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Abstract  

A study was conducted to investigate the fodder production potential of oat sown in mixture 
with legume and non legume under different seeding proportions. For this purpose two field 
experiments were carried out at the Agronomic Research Area, Department of Agronomy, 
University of Agriculture, Faisalabad, during the years 2010-11 and 2011-12. In the first 
experiment, oat was intercropped with berseem at 100, 75, 50 and 25% of oat recommended 
seed rate (SP1, SP2, SP3, SP4, respectively) and mixtures were harvested after 60, 75 and 90 
DAP. In the second experiment oat was intercropped with barley and canola with seeding 
proportion 75:25, 50:50 and 25:75% of oat:barley/canola. Seed ratios of each crop were 
based on recommended seed rates. Results of first experiment showed that on an average, 
increase in oat seed proportion from 25 to 50, 50 to 75 and 75 to 100% in mixture increased 
the germination count by 42.74, 25 and 21.82 seedling m-2 which reflect an increase of 88.05, 
27.39 and 18.76%, respectively. During first cut, numbers of leaves plant-1 of oat were not 
significantly affected by its seeding proportion. Significantly higher numbers of leaves plant-1 
were observed when harvesting was done 75 days after planting. Plant height, green and dry 
matter yields of oat were increased with advanced cutting stage and increased oat seeding 
ratio while number of tillers of oat per plant, berseem green and dry matter yields decreased 
with increased oat seeding proportion in the mixture. All mixtures produced mixed green 
forage/DM yields higher than berseem alone but lower than oat alone. Mixed (oat + berseem) 
green/dry forage yields at first cut increased with delayed cutting and increased oat 
proportion in mixture as on average, total dry matter yields were 2.84, 6.8 and 11.58 t ha-1, at 
HI1, HI2 and HI3, respectively. Similarly during first cut total dry matter yields at SP1, SP2, 
SP3 and SP4 were 7.50, 7.45, 7.30 and 6.57 t ha-1, respectively. Crude protein and ash 
concentrations of both intercrops decreased while ADF and NDF concentrations increased 
with increased oat proportion in mixture and delaying the harvest. During both the years, 
treatment HI3-SP2 produced highest crude protein yield (1.36 and 1.18 t ha-1). During first 
cut, on an average, CP concentrations of mixtures at SP1, SP2, SP3 and SP4 were 5.7, 7.8, 
12.9 and 19.8 g kg-1, respectively higher than oat alone. Maximum ADF and NDF 
concentrations were recorded by oat alone while the minimum was observed in berseem 
alone. On average berseem re-growth dry matter yield at SP1, SP2, SP3 and SP4 were 4.91, 
5.62, 6.05 and 6.97 t ha-1, respectively, however, maximum re-growth dry matter yield was 
recorded from berseem alone (8.66 t ha-1). Among the mixtures maximum re-growth crude 
protein yield (2.13 t ha-1) was recorded by treatment HI3-SP4. Maximum grand total (first cut 
+ re-growth) green (9839 t ha-1), dry matter (19.72 t ha-1) and crude protein yields (3.33 t ha-

