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                                               ABSTRACT                                                                

In many parts of world intercropping of legumes and non-legumes is considered very important 

practice. When legumes is grown in mixture with non- legumes they contribute well to non-

legume crop for nitrogen.  To investigate the forage potential and characteristics of silage of 

cereal-legume intercropping under various planting ratios and different tillage systems the 

study was conducted during spring season 2013 and 2014, which was comprised of two 

experiments each experiment consist of three parts Field trial, Laboratory scale silage and In 

situ digestion kinetics trial. Field trials were conducted at Agronomic Research Area, 

University of Agriculture Faisalabad, Pakistan. The tillage practices and row ratios in first 

experiment were  minimum tillage; one ploughing with cultivator followed by planking; deep 

tillage; one ploughing with chisel plough + one ploughing with cultivator followed by 

planking; and row ratios sole sorghum,  sole millet, sole sesbania, sorghum + sesbania(1:1), 

sorghum + sesbania(1:2), sorghum + sesbania(2:1), millet + sesbania(1:1), millet + 

sesbania(1:2), millet + sesbania(2:1). The tillage practices and seed ratios for second 

experiment were include minimum tillage; one ploughing with cultivator followed by 

planking; deep tillage; one ploughing with chisel plough + one ploughing with cultivator 

followed by planking; and seed ratios sole maize, sole cowpea, maize + cowpea (60% + 40%), 

maize + cowpea (70% + 30%), maize + cowpea (80% + 20%). Field trials of both experiments 

were laid out in randomized complete block design having split plot arrangement with three 

replications. In both experiments tillage practices significantly affected the growth and yield 

of forage.  Results showed that the deep tillage practice significantly increased the emergence 

count, plant height, number of leaves per plant fresh and dry weight per plant, fresh forage 

yield and dry matter yield while it has little effect on the quality of cereal-legume mixed forage. 

In both experiments intercropping ratios significantly affected the growth, yield and quality of 

forage. In first experiment cereals sown in mixture with sesbania with different row ratios, 

sorghum sown alone produced significantly higher fresh forage yield and dry matter yield than 

all other row ratios of cereals in combination with sesbania. Minimum fresh forage yield and 

dry matter yield was observed in sole sesbania during both years of study. All cereal + sesbania 

mixture produced higher crude protein percentage, ash contents and lower crude fiber 

percentage than sole cereals. Land equivalent ratio (LER) was highest in sorghum + sesbania 

(1:1) row ratio. In second experiment maize sown in mixture with cowpea with different seed 

ratios, maize sown alone produced significantly higher fresh forage yield and dry matter yield 

than all other seed ratios of maize in combination with cowpea. Minimum fresh forage yield 

and dry matter yield was observed in sole cowpea during both years of study. All maize + 

cowpea mixture produced higher crude protein percentage, ash contents and lower crude fiber 

percentage than sole maize. Land equivalent ratio was highest in maize + cowpea (70% + 30%) 

seed ratio. Silage quality increased with increased in concentration of legumes crop in forage 

mixture as compared to sole cereal crop silage which resulted in an increase in dry matter (DM) 

and neutral detergent fiber (NDF) degradability in rumen of cannulated buffalo bulls
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CHAPTER 1                                                                                                                                                                 

`                INTRODUCTION 

Pakistan is a large milk producer country. It has few natural pastures suitable for 

dairying. Mostly livestock relies on cultivated forage for the green feed. Large numbers of 

dairy stock are kept in and around the cities and feed have to be brought. Milk and dairy 

products are important in the Pakistani diet and the demand for milk is rising sharply with an 

ever-increasing population. Forage scarcity is a major limiting factor for a prosperous livestock 

industry in Pakistan. The livestock sector is an integral part of agriculture in Pakistan. Green 

forage demand for rapidly expanding livestock industry is increasing day by day in Pakistan. 

Livestock is a sub-sector of agriculture in Pakistan and contributed 11.53% to the national 

GDP during 2011-12 (Govt. of Pakistan, 2012). Agriculture, mainly livestock is source of 

income for billion people living in arid and semi-arid regions of the world. Its importance 

further increased in semi-arid tropics where two-third of  the world peoples depend on 

agriculture within which livestock play a major role in building rural livelihood (Reddy et al., 

2003). 

  At present livestock population in Pakistan is approximately 172.2 million number of 

heads (Govt. of Pakistan, 2013). In Pakistan, nutritional need of animals is fulfilled largely by 

forage and fodder residues (51%) other resources are livestock grazing (38%), cereals grains 

and other by-products (6%), grazing after harvest (3%) and seed cakes or concentrates (2%). 

Population in Pakistan is growing at very rapid rate so, we cannot increase the area under 

fodder crops because we have to feed the increasing population. However, by improving 

productivity and quality of fodder, livestock industry can be made more efficient and more 

productive. To enhance livestock production, lack of quality fodder is one of the major 

constrains (Ullah et al., 2010). Presently major livestock feed in Pakistan is of low quality 

roughages which do not provide nitrogen, energy, vitamins and minerals in the required 

amount.  Microbial activity is also affected by the low quality roughages which consequently 

affect the fermentation in the rumen of the animals, and results in overall lower livestock 

productivity. 

Any action which is used for betterment of soil and to boost its economical, biological 

and aesthetic value is called tillage. In agriculture, one of the fundamental operations in crop 
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production is tillage (Chauhan et al., 2006). Among the various important crop production 

factors tillage is an important which contribute up to 20% in crop production. For centuries, 

tillage operations has been considered important for soil moisture conservation, seed bed 

preparation, soil temperature modulation, controlling of weed and incorporation of plants 

residues, reduction of soil compaction, manures and improving root growing zone (Azooz et 

al., 1995; Lal, 1997). 

But now, uninterrupted ploughing at the similar depth causes soil compaction and 

affects soil porosity, soil bulk density, and root proliferation, as a result disturbing 

concentration and uptake of nutrients which is the most important cause of reduction in the 

productivity of crop. Soil Compaction gradually decreased the concentration and uptake of 

primary macro nutrients like NPK. Deep tillage incorporates the crop residues in the soil and 

it minimizes soil contaminants which create hindrance for plant growth and development. It 

also disrupts, inverts and pulverizes sub-surface and minimizes soil penetration resistance ( 

Jităreanu et al., 2008) Due to excessive and unnecessary conventional tillage often caused 

maximum soil 45 disturbance, inputs like manure and fertilizer used inefficiently and removal 

of crop stubble  (Amezquita et al., 2002).  As various factors which includes insects pest, 

diseases, weeds invasion, regular changes, along with post-harvest losses all are accountable 

in lowering the production of maize crop however together with the most important one is 

tillage practices (Bakhsh et al., 2005). Tillage is any operation carried out for improving soil 

quality and its economical, ecological and aesthetic value. Tillage operations are important to 

enhance agronomic constancy, productivity and environment (Haene et al., 2008). Generally 

tillage operation is done with the following objectives of Inversion, Mixing, Fracture, 

Pulverization and Compaction. 

Appropriate tillage for better crop production is very necessary, while using faulty and 

inappropriate tillage practices reduce the crop growth and development. Tillage is the basic 

operation in crop production. Tillage is any operation carried out for improving soil quality 

and its economical, ecological and aesthetic value. Tillage operations are important to enhance 

agronomic constancy, productivity and environment (Halvorson et al., 2001). 

         Drewry et al. (2000) performed various tillage experiments and concluded that deep 

tillage operation up to 0.30 m depth increased the saturated hydraulic conductivity of tilled soil 

and increased the air permeability and enhances soil porosity up to 27% with respect to total 



3 
 

soil volume. Soil compaction has adverse effect on crop growth and yield. In compacted soils 

plant roots restricted to upper soil layer due to less porosity and high soil strength. Due to the 

high soil strength less soil volume is explored by the crop roots for uptake of essential life 

components such as water and nutrients (Hammel, 1994). Compaction also resulted in 

reduction of crop growth and yields by affecting soil aeration and water infiltration (Unger and 

Kaspar, 1994). Soil compaction also decreases water and nutrients supply as well as its storage 

due to decreased soil fertility and high crop fertilizer requirement and production cost is 

increased. Due to poor supply of water and nutrients, plant growth is reduced which lead to 

yield loss (Hamza and Anderson, 2005).  However, research on tillage practices for cultivating 

forage cereals is rare in our country and farmers use conventional tillage practices. 

Due to less cost and high dry matter production, cereals are most commonly used for 

livestock nutrition (Ghanbari-Bonjar, 2000).Usually their nutritive value is low due to their 

low forage quality. Dry matter production of legumes is less but they produce fodder of high 

quality (Ross et al., 2004). Protein contents in cereals especially maize are low. Protein is 

required by animals for their growth and milk production. In ruminant animals most of the feed 

is digested by the rumen bacteria which also require protein (Ghanbari-Bonjar, 2000). For that 

reason, it is essential to feed animals with protein supplements while they are reared on low 

quality forage. Protein supplements are costly and result in higher ration costs.  Therefore 

Cereal -legume intercropping could be the best strategy for producing high quality forage.  

Intercropping is cultivation of two or more than two crops side by side on the same 

piece of land in same season (Takim, 2012).Intercropping of cereals with leguminous crop also 

have other advantages. According to Avcioglu et al. (2003), leguminous crop may benefit the 

non-leguminous crop by fixing the atmospheric nitrogen for its better growth. Dahmardeh et 

al. (2009a) reported that, digestible dry matter and crude protein contents were more in 

intercropping of legumes and non-legumes as compared to sole cropping. In order to produce 

good quality fodder, an accurate balance of legumes and non-leguminous fodder crops in an 

intercropping is very important. Intercropping of legumes and cereal is an old practice of 

tropical agriculture that dates back to ancient civilization. The main objective of intercropping 

has been to maximize use of resources such as space, light and nutrients (Li et al., 2003). The 

current trend in global agriculture is to search for highly productive, sustainable and 

environmental friendly cropping systems (Crew and Peoples, 2004). 
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            Intercropping of cereals with leguminous crop also have other advantages. According 

to Avcioglu et al. (2003), leguminous crop may benefit the non-leguminous crop by fixing the 

atmospheric nitrogen for its better growth. Digestible dry matter and crude protein contents 

were more in intercropping of legumes and non-legumes as compared to sole cropping (Iqbal 

et al., 2006). In general, beneficial effects of legumes intercropped in cereals like maize have 

been observed under low fertility condition because legumes fix atmospheric nitrogen besides 

meeting their own nitrogen requirements. This eventually helps in meeting the nitrogen needs 

of cereals partially (Ibrar et al., 2002). 

A consistent supply of quality forages in sufficient amounts is considered essential for efficient 

ruminant production in any county of the world. In Pakistan, there are two important fodder 

scarcity periods, one is during winter months (November to January) and other is during 

summer months (May to July) and in rest of the year fodder availability is fairly regular and 

abundant. This abundant fodder if not properly managed is the wastage of fodder resource. 

This situation calls for the exploration of different means to improve quality and quantity of 

roughages without sacrificing the area under cash crops. Manipulating this surplus fodder can 

bridge the gap between supply and demand. Silage making is one of the important techniques 

in this regard.  

          The present study is, therefore, planned to examine the influence of intercropping of 

cereal and legumes with different row and seed ratios, and tillage practices on the fodder 

biomass, nutrients yield and also to evaluate their effect on the fermentation characteristics of 

silage. 

The Specific Objectives of this study are;  

1. To explore the feasibility and productive potential of sole cropping of cereals and 

cereal-legumes mixed cropping. 

2. To assess the influence of different row and seed ratios on forage yield and quality of 

cereals and associated legumes under different tillage practices. 

3. To develop economically viable, productive and sustainable cereal-legume silages 

suitable for general adoption by small dairy farms of country. 
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Hypotheses; 

Reduced tillage and cereals-legume intercropping enhance the forage productivity and silage 

quality 
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CHAPTER 2      

                                                      REVIEW OF LITERATURE                                                              

In earliest times, in order to meet the food, feed and shelter requirements by using 

different cultural practices and site specific techniques people started agriculture in a 

systematic way. History of agriculture is very old and it is started about 10-13 thousand years 

ago (Manning, 2004). In mid of 20th century, due to green revolution there was abrupt progress 

in agriculture system on scientific reasons and basis due to use of improved cultivars, different 

techniques to enhance the soil fertility through organic ways and improved irrigation systems. 

Physical relation of soil in relation to plant growth is known as soil tilth. Tillage is a practice 

which is commonly used for producing a good tilth and to loose soil. 

2.1 Tillage 

Any action which is used for the betterment of soil quality and to boost its economical, 

biological and aesthetic value is called tillage. In agriculture, one of the fundamental operations 

in crop production is tillage (Chauhan et al., 2006). Tillage is one of the most important field 

operation for the production of crop. If tillage is not done in proper way soil will be suffered 

from many troubles (Lal, 1997). In agriculture tillage has most important role to make the soil 

porous and for mixing fertilizers. With these functions, it is also used for the preparation of 

fine seedbed is which is essential for suitable germination and development (Rasmussen, 

1999). Different types of tillage regimes are carried out by farmers such as conventional, zero, 

reduced, minimum, and deep tillage. Bakhsh et al. (2005) concluded that the use of zero tillage 

technology was most likely one of the best means to boost the production of the wheat crop 

and also reduced the cost of production.  

Conventional tillage is also called as intensive tillage which leaves crop residues of the 

previous crop about 10-15% on the surface of soil. In those areas where the soil has problem 

of drainage conventional tillage operation are valuable. Vita et al. (2007) reported that no 

tillage reduced the cost of production and increased the yield as compared to conventional 

tillage. Therefore it was becoming progressively more attractive to farmers.  
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Ahmad et al. (2009) reported that uninterrupted ploughing at the similar depth causes 

soil compaction and affects soil porosity, soil bulk density, and root proliferation, as a result 

disturbing concentration and uptake of nutrients which is the most important cause of reduction 

in the productivity of crop. Soil Compaction gradually decreased the concentration and uptake 

of primary macro nutrients like NPK. Deep tillage incorporates the crop residues in the soil 

and it minimizes soil contaminants which create hindrance for plant growth and development. 

It also disrupts, inverts and pulverizes sub-surface and minimizes soil penetration resistance 

(Khattak et al., 2004). 

Tillage system to a great extent affected the composition of weed communities. Weed 

control is a problem in reduced tillage which often discourages annual dicotyledonous species 

and favors annual grasses (Chikoye et al., 2004). Conservation tillage operations preserve more 

soil nutrients, resources, and soil water as compared to conventional tillage. These operations 

are worked on the principle of crop residue management. Zero tillage technology produced 

significantly higher grain yield and productivity of the crop than conventional tillage and in 

case of fuel consumption, the savings are also done in zero tillage (Basamba et al., 2006). Deep 

tillage enhanced the root promulgation, root extension and Nitrogen Recovery Efficiency 

(NER) i.e. in deep tillage treatments higher Nitrogen Recovery Efficiency was observed than 

no tilled or compacted soil (Motavalli et al., 2003). Use of excessive and unnecessary 

conventional tillage operations has often negative effect to soil. Due to excessive and 

unnecessary conventional tillage often caused maximum soil disturbance, inputs like manure 

and fertilizer used inefficiently and removal of crop stubble (Wang et al., 2009).  

As various factors which includes insects pest, diseases, weeds invasion, regular 

changes, along with post-harvest losses all are accountable in lowering the production of maize 

crop however together with the most important one is tillage practices (Rosner et al., 2008). 

According to (Srivastava et al., 2006) the aim of tillage is to build up a suitable soil structure 

or appropriate soil tilth for a seedbed. Appropriate tillage is vital for good crop stand 

establishment, plant growth and eventually increases the yield (Atkinson et al., 2007). It has 

been reported that conventional soil tillage practices is economically, organizationally and 

reasonably adverse for modern agriculture whereas on the other hand it is one of the greatest 

energy and labor consuming process (Zugec et al., 2000). 
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Control of weeds, soil erosion and soil moisture can be maintained by different tillage 

practices (Koller, 2003).  Ideal seedbed condition can be achieved by tillage for emergence of 

seedling, development and unimpeded growth of roots (Licht and Kaisi, 2005). For soil 

management system tillage practices are vital component (Mosaddeghi et al., 2009). 

Appropriate tillage for better crop production is very necessary, while using faulty and 

inappropriate tillage practices reduce the crop growth and development. 

Tillage is the basic operation in crop production. Tillage is any operation carried out 

for improving soil quality and its economical, ecological and aesthetic value. Tillage 

operations are important to enhance agronomic constancy, productivity and environment 

(Hatfield et al., 1998).  Tillage is mainly carried out with objective of development of suitable 

soil tilth, increase porosity and structure for seedbed preparation (Srivastava et al., 2006). It 

plays a key role in crop growth and development and final yield (Atkinson et al., 2007). 

Suitable tillage systems protect soil from wind and water erosion, create a fine seedbed for 

sowing, and break plough pan and hard surfaces which cerate problem in root anchorage 

(Wright et al., 2008). Tillage contributes much important part in soil physico-chemical and 

biological properties which enhance seed germination, plant growth and development and 

ultimately it influence yield. Tillage is used for seed bed preparation and control of weeds. 

Tillage implements are used according to the soil type. Mechanical soil disturbance which is 

due to tillage operations alters soil structure, texture. It enhances microbial activity in soil, 

increases fertility status and organic matter in soil. Usually tillage operations are carried out 

with objectives like pulverization, mixing of soil, fraction, inversion and compaction. Tillage 

is also carried out with secondary objectives like surface shaping (ridging, leveling), 

mechanical weed control and harvesting of underground crops i.e potato, groundnut (Rashidi 

and Keshavarzpour, 2007). 

Different types of tillage operations are carried out by farmers commonly used are 

conventional, minimum and reduced, zero and deep tillage. Conventional tillage which is also 

known as intensive tillage which leaves about 10-15% of previous crop residues on the soil 

surface. Conventional tillage operations are helpful in those areas where soil has problem of 

drainage. The soils in which problem of erosion exists there is need to adopt alternative tillage 
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operations as compared to conventional tillage systems to reduce fuel and energy cost. Specific 

agronomic practices should be adopted for ploughing.  

Deep tillage operations are performed as conservation practice. It is applied in order to 

break the hard pan in soil or hard surface which restricts root growth and water absorption. 

Deep tillage incorporates the soil deposits and other residues in the soil and it also minimizes 

soil contaminants which hinder plant growth and development. Tillage systems greatly 

affected the composition of weed communities. In reduced tillage weed control is a problem 

which often discourages annual dicotyledonous species and favors annual grasses (Chikoyee 

et al., 2004). Soil conservation practices are soil and site specific. It improves the soil aeration, 

water holding capacity and root growth (Mloza-Banda, 2003).Among the different crop 

production factors soil is the vital factor which affect the crop yield. Different soil opening 

practices had a significant impact on soil physical characteristics such as soil water contents, 

bulk density, penetration resistance and soil porosity as well soil aeration. Ploughing the soil 

to deeper depth had positive impact on soil physical properties which resulted in improving 

the growth and yield. Normally hard pan is created due to soil cultivation at same depth and 

with same tillage implements. The presence of hard pan had negative impact on soil bulk 

density, soil nutrient status, penetration resistance and soil porosity which directly or indirectly 

affects the yield of crop by decreasing soil porosity and increasing soil bulk density (Ishaq et 

al., 2003).  

Soil compaction may occur due to various factors which may be environmental or man-

made such as heavy traffic factor. Soil compaction resulted to low soil porosity because of 

higher soil strength and reduces the soil volume for roots to uptake nutrients from the deeper 

soil layer and restrict the roots to the upper soil layer (Hammel, 1994). The soil compaction 

resulted in reduction about 11-15% N, 5-10% K and 11-15% P and uptake by the crop and led 

to reduction in crop yield (Ishaq et al., 2003). It has adverse effect on water and nutrient use 

efficiency of the wheat and cotton. A reduction of about 5% and 16% nutrient use efficiency 

was observed in cotton and wheat respectively. 

The hard pan or compacted soil layer must be broken by sub-soiling the soil after three 

years which improve the soil porosity and increase the root proliferation in the deeper soil layer 

for the moisture and nutrient uptake (Wang et al., 2009). Greater penetration resistance was 
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found under shallow tillage than deep tillage (Jabro et al., 2010). Deep tillage resulted to lower 

penetration resistance by soil loosening and manipulating the deeper soil layer. It also decrease 

the soil bulk density and improves saturated hydraulic conductivity (Muqaddas et al., 2005). 

Akinci et al. (2004) evaluated the impact of sub-soiling on soil properties especially soil 

resistance which is major factor affecting growth of plants and reported that a reduction in soil 

resistance was observed in those plots where two times sub-soiling was done. Higher value of 

soil resistance was observed in plots where no sub-soiling or one time sub-soiling was done. 

Rashidi and Keshavarzpour (2007) observed the maximum worth of soil bulk density 

in the plots which were not tilled while the lowest soil bulk density in conventionally tilled 

plots. Similarly, the highest moisture contents and lower penetration resistance was recorded 

from the conventionally tilled plots than no-tillage plots. Different tillage practices had no 

effect on bulk density, soil N2 and K concentrations but had significant effect on penetration 

resistance and phosphorous contents of the soil. Significantly lower penetration resistance of 

the soil was observed in deep tilled plots as compared to minimum and conventional tillage. 

Significantly higher P concentration was observed in conventional tillage as compared to 

minimum and deep tillage treatments in the upper 0 to15 cm soil layer while in the deeper soil 

layer higher P concentration was observed in deep tillage treatments compared with others 

(Ishaq et al., 2002). Natural hard pan in the soil broken by chisel plough resulted to decrease 

in soil penetration resistance and soil bulk density by 42% and 11% respectively and led to 

better crop growth and good yield (Raza et al., 2005). As the compaction of soil increases the 

quantity of available water to plants decreases significantly. Compaction of soil results in 

breakdown of soil aggregates into smaller ones due to which the water movement in 

microspore’s of the soil is restricted because of adhesion force between water and soil particles. 

Similar tillage operations on the same piece of land results in decrease in soil porosity and 

increase in soil compaction (Hamdeh, 2004). Ahmad et al. (2010) concluded that different 

tillage practices affected the soil properties. Both the shallow and deep tillage practices resulted 

in the reduction of bulk density and penetration resistance in the upper layer of soil but at 

deeper soil depth, deep tillage practices decrease the both soil bulk density and penetration 

resistance than shallow tillage practices. Tilled soils produce taller plants and gave higher grain 

yield and WUE than no tilled soils (Khan et al., 2007). 
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 Raper (2005) observed that the extent of soil water content is closely linked with the 

number of turns of conventional tillage. Tillage improves soil water storage as it increases soil 

surface roughness and control weeds during fallow. Better infiltration of rainwater into the soil 

enhance water accessibility to plants reduces surface run off and improves ground water 

recharge (Lipiec et al., 2005). Soil physical, chemical and biological properties are enhanced 

by the crop residue cover which remain on the surface of soil after conservation tillage. Soil 

physical properties which are affected by tillage are aggregate distribution, bulk density, water 

contents, porosity penetration resistance and soil temperature. Different factors like history of 

management, soil properties and intensity of tillage, weather condition and type of tillage 

affected soil physical properties Fabrizzi et al. (2005). Osunbitan et al. (2005) examined 

influence of tillage on soil strength, hydraulic conductivity and bulk density. Bulk density and 

soil penetration resistance are decreased by increasing the intensity of tillage which ultimately 

loose soil and it becomes porous. 

Ishaq et al. (2001) examined that wheat cultivated on compacted soil has lower yield 

due to decreased nutrient uptake and lower root growth and establishment. Khattak et al. 

(2004) reported that due to deep tillage grain yield of many cereals increased up to 15% more 

as compared to no till or conventional tillage. This increase in yield might be due to reduce 

soil strength, lower bulk density, higher cumulative infiltration and improved soil moisture. 

Similarly, Gul et al. (2009) found better root growth in plants, highest average plant height and 

higher biological and grain yield grown on conventional tilled soils as compared to grown on 

no tilled soils. Garcia et al. (2007) reported that crop growth mainly affected by tillage which 

is due to soil nutrients distribution and its environmental condition. Reduced or conservation 

tillage systems affect nutrient status of plants vertically in soil as compared to conventional 

and deep tillage systems. Under conservation or reduced tillage operations immobile nutrients 

such as potassium and phosphorus accumulation takes place in upper soil surface and hence 

their translocation is hindered.  

In zero tillage production, soil organic matter also attributed in upper soil layer due to 

its stratification (Garcia et al., 2007). Garcia et al. (2000) resulted that soil nutrients such as 

N2, P and C are more equally distributed in plowed soils within plough layers during maize 

production. Tillage also influences the plant nutrient uptake as it affects the root biomass and 
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system and nutrients status in soil (Rumero et al., 2009). Yusuf (2006) found fewer plant 

height, decreased LAI and also fewer grain yield due to increased soil penetration resistance 

which is caused by shallow ploughing. It also resulted in reduction of soil moisture which 

decreases crop yield up to 50%. Plants grown on tilled soils has more root biomass as compared 

to plants that grown on no tilled soils. Sub soil tillage practice which results in less soil 

compaction affects not only plant growth and yield but it also modify soil physical as well as 

chemical properties (Abu-Hamdeh, 2003). Plant height, grains per ear, LAI, 1000-grain 

weight, seed and Stover yield were significantly increased in soils where tillage was applied 

as compared to no tilled soils (Khan et al., 2009). Rashidi and Kashavarzpour (2007) examined 

significant increase in maize yield and its components due to tillage, as tillage reduced soil 

compaction, enhanced availability of moisture storage in soil, suppresses weed establishment 

and their growth and it also increase the seed and soil interaction. 

2.2   Intercropping with legumes  

Intercropping is the growing of same season crops together on same piece of land to 

enhance their interaction and it is also important to maximize the productivity (Sullivan, 2003). 

Main focus in intensive agriculture is maximizing the productivity of monocultures in which 

biodiversity is reduced to a few genetically homogeneous species which are grown more or 

less with same planting pattern and external inputs are optimum (Malezieux et al., 2009). 

Monocultures have negative impact on the environment and may lead to soil erosion and 

degradation, chemical pollution, loss of biodiversity and fossil fuel use (Tilman et al., 2002). 

Mixed cropping may lead to greater yield stability between different and diverse climatic 

conditions (Deak et al., 2009), lower incidence of pests, higher yields, higher nutritional value 

of assorted diets, higher water use efficiency, better nitrogen relations in legume intercrops, 

yield benefits in succeeding crops, less soil erosion because of better ground cover and greater 

land use efficiency (Anil et al., 1998). Complete utilization of growth resources such as light, 

water and nutrients by intercrops and their conversion to crop biomass over time and space due 

to differences in their competitive ability for resources results in better explosion of variation 

of mix crops. This characteristic of mixtures does not allow the intercrop to compete for the 

same ecological niche and the outcome in weaker interspecific competition than intraspecific 

competition for the same resources. Diversity in mixtures ensures yields stability and 
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minimizes the risk of complete crop failure providing the farmers more economical stability 

(Lithourgidis et al., 2011). 

          Another advantageous effect of mixed cropping is extending the grazing season or 

widening the option to harvest mixture on time scales hence better distribution of yield and 

quality over season. Cereals provide higher early dry matter production while legumes 

extended the growing season by late season growth (Fontaneli et al., 2000). Cereal-legume 

intercropping improves forage quality more than cereal alone and yields more dry matter 

compared to sole crop of legume (Eskandari et al., 2009). Intercropping of cereal fodder crop 

with leguminous crop enhanced the both quality and crude protein concentration (Mpairwe et 

al., 2002). Binary mixtures of grasses (bromegrass, orchardgrass and intermediate wheatgrass) 

and legumes (birdsfoottrefoil, kura clover and alfalfa) produced equal or higher yield than 

grass sole crop (Sleugh et al., 2000). Intercropping sorghum with legume increased the mixed 

green forage yield due to the presence of leguminous crop which have ability to produce higher 

amount of biomass than sorghum. Favorable soil and ecological conditions may lead to the 

increase in mixed green forage yield. Superior green forage yield of sorghum when grown-up 

with cowpea (Ayisi et al., 2001). Intercropping maize with leguminous crop can decrease the 

quantity of nutrients taken from the soil than a maize sole crop. The legumes with their ability 

to fix atmospheric nitrogen increase the pool of nitrogen available to both crops and will 

usually increase the nitrogen content of the soil for future crops (Kurdali et al., 2003;). In 

intercropping system when nitrogen fertilizer is applied to the field, legume component crop 

consume the inorganic nitrogen instead of fixing nitrogen from the atmosphere and therefore 

compete with maize for nitrogen. However, intercropped leguminous crop will fix most of the 

nitrogen from the air and will not contest with maize for nitrogen when nitrogen fertilizer is 

not applied (Adu-Gyamfi et al., 2007Maize crop is high in carbohydrates but protein contents 

are in very low quantity therefore, intercropping with leguminous crop will improve its nutritional 

value. Leguminous crop along with improving soil fertility status also increase the yields of the 

successive crop by the process of biological nitrogen fixation. (Atis et al., 2012). November to 

February is the lean period for most popular fodder grasses like Napier and Para in Bangladesh. 

