the main issue for agriculture. The soil
compaction and use of different tillage machinery are main concerns. The greater the
compaction, the more adverse effects are observed on nourishment and establishment of
seedling, growth, and development of root and yield of crop. Soil compaction and soil
strength are affected by different soil properties like soil organic matter, soil moisture,
and bulk density. High cohesion and strength have been observed greater in clayey soil
as compared to sandy soils. Improper and excessive use of tillage operations by the
farming communities of Asia have shown many soil related problems like soil
compaction (Lal, 1990). Unnecessary and disproportionate tillage activities resulted in
reduction of soil quality due to more breakdown of soil organic matter. Soil compaction
generally under the normal tillage activities is termed as subsoil compaction (Oussible
et al., 1992; Unger and Kaspar, 1994; Etana and Hakansson, 1994; Jorajuria et al., 1997).
The soil compaction increases due to use of heavy machinery during conventional tillage
and becomes the most serious environmental problem (Poesse, 1992; McGarry, 2001).
Continuous superficial tillage operations have been observed to cause a hard tillage layer
to the 0.15 m depth (Farooq and Amin, 1990; Hassan and Gregory, 1999). Most of the
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soil compaction in conventional tillage system is the result of loads on the land due to
the use of heavy agricultural machinery. The structure of the cultivated soil, soil working
potential and the climate are harmed due to the use of this machinery (Defossez and
Richard, 2002). Bad effects of soil compaction observed by different scientists are;
increased bulk density, reduced soil porosity, and affiliated lower crop yield (Oussible
et al., 1992; Gysi et al., 2000; Hamza and Anderson, 2005). Deep tillage to reduce the
hard tillage pan generally reported to 25-30 cm soil depth (Hassan and Gregory, 1999).
Subsoil compaction is comparatively related to various tillage systems. Restrictive and
limiting layers in some soils are the cause of natural compaction of the soils. In the same
way, secondary tillage practices cause severe intimidations of soil compaction. Ankeny
et al. (1990) reported that soil compaction is also the result of various tillage activities
under adverse environmental conditions. Root growth of crops is restricted as a result of
clay pan formation in heavy textured soils. The soil compaction may be decreased by
deep tillage and tillage practice should be adopted at specific interval to prevent the
settlement of soil back into its place (Ishaq et al., 2002). Oussible and Allmaras (1993)
observed 30% decrease in N absorption by the straw of wheat due to subsoil compaction.
In general, tillage depth has considerable positive effects on the soil. Deep and
conventional tillage have proved to improve soil porosity (Zorita, 2000; Hao et al.,
2001), aeration (Zorita, 2000), and nutrient absorption capability, increased
mineralization of organic matter (Warkentin, 2000), and moisture conservation and
availability (Aase and Schaefer, 1996; Lopez-Bellido et al., 2001; Patil et al., 2006), and
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so increase crop production and yield (Zorita 2000). Deep and conventional tillage have
also shown the decrease in bulk density (Gajri et al., 1997).
Minimum tillage has shown beneficial effects in terms of soil and moisture
conservation in semi-arid regions (Papini et al., 2007), and to reduce the resource cost
for poor farmers (Habtegebrial et al., 2007). Reduced tillage improved productivity, and
sustainability of arable land in temperate regions (Nakamoto et al., 2006), which might
be due to the addition of more organic matter in soil and N. Minimum tillage increased
soil quality due to nitrogen enrichment (Papini et al., 2007). Conservation tillage
reduced more nitrogen leaching (Sanija et al., 2006) compared to deep tillage.
Wheat yield is definitely correlated with soil phosphorus and potassium
concentrations under irrigated conditions when scientists review the influence of tillage
systems and rate of fertilizer on depth, distribution and availability of nitrogen,
phosphorus and potassium concentrations. The decrease in nutrient absorption by wheat
because of subsoil compaction is 12-35%, 17-27% and 24% for nitrogen, phosphorus
and potassium, respectively. In sorghum decline in nutrients absorption because of
subsurface compaction is 23%, 16% and 12% for nitrogen, phosphorus and potassium,
respectively. The 16-17% enhancement of bulk density due to soil compaction has been
observed by some scientists and they found 38% and 22% reduction in seed and forage
yield of wheat and sorghum, respectively (Ishaq et al.,
2000; Ishaq et al., 2001; Ishaq et al., 2001a; Ishaq et al., 2001b).
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2.3.1 Bulk Density
Bulk density measurements are helpful to evaluate the soil compaction. The
effect of conservation tillage and conventional tillage on soil bulk density is presented
in Tables 2.2 and 2.7. Bulk density quantifies the mass of agricultural land per unit
volume. Greater the bulk density of soil the lower will be the porosity of soil for
moisture, air and other natural activities (Lal and Shukla, 2004). Bulk density can also
be described as weight of dry soil per unit bulk volume. Bulk density fluctuates with
state of soil structure, particularly associated with soil stiffness. Soil compaction is well
known to increase soil bulk density.
Employment of heavy tillage machinery causes hard plough layer with enhanced
bulk density, generally 25 cm deep in the soil, and with a lessoned bulk density in the
above soil layers. The subsoil compaction adversely affects bulk density (Hassan et al.,
2007). Compaction results unfavorable amendment in bulk density and pore size of soil
(Soane et al., 1981). The range of bulk density of plough layer up to
0.15 m depth is from 1.71 to 1.81 Mg m-3 (Farooq and Amin, 1990; Hassan and Gregory,
1999). The range of raised bulk density, because of subsurface compaction, was
practically seen between 1.65 and 1.93 mg m-3. Compaction raises soil bulk density up
to 16-17% to the depth of 15 cm (Ishaq et al., 2000; Ishaq et al., 2001; Ishaq et al.,
2001a; Ishaq et al., 2001b). Voorhees and Oussible et al. (1992) accounted direct
relation between soil compaction and bulk density and observed subsurface compaction
notably raised the bulk density in soils of clay loam texture. Soil total pore space and
size are decreased due to raised bulk density and possibly decrease the pore size
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allocation to smaller regular pore size. This is liable to have decreased not only
expansion to subsoil layers but restricted absorption of soil moisture and nutrients too.
Various factors like soil texture, crop being grown and soil
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Table 2.2. Effects of conservation tillage and conventional tillage on bulk density
Crop species Tillage System Comments
Wheat

-

References

The significant reduction in fate of wheat with increase of Khan et al.
soil bulk density from

(1992)

1.25 g cm -3 and 1.35 to 1.45 g cm-3.
-

45% reduction in pea root elongation was observed when
Bengough
bulk density was increased from 0.84 to 1.4 Mg m-3.
and Young.
(1993)

Cotton

-

The yield of cotton was negatively correlated with soil
bulk density. A drastic reduction of cotton yield was
observed when soil bulk density increased from 1.45 to

Ishaq et al.
(2001a,
2001b)

1.75 Mg m -3.
The minimum value of bulk density at which root
USDANRCS.
restriction is observed is 1.55 Mg m -3 for silt and silt loam
soils.
(1996)
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Pabin et al.
(1998)
Bulk densities between 1.55 and 1.77 Mg m-3 restricted root
penetration of pea depending upon the moisture content.
Barley

High bulk density reduced nutrient uptake by barley
(Hordeum vulgare L.).

Wheat-cotton

Conventional

Bulk density was not affected by minimum tillage,

tillage

conventional tillage and deep tillage on a sandy clay loam

Minimum

in a semi-arid region. Soil penetration resistance was lower

tillage

for deep tillage than conventional tillage and minimum

Deep tillage

tillage.

Arvidsson.
(1999)
Ishaq et al.
(2002)

moisture content affect specific bulk density which badly affect growth and
development of plant roots (USDA-NRCS, 1996).
Seker and Isildar (2000) observed that enhancement of soil compaction and bulk
density have direct relation to the frequency of tillage implements’ passage. Intensity
of soil compaction increases as a result of increased heavy tillage implements access.
Bulk density has inverse relation to soil porosity, as bulk density rises soil porosity
reduces in linear fashion (Ahmad et al., 2009). Balbuena et al. (2000) have reported how
bulk density rises with soil compaction and observed that frequency of tillage
implements on fresh cultivated soils resulted in two effects: first a change in the division
of macropores within the soil profile and second a decrease in average pore size. These
two effects cause reorganization of aggregates in the air-filled spaces and this
reorganization results in the rise of bulk density and decrease of mechanical strength of
the soil. The increasing range in bulk density due to rise in soil compaction is 15 -26%.
Inverse relationships among bulk density, amount of N, P and K absorbed, and grain
yield of wheat were also reported by Ahmad et al. (2009).
The bulk density is one of the important factors in cereal crop production,
particularly during germination and tillering. If the nature of soil is silt and silt loam then
1.55 Mg m-3 is the value of bulk density which just restricts the growth of roots (USDANRCS, 1996). Khan et al. (1992) reported major decrease in wheat yield even the
increased net amount of bulk density was 0.2 Mg m -3 i.e., 1.25 to 1.45 Mg m-3 . Bengough
and Young (1993) reported 45% decrease in pea root expansion when the net increased
amount of bulk density was 0.56 Mg m-3 i.e., 0.84 to 1.4 Mg m-3 . The yield of cotton has
inverse relation with soil bulk density (Nizami, 1990; Shafiq et al., 22
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1994; Ahmad et al., 1996; Coelho et al., 2000; Ishaq et al., 2001a; Ishaq et al., 2001b).
They also observed a drastic reduction of cotton yield when the net increased amount of
bulk density was 0.3 Mg m-3 i.e., 1.45 to 1.75 Mg m -3. Pabin et al. (1998) observed the
net increased amount of bulk density of 0.27 Mg m -3 i.e., 1.5 to 1.77 Mg m-3 which
restricted pea root elongation, this also depends on water availability. Arvidsson (1999)
reported that increase in bulk density limits the nutrients absorption in the barley crop
(Hordeum vulgare L.). Similarly higher bulk density was noted under no-tillage
(Tebrügge and Düring, 1999; Gangwar et al., 2006).
Reduced tillage operations might decrease soil bulk density because of low soil
compaction (Maurye, 1988). The various tillage machines used on farm or walking over
of animal leads to damage of soil pores and rise in soil bulk densities. The soil bulk
density depends upon two factors that are organic matter and water. Incorporating
organic matter and increasing soil water content may result in decreased bulk density.
Higher bulk density and more soil compaction might be organized by minimum use of
tillage implements (Fuentes et al., 2004). Some scientists compared the bulk density and
soil penetration resistance under conventional and conservation tillage systems.
Traditional tillage disclosed that bulk density of soil have direct relation to the depth of
all tillage systems. Soil penetration resistance was significant and higher for reduced
tillage or no-tillage as compared to conventional tillage (Hill and Cruse, 1985). The soil
stability is higher in conservation tillage system but this does not obstruct the growth of
roots. Moreno et al. (1997) observed more infiltration and decreased bulk density in
conservation tillage as compared to traditional tillage practices. It has also been observed
that shifting from traditional tillage to no-tillage cropping system proved to be beneficial
for soil infiltration.

2.3.2 Soil Porosity
Seker and Isildar (2000) described the relationship between soil porosity and the
frequency of tillage implements passage. They reported linear proportion between soil
porosity and frequency of tillage implements passage. The effect of conservation tillage
and conventional tillage is given in Tables 2.3 and 2.7. Some scientists observed the
range in which soil porosity decrease was 15-27% (Ahmad et al., 2009). Conventional
tillage increases compaction which decreases the effectiveness of moisture and nutrients
usage in the range of 14-22%. In compact soil a significant reduction in the range of 1237% in entire soil porosity was observed as compared to un-compacted and normal loose
soil (Ishaq et al., 2000, Ishaq et al., 2001).
Tillage system affects on modification of soil physical characteristics may
continue for different time periods depending on different soil types. Cultivated soils
have shown greater tillage effect on macropore value in the upper soil rather than the
subsoil macro-pore. These continuous macropores moderately compensate for reduction
in total macroporosity of the soil under no-tillage (Hussain et al., 1998). Zero-tillage has
shown three different effects on the volume of soil pore size. The enhancement of
medium pores of 0.2-3.0 micro m, reduction for macropores of > 3060 micro m and no
effect for small pores of < 0.2 micro m (Rasmussen, 1999). Tillage systems enhance soil
porosity, lower soil bulk density, make the soil loose, and reduce its mechanical strength
(Pidgeon and Some, 1978; Rizvi et al., 1987). Ankeny et al.
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Table 2.3. Effects of conservation tillage and conventional tillage on organic matter and soil porosity
Parameters
Comments
References

Organic matter

The concentrations of soil organic carbon and nitrogen in soils are Rasmussen et
related to the total input of organic matter.
al. (1980)

Soil moisture
Non significant differences among tillage systems for soil water
storage.
Soil porosity
The values of air-filled porosity that limits root growth range from
0.08 to 0.15 m3 m-3 .
Soil Porosity

Tilled soils had higher soil porosity than no-tillage.

Gill et al.
(2000)
Smucker and
Erickson (1989)
Hussain et al.
(1998)

(1990) observed that well channeled and interconnected pores promote the infiltration
rate by the soil. Infiltration rates in no-tillage soils will be greater than in conservation
tillage soils due to high organic matter preservation and more macropores. However,
reduction in infiltration rates might be recorded in no-tillage as compared to
conventional tillage operations because of greater soil bulk densities in no-tillage and
big early soil pores in cultivated soils (Moreno et al., 1997). Tillage operation enhances
the soil porosity due to increase in the pore size allocation in the soil. Tillage increases
porosity temporarily, but usually after one or two rains, porosity decreases.
2.3.3 Nutrients Uptake
Conventional tillage treatments causing compaction considerably reduce amount
and absorption of nitrogen, phosphorus and potassium. The depressed effects of the
amount and absorption of main nutrients N, P and K are highly significant to the level
of soil compaction (Ahmad et al., 2009). The effect of conservation tillage and
conventional tillage on nutrients uptake is narrated in Tables 2.4 and 2.7. The effects of
soil compaction were observed by some scientists on creation of dry matter in plants,
yield and amount of main nutrients N, P and K absorption by wheat (Ahmad et al.,
2008). A severe deficiency of nitrogen and potassium in maize (Zea mays L.) was
observed when grown on compacted soil. Wheat grains nitrogen, phosphorus and
potassium were not affected by subsurface compaction. Usually, amount of major
nutrients did not decrease by subsurface compaction but actually influenced crop
production (Lowery and Schuler, 1991; Ishaq et al., 2000). Reduction in nitrogen due to
denitrification was usually higher in compacted soils as compared to controlled soils
(Douglas and Crawford, 1993). The loss of N in compressed grassland soil was > 20%
26
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as a result of denitrification. In compacted soil, air movement is limited and
consequently the soil becomes favorable for denitrification. Therefore, the obtainable N
is vanished into the environment as N 2O, consequential shortage of nitrogen to wheat
crop and ultimately affects crops grain yield (Abbasi and Adams, 1999, 2000). Ishaq et
al. (2000) and Ishaq et al. (2003) reported a 24% and 11-15% decline of potassium and
phosphorus absorption by wheat, respectively, because of subsoil compaction. The
induced soil compaction decreases more nitrogen absorption up to 46.2 kg ha -1 (23.2%)
than traditional tillage (Nevens and Reheul, 2003).
The tillage effect can either be positive or negative for a given time and set of
agro-climatic conditions. Incorporation of organic matter and changes in the amount and
location of soil water are the factors that cause most of the fluctuations in nutrient levels.
Warm moist soil has greater microorganism activity which results in greater
mineralization of nitrogen and in turn results in its higher uptake by plants (Standford et
al., 1973). Ishaq et al. (2001) observed that the nutrients absorption is affected by tillage
practices in case of wheat crop. It has also been reported that adequate values of total
nitrogen, phosphorus and potassium for wheat seed are greater than 20, 3 and 4 g kg -1 ,
respectively (Reuter, 1986). Among all crop nutrients, N plays a very vital role in plant
yield (Zapata and Cleenput, 1986; Ahmad, 1998; Ahmad, 2000) and nitrogen effect on
the cereal yield is highly significant (McDonald, 1989; Shah et al., 003). Ahmad et al.
(1996) observed a well-built and positive relation of nitrogen phosphorus and
phosphorus potassium concentration on seed yield of wheat. Tillage methods viz:
minimum tillage, traditional and deep tillage exaggerated soil phosphorus amount while
the concentration of nitrogen and potassium was not affected by traditional and deep
tillage (Ishaq et al., 2002).