1) were observed from treatment HI3-SP4. All mixtures recorded higher LER values than 
unity (ranging from 1.01 to 1.28). Oat proved to be the dominant species in mixture based on 
competition ratio and aggressivity values. Therefore, to harvest higher dry matter yields of 
better nutritional quality distributed over season, oat ratio in mixture should not exceed 25% 
in mixture with berseem, and mixture should be harvested at early heading stage of oat.  In 
the second experiment, oat plant height increased while number of tillers decreased with 
increased oat seeding proportion in mixture while number of leaves plant-1 remained 
unaffected. In mixture oat growth was more suppressed by canola than by barley as oat green 
and dry matter yields were lower in mixture with canola than barley. Green and dry matter 
yields of canola, as a fraction of its yield in sole crop, were higher in mixture than barley at 
each seeding proportion. During the second year, maximum dry matter yield was recorded 
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from oat alone (16.93 t ha-1) while in first year 50:50% oat:canola mixture gave the highest 
dry matter yield (17.55 t ha-1) which was statistically similar to oat alone. No mixture showed 
clear yield advantage over component sole crops. Out of 12 mixtures (combined of both 
years) only 2 mixtures produced statistically higher dry matter yield than at least one of 
corresponding intercrop. CP yields (2.93 and 2.51 t ha-1, during first and second year, 
respectivley) and concentrations were recorded maximum by canola alone. Oat:canola 
mixtures yielded more CP yields than oat:barley mixtures at all seeding ratios. At seeding 
ratios 25:75, 50:50 and 75:25% oat:canola mixtures have 13.36, 14.21 and 15.64% CP 
concentrations compared to 10.48, 10.77 and 10.88% by oat:barley mixtures, respectively. 
Significantly lower NDF and ADF concentrations were recorded from canola alone. NDF 
and ADF concentrations in mixtures decreased with increased barley and canola proportion 
in oat:barley and oat:canola mixtures, respectively. LER values exceeded unity only for 
mixtures 75:25% oat:barley (1.05 and 1.06 during first and second year, respectively) and 
50:50% oat:canola mixture (1.03 and 1.03 during both the years, respectively). Barley and 
canola were dominant species in mixture with oat at 50:50% and 75:25% oat:barley/canola 
mixtures however oat was dominant species in 25:75% oat:barley/canola mixture. Therefore, 
to have higher forage yield of good quality oat:canola mixture should be sown with 50:50% 
ratio however if oat is to be mixed with barley, oat:barley ratio should be 75:25%.  
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Chapter 1    

INTRODUCTION 

Economy of Pakistan is predominantly agriculture oriented which contributes 21.07% of 

GDP. Livestock is a vital sub-sector of agriculture and it contributes 11.50% of GDP which is 

55.1 % of the agricultural value addition and it is higher than the contribution made by combined 

major and minor crops (41.9% in agriculture). Animal population comprising of buffaloes, cattle, 

goats, sheep, camel, horse, asses and mules has been estimated as 163.2 million. Livestock sector 

showed a growth rate of 3.7% during 2010-11 against overall agriculture growth rate of 1.2% 

(GOP, 2011a). During 2010-11, fodder crops occupied 2235.9 thousand hectares and produced 

49235.1 thousand tonnes of green fodder with an average yield of 22.0 tha-1 (GOP, 2011c). 

Currently, Pakistan is facing a deficit of 1/3 of its demand for fodder and the situation is worst if 

the shortage is expressed in terms of quality (Anonymous, 2011). There is a short fall of 24% in 

total digestible nutrients and 38% in digestible protein (GOP, 2011b). Fodders provide the 

cheapest and valuable source of metabolizable energy, carbohydrates, nutrient elements and 

protein rich feed for livestock (Bakhashwain, 2010). However, major livestock feed in Pakistan 

are of low quality roughages which do not provide nitrogen, energy, vitamins and minerals in the 

required amount. These low quality roughages affect microbial activity and consequently 

fermentation in the rumen of the animals, and result in overall lower livestock productivity. 

Adding to this, Pakistan has a chronic fodder shortage, with two pronounced deficit periods. The 

most serious deficit period is October and November, when the traditional winter fodders like 

shaftal (Trifolium resupinatum L.), berseem (Trifolium alexandrinum L.) and alfalfa (Medicago 

sativa L.) are dormant and summer fodders are no more available. A period of frost in the month 

of January makes the situation worst as far as fodder supply is considered. The other critical 

period is May to June, when the summer fodders of maize (Zea mays L.), pearl millet 

(Pennisetum glaucum L.), sorghum (Sorghum bicolor L.) and sorghum- Sudan grass hybrids 

(Sorghum vulgare L. var. sudanense) have only just initiated growth, but the winter fodders are 

finished. So there has been a shortage of fodder both quantitatively and qualitatively. 

Oat (Avena sativa L.), locally known as javi, jai, or jodar, belong to the Poaceae family.  