To meet the shortage of green fodder in the Rabi season, farmers can produce 6-15 t ha-1 of 

triticale fodder, followed by grain yields that are similar to those from wheat for cattle or poultry 

feed (Szumigalski and Acker, 2006). evaluated that forage quality can be increased by 
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intercropping maize with soyabean with-out any significant effect on dry matter (DM) yield. A field 

trial was conducted in Matamoros, Coahuila (Mexico) in 2006 and 2007 with objective to compare 

maize-soyabean intercropping in narrow strips with maize as monocrop for dry matter yield and 

forage quality. Row spacing between intercrops was 0.50 m to study maize-soyabean alternate 

strip cropping with one, two, three, and four rows of one crop. A treatment of alternate twin-row 

planting geometry per crop was established 1.0 m apart. Monocrops of maize and soyabean was 

sown in rows 0.76 m and 0.50 m apart respectively. Yasar and Buyukbure (2003) showed that 

the qualitative and quantitative traits of cereal’s dry forage for feeding beef livestock is low, 

while intercropping of cereal-legume was the main source of protein and carbohydrate for 

livestock. 

        Cowpea (Vigna sinensis) is an annual leguminous crop with high level of protein (about 

twice times more than maize), can be intercropped with maize to enhance the protein 

concentration in forage diets. By intercropping maize with cowpea, the costs of high quality 

forage production can be decreased and crude protein content (g Kg-1 dry matter) of maize was 

higher as compare to maize sole crop (P < 0.05). Different planting arrangements did not 

significantly affect the crude protein contents of maize. So, forage yield and quality was 

superior in intercrops as compare to its pure stands (Eskandari and Ghanbari, 2009). 

Intercropping sorghum with sesbania and cowpea has maximum crude protein contents 

followed by other legume intercrops mixed forage than sole crop of sorghum. It was concluded 

that planting arrangements and interaction cannot decrease or enhance the crude protein 

percentage of the intercrops. Increase in the crude protein concentration was due to the 

leguminous crop, which have nearly 3 to 4 times more CP than sole sorghum crop. 

(Thippeswamy and Alagundagi, 2001). Musa et al. (2010) investigated the influence of 

different planting arrangement on quality of fodder in barley-pea intercropping at 50:50 seed 

ratio. Three different planting geometries were (i) seed mixture within rows, (ii) at right angle 

seed drilling of two species and (iii) un-mixed species sown in alternate pair of rows. As 

compared to sole cropping, higher forage yield was produced in all cases. More nitrogen 

availability for the barley was the reason behind higher yields. Better pea growth was observed 

in the mixed and cross rows planting patterns as compared to alternate pair of rows due to 

support offered by barley plants. 
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            Geren et al. (2008) studied intercropping of corn (Zea mays indendata) mixed with 

cowpea (Vigna unguiculata L.) and bean (Phaseolus vulgaris) in alternate rows for 

determining biomass yield and silage quality. Biomass yield, crude protein contents, pH level, 

fresh biomass and dry matter (DM) yield all were affected by intercropping system. Silage 

quality and dry matter (DM) yield both were significantly affected by intercropping. A trial 

was conducted for investigating the influence of sole cropping and intercropping on yield and 

quality of forage maize (Zea mays L.)-legume (cluster bean and sesbania) intercropping system 

under different planting techniques. Maximum green forage yield was obtained by sesbania 

sown in alternative lines with forage maize (17.23 t ha-1) (Khan, 2007). One of the long 

duration exhaustive cereal crop is maize, planted in wider spacing can be intercropped with 

other forage crops. Both the forage crops grasspea (Lathyrus sativus L.) and triticale can be 

grown as intercrop with maize as they have short plant stature and quick growing potentials 

having lump quantity of biomass. Maize crop is high in carbohydrates but protein contents are 

in very low quantity therefore, intercropping with leguminous crop will improve its nutritional 

value. Leguminous crop along with improving soil fertility status also increase the yields of 

the successive crop by the process of biological nitrogen fixation. November to February is the 

lean period for most popular fodder grasses like Napier and Para in Bangladesh. To meet the 

shortage of green fodder in the Rabi season, farmers can produce 6-15 t ha-1 of triticale fodder, 

followed by grain yields that are similar to those from wheat for cattle or poultry feed (Haque 

et al., 2006).  

Abbas (2010) also conducted a research work to evaluate the agro-qualitative response 

of sole cropping and growing of forage maize (Zea mays L.) in combination with legumes 

sown in 30 cm apart rows. Intercropping was the best way to achieve better green biomass 

yield (87 t ha-1), dry matter yield (13.67 t ha-1), crude protein (18.08 %), crude fiber (34.11 %) 

and ash (11.11 %). Anil et al. (2000) concluded that intercropping of maize with runner bean 

enhanced the ash concentration in fodder. Renzende and Ramahlo (2000) reported that crude 

protein concentration were increased by legume intercropping in maize-legume mixed forage. 

Malezieux et al. (2009) reported that intercropping maize-cowpea with row to row distance 30 

cm produced maximum green biomass yield and dry matter yield. Agro ecosystem 

sustainability and increase in forage crop yield and quality can easily be achieved by 

intercropping/ mixing species in cropping systems.         The Leaf Area Index (LAI) of 
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maize was more in maize + legume intercropping and the loss in fodder yield of maize was 

reduced to substantial level with the consecutive increase in nutritional regimes. However, the 

yield decrease in the major crop was remunerated with fodder yield of the legumes intercrops. 

Therefore, the combined yield of maize + legume mixture was higher at each fertilization 

regimes and maximum fodder yield was obtained with the application of 150-100-100 kg ha-1 

NPK (Rana et al., 2001).  

               Rao and Mathuva (2000) conducted a field trial to investigate the influence of 

different intercropping systems on forage yield and quality of fodder. Six treatments were (1) 

continuous sole maize, (2) maize rotated with short duration legume (cowpea), (3) maize 

rotated with long duration legume (pigeon pea), (4) maize intercropped with pigeon pea, (5) 

hedgerow intercropping of maize and a perennial legume (gliricidia) and (6) continuous sole 

maize, green manured with gliricidia pruning formed from an equivalent area out of the 

cropped field. They concluded that intercropping maize with cowpea sequential and maize 

with pigeonpea yielded 17% and 24% more than maize sole crop. Intercropping maize with 

legumes (cluster bean + cowpea) enhanced crop growth rate (CGR), leaf area index (LAI) and 

total mixed green forage yield (t ha-1). It may be attributed to more conducive and favorable 

weather conditions for growth and development of the component crops during the year both 

the interactive and main effects of fertilization and intercropping on total mixed forage yield 

of maize + legume per hectare were significant and crude protein contents of mixed forage 

(maize + legume) was also enhanced by intercropping (Iqbal et al., 2006). The maize grown 

in mixture either with cowpea or sesbania produced significantly higher percentage than maize 

grown alone and highest ash percentage was recorded from mixture of maize + sesbania. Maize 

sown alone produced significantly higher number of leaves per plant than sown in mixture 

with legumes. The mixture of maize + cowpea produced significantly higher crude protein 

contents than maize sown alone and in mixture with sesbania. Maize sown alone gave 

significantly lower crude protein contents (Nadeem et al., 2009). It was studied that mung bean 

and guara or cluster bean were planted together. The results showed both legumes abridged the 

plant height of sorghum significantly as compared to the sole cropping. Similarly, LAI was 

reduced with legume association than of sorghum alone and the reduction in LAI was more 

distinct in cluster bean associated crops. The data exposed that clusterbean related with 

sorghum gave minimum stalk yield (16.9 t ha-1) than in pure stalk of sorghum (18.66 t ha-1). 
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However, stalk yield of sorghum in mung bean association (17.59 t ha-1) was statistically non-

significant with that of pure stand of sorghum (Rashid and Himayatulla, 2003).  

               Ahmad et al. (2007) evaluate the effect of different row planting arrangements on 

forage yield and quality of sorghum intercropped with different forage legumes. Different 

treatments included, sowing of fodder at 30 cm spaced single rows, 30 × 30 cm cross planting 

with intercrop, 45 cm spaced two-row strips (15/45 cm) and 75 cm spaced four-row strips. 

Results showed that growing of sorghum in association with legumes in the arrangement of 45 

cm spaced double-row strips seemed to be more productive and profitable than the sole crop 

of sorghum. They concluded that in order to achieve higher fodder yield of highly nutritious 

and palatable sorghum fodder, dairy farmers can grow sorghum with forage legumes, 

preferably cowpea and sesbania, under the planting arrangement of 45 cm spaced two-row 

strips with 15 cm space between rows in a strip (15/45). Hassen et al. (2006) examined the 

influence of annual forage legume intercropping with maize on fodder yield and quality for 4 

years in the sub humid zone of western Ethiopia. Labllab purpureus (lablab) and Vicia 

atropurpuria (vicia) were sown as sole crops or as intercrops in maize at two planting dates 

(simultaneous vs delayed 6 weeks) for 3 consecutive years (1994-1996) and sole maize was 

planted in all plots in the fourth year (1997). Forage dry matter (DM) yield was increased while 

stover and grain yield was significantly (P < 0.05) reduced by simultaneous planting of lablab 

as intercrop. Lablab resulted in lesser (P < 0.05) grain yield and higher total fodder (maize 

stover + forage DM) yield than vicia sown in association with maize. Lablab produced 

significantly (P < 0.05) higher forage yield as compare to vicia, as both a sole crop and an 

intercrop sown in association with maize. When sown as a sole crop or simultaneously grown 

in association with maize, lablab seemed higher to vicia in terms of its capability to enhance 

both feed quality and soil fertility.  

            A field study to investigate the increase in forage yield and quality of pearl millet sown 

in association with legumes (sesbania, cow pea and cluster bean) under various geometric 

patterns was conducted. The results showed that intercropping and geometric patterns 

significantly influenced all parameters such as plant population, plant height, green forage 

yield, dry matter yield and crude protein and crude fiber contents. When pearl millet sown at 

45 cm spaced two rows strips + two rows of sesbania produced maximum total plant population 
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(141 m-2), leaf area per plant (244.1 cm-2), green forage yield of mixed forage (78.41 t ha-1), 

dry matter yield of mixed forage (16.51 t ha-1) and crude protein of mixed forage (18.50 %) 

(Hussain, 2011). A field experiment to determine the agro-qualitative response of forage 

sorghum (Sorgum biocolor L.) sown alone and in mixture with forage legumes (cowpea and 

cluster bean) was executed at farmers field in Sahiwal. Maximum total mixed green forage 

(69.98 t ha-1) and dry forage yield (25.37 t ha-1) was produced when sorghum sown in 30 cm 

apart rows and intercropped with guara in between the rows. Maximum mixed crude protein 

(14.94 %) and mixed ash (10.34 %) was produced when blended seeds of sorghum, cluster 

bean and cowpea was sown in 30 cm apart rows. Maximum mixed crude fiber (24.15 %) was 

produced when sorghum sown alone by broad cast method (Akhtar, 2010).  

               Reta Sanchez et al., (2010) evaluated that forage quality can be increased by 

intercropping maize with soyabean with-out any significant effect on dry matter (DM) yield. 

A field trial was conducted in Matamoros, Coahuila (Mexico) in 2006 and 2007 with objective 

to compare maize-soyabean intercropping in narrow strips with maize as monocrop for dry 

matter yield and forage quality. Row spacing between intercrops was 0.50 m to study maize-

soyabean alternate strip cropping with one, two, three, and four rows of one crop. A treatment 

of alternate twin-row planting geometry per crop was established 1.0 m apart. Monocrops of 

maize and soyabean was sown in rows 0.76 m and 0.50 m apart respectively. Dry matter yields 

of maize-soyabean intercropping were almost similar to monocrop of maize due to the higher 

yields of corn sown in combination with soyabean. Intercrops produce higher crude protein 

(CP) yields per hectare (27.5 to 42.8%) as compare to monocrop maize, due to higher crude 

protein concentrations in intercrops (16 to 21 g kg-1). Intercropping of maize with soyabean 

reduce neutral detergent fiber concentration by 60 to 63 g kg-1 as compare to maize monocrop 

while harvesting soyabean at the start of maturity stage. There was no significant change in the 

acid detergent fiber due to intercropping. 

            Iqbal et al., (2012) planned a field study to evaluate the effect of mixed cropping on 

forage DM yield and quality. Different sowing techniques such as broadcast with blended seed 

of maize and legume, line sowing with blended seed of maize and legume and line sowing in 

alternate rows of maize and legume were used for intercropping three summer forage legumes 

viz. clusterbean, cowpea and ricebean with forage maize. Maximum green fodder yield (13.31 
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t ha-1) was calculated from cowpea intercropped with forage maize planted in alternate rows 

with row to row distance 30 cm. Leaf area index was also higher (1.88 and 2.49) during the 

first and second year of study. It was concluded that in order to get better forage DM yield and 

quality, forage maize should be intercropped with forage legumes, preferably cowpea, sown in 

alternate rows with line spacing 30 cm. A field experiment was conducted to determine the 

agro-qualitative response of forage sorghum (Sorghum bicolor L.) sown in mixture with 

different forage legumes (cluster bean, cowpea and mungbean). It was concluded that different 

sowing methods and intercropping systems significantly affect the growth, yield and quality 

parameters. Total fodder yield and its feeding quality can be improved by intercropping a 

leguminous crop in non-leguminous high yielding fodder crops like sorghum. Cowpea 

appeared to be the best legume for intercropping in sorghum because of its better adoptability 

under the agro ecological conditions prevailing in Faisalabad (Shafaqat, 2010).  

              Eskandari, (2012) carried out an experiment to analyze the influence of intercropping 

on forage yield and quality. Forage maize was sown as sole crop and as an intercrop with 

cowpea and mungbean. Data showed that dry matter yield, crude protein (CP) yield, neutral 

detergent fiber (NDF) and acid detergent fiber (ADF) concentration was significantly affected 

by the intercropping system. Intercropping also increase the crude protein yield and dry matter 

yield as compare to sole cropping of maize. NDF and ADF contents were significantly reduced 

by the intercropping which increased the forage digestibility. Results showed that the land 

equivalent ratios (LER) in all treatments were above 1 indicating DM yield advantage of 

intercropping maize with forage cowpea. 

2.3 Silage  

Govea et al. (2009) performed an experiment to evaluate the effect of intercropping of 

maize with climbing beans on nutritive value of silage. They made the silage from maize alone 

and from the fodders of maize with three types of beans i.e. velvet bean, lablab bean and scarlet 

runner bean. The seeding ratio of maize with each of the bean was 50:50% and 40:60%. They 

ensiled the fodder for 45 days and analyzed the chemical composition (CP, neutral detergent 

fiber (NDF), acid detergent fiber (ADF), pH and lactic acid) of silage. They reported that CP 

concentration was increased on an average 12.6% for intercropped silage as compared to maize 

alone. Similarly, NDF, ADF and lactic acid concentrations were increased 8.8%, 12.0% and 
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6.2%, respectively for silage obtained from intercropped fodder. The increased fiber 

concentration was due to the fact that legumes have higher fiber content as compared to grasses 

(Aman, 1993).  

Qu et al. (2013) analyzed the chemical composition of corn and corn-lablab bean silage. 

They reported that CP, DM, acetic acid and lactic acid were greater for corn-lablab bean silage 

as compared to corn silage. They observed decreased level of NDF and ADF for corn-lablab 

bean silage as compared to corn silage. Eskandari (2012) evaluated the effect of intercropping 

of maize with cowpea and mungbean on fodder quality. He compared chemical composition 

of maize alone with intercropped maize-cowpea and maize-mungbean. He reported that CP 

content increased while NDF and ADF content decreased for intercropped fodder as compared 

to maize alone.  

Zhu et al. (2011) determined the effect of mixing legumes with corn on chemical 

composition of silage. They determined the nutritive value of corn silage alone and in 

combination with vine peas @ 33, 50, 67 and 100%. Fodders were ensiled for 60 days and 

analyzed for DM, CP, NDF and lactic acid concentration. They reported that DM, CP and NDF 

were affected non-significantly. They observed higher values of lactic acid for corn silage 

alone as compared to other combination of silages. Neely et al. (2009) evaluated the chemical 

composition of legume silage. They ensiled the canola crops and analyzed for CP, NDF, ADF, 

ash and pH and compared the values with alfalfa silage. They reported that CP, NDF, ADF 

and ash content of canola silage were better as compared to alfalfa silage. However, the pH of 

canola silage was higher as compared to alfalfa silage. 

 Costa et al. (2012) determined the effect of intercropping on chemical composition of 

silage. Five types of silages were made i.e. corn alone, corn-brachiaria grass, corn-brachiaria 

grass-calopogonium mucunoides, corn-brachiaria grass-macrotyloma axillare and corn-

brachiaria grass-stylozanthes capitata. These silages were analyzed for DM, CP, ADF, NDF, 

and lignin content. They reported that DM, CP, ADF, NDF, and lignin were affected non-

significantly for each silage. Khan et al. (2011) determined the chemical and fermentation 

characteristics of maize, millet and sorghum silage at different maturity stages. Maize, millet 

and sorghum fodders were harvested at pre heading, heading and milk stage and ensiled for 60 

days. They reported that ADF, NDF, lignin and water soluble carbohydrates concentration 
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increased with maturity. However, CP, TDN and ME decreased with advancing of age. Lactic 

acid concentration increased and pH value decreased with advancing of age for all silages. 

           Jatkauskas et al., (2008) evaluated the effect of addition bacterial inoculum on 

fermentation characteristics of grass-legume silage. Fodders of ryegrass and red clover were 

harvested and ensiled for 82 days with and without supplementation of bacterial inoculant. The 

concentration of organic acids and pH was determined. The concentration of acetic acid was 

12.3 and 13.7, lactic acid 27.6 and 46.1, butyric acid4.7 and 2.2, pH 4.6 and 4.2 for control and 

inoculated silage, respectively. 

2.4 In situ degradability 

             Birhan (2013) determined the DM degradability of intercropped barely-vetch forage 

harvested at three different growth stages. He harvested the forages at boot stage, milk stage 

and dough stage and subjected to ruminally fistulated animals for degradability. He found that 

DM degradability was better for fodder cut at cutting boot stage as compared to cutting other 

stages because with increasing the growth period at different stages in vitro DM degradability 

decreased. Oliveira et al. (2011) determined insitu DM and NDF degradability of intercropping 

of brachiaria grass with soybean and corn in ruminally fistulated animals. Silages from 

intercropped brachiaria grass-soybean and brachiaria grass-corn were made and subjected to 

in situ degradability. They reported that DM and NDF degradability were better for brachiaria 

grass-corn as compared to brachiaria grass-soybean. Low NDF degradability of brachiaria 

grass-soybean attributed to high ether content of soybean that interferes with rumen 

fermentation. Lima et al. (2011) evaluated the effect of mixing sorghum and soybean on in situ 

degradability of ruminally fistulated sheep. Sorghum and soybean were ensiled in a ratio of 

0.6/0.4 (w/w, as feed) for 182 days. Fresh forages and silage were given to animals. They 

reported that rumen degradability of all the silages were higher as compared to fresh forages. 
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CHAPTER 3                                                           

                                                        MATERIALS AND METHODS                                                           

3.1 Experimental Site 

The proposed study to evaluate the Forage productivity, silage characteristics and digestion 

kinetics of cereal-legumes intercropping under different tillage systems and varying row and 

seed ratios was conducted for two growing season during spring 2013 and 2014 at the 

Agronomic Research Area, University of agriculture, Faisalabad, Pakistan. Faisalabad is 

located at an altitude of 184.4m with 30.35-31° N latitude and 72.08-73.40° E longitude. 

3.2 Experimental Soil 

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

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

before the sowing of each experiment in both years (2013 & 2014). For representative soil 

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

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

3.2.1 Mechanical analysis of experimental soil 

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

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

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

textural triangular method (Brady, 1990). Detail of the mechanical analysis was given in Table 

(3.1). 

3.2.2 Chemical analysis of experimental soil 

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

till the homogeneous mixture is attained. Then, the chemical analysis of the soil for various 

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

characteristics of chemical analysis. 

3.3 Weather data 

Weather data is acquired from Agro-metrological Observatory, Crop Physiology Department, 

University of Agriculture, Faisalabad, Pakistan. The monthly average weather data during crop 
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growth period for the year 2013 and 2014 are presented in Fig. 3.1 and 3.2 respectively. This 

climatic station was situated under 0.4 Km from the experimental site. 

Table 3.1: Physic-chemical soil analysis of the experimental site during the year 2013 and 

2014  

      Determination         Unit               Value 

2013 2014 

A. Mechanical analysis 

Sand              g/kg 479.5 478 

Silt              g/kg 295 291.7 

Clay              g/kg 225.5 230.3 

Textural class       Sandy clay loam 

B. Chemical analysis 

pH               - 7.55 7.7 

EC              dSm-1 1.11 1.07 

Organic matter              g/kg 6.1 6.4 

Total N              g/kg 0.6 0.5 

Available phosphorus              µg/g 6.28 6.74 

Available potassium              µg/g 135 132 

 

3.4 Experimental Details 

The present study comprised of two experiments each experiment consist of three parts. 

3.4.1 Field trial 

Filed trials of both experiments were conducted during spring season 2013 and 2014 at 

Agronomic Research Farm, University of Agriculture Faisalabad, Pakistan. These field trials 

were laid out in randomized complete block design with split plot arrangement having three 

replications and net plot size of 7.0 m × 3.0 m. further details of field trials as follows: 

3.4.1.1 Seed bed preparation 

Both experiments were conducted on a field previously sown to wheat crop in both years of 

study. In each year after harvest of the wheat crop, the field was given pre-soaking (rauni) 

irrigation of 10 cm depth and then at “wattar” condition (workable moisture level), the field 

was tilled according to treatments. 
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Fig: 3.1 Weather data during growth period of crop 2013 

 

 

Fig: 3.2 Weather data during growth period of crop 2014 
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3.4.1.2 Crops and their seed rates 

In both years same crop cultivars with their recommended seed rates were sown at same seed 

rates and details is given in table 3.2. 

Table 3.2: Cultivar and seed rate of crops for sole cropping 

Crop Cultivar Sole crop seed rate (kg ha-1) 

Maize  Afgoii 100 

Sorghum Local 75 

Millet  Local 20 

Cowpea Local 30 

Sesbania Local 20 

 

3.4.1.3 Time and method of sowing 

The sole cereals, sole legumes and their mixture were sown in rows 30 cm apart with the help 

of single row hand drill. In both years, the crops were sown on last week of May. 

3.4.1.4 Fertilizer application 

In both experiments NPK fertilizers @ 110-60-100 kg ha-1 were applied to all the plots in the 

form of Urea, SSP and SOP. The whole of phosphorus, potassium and half of nitrogen were 

applied at the time of sowing the remaining half of nitrogen was applied with first irrigation. 

3.4.1.5 Irrigation  

Three irrigation each of 7.5 cm were given to the plot during the entire growth period in both 

years. The first irrigation was given 21days after germination, second 35 days after germination 

and third at 50 days after sowing. Total applied amount of water was 32.5 cm and it was 

including pre-soaking irrigation (10cm).  

3.4.1.6 Harvesting 

Both experiments were harvested manually with sickle during first week of August for both 

years.  
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 3.4.2 Laboratory scale silage  

Laboratory scale silage of both experiments was prepared in animal nutrition laboratory using 

completely randomized design (CRD). Treatments from field trial were selected to make 

laboratory scale silage. Fodders were chopped into 3 to 4 cm length and thoroughly filled in 

plastic jars with three replicate. These jars were air tight and ensiled for 40 days at room 

temperature. After 40 days of ensiling these jars were opened and samples of silages were 

taken for the determination of lactic acid and pH by the method described by Qu et al. (2013). 

Oven dried silage samples were analyzed for DM and CP by the methods of AOAC (1990) 

while NDF, ADF, hemicellulose and cellulose were determined by methods described by Van 

Soest et al. (1991). 

3.4.3 In situ digestion kinetics trial  

In situ digestion kinetics trials of silage were conducted at Raja Muhammad Akram Animal 

Nutrition Research Center, University of Agriculture, Faisalabad, by using completely 

randomized design (CRD). Four ruminally cannulated buffalo bulls were used to determine the 

in situ DM and NDF digestion kinetics of intercropped cereals-legume silages. Buffalo bulls 

were housed on concrete floor in separate pens. First 7 days were given as adaptation period 

followed by the 4 days of incubation period for each treatment. 

For in situ experiment nylon bags measuring 10 x 23 cm (about 50 µm pore size) were used. 

Triplicate bags were used, 2 bags contained 5 g sample each while the third bag was served as 

a blank. The bags were closed using nylon thread and were incubated in the rumen of buffalo 

bulls for 1, 2, 4, 6, 10, 16, 24, 36, 48, 72 and 96 h intervals, in reverse order and were removed 

at the same time. These bags were washed in running tap water till they rinse clear and were 

dried in hot air oven at 55oC. In situ digestion kinetics parameters, i.e. DM and NDF 

degradability, extent of digestion, rate of digestion and lag time were determined for each 

incubation period individually. Degradation rates was calculated by subtracting the residue 

(96h) from the amount in the bag for each interval and then regressing natural logarithm of that 

value against time (Waldo et al., 1972) after correcting for lag time as described by Mertens, 

(1977). Lag time was calculated by the equation devised by Mertens and Loften, 1980. 
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3.5 Experiments  

The study comprised of two experiments as detailed below 

 3.5.1 Experiment No. 1 

Effect of different cereal-legume forage intercropping systems on biomass production 

and characteristics of silage under different tillage practices 

Treatments 

 Tillage Practices 

T1 = Minimum Tillage (one ploughing with cultivator followed by planking) 

T2 = Deep Tillage (one ploughing with chisel plough + one ploughing with cultivator followed 

by planking) 

Row Ratios  

R1 = Sole Sorghum 

R2 =Sole Millet 

R3 = Sole Sesbania 

R4 = Sorghum + Sesbania (1:1) 

R5 = Sorghum + Sesbania (1:2) 

R6 = Sorghum + Sesbania (2:1) 

R7 = Millet + Sesbania (1:1) 

R8 = Millet + Sesbania (1:2) 

R9 = Millet + Sesbania (2:1) 

          Silage treatments 

S1 = Sole Sorghum 

S2 = Sole Millet 

S3 = Sorghum + Sesbania 1:1  

S4 = Millet + Sesbania 1:1 
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    Fig 3.3   Field layout of experiment 1 
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3.5.2 Experiment No. 2 

Influence of maize and cowpea mixed sowing on forage production and characteristics of 

silage under various tillage practices 

Treatments 

 Tillage Practices  

T1 = Minimum Tillage (one ploughing with cultivator followed by planking) 

T2 = Deep Tillage (one ploughing with chisel plough + one ploughing with cultivator followed by 

planking) 

  Seed Ratios 

S1 = Sole Maize 

S2 = Sole Cowpea 

S3 = Maize + Cowpea (60% + 40%) 

S4 = Maize + Cowpea (70% + 30%) 

S5 = Maize + Cowpea (80% + 20%) 

Silage treatments 

S1 = Sole Maize 

S2 = Maize + Cowpea (60% + 40%) 

S3 = Maize + Cowpea (70% + 30%) 

S4 = Maize + Cowpea (80% + 20%) 

Observation recorded 

1. Agronomic parameters 

(A) Main crop (cereal) 

i. Emergence count (m-1) 

ii. Plant height   (cm) 

iii. Number of leaves per plant  

iv. Fresh weight per plant (g) 

v. Dry weight per plant   (g) 

vi. Fresh forage yield   (t ha-1) 
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vii. Dry matter yield      (t ha-1) 

(B)Mixed crop (legumes)  

i. Fresh forage yield (t ha-1) at harvest 

ii. Dry matter yield (t ha-1) at harvest 

(C)Total mixed forage (cereal + legume) 

i. Mixed fresh forage yield  (t ha-1) 

ii. Mixed dry matter yield (t ha-1) 

   2. Quality parameter (cereal + legume) 

i. Crude protein (%) 

ii. Crude fiber (%) 

iii. Total ash (%) 

3. Silage characteristics' 

i. Lactic acid 

ii. pH 

iii. DM 

iv. Crude protein (CP) 

v. Neutral detergent fiber (NDF) 

vi. Acid detergent fiber      (ADF) 

vii. Hemicellulose 

viii. Cellulose 

 4.   In situ digestion kinetics trial 

           DM and NDF 

i. Degradability (%) 

ii. Lag time (h) 

iii. Rate of digestion (%/h)          

iv. Extent of digestion (%) 
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 Fig 3.4   Field layout of experiment 2 
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3.6 Procedures for recording data 

Procedures adopted for collection of data on the above mentioned parameters in both the 

growing seasons is mentioned below: 

3.6.1 Emergence count (m2) 

The germination count was recorded at complete emergence in one meter square of three 

randomly selected places in each plot in each replication and therefore average m-2 was 

calculated for both the crops respectively.   