Nitrogen is directly related or highly affected by tillage practices (Dolan et al.,
2006; Sainju et al., 2007). Loamy soil over different tillage practices produced
significant variation of nitrogen content and dynamics (Papini et al., 2007). Higher NO3 N concentration in 0-15 cm soil surface was observed in conventional ploughed soil
(Sainju et al., 2007). Disk harrowed plots were higher in nitrogen, but only in the soil
surface as compared to subsoiler, conventional and deep tillage (Papini et al.,
2007). Disturbance of soil due to tillage releases N from the microbial pool (Kristensen
et al., 2003), increases nitrogen recovery (Diosma et al., 2006) and thus sustains soil
fertility, physical conditions and nutrient availability (Zorita, 2000; Kristensen et al.,
2003). Deep ploughing has increased nitrogen leaching particularly in autumn
(Rasmussen, 1999). In contrast, Gangwar et al. (2006) perceived no change in soil
available phosphorus and potassium in either deep or conventional tillage system. Papini
et al. (2007) observed no differences in soil residual NO 3 -N in tillage practiced plots.
More nitrogen (Zibilske et al., 2002; Al-Kaisi and Yan, 2005; Wright and Hond, 2005)
and nitrogen concentration (Soon et al., 2001) was observed with notillage. Agenbag
and Maree (1989) reported that soil nitrogen was higher in no-tillage system with
affecting ammonium nitrate. However, initially nitrogen was in a smaller amount in
zero-tillage than traditional tillage, but differences gradually decreased with the lapse of
time. The total nitrogen use efficiency of mineral fertilizer was 45% (Eghball and Power,
1999). Managing nutrients in superior way and soil conservation
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Table 2.4. Effects of conservation tillage and conventional tillage on nutrients uptake
Crop species Tillage System Comments

References

Among the plant nutrients, nitrogen plays a very important Ahmad.
role in crop productivity.
(1998,2000)
Wheat

Wheat

Ishaq et al.

Conventional
tillage

Conventional tillage has positive effect on nutrients up
take.

-

A strong positive interaction of nitrogen phosphorus and Ahmad et al.
phosphorus potassium concentrations on yield of wheat.
(1996)

Wheat-cotton Minimum
tillage
conventional
tillage deep
tillage

Minimum tillage, conventional tillage, and deep tillage
affected soil phosphorus concentration but did not affect
nitrogen and potassium concentrations.

(2001)

Ishaq et al.
(2002)

Wheat

Conventional
tillage
No-tillage

The tillage treatment did not affect the nitrogen content in Iqbal et al.
wheat compared with no-tillage. The tillage practice (2004)
exerted a positive effect on yield, nitrogen uptake and plant
nitrogen derived from fertilizer by wheat compared to notillage.
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and preservation techniques are gaining popularity among researchers and policy
makers. Nitrogen is probably the nutrient the most affected by tillage, although both
phosphorus and potassium are also influenced (Standford et al., 1973).
2.3.4 Water Use Efficiency
Tillage operations have influenced soil moisture and air systems (Licht and
AlKaisi, 2005). Some references about water use efficiency are given in Table 2.7.
Higher soil water content under no-tillage as compared to traditional tillage has been
reported. The greater water content was aspect to decrease evaporation losses of water
in no-tillage because of existence of remnants of previous crop (Jones et al., 1969),
enhanced soil water absorption (Triplett et al., 1968) and overall greater moisture revive
in soil horizons (Allmaras et al., 1977). No-tillage also conserved more moisture
(Thomas et al., 2007), improved water holding capacity and so decreased cost of
production (Holland, 2004). Radford et al. (1992) observed 28% high crop moisture
access at the time of sowing in no-tillage system. Lopez et al. (1996) reported that to
enhance soil moisture content the zero-tillage is an inefficient operation. The reason for
this unsuccessfulness is that usually tillage operations show response in long term
experiments.
The tillage induced soil compaction decreased the mobility of water (Ahuja et
al., 1998; Marti ´nez et al., 2008; Latif et al., 2008) and hence resulted in less efficacy
of moisture use (Raghavan et al., 1990; Ishaq et al., 2000). Ishaq et al. (2001) observed
that subsurface compaction reduced forage yield and 14% less effectiveness in the use
of moisture and nutrients by sorghum crop. Some workers have not observed significant
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differences among tillage systems for soil water storage (Chaudhary et al., 1995; Gill et
al., 2000).
Conservation tillage system especially reduced and minimum tillage are greatly
efficient operations to conserve more soil and moisture as compared to conventional
tillage system. Moisture conservation can be achieved by improving water penetration,
decreasing and controlling evaporation techniques (Unger and Ordief, 1989). Tillage
with implements like mouldboard plough breaks the hardpan to help deep percolation
of water. Mouldboard ploughing showed good performance in maximizing water use
efficiency (Khan, 2001). Conservation tillage systems resulted in useful modifications
and improvements in soil physical characteristics especially soil moisture content
(Moreno et al., 1997). Norwood (1994) observed relations of tillage operations to
presence of water in less rainfall years. This enhanced water use efficiency might be
result of plants’ residues cover of the soil that reduced moisture losses by evaporation
(Munawar et al., 1990). The utilization of conservation tillage systems has significantly
shown good results to enhance yield of crops in prevailing soil conditions and resources
by sustaining soil water and soil organic matter. Effectiveness in moisture use and plant
yield has also been interconnected with carbon isotope favoritism of crop (Kirda et al.,
1992; White, 1993; Akhter et al., 2003). The promising effects of tillage systems on
yield of crops in arid areas are contributed to the variations in soil moisture systems.
The financial analysis of tillage systems and cropping patterns might lead to
establish profitable skill for long term crop production. Under field conditions, the
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tillage practices in respect to soil moisture content and cropping pattern require logical
analysis.
2.3.5 Organic Matter
The tillage machinery causes change in soil health by changing the allocation
and division of organic matter in soil horizons (Doran and Smith, 1987; Mahboubi et
al., 1993). The effect of conservation and conventional tillage is presented in Table 2.3.
Conservation tillage operations like zero-tillage and reduced tillage due to less
disturbance to the soil improve soil organic matter (Rasmussen et al., 1998; Mrabet et
al., 2001). The nutrients absorption of soil can be enhanced due to organic matter. Usual
and appropriate accumulation of organic matter is very essential for sustaining the soil
tilth, fertility and productivity, erosion control, saving loss of nutrients by discharge and
overflow of water (Lal, 1980; Lal et al., 1980; Maurya and Lal, 1981). The techniques
used in agriculture to increase organic matter in soil are managing crop residues, rotating
crops one after the other and application of manure. In conservative agriculture, usually,
the farming community uses plant residues to improve the organic matter of their soils.
The soil cultivation reduces organic matter (Six et al., 1998). The reduction of soil
organic matter because of tillage operations might be the result of change in type of soil,
environmental conditions, and cropping pattern (Lal et al., 1998). Ismail et al. (1994)
reported the effects of conservation tillage operations on soil chemical characteristics
and concluded that this system has important and significant effects on soil organic
matter. Doran (1980) and Dick (1983) found greater nitrogen contents under no-tillage
as compared to traditional tillage. Tillage systems were not associated with organic
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matter (Ellis and Howse, 1980). Some scientists have notably reported the tillage effects
on soil organic matter. The impact of tillage on organic matter shows fluctuations due
to many reasons like soil type, cropping pattern, and environmental conditions
(Reicosky et al., 1995). The concentrations of soil organic carbon and nitrogen in soils
are correlated to the overall addition of organic material (Doran and Parkin, 1994;
Rasmussen et al., 1980). Lopez-Bellido et al., (2001) and Sanija et al., (2006) reported
slow decomposition of organic matter, a key factor for increasing soil fertility, and
reduced soil erosion under reduced tillage.

In zero-tillage pore size allocation and soil organic matter content help to
enhance soil water use efficiency and hence promote yield of crop. Organic matter helps
the soil to retain more nutrients by increasing its surface area. The reduction in bulk
density and prevention of soil crusting are also supported by high organic matter content.
Reduced or minimum tillage causes greater modification in organic matter allocation in
the soil profile especially in the A-horizon than traditional tillage. Conventional tillage
system results in relatively uniform distribution of soil organic matter in the upper soil
layer, while in minimum tillage the concentration is restricted to 0-0.05 m depth (Staley
et al., 1988). Paustian et al. (1997) observed that the traditional tillage system resulted
in the enhancement of organic matter. The reduction in soil organic matter was reported
if tillage used to the 10 cm depth in the soil where previously no-tillage was practiced
(Campbell et al., 1995; Stockfisch et al., 1999). The increase in organic matter and other
related effects were significant for good modifications (Salinas-Garcia et al., 1997).
Traditional tillage operations usually enhance crop yield by developing soil water and
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air relationships which are important for growth of crop. Conventional tillage system
raises the ways in which the losses of soil organic matter occur because of increased
porosity (Blevins et al., 1977). Soil organic matter was directly affected by no-tillage
practices (Al-Kaisi and Yan, 2005; Wright and Hond, 2005; Guzman et al., 2006;
Zanatta et al., 2007) when compared to either deep or conventional plough. So, it is
essential to carry out tillage experiments under various soil, crop, and environmental
conditions to improve soil organic matter because it plays a significant and important
role to maintain long term productivity and health of soil. In long term experiments of
tillage system, the organic matter addition and organization can be studied in the best
way while short term experiments provide unreliable results (Langdale et al., 1990;
Power et al., 1998).

2.4 EFFECTS OF ZERO-TILLAGE AND TRADITIONAL TILLAGE ON
CROP YIELD
The crop strips under tires of tillage machinery result in lower yield as compared to
strips in areas between two tires of machinery (Khan, 1986). The effect of conservation
tillage and conventional tillage is given in Table 2.5. It has been reported that tillage pan
negatively affects the soil water permeability and as a result of this reduces the crop
yield (Rafiq, 1990; Razzaq et al., 1990). Soil compaction results in poor root
enlargement and development and thus low yield (Oussible et al., 1992; Unger and
Kaspar, 1994; Etana and Hakansson, 1994; Jorajuria et al., 1997). The structure of
various good soils has weakened to the level that plant yield has reduced due to large
and heavy machines used for tillage operations (Hamza and Anderson,
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2005). The crop yield was decreased in case of compacted soil because of highly
restricted growth of roots and decline in effective use of moisture and nutrients
(Gameda et al., 1994; Lal, 1996; Ishaq et al., 2000). The substantial damage of the root
penetration in subsurface of soil is often associated with hard tillage pans that
established beneath the tillage levels (Maurya, 1988; Gill and Aulakh, 1990).
The effect of tillage operations on crop production was conflicting and mainly
affected by soil and environmental conditions. In no-tillage, the yield of wheat crop was
relatively better than maize crop under zero-tillage as compared to conventional tillage
in temperate regions. The average yield of no-tillage cotton crop was 36% higher
than conventional tillage (Triplett et al., 1996). The 10% higher wheat seed yield was
observed in case of zero-tillage than conventional tillage system with reduced number
of tillage operations that is three cultivations fallowed by planking in rice-based crop
production (Aslam et al., 1999). Income and yield were higher for no-tillage cotton
production than conventional tillage cotton production systems
(Hussain et al., 2005). The tillage contribution towards the yield of wheat is 5-20%
(Ahmad et al. 1996). Deep tillage increased sorghum yield and water use efficiency
(Patil et al., 2006).
Conventional tillage resulted in better wheat yield, nitrogen uptake and nitrogen
content (Iqbal et al., 2005) as compared to deep tillage. In comparison to zero-tillage,
conventional plough increased nitrogen uptake in chick pea (LopezBellido et al., 2004)
and nitrogen uptake and yield in wheat (Camara et al., 2003; Ouédraogo et al., 2006),
moisture in the soil (Lopez-Bellido et al., 1998), biomass (27%) and yield (9%) in corn
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(Zorita, 2000). In case of tillage, less yield was obtained due to weeds when compared
to no-tillage practices in semi-arid regions (Anderson, 2004). No variation due to tillage
was observed by several scientists in nutrient use efficiency and crop yield (Habtegebrial
et al., 2007), stand or yield of wheat followed by cotton (Wiatrak et al., 2006) and yield
potential and water use efficiency (Fisher et al., 2002).
Minimum tillage seems to be better than either deep or conventional tillage in
arid and semi-arid areas. It improves wheat yield by 5.10 Mg ha -1 greater (Gangwar et
al., 2006), compared to either conventional or deep tillage. In contrast, researchers
believe that no-tillage is more beneficial than either deep, conventional or minimum
tillage. No-tillage has resulted in 20% greater canola chaff yield (Malhi et al., 2006),
improved emergence in wheat (Wiatrak et al., 2006), improved 12% pea yield and 14%
nitrogen uptake (Soon and Arshad, 2005), and was found to increase more wheat yield
(Mrabet et al., 1997) when compared to both conventional and deep tillage.
Wheat production is affected by soil type (Unger, 1984), moisture availability
(Maurya, 1986; Rasmussen, 1999), and fertilizer application and tillage (Ishaq et al.,
2001).
The stem growth, plant yield and nutrients addition have been examined under
different soil and climatic conditions. In no-tillage, the increased stability of soil surface
results unsuitable soil conditions. In the same way in minimum tillage, the lesser soil
temperature and insufficient plant strength and population can decrease the seed
production (Mallarina et al., 1999).
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It is generally observed that crop yield and frequency of tillage used are not
associated with each other. Tillage with mouldboard plough resulted in the highest corn
yield. Several factors could be responsible for the increased yields with the
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Table 2.5. Effects of conservation tillage and conventional tillage on yield of different crops
Crop

Parameter

Tillage System Comments

References

species
Wheat

Yield

Conventional

No-tillage sowing method of wheat after

Ahmad and

tillage

rice gave significantly higher yield (6265 kg

Chatha. (1992)

No-tillage

ha-1) than conventional practice (5360 kg
ha-1).

Wheat

Yield

No-tillage

No-tillage increased wheat yield by 10 %.

Aslam et al.
(1993)

Conventional
tillage
Wheat

Yield

No-tillage
Conventional
tillage

Zero-tillage produced 24% higher wheat

Munir et al.

yield than conventional tillage.

(1994)
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Cotton

Yield

Conventional
tillage

Triplett et al.
Average yield of no-tillage cotton crops
were 36% higher than conventional tillage.

(1996)

No-tillage

Wheat

Wheat

Yield

Yield

Conventional
tillage
No-tillage

Ahmad et al.
Tillage contributed 5-20% to crop
productivity.

(1996)
Aslam et al.

No-tillage produced 10% more wheat grain (1999)
compared to farmers’ practices of minimum
three ploughing with planking in rice based
system.
Wheat

Yield
Conventional
tillage, Deep
tillage with MB
plough

Wheat

Yield

Greater biomass and 18% greater yield were
observed in case of moldboard plough as
compare to conventional tillage.

Gill et al. (2000)

67

Sorghum

Conventional
tillage

-

Yield

Tillage induced soil compaction decreased
yield of wheat by 38% and fodder yield of
sorghum by 22%.

Ishaq et al.
(2000, 2001)

Conventional Conventional tillage has positive effect on

et al. Tillage

several soil properties which ultimately

Arshad

(1990)

increased yield.
Cotton

Yield

Conventional
tillage

wheat

Yield

Income and yields of cotton were higher Hussain et al.

for no-tillage than conventional tillage.

Conventional

(2005) No-tillage

Tillage and fertilizer effect on wheat yield Ishaq et al.

tillage differs due to differences in soil conditions, (2001) No-tillage water availability
and rainfall received and tillage and fertilizer levels. Tillage affects
soil’s physical, chemical, and biological
properties. Tillage-induced changes in these
properties depend on soil properties, type of
tillage, and climate.
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mouldboard plough. The most common is the higher moisture content and better crop
rooting (Khan et al. 1986). Corn produced higher yield under tillage than no-tillage
(West et al., 1996). Buhler (1992) observed that maize yield was independent of tillage
system used.

2.5 EFFECT OF CONSERVATION TILLAGE AND CONVENTIONAL
TILLAGE ON CROP ECONOMICS
The Table 2.6 narrates the effect of conservation tillage and conventional tillage
on the crop economics. Singh et al. (2009) studied that the advantages of notillage or
minimum tillage and as a result observed decrease in fuel, labor and cost of machine,
and enhanced soil physical properties like structure in rice-wheat cropping pattern. The
exhaustive rice-wheat cropping system adopted in traditional tillage gave less economic
returns (Ladha et al., 2000). There is an increasing trend towards the adoption of notillage and minimum tillage rather than traditional tillage due to less energy utility and
similarly less machinery used. The financial conditions of farmers suggest superiority
of no-tillage over traditional tillage system (Nagarajan et al., 2002). Some researchers
grew wheat after rice without seedbed preparation to improve the wheat productivity by
reducing tillage cost and sowing wheat on time. This low cost technology (no-tillage)
was compared with farmer’s practice (Arshad and Ahmad, 1991). The reduction of
expenditure in no-tillage was 15% higher than traditional tillage. The return above
variable cost in no-tillage technique was increased by 22%. Grain yield was not affected
by inputs like seed and fertilizer application rates (Ahmad and Chatha, 1992).
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Majority of the farmers are using conventional tillage which reduces organic
matter in the soils, leading to deterioration in soils over time as well as accelerates the
evaporation of soil moisture. Continuously rising prices of the fuel has substantially
increased the cost of crop production. The conventional tillage is relatively more costly
because greater number of field operations are needed as compared to notillage (Hussain
et al., 2010). Reduced tillage resulted in a more increased profit of $54 ha -1 year -1 as
compared to conventional or no-tillage (Wylie 1997). Technology based on
conservation tillage has saved considerable amount of cost due to enhanced water use
efficiency, reduced losses, and timely sowing of crops (Iqbal et al., 2002).
The literature review shows that data on effect of conservation tillage verses
conventional tillage on the performance of cereal legume forage in dryland Pothwar is
lacking, thus the present study is designed to fill the gap.
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Table 2.6. Effect of conservation tillage and conventional tillage on crop economics
Crop species
Parameters
Comments
Wheat-rice

Wheat –rice

Cost

No-tillage improved the wheat productivity by
reducing tillage cost and sowing wheat on time than
farmer practice.