Oat is basically a crop of Mediterranean origin with its domestication dating back to ancient 

times. Temperate and cool sub-tropical conditions are more suitable for its growth. The optimum 



2 
 

temperature of 16-32 oC and a well-distributed rainfall of 400 mm during the growth period are 

sufficient to meet its requirement as a fodder crop. It is among the most important cereal fodder 

crops grown in winter season throughout the country both under irrigated and rainfed conditions.  

However, its average green fodder yield is 20 tons per hectare which is very low and insufficient 

to maintain rations to animals (Zaman et al., 2006). Although it is a quick growing, palatable, 

succulent fodder, its nutritive value is not up to a level that can fulfill the nutrient requirement of 

the animal. Its average crude protein content ranges from 8-10% and this situation demands an 

alternative supply of nutrients to the animals for their better growth and production. However, 

economic problems in Pakistan do not allow farmers to use chemicals and industry-based 

concentrates as additional supplements to improve utilization of roughages. As a result animals 

are underfed contributing to low animal productivity. 

Intercropping is a possible option for farmers of a low input agriculture system like 

Pakistan. Higher CP contents of cereal-legume mixture can minimize the supplement 

requirement of the livestock as farmer gets nutritive forage well distributed throughout the 

season (Sleugh et al., 2000). The objectives of intercropping, as a type of sustainable system in 

agriculture, are making ecological equilibrium, judicial resources exploitation, improving yield 

quantitatively and qualitatively and to relieve damage caused by pests, diseases and weeds 

(Shobeiri et al., 2010). Intercropping ideally allows for improved biological interactions among 

the species resulting in better resource utilization. Hence usage of resources by the crops is 

increased as compared to weeds, and some plants may improve the growing environment for 

their neighboring crop plant. The growing of species in mixture can provide many benefits 

ranging from a short-term greater crop yield and quality, to longer-term ecosystem sustainability, 

up to ecological and societal advantages (Malezieux et al., 2009). Traditionally, oat is 

intercropped with berseem in Pakistan to enhance forage yield and quality of the first cut. 

Low quality forages are grown with leguminous forages throughout the world to improve 

forage yield, forage quality and animal productivity. In various production systems, legumes are 

capable of enhancing both crop production through sustained soil fertility and livestock 

production, through increased availability of high quality feed. Intercropping may be one of 

many steps towards making agriculture more sustainable (Sobkowicz and Sniady, 2004). 

Growing forage legumes and non-legumes in mixtures increased total biomass (Ayub and 

Shoaib, 2009), decreased soil erosion ( Giller and Cadisch, 1995) and enhanced land utilization 
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(Banik et al., 2006). Forage quality was increased significantly in cereal/grass-legume mixtures 

with increased ratio of legume in mixture than in cereal sole cropping systems (Assefa and 

Ledin, 2001; Sobkowicz and Sniady, 2004; Shobeiri et al., 2010 and Gokkus et al., 1999). 

Martiniello (1999) reported 50% and 82% increase in dry matter from mixture of clover with rye 

grass and barley, respectively. Therefore, the industrial supplements can be replaced by legumes, 

which are expensive and mostly are not readily available to small dairy farmers. Berseem 

(Trifolium alexandrinum L.) is a winter forage legume grown all over the country and gives high 

yield of nutritional fodder. So, berseem clover intercropped with oat could be a viable option for 

increasing forage production of better quality, but this intercropping system has not been well 

studied in the plains of Indus. 

In addition to oil production, the leaves and stem of Brassica spp. provide high quality 

forage as it contains low crude fiber contents (Wiedenhoeft and Bharton, 1994), high protein 

contents and total digestible nutrients (energy) ranging from 55-60% percent (Anonymous, 

2008). Crude protein contents in forage brassicas range from 15 to 25% in leaf and 8 to 15% of 

DM in the roots (Nichol et al., 2003) with metabolisable energy ranging from 11.5-14.5 MJ kg-1 

of dry matter (Barry et al., 1985). The DM% is usually low in brassicas but it can produce higher 

DM yield/unit area than cereals (Rao and Horn, 1986) but leaf senescence reduces it significantly 