 

3.6.2 Plant height (cm)                                                                                                                                  

             Five plants were randomly selected from each plot and their height was measured from 

base up to the tip of highest leaf with the help of a measuring tape and average was recorded. 

 

3.6.3 Number of leaves per plant 

             Total number of leaves of ten randomly selected plants was counted and then average 

number of leaves per plant was calculated. 

 

3.6.4 Fresh weight (g) per plant 

               Five plants were selected from field and weight of five plants was measured with the 

help of digital weight balance. Fresh weight per plant was calculated by dividing the fresh 

weight of five plants by five. Average fresh weight per plant was measured. 

 

3.6.5 Dry weight (g) per plant 

             Five plants were selected randomly from field and weight of five plants was measured 

with the help of digital weight balance. After weighting a sub sample of 20 g of leaves and 

stem was selected and putted in oven at 65 o C for 48 hours. After drying the sub sample average 

total dry weight of five plants was calculated. Then average dry weight per plant was calculated 

by dividing the dry weight of five plants by five. 
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3.6.6 Fresh forage yield (t ha-1) 

            Whole plot was harvested and weighed by using spring balance (in kilograms) 

immediately after harvesting and then converted to t ha-1 and moisture level was about 80%. 

 

3.6.7 Dry forage yield (t ha-1) 

            At each cutting time, maize and cowpea plants were chopped separately and then a 

sample of 500 grams chopped forages of both forages from each plot was taken and dried to 

constant weight at 65 o C in an oven in the laboratory. Then dry weight of each sample was 

taken with an electric balance and dry fodder yield was calculated and converted to t ha-1. 

 

3.6.8 Mixed fresh forage yield (t ha-1) 

            Each plot was harvested separately and weighted with spring balance to calculate 

mixed fresh forage yield per plot and then converted into tons per hectare and moisture level 

of mixed fresh forage was about 80-85%. 

 

3.6.9 Mixed dry forage yield (t ha-1) 

            Each plot was harvested separately and chopped with the help of chopper. 500 grams 

chopped forage sample from each plot was taken and dried to constant weight at 65 o C in an 

oven in the laboratory. Then dry weight of each sample was taken with an electric balance and 

dry fodder yield was calculated and converted to t ha-1. 

 

3.6.10 Crude protein (%) 

                Digestion mixture (K2SO4: CuSO4: FeSO4= 10: 10: 0.5) 5 grams and 30 ml of 

concentrated sulphuric acid was added to 1 gram of grinded sample of forage in a 500 ml 

Kjeldahal digestion flask. Flask was placed in the digestion chamber and heat was provided 

until colorless contents appeared. Digested contents were transferred to 250 ml volumetric 

flask and the volume made up to 250 ml by adding distilled water. Then 10 ml from this 

solution was taken in to micro kjeldahal distillation flask and 10 ml of 40% NaOH solution 

was added and distilled. Nitrogen in the sample escaped in the form of NH3 and was trapped 

in a beaker containing 4% boric acid solution along with methyl red as an indicator. After 

reaching the end point (golden colour), the beaker was removed. Finally boric acid solution 
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containing trapped NH3 was titrated against 0.1 N H2SO4 solution till pink colour appeared. 

Nitrogen percentage was calculated by using following formula.  

                       (Volume of 0.1 N H2SO4 used × vol. of sample solution × 0.0014) 

N % =  ------------------------------------------------------------------------------------  × 100                                                                                                                                                     

                 Wt. of sample × volume of sample solution used (10 ml) 

 

Nitrogen percentage was multiplied by a factor of 6.25 to obtain crude protein value. 

 

3.6.11 Crude fiber (%) 

                  Crude fiber was determined by taking 2 gram of oven dried sample and removing 

the fatty material by Soxhlet apparatus. Then the fat free sample was digested in 1.25 % H2SO4 

solution (200 ml) in a beaker and heated on a normal temperature for 30 minutes. The contents 

were then filtered through a thick lined cloth and residue were washed with distilled water (2-

3 washing) and digested again with 1.25 % NaOH solution (200 ml) for 30 minutes. It was 

again filtered and washed with distilled water (2-3 washing). The residues were put in a 

weighed china dish and dried in a windy oven for 24 hours at 105 o C till the constant weight 

was attained. After recording the dry weight, samples were placed in a muffle furnace at 600 o 

C till grey or white ash was obtained. The weight of the ash was recorded. Crude fiber 

percentage was calculated with the formula as: 

                                  

                                   Weight of dried residue  weight of ash 

            Crude Fiber = --------------------------------------------------  × 100 

                                          Weight of moisture free samples 

 

3.6.12 Total ash (%) 

                For determining ash, 5 gram oven dried sample was placed in a clean, previously 

weighted, China dish (W1). The sample was placed in a muffle furnace at dull red heat (500-

800 oC) until white or gray ash was obtained. After that, residues were cooled in a desiccator 

and the weight (W2) recorded and then percentage was recorded as under: 

                                 Ash percentage = (W2  -  W1)  ×  100 / Weight of sample  
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3.6.13 Determination of neutral detergent fiber  

Neutral detergent fiber in feed includes cellulose, hemicellulose and Lignin as major 

components. However, there are some components which are removed by neutral detergent 

and are not part of NDF these include silica and some tannins. 

Preparation of NDF solution 

Take solution laurul sulphate                                                                30g 

Disodium EDTA dehydrate         18.60g 

Sodium tetra borate           6.80g 

Ethoxy ethanol           10ml 

Disodium hydrogen phosphate         4.56g   

Make 1 liter solution using distilled water then adjust the PH of solution (6.90 to 7.0) by adding 

.1 N NaOH and H2SO4. 

Procedure: 

Take 1 gram of sample in conical flask and add 100 ml of NDF reagent solution. Fix the air 

condenser and provide heat to the flak for 60 min. then cool it and remove the condenser. Filter 

the contents. Wash the residue with distilled water for 4-5 times then wash twice the residue 

with Acetone. Transfer the residue into dried crucible and put it into hot air oven at 105oC for 

24 hrs so after 24 hrs take out the crucible and put it into the desicator and allow it to cool. 

Record the weight of the crucible along with the dried residue. 

Calculations 

NDF% = Wt of crucible + residue - Wt of crucible/Wt of sample ×100 

 

3.6.14 Determination of acid detergent fiber  

Preparation of ADF solution: 

Add twenty gram of acetyl trimethyl ammonium bromide then add 1N H2SO4 to make 1 liter 

volume 
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Procedure 

Take the residue of NDF and transfer it to 500 ml conical flask then add 100 ml of ADF solution 

into conical flask. Fix the air condenser and provide heat to the flak for 60 min. then cool it 

and remove the condenser. Filter the contents. Wash the residue with distilled water for 4-5 

times then wash twice the residue with Acetone. Transfer the residue into dried crucible and 

put it into hot air oven at 105oC for 24 hrs so after 24 hrs take out the crucible and put it into 

th desicator and allow it to cool. Record the weight of the crucible along with the dried residue. 

Calculation 

ADF% = (Wt of crucible + ADF residue)-Wt of crucible/Wt of sample×100 

3.6.15 Lactic acid and pH determination 

 Take 20 g silage sample in 100 ml distilled water and blending for 60 seconds in a high-

speed blender. The diluted sample was filtered through cheesecloth, and pH was measured 

with a pH meter portable (pH-98107 China). A 20 ml liquid was taken and centrifuged at 16000 

rpm for 35 min at 40C, and supernatant was decanted and filtered through Whatman filter 

paper. A High performance liquid chromatography (HPLC-10 AL Shaimadu, Japan) with a 

UV absorbance detector set at 214 nm was used. Chromatographic separation was performed 

on a Shim-pak CLC-ODS (C-18), 25cm × 4.6mm, 5µm. The mobile phase was 0.1% (w/v) of 

phosphoric acid in distilled water (HPLC grade) with a flow rate of 0.6 mL/min. 

The 20 μL aliquots of individual standards were injected to column and their retention times 

were determined. To obtain the calibration curves, a mixture of standards of certain 

concentrations were also injected into HPLC and their chromatograms were obtained. After 

injection of the samples, chromatographic peaks were identified by comparing retention times 

of samples to known standards. The quantities of organic acids were estimated from peak areas 

of known amounts of standards automatically computed by the data processor (Seckin et al., 

2009). 
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3.6.16 Estimation of degradability 

Dry matter and NDF degradability was determined at 48 hour of incubation using the following 

formula; 

Coefficient of degradability = (I – F)/I × 100 

Where, 

I = weight of sample in the nylon bag before suspension 

F = weight of residue after suspension in the rumen 

3.6.17 Estimation of digestion rate 

Degradation rate was calculated by subtracting the residue (96h) from the amount in the bag 

for each interval and then regressing natural logarithm of that value against time after 

correcting for lag time as follow; 

ln Ct = ln C0 – kt  

Where,  

Ct = amount of substrate remaining at any point of time  

C0 = amount of substrate remaining at time zero  

k = fractional digestion rate  

t = time 

3.6.18 Estimation of lag time 

Lag time was calculated by the following equation; 

lag time = ln 100 - intercept/digestion rate 

3.5.19 Extent of digestion 

Extent of DM and NDF digestion was determined at 96 hours of incubation. 
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3.6.20 Land equivalent ratio 

Land equivalent ratio (LER) was calculated by the formula as suggested by Willey (1979). 

LER = La + Lb =   Yab / Yaa  + Yba / Ybb 

Where  

La and Lb are the LERs for the individual crops  

Yaa = Pure stand yield of maize 

Ybb = Pure stand yield of legume 

Yab = Yield of crop maize sown in mixture with legume 

Yba = Yield of crop maize sown in mixture with maize  

3.7 statistical analysis 

In both experiments field trial were laid out in randomized complete block design with split 

plot arrangement having three replications. Silage trials and in situ digestion kinetics trails of 

both experiments were laid out in completely randomized design (CRD). The collected data 

were statistically analyzed by using the computer statistical programme STATISTIX 8.1.  

Fisher’s analysis of variance technique and (Tukey’s) Honestly significant difference (HSD) 

at 0.05 probability was used to compare the differences among treatment’s means (Steel et al., 

1997). ANOVA tables are presented at the end of this manuscript. 
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CHAPTER 4  

                                                          RESULTS AND DISCUSSION 

4.1 Experiment No. 1 

Effect of different cereal-legume forage intercropping systems on biomass production 

and characteristics of silage under different tillage practices 

The results pertaining to different agro-physiological and quality traits of the component crops 

and characteristics of silage as influenced by various row ratios of cereal-legumes 

intercropping under different tillage systems during the years 2013 and 2014 are presented and 

discussed as under: 

4.1.1 Field trial 

(A)  Growth, yield and quality traits of cereals forage 

4.1.1.1 Emergence count of cereals forage (m-2)  

The emergence count per unit area is one of the most important yield contributing factor in 

forage crops which fluctuates with different geometrical arrangement and intercropping 

systems. The results regarding the emergence count of cereals crop presented in table (4.1) 

showed that the tillage practices and row ratios both had highly significant differences among 

their treatments, but interaction between the tillage and row ratios was non-significant. During 

the year 2013 experimentation the deep tillage practice showed significantly maximum 

emergence count (50.51 m-2) than the minimum tillage  (43.81 m-2) and the  same trend was 

observed in next year experimentation. The impact of row ratios of different cereals-sesbania 

intercropping on emergence count of cereals was significant during both the years. During the 

year 2013 maximum emergence count  was recorded in the treatment sole millet (R2) which 

was significantly differ from other treatments, and the  same trend was observed in next year 

experimentation. 

The reason for having higher seedling count in case of cereals sown alone was due to the higher 

number of seed per unit area than all other treatments. These results strongly confirmed the 
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findings of Ayub et al. (2004) and Ibrahim et al. (2006) who obtained higher seedling count 

m-2 when cereal forages were sown alone.  

4.1.1.2 Plant height of cereals forage (cm) 

Plant height is controlled by genetic makeup of the species and environment to which the plant 

is subjected during the growth and development. The height of plant is an important growth 

character directly linked with the productive potential of plant in terms of forage yield. The 

results regarding the plant height (cm) presented in table (4.1) showed that the tillage practices 

and row ratios both had highly significant differences among their observations, but interaction 

between the tillage and row  ratios was significant in 2013 and non-significant in 2014.  

During the year 2013 experimentation the deep tillage practice produced significantly taller 

plant height (170.38 cm) than the minimum tillage (156.13 cm) and the  same trend was 

observed in next year experimentation. The impact of row ratios of different cereals-sesbania 

intercropping on plant height of cereals was significant during both the years. During the year 

2013 maximum plant height was recorded in the treatment sole sorghum (199.50 cm) which 

was significantly differ from other treatments, and the  same trend was observed in next year 

experimentation. Regarding the interaction behavior of tillage practices and row ratios for plant 

height of cereals was significant during 2013. Maximum plant height was recorded in treatment 

T2 R1 (207.00 cm) which was statistically differ from all other treatments (Table 4.9). 

Shorter plant in minimum tillage was due to delayed germination of seed which was main 

morphometric indicator of decreased yield in cereals because the plant morphologically was 

standing behind than that of tilled soil. Taller plants were might be due to conductive soil 

conditions along the lavish availability of nutrients to the plant from its germination to full 

vegetative growth. Deep tillage has the synergetic effect on the plant height as compared to 

minimum tillage.  

The reason for minimum plant height of cereal in intercropped with sesbania may be due to 

the strong competition among the component crops because sesbania is a fast growing and 

long stature crop. The results were strongly in agreement with Hussain et al. (2003) who 

recorded the minimum plant height of maize when it was sown with sesbania. 

4.1.1.3 Number of leaves per plant of cereals forage 

In the growth and development of plant the number of leaves per plant plays an important role 

because they manufacture and supply food material synthesized during photosynthesis. An 
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increase or decrease in number of leaves per plant has a direct effect on the green forage yield 

of forage crops. It is consider that the more number of leaves more will be the forage yield and 

better quality. The data pertaining to number of leaves per plant of cereals presented in table 

(4.1). The effect of tillage and row ratios on number of leaves per plant was highly significant 

during both years of study 2013 and 2014. While interactions of tillage and row ratios 

treatments were statistically significant during 2013 and non-significant during 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly more 

number leaves per plant  (10.40) than the minimum tillage (9.19) and the  same trend was 

observed in next year experimentation. The impact of row ratios of different cereals-sesbania 

intercropping on number of leaves per plant of cereals was significant during both the years. 

During the year 2013 maximum number of leaves per plant was recorded in the treatment sole 

millet (10.17) which was at  par with sole sorghum and significantly differ from other 

treatments, and the  same trend was observed in next year experimentation. Regarding the 

interaction behavior of tillage practices and row ratios for number of leaves per plant of cereals 

was significant during 2013. Maximum number of leaves was recorded in treatment T2 R1 

(10.85) which was statistically differ from all other treatments (Table 4.9) 

These results confirms the findings of Ayub et al. (2004) and Ibrahim et al. (2006) they 

reported that the number of leaves per plant of cereals was significantly affected by cereal-

legume mixed cropping. Nadeem et al. (2009) also reported that maize sown alone produced 

significantly higher number of leaves per plant than intercropped with legumes. 
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Table 4.1: Effect of tillage practices and row ratios on emergence count, plant height and    

number of leaves per plant of cereals forage in cereal-sesbania intercropping 

 

Treatments 

Emergence count 

(m-1) 

Plant height  (cm) No. of leaves per 

plant 

2013 2014 2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 43.81 b 47.69 b 156.13 b 171.31 b 9.19 b 9.93 b 

T2 50.51 a 54.86 a 170.38 a 187.59 a 10.40 a 11.35 a 

HSD 1.90 0.55 2.03 11.18 0.05 0.13 

B. Row ratios (RR) 

R1 48.50 c 53.21 c 199.50 a 223.57 a 10.15 a 11.04 a 

R2 90 a 97.33 a 152.50 e 166.67 d 10.17 a 11.15 a 

R3 ----- ----- ----- ----- ----- ----- 

R4 26.05 e 28.54 e 170.45 c 189.71 c 9.82 bc 10.69a 

R5 20.64 f 22.50 f 166.55 d 183.55 c 9.61 c 10.31 ab 

R6 35.93 d 39.01 d 188.0 b 204.52 b 9.97 ab 10.81 a 

R7 49.54 c 54.09 c 142.34 g 155.13 de 9.64 c 10.41 ab 

R8 39.64 d 43.34 d 137.00 h 146.78 e 9.09 d 9.78 b 

R9 67.07 b 72.15 b 149.7 f 165.73 d 9.89 a-c 10.94 a 

HSD 4.47 5.48 2.27 13.64 0.28 0.86 

C. Interaction (A×B) NS NS Significant NS Significant NS 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

R1 = Sole sorghum, R2 = Sole millet, R3 = Sole sesbania, R4 = Sorghum+ Sesbania (1:1),  

R5 = Sorghum+ Sesbania (1:2), R6 = Sorghum+ Sesbania (2:1), R7 = Millet + Sesbania (1:1),  

R8 = Millet + Sesbania (1:2), R9 = Millet + Sesbania (2:1) 
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4.1.1.4 Fresh weight per plant of cereals forage (g) 

The fresh weight per plant is an important factor in determining the total green forage yield. 

Growth and development of plant depends on the condition prevailing on the ground surface 

as well as in the soil rhizosphere. Data regarding fresh weight per plant (g) presented in table 

(4.2) showed that tillage practices and different row ratios had highly significant variation 

among their treatments but the interaction of tillage regimes and row ratios was non-significant 

during both years 2013 and 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly higher 

fresh weight per plant  (177.63 g) than the minimum tillage (161.00 g) and the  same trend was 

observed in next year experimentation. The impact of row ratios of different cereals-sesbania 

intercropping on fresh weight per plant of cereals was significant during both the years. During 

the year 2013 maximum fresh weight  per plant was recorded in the treatment sole sorghum 

(177 g) which was at  par with sole millet and significantly differ from other treatments, and 

the  same trend was observed in next year experimentation. 

These results confirms the findings of Fininsa (1997) who observed that lower yield of maize 

intercropping treatments than sole maize. 

4.1.1.5 Dry weight per plant of cereals forage (g) 

The dry weight per plant is an important factor in determining the total dry matter yield. Data 

regarding dry weight per plant of cereals (g) presented in table (4.2) showed that tillage 

practices and different row ratios had highly significant variation regarding the dry weight per 

plant (g) but the interaction of tillage regimes and row ratios was non-significant during both 

years 2013 and 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly higher 

dry weight per plant  (40.10 g) than the minimum tillage (35.75 g) and the  same trend was 

observed in next year experimentation. The impact of row ratios of different cereals-sesbania 

intercropping on dry weight per plant of cereals was significant during both the years. During 

the year 2013 maximum dry weight  per plant was recorded in the treatment sole sorghum 

(39.77 g) which was at  par with sole millet and significantly differ from other treatments, and 

the  same trend was observed in next year experimentation. 
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Table 4.2: Effect of tillage practices and row ratios on fresh weight per plant and dry 

weight per plant of cereals forage in cereal-sesbania intercropping 

 

Treatments  

Fresh wt. per plant (g) Dry wt. per plant (g) 

2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 161 .00 b 171.73   b 35.75 b 38.88 b 

T2 177.63 a 191.05  a 40.10 a 44.07 a 

HSD 1.73 3.57 0.84 0.73 

B. Row ratios (RR) 

R1 177 a 189.41  a  39.77 a 43.88 a 

R2 176.50 a 188.95  ab 39.44 ab 43.09 a 

R3 ------ ------- ----- ------- 

R4 168.0 c 180.67 d 37.77 d 41.20 bc 

R5 162 e 173.20 e 36.30 f 39.58 de 

R6 172.50 b 185.17 bc 38.78 c 42.49 ab 

R7 166.50 d 177.75 d 37.08 e 40.34 cd 

R8 159 f 171.00 e 35.28 g 38.41 e 

R9 173 b 185.00 c 39.01 bc 42.82 a 

HSD 0.96 3.87 0.64 1.52 

C. Interaction (A× B) NS NS NS NS 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

R1 = Sole sorghum, R2 = Sole millet, R3 = Sole sesbania, R4 = Sorghum+ Sesbania (1:1),   

R5 = Sorghum+ Sesbania (1:2), R6 = Sorghum+ Sesbania (2:1), R7 = Millet + Sesbania (1:1),  

R8 = Millet + Sesbania (1:2), R9 = Millet + Sesbania (2:1) 
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These results are in line with the findings of Khot et al. (1992) noticed the highest dry matter 

yield in the sole cereal rather than intercropped or in mixture 

4.1.1.6 Fresh forage yield of cereals (t ha-1) 

Getting the good fresh forage yield is the ultimate objective, which depends upon the genetic 

as well as environmental factors. In addition the nutrient availability, soil preparation and row 

ratios also play a vital role in plant growth and development and finally contribute to the forage 

yield. Data regarding fresh forage yield t ha-1 of cereals at harvest presented in table (4.3) 

showed that tillage practices and different row ratios had highly significant variation among 

their treatments and the interaction between tillage practices and row ratios was significant 

during both years 2013 and 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly higher 

fresh forage yield (33.24 t ha-1) than the minimum tillage(27.89 t ha-1) and the  same trend was 

observed in next year experimentation. The impact of row ratios of different cereals-sesbania 

intercropping on fresh forage yield of cereals was significant during both the years. During the 

year 2013 maximum fresh forage yield was recorded in the treatment sole sorghum  (50.50 t 

ha-1) which was significantly differ from other treatments, and the  same trend was observed in 

next year experimentation. Regarding the interaction behavior of tillage practices and row 

ratios for fresh forage yield of cereals was significant during both years. Maximum fresh forage 

yield was recorded in treatment T2 R1 (55 t ha-1) which was statistically differ from all other 

treatments and the same trend was observed in next year experimentation (Table 4.10). 

These results strongly confirms the findings of Craufurd et al. (2000) who reported that with 

the increased plant density of cereal in mixtures, its individual yield and total yield of mixture 

was also increased. 

4.1.1.7 Dry matter yield of cereals (t ha-1) 

The data regarding the dry matter t ha-1 of cereal forage presented in table (4.3) showed that 

tillage practices and row ratios both had highly significant differences among their treatments. 

The interaction between the tillage practices and row ratios was non-significant during both 

years of study 2013 and 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly higher 

dry matter yield (7.65 t ha-1) than the minimum tillage(6.28 t ha-1) and the  same trend was  
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Table 4.3: Effect of tillage practices and row ratios on fresh forage yield and dry matter 

yield of cereals forage in cereals-sesbania intercropping 

 

Treatments 

Fresh forage yield (t ha-1) Dry matter yield (t ha-1) 

2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 27.89 b 30.78 b 6.28 b 6.85 b 

T2 33.24 a 36.12 a 7.65 a 8.36 a 

HSD 0.46 0.32 0.15 0.27 

B. Row ratios (RR) 

R1 50.50 a 54.15 a 11.70 a 12.77 a 

R2 42.10 b 45.18 b 9.61 b 10.41 b 

R3 ------ -------- -------- -------- 

R4 26.53 e 29.08 d 6.02 e 6.55 e 

R5 18.10 g 20.53 e 4.06 g 4.50 g 

R6 36.91 c 41.23 b 8.47 c 9.29 c 

R7 23.19 f 25.70 d 5.14 f 5.66 f 

R8 16.02 h 19.79 e 3.71 h 3.99 g 

R9 31.18 d 33.92 c 7.04 d 7.72 d 

HSD 1.32 4.01 0.25 0.63 

C. Interaction (A× B) Significant significant NS NS 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

R1 = Sole sorghum, R2 = Sole millet, R3 = Sole sesbania, R4 = Sorghum+ Sesbania (1:1),  

R5 = Sorghum+ Sesbania (1:2), R6 = Sorghum+ Sesbania (2:1), R7 = Millet + Sesbania (1:1),  

R8 = Millet + Sesbania (1:2), R9 = Millet + Sesbania (2:1) 
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Observed in next year experimentation. The impact of row ratios of different cereals-sesbania 

intercropping on dry matter yield of cereals was significant during both the years. During the 

year 2013 maximum dry matter  yield was recorded in the treatment sole sorghum  (11.70 t ha-

1) which was significantly differ from other treatments, and the  same trend was observed in 

next year experimentation. 

These results are same with those of Prasad and Brook (2005) who concluded that increase in 

maize density also increase the dry matter yield. 

4.1.1.8 Crude protein percentage of cereals forage 

Protein contents are one of the most important parameter affecting the nutritional value of 

forage crops. Data regarding crude protein represented in table (4.4) showed that effect of 

different tillage practices was non-significant on crude protein percentage of cereals forage and 

on the other hand row ratios showed significant effect on crude protein percentage of cereals 

forage but interactions between tillage practices and row ratios was non-significant during both 

years of study 2013 and 2014. 

 Crude protein of cereals forage was not affected by different tillage practices in 

cereals-sesbania intercropping. The impact of row ratios of different cereals-sesbania 

intercropping on crude protein of cereals was significant during both the years. During the year 

2013 maximum crude protein was recorded in the treatment Sorghum+ Sesbania 1:2 (10.31 %) 

which was significantly differ from other treatments, and the  same trend was observed in next 

year experimentation. 

 The results revealed that intercropping of cereal with legumes at increasing rate 

benefied the component cereal by improving its crude protein content. These results are 

strongly confirmed the findings of Mpairwe et al. (2002) for cereal legume intercropping. 

4.1.1.9 Crude fiber percentage of cereals forage 

Crude fiber percentage is another parameter influences the quality of forage. Crude fiber 

contents are lower at early stages and gradually increases with the age of the plant. More the 

crude fiber percentage in the feeding material the lower will be its quality. Data regarding 

crude fiber represented in table (4.4) showed that effect of different tillage practices was non-

significant on crude fiber percentage of cereals forage and on the other hand row ratios showed 
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significant effect on crude fiber percentage of cereals forage but interactions between tillage 

practices and row ratios was non-significant during both years of study 2013 and 2014. 

Crude fiber of cereals forage was not affected by different tillage practices in cereals-sesbania 

intercropping. The impact of row ratios of different cereals-sesbania intercropping on crude 

fiber of cereals was significant during both the years. During the year 2013 maximum crude 

fiber was recorded in the treatment sole millet (36.89 %) which was at par with Millet + Sesbania 

(2:1), and significantly differ from other treatments, and the  same trend was observed in next 

year experimentation. 

 These results are in line with findings of Dahmardeh et al. (2009) who reported that 

maximum ADF in maize sown alone than when intercropped with cowpea. 

4.2.1.10 Ash Percentage of cereals forage 

Ash percentage is one of the important quality parameter of cereals forage. Data pertaining to 

the ash contents are represented in table (4.4) showed that effect of different tillage practices 

was non-significant on ash content of cereals forage and on other hand row ratios showed 

significant effect on ash content of cereals forage but interactions between tillage practices and 

row ratios was non-significant during both years of study 2013 and 2014. 

Ash content of cereals forage was not affected by different tillage practices in cereals-sesbania 

intercropping. The impact of row ratios of different cereals-sesbania intercropping on ash 

contents of cereals was significant during both the years. During the year 2013 maximum ash 

contents was recorded in the treatment Sorghum+ Sesbania 1:2 (9.39 %) which was significantly 

differ from other treatments, and the  same trend was observed in next year experimentation. 