Cost

Cost

Arshad and
Ahmad. (1991)

Ahmad and
The expenditure involved in no-tillage method was
reduced by 15% compared with conventional
practice. The return above variable cost in no-tillage
technique was increased by 22%.

wheat–rice

References

Chatha. (1992)

Singh et al.
Zero-tillage or minimum tillage reduced diesel, labour
(2009)
and machinery cost, with improved soil structure in
wheat–rice crops production system.
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Wheat- rice

Rice, wheat,

Marginal
returns

Cost

Cotton

Ladha et al.
The exhaustive wheat-rice cropping system practiced
with conventional tillage has resulted in lower
marginal returns.
The conventional tillage is relatively more costly
because a large number of field operations are needed
as compare to no-tillage.

Wheat-Cotton

(2000)

Hussain et al.
(2010)

Ishaq et al.
Soil
penetration
resistance

Soil penetration resistance was lower for deep tillage
than conventional tillage and minimum tillage.

(2002)
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Table 2.7. Effects of tillage induced soil compaction on different parameters
Crop

Parameters

Comments

References

Soil tilth

Soil compaction due to farm machinery causes damage to Defossez and
the structure of the tilled soil, soil workability and the
Richard.
environment.

species

(2002)
Depth of hard

Deep tillage to eliminate tillage induced hard pan commonly
Hassan and
observed at 0.25–0.30 m depth in soil.

pan

Gregory.
(1999)

Bulk density
Soil Porosity

Compaction causes unfavorable changes in soil bulk density
and porosity.

Soane et al.
(1981)
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Bulk density

Hassan and
Gregory
Continual shallow cultivation has been reported to create a
hard tillage pan below 0.15 m depth which hinders air and (1999)
water movement. The bulk density of this tillage pan ranges
from 1.71 to 1.81 Mg m-3.

Bulk density

Subsurface compaction significantly increased the bulk Oussible et
al. (1992)
density on a clay loam soil compared to that of the
control.

Bulk density

USDANRCS.
(1996)
High bulk density reduced the total pore space, reduced
root exploration of subsurface soil layers and limited
extraction of soil nutrients and moisture. The specific bulk
density that will adversely affect plant root growth and
development depends on many factors viz; soil texture, the
crop being grown and soil moisture content.

Wheat
sorghum

Bulk density

Ishaq et al.

Soil porosity

(2000, 2001)
Compaction increased soil bulk density by 16-17% below
15 cm, and decreased total porosity from 0.37 to 0.27 m
3 -3
m and air-filled porosity from 0.16 to 0.06 m 3m-3 as a
result yield of wheat decreased by 38% and fodder yield
of sorghum by 22%. Conventional tillage induced
compaction decreased water and nutrient use efficiencies
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in the range of 14-22%. A significant reduction of 12–
37% in total porosity of compacted soil compared to the
control soil.

Bulk density

Seker and
Increase in bulk density and compaction, and decrease in
total porosity were proportional to the number of tractor Isildar .
passes.
(2000)

Bulk density

Balbuena et
al. (2000)
Traffic on freshly tilled soils produced not only a
modification in the distribution of macro pores within the
profile but also a reduction of aggregate size. As a result, a
rearrangement of aggregates within the air-filled spaces
leads to a reduction in mechanical stability and an increase
in bulk density.

Bulk density

Hassan et al.
The use of machinery with heavy load creates a plough (2007)
layer with increased bulk density usually below 25 cm
depth and with a decreased bulk density in the upper soil
layers.
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Wheat

Bulk density
Soil porosity

Maize

Nitrogen
Potassium

Wheat

Nitrogen
Phosphorus
Potassium
Nitrogen

Ahmad et al.
Bulk density increased and porosity decreased linearly in (2009)
proportion to the number of passes as the level of
compaction created by the passage of a heavy roller
increased.

A severe deficiency of nitrogen and potassium in maize (Zea Lowery and
mays L.) was observed when grown on compacted

Schuler.

soil.

(1991)

Lowery and
The subsoil compaction did not reduce the nutrient
(nitrogen, phosphorus and potassium) concentration of Schuler.
wheat grains but did apparently affect yield.
(1991)
Losses of nitrogen by denitrification are generally greater on
Douglas and
compacted than un-compacted soils.
Crawford.
(1993)

Wheat

Nitrogen

Subsurface compaction reduced nitrogen uptake of wheat

Oussible and

straw by 30%.

Allmaras,
(1993)
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Wheat

Nitrogen
Yield

Wheat

Abbasi and
The restricted air movement made the soil conducive for Adams.
denitrification. As a result, 20% available nitrogen is lost
into the atmosphere as N2O that adversely affected the (1999, 2000)
yield of wheat.
Ishaq et al.

Nitrogen
Phosphorus

24% and 11–15% reduction of potassium and phosphorus
(2001, 2003)
uptake in wheat, respectively, were observed due to the
subsurface compaction.

Potassium
Nitrogen

wheat

Nitrogen
Phosphorus
Potassium

The induced soil compaction decreased nitrogen uptake by Nevens and
46.2 kg ha-1 (23.2%) compared to the conventional

Reheul.

tillage.

(2003)
Ahmad et al.

Soil compaction reduced dry matter production, yield and (2008)
uptake of the major nutrients by wheat crop. The depressed
effects of the nutrient concentration and uptake
of major nutrients nitrogen, phosphorus and potassium were
more pronounced with the degree of compaction.

Yield
The rows of crop which comes under tractor tire give poor Khan. (1986)
yield than the rows which remain in between the two tires.
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Yield
The hard tillage pan affected the soil permeability and
consequently crop production.

Razzaq et
al.(1990)

Adverse effects of compacted soil horizons on plant root
growth resulted poor plant growth and yield.

Jorajuria et
al. (1997)

Yield

Yield

Hamza and
The structure of many healthy soils has deteriorated to the
extent that crop yields have decreased due to large and Anderson.
heavy machines use for tillage operations.
(2005)

Water use
efficiency

Lal. (1996)
Crop yield was reduced by soil compaction due to
increased resistance to root growth and decrease in water
and nutrient use efficiencies.
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Chapter 3

MATERIALS AND METHODS
3.1 EXPERIMENTAL SITE

The experiment was carried out at Agronomy Research Area, PMAS Arid
Agriculture niversity esearch arm, hakwal oad, awalpindi (
longitude and

0

38´ N latitude) during winter 2012-13 and 2013-14. The soil of the site

was loam, classified as Rawalpindi soil series (Typic Ustocrepts, GOP 1974). The site
is located in a subtropical rainfed region. The rainfall incidence recorded during both
years of experimentation showed bi-model behavior with two maxima, one in late
summer (August and September) and second during the winter-spring (February and
March). Long term rainfall distribution of the site during winter and summer was 30%
and 70%, respectively. The mean maximum temperature during summer ranged from
36oC to 42oC, sometimes as high as 48 oC (Nizami et al., 2004) with an average annual
temperature of 6oC. Figure 1 shows the both total monthly rainfall and mean monthly
temperature recorded during the growth period of forage crops.

3.2

FIELD EXPERIMENT AND LAYOUT

The field layout was arranged in strip-plot design (Gomez and Gomez, 1976) with four
replications. Single plot size was 72 m-2 and 20 plots were maintained per replication.

The layout is presented in figure 2. Winter wheat was the previous grown crop and was
harvested in the last week of April, 2012 and straw of wheat was

125

Figure 1: Total monthly rainfall (mm) and mean monthly temperature ( C) during study
years (2012-13 & 2013-14 )
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(One tillage with moldboard plough and six ploughings with cultivator).
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cultivator), T3=

and T4 = conventional tillage

Figure 2: The layout of experiment
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removed after harvest.

3.3 CROP TREATMENTS
The crop varieties under study were oats (Avena sativa L., cv. PD2 LV65), barley
(Hordeum vulgare L., cv. Jau-86) and vetch (Vicia sativa L., cv. Languedock). The
proportions of cereal and legumes in mixture were 70% both for oats and barley, and
30% vetch i.e. 2.3:1 ratio (Table 3.1). In mixture treatments, both component crops were
analyzed separately for yield and quality parameters. Cereal-legume treatments were:
3.3.1

Oats pure stand (O1)

3.3.2

Oats in oats-vetch mixture (O2)

3.3.4 Barley pure stand (B1)
3.3.4

Barley in barley-vetch mixture (B2)

3.3.5 Vetch pure stand (V1)
3.3.6 Vetch in barley-vetch mixture (V2)
3.3.7 Vetch in oats-vetch mixture (V3)

3.4

TILLAGE TREATMENTS
Tillage treatments were:
3.4.1 Zero-tillage + Glyphosate herbicide (Conservation tillage T 1)
3.4.2 One tillage with moldboard plough and three ploughings with cultivator
(Minimum tillage T 2)
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Table 3.1. The detail of forage crops sown in pure stand and in combinations under subtropical
rainfed conditions during
the year 2012-13 and 2013-14.
S. No. Seed %
Culture
Forage crop
Forage cultivar
Common name

Botanical name

1

100b*

Mono

Barley

Hordeum vulgare

Jau-86

2

100oᴥ

Mono

Oats

Avena sativa

PD2LV65

3

100v†

Mono

Vetch

Vicia sativa

Languedock

4

30v+70b

Binary

Barley-vetch

Hordeum vulgare-

Jau-86-PD2LV65

Vicia sativa
5

30v+70o

Binary

Oats-vetch

Avena sativaVicia sativa

* b = barley, ᴥo = oats and †v = vetch

PD2LV65 -Languedock
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3.4.3 One tillage with moldboard plough and four ploughings with cultivator
(Reduced tillage T 3)
3.4.4 One tillage with moldboard plough and six ploughings with cultivator
(Conventional tillage or Farmers Practice T 4)
3.4.1 Zero-Tillage
No-tillage or zero-tillage is a tillage system in which the seeds are directly sown
into untilled soil which retained the previous crop residues. It is also referred to as notill. Special no-tillage seeding equipment with discs (low disturbance) or narrow tine
coulters (higher disturbance) open a narrow slot into the residue covered soil which is
only wide enough to place the seeds into the ground and cover them with soil. (CTIC,
2011).
First tillage treatment was Conservation Tillage (CT). Zero-tillage/No-tillage
and it was done with No-till drill, with pre-sowing herbicide (Glyphosate, Round up)
application.
3.4.2 Tillage with Moldboard Plough
The second tillage treatment was done once with Moldboard plough followed
by three preparatory tillages with cultivator.
3.4.3 Tillage with Moldboard Plough
The third tillage treatment was done once with Moldboard plough followed by
four preparatory tillages with cultivator.
3.4.4 Conventional Tillage.
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Forth tillage treatment was Conventional Tillage (Farmers Practice) and it was
done according to farmers’ practice where they are adopting mostly one deep tillage
with Moldboard plough followed by an average of six cultivations (Aslam et al.,1993).

The crops were sown in the last week of October, i.e., 23 rd October during the year
2012-13 and 28th October during 2013-14. The plots of zero-tillage were planted with
no-tillage drill while rest of the plots were planted with conventional winter wheat drill.
The forage crops were sown in the same field during both the years of experimentation.
The seed used for cereal forages (oats and barley) was @ 40kg ha -1 while for legume
(vetch) was 15kg ha-1. The seed was treated with Topsin-M @ 2g kg1 before sowing to
control fungal diseases. The row to row space was 22.5 cm and a buffer zone of 1m
between plots was maintained during both the years of experimentation. Urea (46% N)
and diammonium phosphate (DAP, 18% N and 46% P2 O5) were applied @ 120-80 kg
NP ha-1 for cereal crop and @ 0-40 kg NP ha -1 for legume crop, to supply N and P,
respectively. Forage crops were harvested at booting stage which approached in the
month of February (i.e., Feb 19, 2013 and Feb 26, 2014) during both crop growing
seasons.

3.5

AGRONOMIC PARAMETERS
Agronomic parameters related to forage studied were:

3.5.1 Number of Leaves Plant-1
Number of leaves plant-1 of five randomly selected plants from each plot were
counted at the time of harvest and then average was calculated.
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3.5.2 Leaf Length (cm)
Leaf length was measured from five randomly selected plants’ leaves from each
plot by the help of meter rod and then average was calculated.
3.5.3 Plant Height (cm)
Height of randomly selected five plants was measured in each plot with the help
of meter rod and then average was calculated.
3.5.4 Number of tillers/branches plant -1
Number of tillers (cereal) plant -1 or number of branches (legume) plant -1 of five
randomly selected plants from each plot was counted at the time of harvest and then
average was calculated.
3.5.5 Green Forage Yield (t ha-1)
Two samples from one meter square area were taken randomly from each plot
and their fresh weight was converted into t ha-1 .

3.6 SOIL PARAMETERS
3.6.1 Physico-Chemical Properties of Soil
Soil samples taken from experimental site were analyzed for physico-chemical
properties of soil before sowing and after the harvest of crop. These soil parameters were
determined using standard protocols. The physico-chemical properties of soil are
presented in Table 3.2.
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3.7 QUALITY PARAMETERS
The following quality parameters were determined using standard protocols.
3.7.1 Crude Protein (CP).
3.7.2 Acid Detergent Fiber (ADF).
3.7.3 Neutral Detergent Fiber (NDF).
Table 3.2. Physico-chemical properties of experimental site recorded during
2012-13 & 2013-14
2012-13
Parameter

2013-14
Soil depth (cm)

0-15

15-30

0-15

15-30

EC (* dS m-1)

0.76

0.87

1.23

0.98

Organic matter (** g 100g-1)

0.68

0.59

0.66

0.61

Available P (†mg kg-1)

7.42

7.31

7.96

7.87

Available K (mg kg-1)

113.5

115.5

112.5

113.5

Texture

Loam

Loam

Loam

Loam

dS = deciSeimens, ** g = gram, †mg = milligram

*
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3.7.1 Crude Protein (CP)
Nitrogen was determined by using Kjeldahl method, 1 g sample of oven dried forage
and 5 g of digestion mixture (10 parts K2SO4 + 1 part CuSO4 .5H2O + 1 part Iron
sulphate) and 30 40 ml of commercial H 2 SO4 were taken in Kjeldahl digestion flask, the
colour of the mixture turned black and allowed 2 to 3 hours for digestion in digesting
hood till the colour of sample turned green. Flask was cooled and the sample of digested
mixture was diluted with 250 ml distilled water. The 10 ml of digested mixture and 10
ml of (2%) boric acid were poured into the micro-kjeldahl apparatus, the colour of the
mixture appeared to be light brown and the distillation was continued on the Bunsenburner, till the Pink colour of 2% boric acid solution was converted to yellow. Just after
this point Kjeldahl apparatus was run for 2 minutes using stop-watch. The received
distillate was then titrated with 0.1N H 2SO4 to reach the end point of light pink colour
and the reading of burette was noted. Reading of burette was then multiplied with factor
and divided by early weight of sample i.e., 1g (Bremner, 1965). This gave N% and for
Crude protein percentage, N% was multiplied by factor 6.25 (AOAC, 1980).

CP (%) = N (%) × 6.25
3.7.2 Neutral Detergent Fiber (NDF)
To determine neutral detergent fiber, 1.5 g oven dried sample and 0.5 g Na 2 SO3
were poured into flask with 100 ml neutral detergent solution. The contents were place
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on hot plate in fuming-hood for refluxing about 1 hour. By using suction pump, sample
was filtered through Buchner’s funnel. The residue was washed by boiled water. Sample
residue was oven dried at 80 °C for 3-4 hours. The NDF (%) was calculated by formula
as described by Goering and Van Soest (1970):

3.7.3 Acid detergent fiber (ADF)
For acid detergent fiber, acid detergent solution was used, which was prepared
by dissolving 20 g of Cetyl tri-methyl ammonium bromide in I N H 2SO4 . 1.5 g of grind
oven dry sample was boiled with 100 ml acid detergent solution and allowed for
refluxing in fuming-hood for 1hour. The sample was filtered using suction pump through
Buchner’s funnel. The residue sample was washed twice with hot water. After washing,
residue sample was shifted to crucible to keep in oven at 80 ˚ for to 4 hours and oven
dry residue sample was weighed. The ADF was calculated by formula given by Goering
and Van Soest (1970):

3.8 ECONOMIC ANALYSIS
The experimental data were analyzed by for partial budget and dominance
analysis using methodology described in CIMMYT (1988).
3.8.1

Partial Budget
Partial budget was used to evaluate the differences in the gross field benefit, total

costs that varied and net benefit for different tillage systems. For the calculation of
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partial budget all the cost of production were not considered and only the costs that
varied for different tillage systems were taken into account.
3.8.2

Dominance Analysis

A tillage treatment was considered as dominated on the basis of net benefit, if its net
benefit was lower or equal than the preceding tillage treatment, although its total cost
that vary was high on the basis of which tillage treatments were arranged in ascending
column. A treatment was said to be dominated if its variable cost was higher than the
preceding treatment, but its net benefit was lower. Such a treatment is termed as
dominated and was denoted by “D”.