(Kunelius et al., 1987). Presence of higher values of glucosinolates was the main hindrance in 

the use of rapeseed for livestock food. Glucosinolates (sulphur containing glycosides) are 

considered to reduce animal production by affecting different physiological processes. However, 

in canola, the concentration of glucosinolates has been minimized to traces. Canola can produce 

a good quantity of forage with excellent quality (Ayres and Clements, 2002), therefore mixing of 

canola with oat may be a potential option to increase overall productivity of the system. Barley is 

another winter hardy species mostly grown for its grain throughout Pakistan. In a number of 

research programs, barley is being intercropped with legumes to increase forage productivity; 

however its potential of doing so in association with other small grain cereals like oat is not well 

documented in Pakistan.  

Although mixtures can provide an improved balance of nutrients and may produce higher 

biomass, they are more difficult to manage as compared to sole cropping. This is largely due to 

the differences in agronomic characteristics such as fertilizer requirements, adaptation to soil 

types, and harvesting time due to their difference in days to maturity (Assefa and Ledin, 2001). 
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The relative density of the intercrops may be of great significance in determining the production 

efficiency of component crops, and how the changes in the proportion of component species 

could alter the competition dynamics (Hauggard-Nielsen et al., 2006). Higher yield in mixtures 

may occur when competition between species is less intense than between plants of the same 

species. Population density can determine the extent of facilitation or competition in species 

mixtures (Vandermeer, 1990). Similarly, the yield advantage of intercropping has not been so 

marked in several situations and it may be due to the use of supra or sub-optimal plant 

population proportions for component crops (Oseni, 2010). 

 The sowing rate of oat used in the mixture will influence the proportion of legume and 

oat in the harvested forage as the sowing proportion of mixtures affect the efficiency of 

intercropping (Yilmaz et al., 2008). Higher rates of oat will increase total forage yield but at the 

expense of legume component and forage quality. Bakhashwain (2010) observed maximum plant 

height, fresh and dry weight from Rhodes grass when sown alone than intercropping with alfalfa. 

Similar results have been found by Erol et al. (2009) when they intercropped oat with vetch and 

obtained highest dry matter yield from sole oat sowing and DM values decreased with increasing 

vetch proportion. However, crude protein concentration increased and NDF concentrations 

declined significantly as the percentage of vetch in the forage increased. Hoffmann and Der 

(2003) and Tuna and Orak (2007) have also reported similar results from barley/oat vetch mix 

sowing. On the other hand, growing legume alone will produce good quality fodder but total 

forage yield will be low which will further deepen the misery of fodder shortage. The legume 

content of the mixtures are negatively correlated with total DM yield, DM content and water 

soluble carbohydrates, but positively correlated with N content and in vitro digestibility (Ayub et 

al., 2008; Kaiser et al., 2007). Tuna and Orak (2007) have reported lowest fresh and dry weight 

of fodder from vetch alone than different treatment combinations with barley. Caballero et al. 

(1995) reported that mixtures of common vetch with oat produced 34% more forage yield than 

common vetch alone, but 57% less than monoculture oat. Shobeiri et al. (2010) and Assefa and 

Ledin (2001) have also reported lower fresh and dry matter yield from sole legume than legume-

cereal mixture. Despite the fact that relative density of species in mixture is one of the factors 

that can affect forage yield and quality.  Little information in Pakistan is available on the effect 

of different seeding rates on the efficiency of oat mixtures with other species. So there is a need 

to determine the optimum relative density of the component crops in mixtures under local 
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climatic conditions to determine the yield of good fodder both quantitatively and qualitatively 

without compromising on each quality or quantity. 