 Results clearly shows that ash percentage of cereal forage was improved by 

intercropping with sesbania at increasing row ratios these results are strongly confirmed  the 

findings of Iqbal (2006) who described that ash percentage was more in maize sown with 

cowpea than the maize sown alone. 
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Table 4.4: Effect of tillage practices and row ratios on crude protein, crude fiber and total 

ash of cereals forage in cereal-sesbania intercropping 

 

Treatments 

Crude protein (%) Crude fiber (%) Total ash (%) 

2013 2014 2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 8.74 9.24 33.54 35.64 8.80  9.14 

T2 8.66 9.26 35.15 37.45 8.48  8.91 

HSD NS NS NS NS NS NS 

B. Row ratios (RR) 

R1 9.18 d 9.71 c 34.68 b 36.18 a-c 8.28 e 8.69 c 

R2 7.07 h 7.52 f 36.89 a 39.87 a 7.94 f 8.19 d 

R3 ---- ------ ---- ------ ----- ----- 

R4 10.14 b 10.79 ab 32.85 c 34.93 bc 8.91 b 9.30 b 

R5 10.31 a 10.97 a 31.72 d 33.77 c 9.39 a 9.80 a 

R6 9.87 c 10.50 b 33.93 b 35.84 a-c 8.56 cd 8.70 c 

R7 7.60 f 8.02 e 34.75 b 36.91 a-c 8.70 c 9.09 bc 

R8 8.15 e 8.74 d 33.97 b 35.95 a-c 8.92 b 9.40 ab 

R9 7.32 g 7.77 ef 36.00 a 38.89 ab 8.46 de 9.04 bc 

HSD 0.10 0.32 1.02 4.92 0.18 0.41 

C. Interaction (A× B) NS NS NS NS NS NS 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

R1 = Sole sorghum, R2 = Sole millet, R3 = Sole sesbania, R4 = Sorghum+ Sesbania (1:1),  

R5 = Sorghum+ Sesbania (1:2), R6 = Sorghum+ Sesbania (2:1), R7 = Millet + Sesbania (1:1),  

R8 = Millet + Sesbania (1:2), R9 = Millet + Sesbania (2:1) 
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(B) Yield and quality traits of sesbania forage 

4.1.1.11 Fresh forage yield of sesbania 

Getting the good fresh forage yield is the ultimate objective, which depends upon the genetic 

as well as environmental factors. In addition the nutrient availability, soil preparation and seed 

ratios also play a vital role in plant growth and development and finally contribute to the forage 

yield. Data regarding green forage yield of sesbania at harvest is presented in table (4.5). 

Tillage practices and different row ratios had highly significant variation regarding the fresh 

forage yield and the interaction of tillage practices and row ratios was also significant during 

both years 2013 and 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly higher 

fresh forage yield (14.42 t ha-1) than the minimum tillage(12.60 t ha-1) and the  same trend was 

observed in next year experimentation. The impact of row ratios of different cereals-sesbania 

intercropping on fresh forage yield of sesbania was significant during both the years. During 

the year 2013 maximum fresh forage yield was recorded in the treatment sole sesbania (23.15 

t ha-1) which was significantly differ from other treatments, and the  same trend was observed 

in next year experimentation. Regarding the interaction behavior of tillage practices and row 

ratios for fresh forage yield of sesbania was significant during both years. Maximum fresh 

forage yield was recorded in treatment T2 R3 (24.50 t ha-1) which was statistically differ from 

all other treatments and the same trend was observed in next year experimentation (Table 4.10). 

The  more plant population and thicker stem might be the reason for higher fresh forage yield 

of sesbania in case of  sesbania sown alone than in mixture.These results are strongly 

confirmed the findings of Ayub at al. (2008) who reported an increase in forage yield of pea 

with increased pea seed rate in intercropping with barley. 

4.1.1.12 Dry matter yield of sesbania 

Data regarding dry matter yield of sesbania at harvest is presented in table (4.5) showed that 

tillage practices and different row ratios had highly significant differences regarding the dry 

matter yield and the interaction of tillage practices and row ratios was non-significant during 

both years 2013 and 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly higher 

dry matter yield (3.99 t ha-1) than the minimum tillage(3.45 t ha-1) and the  same trend was 
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observed in next year experimentation. The impact of row ratios of different cereals-sesbania 

intercropping on dry matter yield of sesbania was significant during both the years. During the 

year 2013 maximum dry matter  yield was recorded in the treatment sole sesbania  (6.58 t ha-

1) which was significantly differ from other treatments, and the  same trend was observed in 

next year experimentation. 

These results are in line with Chawdhury and Rosario (1992) he reported that the intercropping 

drastically reduced the dry matter yield of mungbean when it is sown with maize. 

4.1.1.13 Crude protein percentage of forage sesbania 

Protein contents are one of the most important parameter affecting the nutritional value of 

forage crops. Data regarding crude protein percentage of sesbania presented in table (4.6) 

showed that effect of different tillage practices was non-significant on crude protein percentage 

of forage sesbania and on the other hand row ratios showed significant effect on crude protein 

percentage of forage sesbania but interactions between tillage regimes and row ratios was non-

significant. 

 Crude protein of sesbania forage was not affected by different tillage practices in 

cereals-sesbania intercropping. The impact of row ratios of different cereals-sesbania 

intercropping on crude protein of sesbania was significant during both the years. During the 

year 2013 maximum crude protein was recorded in the treatment sole Sesbania (21.22 %) 

which was at par with R9 and R4  and significantly differ from other treatments, and almost the 

same trend was observed in next year experimentation. 

 These results are in with the findings of  Parveen et al. (2001) who stated that rice 

bean sown alone gave higher crude protein content than other ratios of rice bean  intercropped 

with blue panic. 
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Table 4.5: Effect of tillage and row ratios on fresh forage yield and dry matter yield of 

sesbania in cereal-sesbania intercropping 

 

Treatments 

Fresh forage yield (t ha-1) Dry matter yield  (t ha-1) 

2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 12.60 b 13.72 b 3.45 b 3.87 a 

T2 14.42 a 15.65 a 3.99 a 4.43 a 

HSD 0.28 0.54 0.14 0.66 

B. Row ratios 

R1 ------ ------ ------ ------ 

R2 ------ ------- ------ ------ 

R3 23.15 a 25.75 a 6.58 a 7.53 a 

R4 13.71 c 14.64 bc 3.72  c 4.11 b 

R5 15.29 b 16.62 b 4.23 b 4.67 b 

R6 7.58 e 8.37 d 1.99 d 2.21 c 

R7 13.04 d 13.77 c 3.54 c 4.00 b 

R8 14.81 b 15.86 bc 4.11 b 4.54 b 

R9 7.00 e 7.78 d 1.84 d 2.02 c 

HSD 0.60 2.49 0.38 0.75 

C. Interaction (A× B) Significant Significant NS NS 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

R1 = Sole sorghum, R2 = Sole millet, R3 = Sole sesbania, R4 = Sorghum+ Sesbania (1:1),  

R5 = Sorghum+ Sesbania (1:2), R6 = Sorghum+ Sesbania (2:1), R7 = Millet + Sesbania (1:1),  

R8 = Millet + Sesbania (1:2), R9 = Millet + Sesbania (2:1) 
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4.1.1.14 Crude fiber percentage of forage sesbania 

Crude fiber percentage is another parameter influences the quality of forage. Crude fiber 

contents are lower at early stages and gradually increases with the age of the plant. More the 

crude fiber percentage in the feeding material the lower will be its quality. Data regarding 

crude fiber percentage of sesbania presented in table (4.6) showed that effect of different tillage 

practices was non-significant on crude fiber percentage of forage sesbania and on the other 

hand row ratios showed significant effect during 2013 and non-significant effect during 2014 

on crude fiber percentage of forage sesbania but interactions between tillage practices and row 

ratios was non-significant during both years. 

Crude fiber percentage of forage sesbania was not affected by different tillage regimes in 

cereal-sesbania intercropping. The impact of row ratios of different cereals-sesbania 

intercropping on crude fiber of sesbania was significant during first years. During the year 

2013 maximum crude fiber was recorded in the treatment Millet + Sesbania (2:1) (26.19 %) 

which was at par with Millet + Sesbania (2:1), and significantly differ from other treatments.  

These results revealed that sesbania sown at any row ratio with cereal gave higher crude fiber 

than sole sesbania, which confirm the findings of Ahmed (2006).  

4.1.1.15 Ash Percentage of forage sesbania 

Ash percentage of forage sesbania is one of the important quality parameter of forage sesbania. 

Data pertaining to the ash contents are represented in table (4.6) which showed that the effects 

of different tillage practices was non-significant on the ash percentage but row ratios showed 

significant effect on ash percentage of forage sesbania. The interaction of both tillage practices 

and row ratios on ash percentage of forage sesbania was non-significant during both years 2013 

and 2014. 

 Total ash percentage of forage sesbania was not affected by different tillage practices 

in cereals-sesbania intercropping. The impact of row ratios of different cereals-sesbania 

intercropping on ash contents of sesbania was significant during both the years. During the 

year 2013 maximum ash contents was recorded in the treatment sole Sesbania (9.24 %) which 

was at par with Sorghum+ Sesbania (1:2), and almost the same trend was observed in next year 

experimentation. 
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Increase in ash content with increased the concentration of legumes in intercropping with 

cereals has also reported by Ayub et al. (2004). 

(C) Yield and quality traits cereals-sesbania mixed forage 

4.1.1.16 Mixed fresh forage yield (t ha-1) 

Getting the good fresh forage yield is the ultimate objective, which depends upon the genetic 

as well as environmental factors. In addition the nutrient availability, soil preparation and seed 

ratios also play a vital role in plant growth and development and finally contribute to the forage 

yield. Data regarding mixed fresh forage yield at harvest is presented in table (4.7). Tillage 

practices and different row ratios had highly significant variation regarding the mixed fresh 

forage yield and the interaction of tillage practices and row ratios was non-significant during 

both years 2013 and 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly higher 

mixed fresh forage yield (40.76 t ha-1) than the minimum tillage (34.59 t ha-1) and the  same 

trend was observed in next year experimentation. The impact of row ratios of different cereals-

sesbania intercropping on mixed fresh forage yield was significant during both the years. 

During the year 2013 maximum fresh forage yield was recorded in the treatment sole sorghum 

(50.50 t ha-1) which was significantly differ from other treatments, and the  same trend was 

observed in next year experimentation. 

  Mixed fresh forage yield of cereal and legume was significantly affected by different 

row ratios of cereal-legume intercropping reported by Agegneuhu (2006). These results are in 

contradictory with the findings of Iqbal (2006) he recorded higher mixed forage yield from 

maize–cowpea intercropping than maize alone. The variation in growth habitat, soil and 

climatic conditions might have been the reason for these contradictory results. 
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Table 4.6: Effect of tillage and row ratios on crude protein, crude fiber and total ash of 

sesbania in cereals-sesbania intercropping 

 

Treatments 

Crude protein (%) Crude fiber (%) Total ash (%) 

2013 2014 2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 20.58  21.39 24.55  25.45 9.09  9.63 

T2 19.73 20.48 25.33 27.12 9.05 9.52 

HSD NS NS NS NS NS NS 

B. Row ratios (RR) 

R1 ------ ------ ------- ------ ------ ------ 

R2 ------ ------ ------- ------- ------ ------ 

R3 21.22 a 21.20ab 24.00 c 25.66 9.24 a 10.01 a 

R4 19.63 bc 20.27 ab 24.78 bc 26.29 9.10 ab 9.65 ab 

R5 20.56 ab 21.73 a 24.50 c 25.90 9.13 ab 9.71 ab 

R6 18.77 c 19.42 b 25.64 ab 26.74 8.95 ab 9.32 bc 

R7 20.24 a-c 21.26 a 25.01 bc 26.37 9.07 ab 9.52 bc 

R8 20.67 ab 21.82 a 24.47 c 26.10 9.11 ab 9.64 ab  

R9 19.99 a-c 20.83 ab 26.19 a 26.93 8.87 b 9.20 c 

HSD 1.57 1.77 1.13 Ns 0.33 0.39 

C. Interaction (A× B) NS NS NS NS NS NS 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

R1 = Sole sorghum, R2 = Sole millet, R3 = Sole sesbania, R4 = Sorghum+ Sesbania (1:1),  

R5 = Sorghum+ Sesbania (1:2), R6 = Sorghum+ Sesbania (2:1), R7 = Millet + Sesbania (1:1),  

R8 = Millet + Sesbania (1:2), R9 = Millet + Sesbania (2:1) 
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4.1.1.17 Mixed Dry matter yield (t ha-1) 

Data regarding mixed dry matter yield at harvest is presented in table (4.1.7). Tillage practices 

and different row ratios had highly significant variation regarding the mixed dry matter yield 

and the interaction of tillage regimes and row ratios was non-significant during both years 2013 

and 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly higher 

mixed dry matter yield (9.90 t ha-1) than the minimum tillage (8.27 t ha-1) and the  same trend 

was observed in next year experimentation. The impact of row ratios of different cereals-

sesbania intercropping on mixed dry matter yield was significant during both the years. During 

the year 2013 maximum dry matter yield was recorded in the treatment sole sorghum (11.70 t 

ha-1) which was significantly differ from other treatments, and the  same trend was observed in 

next year experimentation. 

These results are in line and also in contrast with the findings of Ayub et al. (2008) and Ibrahim 

et al. (2006) they reported the beneficial effect of mixed cropping over sole cropping, but in 

this study the yield of cereals-legume mixed cropping is more than sole legume and less than 

sole cereals. These results are in contrast with the findings of Agegnehu et al. (2006) noted 

that mixed yield of barley + faba bean was higher than sole crops. 

4.1.1.18 Crude protein percentage of mixed forage 

Protein contents are one of the most important parameter affecting the nutritional value of 

forage crops. Data regarding crude protein presented in table (4.8) showed that effect of 

different tillage practices was non-significant on crude protein percentage of mixed forage and 

on the other hand row ratios showed significant effect on crude protein percentage of mixed 

forage but interactions between tillage practices and row ratios was non-significant during both 

years of study 2013 and 2014. 

 Crude protein of mixed forage was not affected by different tillage practices in 

cereals-sesbania intercropping. The impact of row ratios of different cereals-sesbania 

intercropping on crude protein of mixed forage was significant during both the years. During 

the year 2013 maximum crude protein was recorded in the treatment sole Sesbania (21.22 %) 

which was significantly differ from other treatments, and the same trend was observed in next 

year experimentation. 
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Table 4.7: Effect of tillage and row ratios on fresh forage yield and dry matter yield of 

mixed cereals-sesbania intercropping 

 

Treatments 

Fresh forage yield Dry matter yield 

2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 34.59  b 38.03 b 8.27 b 9.11 b 

T2 40.76 a 44.28 a 9.90 a 10.89 a 

HSD 0.43 0.70 0.21 0.59 

B. Row ratios (RR) 

R1 50.50 a 54.15 a 11.70 a 12.77 a 

R2 42.10 c 45.18 bc 9.61 c 10.41 cd 

R3 23.15 i 25.75 g 6.58 g 7.53 g 

R4 40.24 d 43.72 cd 9.74 c 10.66 bc 

R5 33.39 g 37.16 ef 8.30 ef 9.17 ef 

R6 44.49 b 49.61 ab 10.46 b 11.51 b 

R7 36.23f 39.48 de 8.68 de 9.66 de 

R8 30.83 h 33.66 f 7.83 f 8.53 f 

R9 38.18 e 41.71 c-e 8.88 d 9.74 c-e 

HSD 1.52 4.72 0.57 0.94 

C. Interaction (A× B) NS NS NS NS 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

R1 = Sole sorghum, R2 = Sole millet, R3 = Sole sesbania, R4 = Sorghum+ Sesbania (1:1),  

R5 = Sorghum+ Sesbania (1:2), R6 = Sorghum+ Sesbania (2:1), R7 = Millet + Sesbania (1:1),  

R8 = Millet + Sesbania (1:2), R9 = Millet + Sesbania (2:1) 
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The results show that sesbania as alone and mixture with cereals gave more crude protein 

percentage than cereals sown alone. These results confirmed the findings of Ghanbari-Bonjar 

(2000) he reported that legumes included in the intercropping system significantly increased 

the crude protein content of forage. 

4.1.1.19 Crude fiber percentage of mixed forage  

Crude fiber percentage is another parameter influences the quality of forage. Crude fiber 

contents are lower at early stages and gradually increases with the age of the plant. More the 

crude fiber percentage in the feeding material the lower will be its quality. Data regarding 

crude fiber presented in table (4.8) showed that effect of different tillage practices was non-

significant on crude protein percentage of mixed forage and on the other hand row ratios 

showed significant effect on crude fiber percentage of mixed forage but interactions between 

tillage practices and row ratios was non-significant during both years of study 2013 and 2014. 

 Crude fiber percentage of mixed forage was not affected by different tillage practices 

in cereals-sesbania intercropping. The impact of row ratios of different cereals-sesbania 

intercropping on crude fiber of mixed forage was significant during both years. During the year 

2013 maximum crude fiber was recorded in the treatment sole millet (36.89 %) which was at 

par with Millet + Sesbania (1:1), and sole sorghum treatments, and almost the same trend was 

observed in next year experimentation. 

 These results relates  the findings of Mpairwe et al. (2002) he reported the significant 

reduction in NDF (neutral detergent fiber) content in cereal-legume intercropping forage than 

their sole crops.  

4.1.1.20 Ash Percentage of mixed forage  

Total ash of mixed forage is one of the important quality parameter. Data pertaining to the ash 

contents are represented in table (4.8) which showed that the effects of different tillage 

practices was non-significant on the ash percentage but row ratios showed significant effect on 

ash percentage of forage. The interaction of both tillage and row ratios on ash percentage of 

forage was non-significant during both years 2013 and 2014. 

Ash contents of mixed forage was not affected by different tillage practices in cereals-sesbania 

intercropping. The impact of row ratios of different cereals-sesbania intercropping on ash 

contents of mixed forage was significant during both the years. During the year 2013 maximum 
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ash contents was recorded in the treatment sole Sesbania (9.24 %) which was at par with 

Sorghum+ Sesbania (1:2)  treatment, and the same trend was observed in next year 

experimentation. 

The results are strongly in line with those of Thippeswamy and Alagundagi (2001) who stated 

that the mixture of sorghum + faba bean in 2:1 row ratio gave higher as content than sorghum 

sown as sole. 

4.1.21 Land equivalent ratio (LER) 

The land equivalent ratio is the relative area of sole crop required to produce the yield 

achieved in intercropping. If LER is equal to one, its mean that there is no yield advantage 

but when LER is more than one there is yield advantage. Data regarding LER of different 

cereal-legume intercropping are presented in table (4.11) which indicated that LER values 

were greater than one in most of intercropping treatments and yield advantage over sole 

cropping. Maximum LER (1.13, 1.12) was found in T2R4 during both years 2013 and 2014. 

Minimum LER (0.97, 1.00) was found in T2S8 during both years of study 
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Table 4.8:  Effect of tillage and row ratios on crude protein, crude fiber and total ash of 

mixed forage in cereals-sesbania intercropping 

 

Treatments 

Crude protein (%) Crude fiber (%) Total ash (%) 

2013 2014 2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 12.97  13.46 32.84 33.32 8.83 9.11 

T2 12.94 13.44 33.13 34.24 8.71 8.99 

HSD NS NS NS NS NS NS 

B. Row ratios (RR) 

R1 9.18 ef 9.71 e 34.68 ab 36.18 b 8.28 ab 8.69 bc 

R2 7.07 f 7.52 f 36.89 a 39.87 a 7.94 b 8.19 c 

R3 21.22 a 21.20 a 24.00 c 25.66 d 9.24 a 10.01 a 

R4 14.21 bc 15.45 bc 32.85 ab 33.18 bc 8.99 a 9.12 b 

R5 15.61 b 15.86 b 31.47 b 32.22 c 9.15 a 9.36 ab 

R6 12.21 cd 12.91 d 34.19 ab 33.53 bc 8.73 ab 8.86 bc 

R7 12.67 cd 13.21 d 34.91 ab 34.83 bc 8.88 ab 9.22 b 

R8 13.84 bc 14.29 cd 33.37 ab 33.55 bc 9.10 a 9.34 ab 

R9 10.58 de 10.92 e 34.54 ab 34.99 bc 8.60 ab 8.68 bc 

HSD 2.37 1.41 4.39 3.31 0.96 0.68 

C. Interaction (A×B) NS NS NS NS NS NS 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

R1 = Sole sorghum, R2 = Sole millet, R3 = Sole sesbania, R4 = Sorghum+ Sesbania (1:1),  

R5 = Sorghum+ Sesbania (1:2), R6 = Sorghum+ Sesbania (2:1), R7 = Millet + Sesbania (1:1),  

R8 = Millet + Sesbania (1:2), R9 = Millet + Sesbania (2:1) 
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Table 4.9: Interaction of tillage practices and row ratios in cereals-sesbania 

intercropping 

 

Treatments 

Plant height of cereals Number of leaver per plant of cereals 

2013 2013 

T1R1 192 b 9.45 de 

T1R2 144 i 9.65 d 

T1R3 ------- ------ 

T1R4 166 ef 9.12 ef 

T1R5 163 fg 8.95 fg 

T1R6 182 c 9.25 d-f 

T1R7 134 k 9.11 e-g 

T1R8 128 i 8.65 g 

T1R9 140 j 9.34 d-f 

T2R1 207 a 10.85 a 

T2R2 161 fg 10.70 ab 

T2R3 ------ ------- 

T2R4 175 d 10.52 a-c 

T2R5 170 e 10.28 bc 

T2R6 194 b 10.70 ab 

T2R7 151 h 10.18 c 

T2R8 146 i 9.54 de 

T2R9 159 g 10.45 a-c 

HSD 3.69 0.46 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 
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Table 4.10: Interaction of tillage practices and row ratios in cereals-sesbania 

intercropping 

 

Treatments 

Fresh forage yield of cereals Fresh forage yield of sesbania 

2013 2014 2013 2014 

T1R1 46.00 b 49.50 b ------ ------ 

T1R2 39.40 c 41.93 cd ------ ----- 

T1R3 ------ ------- 21.80 b 23.93 a 

T1R4 23.92 f 26.22 fg 12.68 e 13.41 c 

T1R5 16.10 hi 18.86  hi 14.30 d 15.56 bc 

T1R6 33.12 d 37.05 de 7.06 fg 8.26 d 

T1R7 21.27 g 23.63 gh 12.25 e 13.14 c 

T1R8 14.57 i 16.57 i 13.83 d 14.79 bc 

T1R9 28.76 e 32.45 ef 6.30 g 6.96 d 

T2R1 55.00 a 58.80 a ----- ----- 

T2R2 44.80 b 48.43 b ----- ----- 

T2R3 ------ ------- 24.50 a 27.56 a 

T2R4 29.15 e 31.94 ef 14.74 d 15.87 bc 

T2R5 20.10 g 22.20 g-i 16.29 c 17.69 b 

T2R6 40.70 c 45.41 bc 8.10 f 8.49 d 

T2R7 25.11 f 27.77 fg 13.84 d 14.40 bc 

T2R8 17.47 h 19.02 hi 15.80 c 16.93 bc 

T2R9 33.60 d 35.40 e 7.71 f 8.60 d 

HSD 2.21 6.50 0.99 4.08 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 
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Table 4.11: land equivalent ratio (LER) of cereal-legume mixed forage 

 

T1 = Minimum Tillage, T2 = Deep Tillage 

R1 = Sole sorghum, R2 = Sole millet, R3 = Sole sesbania, R4 = Sorghum+ Sesbania (1:1),  

R5 = Sorghum+ Sesbania (1:2), R6 = Sorghum+ Sesbania (2:1), R7 = Millet + Sesbania (1:1),  

R8 = Millet + Sesbania (1:2), R9 = Millet + Sesbania (2:1) 

TREATMENTS                        2013                        2014 

 CEREALS SESBANIA MIXED CEREALS SESBANIA MIXED 

T1R1 1   - 1 1  0 1 

T1R2 1    - 1 1  - 1 

T1R3 - 1   1 - 1  1 

T1R4 0.52 0.58 1.10 0.53 0.56 1.09 

T1R5 0.35 0.66 1.01 0.38 0.65 1.03 

T1R6 0.72 0.32 1.04 0.75 0.34 1.09 

T1R7 0.54 0.56 1.10 0.56 0.54 1.10 

T1R8 0.37 0.63 1 0.40 0.61 1.01 

T1R9 0.73 0.29 1.02 0.77 0.29 1.06 

T2R1 1  - 1 1  - 1 

T2R2 1  - 1 1  - 1 

T2R3 - 1  1 - 1  1 

T2R4 0.53 0.60 1.13 0.54 0.58 1.12 

T2R5 0.37 0.67 1.04 0.38 0.64 1.02 

T2R6 0.74 0.33 1.07 0.77 0.30 1.07 

T2R7 0.56 0.57 1.13 0.57 0.52 1.09 

T2R8 0.33 0.64 .97 0.39 0.61 1 

T2R9 0.75 0.31 1.06 0.73 0.31 1.04 



64 
 

4.1.2 Cereals-legume mixed silage 

4.1.2.1 Chemical composition of silage  

Moisture level of crop can greatly effect the silage fermentation. If moisture level is not 

appropriate that will deteriorate the silage quality. 60-70% moisture level is best for good 

quality silage. If moisture level is more than 70% the clostridial fermentation takes place.  

Crude protein is an important determinant of silage. Crude protein increase the quality of silage 

and digestibility of silage. It has inverse relationship with fiber contents.  Results regarding dry 

matter and crude protein of cereals-sesbania silage presented in table (4.12)  showed that 

maximum dry matter (35.12 %, 36.10 %) was found T2S1 during both years of study 2013 and 

2014, which was at par with T1S1 and T2S2. Minimum dry matter (30.0 %, 30.45 %) was 

observed in T1S4 during both years of study. Maximum crude protein (14.80 %, 15.20 %) was 

found T1S3 during both years of study 2013 and 2014, which was at par with T2S3. Minimum 

crude protein (8.45 %, 8.75 %) was observed in T2S2 during both years of study. 

 Fiber contents has inverse relationship with the digestibility of silage, with increase in fiber 

content of the quality of silage decreased  and digestibility become poor in ruman of animals. 

Results about neutral detergent fiber (NDF) and acid detergent fiber (ADF) of cereals-sesbania 

silage presented in table (4.13). Results revealed that that maximum neutral detergent fiber (68 

%, 66.55 %) was found T2S1 during both years of study 2013 and 2014, which was at par with 

T1S1 and T2S2. Minimum Neutral detergent fiber (49.00 %, 51.00 %) was observed in T1S4 and 

T2S4 during 2013 and 2014 respectively. Maximum acid detergent fiber (35.70 %, 36.00 %) 

was found T2S1 during both years of study 2013 and 2014, which was at par with T1S1 and 

T2S2. Minimum acid detergent fiber (26.50 %, 27.50 %) was observed in T1S4 during both 

years of study. 

Results of hemicellulose and cellulose of cereals-sesbania silage presented in table (4.14), 

revealed that maximum hemicellulose (32.30 %, 30.50 %) was found in T2S1 during both years 

of study 2013 and 2014, which was at par with T1S1. Minimum hemicellulose (24.40 %, 22.50 

%) was observed in T2S3 during both years of study, on other hand maximum cellulose (27.50 

%, 27.30 %) was found in T2S1 and T1S1 during 2013 and 2014, which was followed by T2S4. 

Minimum cellulose (20.30 %, 19.60 %) was observed in T1S4 during both years of study. 

Results of the study are in consistent with Azim et al. (2000) who reported CP content was 

higher for intercropped silage as compared to monocropped silage. Similarly, Muhammad et 
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al. (2008) observed increasing trend of CP as the proportion of legumes increased. Govea et 

al. (2009) observed 12.6% increase in CP content for intercropped silage as compared to 

monocropped maize silage. Similar findings were observed by Bildirici et al. (2009) who 

reported that CP content increased and NDF content decreased in intercropped silage as 

compared to corn alone silage. Anil et al. (2000) also observed higher values of CP for 

intercropped silage. Similarly, Phiri et al. (2007) also analyzed greater values of CP in 

intercropped silage. Carruthers et al. (2000) observed higher values of CP for corn-soybean 

silage as compared to corn alone silage. Contrary to our findings, Vicente et al. (2004) reported 

that CP content increased for monocropped silage and NDF increased for intercropped silage. 

Similarly, Amole et al. (2013) observed higher values of NDF for intercropped silage. 

4.1.2.2 Fermentation characteristics of silage 

In silage pH play important role. If pH is high then undesirable micro-organism develops that 

produce the butyric acid, acetic acid and detrioate the quality of silage, at low pH lactic acid 

bacteria dominate over all bacteria that is required for good quality of silage. Data regarding 

fermentation characteristics of cereals-sesbania silage presented in table (4.15) showed that 

maximum pH (5.85, 5.80) was found T1S4 during both years of study 2013 and 2014, which 

was at par with T2S4. Minimum pH (4.44, 4.30) was observed in T2S1 during both years of 

study. Data regarding lactic acid (ppm) of cereals-sesbania silage presented in table (4.15). 