3.9 STATISTICAL ANALYSIS
The experiment was arranged in Strip-Plot Design with four replications. Data were
statistically analyzed using standard analysis of variance (ANOVA) techniques by
Statisix.8.1 software (Tallahassee, Florida, USA). Least Significant Difference (LSD)
test was employed for the separation of means and their
interaction at 0.05 level of probability (Steel et al., 1997).
Chapter 4
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RESULTS AND DISCUSSION
4.1

AGRONOMIC PARAMETERS

4.1.1

Number of Leaves Plant -1

4.1.1.1 Number of Leaves Plant -1 in Oats
The oats data recorded for number of leaves plant-1 are presented in Tables 4.1, 4.2 and
4.3. The three-factor interaction of tillage, crop and year demonstrated significant
differences for number of leaves plant -1 in oats. The highest number of leaves plant-1 of
32 and 31 was recorded for oats in oats-vetch mixture under conventional tillage during
both the experimental year, respectively while the lowest number of leaves plant -1 of 22
and 23 were found in oats pure stand under zero-tillage during both of the year,
respectively. The interaction of tillage, crop and year showed 45% increase in number
of leaves plant -1 for oats under conventional tillage than zerotillage (Table 4.1).
When we consider the variation of tillage system and crop in two years, higher number
of leaves plant -1 of 32 under conventional tillage in oats-vetch mixture while the lowest
number of leaves plant-1 of 23 under zero-tillage in oats pure stand was recorded (Table
4.2). The interaction between tillage and year showed significant increase in number of
leaves plant-1. Higher number of leaves plant-1 (31) was recorded in conventional tillage
during first year than zero-tillage during second year
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Table 4.1. Mean number of leaves plant-1 for tillage, crop and year in oats
Cereal-legume mixture Treatments
2012-13

Tillage Treatments

2013-14

Pure stand

Oats-vetch mixture

Pure stand

Oats-vetch mixture

Mean

Zero tillage

23gh*

25f

22h

24fg

24C

Minimum tillage

28de

30bc

27e

29cd

29B

Reduced tillage

28de

30bc

27e

29c

29B

Conventional tillage

30bc

32a

29cd

31ab

31A

Crop × Year Mean

27C

29A

26D

28B

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Table 4.2. Mean number of leaves plant-1 for tillage and crop in oats
Tillage systems
Cereal-legume mixture
Zero tillage Minimum tillage Reduced tillage
23e*
Oats pure stand
28c
28c

Mean
Conventional tillage
30b

27b*
29a

Oats-vetch mixture

25d

30b

30b

32a

Mean

24c

29b

29b

31a

*Any two means not sharing a letter in common differ significantly at 5% level of probability

Table 4.3. Mean number of leaves plant -1 for tillage and year in oats
Tillage systems
Year

Mean
Zero tillage

Minimum tillage

Reduced tillage

Conventional tillage

2012-13

24e*

29c

29c

31a

28a*

2013-14

23f

28d

28d

30b

27b

Mean

24c

29b

29b

31a

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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with number of leaves plant-1 (23) (Table 4.3). The interaction of crop and year showed
significant differences for number of leaves plant -1 in oats. Higher number of leaves
plant-1 of 29 was recorded for oats in oats-vetch mixture during first year than oats pure
stand during second year with number of leaves plant -1 of 26. The increase in number of
leaves plant -1 due to interaction of crop and year was 15% (Table 4.1).
The main effect of tillage indicated higher number of leaves plant -1 in conventional
tillage than minimum and reduced tillage systems which were statistically at par with
each other while zero-tillage remained the lowest. The main effect of crop showed that
oats in oats-vetch mixture produced greater number of leaves plant -1 (29) than oats
production in pure stand with 27 leaves plant-1 . Overall first year showed higher number
of leaves than second year. The reason for this may be timely and frequently rainfall.
Number of leaves plant-1 is an important agronomic parameter which indicated the
enhanced photosynthetic activity and hence increased photosynthates in leaves. The 8%
increase in number of leaves plant-1 occurred when oats and vetch was grown in 70:30
ratio. Increased number of leaves plant-1 was probably due to the result of nitrogen
fixation by vetch in the soil by the help of nitrogen fixing bacteria and due to more
fertility more number of tillers plant -1 were produced which resulted more numbers of
leaves plant-1 in cereal-legume mixture. Our findings are in accordance with the results
of Kazmi and sharif (1995), who reported more green forge yield as a result of more
number of leaves plant -1, more plant height and leaf length.
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4.1.1.2 Number of Leaves Plant-1 in barley
The data for number of leaves plant-1 in barley are narrated in Tables 4.4, 4.5 and 4.6.
The three-factor interaction demonstrated that the highest number of leaves plant-1 (47)
was recorded for barley in barley-vetch mixture in conventional tillage during first year
while the lowest number of leaves plant-1 (33) was found in barley pure stand in zerotillage during second year. This interaction showed 42% effect on number of leaves
plant-1 in barley (Table 4.4).
Tillage and crop showed significant interaction for number of leaves plant -1 in barley.
The crop and tillage systems showed significant results for number of leaves plant-1. The
highest number of leaves plant-1 (47) was recorded in barley-vetch mixture sown with
conventional tillage in while the lowest number of leaves plant -1 (34) was found in barley
pure stand when sown in case of zero-tillage (Table 4.5). Tillage and
year showed significant interaction for number of leaves plant -1 in barley. The highest
number of leaves plant-1 (46) was recorded in conventional tillage during first year while
the lowest number of leaves plant-1 (35) in zero-tillage during second year (Table 4.6).
Crop and year interaction showed significant difference for number of leaves plant -1 in
barley. The highest number of leaves plant-1 (42) was recorded for barley in barley-vetch
mixture during first year, while the lowest number of leaves plant-1 (38) was found in
oats pure stand during second year. The increase in number of leaves plant -1 due to this
interaction was 11% (Table 4.4).

The tillage systems indicated that in conventional tillage barley resulted the highest 45
number of leaves plant-1 , followed by reduced and minimum tillage with 42 and 39
number of leaves plant -1, respectively, while zero-tillage produced the lowest
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Table 4.4. Mean number of leaves plant-1 for tillage, crop and year in barley
Cereal-legume mixture Treatments
2012-13

Tillage Treatments

2013-14

Pure stand

Barley-vetch mixture

Pure stand

Barley- vetch mixture

Mean

Zero tillage

34f*

37de*

33f*

36e*

35D*

Minimum tillage

38d

41c

37de

40c

39C

Reduced tillage

41c

44b

40c

43b

42B

Conventional tillage

44b

47a

43b

46a

45A

Crop × Year Mean

39C*

42A

38D

41B

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Table 4.5. Mean number of leaves plant-1 for tillage and crop in barley
Tillage systems
Cereal-legume mixture
Zero tillage Minimum tillage Reduced tillage
Barley pure stand
34f*
37d
41c

Conventional tillage
44b

39b*

Barley-vetch mixture

37e

41c

44b

47a

42a

Mean

35d*

39c

42b

45a

Mean

*Any two means not sharing a letter in common differ significantly at 5% level of probability

Table 4.6. Mean number of leaves plant -1 for tillage and year in barley
Tillage systems
Year

Mean
Zero tillage

Minimum tillage

Reduced tillage

Conventional tillage

2012-13

36g*

40e

43c

46a

41a*

2013-14

35h

39f

42d

45b

40b

Mean

35d*

39c

42b

45a

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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number of leaves plant -1 with value of 35. The main effect of crop showed that barley
mixture produced 8% greater number of leaves plant -1 as compared to barley pure stand
indicating the clear benefit of the cereal-legume mixture than cereal pure stand. First
year showed higher number of leaves plant-1 that may be due to timely rainfall and
proper soil moisture.
The duration of the vegetative phase is prolonged by increased number of leaves and
photoperiod responsiveness. Number of leaves plant-1 has direct effect on forages yield
and quality. The more the number of leaves, the more will be the green and dry forage
yield (Bakhsh et al., 2007). The disparity among forages for number of leaves might be
attributed to their morphological characters (Bhatti et al., 1992). Similarly, Mekhash et
al. (2008) stated that number of leaves significantly varied due to different genetic
characteristics. The possible reason of enhanced number of leaves plant -1 was due to
more number of tillers plant -1 as a result of sufficient provision of nutrients including
nitrogen by legume to the cereals. Ahmad et al. (2011) concluded that nitrogen
contribute significantly to increase number of leaves plant -1.
4.1.1.3 Number of Leaves plant -1 in vetch
The data for number of leaves plant-1 in vetch are given in Tables 4.7, 4.8 and 4.9. The
highest number of leaves plant-1 (971) was recorded for vetch in pure stand in
conventional tillage during first year while the lowest number of leaves plant -1 (194)
were found for vetch in oats-vetch mixture in zero-tillage during second year. The

interaction of crop, tillage, and year showed 80% reduction in number of leaves plant -1
for vetch (Table 4.7).
Tillage and crop showed significant interaction for number of leaves plant-1 in
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Table 4.7. Mean number of leaves plant-1 for tillage, crop and year in vetch
Cereal-legume mixture Treatments
2012-13

2013-14

Tillage Treatments

Pure
stand

Oats-vetch
mixture

Barley-vetch
mixture

Pure
stand

Qats-vetch
mixture

Barley-vetch
mixture

Mean

Zero tillage

937c*

224lm

242jk

896f

194r

202q

449A*

Minimum tillage

958b

236k

254hi

908e

206pq

214no

463B

Reduced tillage

964ab

242jk

260gh

914de

212op

220lmn

469C

Conventional tillage

971a

249ij

267g

921d

219mno

227l

476D

Crop × Year Mean

958A*

238D

256C

910B

208F

216E

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Table 4.8. Mean number of leaves plant-1 for tillage and crop in vetch
Tillage systems
Cereal-legume mixture
Zero tillage Minimum tillage Reduced tillage

Mean
Conventional tillage

Vetch pure stand

917d*

933c

939b

946a

934a*

Oats-vetch mixture

209j

221i

227h

234g

223c

Barley-vetch mixture

222hi

234g

240f

247e

236b

Mean

449a*

463b

469c

476d

*Any two means not sharing a letter in common differ significantly at 5% level of probability
Table 4.9. Mean number of leaves plant -1 for tillage and year in vetch
Tillage systems
Year

Mean
Zero tillage

Minimum tillage

Reduced tillage

Conventional tillage

2012-13

468d*

483c

489b

496a

484a*

2013-14

431h

443g

449f

456e

444b

Mean

449a*

463b

469c

476d

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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vetch. The highest number of leaves plant -1 (946) was recorded in conventional tillage
in vetch pure stand while the lowest number of leaves plant -1 (209) were found in case
of zero-tillage for vetch in oats-vetch mixture (Table 4.8). Tillage and year showed
significant interaction for number of leaves plant-1 . The highest number of leaves plant1
(496) was obtained in conventional tillage during first year while the lowest number of
leaves plant-1 (431) in zero-tillage during second year (Table 4.9). The interaction
between crop and year showed significant difference for number of leaves plant -1 in
vetch. The highest number of leaves plant-1 (958) was recorded for vetch in pure stand
during first year while the lowest number of leaves plant-1 (208) was found for vetch
in oats-vetch mixture during second year (Table 4.7).
In conventional tillage vetch resulted in the greater number of leaves plant -1 (476),
followed by reduced tillage and minimum tillage with 469 and 463 number of leaves
plant-1, respectively, while zero-tillage produced the lowest number of leaves plant -1
(449). Conventional tillage produced 6% higher number of leaves for vetch than zerotillage while reduced tillage and minimum tillage produced 4 and 3%, higher number of
leaves than zero-tillage, respectively. The main effect of crop showed that vetch in pure
stand produced 935 number of leaves plant -1 which was greater than vetch in oats-vetch
mixture with 223 number of leaves plant-1 and vetch in barleyvetch stand with 236
number of leaves plant -1.In year effect first year showed higher number of leaves plant 1 (484)

than second year (444) due to timely rainfall and proper moisture availability and

conservation in the soil.
Number of leaves plant-1 is also an important component contributing
significantly towards final yield as more number of leaves reflect more number of 72

photosynthates and thus increase green forage yield. Vetch showed comparatively
inverse response to cereals for number of leaves plant -1 as it produced greater number of
leaves plant -1 in pure stand due to more space available for its potential spread. In other
words, vetch plants in pure stand produced the highest number of leaves plant -1 than
vetch plants grown in mixture either with oats or barley. In case of vetch pure
stand the number of leaves plant-1 increased due to more number of branches as vetch in
pure stand availed more geo-environmental resources for growth in monoculture and
expressed maximum potential and hence produced comparatively more number of
branches and leaves than vetch in oats-vetch and barley-vetch mixture. Kazmi and sharif
(1995) and Juskiw et al. (2001) also reported that more green forge yield is the result of
more number of leaves plant -1, more plant height and leaf length.
4.1.2

Leaf Length (cm)

4.1.2.1 Leaf Length in Oats (cm)
Leaf length data for oats are explained in Tables 4.10, 4.11 and 4.12. The threefactor
interaction of tillage, crop and year demonstrated significant differences for leaf length
in oats. The longest leaves of 34 cm were found in oats-vetch mixture under
conventional tillage during first year while the shortest leaf length of 22 cm in oats pure
stand under zero-tillage during same year. The interaction of crop, tillage, and year
showed 62% significant effect on leaf length of oats (Table 4.10).
The tillage and crop showed significant effects on leaf length of test crops. Oats in oatsvetch mixture produced longer leaves of 29 cm than oats grown in pure stand with leaf
length of 25 cm. The tillage system and cereal-legume mixture showed significant
differences for oats. The longest leaves of 34 cm were found in
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Table 4.10. Mean leaf length (cm) for tillage, crop and year in oats
Cereal-legume mixture Treatments
2012-13

Tillage Treatments

2013-14

Pure stand

Oats-vetch mixture

Pure stand

Oats-vetch mixture

Mean

Zero tillage

21.75j*

25.75fg

20.75k

24.75hi

23.25D*

Minimum tillage

25.00gh

29.00d

24.00i

28.00e

26.50C

Reduced tillage

25.99f

29.99c

24.99gh

28.99d

27.49B

Conventional tillage

30.00c

34.00a

28.00e

33.00b

31.25A

Crop × Year Mean

25.68C*

27.68A

24.44D

26.56B

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Table 4.11. Mean leaf length (cm) for tillage and crop in oats
Tillage systems
Cereal-legume mixture
Zero tillage Minimum tillage Reduced tillage
21.25f*
Oats pure stand
24.50e
25.49d

Mean
Conventional tillage
29.00bc

25.06b*
29.18a

Oats-vetch mixture

25.25d

28.50c

29.49b

33.50a

Mean

23.25d*

26.50c

27.49b

31.25a

*Any two means not sharing a letter in common differ significantly at 5% level of probability

Table 4.12. Mean leaf length (cm) for tillage and year in oats
Tillage systems
Year

Mean
Zero tillage

Minimum tillage

Reduced tillage

Conventional tillage

2012-13

23.75f*

27.00d

27.99c

32.00a

27.68a*

2013-14

22.75g

26.00e

26.99d

30.50b

26.56b

Mean

23.25d*

26.50c

27.49b

31.25a

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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conventional tillage in oats-vetch mixture while the zero-tillage produced the shortest
leaf length of 21cm in oats pure stand (Table 4.11). The tillage showed significant
interaction with year on leaf length for oats. Longer leaves of 32 cm were found in
conservation tillage during first year than zero-tillage during second year produced the
shortest leaf length of 23 cm (Table 4.12). The interaction of crop and year showed
longer leaves of 28 cm in oats-vetch mixture during first year than oats in oats pure stand
during second year with leaf length of 24 cm. The increase in leaf length due to crop and
year interaction was 25% (Table 4.10). Longer leaves may be result of better growth
resources available in cereal-legume mixture during first year.
The main effect of tillage indicated that in conventional tillage system oats produced
the longer leaves of 31 cm length, followed by reduced tillage and minimum tillage with
leaf length of 27 cm while zero-tillage produced shorter leaf length of 23 cm. Longer
leaves during first year were probably due to effective rainfalls than second year.
4.1.2.2 Leaf Length in barley (cm)
Leaf length data for barley are reflected in Tables 4.13, 4.14 and 4.15. The three-factor
interaction demonstrated that the longest leaves of 30 cm were found in barley-vetch
mixture under conventional tillage during first year while the shortest leaf length of 18
cm in barley pure stand under zero-tillage during second year. This interaction showed
67% higher leaf length of barley (Table 4.13).
The tillage and crop showed significant effect on leaf length. Barley in barleyvetch
mixture produced longer leaves of 26 cm as compared to barley grown in pure
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Table 4.13. Mean leaf length (cm) for tillage, crop and year in barley
Cereal-legume mixture Treatments
2012-13

Tillage Treatments

2013-14

Pure stand

Barley-vetch mixture

Pure stand

Barley-vetch mixture

Mean

Zero tillage

18.96j*

21.96ghi

18.00j

21.00i

19.98D*

Minimum tillage

22.25gh

25.25cd

21.25hi

24.25de

23.25C

Reduced tillage

23.50ef

27.00b

23.00fg

26.00bc

24.88B

Conventional tillage

27.03b

30.03a

26.03bc

29.03a

28.03A

Crop × Year Mean

22.94C*

26.06A

22.07D

25.07B

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Table 4.14. Mean leaf length (cm) for tillage and crop in barley
Tillage systems
Cereal-legume mixture
Zero tillage Minimum tillage Reduced tillage
Barley pure stand
18.48f*
21.75e
23.25d