Another major problem with mixture forages is establishing the best time to harvest that 

will give optimum nutritive value without compromising yield. Maturity is the most important 

factor affecting forage quality as plants continually changes in forage quality as they mature. The 

nutritive value of fodders falls as they mature due to a rise in fiber and decrease in protein 

contents with increasing maturity (Tariq et al., 2011). As the plant cell wall content increases, 

indigestible lignin accumulates which results in decreasing forage quality (Eskandari et al., 

2009). The nutritive quality of forage and its content of anti-nutritional components (tannins) are 

influenced by the maturity stage (Al-Masri and Mardini, 2007). Fodder quality is high when leaf 

to stem ratio is maximum. This rule implies that fodder cereal must be cut at the booting stage 

and forage legume at beginning of the flowering (Salawu et al., 2001). Decreased quality of 

forage with age is mainly due to decrease in the leaf/stem ratio and increased nutritive losses of 

the stem (Ugherughe, 1986). Low forage yield with high protein contents and high forage yield 

with decreased crude protein contents from oat-berseem mixture have been reported when cut at 

early and late growth stage, respectively (Kaiser et al., 2007). Harvesting management of oat-

berseem clover intercrops needs to take into account for the impact on primary yield and quality 

but also the impact on the re-growth of berseem clover (Ross et al., 2005).  

Keeping in view the above discussion, the present study is planned to attain the following 

objectives 

• Optimizing seeding ratio for oat with berseem, canola and barley intercropping systems 

for better resources management and higher fodder production. 

• To assess forage yield and quality of oat-berseem mixture at different cutting stages. 

• To develop the oat fodder production system for general adaptation for local farmers that 

ensures higher forage production with better quality under prevailing environmental 

conditions.  
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Chapter 2 

Review of Literature 

2.1 Mixed cropping 

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

which biodiversity is reduced to a few genetically homogenous 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 contamination, loss of biodiversity and fossil fuel use (Tilman et al., 

2002). On the other hand mixed cropping is based on the ecological principle of biodiversity and 

is assumed to have potential benefits in productivity, resilience to disruption and ecological 

sustainability, although they are difficult to manage (Vandermeer, 1989). 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 mixed diets, improved 

water use efficiency, better nitrogen relations in legume intercrops, yield advantage in 

subsequent crops, reduced soil erosion because of greater ground cover and higher 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 exploitation of variation of mixed crops (Tsubo et al., 2001; 

Midmore, 1993; Morris and Garrity, 1993;  Lithourgidis et al., 2011;). This characteristic of 

mixtures does not allow the intercrop to compete for the same ecological niche and the outcome 

is weaker interspecific competition than intraspecific competition for the same resourses 

(Lithourgidis et al., 2011). Advantages from intercropping are more obvious when different 

qualitative resources are used by intercrops at different places and times (Tofinga et al., 1993). 

Diversity in mixtures ensures yield stability and minimizes the risk of complete crop failure 

providing the farmers more economic stability (Lithourgidis et al., 2011). Jedel and Salmon 

(1994) observed actual:estimated ratio for dry matter yield greater than 100 from the mixtures of 

triticale with oat and barley indicating that effect of climatic effects was buffered in mixtures. 

Similarly, mixtures of barley and faba bean offered greater yield stability than sole cropping 

especially under moisture stress conditions (Agegnehu et al., 2006). 
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Intercropping is a useful tool of sustainable agriculture especially when legume is 

included in the mixture (El-Swaify et al., 1988). Species mixing is associated with improved 

nutrient cycling resulting in better soil fertility, reduced losses of nutrients and minimized pest 

effect (Russell, 2002; Hauggard-Nielsen et al., 2003; Bannon and Cooke, 1998).  

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 the season (Fontaneli et al., 2000; Sleugh et al., 2000). Juskiw et al. (2000a) while 

studying oat, barley and triticale in sole sowing and in all possible combinations for fodder, 

observed different drying rates of component crops in mixtures which widened the harvest 

period of mixture compared to monocrops. Cereals provide higher early DM production while 

legumes extend the growing season by late season growth (Fontaneli et al., 2000).  