Results showed that maximum lactic acid (780 ppm, 795 ppm) was found T2S1 during both 

years of study 2013 and 2014, which was at par with T1S1. Minimum lactic acid (328ppm, 

352ppm) was observed in T1S4 during both years of study. 

Increasing trend of pH with increasing the level of legumes in our study was supported by 

Titterton and Maasdrop (1997) who reported that high proportion of leguminous plant in 

intercropped silages increased the pH. Muhammad et al. (2008) also observed higher values 

of pH in intercropped silage. Similarly, Neely et al. (2009) observed higher values of pH for 

leguminous silage. Phiri et al. (2007) observed low values of pH and higher concentration of 

lactic acid in maize alone silage as compared to intercropped silage. This can be attributed to 

higher buffering capacity of legumes which allows the production of other organic acids as 

compared to lactic acid (Woolford, 1984). The results of Govea et al. (2006) were in 

consistence to our findings who reported that the pH of monocropped silage was lower as 

compared to intercropped silage 
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Contrary to these findings, Govea et al. (2009) observed higher concentration of lactic acid 

and low pH value for intercropped silage as compared to monocropped corn silage. Demirel et 

al. (2009) observed lower value of pH and higher concentration of lactic acid in intercropped 

silage. 
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Table 4.12:  Dry matter and crude protein of cereals-legume silage 

Treatments 

 

              Dry matter (%)         Crude protein (%) 

2013 2014 2013 2014 

T1S1 34.20 ab 35.70 a 11.10 b 10.90 c-d 

T1S2 33.02 a-c 34.60 ab 8.60 c 8.90 e 

T1S3 31.45 bc 32.20 ab 14.80 a 15.20 a 

T1S4 30.00 c 30.45 b 12.40 b 12.85 bc 

T2S1 35.12 a 36.10 a 10.80 b 10.45 de 

T2S2 33.60 ab 34.20 ab 8.45 c 8.75 e 

T2S3 32.31 a-c 33.20 ab 14.45 a 14.85 ab 

T2S4 31.20 bc 32.75 ab 12.25 b 12.40 cd 

HSD 3.50 4.25 1.94 2.15 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, 

T2 = Deep Tillage 

S1 = Sole sorghum, 

S2 = Sole millet,  

S3 = Sorghum+ Sesbania (1:1),  

S4 = Millet + Sesbania (1:1)  
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Table 4.13:  Neutral detergent fiber (NDF) and Acid detergent fiber (ADF) of cereals-

legume silage 

Treatments 

 

Neutral detergent fiber (%) Acid detergent fiber (%) 

2013 2014 2013 2014 

T1S1 64.00 ab 65.65 a 34.00 a 35.50 a 

T1S2 61.00 b 60.00 a 32.00 a-c 33.00 ab 

T1S3 51.00 c 52.50 b 28.00 cd 29.50 bc 

T1S4 49.00 c 51.20 b 26.50 d 27.50 c 

T2S1 68.00 a 66.55 a 35.70 a 36.00 a 

T2S2 62.00 ab 63.00 a 33.20 ab 33.20 ab 

T2S3 53.40 c 52.00 b 29.00 b-d 30.00 bc 

T2S4 51.50 c 51.00 b 27.00 d 28.70 bc 

HSD 6.64 6.67 4.63 5.02 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, 

T2 = Deep Tillage 

S1 = Sole sorghum, 

S2 = Sole millet,  

S3 = Sorghum+ Sesbania (1:1),  

S4 = Millet + Sesbania (1:1) 
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Table 4.14:  Hemicellulose and cellulose of cereals-legume silage 

Treatments 

 

Hemicellulose (%) Cellulose (%) 

2013 2014 2013 2014 

T1S1 30.00 a 30.15 a 26.20 ab 27.30 a 

T1S2 29.00 a 27.00 b 24.30 a-c 24.85 a-c 

T1S3 23.00 a 23.00 c 21.90 a-c 20.70 cd 

T1S4 22.50 a 23.70 c 20.30 c 19.60 d 

T2S1 32.30 a 30.50 a 27.50 a 27.10 a 

T2S2 28.80 a 29.80 ab 25.00 a-c 26.10 ab 

T2S3 24.40 a 22.00 c 24.75 a-c 23.80 a-d 

T2S4 24.50 a 22.30 c 20.70 bc 22.20 b-d 

HSD 10.75 2.88 5.66 4.24 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, 

T2 = Deep Tillage 

S1 = Sole sorghum, 

S2 = Sole millet,  

S3 = Sorghum+ Sesbania (1:1),  

S4 = Millet + Sesbania (1:1)  
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Table 4.15:  pH and Lactic acid (ppm) of cereals-legume silage 

Treatments 

 

                       pH Lactic acid (ppm) 

2013 2014 2013 2014 

T1S1 4.55 ab 4.35 b 772 a 788 a 

T1S2 4.70 ab 4.55 ab 745 a 755 a 

T1S3 5.65 ab 5.40 ab 345 b 365 b 

T1S4 5.85 a 5.80  a 328 b 352 b 

T2S1 4.44 b 4.30 b 780 a 795 a 

T2S2 4.62 ab 4.45 ab 758 a 765 a 

T2S3 5.60 ab 5.35 ab 342 b 385 b 

T2S4 5.68 ab 5.55 ab 348 b 370 b 

HSD 1.36 1.38 73.31 77.95 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, 

T2 = Deep Tillage 

S1 = Sole sorghum, 

S2 = Sole millet,  

S3 = Sorghum+ Sesbania (1:1),  

S4 = Millet + Sesbania (1:1) 
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4.1.3 In situ digestion kinetics  

 4.1.3.1 Dry matter digestion kinetics 

  Cereals-sesbania intercropping significantly affected the dry matter digestion kinetics 

of silage. Data regarding dry matter digestion kinetics of cereals-sesbania silage presented in 

table (4.16). Lag time was decreased with increased the concentration of sesbania in mixture, 

maximum dry matter Lag time (3.36 h, 3.48 h) was observed T2S2 during both years of study 

2013 and 2014, which was at par with T1S2. Minimum dry matter lag time (2.88 h, 2.82 h) was 

observed in T1S3 during both years of study. 

   In contrast dry matter digestion rate (%/h), degradability percentage at 48 hours 

incubation and extent of digestion at 96 hours incubation period was increased with increased 

the concentration of sesbania in mixture. Maximum dry matter digestion rate (3.85 %/h, 3.88 

%/h) was observed T1S3 during both years of study 2013 and 2014, which was at par with T2S3. 

Minimum dry matter digestion rate (2.92 %/h, 3.10 %/h) was observed in T2S2 during both 

years of study. Regarding degradability maximum dry matter degradability (57.50 %, 60.00 

%) was observed T1S3 during both years of study 2013 and 2014, which was at par with T2S3. 

Minimum dry matter degradability (42.80 %, 48.20 %) was observed in T2S2 during both years 

of study. Regarding extent of digestion, maximum dry matter extent of digestion (78.50 %, 

80.00 %) was observed T1S3 during both years of study 2013 and 2014, which was at par with 

T2S3. Minimum dry matter extent of digestion (61.00 %, 58.50 %) was observed in T2S2 during 

both years of study. 

Pirmohammadi et al. (2006) also reported that DM degradability was better for intercropped 

silage as compared to monocropped silage. Similar findings were observed by Mustafa and 

Seguin, (2003). Oliveira et al. (2011) reported higher DM degradability for brachiaria grass-

soybean fodder as compared to grass-corn fodder. This can be attributed to the lower NDF 

content of brachiaria grass intercropped with soybean. In contrast to present study, Salawu et 

al. (2002) observed higher DM degradability for monocropped silage as compared to 

intercropped silage. 
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Table 4.16:  Dry matter digestion kinetics of cereals-legume intercropped silage 

Treatments Lag time (h) Rate of Digestion (%/h) Degradability (%) Extent of digestion (%) 

2013 2014 2013 2014 2013 2014 2013 2014 

T1S1 3.22 ab 3.34 ab 3.18 bc 3.31 cd 48.00 a-c 51.50 ab 64.00 bc 63.00 b 

T1S2 3.35 a 3.40 ab 2.96 c 3.15 d 45.00 bc 49.00 b 61.40 c 59.00 b 

T1S3 2.88 c 2.82 d 3.85a 3.88 a 57.50 a 60.00 a 78.50 a 80.00 a 

T1S4 2.96 bc 3.02 cd 3.68 a 3.75 ab 54.60 a-c 56.80 ab 75.00 a 76.50 a 

T2S1 3.30 a 3.40 ab 3.10 c 3.28 cd 46.00 a-c 51.00 ab 62.40 bc 61.60 b 

T2S2 3.38 a 3.46 a 2.92 c 3.10 d 42.80 c 48.20 b 61.00 c 58.50 b 

T2S3 2.94 bc 2.92 cd 3.78 a 3.82 a 56.0 a-c 58.60 a 77.00 a 78.20 a 

T2S4 3.10 a-c 3.12 bc 3.55 ab 3.48 bc 52.00 a-c 55.00 ab 72.60 ab 73.50 a 

HSD 0.30 0.28 0.37 0.32 12.40 9.14 10.63 9.44 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from each other at 5% level of significance. 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole sorghum, S2 = Sole millet,  

S3 = Sorghum+ Sesbania (1:1), S4 = Millet + Sesbania (1:1), 
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4.1.3.2 Neutral detergent fiber (NDF) digestion kinetics 

Cereals-sesbania intercropping significantly affected the neutral detergent fiber (NDF) digestion 

kinetics of silage. Data regarding neutral detergent fiber digestion kinetics of cereals-sesbania 

silage presented in table (4.17). Lag time was decreased with increased the concentration of 

sesbania in mixture, maximum neutral detergent fiber Lag time (3.54 h, 3.64 h) was observed T2S2 

during both years of study 2013 and 2014, which was at par with T1S2. Minimum neutral detergent 

fiber lag time (2.98 h, 2.96 h) was observed in T1S3 during both years of study. 

In contrast dry matter digestion rate (%/h), degradability percentage at 48 hours incubation and 

extent of digestion at 96 hours incubation period was increased with increased the concentration 

of sesbania in mixture. Maximum neutral detergent fiber digestion rate (3.58 %/h, 3.72 %/h) was 

observed T1S3 during both years of study 2013 and 2014, which was at par with T2S3. Minimum 

neutral detergent fiber digestion rate (2.75 %/h, 2.80 %/h) was observed in T2S2 during both years 

of study. About neutral detergent fiber degradability, maximum neutral detergent fiber 

degradability (52.50 %, 51.50 %) was observed T1S3 during both years of study 2013 and 2014, 

which was at par with T2S3. Minimum neutral detergent fiber degradability (38.50%, 46.60 %) 

was observed in T2S2 during both years of study. 

Regarding neutral detergent fiber (NDF) extent of digestion, maximum neutral detergent fiber 

extent of digestion (78.50 %, 80.00 %) was observed T1S3 during both years of study 2013 and 

2014, which was at par with T2S3. Minimum neutral detergent fiber extent of digestion (62.50 %, 

63.00 %) was observed in T2S2 during both years of study. 

Similarly, Pirmohammadi et al. (2006) reported that NDF degradability was better in buffalo bulls 

that are given intercropped silage as compared to maize alone silage. In contrast to this, Mustafa 

and Seguin, (2003) observed non-significant on NDF degradability among legume-cereal silages. 
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Table 4.17:  Neutral detergent fiber (NDF) digestion kinetics of cereals-legume intercropped silage 

Treatments Lag time (h) Rate of digestion (%/h)  Degradability (%) Extent of digestion (%) 

2013 2014 2013 2014 2013 2014 2013 2014 

T1S1 3.35 a-d 3.46 a-c 2.98 b 3.05 cd 41.0 b-d 43.50 bc 52.00 bc 51.50 b-d 

T1S2 3.46 ab 3.54 ab 2.84 b 2.88 d 39.00 cd 42.00 c 49.00 c 50.00 cd 

T1S3 2.98 e 2.96 e 3.58 a 3.72 a 52.50 a 51.50 a 62.50 a 63.00 a 

T1S4 3.10 cd 3.2 c-d 3.44 a 3.55 ab 47.60 a-d 48.20 a-c 61.00 a 60.50 ab 

T2S1 3.43 a-c 3.56 ab 2.88 b 2.98 d 40.00 cd 41.00 c 50.60 bc 49.00 cd 

T2S2 3.54 a 3.64 a 2.75 b 2.80 d 38.50 d 40.60 c 48.50 c 47.00 d 

T2S3 3.08 de 3.12 de 3.53 a 3.62 ab 50.20 ab 50.40 ab 61.40 a 62.50 a 

T2S4 3.18 b-e 3.28 b-d 3.42 a 3.36 bc 48.00 a-c 46.50 a-c 58.00 ab 59.20 a-c 

HSD 0.33 0.29 0.28 0.31 9.47 7.83 7.76 10.36 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from each other at 5% level of significance. 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole sorghum, S2 = Sole millet,  

S3 = Sorghum+ Sesbania (1:1), S4 = Millet + Sesbania (1:1) 
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4.2 Experiment No. 2 

Influence of maize and cowpea mixed sowing on forage production and characteristics of 

silage under various tillage practices 

The results pertaining to different agro-physiological and quality traits of the component crops 

and characteristics of silage as influenced by various seed ratios of maize-cowpea mixtures 

under different tillage systems during the years 2013 and 2014 are presented and discussed as 

under: 

4.2.1 Field trial 

(A) Growth, yield and quality traits of forage maize 

4.2.1.1 Emergence count of maize  

The emergence count per unit area is one of the most important yield contributing factor in 

forage crops which fluctuates with different geometrical arrangement and intercropping 

systems. The results regarding the emergence count (m-2) presented in table (4.18) showed that 

the tillage practices and seed ratios both had highly significant differences among their 

observations, but interaction between the tillage and seed ratios was non-significant.  

During the year 2013 experimentation the deep tillage practice showed significantly maximum 

emergence count of maize (18.90 m-2) than the minimum tillage  (17.64 m-2) and the  same 

trend was observed in next year experimentation. The impact of seed ratios of different maize-

cowpea intercropping on emergence count of maize was significant during both the years. 

During the year 2013 maximum emergence count  was recorded in the treatment sole maize 

which was significantly differ from other treatments, and the  same trend was observed in next 

year experimentation. 

The reason for higher seedling count in case of maize sown alone was due to the higher number 

of seed per unit area than all other treatments. It is quite obvious to have higher emergence 

count at higher seed rate provided that the seed has similar 1000-grain weight and viability.  

These results strongly confirmed  the findings of Ayub et al. (2004) and Ibrahim et al. (2006) 

who obtained higher seedling count m-2  when cereal forages were sown alone using 100% seed 

rate. 
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4.2.1.2 Plant height of maize (cm) 

Plant height is controlled by genetic makeup of the species and environment to which the plant 

is subjected during the growth and development. The height of plant is an important growth 

character directly linked with the productive potential of plant in terms of forage yield. The 

results regarding the plant height (cm) presented in table (4.18) showed that the tillage practices 

and seed ratios both had highly significant differences among their treatments, but interaction 

between the tillage practices and seed ratios was non-significant.  

During the year 2013 experimentation the deep tillage practice showed significantly taller plant 

height of maize (207.32 cm) than the minimum tillage  (198.47 cm) and the  same trend was 

observed in next year experimentation. The impact of seed ratios of different maize-cowpea 

intercropping on plant height of maize was significant during both the years. During the year 

2013 taller plant height (210.82 cm) was recorded in the treatment Maize+cowpea (60%+40%) 

which was at with Maize+cowpea (70%+30%), Maize+cowpea (80%+20%) treatments, and 

the  same trend was observed in next year experimentation. 

Deep tillage allows the roots to penetrate deeper and uptake much nutrients that led to the good 

quality and growth. This is the reason due to which high plant height was obtained than 

conventional tillage practices. Above result also with the line of Khan et al., 2006 which states 

more till soil produces taller plant with high yield.  In cowpea mixed system, the plant height 

of maize increased with decreased in its seed rate or increased in the seed rate of legumes in 

blended mixture. These results strongly confirm the findings of Agegnehu (2006) who 

observed that the plant height of wheat increased with increasing seed rate of fababean. 

4.2.1.3 Number of leaves per plant of maize 

In the growth and development of plant the number of leaves per plant plays an important role 

because they manufacture and supply food material synthesized during photosynthesis. An 

increase or decrease in number of leaves per plant has a direct effect on the green forage yield 

of forage crops. It is consider that the more no. of leaves more will be the forage yield and 

better quality. The data pertaining to number of leaves per plant presented in table (4.18). The 

effect of tillage and seed ratios on number of leaves was highly significant during both years 

of study 2013 and 2014. While interactions of tillage and seed ratios treatments were 

statistically non-significant during 2013 and significant during 2014. 
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Table 4.18: Effect of tillage practices and seed ratios on emergence count, plant height 

and number of leaves per plant of forage maize in maize-cowpea mixture 

 

 

Treatments 

Emergence count (m-2) Plant height  (cm) No. of leaves per 

plant 

   2013    2014    2013   2014     2013    2014 

A. Tillage Practices (TP) 

T1  17.64 b 19.05 b 198.47 b 208.98 b 13.57 b 13.79 b 

T2 18.90 a 20.41 a 207.32 a 218.45 a 14.15 a 14.47 a 

HSD 0.99 0.44 5.24 6.85 0.14 0.13 

B. Seed ratios (SR) 

S1  22.57 a 24.40 a 194.58 c 205.38 b 12.86 c 13.25 c 

S2  ____ _____ _____ ____ ____ ____ 

S3  14.78 c 15.97 c 210.82 a 221.58 a 14.50 a 14.62 a 

S4 17.13 b 18.49 b 206.08 ab 217.19 ab 14.34 a 14.46 ab 

S5 18.60 b 20.01 b 200.10 bc 210.19 ab 13.75 b 14.20 b 

HSD 1.80 1.95 10.23 12.29 0.35 0.33 

C. Interaction (A× B) NS NS NS NS NS Significant 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole maize, S2 = Sole cowpea S3 = Maize+cowpea (60%+40%),  

S4 =Maize+cowpea (70%+30%), S5 = Maize+cowpea (80%+20%) 
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During the year 2013 experimentation the deep tillage practice produced significantly higher 

number of leaves of maize (14.15) than the minimum tillage  (13.57) and the  same trend was 

observed in next year experimentation. The impact of seed ratios of different maize-cowpea 

intercropping on number of leaves per plant of maize was significant during both the years. 

During the year 2013 maximum number of leaves per plant (14.50) was recorded in the 

treatment Maize+cowpea (60%+40%) which was at par with Maize+cowpea (70%+30%). 

Minimum number of leaves per plant (12.86) was found where sole maize was planted, and 

the same trend was observed in next year experimentation. Regarding the interaction behavior 

of seed ratios and tillage practices for number of leaves per plant of maize was also significant 

during 2014. Maximum number of leaves per plant was recorded (14.90) in T2S3 presented in 

table (4.26) which was statistically different from all other treatments. 

This result in line with Yusuf (2006) which found that less plant height and number of leave 

due to increased soil penetration resistance which is caused by shallow ploughing. Ayub et al. 

(2004) and Ibrahim et al. (2006) reported that the number of leaves of cereal was significantly 

affected by seed ratios of cereal-legumes under mixed cropping. 

4.2.1.4 Fresh weight per plant of maize (g) 

The fresh weight plant-1 is an important factor in determining the total green forage yield. 

Growth and development of plant depends on the condition prevailing on the ground surface 

as well as in the soil rhizosphere. Data regarding fresh weight per plant (g) presented in table 

(4.19) showed that tillage practices and different seed ratios had highly significant variation 

regarding the fresh weight per plant (g) but the interaction of tillage regimes and seed ratios 

was non-significant during both years 2013 and 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly higher 

fresh weight per plant  (255.29 g) than the minimum tillage (242.63 g) and the  same trend was 

observed in next year experimentation. The impact of seed ratios of different maize-cowpea 

intercropping on fresh weight per plant of maize was significant during both the years. During 

the year 2013 maximum fresh weight per plant (260.05 g) was recorded in the treatment 

Maize+cowpea (60%+40%) which was at par with Maize+cowpea (70%+30%). Minimum 

fresh weight per plant (238.90 g) was found where sole maize was planted, and the same trend 

was observed in next year experimentation. 
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The results also satisfied the statement plough the soil to deeper depth had positive impact on 

soil physical properties which result in improving the growth and yield (Ishaq et al., 2003). 

Seed ratios increases the fresh weight per plant decreases might be due to more combination 

among plant or due to space more the plant population more will be the competition among 

plants. Among intercrop combination the green forage yield and fresh weight per plant was 

maximum (Patel and Rajagopal, 2000). 

4.2.1.5 Dry weight per plant of maize (g) 

The dry weight per plant is an important factor in determining the total dry matter yield. Data 

regarding dry weight per plant (g) presented in table (4.19) showed that tillage practices and 

different seed ratios had highly significant variation regarding the dry weight per plant (g) but 

the interaction of tillage regimes and seed ratios was non-significant during both years 2013 

and 2014.  

During the year 2013 experimentation the deep tillage practice produced significantly higher 

dry weight per plant  (49.94 g) than the minimum tillage (47.51 g) and the  same trend was 

observed in next year experimentation. The impact of seed ratios of different maize-cowpea 

intercropping on dry weight per plant of maize was significant during both the years. During 

the year 2013 maximum dry weight per plant (51.66 g) was recorded in the treatment 

Maize+cowpea (60%+40%) which was significantly differ from all other treatments. Minimum 

dry weight per plant (46.45 g) was found where sole maize was planted, and the same trend 

was observed in next year experimentation. 

These results confirmed the findings of Khot et al. (1992) noticed the highest dry matter yield 

in the sole cereal rather than intercropped or in mixture 
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Table 4.19: Effect of tillage practices and seed ratios on fresh weight per plant and dry 

weight per plant of forage maize in maize-cowpea intercropping 

 

Treatments 

Fresh weight per plant (g) Dry weight per plant (g) 

2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 242.63 b 262.47 b 47.51 b 51.39 b 

T2 255.29 a 275.79 a 49.94 a 54.06 a 

HSD 3.59 4.64 0.70 0.63 

B. Seed ratios (SR) 

S1 238.90 c 258.40 b 46.45 c 50.36 c 

S2 ------ ------- ------- -------- 

S3 260.05 a 281.23 a 51.66 a 55.87 a 

S4 252.57  ab 272.57 ab 48.98 b 52.85 b 

S5 244.32 bc 264.32 b 47.81 bc 51.81 bc 

HSD 8.71 14.23 2.13 2.26 

C. Interaction (A× B) NS NS NS NS 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole maize, S2 = Sole cowpea S3 = Maize+cowpea (60%+40%),  

S4 =Maize+cowpea (70%+30%), S5 = Maize+cowpea (80%+20%) 
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4.2.1.6 Fresh forage yield of maize (t ha-1) 

Getting the good fresh forage yield is the ultimate objective, which depends upon the genetic 

as well as environmental factors. In addition the nutrient availability, soil preparation and seed 

ratios also play a vital role in plant growth and development and finally contribute to the forage 

yield. Data regarding fresh forage yield t ha-1 at harvest presented in table (4.20) showed that 

tillage practices and different seed ratios had highly significant variation regarding the green 

forage yield t ha-1 but the interaction of tillage regimes and seed ratios was  non-significant 

during both years 2013 and 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly higher 

fresh forage yield of maize  (40.39 t ha-1) than the minimum tillage (33.29 t ha-1) and the  same 

trend was observed in next year experimentation. The impact of seed ratios of different maize-

cowpea intercropping on fresh forage yield of maize was significant during both the years. 

During the year 2013 maximum fresh forage yield (43.50 t ha-1) was recorded in the sole maize 

which was significantly differ from all other treatments. Minimum fresh forage yield of maize 

(29.67 t ha-1) was found in Maize+cowpea (60%+40%) treatment, and the same trend was 

observed in next year experimentation. 

Deep tillage allows the roots to penetrate deeper and uptake much nutrients that led to the good 

quality and growth. This is the reason due to which high green forage yield was obtained in 

deep tillage than conventional tillage practices. The results also satisfied the statement plough 

the soil to deeper depth had positive impact on soil physical properties which result in 

improving the growth and yield (Ishaq et al., 2003). Intercropping with different seed ratios 

effects the total green forage yield, more the seed ratios more the total green forage yield. The 

sole sorghum result satisfied the statement green forage yield was maximum in sole sorghum 

followed by intercropped with cowpea (Jhansi, 2004). 

4.2.1.7 Dry matter yield of maize (t ha-1) 

The data regarding the dry matter t ha-1 presented in table (4.20) showed that tillage practices 

and seed ratios both had highly significant differences among their observations. The 

interaction between the tillage and seed ratios was non-significant during both years of study 

2013 2014. 
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Table 4.20: Effect of tillage practices and seed ratios on fresh forage yield and dry matter 

yield of forage maize in maize-cowpea intercropping 

 

Treatments 

Fresh forage yield (t ha-1) Dry matter yield (t ha-1) 

2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 33.29 b 36.08 b 6.52 b 7.07 b 

T2 40.39 a 44.07 a 8.00 a 8.67 a 

HSD 2.26 2.33 1.21 0.73 

B. Seed ratios (SR) 

S1 43.50 a 47.22 a 8.61 a 9.34 a 

S2 ---- ---- ---- ---- 

S3 29.67 d 32.12 c 5.77 c 6.24 c 

S4 35.44 c 38.94 b 7.03 b 7.62 b 

S5 38.75 b 42 .02 b 7.63 b 8.27 b 

HSD 3.17 3.42 0.65 0.93 

C. Interaction (TP× SR) Ns Ns Ns Ns 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole maize, S2 = Sole cowpea S3 = Maize+cowpea (60%+40%),  

S4 =Maize+cowpea (70%+30%), S5 = Maize+cowpea (80%+20%) 
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During the year 2013 experimentation the deep tillage practice produced significantly higher 

dry matter yield of maize  (8.00 t ha-1) than the minimum tillage (6.52 t ha-1) and the  same 

trend was observed in next year experimentation. The impact of seed ratios of different maize-

cowpea intercropping on dry matter yield of maize was significant during both the years. 

During the year 2013 maximum dry matter yield of maize (8.61 t ha-1) was recorded in the sole 

maize which was significantly differ from all other treatments. Minimum dry matter yield of 

maize (6.24 t ha-1) was found in Maize+cowpea (60%+40%) treatment, and the same trend was 

observed in next year experimentation. 

Deep tillage allows the roots to penetrate deeper and uptake much nutrients that led to the good 

quality and growth. This is the reason due to which high dry matter yield was obtained than 

other tillage practices. The results also satisfied the statement plough the soil to deeper depth 

had positive impact on soil physical properties which result in improving the growth and yield 

(Ishaq et al., 2003). The influence of planting geometry and legumes intercropping system on 

quality, forage yield and dry yield, the sole sorghum produced more yield when sown alone as 

compared to intercropping (Sarwar, 2006). 

4.2.1.8 Crude protein percentage of forage maize 

Protein contents are one of the most important parameter affecting the nutritional value of 

forage crops. Results presented in table (4.21) showed that effect of different tillage practices 

was non-significant on crude protein percentage of forage maize and on the other hand seed 

ratios showed significant effect on crude protein percentage of forage maize but  interactions 

between tillage regimes and seed ratios was non-significant during both years. 

Crude protein of forage maize was not affected by different tillage practices in maize-cowpea 

intercropping. 

The impact of seed ratios of different maize-cowpea intercropping on crude protein of forage 

maize was significant during both the years. During the year 2013 maximum crude protein of 

maize (9.02 %) was recorded in Maize+cowpea (60%+40%), which was significantly differ 

from all other treatments. Minimum crude protein of maize (7.79 %) was found in sole maize 

treatment, and the same trend was observed in next year experimentation. 

The result revealed that mixed cropping with cowpea at increasing seeding rate benefited the 

component maize by improving its CP content. These results strongly confirm the findings of 
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Carr et al., (1998) who observed that crude protein concentration of barley was increased when 

seed rate of component pea was increased.  

4.2.1.9 Crude fiber percentage of forage maize 

Crude fiber percentage is another parameter influences the quality of forage. Crude fiber 

contents are lower at early stages and gradually increases with the age of the plant. More the 

crude fiber percentage in the feeding material the lower will be its quality. Crude fiber 

percentage of maize was not affected by different tillage regimes and seed ratios in maize and 

cowpea intercropping.  The result indicated in table (4.21) showed that different tillage 

practices and seed ratios had non-significant effects on crude fiber percentage of forage maize  

while interactions of tillage and seed ratios was also non-significant effects on fiber percentage 

during 2013 and 2014. 