Conventional tillage
26.53b

22.50b*

Barley-vetch mixture

21.48e

24.75c

26.53b

29.53a

25.56a

Mean

19.98d*

23.25c

24.88b

28.03a

Mean

*Any two means not sharing a letter in common differ significantly at 5% level of probability

Table 4.15. Mean leaf length (cm) for tillage and year in barley
Tillage systems
Year

Mean
Zero tillage

Minimum tillage

Reduced tillage

Conventional tillage

2012-13

20.46f*

23.75d

25.25c

28.53a

23.57b*

2013-14

19.50g

22.75e

24.50cd

27.53b

24.50a

Mean

19.98d*

23.25c

24.88b

28.03a

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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stand with leaf length of 23 cm. The longest leaves of 30 cm were found in conventional
tillage in barley-vetch mixture while the zero-tillage produced the shortest leaf length
of 18 cm in barley pure stand (Table 4.14). The interaction of crop and year showed
longer leaves of 26 cm in barley-vetch mixture during first year while shorter leaf length
of 22 cm was produced in barley pure stand during second year. The increase in leaf
length due to this interaction was 13% (Table 4.15). Longer leaves of barley were
probably due to greater availability of nutrients and other growth resources in cereallegume mixture during first year.
Tillage showed significant interaction with year on leaf length for barley. The longest
leaves of 29 cm were found in conservation tillage during first year while the zero-tillage
produced the shortest leaf length of 20 cm during second year. The main effect of tillage
indicated that barley in conventional tillage resulted in the longest leaves of 28 cm,
followed by reduced tillage and minimum tillage with leaf length of 25 and 23 cm,
respectively, while zero-tillage produced the smallest leaves of 20 cm. Longer leaves
during first year were probably due to effective rainfalls than second year.
4.1.2.3 Leaf Length in vetch (cm)
The cereal-legume mixture and tillage systems showed non-significant results for main
effects of both crop and year as well as for interaction of cereal-legume mixture, tillage,
and year for leaf length in vetch. The reason for this was the unique characteristics of
vetch with almost same length of leaves at flowering stage. Mean leaf length of vetch in
both treatments i.e., cereal-legume mixture and tillage systems remained same (2.5 cm)
and leaf length data in vetch are not presented.
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4.1.3

Plant Height (cm)

4.1.3.1 Plant Height in oats (cm)
The data of plant height for oats are described in Tables 4.16, 4.17 and 4.18.
Tillage, crop and year interaction showed significant difference for plant height of oats.
Oats in oats-vetch mixture under conventional tillage produced the longest plants of 140
cm during first year while pure stand of oats in zero-tillage produced the shortest plants
of 128 cm during second year. In this interaction 9% increased of plant height of oats
was observed (Table 4.16).
Tillage × crop showed statistically significant differences for plant height of oats. Oats
pure stand in conventional tillage produced the longest plants of 140 cm while oats in
oats-vetch mixture has given the shortest plants of 129 cm. The cereallegume mixture
and tillage systems showed statistically significant effect on plant height (Table 4.17).
Tillage × year interaction showed statistically significant difference for plant height of
oats. Oats in conventional tillage produced the longest plants of 138 cm during first year
while in zero-tillage it produced the shortest stature plants of 130 cm (Table 4.18). Crop
and year showed significant difference for plant height of oats. Oats in oats-vetch
mixture produced the longest plants of 137 cm during first year while oats pure stand
produced the shortest plants of 133 cm during second year (Table 4.16). The increase in
plant height of oats due to this interaction was 3%. It appeared from the findings that
cereal height in cereal-legume mixture is a result of benefit of legume component for
cereal.
The main effect of tillage indicated that in conventional tillage oats produced
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Table 4.16. Mean plant height (cm) for tillage, crop and year in oats
Cereal-legume mixture Treatments
2012-13

Tillage Treatments

2013-14

Mean

Pure stand

Oats-vetch mixture

Pure stand

Oats-vetch mixture

Zero tillage

129.24i*

132.40h

128.06j

131.71h

130.35D*

Minimum tillage

133.93g

137.00c

132.45h

135.49def

134.72C

Reduced tillage

135.73de

138.21b

134.50fg

137.50bc

136.49B

Conventional tillage

136.62cd

140.32a

135.44ef

139.49a

137.97A

Crop × Year Mean

133.88C*

136.98A

132.61D

136.05B

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Table 4.17. Mean plant height (cm) for tillage and crop in oats
Tillage systems
Cereal-legume mixture
Zero tillage Minimum tillage Reduced tillage
128.65g*
Oats pure stand
133.19e
135.11d

Mean
Conventional tillage
136.03c

133.25b*
136.51a

Oats-vetch mixture

132.06f

136.24c

137.86b

139.90a

Mean

130.35d*

134.72c

136.49b

137.97a

*Any two means not sharing a letter in common differ significantly at 5% level of probability

Table 4.18. Mean plant height (cm) for tillage and year in oats
Tillage systems
Year

Mean
Zero tillage

Minimum tillage

Reduced tillage

Conventional tillage

2012-13

130.82e*

135.47c

136.97b

138.47a

135.43a*

2013-14

129.88f

133.97d

136.00c

137.46b

134.33b

Mean

130.35d*

134.72c

136.49b

137.97a

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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the longest plants of 138 cm height, followed by reduced tillage and minimum tillage
with plants of 136 and 135 cm height, respectively, while zero-tillage produced the
shortest plants of 130 cm height. The main effect of crop showed that oats in oatsvetch
mixture produced longer plants of 137 cm value as compared to oats grown in pure stand
with plant height of 133 cm.
Plant height is an important character for yield in cereal green forages. Among
the growth components, plant height is one of the main components of plant growth and
plays a key role towards final green forage yield especially in case of forages where the
main emphasis is given on the plant biomass. The higher plant height was recorded in
cereal in cereal-legume mixture than cereal pure stand which was probably due to more
favorable conditions for legumes to fix nitrogen from the environment and to provide it
to companion cereal crops. Sachanski and Kirilov (1988) reported that the sowing of
oats in a mixture minimized the lodging of vetch, thus increased the nutritive value of
the forage. These findings are also supported by the findings of Nadeem et al. (2010).
The highest plant height was recorded for oats in oats-vetch mixture followed by barley
in barley-vetch mixture while the lowest plant height was achieved with vetch in pure
stand. Our findings confirmed the results of Ansar et al. (2010), who reported the highest
plant height of oats than barley in cereal-legume mixture. These results differed with the
findings of Turemen et al. (1990) and Canan and Orak (2007), who reported the highest
plant height in pure stand instead of cereallegume mixture.
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4.1.3.2 Plant Height in barley (cm)
The data of plant height for barley are depicted in Tables 4.19, 4.20 and 4.21. Tillage,
crop and year showed statistically significant differences for plant height of barley.
Barley in barley-vetch mixture under conventional tillage produced the longest stature
plants of 131 cm during first year while barley pure stand in zero-tillage produced the
shortest plants of 111 cm during second year. This interaction gave 18% significant
effect on plant height of crop (Table 4.19).
The cereal-legume mixture and tillage systems showed significant results for plant
height. Barley in barley-vetch mixture in conventional tillage produced the longest
plants of 130 cm while barley pure stand produced the shortest stature plants of 111cm
(Table 4.20). Tillage × year interaction showed significant differences for plant height
of barley. Barley in conventional tillage produced longer plants of 124 cm during first
year than in zero-tillage with plants of 116 cm (Table 4.21). Increase in plant height of
barley due to tillage × crop and tillage × year interaction was 17 and 7%, respectively.
Crop and year showed significant difference for plant height of barley. Barley in barleyvetch mixture produced the longest plants of 127 cm during first year while oats pure
stand produced the shortest plants of 114 cm during second year (Table 4.19). The
increase in plant height of barley due to cereal-legume mixture and year interaction was
11%. The increase in plant height of barley was probably due to growth resources like
soil nitrogen and soil moisture available in cereal-legume mixture.
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Table 4.19. Mean plant height (cm) for tillage, crop and year in barley
Cereal-legume mixture Treatments
2012-13

Tillage Treatments

2013-14

Pure stand

Barley-vetch mixture

Pure stand

Barley-vetch mixture

Mean

Zero tillage

111.84k*

124.07e

111.03k

120.19f

116.78A*

Minimum tillage

114.48ij

126.35cd

113.00jk

125.00de

119.71B

Reduced tillage

116.00hi

128.00bc

115.28i

127.56bc

121.71C

Conventional tillage

118.32fg

130.61a

117.65gh

129.58ab

124.04D

Crop × Year Mean

115.16C*

127.26A

114.24C

125.58B

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Table 4.20. Mean plant height (cm) for tillage and crop in barley
Tillage systems
Cereal-legume mixture
Zero tillage Minimum tillage Reduced tillage
Barley pure stand
111.43h*
113.74g
115.64f

Conventional tillage
117.99e

114.70b*

Barley-vetch mixture

122.13d

125.68c

127.78b

130.09a

126.42a

Mean

116.78a*

119.71b

121.71c

124.04d

Mean

*Any two means not sharing a letter in common differ significantly at 5% level of probability

Table 4.21. Mean plant height (cm) for tillage and year in barley
Tillage systems
Year

Mean
Zero tillage

Minimum tillage

Reduced tillage

Conventional tillage

2012-13

117.96d*

120.42bc

122.00b

124.46a

121.21a*

2013-14

115.61e

119.00cd

121.42b

123.62a

119.91b

Mean

116.78a*

119.71b

121.71c

124.04d

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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The main effect of tillage indicated that in conventional tillage barley resulted in the
longest plants (124 cm), followed by reduced tillage and minimum tillage with plants of
122 and 120 cm height, respectively, while zero-tillage produced the shortest leaf length
of 117 cm. Conventional tillage produced 6% longer plants of barley than zero-tillage
while reduced tillage and minimum tillage produced 4 and 3%, longer plant than zerotillage, respectively. The main effect of crop showed that barley in barley-vetch mixture
produced longer plants (126 cm) as compared to barley pure stand with plant height of
115 cm.
Plant height is general morphological trait which plays an important role to
increase the forage yield. It is associated with the growth and biomass of forages.
Greater the plant height indicated higher cereal forage yield in other words taller the
plants, higher will be the forage yield. The variation in plant height could be the result
of difference in genetic makeup and environmental conditions as evident from the results
(Nawaz et al.,2004 and Lodhi et al., 2009). More biomass and enlargement of tissues
were noticed was probably due to availability of nitrogen contributed by legume (vetch)
to the cereals. Makhash et al. (2008) found improved plant height due to soil nitrogen.
4.1.3.3 Plant Height in vetch (cm)
The data of plant height for vetch are illustrated in Tables 4.22, 4.23 and 4.24. The
interaction of tillage, crop and year showed statistically significant differences for plant
height of vetch. Vetch in barley-vetch mixture under conventional tillage produced the
longest plants of 81 cm during first year while vetch pure stand in zerotillage produced
the shortest plants of 51 cm during second year. The interaction of 87

tillage, crop and year showed 59% significant highest effect on plant height of vetch
(Table 4.22).
Tillage and crop produced significant results for plants height in vetch. Vetch in barleyvetch mixture produced the longest plants of 79 cm in conventional tillage while vetch
pure stand resulted in the shortest stature plants of 53 cm (Table 4.23). Tillage × year
interaction showed statistically significant difference for plant height of vetch. Vetch in
conventional tillage produced the longest plants of 74 cm during first year while in zerotillage it produced the shortest stature plants of 58 cm (Table 4.24).
Increase in plant height of vetch due to tillage × crop and tillage × year interaction was
43 and 28%, respectively. Crop and year showed significant difference for plant height
of vetch. Vetch in barley-vetch mixture produced the longest plants of 74 cm during first
year while vetch pure stand produced the shortest plants of 57 cm during second year
(Table 4.22). The increase in plant height of vetch due to cereal-legume mixture and
year interaction was 30%.
The main effect of tillage indicated that the highest plants in case of conventional tillage
system were noticed with value of 72 cm. The plant height in case of reduced tillage and
minimum tillage was 68 and 63 cm, respectively while the lowest plant height of 60 cm
was noticed in case of zero-tillage. Conventional tillage produced 20% longer plants of
vetch than zero-tillage. The main effect of crop showed that vetch in barley-vetch
mixture produced the longest plants of 72 cm as compared to vetch in oats-vetch mixture
with height of 67 cm indicating that oats
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Table 4.22. Mean plant height (cm) for tillage, crop and year in vetch
Cereal-legume mixture Treatments
2012-13

2013-14

Tillage Treatments

Pure
stand

Zero tillage

54.92j*

62.44h

67.50e

51.20k

58.96i

64.18g

59.87D*

Minimum tillage

59.12i

66.29f

70.77d

54.64j

62.71h

67.18ef

63.45C

Reduced tillage

63.43gh

70.89d

75.56bc

58.77i

67.16ef

71.83d

67.94B

67.38e

74.83c

81.09a

62.56h

71.22d

76.04b

72.19A

61.21E*

68.62C

73.73A

56.80F

65.01D

69.81B

Conventional

Oats-vetch
mixture

Barley-vetch
mixture

Pure
stand

Qats-vetch
mixture

Barley-vetch
mixture

tillage
Crop × Year
Mean
*Any two means not sharing a letter in common differ significantly at 5% level of probability

Mean
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Table 4.23. Mean plant height (cm) for tillage and crop in vetch
Tillage systems
Cereal-legume mixture
Zero tillage Minimum tillage Reduced tillage

Mean
Conventional tillage

Vetch pure stand

53.06h*

56.88g

61.10f

64.97e

59.00c*

Oats-vetch mixture

60.70f

64.50e

69.03c

73.03b

66.81b

Barley-vetch mixture

65.84d

68.98c

73.69b

78.56a

71.78a

Mean

59.87d*

63.45c

67.94b

72.19a

*Any two means not sharing a letter in common differ significantly at 5% level of probability
Table 4.24. Mean plant height (cm) for tillage and year in vetch
Tillage systems
Year

Mean
Zero tillage

Minimum tillage

Reduced tillage

Conventional tillage

2012-13

61.62d*

65.39c

69.96b

74.43a

67.85a*

2013-14

58.12e

61.51d

65.92c

69.94b

63.87b

Mean

59.87d*

63.45c

67.94b

72.19a

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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produced more shading effect on vetch than barley while vetch produced the plants of
short stature (59 cm) in pure stand. The plant height was 69 and 64 cm during first and
second year, respectively.
The reason for cereal-legume impact on plant height was due to cereal
contribution to provide physical climbing support to vetch as a result the vetch gained
more height while in case pure stand no such support was available for legume (vetch)
whereas vetch in mixtures improved the plant height due to its contribution for nitrogen
by atmospheric nitrogen fixation as reported by Thompson et al. (1992). Vetch in oatsvetch mixture and barley-vetch mixture produced 14 and 22%, longer plants,
respectively than vetch in pure stand. Plant height is due to genetic makeup, the
temperature and moisture related factors which indicated that adequate moisture and
optimum temperature for vegetative growth were available to crop. Our results are in
line with the findings of Sreedhar (2001); Nagabhushanam and Raghavaiah (2005), who
reported taller plants but in castor bean.
4.1.4

Number of Tillers plant-1

4.1.4.1 Number of Tillers in Oats
The data for number of tillers in oats are expressed in Tables 4.25, 4.26 and 4.27. The
interaction of crop, tillage, and year showed significant differences for number of tillers
plant-1 in oats. The highest number of tillers plant-1 (11) was recorded for oats in oatsvetch mixture under conventional tillage during first year while the lowest number of
tillers plant -1 (4) was found in oats pure stand in zero-tillage during second year. The
interaction of cereal-legume mixture, tillage, and year showed 64% significant effect on
number of tillers plant -1 in oats (Table 4.25).
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The tillage and crop showed significant differences for number of tillers. The highest
number of tillers plant-1 (11) was recorded in conventional tillage in oats-vetch mixture
while minimum number of tillers plant-1 (5) was found in case of zero-tillage in oats
pure stand (Table 4.26). Tillage and year showed significant interaction for number of
tillers plant-1 . The highest number of tillers plant-1 (11) was obtained in conventional
tillage during first year while the lowest number of tillers plant -1 (5) was noted in zerotillage during second year (Table 4.27). Increase in number of tillers plant -1 both due to
crop × tillage and tillage × year interaction was 55%. Crop and year interaction showed
significant differences for number of tillers plant-1 in oats. The highest number of tillers
plant-1 (9) was recorded for oats in mixture during first year while the lowest number of
tillers plant-1 (7) was found in oats pure stand during second year (Table 4.25). The
increase in number of tillers plant-1 due to crop × year interaction was 29%.
The main effect of tillage indicated that oats in conventional tillage resulted in 10 tillers
plant-1 while reduced tillage and minimum tillage produced 8 and 7 tillers, respectively,
while zero-tillage produced 5 tillers plant -1. Conventional tillage, reduced tillage and
minimum tillage produced 100, 60 and 40%, higher number of tillers of oats than zerotillage, respectively. The main effect of crop showed that oats produced 8 tillers plant -1
in oats-vetch mixture while 7 tillers in pure stand. Oats in oats-vetch mixture produced
higher number of tillers than oats in pure stand. In oats 14% increase in number of tillers
was observed when sown with vetch.
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Table 4.25. Mean number of tillers for tillage, crop and year in oats
Cereal-legume mixture Treatments
2012-13