These results are in line  with findings of Khandakar (1994) who reported that crude fiber 

percentage was not influenced  significantly when and cowpea were sown in mixture in 

different seed ratios. 

4.2.1.10 Ash Percentage of forage maize 

Total ash of forage maize is one of the important quality parameter of forage maize. Data 

pertaining to the ash contents are represented in table (4.21) which showed that the effects of 

different tillage systems was non-significant on the ash percentage but seed ratios showed 

significant effect on ash percentage of forage maize. The interaction of both tillage and seed 

ratios on ash percentage of forage maize was non-significant during both years 2013 and 2014. 

Total ash percentage of forage maize was not affected by different tillage practices in maize-

cowpea intercropping. The impact of seed ratios of different maize-cowpea intercropping on 

ash content of forage maize was significant during both the years. During the year 2013 

maximum ash content of maize (8.12 %) was recorded in Maize+cowpea (60%+40%), which 

was significantly differ from all other treatments. Minimum ash content (7.28 %) was found 

in sole maize treatment, and the same trend was observed in next year experimentation. 

 Results clearly show that ash percentage of forage maize was improved by sowing 

in mixture with cowpea. These results are strongly in line with Dahmardeh et al. (2009) he 

reported the highest ash percentage in maize sown with cowpea than sown alone.   
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Table 4.21: Effect of tillage practices and seed ratios on crude protein, crude fiber and 

total ash of forage maize in maize-cowpea intercropping 

 

Treatments 

Crude protein (%) Crude fiber (%) Total ash (%) 

2013 2014 2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 8.54 8.68 33.50 34.31 7.67 7.73 

T2 8.47 8.61 33.71 34.64 7.58 7.65 

HSD Ns Ns Ns Ns Ns Ns 

B. Seed ratios (SR) 

S1 7.79 d 7.94 c 34.22 35.03 7.28 c 7.36 c 

S2 ------- ------- -------- ------- ------- ------- 

S3 9.02 a 9.16 a 32.96 33.97 8.12 a 8.17 a 

S4 8.68 b 8.81 b 33.35 34.13 7.70 b 7.78 b 

S5 8.51 c 8.67 b 33.88 34.78 7.40 c 7.44 c 

HSD 0.16 0.24 NS NS 0.21 0.22 

C. Interaction (A× B) NS NS NS NS NS NS 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole maize, S2 = Sole cowpea S3 = Maize+cowpea (60%+40%),  

S4 =Maize+cowpea (70%+30%), S5 = Maize+cowpea (80%+20%) 
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 (B) Yield and quality traits of Forage cowpea 

4.2.1.11 Fresh forage yield of cowpea 

Getting the good fresh forage yield is the ultimate objective, which depends upon the genetic 

as well as environmental factors. In addition the nutrient availability, soil preparation and seed 

ratios also play a vital role in plant growth and development and finally contribute to the forage 

yield. Data regarding fresh forage yield of cowpea at harvest is presented in table (4.22) showd 

that tillage practices and different seed ratios had highly significant variation regarding the 

green forage yield and the interaction of tillage practices and seed ratios was also significant 

during both years 2013 and 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly higher 

fresh forage yield of cowpea  (10.15 t ha-1) than the minimum tillage (7.98 t ha-1) and the  same 

trend was observed in next year experimentation. The impact of seed ratios of different maize-

cowpea intercropping on fresh forage yield of cowpea was significant during both the years. 

During the year 2013 maximum fresh forage yield of cowpea (18.50 t ha-1) was recorded in 

the sole cowpea which was significantly differ from all other treatments. Minimum fresh 

forage yield of cowpea (3.39 t ha-1) was found in Maize+cowpea (80%+20%) treatment, and 

the same trend was observed in next year experimentation. Regarding the interaction behavior 

of seed ratios and tillage regimes for fresh forage yield of cowpea was also significant. 

Maximum fresh forage yield was recorded (20.61, 22.46 t ha-1) in T2S2 during both years 

presented in table (4.2.9) which was statistically different from all other treatments. 

The results also satisfied the statement plough the soil to deeper depth had positive impact on 

soil physical properties which result in improving the growth and yield (Ishaq et al., 2003). 

Ayub et al. (2008) have also reported an increase in forage yield of pea with increased pea 

seed rate in mixture with barley. 

4.2.1.12 Dry matter yield of forage cowpea 

Data regarding green forage yield of cowpea at harvest is presented in table (4.22) showed that 

tillage practices and different seed ratios had highly significant variation regarding the green 

forage yield and the interaction of tillage regimes and seed ratios was also significant during 

both years 2013 and 2014.  
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During the year 2013 experimentation the deep tillage practice produced significantly higher 

dry matter yield of cowpea  (2.03 t ha-1) than the minimum tillage (1.57 t ha-1) and the  same 

trend was observed in next year experimentation. The impact of seed ratios of different maize-

cowpea intercropping on dry matter yield of cowpea was significant during both the years. 

During the year 2013 maximum dry matter yield of cowpea (3.74 t ha-1) was recorded in the 

sole cowpea which was significantly differ from all other treatments. Minimum dry matter 

yield of cowpea (0.65 t ha-1) was found in Maize+cowpea (80%+20%) treatment, and the same 

trend was observed in next year experimentation. Regarding the interaction behavior of seed 

ratios and tillage regimes for dry matter yield of cowpea was also significant. Maximum dry 

matter yield was recorded (4.22, 4.61 t ha-1) in T2S2 during both years presented in table (4.2.9) 

which was statistically different from all other treatments. 

These results are in agreement with the findings of Daraei et al. (2006) who reported that sole 

chickpea produced highest forage yield while its yield was affected when it was sown with 

barley under different mixing ratios. 

4.2.1.13 Crude protein percentage of forage cowpea 

Protein contents are one of the most important parameter affecting the nutritional value of 

forage crops. Data regarding crude protein presented in table (4.23) showed that effect of 

different tillage practices was non-significant on crude protein percentage of forage cowpea 

and on the other hand seed ratios showed significant effect on crude protein percentage of 

forage cowpea but interactions between tillage regimes and seed ratios was non-significant. 

Crude protein of forage cowpea was not affected by different tillage practices in maize-cowpea 

intercropping. The impact of seed ratios of different maize-cowpea intercropping on crude 

protein of forage cowpea was significant during both the years. During the year 2013 maximum 

crude protein of cowpea (19.05 %) was recorded in sole cowpea which was at par with 

Maize+cowpea (60%+40%) treatment. Minimum crude protein of cowpea (18.39 %) was 

found in Maize+cowpea (80%+20%)   treatment, and the same trend was observed in next year 

experimentation. These results are in line with the findings of Eskandari et al. (2009) who 

reported that significant reduction in CP percentage of cowpea when it was intercropped with 

corn. 
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Table 4.22: Effect of tillage practices and seed ratios on fresh forage yield and dry matter 

yield of forage cowpea in maize-cowpea intercropping 

 

Treatments 

Fresh forage yield (t ha-1) Dry matter yield (t ha-1) 

2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 7.98 b 8.70 b 1.57 b 1.71 b 

T2 10.15 a 11.06 2.03 a 2.21 a 

HSD 0.82 0.91 0.23 0.22 

B. Seed ratios (SR) 

S1 -------- ------ ------- ------- 

S2 18.50 a 20.17 a 3.74 a 4.08 a 

S3 8.36 b 9.11 b 1.63 b 1.77 b 

S4 6.03 c 6.56 c 1.17 c 1.28 c 

S5 3.39 d 3.69 d 0.65 d 0.71 d 

HSD 1.36 1.07 0.35 0.36 

C. Interaction (A× B) Significant Significant Significant Significant 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole maize, S2 = Sole cowpea S3 = Maize+cowpea (60%+40%),  

S4 =Maize+cowpea (70%+30%), S5 = Maize+cowpea (80%+20%) 
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4.2.1.14 Crude fiber percentage of forage cowpea 

Crude fiber percentage is another parameter influences the quality of forage. Crude fiber 

contents are lower at early stages and gradually increases with the age of the plant. More the 

crude fiber percentage in the feeding material the lower will be its quality. Crude fiber 

percentage of cowpea was not affected by different tillage practices and seed ratios in maize 

and cowpea intercropping.  The result indicated in table (4.23) showed that different tillage 

practices and seed ratios had non-significant effects on crude fiber percentage of forage cowpea  

while interactions of tillage and seed ratios was also non-significant effects on fiber percentage 

during 2013 and 2014.  

These results are in line  with findings of Khandakar (1994) who reported that crude fiber 

percentage was not influenced  significantly when and cowpea were sown in mixture in 

different seed ratios. 

4.2.1.15 Ash Percentage of forage cowpea 

Total ash contents of forage cowpea is one of the important quality parameter of forage maize. 

Data pertaining to the ash contents are represented in table (4.23) which showed that the effects 

of different tillage practices was non-significant on the ash percentage but seed ratios showed 

significant effect on ash percentage of forage cowpea. The interaction of both tillage and seed 

ratios on ash percentage of forage cowpea was non-significant during both years 2013 and 

2014. 

 Total ash percentage of forage cowpea was not affected by different tillage regimes 

in maize and cowpea intercropping. The impact of seed ratios of different maize-cowpea 

intercropping on ash contents of forage cowpea was significant during both the years. During 

the year 2013 maximum ash contents of cowpea (11.05 %) was recorded in sole cowpea which 

was at par with Maize+cowpea (60%+40%) treatment. Minimum ash contents (10.74 %) was 

found in Maize+cowpea (80%+20%) treatment, and the same trend was observed in next year 

experimentation. 

 Increase in ash content with increased seed rate of legmes in mixture with cereal has 

also reported by Ayub et al. (2004). 
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Table 4.23: Effect of tillage practices and seed ratios on crude protein, crude fiber and 

total ash of forage cowpea in maize-cowpea intercropping 

 

Treatments 

Crude protein (%) Crude fiber (%) Total ash (%) 

2013 2014 2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 18.80 18.97 26.36 28.05 10.92 11.93 

T2 18.73 18.87  26.75 28.47  10.83 11.01 

HSD NS NS NS NS NS NS 

B. Seed ratios (SR) 

S1 ---- ---- ----- ---- ---- ---- 

S2 19.05 a 19.21 a 26.14 27.70 11.05 a 11.21 a 

S3 18.92 a 19.07 a 26.52 28.17 10.91 ab 11.10 ab 

S4 18.70 ab 18.86 ab 26.67 28.43 10.81 ab 10.98 ab 

S5 18.39 b 18.55 b 26.90 28.75 10.74 b 10.91 b 

HSD 0.43 0.36 NS NS 0.23 0.28 

C. Interaction (A× B) NS NS  NS  NS  NS NS 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole maize, S2 = Sole cowpea S3 = Maize+cowpea (60%+40%),  

S4 =Maize+cowpea (70%+30%), S5 = Maize+cowpea (80%+20%) 
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(C) Yield and quality traits of Maize and cowpea mixed forage 

4.2.1.16 Mixed fresh forage yield (t ha-1) 

Getting the good fresh forage yield is the ultimate objective, which depends upon the genetic 

as well as environmental factors. In addition the nutrient availability, soil preparation and seed 

ratios also play a vital role in plant growth and development and finally contribute to the forage 

yield. Data regarding mixed fresh forage yield of at harvest is presented in table (4.24) showd 

that tillage practices and different seed ratios had highly significant variation regarding the 

mixed fresh forage yield and the interaction of tillage practices and seed ratios was non-

significant during both years 2013 and 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly higher  

mixed fresh forage yield   (40.43 t ha-1) than the minimum tillage (33.42 t ha-1) and the  same 

trend was observed in next year experimentation. The impact of seed ratios of different maize-

cowpea intercropping on mixed fresh forage yield of was significant during both the years. 

During the year 2013 maximum forage yield (43.49 t ha-1) was recorded in the sole maize 

which was at par with Maize+cowpea (80%+20%) and Maize+cowpea (70%+30%) 

treatments. Minimum fresh forage yield (18.50 t ha-1) was found in sole cowpea treatment, and 

the same trend was observed in next year experimentation. 

 Mixed fresh forage yield of maize and cowpea was significantly affected by different 

seed ratios of maize and cowpea in intercropping system reported by Agegnehu (2006). 

4.2.1.17 Mixed Dry matter yield (t ha-1) 

Data regarding mixed dry matter yield at harvest is presented in table (4.24). Tillage practices 

and different seed ratios had highly significant variation regarding the mixed dry matter yield 

and the interaction of tillage regimes and seed ratios was non-significant during both years 

2013 and 2014. 

During the year 2013 experimentation the deep tillage practice produced significantly higher  

mixed dry matter yield   (7.97 t ha-1) than the minimum tillage (6.47 t ha-1) and the  same trend 

was observed in next year experimentation. The impact of seed ratios of different maize-

cowpea intercropping on mixed dry matter yield was significant during both the years. During 

the year 2013 maximum dry matter yield (8.61 t ha-1) was recorded in the sole maize which 

was at par with Maize+cowpea (80%+20%) and Maize+cowpea (70%+30%) treatments.  
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Table 4.24: Effect of tillage practices and seed ratios on fresh forage yield and dry matter 

yield of mixed forage in maize-cowpea intercropping 

 

 

Treatments 

Fresh forage yield (t ha-1) Dry matter yield (t ha-1) 

2013 2014 2013 2014 

A. Tillage Practices (TP) 

T1 33.42 b 35.83 b 6.47 b 7.02 b 

T2 40.43 a 44.10 a 7.97 a 8.71 a 

HSD 3.77 2.50 0.92 0.56 

B. Seed ratios (SR) 

S1 43.49 a 47.22 a 8.61 a 9.34 a 

S2  18.50 c 20.17 c 3.74 c 4.08 c 

S3 38.03 b 41.23 b 7.40 b 8.02 b 

S4 42.14 a 45.51 a 8.20 ab 8.90 ab 

S5 42.47 a 45. 71 a 8.16 ab 8.99 ab 

HSD 3.85 3.28 0.82 1.03 

C. Interaction (A× B) NS NS NS NS 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole maize, S2 = Sole cowpea S3 = Maize+cowpea (60%+40%),  

S4 =Maize+cowpea (70%+30%), S5 = Maize+cowpea (80%+20%) 
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Minimum dry matter yield (3.74 t ha-1) was found in sole cowpea treatment, and the same trend 

was observed in next year experimentation. 

 Mixed dry matter yield of maize and cowpea was significantly affected by different 

seed ratios of maize and cowpea in intercropping reported by Ayub et al. (2004). 

. 4.2.1.18 Crude protein percentage of mixed forage 

Protein contents are one of the most important parameter affecting the nutritional value of 

forage crops. Data regarding crude protein  presented in table (4.25) showed that effect of 

different tillage practices was non-significant on crude protein percentage of mixed forage and 

on the other hand seed ratios showed significant effect on crude protein percentage of mixed 

forage but interactions between tillage practices and seed ratios was non-significant during 

both years of study 2013 and 2014. 

 Crude protein of mixed forage was not affected by different tillage practices in 

maize-cowpea intercropping. The impact of seed ratios of different maize-cowpea 

intercropping on crude protein of mixed forage was significant during both the years. During 

the year 2013 maximum crude protein of mixed forage (19.05 %) was recorded in sole cowpea 

which was significantly differ from all other treatments. Minimum crude protein (7.8 %) was 

found in sole maize treatment, and the same trend was observed in next year experimentation. 

 The results are in confirmation of the findings of Rezende and Ramalho (2000) 

recorded more protein in maize-soybean intercropping treatments than their sole crops. Ahmad 

(2006) found higher CP content of sorghum-legumes than their sole crops. 

4.2.1.19 Crude fiber percentage of mixed forage  

Crude fiber percentage is another parameter influences the quality of forage. Crude fiber 

contents are lower at early stages and gradually increases with the age of the plant. More the 

crude fiber percentage in the feeding material the lower will be its quality. Data regarding 

crude fiber presented in table (4.25) showed that effect of different tillage practices was non-

significant on crude protein percentage of mixed forage and on the other hand seed ratios 

showed significant effect on crude fiber percentage of mixed forage but interactions between 

tillage practices and seed ratios was non-significant during both years of study 2013 and 2014. 
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 Crude fiber of mixed forage was not affected by different tillage practices in maize-

cowpea intercropping. The impact of seed ratios of different maize-cowpea intercropping on 

crude fiber of mixed forage was significant during both the years. During the year 2013 

maximum crude fiber (34.22 %) was recorded in sole maize which was at par with 

Maize+cowpea (80%+20%) treatments. Minimum crude fiber (26.14 %) was found in sole 

cowpea treatment, and the same trend was observed in next year experimentation. 

 Crude fiber percentage of forage is increased with decreased the seed ratio of cowpea 

in mixture. These results are quite in line with those of Ibrahim et al. (2006) who found higher 

crude fiber percentage in sole maize than all other maize-cowpea mixtures. 

4.2.1.20 Ash Percentage of mixed forage  

Ash percentage of mixed forage is one of the important quality parameter. Data pertaining to 

the ash contents are represented in table (4.2.8) which showed that the effects of different 

tillage systems was non-significant on the ash percentage but  seed ratios showed significant 

effect on ash percentage of forage. The interaction of both tillage and seed ratios on ash 

percentage of forage was non-significant during both years 2013 and 2014. 

Total ash percentage of forage was not affected by different tillage practices in maize-cowpea 

intercropping. The impact of seed ratios of different maize-cowpea intercropping on ash 

contents of mixed forage was significant during both the years. During the year 2013 maximum 

ash contents (11.05 %) was recorded in sole cowpea which was significantly differ from all 

other treatments. Minimum ash contents (7.28 %) was found in sole maize treatment, and the 

same trend was observed in next year experimentation. 

 Increase in ash contents with increased legume seed rate in mixture has also been 

reported by Ayub et al. (2004). 
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Table 4.25: Effect of tillage practices and seed ratios on crude protein, crude fiber and 

total ash of mixed forage in maize-cowpea intercropping 

 

Treatments 

Crude protein (%) Crude fiber (%) Total ash (%) 

2013 2014 2013 2014 2013 2014 

A. Tillage Practices (TP)  

T1 11.64 11.76 31.04 32.42 9.31 9.41 

T2 11.53 11.67 31.25 32.85 9.20 9.34 

HSD NS NS NS NS NS NS 

B. Seed ratios (SR) 

S1 7.8 e 7.94 e 34.22 a 35.03 a 7.28 d 7.36 d 

S2 19.05 a 19.21 a 26.14 d 27.70 c 11.05 a 11.21 a 

S3 11.47 b 11.58 b 30.33 c 32.37 b 9.87 b 10.00 b 

S4 10.40 c 10.50 c 31.77 b 33.21 ab 9.30 c 9.45 bc 

S5 9.21 d 9.34 d 33.25 a 34.87 a 8.77 c 8.86 c 

HSD 0.51 0.50 1.40 2.0 0.55 0.61 

C. Interaction (A× B) NS NS NS NS NS NS 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole maize, S2 = Sole cowpea S3 = Maize+cowpea (60%+40%),  

S4 =Maize+cowpea (70%+30%), S5 = Maize+cowpea (80%+20%) 
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Table 4.26: Interaction of tillage practices and seed ratios in maize-cowpea 

intercropping 

 

Treatments 

No. of leaves per 

plant 

2014 

Fresh forage yield (t ha-1) 

cowpea 

Dry matter yield (t ha-1) 

cowpea 

2013 2014 2013 2014 

T1S1 12.60 d -------- ------- ------ ------- 

T1S2 -------- 16.40 b 17.88 b 3.26 b 3.55 b 

T1S3 14.35 a-c 7.36 cd 8.03 cd 1.44 cd 1.56 cd 

T1S4 14.22 bc 5.24 de 5.70 ef 1.01 d-f 1.11 de 

T1S5 14.00 c 2.95 e 3.21 g 0.57 f 0.62 e 

T2S1 13.90 c --------- --------- ------ ------ 

T2S2 --------- 20.61 a 22.46 a 4.22 a 4.61 a 

T2S3 14.90 a 9.36 c 10.19 c 1.83 c 1.99 c 

T2S4 14.70 ab 6.83 d 7.43 d 1.33 c-e 1.45 cd 

T2S5 14.40 a-c 3.83 e 4.17 fg 0.74 ef 0.81 e 

HSD 0.58 2.35 1.85 0.60 0.61 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole maize, S2 = Sole cowpea S3 = Maize+cowpea (60%+40%),  

S4 =Maize+cowpea (70%+30%), S5 = Maize+cowpea (80%+20%) 
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4.2.1.21 Land equivalent ratio (LER) 

The land equivalent ratio is the relative area of sole crop required to produce the yield achieved 

in intercropping. If LER is equal to one, its mean that there is no yield advantage but when 

LER is more than one there is yield advantage. Data regarding LER of different maize-cowpea 

intercropping   are presented in table (4.27) which indicated that LER values were greater than 

one in all intercropping treatment and yield advantage over sole cropping was between 5 to 

17%. Maximum LER (1.14, 1.17) was found in T2S4 during both years 2013 and 2014. 

Minimum LER (1.05, 1.06) was found in T1S5 during both years of study 
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Table 4.27: land equivalent ratio (LER)   

Treatments 2013 2014 

 Maize Cowpea Mixed Maize Cowpea Mixed 

T1S1 1 - 1 1 0 1 

T1S2 - 1 1 0 1 1 

T1S3 0.67 0.44 1.11 0.68 0.45 1.13 

T1S4 0.80 0.31 1.11 0.81 0.32 1.13 

T1S5 0.87 0.18 1.05 0.88 0.18 1.06 

T2S1 1 0 1 1 0 1 

T2S2 0 1 1 0 1 1 

T2S3 0.68 0.45 1.13 0.69 0.45 1.14 

T2S4 0.81 0.33 1.14 0.84 0.33 1.17 

T2S5 0.90 0.18 1.08 0.9 0.19 1.09 

 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole maize, S2 = Sole cowpea S3 = Maize+cowpea (60%+40%),  

S4 =Maize+cowpea (70%+30%), S5 = Maize+cowpea (80%+20%) 
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4.2.2 Maize-cowpea intercropped silage 

4.2.2.1 Chemical composition of silage  

Moisture level of crop can greatly effect the silage fermentation. If moisture level is not 

appropriate that will deteriorate the silage quality. 60-70% moisture level is best for good 

quality silage. If moisture level is more than 70% the clostridial fermentation takes place.  

Crude protein is an important determinant of silage. Crude protein is an important determinant 

of silage. Crude protein increase the quality of silage and digestibility of silage. It has inverse 

relationship with fiber contents. Results regarding dry matter of maize-cowpea intercropped 

silage presented in table (4.28) showed that maximum dry matter (36.07 %, 37.58 %) was 

found T2S1 during both years of study 2013 and 2014, which was at par with T1S1. Minimum 

dry matter (26.05 %, 27.92 %) was observed in T1S2 during both years of study. Maximum 

crude protein (15.53 %, 15.63 %) was found T1S2 during both years of study 2013 and 2014, 

which was at par with T2S2. Minimum crude protein (10.30 %, 10.40 %) was observed in T2S1 

during both years of study. 

Fiber contents has inverse relationship with the digestibility of silage, with increase in fiber 

content of the quality of silage decreased  and digestibility become poor in rumen of animals. 

Results about Neutral detergent fiber (NDF) acids detergent fiber (ADF) of maize-cowpea 

intercropped silage presented in table (4.29). Results showed that maximum Neutral detergent 

fiber (65.93 %, 71.50 %) was found T2S1 during both years of study 2013 and 2014, which was 

at par with T1S1. Minimum Neutral detergent fiber (51.16 %, 53.40 %) was observed in T1S2 

during both years of study. Maximum acid detergent fiber (36.00 %, 37.78 %) was found T2S1 

during both years of study 2013 and 2014, which was at par with T1S1. Minimum acid detergent 

fiber (31.00 %, 33.78 %) was observed in T1S2 during both years of study. 

Results of hemicellulose and cellulose of maize-cowpea intercropped silage presented in table 

(4.30), showed that maximum hemicellulose (29.93 %, 29.71 %) was found in T2S1 during 

both years of study 2013 and 2014, which was at par with T1S1. Minimum hemicellulose (20.16 

%, 19.94 %) was observed in T1S2 during both years of study. Maximum cellulose (25.05 %, 

25.52 %) was found in T2S1 during both years of study 2013 and 2014, which was followed by 

T1S1. Minimum cellulose (20.04 %, 21.03 %) was observed in T1S2 during both years of study. 
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The findings of Murphy et al. (1984) were in consistence to our study who reported that CP 

concentration was greater in intercropped silage. Similarly, Putman et al. (1985) reported that 

CP content increased by cereal-legume silage. Dawo et al. (2007) also observed greater 

concentration of CP in intercropped silage. They reported that this increase in CP concentration 

were due to the nitrogen fixing properties of legumes. Ngongoni et al. (2008) reported that 

NDF concentration was higher for cereal based silage as compared to cereal-legume silage  

Contrary to our findings, Zhu et al. (2011) observed non-significant effect of intercropping on 

CP and NDF. Costa et al. (2012) also observed non-significant effect of intercropping on CP, 

NDF and ADF values. They reported that non-significant difference might be due to the low 

proportion of legumes in combination with cereals. 

4.2.2.2 Fermentation characteristics of silage 

  In silage pH play important role. If pH is high then undesirable micro-organism 

develops that produce the butyric acid, acetic acid and deteriorate the quality of silage, at low 

pH lactic acid bacteria dominate over all bacteria that is required for good quality of silage. 

Data regarding fermentation characteristics of maize-cowpea intercropped silage presented in 

table (4.31). Results showed that maximum pH (5.59, 5.71) was found T1S2 during both years 

of study 2013 and 2014, which was at par with T2S2. Minimum pH (4.35, 4.47) was observed 

in T2S1 during both years of study. Maximum lactic acid (793 ppm, 786 ppm) was found T2S1 

during both years of study 2013 and 2014, which was at par with T1S1. Minimum lactic acid 

(318ppm, 306ppm) was observed in T1S2 during both years of study. 

 Increasing trend of pH with increasing the level of legumes in our study was supported by 

Lima et al. (2011)  who reported that cereal based silages have lower values of pH as compared 

to cereal-legume based silages. Mugweni et al. (1999) reported low values of pH for corn 

silage was due to higher concentration of NDF that provides the soluble sugar for lactic acid 

production during ensiling. Legumes contained low level of water-soluble carbohydrates that 

resulted in hetro fermentative pathway that increased their buffering capacity (Rooke et al., 

1990; MacDonald et al., 1991; Weissbach, 1996).  

Contrary to these findings, Anil et al. (2000) observed higher concentration of lactic acid in 

intercropped maize-sunflower silage as compared to maize alone silage and observed no effect 
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on pH. Similarly, Salawu et al. (2001) observed non-significant effect on pH between 

monocropped and intercropped silages. Evangelista et al. (2005) also reported non-significant 

effect of intercropping on silage pH. Similar results were observed by Rondahl (2007). Azim 

et al. (2000) observed higher values of pH in maize treated with 2.5% urea silage that might 

be attributed to urea that maintained a higher pH (Martin, 1980). 
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Table 4.28:  Dry matter and crude protein of maize-cowpea intercropped silage 

Treatments 

 

Dry matter (%) Crude protein (%) 

2013 2014 2013 2014 

T1S1 35.11 ab 36.92 a 10.48 e 10.56 e 

T1S2 26.05 e 27.92 d 15.53  a 15.63 a 

T1S3 27.93 de 29.81 cd 14.27 bc 14.39 bc 

T1S4 31.08 cd 32.71 bc 12.53 d 12.70 d 

T2S1 36.07 a 37.58 a 10.30 e 10.40 e 

T2S2 26.50 e 27.81 d 15.21 ab  15.36 ab 

T2S3 27.94 de 28.83 cd 13.91 c 14.00 c 

T2S4 32.01 bc 34.44 ab 12.38 d 12.55 d 

HSD  3.49 3.90 1.08 1.10 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage,  

T2 = Deep Tillage 

S1 = Sole maize,  

S2 = Maize+cowpea (60%+40%),  

S3 =Maize+cowpea (70%+30%),  

S4 = Maize+cowpea (80%+20%) 
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Table 4.29:  Neutral detergent fiber (NDF) and Acid detergent fiber (ADF) of maize-

cowpea intercropped silage 

Treatments 

 

Neutral detergent fiber (%) Acid detergent fiber (%) 

2013 2014 2013 2014 

T1S1 62.93 ab 67.46 ab 34.96 ab 36.98 ab 

T1S2 51.16 f 53.40 d 31.00 d 33.08 c 

T1S3 55.18 de 59.51 b-d 32.48 b-d 34.58 bc 

T1S4 58.16 cd 65.16 a-c 32.96 b-d 34.81 a-c 

T2S1 65.93 a 71.50 a 36.00 a 37.78 a 

T2S2 53.06 ef 56.93 cd 32.00 d 33.53 c 

T2S3 56.03 de 61.36 b-d 33.50 bc 34.61 bc 

T2S4 60.16 bc 67.53 ab 34.50 ab 37.14 ab 

HSD 3.32 3.85 2.49 3.16 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage,  

T2 = Deep Tillage 

S1 = Sole maize,  

S2 = Maize+cowpea (60%+40%),  

S3 =Maize+cowpea (70%+30%),  

S4 = Maize+cowpea (80%+20%) 
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Table 4.30:  Hemicellulose and Cellulose of maize-cowpea intercropped silage 

TREATMENTS 

 

Hemicellulose (%) Cellulose (%) 

2013 2014 2013 2014 

T1S1 27.96 ab 27.74 ab 24.03 ab 24.51 ab 

T1S2 20.16 d 19.94 d 20.04 d 21.03 d 

T1S3 22.70 cd 22.48 cd 21.98 cd 22.48 cd 

T1S4 25.20 bc 24.98 bc 23.51 a-c 24.01 a-c 

T2S1 29.93 a 29.71 a 25.05  a 25.52 a 

T2S2 21.06 d 20.84 d 22.48 bc 22.98 bc 

T2S3 22.53 cd 22.31 cd 23.02 a-c 23.55 bc 

T2S4 25.66 bc 25.44 bc 23.53 a-c 24.01 a-c 

HSD 3.65 3.65 2.03 1.85 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance 

T1 = Minimum Tillage,  

T2 = Deep Tillage 

S1 = Sole maize,  

S2 = Maize+cowpea (60%+40%),  

S3 =Maize+cowpea (70%+30%),  

S4 = Maize+cowpea (80%+20%) 
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Table 4.31:  pH and Lactic acid of maize-cowpea intercropped silage 

Treatments 

 

                   PH Lactic acid (ppm) 

2013 2014 2013 2014 

T1S1 4.39 d 4.50 d 778 a 766 a 

T1S2 5.59 a 5.71 a 318 c 306 c 

T1S3 5.25 b 5.35 b 348 c 339 c 

T1S4 4.85 c 4.99 b 391 b 379 b 

T2S1 4.35 d 4.47 d 793 a 786 a 

T2S2 5.52 a 5.63 a 326 c 316 c 

T2S3 5.21 b 5.34 b 343 c 331 c 

T2S4 4.76 c  4.90 c 401 b 396 b 

HSD 0.22 0.26 32.30 33.39 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from 

each other at 5% level of significance. 

T1 = Minimum Tillage,  

T2 = Deep Tillage 

S1 = Sole maize,  

S2 = Maize+cowpea (60%+40%),  

S3 =Maize+cowpea (70%+30%),  

S4 = Maize+cowpea (80%+20%) 
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4.2.3 In situ digestion kinetics  

4.2.3.1 Dry matter digestion kinetics 

  Maize-cowpea intercropping at different seed ratios significantly affected the dry 

matter digestion kinetics of silage. Data regarding dry matter digestion kinetics of maize-

cowpea silage presented in table (4.32). Lag time was decreased with increased the 

concentration of cowpea in mixture, maximum dry matter Lag time (3.85 h, 3.55 h) was 

observed T2S1 during both years of study 2013 and 2014, which was at par with T1S1. Minimum 

dry matter lag time (3.10 h, 2.84 h) was observed in T1S2 during both years of study.  

In contrast dry matter digestion rate (%/h), degradability percentage at 48 hours incubation and 

extent of digestion at 96 hours incubation period was increased with increased the 

concentration of cowpea in mixture. Maximum dry matter digestion rate (4.32 %/h, 4.10 %/h) 

was observed T1S2 during both years of study 2013 and 2014, which was at par with T2S2. 

Minimum dry matter digestion rate (3.71 %/h, 3.45 %/h) was observed in T2S1 during both 

years of study. About dry matter degradability, maximum dry matter degradability (67.20 %, 

63.50 %) was observed T1S2 during both years of study 2013 and 2014, which was at par with 

T2S2. Minimum dry matter degradability (47.00 %, 45.00 %) was observed in T2S1 during both 

years of study. Regarding dry matter extent of digestion, maximum dry matter extent of 

digestion (74.00 %, 70.00 %) was observed T1S2 during both years of study 2013 and 2014, 

which was at par with T2S2. Minimum dry matter extent of digestion (56.00 %, 52.50 %) was 

observed in T2S1 during both years of study. 

Similar findings were observed by Azim et al. (2000) who reported that DM degradability was 

greater for 70:30 maize cowpea silage as compared to monocropped silage because cowpea 

have higher digestibility than non-leguminous fodders like maize, millet and sorghum (Smith 

et al., 1975). In contrast to present study, Salawu et al. (2001) observed non-significant effect 

of intercropping on DM degradability. Similarly, Swift (2003) reported that DM degradability 

was not affected by intercropping. 
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Table 4.32:  Dry matter (DM) digestion kinetics of cereals-legume intercropped silage 

Treatments Lag time (h)  Digestion rate (%/h) Degradability (%) Extent of digestion (%) 

2013 2014 2013 2014 2013 2014 2013 2014 

T1S1 3.75 a 3.48 ab 3.85 ab 3.60 bc 51.00 de 48.00 d 59.00 c 56.00 de 

T1S2 3.10 bc 2.84 c 4.32 a 4.10 a 67.20 a 63.50 a 74.00 a 70.00 a 

T1S3 3.28 bc 2.99 bc 4.08 ab 3.95 ab 62. 00 a-c 59.00 ab 71.70 a 68.40 ab 

T1S4 3.45 a-c 3.15 a-c 4.18 ab 3.86 a-c 55.60 b-e 52.00 b-d 62.00 bc 59.00 b-e 

T2S1 3.85 a 3.55 a 3.71 b 3.45 c 47.00 e 45.00 d 56.00 c 52.50 e 

T2S2 3.22 bc 2.91 c 4.29 a 4.02 ab 63.60 a-c 60.00 a 71.50 a 68.00 a-c 

T2S3 3.42 a-c 3.17 a-c 4.06 ab 3.81 a-c 59.80 a-d 57.20 a-c 68.40 ab 65.00 a-d 

T2S4 3.60 ab 3.28 a-c 3.96 ab 3.68 a-c 53.40 c-e 50.00 cd 61.70 bc 58.50 c-e 

HSD 0.44 0.52 0.48 0.43 9.75 7.64 7.69 9.88 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole maize, S2 = Maize+cowpea (60%+40%),  

S3 =Maize+cowpea (70%+30%), S4 = Maize+cowpea (80%+20%) 
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4.2.3.2 Neutral detergent fiber (NDF) digestion kinetics 

 Maize-cowpea intercropping at different seed ratios significantly affected the neutral detergent 

fiber (NDF) digestion kinetics of silage. Data regarding neutral detergent fiber (NDF) digestion 

kinetics of maize-cowpea intercropped silage presented in table (4.33). Lag time was decreased 

with increased the concentration of cowpea in mixture, maximum neutral detergent fiber Lag time 

(3.98 h, 3.75 h) was observed T2S1 during both years of study 2013 and 2014, which was at par 

with T1S1. Minimum neutral detergent fiber lag time (3.22 h, 3.02 h) was observed in T1S2 during 

both years of study.  

In contrast dry matter digestion rate (%/h), degradability percentage at 48 hours incubation and 

extent of digestion at 96 hours incubation period was increased with increased the concentration 

of sesbania in mixture. Maximum neutral detergent fiber digestion rate (4.15 %/h, 3.92 %/h) was 

observed T1S2 during both years of study 2013 and 2014, which was at par with T2S2. Minimum 

neutral detergent fiber digestion rate (3.60 %/h, 3.36 %/h) was observed in T2S1 during both years 

of study. About neutral detergent fiber degradability, maximum neutral detergent fiber 

degradability (56.50 %, 53.00 %) was observed T1S2 during both years of study 2013 and 2014, 

which was at par with T2S2. Minimum neutral detergent fiber degradability (36.50 %, 35.50 %) 

was observed in T2S1 during both years of study. Regarding neutral detergent fiber extent of 

digestion, maximum neutral detergent fiber extent of digestion (62.00 %, 58.00 %) was observed 

T1S2 during both years of study 2013 and 2014, which was at par with T2S2. Minimum neutral 

detergent fiber extent of digestion (45.50 %, 43.40 %) was observed in T2S1 during both years of 

study. 

Similarly, Pirmohammadi et al. (2006) reported that NDF degradability was better in buffalo bulls 

that are given intercropped silage as compared to maize alone silage.  

In contrast to this, Valdez et al. (1988) observed higher NDF degradability for monocropped corn 

silage as compared to intercropped silage. Oliveira et al. (2011) reported lower NDF degradability 

in cereal-legume silage. Low NDF degradability in legumes attributed to high ether content of 

legumes that interferes with rumen fermentation (Palmquist and Jenkins, 1980). 
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Table 4.33:  Neutral detergent fiber (NDF) digestion kinetics of maize-cowpea intercropped silage 

Treatments Lag time (h)  Digestion rate (%/h) Degradability (%) Extent of digestion (%) 

2013 2014 2013 2014 2013 2014 2013 2014 

T1S1 3.90 a 3.70a 3.65 c 3.41 b 39.50 de 37.00 d 49.00 bc 46.60 c 

T1S2 3.22 b 3.02 b 4.15 a 3.92 a 56.50 a 53.00 a 62.00 a 58.00 a 

T1S3 3.40 b 3.18 b 3.95 a-c 3.70 ab 49.00 a-c 47.00 a-c 55.00 a-c 51.80 a-c 

T1S4 3.52 ab 3.34 ab 3.77 bc 3.54 ab 45.00 cd 42.50 b-d 52.20 a-c 49.00 bc 

T2S1 3.98 a 3.75 a 3.60 c 3.36 b 36.50 e 35.50 d 45.50 c 43.40 c 

T2S2 3.31 b 3.07 b 4.08 ab 3.85 ab 53.00 ab 50.20 ab 59.00 ab 57.00 ab 

T2S3 3.53 ab 3.28 ab 3.80 a-c 3.55 ab 46.00 b-d 43.60 b-d 52.50 a-c 50.50 a-c 

T2S4 3.68 ab 3.45 ab 3.75 bc 3.44 ab 43.50 c-e 40.00 cd 50.50 bc 47.60 c 

HSD 0.47 0.50 0.36 0.49 7.56 8.26 10.01 8.56 

Any of the two treatment mean which do not share the same letter are statistically dissimilar from each other at 5% level of significance 

T1 = Minimum Tillage, T2 = Deep Tillage 

S1 = Sole maize, S2 = Maize+cowpea (60%+40%),  

S3 =Maize+cowpea (70%+30%), S4 = Maize+cowpea (80%+20%)
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CHAPTER 5  

                                                                                          SUMMARY 

Livestock sector contribute a major share in agricultural GDP of Pakistan and provide 

major dietary needs to feed a massive population. Different approaches are used to combat the 

scarcity of animal feed and forage, however the forage supply is still insufficient to feed to huge 

population of livestock and is considering a major limiting factor for the prosperous livestock 

industry in the country. In Pakistan, there are two important fodder scarcity periods, one is during 

winter months (November to January) and other is during summer months (May to July) and in 

rest of the year fodder availability is fairly regular and abundant. This abundant fodder if not 

properly managed is the wastage of fodder resource. Manipulating this surplus fodder can bridge 

the gap between supply and demand. Silage making is one of the important techniques in this 

regard.  

Keeping in view the significance of this dilemma, the present research was executed with 

objectives viz., 1)To explore the feasibility and productive potential of sole cropping of cereals 

and cereal-legumes mixed cropping, 2)To assess the influence of different row and seed ratios on 

forage yield and quality of cereals and associated legumes under different tillage practices, 3) To 

develop economically viable, productive and sustainable cereal-legume silages suitable for general 

adoption by small dairy farms of country. 

The present study comprised of two experiments each experiment consist of three parts 

Field trial, Laboratory scale silage and In situ digestion kinetics trial. Field trials were conducted 

during spring season 2013 and 2014 at Agronomic Research Area, University of Agriculture 

Faisalabad, Pakistan. The tillage practices and row ratios in first experiment was  minimum tillage; 

one ploughing with cultivator followed by planking; deep tillage; one ploughing with chisel plough 

+ one ploughing with cultivator followed by planking; and row ratios sole sorghum,  sole millet, 

sole sesbania, sorghum + sesbania(1:1), sorghum + sesbania(1:2), sorghum + sesbania(2:1), millet 

+ sesbania(1:1), millet + sesbania(1:2), millet + sesbania(2:1). The tillage practices and seed ratios 

for second experiment were include minimum tillage; one ploughing with cultivator followed by 

planking; deep tillage; one ploughing with chisel plough + one ploughing with cultivator followed 

by planking; and seed ratios sole maize, sole cowpea, maize + cowpea (60% + 40%), maize + 
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cowpea (70% + 30%), maize + cowpea (80% + 20%). Field trials were laid out fallowing 

randomized complete block design with split plot arrangement with three replications. 

Treatments from field trial were selected to make laboratory scale silage. Fodders were 

chopped into 3 to 4 cm length and thoroughly filled in plastic jars with two replicate each according 

to their treatment. These jars were air tight and ensiled for 40 days at room temperature. After 40 

days of ensiling these jars were opened and samples of silages were taken for the determination of 

observations.  In situ digestion kinetics trial was conducted at Raja Muhammad Akram Animal 

Nutrition Research Center, University of Agriculture, Faisalabad. Four ruminally cannulated 

buffalo bulls were used to determine the in situ DM and NDF digestion kinetics of intercropped 

silages.  

Data on all required parameter of cereal-legume forage and their silages were recorded by 

using standard procedures. 

Experiment 1: Effect of different cereal-legume forage intercropping systems on biomass 

production and characteristics of silage under different tillage practices 

• Tillage practices have significant effect on forage growth and yield but non-significant 

effect on forage quality. Results reveled that deep tillage operation significantly increased 

the emergence count, plant height, number of leaves per plant fresh and dry weight per 

plant, fresh forage yield and dry matter yield while it has non-significant effect on the 

quality of cereals-sesbania mixed forage.  

• Cereals-sesbania intercropping in different row ratios has showed significant effect on 

forage growth, yield and quality. Maximum emergence count, plant height, number of 

leaves per plant, fresh and dry weight per plant of cereals were recorded in sole cereals but 

minimum were recorded in  sorghum + sesbania(1:2) and millet + sesbania(1:2) ratios. 

• Highest cereals fresh forage and dry matter yield was recorded in sole cereals and lowest 

was observed in millet + sesbania (1:2) ratios. 

• Forage quality (crude protein percentage and ash percentage) of cereals was improved by 

sowing in association with sesbania at different row ratios. Crude fiber of cereal forages 

were reduced by increasing the row ratio of sesbania in mixture. 
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• The maximum total fresh forage and dry matter yield was recorded in sole sorghum and 

minimum was recorded in sole sesbania. Regarding quality sesbania sown alone and in 

mixture with cereals at different row ratios gave higher crude protein percentage and total 

ash percentage than cereals sown alone.  

• Land equivalent ratios (LER) of most of intercropping treatments have more than one that 

yield advantage of intercropping over sole cropping. Highest Land equivalent ratio (LER) 

was recorded in sorghum + sesbania (1:1) row ratio. 

• Silage quality have increased with increased in concentration of legumes crop in forage 

mixture as compared to sole cereal crop silage. Maximum crude protein percentage was 

recorded in sorghum sesbania + sesbania (1:1) and minimum was recorded in sole millet 

silage.  

• Dry matter (DM) and neutral detergent fiber (NDF) digestion kinetics of silage have 

significantly affected by the concentration of sesbania in cereal-legume silage.  Digestion 

rate per hour, degradability percentage and extent of digestion were increased with 

increased the concentration of sesbania in silage but lag time per hours was decreased. 

Highest digestion rate per hour, degradability percentage and extent of digestion were 

recorded in sesbania + sesbania (1:1) silage and minimum was recorded in sole millet 

silage.  

Experiment 2:  Influence of maize and cowpea mixed sowing on forage production 

and characteristics of silage under various tillage practices 

• Tillage practices showed significant effect on forage growth and yield but non-significant 

effect on forage quality. Results reveled that deep tillage operation significantly increased 

the emergence count, plant height, number of leaves per plant fresh and dry weight per 

plant, fresh forage yield and dry matter yield while it has non-significant effect on the 

quality of maize-cowpea mixed forage.  

• Miaze-cowpea intercropping in different seed ratios has showed significant effect on forage 

growth, yield and quality. Maximum plant height, number of leaves per plant, fresh and 

dry weight per plant of maize were recorded in maize + cowpea (60% + 40%), but 
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minimum were recorded in sole maize. In contrast maximum emergence count of maize 

was recorded in sole maize. 

• Highest maize fresh forage and dry matter yield was recorded in sole maize and lowest was 

observed in maize + cowpea (60% + 40%) seed ratios. 

• Forage quality (crude protein percentage and ash percentage) of maize was improved by 

sowing in association with cowpea at different seed ratios. Crude fiber of maize forages 

was reduced by increasing the seed ratio of cowpea in mixture. 

• The maximum total fresh forage and dry matter yield was recorded in sole maize and 

minimum was recorded in sole cowpea. Regarding quality cowpea sown alone and in 

mixture with maize at different seed ratios gave higher crude protein percentage and total 

ash percentage than maize sown alone.  

• Land equivalent ratios (LER) of all intercropping treatments have more than one that yield 

advantage of intercropping over sole cropping. Highest Land equivalent ratio (LER) was 

recorded in maize + cowpea (70% + 30%) seed ratio. 

• Silage quality have increased with increased in concentration of cowpea crop in forage 

mixture as compared to sole maize crop silage. Maximum crude protein percentage was 

recorded in maize + cowpea (60% + 40%) and minimum was recorded in sole maize silage.  

• Dry matter (DM) and neutral detergent fiber (NDF) digestion kinetics of silage have 

significantly affected by the concentration of cowpea in maize-cowpea silage.  Digestion 

rate per hour, degradability percentage and extent of digestion were increased with 

increased the concentration of cowpea in silage but lag time per hours was decreased. 

Highest digestion rate per hour, degradability percentage and extent of digestion were 

recorded in maize + cowpea (60% + 40%) silage and minimum was recorded in sole maize 

silage.  

Farmer Recommendations 

• Farmers with limited resources may grow cereals in mixture with legumes at 1:1 Row Ratio 

and 70:30 Seed Ratio to obtain safe and healthy fodder of good palatability and nutritious 

value.  
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Suggestions for Future Research 

 Future research should be conducted to explore the  feasibility and production potential of 

different cereal-legume mixtures under different ecological zones of country 

 Water scarcity is a major yield limiting factor. Therefore research should emphasize the  

compatibility of different cereal-legume mixture under water stress conditions 
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Appendices 

ANALYSIS OF VARIANCES TABLES FOR EXPERIMENT 1                                          

Analysis of Variance Table for Emergence count cereals 2013  

 

Source                DF        SS        MS        F        P 

replication            2      81.7     40.83 

tillage                1     538.5    538.48   229.07   0.0043 

Error 1                2       4.7      2.35 

Row ratio              7   21433.8   3061.98   544.38   0.0000 

tillage*row ratio      7      23.8      3.40     0.60   0.7469 

Error 2               28     157.5      5.62 

Total                 47   22240.0 

 

Analysis of Variance Table for Emergence count of cereals 2014   

 

Source                DF        SS        MS         F        P 

replication            2       1.7      0.87 

tillage                1     616.1    616.13   3086.57   0.0003 

Error 1                2       0.4      0.20 

Row ratio              7   24760.5   3537.21    418.45   0.0000 

tillage*row ratio      7      47.4      6.77      0.80   0.5930 

Error 2               28     236.7      8.45 

Total                 47   25662.8 

 

Analysis of Variance Table for Plant height of cereals 2013   

 

Source                DF        SS        MS         F        P 

replication            2    1197.9    598.94 

tillage                1    2436.7   2436.75    906.70   0.0011 

Error 1                2       5.4      2.69 

Row ratio              7   20484.0   2926.29   2010.70   0.0000 

tillage*row ratio      7     206.2     29.46     20.25   0.0000 

Error 2               28      40.7      1.46 

Total                 47   24371.0 

 

Analysis of Variance Table for Plant height of cereals 2014   

 

Source                DF        SS        MS       F        P 

replication            2       8.9      4.44 

tillage                1    3177.9   3177.86   39.30   0.0245 

Error 1                2     161.7     80.86 

Row ratio              7   28241.4   4034.48   77.23   0.0000 

tillage*row ratio      7     571.9     81.71    1.56   0.1873 

Error 2               28    1462.8     52.24 

Total                 47   33624.5 

 

Analysis of Variance Table for No. of leaves per plant of cereals 2013   

 

Source                DF        SS        MS         F        P 

replication            2   18.4234    9.2117 

tillage                1   17.6419   17.6419   8527.79   0.0001 

Error 1                2    0.0041    0.0021 

Row ratio              7    5.1500    0.7357     32.15   0.0000 

tillage*row ratio      7    0.4526    0.0647      2.83   0.0233 
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Error 2               28    0.6407    0.0229 

Total                 47   42.3127 

 

Analysis of Variance Table for No. of leaves per plant of cereals 2014   

 

Source                DF        SS        MS         F        P 

replication            2   10.7885    5.3943 

tillage                1   24.2821   24.2821   2198.72   0.0005 

Error 1                2    0.0221    0.0110 

Row ratio              7    8.6597    1.2371      5.86   0.0003 

tillage*row ratio      7    0.8119    0.1160      0.55   0.7895 

Error 2               28    5.9089    0.2110 

Total                 47   50.4732 

 

Analysis of Variance Table for Fresh weight per plant of cereals 2013  

 

Source                DF        SS        MS         F        P 

replication            2   1202.92    601.46 

tillage                1   3316.69   3316.69   1711.84   0.0006 

Error 1                2      3.88      1.94 

Row ratio              7   1823.81    260.54   1006.24   0.0000 

tillage*row ratio      7    101.81     14.54     56.17   0.0000 

Error 2               28      7.25      0.26 

Total                 47   6456.35 

 

Analysis of Variance Table for Fresh weight per plant of cereals 2014   

 

Source                DF        SS        MS        F        P 

replication            2   1348.40    674.20 

tillage                1   4480.31   4480.31   543.76   0.0018 

Error 1                2     16.48      8.24 

Row ratio              7   2025.34    289.33    68.62   0.0000 

tillage*row ratio      7    170.12     24.30     5.76   0.0003 

Error 2               28    118.06      4.22 

Total                 47   8158.71 

 

Analysis of Variance Table for Dry weight per plant of cereals 2013   

 

Source                DF        SS        MS        F        P 

replication            2   320.221   160.111 

tillage                1   227.331   227.331   492.19   0.0020 

Error 1                2     0.924     0.462 

Row ratio              7   108.210    15.459   133.80   0.0000 

tillage*row ratio      7     2.378     0.340     2.94   0.0194 

Error 2               28     3.235     0.116 

Total                 47   662.299 

 

Analysis of Variance Table for Dry weight per plant of cereals 2014   

 

Source                DF        SS        MS        F        P 

replication             2   256.451   128.226 

tillage                1   324.220   324.220   928.09   0.0011 

Error 1                2     0.699     0.349 

Row ratio              7   153.209    21.887    33.35   0.0000 

tillage*row ratio      7    18.425     2.632     4.01   0.0037 

Error 2               28    18.377     0.656 

Total                 47   771.381 
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Analysis of Variance Table for fresh forage yield of cereals 2013    

 

Source                DF        SS        MS         F        P 

replication            2    134.62    67.311 

tillage                1    343.31   343.310   2441.31   0.0004 

Error 1      2      0.28     0.141 

Row ratio              7   6051.97   864.568   1744.40   0.0000 

tillage*row ratio      7     43.02     6.145     12.40   0.0000 

Error 2               28     13.88     0.496 

Total                 47   6587.08 

 

Analysis of Variance Table for Fresh forage yield of cereals 2014   

 

Source                DF        SS        MS         F        P 

replication            2     18.74     9.369 

tillage                1    342.83   342.828   4875.35   0.0002 

Error 2                2      0.14     0.070 

Row ratio              7   6707.34   958.192    212.00   0.0000 

tillage*row ratio      7     68.79     9.827      2.17   0.0680 

Error 2               28    126.55     4.520 

Total                 47   7264.39 

 

Analysis of Variance Table for Dry matter yield of cereals 2103    

 

Source                DF        SS        MS         F        P 

replication            2    16.389    8.1944 

tillage                1    22.482   22.4817   1438.83   0.0007 

Error 1                2     0.031    0.0156 

Row ratio              7   329.744   47.1063   2536.49   0.0000 

tillage*row ratio      7     3.260    0.4657     25.07   0.0000 

Error 2               28     0.520    0.0186 

Total                 47   372.425 

 

Analysis of Variance Table for Dry matter yield of cereals 2014   

 

Source                DF        SS        MS        F        P 

replication            2    10.906    5.4528 

tillage                1    27.331   27.3310   545.78   0.0018 

Error 1                2     0.100    0.0501 

Row ratio              7   390.103   55.7290   497.16   0.0000 

tillage*row rati       7     4.615    0.6593     5.88   0.0003 

Error 2               28     3.139    0.1121 

Total                 47   436.194 

 

Analysis of Variance Table for Crude protein percentage of forage cereals 

2013   

 

Source                DF        SS        MS         F        P 

replication            2   24.5000   12.2500 

tillage                1    0.0744    0.0744      7.44   0.1122 

Error 1                2    0.0200    0.0100 

Row ratio              7   74.0154   10.5736   3700.77   0.0000 

tillage*row ratio      7    0.0253    0.0036      1.27   0.3021 

Error 2               28    0.0800    0.0029 

Total                 47   98.7151 
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Analysis of Variance Table for Crude protein percentage of forage cereals 

2014   

 

Source                DF        SS        MS        F        P 

replication             2   13.0759    6.5379 

tillage                1    0.0032    0.0032     0.13   0.7568 

Error 1                2    0.0504    0.0252 

Row ratio              7   84.5660   12.0809   406.45   0.0000 

tillage*row ratio      7    0.1201    0.0172     0.58   0.7683 

Error 2               28    0.8322    0.0297 

Total                 47   98.6478 

 

Analysis of Variance Table for Crude fiber percentage of forage cereals 2013  

 

Source                DF        SS        MS       F        P 

replication            2   142.677   71.3384 

tillage                1    31.299   31.2987    1.25   0.3795 

Error 1                2    49.997   24.9985 

Row ratio              7   113.428   16.2041   54.77   0.0000 

tillage*row ratio      7     3.035    0.4336    1.47   0.2199 

Error 2               28     8.284    0.2959 

Total                 47   348.721 

 

Analysis of Variance Table for Crude fiber percentage of forage cereals 2014   

 

Source                DF        SS        MS      F        P 

replication            2     7.782    3.8911 

tillage                1    39.078   39.0783   8.36   0.1017 

Error 1                2     9.346    4.6731 

Row ratio              7   167.780   23.9686   3.52   0.0078 

tillage*row ratio      7    12.550    1.7928   0.26   0.9631 

Error 2               28   190.626    6.8081 

Total                 47   427.162 

 

Analysis of Variance Table for Ash percentage of forage cereals 2013  

 

Source                DF        SS        MS        F        P 

replication            2    9.4904   4.74521 

tillage                1    1.2224   1.22241     0.98   0.4260 

Error 1                2    2.4879   1.24396 

Row ratio              7    8.2870   1.18385   126.68   0.0000 

tillage*row ratio      7    0.0836   0.01194     1.28   0.2968 

Error 2               28    0.2617   0.00935 

Total                 47   21.8330 

 

Analysis of Variance Table for Ash percentage of forage cereals 2014   

 

Source                DF        SS        MS       F        P 

replication            2   10.8613   5.43065 

tillage                1    0.6053   0.60525    0.71   0.4884 

Error 1                2    1.7068   0.85340 

Row ratio              7   10.3543   1.47919   30.12   0.0000 

tillage*row ratio      7    0.7263   0.10376    2.11   0.0753 

Error 2               28    1.3751   0.04911 

Total                 47   25.6290 

 