Tillage Treatments

2013-14

Mean

Pure stand

Oats-vetch mixture

Pure stand

Oats-vetch mixture

Zero tillage

5g*

6f

4h

5g

5D*

Minimum tillage

7e

8d

6f

7e

7C

Reduced tillage

8d

9c

7e

8d

8B

Conventional tillage

11ab

11a

9c

10b

10A

Crop × Year Mean

8B*

9A

7C

8B

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Table 4.26. Mean number of tillers for tillage and crop in oats
Tillage systems
Cereal-legume mixture
Zero tillage Minimum tillage Reduced tillage
Oats pure stand
5g*
7e
8d

Conventional tillage
10b

7b*

Oats-vetch mixture

6f

8d

9c

11a

8a

Mean

5d*

7c

8b

10a

Mean

*Any two means not sharing a letter in common differ significantly at 5% level of probability

Table 4.27. Mean number of tillers for tillage and year in oats
Tillage systems
Year

Mean
Zero tillage

Minimum tillage

Reduced tillage

Conventional tillage

2012-13

6f*

8d

9c

11a

7b*

2013-14

5g

7e

8d

10b

8a

Mean

5d*

7c

8b

10a

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Number of tillers/branches plant -1 is an essential growth component which
contributes towards green forage yield. Large number of tillers plant -1 bear greater
number of leaves which clearly indicated more photosynthetic activity in them. High
biomass resulted from more photosynthates which contributed towards high final
green forage yield. Number of tillers plant-1 was the result of number of increased tillage
operation, similarly, oats and barley in oats-vetch and barley-vetch mixture,
respectively, showed the same trend, as cereal in cereal-legume mixture produced
greater numbers of tillers than the cereal pure stands the reason for this was the legume
contribution towards soil fertility and hence more tillers persist initially. Similar findings
were reported by Canan and Orak (2007), who reported higher number of
tillers/branches plant-1 for oats and vetch in oats-vetch mixture than their respective pure
stands. Similarly, Orak et al. (1999) reported the same findings for barley in barleyvetch mixture. Our findings were also in agreement with the work of Nadeem et al.
(2010), who reported maximum number of tillers/branches plant -1 in vetch pure stand
followed by oats, barley and wheat.
4.1.4.2 Number of Tillers in Barley
The data for number of tillers in barley can be accessed in Table 4.28, 4.29 and 4.30.
The interaction of crop, tillage, and year showed significant difference for number of
tillers plant-1 in barley. The highest number of tillers plant-1 (15) was recorded for barley
in barley-vetch mixture under conventional tillage during first year while the lowest
number of leaves plant -1 (6) was found in barley pure stand in zero-
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Table 4.28. Mean number of tillers for tillage, crop and year in barley
Cereal-legume mixture Treatments
2012-13

Tillage Treatments

2013-14

Pure stand

Barley-vetch mixture

Pure stand

Barley- vetch mixture

Mean

Zero tillage

7f*

10d

6g

9e

8D*

Minimum tillage

9e

12c

7f

10d

9C

Reduced tillage

10d

13b

9e

12c

11B

Conventional tillage

12c

15a

10d

13b

12A

Crop Mean

9C*

12A

8D

11B

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Table 4.29. Mean number of tillers for tillage and crop in barley
Tillage systems
Cereal-legume mixture
Zero tillage Minimum tillage Reduced tillage
Barley pure stand
7f*
8e
10d

Conventional tillage
11c

9b*

Barley-vetch mixture

10d

11c

13b

14a

12a

Mean

8d*

9c

11b

12a

Mean

*Any two means not sharing a letter in common differ significantly at 5% level of probability

Table 4.30. Mean number of tillers for tillage and year in barley
Tillage systems
Year

Mean
Zero tillage

Minimum tillage

Reduced tillage

Conventional tillage

2012-13

9d*

10c

12b

13a

11a*

2013-14

8e

9d

11c

12b

10b

Mean

8d*

9c

11b

12a

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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tillage during second year. The interaction of tillage, crop and year showed 60%
significant highest effect on number of tillers plant -1 in barley (Table 4.28).
The tillage and crop showed significant effect on number of tiller. The highest number
of tillers plant-1 (14) was recorded in conventional tillage in barley-vetch mixture while
the lowest number of leaves plant-1 (7) was found in case of zero-tillage in barley pure
stand (Table 4.29). Tillage and year showed significant interaction for number of tillers
plant-1. The highest number of tillers plant-1 (13) was obtained in conventional tillage
during first year while the lowest 8 number of tillers were recorded in zero-tillage during
second year. Increase in number of tillers plant -1 for barley due to tillage × year
interaction was 63% (Table 4.30). Crop and year interaction showed significant
differences for number of tillers plant -1 in barley. The highest number of tillers plant-1
(12) was recorded for barley in barley-vetch mixture during first year while the lowest
number of tillers plant -1 (8) was found in barley pure stand during second year. The
increase in number of tillers plant -1 due to crop and year interaction was 50% (Table
4.28).
The main effect of tillage indicated that barley in conventional tillage produced
maximum 12 tillers while reduced tillage and minimum tillage produced 11 and 9 tillers,
respectively and zero-tillage produced minimum 8 tillers. The main effect of crop
showed that barley in barley-vetch mixture produced 12 more tillers than in pure stand
of 9 tillers plant-1 .
The reason for producing the highest number of tillers plant -1 may be due to its genetic
makeup and well adaptability to environment of experimental site especially 98

rainfall. Such results have been recognized by Akula and Reddy (1998), who found more
number of branches because of adequate soil moisture.
4.1.4.3 Number of Branches in vetch
The data for number of branches in vetch are explained in Table 4.31, 4.32 and 4.33.
The interaction of tillage, crop and year showed significant difference for number of
branches plant-1 in vetch. The highest number of branches plant-1 (16) was recorded for
vetch in pure stand under conventional tillage during first year while the lowest number
of branches plant -1 (4) was found for vetch both in oats-vetch and barley-vetch mixtures
under zero-tillage in second year. The interaction of tillage, crop and year showed 75%
significant higher effect on number of branches plant-1 in vetch (Table 4.31).
The tillage and crop showed significant effect on number of branches plant -1 . The
highest number of branches plant-1 (14) was recorded in conventional tillage in vetch
pure stand while the lowest number of branches plant-1 (5) was found in case of zerotillage for vetch in oats-vetch mixture. The main effect of crop showed that vetch in pure
stand produced 12 branches while vetch in oats-vetch and barley-vetch mixture
produced in 7 and 8 number of branches plant -1, respectively (Table 4.32). Tillage and
year showed significant interaction for number of branches plant -1. The highest number
of branches plant-1 (13) was observed in conventional tillage during first year while the
lowest number of branches plant-1 (5) was noted in zero-tillage during second year.
Increase in number of branches plant-1 for vetch due to tillage × year interaction was
62% (Table 4.33). Crop and year interaction showed significant
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Table 4.31. Mean number of branches for tillage, crop and year in vetch
Cereal-legume mixture Treatments
2012-13

Tillage Treatments
Zero tillage

2013-14

Pure

Oats-vetch

Barley-vetch

Pure

Qats-vetch

Barley-vetch

stand

mixture

mixture

stand

mixture

mixture

Mean

10ef*

5lm

6jkl

8h

4m

4m

6D*

Minimum tillage

12c

7ijk

8hi

10def

6jkl

6kl

8C

Reduced tillage

13b

8gh

9fg

11cd

7hij

7hij

9B

Conventional tillage

16a

11cde

12c

13b

9fg

10ef

12A

Crop × Year Mean

12A*

8D

9C

10B

7E

7E

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Table 4.32. Mean number of branches for tillage and crop in vetch
Tillage systems
Cereal-legume mixture
Zero tillage Minimum tillage Reduced tillage

Conventional tillage

Vetch pure stand

9e*

11c

12b

14a

11a*

Oats-vetch mixture

5h

6g

8f

10d

7c

Barley-vetch mixture

5h

7g

8f

11c

8b

Mean

9d*

8c

9b

12a

Mean

*Any two means not sharing a letter in common differ significantly at 5% level of probability
Table 4.33. Mean number of branches for tillage and year in vetch
Tillage systems
Year

Mean
Zero tillage

Minimum tillage

Reduced tillage

Conventional tillage

2012-13

7d*

9c

10b

13a

9a*

2013-14

5e

7d

8c

11b

8b

Mean

9d*

8c

9b

12a

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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differences for number of branches plant-1 in vetch. The highest number of branches
plant-1 (12) was recorded for vetch in pure stand during first year the lowest number of
branches plant -1 (7) was found for both vetch in barley-vetch mixture during second
year. The increase in number of branches plant -1 due to cereal-legume mixture and year
interaction was 71%.
The main effect of tillage indicated that vetch in conventional tillage produced 12
branches while reduced tillage and minimum tillage resulted in 9 and 8 branches plant 1,

respectively and zero-tillage produced minimum 6 branches plant-1.

Number of branches plant-1 is important trait as more branches result in more yield
(Mamatha et al., 2006). More the number of branches plant-1 the higher will be the
number of leaves which ultimately lead to higher green forage yield. These results
showed that highest number of branches plant-1 was produced by vetch crop but did not
show major effect on green fodder yield of vetch because of their smaller and thin
branches with leaves having lower leaf area as compared to oats and barley. The highest
number of branches in vetch pure stand was due to of its spreading growth nature which
helped to retain soil moisture, reduce evaporation and hence conserve more moisture.
These results of vetch are contradicting with findings of Canan and Orak (2007) and
Orak et al. (1999), who reported higher number of branches or tillers in cereal-vetch
mixture while these are true for cereals in our study.

4.1.5

Green Forage Yield (t ha -1)

4.1.5.1 Green Forage Yield of Oats (t ha -1)
The data of green forage yield for oats are reflected in Table 4.34, 4.35 and
4.36. The interaction of tillage, crop and year showed significant differences for green
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Table 4.34. Mean green forage yield (t ha -1) for tillage, crop and year in oats
Cereal-legume mixture Treatments
2012-13

Tillage Treatments

2013-14

Pure stand

Oats-vetch mixture

Pure stand

Oats-vetch mixture

Mean

Zero tillage

33.56j*

38.06i*

33.75j

38.25i

35.91D*

Minimum tillage

46.69g

53.19c

44.75h

50.75d

48.84C

Reduced tillage

49.00ef

55.00b

48.00f

54.00bc

51.50B

Conventional tillage

50.00de

56.50a

49.00ef

55.00b

52.63A

Crop × Year Mean

44.81C

50.69A

43.88D

49.50B

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Table 4.35. Mean green forage yield (t ha -1) for tillage and crop in oats
Tillage systems
Cereal-legume mixture
Zero tillage Minimum tillage Reduced tillage

Mean
Conventional tillage

Oats pure stand

33.66h*

45.72f

48.50e

49.50d

44.34b*

Oats-vetch mixture

38.16g

51.97c

54.50b

55.75a

50.10a

Mean

35.91d*

48.84c

51.50b

52.63a

47.22

*Any two means not sharing a letter in common differ significantly at 5% level of probability
Table 4.36. Mean green forage yield (t ha-1) for tillage and year in oats
Tillage systems
Year

Mean
Zero tillage

Minimum tillage

Reduced tillage

Conventional tillage

2012-13

35.81f*

49.94d

52.00b

53.25a

47.75a*

2013-14

36.00f

47.75e

51.00c

52.00b

46.69b

Mean

35.91d*

48.84c

51.50b

52.63a

47.22

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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forage yield in oats. The highest yield of 57 t ha -1 was obtained for oats in oats-vetch
mixture under conventional tillage during first year while the lowest yield of 34 t ha -1
was found in oats pure stand under zero-tillage during both the years. The interaction of
tillage, crop and year showed 68% higher green forage yield in oats (Table 4.34).
The tillage systems and crop showed significant results for green forage yield. The
highest green forage yield of 56 t ha -1 was recorded in conventional tillage in oatsvetch
mixture while the lowest yield of 34 t ha -1 was found in case of zero-tillage in oats pure
stand (Table 4.35). Tillage × year showed significant interaction for green forage yield.
The highest yield of 53 t ha -1 was obtained in conventional tillage during first year while
the lowest green forage yield of 36 t ha -1 was noted in zero-tillage during the same year
(Table 4.36). Increase in green forage yield due to tillage × crop and tillage × year
interaction was 51 and 47%, respectively. Crop and year interaction showed significant
differences for green forage yield in oats. The highest yield of 51 t ha -1 was obtained for
oats in oats-vetch mixture during first year while the lowest green forage yield of 44 t
ha-1 was found in oats pure stand during second year. The increase in green forage yield
due to cereal-legume mixture and year interaction was 16%. The main effect of tillage
indicated that oats in conventional tillage resulted in the highest forage yield of 53 t ha 1,

followed by reduced tillage and minimum tillage with yield of 52 and 49 t ha -1,

respectively, while zero-tillage produced the lowest yield of 36 t ha -1.
The main effect of crop showed that oats in oats-vetch mixture produced 50 t ha -1 green
forage yield while in pure stand yielded 44 t ha-1.
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Green forage yield is one of the most important agronomic characters of forage as
animals prefer to eat more green forage than hay and silage. Green fodder yield is one
of the main objectives to be attained for forages for good health of livestock. Among
both the cereals oats in pure stand resulted in 20% higher green forage yield than barley
in pure stand which may be due to relative higher plant height attained by oats. In this
study individual component of cereal-legume mixture was studied for agronomic
parameters while other scientists studied combine effect of cereal-legume mixture.
Caballero et al. (1995) reported 34% higher yield in oats-vetch mixture than vetch pure
stand, while Giacomini et al. (2003) reported that yield of oats-vetch mixture was
similar to that of oats pure stand. Similar results were reported by Sachanski and Kirilov
(1988), who concluded that the sowing of oats in a mixture gave higher forage yield.
Our findings were also strongly correlated with the study results of Bhatti et al. (1992);
Gurmani et al. (2006); Tuna and Orak (2007); Lodhi et al. (2009) and Ansar et al.
(2010). The results of this study are confirmed by Nawaz et al. (2004) and Bakhsh et al.
(2007), who stated that PD2 -LV65 gave high green forage yield. Hussain et al. (1998,
2005 and 2011) and Lodhi et al. (2009) described that green forage yield of oat differed
due to variation of number of leaves and plant height. Our findings confirmed the results
of Nadeem et al. (2010), who found the highest green forage yield from oats-vetch
mixture in comparison with barley-vetch mixture. Caballero et al. (1995) reported that
oats-vetch mixture produced 34% more forage yield than vetch pure stand, but 57% less
than oats pure stand. The lush green appearance of oats, showed more chlorophyll
contents, due to vetch contributed a lot towards the increase of green forage yield. The
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results of this study were similar to Thakuria and Gogoi (2001) and Ahmad et al. (2011),
who reported that legume contribution for nitrogen showed increased effect on green
forage yield. However, Giacomini et al. (2003) reported that forage yield of oats-vetch
mixture was similar to that of oats pure stand and greater than vetch pure stand. Anwar
et al. (2009), investigated revealed that oat-vetch mixture produced 16 % higher green
forage yield compared with oat-medics mixture. It was also observed that in tillage
systems, the increase of number of tillage from minimum tillage to conventional tillage
resulted in an increased green forage yield which clearly indicated the importance and
benefits of the appropriate tillage system to be followed.
4.1.5.2 Green Forage Yield of Barley (t ha -1)
The data of green forage yield for barley pure stand and barley-vetch mixture are
described in Table 4.37, 4.38 and 4.39. The interaction of tillage, crop and year showed
significant difference for green forage yield in barley. The highest yield of 46 t ha -1 was
obtained for barley in barley-vetch mixture under conventional tillage during first year
while the lowest yield of 23 t ha -1 was found in barley pure stand in zerotillage during
both the years. The interaction of crop, tillage, and year showed 100% increase in green
forage yield of barley (Table 4.37).
Tillage × crop showed significant interaction for green forage yield in barley. The
highest yield of 45 t ha -1 was recorded in conventional tillage in barley-vetch mixture
while the lowest yield of 23 t ha -1 was found in case of zero-tillage in barley pure stand
(Table 4.38). Tillage × year showed significant interaction for green forage
yield. The highest green forage yield of 40t ha -1 was obtained in conventional tillage
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Table 4.37. Mean green forage yield (t ha -1 ) for tillage, crop and year in barley
Cereal-legume mixture Treatments
2012-13

Tillage Treatments

2013-14

Pure stand

Barley-vetch mixture

Pure stand

Barley- vetch mixture

Mean

23.20k*

32.00h

22.40k

31.20hi

27.20D*

Minimum tillage

30.50i

41.00e

29.00j

40.00f

35.12C

Reduced tillage

32.00h

43.00c

31.00i

42.00d

37.00B

Conventional tillage

33.50g

45.50a

32.00h

44.00b

38.75A

Crop × Year Mean

29.80C*

40.38A

28.60D

39.30B

Zero tillage

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Table 4.38. Mean green forage yield (t ha -1 ) for tillage and crop in barley
Tillage systems
Cereal-legume
Zero tillage Minimum tillage Reduced tillage
mixture

Mean
Conventional tillage

Barley pure stand

22.80g*

29.75f

31.50e

32.75d

29.20b*

Barley-vetch mixture

31.60e

40.50c

42.50b

44.75a

39.84a

Mean

27.20d

35.12c

37.00b

38.75a

*Any two means not sharing a letter in common differ significantly at 5% level of probability

Table 4.39. Mean green forage yield (t ha -1 ) for tillage and year in barley
Tillage systems
Year
Zero tillage Minimum tillage Reduced tillage

Mean
Conventional tillage

2012-13

27.60f*

35.75d

37.50b

39.50a

35.09a*

2013-14

26.80g

34.50e

36.50c

38.00b

33.95b

Mean

27.20d*

35.12c

37.00b

38.75a

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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during first year while the lowest green forage yield of 27 t ha -1 obtained in zero-tillage
during second year (Table 4.39). Crop and year interaction showed significant
differences for green forage yield in barley. The highest green forage yield of 40 t ha -1
was obtained for barley in barley-vetch mixture during first year while the lowest yield
of 29 t ha-1 was found in barley pure stand during second year. The increase in green
forage yield due to cereal-legume mixture and year interaction was 38%.
The main effect of tillage indicated that in conventional tillage barley resulted in the
highest forage yield of 39 t ha -1, followed by reduced tillage and minimum tillage with
forage yield of 37 and 35 t ha -1 , respectively. Similarly zero-tillage produced the lowest
yield of 27 t ha-1 .
The main effect of crop showed that barley in barley-vetch mixture showed yield of 40
t ha-1 while in pure stand the yield obtained was 29 t ha -1. Green forage yield is the most
important parameter, which has got maximum attention of the farming community in
order to feed their livestock. All agronomic parameters ultimately contribute towards
the final green forage yield. Green forage yield depends on the inherited material of a
genotype and the environment in which crop is grown. The higher green forage yield in
barley-vetch mixture was probably due to the nitrogen contribution by vetch through
atmospheric nitrogen fixation. These findings are in agreement with the work of Ansar
et al. (2010). The detailed discussion already presented under Section 4.1.5.1.