 



134 
 

 

Analysis of Variance Table for Fresh forage yield sesbania 2013  

 

Source                    DF        SS        MS         F        P 

replication               2     32.92    16.459 

tillage                   1     34.89    34.889    775.32   0.0013 

Error 1                   2      0.09     0.045 

Row ratio                 6   1053.33   175.555   1625.87   0.0000 

tillage*row ratio         6      2.57     0.428      3.97   0.0068 

Error 2                   24      2.59     0.108 

Total                     41   1126.39 

Analysis of Variance Table for Fresh forage yield of sesbania 2014   

 

Source                    DF        SS        MS        F        P 

replication                2      2.92     1.459 

tillage                    1     38.98    38.976   236.30   0.0042 

Error 1                    2      0.33     0.165 

Row ratio                  6   1295.04   215.840   118.77   0.0000 

tillage*row ratio          6      9.99     1.666     0.92   0.5002 

Error 2                   24     43.61     1.817 

Total                     41   1390.87 

 

Analysis of Variance Table for Dry matter yield of sesbania 2013   

 

Source                    DF        SS        MS        F        P 

replication                2     9.105    4.5524 

tillage                    1     3.013    3.0134   244.00   0.0041 

Error 1                    2     0.025    0.0123 

Row ratio                  6    91.032   15.1719   351.63   0.0000 

tillage*row ratio          6     0.245    0.0408     0.95   0.4817 

Error 2                   24     1.036    0.0431 

Total                     41   104.455 

 

Analysis of Variance Table for Dry matter yield of sesbania 2014   

 

Source                    DF        SS        MS        F        P 

Replication                2     0.501    0.2504 

tillage                    1     3.338    3.3378    13.39   0.0672 

Error 1                    2     0.498    0.2492 

Row ratio                  6   120.916   20.1526   120.69   0.0000 

tillage*row ratio          6     0.226    0.0377     0.23   0.9643 

Error 2                   24     4.007    0.1670 

Total                     41   129.486 

 

Analysis of Variance Table for Crude protein percentage of sesbania 2013  

 

Source                    DF        SS        MS       F        P 

replication                2    57.497   28.7487 

tillage                    1     7.671    7.6715   16.16   0.0567 

Error 1                    2     0.949    0.4747 

Row ratio                  6    22.762    3.7937    5.28   0.0014 

tillage*row ratio          6     6.800    1.1334    1.58   0.1970 

Error 2                   24    17.248    0.7187 

Total                     41   112.928 
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Analysis of Variance Table for Crude protein percentage of sesbania 2014   

 

Source                    DF        SS        MS       F        P 

replication                2   16.1544   8.07720 

tillage                    1    8.7133   8.71326   13.56   0.0665 

Error 1                    2    1.2852   0.64262 

Row ratio                  6   25.9948   4.33247    4.72   0.0026 

tillage*row ratio          6   17.3435   2.89058    3.15   0.0202 

Error 2                   24   22.0514   0.91881 

Total                     41   91.5426 

 

Analysis of Variance Table for Crude fiber percentage of forage sesbania 2013  

 

Source                    DF        SS        MS        F        P 

replication                2   120.026   60.0129 

tillage                    1     6.443    6.4429    50.56   0.0192 

Error 1                    2     0.255    0.1274 

Row ratio                  6    20.412    3.4019     9.05   0.0000 

tillage*row ratio          6     2.784    0.4640     1.23   0.3241 

Error 2                   24     9.024    0.3760 

Total                     41   158.943 

Analysis of Variance Table for crude fiber percentage of forage sesbania 2014   

 

Source                    DF        SS        MS       F        P 

replication                2    83.130   41.5652 

tillage                    1    29.518   29.5177   16.82   0.0546 

Error 1                    2     3.510    1.7549 

Row ratio                  6     7.189    1.1982    2.14   0.0856 

tillage*row ratio          6     0.547    0.0912    0.16   0.9842 

Error 2                   24    13.436    0.5598 

Total                     41   137.330 

 

Analysis of Variance Table for Ash percentage of forage sesbania 2013  

 

Source                    DF        SS        MS        F        P 

replication                 2   31.3086   15.6543 

tillage                    1    0.0168    0.0168     0.84   0.4561 

Error 1                    2    0.0400    0.0200 

Row ratio                  6    0.5412    0.0902     2.81   0.0326 

tillage*row ratio          6    0.0030    0.0005     0.02   1.0000 

Error 2                   24    0.7714    0.0321 

Total                     41   32.6810 

Analysis of Variance Table for Ash percentage of forage sesbania 2014   

 

Source                    DF        SS        MS        F        P 

replication                2    8.5636   4.28182 

tillage                    1    0.1360   0.13600     4.57   0.1659 

Error 1                    2    0.0595   0.02975 

Row ratio                  6    2.5701   0.42835     9.50   0.0000 

tillage*row ratio          6    0.0083   0.00138     0.03   0.9999 

Error 2                   24    1.0825   0.04510 

Total                     41   12.4200 
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Analysis of Variance Table for mixed Fresh forage yield 2013   

 

Source                   DF        SS        MS         F        P 

replication               2    254.77   127.385 

tillage                   1    514.30   514.300   3809.63   0.0003 

Error 1                   2      0.27     0.135 

Row ratio                 8   3093.14   386.642    615.55   0.0000 

tillage*row ratio         8     45.26     5.658      9.01   0.0000 

Error 2                  32     20.10     0.628 

Total                    53   3927.84 

 

Analysis of Variance Table for mixed fresh forage yield 2014   

 

Source                 DF        SS        MS         F        P 

replication             2      7.64     3.820 

tillage                 1    527.28   527.281   1459.57   0.0007 

Error 1                 2      0.72     0.361 

Row ratio               8   3454.65   431.831     71.07   0.0000 

tillage*row ratio       8     48.58     6.073      1.00   0.4555 

Error 2                32    194.44     6.076 

Total                  53   4233.32 

 

Analysis of Variance Table for mixed dry matter yield 2013   

 

Source                   DF        SS        MS         F        P 

replication               2    41.937   20.9687 

tillage                   1    36.015   36.0150   1066.41   0.0009 

Error 1                   2     0.068    0.0338 

Row ratio                 8   108.657   13.5821    151.12   0.0000 

tillage*row ratio         8     3.198    0.3997      4.45   0.0011 

Error 2                  32     2.876    0.0899 

Total                    53   192.750 

 

Analysis of Variance Table for mixed dry matter yield 2014   

 

Source                 DF        SS        MS        F        P 

replicati               2     9.027    4.5135 

tillage                 1    42.773   42.7734   168.91   0.0059 

Error 1                 2     0.506    0.2532 

Row ratio               8   118.117   14.7646    60.85   0.0000 

tillage*row ratio       8     5.439    0.6798     2.80   0.0179 

Error 2                32     7.765    0.2426 

Total                  53   183.627 

 

Analysis of Variance Table for mixed forage crude protein percentage 2013 

 

Source                   DF        SS        MS       F        P 

replication               2     5.846    2.9228 

tillage                   1     0.016    0.0160    0.04   0.8584 

Error 1                   2     0.783    0.3914 

Row ratio                 8   797.691   99.7114   64.90   0.0000 

tillage*row ratio         8     3.948    0.4935    0.32   0.9519 

Error 2                  32    49.162    1.5363 

Total                    53   857.446 
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Analysis of Variance Table for mixed forage crude protein percentage 2014   

 

Source                 DF        SS        MS        F        P 

replication             2    10.023    5.0113 

tillage                 1     0.008    0.0078     0.02   0.8901 

Error 1                 2     0.641    0.3203 

Row ratio               8   758.554   94.8192   173.05   0.0000 

tillage*row ratio        8     2.200    0.2750     0.50   0.8457 

Error 2                32    17.534    0.5479 

Total                  53   788.958 

 

Analysis of Variance Table for mixed forage crude fiber percentage 2013  

 

Source                   DF        SS        MS       F        P 

replication               2     7.088    3.5440 

tillage                   1     1.109    1.1094    0.97   0.4291 

Error 1                   2     2.295    1.1475 

Row ratio                 8   653.556   81.6945   15.58   0.0000 

tillage*row ratio          8    20.650    2.5813    0.49   0.8526 

Error 2                  32   167.827    5.2446 

Total                    53   852.526 

 

Analysis of Variance Table for mixed forage crude fiber percentage 2014    

 

Source                 DF        SS        MS       F        P 

replication             2    52.952   26.4760 

tillage                 1    11.426   11.4264    7.93   0.1063 

Error 1                 2     2.881    1.4406 

Row ratio               8   685.436   85.6795   28.74   0.0000 

tillage*row ratio        8    18.366    2.2957    0.77   0.6314 

Error 2                32    95.413    2.9817 

Total                  53   866.475 

 

Analysis of Variance Table for mixed forage Ash percentage 2013   

 

Source                   DF        SS        MS      F        P 

replication               2    6.6666   3.33328 

tillage                   1    0.1968   0.19681   0.57   0.5281 

Error 1                   2    0.6870   0.34352 

Row ratio                 8    8.9886   1.12358   4.42   0.0011 

tillage*row ratio         8    0.1133   0.01416   0.06   0.9999 

Error 2                  32    8.1289   0.25403 

Total                    53   24.7812 

 

Analysis of Variance Table for mixed forage Ash percentage 2014   

 

Source                 DF        SS        MS       F        P 

replication             2    1.1730   0.58650 

tillage                 1    0.2066   0.20659    2.47   0.2564 

Error 1                 2    0.1670   0.08350 

Row ratio               8   13.0441   1.63052   12.92   0.0000 

tillage*row ratio        8    0.3030   0.03788    0.30   0.9605 

Error 2                32    4.0373   0.12616 

Total                  53   18.93 
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ANALYSIS OF VARIANCES TABLES FOR EXPERIMENT 2 

     
Analysis of Variance Table for emergence count of maize 2013   

 

Source               DF        SS        MS       F        P 

Replication           2     0.398    0.1988 

tillage               1     9.614    9.6140   30.34   0.0314 

Error 1               2     0.634    0.3169 

Seed ratio            3   192.421   64.1404   58.08   0.0000 

tillage*seed ratio    3     0.550    0.1834    0.17   0.9172 

Error 2              12    13.252    1.1043 

Total                23   216.869 

 
Analysis of Variance Table for emergence count of maize 2014   

 

Source               DF        SS        MS        F        P 

replication           2     0.093    0.0467 

tillage               1    11.634   11.6343   184.20   0.0054 

Error 1               2     0.126    0.0632 

Seed ratio            3   225.090   75.0301    57.62   0.0000 

tillage*seed ratio    3     0.517    0.1722     0.13   0.9390 

Error 2              12    15.626    1.3021 

Total                23   253.087 

 
 Analysis of Variance Table for plant height of maize 2013  
 

Source               DF        SS        MS       F        P 

replication           2    948.74   474.369 

tillage               1    469.58   469.581   52.82   0.0184 

Error 1               2     17.78     8.890 

Seed ratio            3    898.96   299.654    8.41   0.0028 

tillage*seed ratio    3     14.08     4.692    0.13   0.9394 

Error 2              12    427.80    35.650 

Total                23   2776.94  

 

Analysis of Variance Table for plant height of maize 2014   

 

Source               DF        SS        MS       F        P 

replication           2   1328.00   663.999 

tillage               1    538.94   538.938   35.53   0.0270 

Error 1               2     30.34    15.170 

Seed ratio            3    915.24   305.080    5.93   0.0101 

tillage*seed ratio    3     18.70     6.232    0.12   0.9459 

Error 2              12    617.39    51.449 

Total                23   3448.61 

 

Analysis of Variance Table for no. of leaves per plant of maize 2013   

 

Source               DF        SS        MS        F        P 

replication           2    0.5969   0.29846 

tillage               1    1.9838   1.98375   313.02   0.0032 

Error 1               2    0.0127   0.00634 

Seed ratio            3    9.9124   3.30415    78.08   0.0000 

tillage*seed ratio    3    0.2464   0.08215     1.94   0.1768 

Error 2              12    0.5078   0.04232 
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Total                23   13.2601 

 

Analysis of Variance Table for no. of leaves per plant of maize 2014   

 

Source               DF        SS        MS        F        P 

replication           2    0.6652   0.33260 

tillage               1    2.7948   2.79484   477.75   0.0021 

Error 1               2    0.0117   0.00585 

Seed ratio            3    6.7990   2.26634    57.83   0.0000 

tillage*seed ratio    3    0.7795   0.25984     6.63   0.0068 

Error 2              12    0.4703   0.03919 

Total                23   11.5206 

 

Analysis of Variance Table for fresh weight per plant of maize 2013   

 

Source               DF        SS        MS        F        P 

replication           2     83.63    41.816 

tillage               1    961.65   961.654   230.23   0.0043 

Error 1               2      8.35     4.177 

Seed ratio            3   1552.66   517.555    20.04   0.0001 

tillage*seed ratio    3     60.00    20.001     0.77   0.5303 

Error 2              12    309.89    25.824 

Total                23   2976.19 

 

Analysis of Variance Table for Fresh weight per plant of maize 2014   

 

Source               DF        SS        MS        F        P 

replication           2    220.41    110.20 

tillage               1   1064.27   1064.27   153.69   0.0064 

Error 1               2     13.85      6.92 

Seed ratio            3   1779.70    593.23     8.60   0.0026 

tillage*seed ratio    3     83.01     27.67     0.40   0.7548 

Error 2              12    827.75     68.98 

Total                23   3988.98 

 

Analysis of Variance Table for dry weight per plant of maize 2013   

 

Source               DF        SS        MS        F        P 

replication           2    39.881   19.9406 

tillage               1    35.648   35.6484   220.61   0.0045 

Error 1               2     0.323    0.1616 

Seed ratio            3    88.004   29.3346    18.97   0.0001 

tillage*seed ratio    3     4.645    1.5482     1.00   0.4257 

Error 2              12    18.555    1.5462 

Total                23   187.056 

 

Analysis of Variance Table for Dry weight per plant of maize 2014   

 

Source               DF        SS        MS        F        P 

replication           2    43.271   21.6354 

tillage               1    42.693   42.6933   326.75   0.0030 

Error 1               2     0.261    0.1307 

Seed ratio            3    98.015   32.6716    18.76   0.0001 

tillage*seed ratio    3     7.350    2.4500     1.41   0.2888 

Error 2              12    20.900    1.7417 

Total                23   212.491 
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Analysis of Variance Table for fresh forage yield of maize 2013   

 

Source               DF        SS        MS        F        P 

replication           2    20.543    10.272 

tillage               1   302.673   302.673   182.69   0.0054 

Error 1               2     3.314     1.657 

Seed ratio            3   607.806   202.602    58.92   0.0000 

tillage*seed ratio    3     3.361     1.120     0.33   0.8068 

Error 2              12    41.260     3.438 

Total                23   978.956 

 

Analysis of Variance Table for Fresh forage yield of maize 2014   

 

Source               DF        SS        MS        F        P 

replication           2      0.56     0.279 

tillage               1    382.56   382.561   217.58   0.0046 

Error 1               2      3.52     1.758 

Seed ratio            3    716.47   238.825    59.83   0.0000 

tillage*seed ratio    3      3.96     1.319     0.33   0.8035 

Error 2              12     47.90     3.991 

Total                23   1154.97 

 

Analysis of Variance Table for dry matter yield of maize 2013   

 

Source               DF        SS        MS       F        P 

replication           2    0.1558    0.0779 

tillage               1   13.0980   13.0980   27.46   0.0345 

Error 1               2    0.9540    0.4770 

Seed ratio            3   25.3807    8.4602   58.68   0.0000 

tillage*seed ratio    3    0.1549    0.0516    0.36   0.7843 

Error 2              12    1.7302    0.1442 

Total                23   41.4737 

 

Analysis of Variance Table for Dry matter yield of maize 2014   

 

Source               DF        SS        MS       F        P 

replication           2    0.0170    0.0085 

tillage               1   15.4080   15.4080   88.23   0.0111 

Error 1               2    0.3493    0.1746 

Seed ratio            3   30.2566   10.0855   33.72   0.0000 

tillage*seed ratio    3    0.1972    0.0657    0.22   0.8808 

Error 2              12    3.5894    0.2991 

Total                23   49.8175 

 

Analysis of Variance Table for crude protein percentage of forage maize 2013   

 

Source               DF        SS        MS        F        P 

replication           2   0.06761   0.03380 

tillage               1   0.03227   0.03227     4.90   0.1572 

Error 1               2   0.01316   0.00658 

Seed ratio            3   4.82763   1.60921   164.53   0.0000 

tillage*seed ratio    3   0.00310   0.00103     0.11   0.9552 

Error 2              12   0.11737   0.00978 

Total                23   5.06113 
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Analysis of Variance Table for Crude protein percentage of forage maize 2014   

 

Source               DF        SS        MS       F        P 

replication           2   0.06122   0.03061 

tillage               1   0.03375   0.03375    1.53   0.3419 

Error 1               2   0.04418   0.02209 

Seed ratio            3   4.78155   1.59385   81.11   0.0000 

tillage*seed ratio    3   0.01935   0.00645    0.33   0.8051 

Error 2              12   0.23580   0.01965 

Total                23   5.17585 

 

Analysis of Variance Table for crude fiber percentage of forage maize 2013   

 

Source               DF        SS        MS       F        P 

replication           2    3.2504   1.62518 

tillage               1    0.2625   0.26250    4.86   0.1583 

Error 1               2    0.1080   0.05400 

Seed ratio            3    5.6357   1.87857    1.22   0.3443 

tillage*seed ratio    3    0.0069   0.00229    0.00   0.9999 

Error 2              12   18.4542   1.53785 

Total                23   27.7177 

 

Analysis of Variance Table for Crude fiber percentage of forage maize 2014   

 

Source               DF        SS        MS      F        P 

replication           2    3.4958   1.74789 

tillage               1    0.6834   0.68344   2.28   0.2700 

Error 2               2    0.5990   0.29951 

Seed ratio            3    4.6687   1.55624   1.16   0.3649 

tillage*seed ratio    3    0.4399   0.14664   0.11   0.9530 

Error 2              12   16.0864   1.34053 

Total                23   25.9733 

 

Analysis of Variance Table for Ash percentage of forage maize 2013   

 

Source               DF        SS        MS       F        P 

replication           2   0.04907   0.02454 

tillage               1   0.04770   0.04770   12.62   0.0709 

Error 1               2   0.00756   0.00378 

Seed ratio            3   2.54315   0.84772   55.72   0.0000 

tillage*seed ratio     3   0.00481   0.00160    0.11   0.9553 

Error 2              12   0.18257   0.01521 

Total                23   2.83486 

 

Analysis of Variance Table for Ash percentage of forage maize 2014   

 

Source               DF        SS        MS       F        P 

replication           2   0.07492   0.03746 

tillage               1   0.03840   0.03840    8.80   0.0973 

Error 1               2   0.00873   0.00436 

Seed ratio            3   2.47350   0.82450   47.53   0.0000 

tillage*seed ratio    3   0.00690   0.00230    0.13   0.9388 

Error 2              12   0.20815   0.01735 

Total                23   2.81060 
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Analysis of Variance Table for Fresh forage yield of cowpea 2013   

 

Source               DF        SS        MS        F        P 

replication           2     1.298     0.649 

tillage               1    28.253    28.253   127.65   0.0077 

Error 1               2     0.443     0.221 

Seed ratio            3   785.982   261.994   411.61   0.0000 

tillage*seed ratio    3     9.287     3.096     4.86   0.0194 

Error1               12     7.638     0.637 

Total                23   832.900 

 

Analysis of Variance Table for Fresh forage yield of cowpea 2014  

 

Source               DF        SS        MS        F        P 

replication           2     0.397     0.198 

tillage               1    33.347    33.347   122.84   0.0080 

Error 1               2     0.543     0.271 

Seed ratio            3   934.694   311.565   792.67   0.0000 

tillage*seed ratio    3    10.988     3.663     9.32   0.0019 

Error 2              12     4.717     0.393 

Total                23   984.685 

 

Analysis of Variance Table for Dry matter yield of cowpea 2013   

 

Source               DF        SS        MS        F        P 

replication           2    0.2548    0.1274 

tillage               1    1.2650    1.2650    71.45   0.0137 

Error 1               2    0.0354    0.0177 

Seed ratio            3   32.9892   10.9964   258.18   0.0000 

tillage*seed ratio    3    0.5386    0.1795     4.22   0.0298 

Error 2              12    0.5111    0.0426 

Total                23   35.5941 

 

Analysis of Variance Table for Dry matter yield of cowpea 2014   

 

Source               DF        SS        MS        F        P 

replication           2    0.2745    0.1373 

tillage               1    1.5302    1.5302    91.83   0.0107 

Error 1               2    0.0333    0.0167 

Seed ratio            3   39.2461   13.0820   305.69   0.0000 

tillage*seed ratio    3    0.6602    0.2201     5.14   0.0163 

Error 2              12    0.5136    0.0428 

Total                23   42.2579 

 

Analysis of Variance Table for Crude protein percentage of forage cowpea 2013   

 

Source               DF        SS        MS      F        P 

replication           2   0.52320   0.26160 

tillage               1   0.02802   0.02802   0.60   0.5181 

Error 1               2   0.09263   0.04632 

Seed ratio            3   1.50163   0.50054   7.71   0.0039 

tillage*seed ratio    3   0.00402   0.00134   0.02   0.9958 

Error 2              12   0.77890   0.06491 

Total                23   2.92840 
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Analysis of Variance Table for Crude protein percentage of forage cowpea 2014   

   

Source               DF        SS        MS       F        P 

replication           2   0.46510   0.23255 

tillage               1   0.05704   0.05704    1.40   0.3588 

Error 1               2   0.08170   0.04085 

Seed ratio            3   1.47881   0.49294   11.09   0.0009 

tillage*seed ratio    3   0.00491   0.00164    0.04   0.9900 

Error 2              12   0.53320   0.04443 

Total                23   2.62076 

 

Analysis of Variance Table for Crude fiber percentage of forage cowpea 2013   

 

Source               DF        SS        MS      F        P 

replication           2   0.99047   0.49524 

tillage               1   0.91260   0.91260   0.91   0.4409 

Error 1               2   2.00708   1.00354 

Seed ratio            3   1.80682   0.60227   2.26   0.1339 

tillage*seed ratio    3   0.06790   0.02263   0.08   0.9670 

Error 2              12   3.19998   0.26667 

Total                23   8.98485 

 

Analysis of Variance Table for Crude fiber percentage of forage cowpea 2014   

 

Source               DF        SS        MS      F        P 

replication           2    0.3800   0.18999 

tillage               1    1.0838   1.08375   1.97   0.2959 

Error 1               2    1.1021   0.55104 

Seed ratio            3    3.5049   1.16830   0.49   0.6953 

tillage*seed ratio    3    0.0482   0.01605   0.01   0.9992 

Error 2              12   28.5777   2.38148 

Total                23   34.6966 

 

Analysis of Variance Table for Ash percentage of forage cowpea 2013   

 

Source               DF        SS        MS      F        P 

replication           2   0.01743   0.00872 

tillage               1   0.04594   0.04594   8.43   0.1010 

Error 1               2   0.01090   0.00545 

Seed rat              3   0.31611   0.10537   5.39   0.0139 

tillage*seed ratio    3   0.00105   0.00035   0.02   0.9966 

Error 2              12   0.23447   0.01954 

Total                23   0.62590 

 

Analysis of Variance Table for Ash percentage of forage cowpea 2014   

 

Source               DF        SS        MS      F        P 

replication           2   0.05080   0.02540 

tillage               1   0.03604   0.03604   0.40   0.5924 

Error 1               2   0.18090   0.09045 

Seed ratio            3   0.32411   0.10804   4.05   0.0335 

tillage*seed ratio    3   0.01001   0.00334   0.13   0.9435 

Error 2              12   0.32030   0.02669 

Total                23   0.92216 
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Analysis of Variance Table for mixed Fresh forage yield 2013  

 

Source                DF        SS        MS        F        P 

Replication            2     20.98    10.489 

Tillage                1    369.25   369.252    64.28   0.0152 

Error 1                2     11.49     5.745 

Seed ratio             4   2650.28   662.571   139.32   0.0000 

Tillage*Seed ratio     4     19.28     4.820     1.01   0.4297 

Error 2               16     76.09     4.756 

Total                 29   3147.38 

 

Analysis of Variance Table for mixed Fresh forage yield 2014   

 

Source                DF        SS        MS        F        P 

Replication            2      0.55     0.277 

Tillage                1    513.44   513.443   203.04   0.0049 

Error 1                2      5.06     2.529 

Seed ratio             4   3059.32   764.830   221.81   0.0000 

Tillage*Seed ratio     4     28.04     7.011     2.03   0.1380 

Error 2               16     55.17     3.448 

Total                 29   3661.59 

 

Analysis of Variance Table for mixed Dry matter yield 2013   

 

Source                DF        SS        MS        F        P 

Replication            2     0.028    0.0138 

Tillage                1    16.905   16.9050    49.07   0.0198 

Error 1                2     0.689    0.3445 

Seed ratio             4    95.643   23.9107   110.35   0.0000 

Tillage*Seed ratio     4     0.664    0.1659     0.77   0.5628 

Error 2               16     3.467    0.2167 

Total                 29   117.395 

 

Analysis of Variance Table for mixed Dry matter yield 2014  

 

Source                DF        SS        MS        F        P 

Replication            2     0.295    0.1477 

Tillage                1    21.319   21.3195   165.64   0.0060 

Error 1                2     0.257    0.1287 

Seed ratio             4   113.265   28.3162    82.89   0.0000 

Tillage*Seed ratio     4     0.828    0.2071     0.61   0.6638 

Error 2               16     5.466    0.3416 

Total                 29   141.431 

 

Analysis of Variance Table for Crude protein percentage of mixed forage 2013   

 

Source                DF        SS        MS         F        P 

Replication            2     0.537     0.269 

Tillage                1     0.096     0.096     17.13   0.0537 

Error 1                2     0.011     0.006 

Seed ratio             4   463.170   115.793   1387.53   0.0000 

Tillage*Seed ratio     4     0.016     0.004      0.05   0.9953 

Error 2               16     1.335     0.083 

Total                 29   465.166 
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Analysis of Variance Table for Crude protein percentage of mixed forage 2014  

 

Source                DF        SS        MS         F        P 

Replication            2     0.529     0.265 

Tillage                1     0.061     0.061      7.66   0.1095 

Error 1                2     0.016     0.008 

Seed ratio             4   465.356   116.339   1437.31   0.0000 

Tillage*Seed ratio     4     0.035     0.009      0.11   0.9775 

Error 2               16     1.295     0.081 

Total                 29   467.293 

 

Analysis of Variance Table for Crude fiber percentage of mixed forage 2013   

 

Source                DF        SS        MS       F        P 

replication            2     7.811    3.9055 

tillage                1     0.346    0.3456    1.45   0.3523 

Error 1                2     0.478    0.2391 

Seed ratio             4   239.849   59.9624   94.82   0.0000 

Tillage*Seed ratio     4     0.214    0.0536    0.08   0.9860 

Error 2               16    10.118    0.6324 

Total                 29   258.817 

 

Analysis of Variance Table for Crude fiber percentage of mixed forage 2014  

 

Source                DF        SS        MS       F        P 

Replication            2     1.905    0.9524 

Tillage                1     1.426    1.4257    0.30   0.6407 

Error 1                2     9.619    4.8093 

Seed ratio             4   212.774   53.1936   41.33   0.0000 

Tillage*Seed ratio     4     1.136    0.2841    0.22   0.9229 

Error 2               16    20.591    1.2869 

Total                 29   247.450 

 

Analysis of Variance Table for Ash percentage of mixed forage 2013   

 

Source                DF        SS        MS        F        P 

replication            2    0.4685    0.2343 

tillage                1    0.0822    0.0822     1.05   0.4136 

Error 1                2    0.1568    0.0784 

Seed ratio             4   46.3589   11.5897   115.72   0.0000 

Tillage*Seed ratio     4    0.0093    0.0023     0.02   0.9988 

Error 2               16    1.6025    0.1002 

Total                 29   48.6781 

 

Analysis of Variance Table for Ash percentage of mixed forage 2014   

 

Source                DF        SS        MS       F        P 

Replication            2    0.6411    0.3205 

Tillage                1    0.0411    0.0411    0.91   0.4403 

Error 1                2    0.0900    0.0450 

Seed ratio             4   48.6437   12.1609   99.62   0.0000 

Tillage*Seed ratio     4    0.0155    0.0039    0.03   0.9979 

Error 2               16    1.9531    0.1221 

Total                 29   51.3844 

 