4.1.5.3 Green Forage Yield of Vetch (t ha -1)
The data of green forage yield for vetch pure stand, vetch in barley-vetch mixture and
vetch in oats-vetch mixture are narrated in Table 4.40, 4.41 and 4.42. The
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Table 4.40. Mean green forage yield (t ha -1) for tillage, crop and year in vetch
Cereal-legume mixture Treatments
2012-13

2013-14

Tillage Treatments

Pure
stand

Zero tillage

16.97g*

15.05h

3.50n

15.05h

2.50o

2.50o

7.25D*

Minimum tillage

36.50c

7.50l

8.50k

31.50f

6.50m

6.25m

16.12C

Reduced tillage

38.00b

9.00jk

9.00jk

33.00e

7.50l

7.00lm

17.25B

39.50a

10.50i

10.5i

34.50d

9.50j

8.50k

18.83A

32.74A*

7.50C

7.88C

28.51B

6.50C

6.06E

Conventional

Oats-vetch
mixture

Barley-vetch
mixture

Pure
stand

Qats-vetch
mixture

Barley-vetch
mixture

Mean

tillage
Crop × Year
Mean
*Any two means not sharing a letter in common differ significantly at 5% level of probability
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Table 4.41. Mean green forage yield (t ha -1) for tillage and crop in vetch
Tillage systems
Cereal-legume mixture
Zero tillage Minimum tillage Reduced tillage

Mean
Conventional tillage

Vetch pure stand

16.00d*

34.00c

35.50b

37.00a

30.62a*

Oats-vetch mixture

2.75h

7.00g

8.25f

10.00e

7.00b

Barley-vetch mixture

3.00h

7.38g

8.00f

9.50e

6.97b

Mean

7.25d*

16.12c

17.25b

18.83a

*Any two means not sharing a letter in common differ significantly at 5% level of probability
Table 4.42. Mean green forage yield (t ha-1) for tillage and year in vetch
Tillage systems
Year

Mean
Zero tillage

Minimum tillage

Reduced tillage

Conventional tillage

2012-13

7.82f*

17.50c

18.66b

20.16a

16.04a*

2013-14

6.68g

14.75e

15.83d

17.50c

13.70b

Mean

7.25d*

16.12c

17.25b

18.83a

*Any two means not sharing a letter in common differ significantly at 5% level of probability
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three way interaction of tillage, crop and year showed significant difference for green
forage yield in vetch. The highest green forage yield of 40 t ha -1 was obtained for vetch
pure stand in conventional tillage during first year while the lowest yield of 4 t ha -1 was
found for vetch in barley-vetch mixture under zero-tillage during second year. Three
way interaction of tillage, crop and year showed an increase of 93% in green forage yield
in vetch (Table 4.40).
The tillage systems and crop showed significant effect on green forage yield. The
highest green forage yield of 37 t ha -1 was obtained in conventional tillage in vetch in
pure stand while the lowest yield of 3 t ha -1 was found in case of zero-tillage in vetch in
barley-vetch mixture (Table 4.41). Tillage × year showed significant
interaction for green forage yield. The highest green forage yield of 20 t ha -1 was
obtained in conventional tillage during first year while the lowest green forage yield of
7 t ha-1 was recorded in zero-tillage during second year (Table 4.42). Crop and year
interaction showed significant difference for green forage yield in vetch. The highest
yield of 33 t ha-1 was obtained for vetch in pure stand during first year while the lowest
yield of 6 t ha-1 was found for vetch in barley-vetch mixture during second year. The
increase in green forage yield due to cereal-legume mixture and year interaction was
82% (Table 4.40).
The main effect of tillage indicated that vetch in conventional tillage resulted in the
highest green forage yield of 19 t ha -1 followed by reduced tillage and minimum tillage
with green forage yield of 17 and 16 t ha -1 , respectively while zero-tillage produced the
lowest green forage yield of 7 t ha -1. The main effect of crop showed that vetch pure
stand produced green forage yield of 31 t ha -1 while vetch in both oats113

vetch and barley-vetch mixture produced same yield of 7 t ha -1. The main year effect
provided as 16 and 14t ha -1 green forage yield for first and second year, respectively.
The decrease of vetch forage yield in case of the cereal-legume mixture was probably
due to shading effect of both cereals oats and barley. Cereals are more competitive than
vetch for natural resources especially light and space which negatively affect the vetch
forage yield. The lower yield was due to senescence of lower branches and especially
leaves due to shading effect and less competitive nature of vetch crop. The low
availability of light resulted in chlorosis and then their necrosis.
The findings are similar to the work reported by Willey (1979), Willey and Rao, (1980),
Roberts et al. (1989) and Caballero et al. (1995). The smaller effect of barley on vetch
for forage yield was due to the lesser shading effect of barley for its thin canopy which
allowed sufficient amount of light available to reach in branches and leaves of vetch
plants.

4.2 QUALITY PARAMETERS
4.2.1 Crude Protein (CP)
Crude protein (CP) is one of the most important quality properties and is used to
estimate forage quality especially in cereal-legume mixture. The significant increase
was recorded in CP of oats in oats-vetch mixture than oats grown in pure stand (Table
4.43). Oats grown in mixture had higher CP of 175 g kg-1 than oats grown in pure stand
with CP of 140 g kg -1. Similarly, barley in combination with vetch resulted in higher CP
than barley grown in pure stand. The highest CP of barley in barley-vetch
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Table 4.43. Effect of cereal-legume mixture and tillage systems on crude protein (CP g kg-1)
Treatments
Oats
Barley
Cereal-legume

Pure stand

140.04b*

159.87a

245.57a

Oats-vetch mixture

175.08a

-

226.50b

-

170.34b

225.35b

Zero tillage

157.43NS

165.62NS

232.01NS

Minimum tillage

156.61

165.59

233.60

Reduced tillage

159.21

164.88

232.29

Conventional tillage

156.99

164.32

231.99

Barley-vetch mixture
Tillage systems

*Any two means not sharing a letter in common differ significantly at 5% level of probability
NS = Non-significant

Vetch

176
115

mixture was 170 g kg-1 while in pure barley stand the value of CP was 160 g kg -1. The
CP for pure vetch was significantly higher than vetch produced in barley-vetch mixture
or vetch in oats-vetch mixture which produced CP of 245, 226 and 225 g kg -1 ,
respectively, indicating non-significant differences for vetch grown with oats and barley.
The tillage did not show significant differences for CP; however, reduced tillage
produced the highest CP of 159 g kg -1 for oats while conventional tillage produced CP
of 166 and 233 g kg-1 for barley and vetch, respectively.
Crude protein (CP) in oats-vetch mixture improved the nutritive quality of oats forage.
The oats grown in oats-vetch mixture showed 25% higher CP than pure oats stand. The
increase in CP of oats was because of vetch, the reason for improved quality of oats was
due to increased nitrogen concentration in the upper layer of soil by atmospheric
nitrogen fixation of companion legume crop. The increase in CP due to legume was also
recorded by Mpairwe et al. (2003). For the same reason some researchers used pea in
cereal-legume mixture (Osman and Nersoyan, 1986; Berkenkamp and Meeres, 1987;
Carr et al., 1998, 2004). The results are also in line with the findings of Mpairwe et al.
(2003a) and Umunna et al. (1997), who reported improved CP in oats-vetch mixture but
the articles remain silent about the quality of cereals crop grown with companion
legume.
High crude protein (CP) reflects good quality forage in cereal-legume mixture
(Malézieux et al., 2009; Yolcu et al., 2009). Barley with vetch showed 7% higher CP
than pure barley stand, which may be the result of efficient utilization of natural
resources as legume (vetch) contributed towards higher nitrogen content in the upper
layers of soil . This supports the findings of Lithourgidis et al. (2011), who stated that

pea-wheat mixtures with ratio of 80:20 produced higher CP than pure wheat and the
increased pea proportion in mixture resulted in high CP. The increase in CP due to
legume was also reported by Carr et al. (2004). In pure cereal, Fageria and Baligar
(2005) found that higher dry matter yield resulted in decreased plant nitrogen and CP.
This means that pure cereal produces the higher dry matter and lesser nitrogen than
cereal-legume mixture. In contrast to the above findings, Li et al. (2006) reported nonsignificant differences for nitrogen both in cereal-legume mixture and pure cereal stand.
Crude protein (CP) content in pure vetch stand was higher than vetch plants produced
in barley-vetch and oats-vetch mixtures. Forage containing high crude protein content
is considered of good quality. The palatability and digestibility are greater in the forage
containing high crude protein. The pure vetch stand showed 9% higher CP than vetch
with oats and 8% higher CP than vetch with barley. The reason for this was lesser
number of branches of vetch developed at the early stage in mixture while in vetch pure
stand, more number of branches emerged at the same stage. Similarly, in mixture the
fast growth of cereals hindered the light to reach to the vetch and hence reduced the
photosynthetic activity of vetch which resulted in chlororis in the lateral younger
branches, while on the other hand in pure vetch the plants obtained optimum light and
showed maximum photosynthetic activity. The lower quality in case of vetch in mixture
was also due to early necrosis and decaying started at the lateral smaller branches of
vetch plant in mixture which was not noticed in case of pure vetch stand. These results
supported the previous findings of Lithourgidis et al. (2011), who found higher CP in
pure pea than in wheat-pea mixture. The high crude
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Table 4.44. Effect of cereal-legume mixture and tillage systems on neutral detergent fiber (NDF g kg -1)
Treatments
Oats
Barley
Vetch
Cereal-legume

Pure stand

515.22a*

Oats-vetch mixture

493.89b

Barley-vetch mixture
Tillage systems

*

-

395.18c
405.81b

-

340.00b

425.29a

Zero tillage

503.56NS

389.36NS

409.08NS

Minimum tillage

506.22

388.86

409.72

Reduced tillage

503.16

389.88

408.24

Conventional tillage

505.28

390.73

407.99

Any two means not sharing a letter in common differ significantly at 5% level of probability

NS = Non-significant

439.41a
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protein of pure vetch was probably due to the presence of vetch roots at the same depth
and they got the maximum benefit of nitrogen fixation through their root nodules while
in mixture this benefit was shared with cereals. Similar findings have been reported by
Iptas et al. (2002), Iptas and Brohi (2003), Almodares et al. (2009) and Glamoclija et al.
(2011) who observed an increase of crude protein with increasing nitrogen in soil.
4.2.2 Neutral Detergent Fiber (NDF)
The significantly higher decreases were recorded for neutral detergent fiber (NDF) of
oats in oats-vetch and barley in barley-vetch mixtures than oats and barley pure stands
(Table 4.44). Oats in oats-vetch mixture produced mean minimum NDF of 493 g kg -1 .
Similarly, the lowest NDF of 340 g kg-1 was produced by barley in barleyvetch mixture
while higher NDF of 439 g kg-1 was produced in pure barley stand. On the contrary, the
lowest NDF was produced in pure vetch stand with value of 395 g kg1. The highest NDF
was produced by vetch in oats-vetch mixture i.e., 425 g kg-1. Vetch in barley-vetch
mixture produced NDF with value of 405.81 g kg-1. The tillage did not show significant
results for NDF; however, reduced tillage showed the lowest NDF of 503 g kg -1 for oats.
Similarly, reduced and conventional tillage gave the lowest NDF and ADF values for
barley.
4.2.3 Acid Detergent Fiber (ADF)
The significant decreases were recorded for acid detergent fiber (ADF) of oats in oatsvetch and barley in barley-vetch mixtures over oats and barley pure stands (Table 4.45).
Oats in oats-vetch mixture produced mean minimum ADF of 340 g kg-1.
Similarly, the lowest ADF of 176 g kg-1 was produced by barley in barley-vetch
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Table 4.45. Effect of cereal-legume mixture and tillage systems on acid detergent fiber (ADF g kg -1)
Treatments
Oats
Barley
Vetch
Cereal-legume

Pure stand

385.27a*

Oats-vetch mixture

340.58b

Barley-vetch mixture
Tillage systems

*

241.71a
-

315.87b

-

176.44b

325.57a

Zero tillage

363.29NS

208.95NS

316.01NS

Minimum tillage

362.79

209.63

315.63

Reduced tillage

362.75

208.98

314.35

Conventional tillage

362.87

208.76

317.11

Any two means not sharing a letter in common differ significantly at 5% level of probability

NS = Non-significant

305.89c

mixture while higher ADF of 241 g kg -1 was produced in pure barley stand. On the other
hand, the lowest ADF was produced in pure vetch stand with value of 305 g kg -1 . The
highest ADF were produced by vetch in oats-vetch mixture with 325 g kg -1 . Vetch in
barley-vetch mixture produced ADF value of 315 g kg-1. The tillage did not show
significant results for ADF; however, reduced tillage produced the lowest ADF of 362
g kg-1 for oats. Similarly, reduced and conventional tillage reflected the lowest ADF for
barley with 208 g kg-1 .
The dry matter intake increased in animals with the decrease of neutral detergent fiber
(NDF). The lower NDF and acid detergent fiber (ADF) were recorded in oats-vetch
mixture than pure oats stand. The oats-vetch showed 4% and 12% lower NDF and ADF,
respectively, than pure oats. Our findings are similar to the work of Caballero et al.
(1995), Mpairwe et al. (2003) and Mpairwe et al. (2003a). Similarly, superiority of
cereal-legume mixture was recorded by obtaining higher CP and lower NDF in oatsvetch mixture to grass hay (Mpairwe et al., 2003). Caballero et al., (1995) also
recommended oats-vetch mixture as good quality forage.
As low neutral detergent fiber (NDF) and acid detergent fiber (ADF) are desired
characteristics for quality forage. So, lower NDF and ADF were obtained by barley in
barley-vetch mixture than barley pure stand. Barley with vetch mixture showed 22.63%
and 27% lower NDF and ADF, respectively, than pure barley. The results of our
experiment support the results of Mpairwe et al., (2003), who reported higher CP and
lower NDF in cereal-legume mixture than in grass hay. In addition, our results differed
with those of Lithourgidis et al., (2006) who reported higher NDF in legumes as
compared to cereals. The findings of this study for ADF coincide with 121
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previous findings of Caballero et al., (1995) who reported low NDF in cereal-legume
mixture. Similar trend was also noticed for barley in cereal-legume mixture by Carr et
al. (2004).
The results indicated that pure vetch showed 8% lesser neutral detergent fiber
(NDF) than oats-vetch mixture and 3% lesser NDF than barley-vetch mixture. Caballero
et al., (1995) reported that legumes produced lesser NDF as compared with cereal crops.
Our results clearly indicated that oats-vetch mixture showed 6% higher acid detergent
fiber (ADF) than pure vetch and barley-vetch mixture showed 3% grater ADF than pure
vetch.
The results can be concluded as cereal-legume mixtures showed statistically

significant differences for quality parameters (CP, NDF and ADF) while the influence
of tillage systems on forage quality parameters was non-significant.

4.3

ECONOMIC ANALYSIS

conomic analysis of experimental data is essential as farmers’ are often interested in
cost and benefit of a technology before taking risk of adopting it. Partial budget depicts
both the feasibility and profitability of any technology. The partial budget was
constructed for each tillage treatment to evaluate the gross field benefit, total cost that
varied and net benefit. For this purpose prices of inputs were used according to local
market.
4.3.1

Partial Budget

Partial budget analysis helps to make sound decision to compare the cost of tillage
systems and also helps farmers to accept and adopt technologies that are

1
8
5

Table 4.46. Partial budget for oats
Tillage treatments

T

* 1

S.No.

Economic parameters

1
2

T1*

T2**

T3†

T4ǂ

Mean green forage yield (kg ha -1)
10 % of Average yield (kg ha -1)

36375
3638

49620
4962

51500
5150

52620
5262

3

Adjusted yield (kg ha-1)

32738

44658

46350

47358

4

Gross field benefit (ϕRs ha -1)

65475

89316

92700

94716

5

Cost of Round up (Rs ha-1)

2100

0

0

0

6

Cost of labor to apply Round up (Rs ha -1 )

900

0

0

0

7

Cost of tractor rent for single tillage with MB Plough (Rs ha -1)

0

2725

2725

2725

8

Cost of tractor rent for single tillage with cultivator (Rs ha -1)

0

2200

2200

2200

9

Cost of tractor rent for respective tillage with cultivator (Rs ha -1)

0

6600

8800

13200

10

Total cost that vary (Rs ha-1)

3000

9325

11525

15925

11

Net benefit (Rs ha-1)

62475

79991

81175

78791

= Zero-tillage

T 2 = Minimum tillage (moldboard plough + three cultivations)

**

†

T3 = Reduced tillage (moldboard plough + four cultivations)

ǂ

T4 = Conventional tillage (moldboard plough + six cultivations)

ϕ

Rs = Rupees (100 Rs = 1 $)

1
8
6

Tillage treatments

T

* 1

S.No.

Economic parameters

1
2

T1*

T2**

T3†

T4ǂ

Mean green forage yield (kg ha -1)
10 % of Average yield (kg ha -1)

30400
3040

40210
4021

42350
4235

44130
4413

3

Adjusted yield (kg ha-1)

27360

36189

38115

39717

4

Gross field benefit (ϕRs ha -1)

54720

72378

76230

79434

5

Cost of Round up (Rs ha-1)

2100

0

0

0

6

Cost of labor to apply Round up (Rs ha -1 )

900

0

0

0

7

Cost of tractor rent for single tillage with MB Plough (Rs ha -1)

0

2725

2725

2725

8

Cost of tractor rent for single tillage with cultivator (Rs ha -1)

0

2200

2200

2200

9

Cost of tractor rent for respective tillage with cultivator (Rs ha -1 )

0

6600

8800

13200

10

Total cost that vary (Rs ha-1)

3000

9325

11525

15925

11

Net benefit (Rs ha-1)

51720

63053

64705

63509

= Zero-tillage

T 2 = Minimum tillage (moldboard plough + three cultivations)

**

†

T3 = Reduced tillage (moldboard plough + four cultivations)

ǂ

T4 = Conventional tillage (moldboard plough + six cultivations)

1
8
7

ϕ

Rs = Rupees (100 Rs = 1 $)

Table 4.47. Partial budget for barley

1
8
8

S.No.

T

* 1

Economic parameters
T1*

T2**

T3†

T4ǂ

1
2

Mean green forage yield (kg ha -1)
10 % of Average yield (kg ha -1)

7335
734

16120
1612

17250
1725

18630
1863

3

Adjusted yield (kg ha-1)

6602

14508

15525

16767

4

Gross field benefit (Rs ha-1)

13203

29016

31050

33534

5

Cost of Round up (Rs ha-1)

2100

0

0

0

6

Cost of labor to apply Round up (Rs ha -1 )

900

0

0

0

7

Cost of tractor rent for single tillage with MB Plough (Rs ha -1)

0

2725

2725

2725

8

Cost of tractor rent for single tillage with cultivator (Rs ha -1)

0

2200

2200

2200

9

Cost of tractor rent for respective tillage with cultivator (Rs ha -1 )

0

6600

8800

13200

10

Total cost that vary (Rs ha-1)

3000

9325

11525

15925

11

Net benefit (Rs ha-1)

10203

19691

19525

17609

= Zero-tillage

T 2 = Minimum tillage (moldboard plough + three cultivations)

**

†

Tillage treatments

T3 = Reduced tillage (moldboard plough + four cultivations)

1
8
9

ǂ
ϕ

T4 = Conventional tillage (moldboard plough + six cultivations)

Rs = Rupees (100 Rs = 1 $)

Table 4.48. Partial budget of vetch
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Table 4.49. Calculation for cost that varied for zero-tillage
Price of Round up herbicide (*Rs L-1)

1050

*Rs

=
**
-1
Rupees Amount of herbicide used ( L ha )
(100
-1
Rs = 1 Cost of Round up herbicide (Rs ha )
$), **L
Labor wage (Rs day-1)
=
Litter Labor required to apply Round up herbicide (days ha -1)
Labor wage for Round up herbicide (Rs ha -1)
Sprayer rent charges (Rs day-1 )

Table
Sprayer required to apply Round up herbicide (days ha -1)
4.50.

2
2100
380
2
760
70
2

Sprayer rent charges (Rs ha-1)

140

Cost of labor and sprayer to apply Round up herbicide (Rs ha -1)

900

Total cost for herbicide

3000

Calculation for cost that varied for single tillage with cultivator and
mouldboard plough
Single tillage with cultivator
Cost of Tractor rent (* Rs hr-1)

1100

Cost of Tractor rent for two hours required for one ha (Rs)

2200

Single tillage with mouldboard plough
Cost of Tractor rent (Rs hr -1)
Cost of Tractor rent for 2.477 hr required for one ha (Rs)

1100
2724.7

*

Rs = Rupees (100 Rs = 1 $)

practicable and economically feasible. The results of partial budget analysis of tillage
treatments for oats, barley and vetch are presented in Tables 4.46, 4.47, 4.48 and Figures
3, 4, 5. Partial budget was calculated on the basis of two years average green forage
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yield. The primary objectives of partial budget were to find gross field benefit, total cost
that varied and net benefit. For partial budget, only costs that varied were considered
while total cost of production was not included.
4.3.1.1 Total Cost that Varied (Rs.)
Total cost that varied included the cost of herbicide, sprayer and labor in case of
zero-tillage (Table 4.49) while the cost of tractor (rent) for rest of three tillage systems
(Table 4.50). Total cost that varied per hectare for oats, barley and vetch in case of zerotillage, minimum tillage, reduced tillage and conventional tillage was Rs.
3000, 9325, 11525 and 15925, respectively (Table 4.46).
4.3.1.2 Gross Field Benefit (Rs. ha -1)
Gross field benefit per hectare for oats in case of zero-tillage, minimum tillage,
reduced tillage and conventional tillage was Rs. 65475, 89316, 92700 and 94716 (Table
4.46) while gross field benefit per hectare for barley in case of zero-tillage, minimum
tillage, reduced tillage and conventional tillage was Rs. 54720, 72378, 76230 and 79434,
respectively (Table 4.47) and gross field benefit per hectare for vetch in case of zerotillage, minimum tillage, reduced tillage and conventional tillage was Rs. 13203, 29016,
31050 and 33534, respectively (Table 4.48).
4.3.2 Dominance analysis
In the partial budget analysis, total cost that varied and net benefits of each tillage
system were calculated but it did not show the clear picture of comparison of the total
cost that varied with the net benefit and hence dominance analysis was required. For
dominance analysis, total cost that varied was arranged in ascending order and its net
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benefit was checked in the column from top to bottom. If the net benefit of next coming
treatment was lesser than that of above treatment’s net benefit.
“D” in the next column against the second treatment indicated dominance of above
treatment over this treatment and the same was repeated for the next treatment. The
results of dominance analysis for tillage systems of oats, barley and vetch are presented
in Tables 4.51, 4.52, 4.53 and Figures 3, 4, 5. Dominance analysis clearly illustrated the
comparison difference of two treatments as denoted by “D” had greater variable cost but
lesser net benefit.
4.3.2.1 Net Benefit (Rs.)
Net benefit per hectare for oats in tillage systems ranged from Rs. 62475 to
78791. Net benefit per hectare for oats in case of zero-tillage, minimum tillage, reduced
tillage and conventional tillage was Rs. 62475, 79991, 81175 and 78791, respectively
(Table 4.51) while net benefit per hectare for barley in tillage treatment ranged from Rs.
51720 to 63509. Net benefit per hectare for barley in case of zerotillage, minimum
tillage, reduced tillage and conventional tillage was Rs. 51720, 63053, 64705 and 63509,
respectively (Table 4.52) and net benefit per hectare for vetch in different tillage systems
ranged from Rs. 10203 to 17609. Net benefit per hectare for vetch in case of zero-tillage,
minimum tillage, reduced tillage and conventional tillage was Rs. 10203, 19691, 19525
and 17609, respectively (Table
4.53).

Table 4.51. Dominance analysis for oats
Treatments Total cost that varied (Rs ha-1)

Net benefit (Rs ha-1)
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T1*

3000

62475

T2*

9325

79991

T3*

11525

81175

T4*

15925

78791

*T

1

D**

= zero-tillage,

T2 = minimum tillage,
T3= reduced tillage and
T4 = conventional tillage
**

D = T3 dominated over T 4

Table 4.52. Dominance analysis for barley
Treatments Total cost that varied (Rs ha-1)

Net benefit (Rs ha-1)

T1*

3000

51720

T2*

9325

63053

T3*

11525

64705

T4*

15925

63509

*T

1

= zero-tillage,

T2 = minimum tillage,
T3= reduced tillage and
T4 = conventional tillage
**

D = T3 dominated over T 4

Table 4.53. Dominance analysis for vetch
Treatments Total cost that varied (Rs ha-1)

Net benefit (Rs ha-1)

D**
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T1*

3000

10203

T2*

9325

19691

T3*

11525

19525

D**

T4*

15925

17609

D

*T

1

= zero-tillage,

T2 = minimum tillage,
T3= reduced tillage and
T4 = conventional tillage
**

D = T2 dominated over T 3 and T4
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Gross field benefit

Total cost that vary

Net benefit

100000

80000

60000

40000

20000

0

Zero-tillage

Minimum tillage

Reduced tillage

Conventional tillage

Tillage treatments

Figure 3: The economic parameters used in partial budget and dominance analysis for oats
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Gross field benefit

Total cost that vary

Net benefit

100000

80000

60000

40000

20000

0
Zero-tillage

Minimum tillage

Reduced tillage
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Conventional tillage

Figure 4: The economic parameters used in partial budget and dominance analysis for barley
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Gross field benefit

Total cost that vary

Net benefit

40000

20000
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Figure 5: The economic parameters used in partial budget and dominance analysis for vetch
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Summary
Conservation tillage is becoming popular worldwide for sustainable soil and
water management. It is characterized by minimal soil disturbance and permanent
residue cover. The agriculture in dryland areas is mainly dependent on moisture
available through precipitation, therefore, timely and effective soil and moisture
conservation practices play a vital role in crop production. The agriculture in rainfed
tract is risky and is mainly dependent on moisture availability through rainfall, but soil
and moisture conservation practices at proper time play a significant role in crop
production for forage. The conservation tillage practices such as zero- tillage can be
transition steps towards Conservation Agriculture and conservation tillage offers a
promising solution in this regard. The condition of livestock in Pakistan is also poor due
to non-availability of good quality and adequate quantity of forage. So, a field study of
two years during 2012-13 and 2013-14 was conducted under subtropical rainfed
conditions at PMAS-Arid Agriculture University Research Farm Chakwal Road
Rawalpindi, Pakistan with the objectives: i) to study the yield and quality of forage
grown in cereal-legume mixtures under different tillage practices. ii) to identify an
appropriate tillage practice that is economically sustainable for enhanced productivity
of cereal-legume forage in rainfed regions and iii) to compare the effect of conservation
versus conventional tillage systems for soil moisture conservation and fertility. Cereallegume treatments were: i) Oats pure stand (O 1), ii) Oats in oats-vetch mixture (O2 ), iii)
Barley pure stand (B1), iv) Barley in barley-vetch mixture (B2), v) Vetch pure stand (V1 ),
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vi) Vetch in barley-vetch mixture (V2) and vii) Vetch in oatsvetch mixture (V3) in cereallegume mixtures were with ratio of 70:30 while tillage treatments were: i) Zero-tillage
+ Glyphosate herbicide (conservation tillage T1), ii) One tillage with moldboard plough
and three ploughings with cultivator (minimum tillage T 2), iii) One tillage with
moldboard plough and four ploughings with cultivator (reduced tillage T 3) and iv) One
tillage with moldboard plough and six ploughings with cultivator (Conventional tillage
or Farmers Practice T 4).
As for as cereal-legume mixture and tillage systems are concerned, the
significant results were found in oats, barley and vetch for green forage yield. Oats and
barley in oats-vetch and barley-vetch mixture produced 53 t ha -1 and 43 t ha-1 higher
green forage yield than their pure stands with values of 45 t ha -1 and 40 t ha-1 ,
respectively. Vetch pure stand produced 31 t ha -1 green forage yield while vetch yield in
oats-vetch and barley-vetch mixture was non-significant with value of 7 t ha -1.
Forage quality results showed that oats in oats-vetch and barley in barley-vetch
mixtures produced superior quality forage to their pure stands. The highest CP for oats
in oats-vetch mixture and barley in barley-vetch mixture was 175 and 170 g kg-1,
respectively. The lowest NDF and ADF for oats in oats-vetch mixture were 494 and
341 g kg-1, respectively; while these values for barley in barley-vetch mixture were 340
and 176 g kg-1 , respectively, reflecting good quality forages. Oats grown in mixture
produced crude protein (CP) of 175 g kg-1 greater than oats grown in pure stand with CP
of 140 g kg-1. Similarly, barley in combination with vetch resulted in higher CP than
barley grown in pure stand. The highest CP of barley in barley-vetch mixture was
recorded (170 g kg-1) while in pure barley stand the value of CP was 160 g kg-1 . The CP
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for pure vetch was significantly higher than vetch produced in barleyvetch mixture or
vetch in oats-vetch mixture which resulted in greater CP with values of 245, 226 and
225 g kg-1, respectively. The tillage did not show significant differences for crude protein
(CP), neutral detergent fiber (NDF) and acid detergent fiber (ADF). Oats in oats-vetch
mixture and barley in barley-vetch mixture produced minimum NDF of 493 and 340 g
kg-1, respectively, while the lowest NDF was produced in pure vetch stand with value
of 395 g kg-1. Oats in oats-vetch mixture produced minimum ADF of 340 g kg-1.
Similarly, the lowest ADF of 176 g kg-1 was produced by barley in barley-vetch mixture
while higher ADF of 241 g kg-1 was produced in pure barley stand. On the contrary, the
lowest ADF was produced in pure vetch stand with value of 305 g kg -1. The highest
ADF was produced by vetch in oatsvetch mixture with 325 g kg -1. Vetch in barley-vetch
mixture produced ADF value of 315 g kg-1 . The findings of this study clearly indicated
that cereals and legume in pure stands and in their mixture have produced significant
effect on crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF),
while tillage systems statistically did not affect the forage quality.
Total ha-1 cost for oats, barley and vetch in case of zero-tillage, minimum tillage,
reduced tillage and conventional tillage was Rs. 3000, 9325, 11525 and 15925,
respectively. The highest net benefit ha -1 for oats and barley in case of reduced tillage
was Rs. 81175 and 64705, respectively, while for vetch the highest net benefit was in
case of minimum tillage i.e., Rs. 19525.
The highest net benefits were noted for oat and barley in reduced tillage while
net benefit for vetch was the highest in case of minimum tillage.
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CONCLUSION
1. Higher forage yield and quality were obtained from oats in oats-vetch mixture
and barley in barley-vetch mixtures than their pure stands while high forage
yield and quality for vetch were obtained in vetch pure stand.
2. Higher forage economic benefits in case of cereals (oats and barley) were
noticed in case of reduced tillage (one tillage with moldboard plough and four
ploughings with a cultivator) while maximum benefit for vetch was recorded in
case of minimum tillage (one tillage with moldboard plough and three
ploughings with a cultivator).
RECOMMENDATIONS
From the investigations of two years field study, we came up with the
findings that conservation tillage in the form of reduced tillage proved to be superior
than conventional tillage (one tillage with moldboard plough and six ploughings with a
cultivator) in terms of increasing cereal forage yield and resulted maximum net benefit
that would certainly benefit to farming community of this area; whereas cereal-legume
mixture produced quality forage when compared with pure cereal forages.
Recommendations of study are:
1. Farmers should adopt reduced tillage rather than conventional tillage for cereal
forages especially oats and barley in the form of oats-vetch mixture and
barleyvetch mixture.
2. Farmers should adopt minimum tillage instead of conventional tillage for legume
forage production (vetch) in pure vetch stand.
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3. The “physio-chemical properties” (bulk density, soil porosity, uptake of
nutrients, water use efficiency, organic matter) need to be studied in the future
research.
4. This research is recommended to be continued for reliable results at different
locations of rainfed areas.
5. This research is also recommended to be continued to check the allelopathic
effect of wheat straw on no-till.
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ANNEXURE-PICTORIAL PANORAMA
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a) Cultivation with mould board plough. b) Zero-tillage plots. c) Cultivation with cultivator.
d) Early stage of crops. e) Sowing with zero-tillage. f) Sowing with Wheat seed drill.
g) Experimental Field. h) Vetch at Flowering stage. i) Oats at booting stage. j) Oats-vetch mixture.