2.2 Legume-Non legume Mixture 

2.2.1 Yield and Yield parameters 

Cereal-legume intercropping improves forage quality more than cereal alone and yields 

more dry matter compared to the sole crop of legume (Eskandari et al., 2009). Binary mixtures 

of grasses (bromegrass, orchardgrass and intermediate wheatgrass) and legumes (birdsfoot 

trefoil, kura clover and alfalfa) produced equal or higher yield than grass sole crops (Sleugh et 

al., 2000). They further reported that alfalfa and alfalfa-grass mixtures produced greater yield 

than other mixtures and they attributed this to the deep root system of alfalfa which helped in 

exploiting deeper water. Lauriault and Kirksey (2004) noticed yield reduction of wheat in 

mixture with hairy vetch and pea but it was still higher than the yield of oat, barley and rye 

monocultures or in mixture with legumes. McAndrews et al. (2004) in an experiment of oat 

interseeded with berseem clover and sweet clover reported that on an average of the three 

experiments, oat-sweet clover produced the highest average yield (2139.6 kg at booting and 2752 

kg at milking stage) than oat-berseem clover. Moreover oats alone produced the lowest dry 

matter. Higher berseem-ryegreass mixture yield has also been reported by Giambalvo et al. 

(2011). Mpairwe et al. (2002) reported 21% increase in dry matter yield from wheat-clover 

binary mixture than wheat sole cropping. Similarly, Balabanli et al. (2010) has reported that 

vetch-rye mixture produced higher green forage yield (26.17 t/ha) than vetch-wheat and vetch-
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oat mixtures. He also mentioned that cereal was the determining factor in herbage yield. Kardag 

(2004) evaluated the forage and seed yield of barley with some legumes in seeding ratio of 66% 

and 34% and observed that all barley-legume mixtures produced significantly higher green 

forage, dry matter and seed yield than sole barley cropping. Vasilakoglou and Dhima (2008) 

studied barley-berseem mixture under different seeding ratios and reported that total dry matter 

yield of mixtures was similar to sole barley crop, however yield was not affected by berseem 

seeding rates. They further observed that berseem re-growth dry matter yield was higher in sole 

berseem in one year, however there was no difference among treatments (different seeding 

ratios) in the second year.  Mariotti et al. (2006) also observed an average 72% increase in forage 

yield from binary mixtures of barley and wheat with lupin and vetch. Mohsenabadi et al. (2008) 

reported superiority for barley-vetch mixtures in terms of production than sole crop of either 

barley or vetch. Yolcu et al. (2009) studied the performance of annual forages (oat, barely, rye 

and wheat) as sole crops and in mixtures with vetch and they observed that wheat and oat in 

mixture and oat alone produced maximum flag leaf length, while rye in mixture and sole crop 

produced maximum cereal height in both years. Legume percentage was the maximum in oat-

vetch mixture. In both years, rye alone and in mixture produced highest fresh forage and hay 

yield. Ansar et al. (2010) evaluated the mixtures of winter cereals (barley, oat and wheat) with 

vetch for forage production and noted that oat alone and in mixture produced highest plant height 

and leaf: stem ratio. Oat-vetch mixture produced highest dry matter yield that was 63% and 78% 

more than barley-vetch and wheat-vetch mixtures, respectively. Similarly, Maiorana et al. (2005) 

found that a mixture of vetch, crimson clover and Egyptian clover with oat performed better than 

Italian ryegrass. Noworolnik and Dworakowski (2010) concluded that barley was not as suitable 

for intercropping with field pea as husked and naked oat. Similarly, according to Hoffmann et al. 

(2008) oat-pea mixture produced 3.5 t/ha-1 more green forage yield than barley-pea mixture. 

Further, oat alone produced higher green forage yield than mixtures and sole crops of barley and 

pea, while barley alone produced the minimum green forage yield. Jacobs and Ward (2012) 

reported that dry matter yield from pea:wheat mixtures under different seeding ratios ranging 

from 25:75, 50:50 and 75:25 % was less than pea alone during first year of experiment. Lauk and 

Lauk (2009) reported that wheat-vetch mixture produced similar grain yield to wheat alone while 

oat-vetch mixture gave higher yield than oat sole crop. They further reported that highest yield 

was observed from oat-vetch mixture when no nitrogen fertilizer was applied. However, cereals 
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in mixture produced smaller seed size than sole cereal crop. Neumann et al. (2009) observed 

maximum shoot, grain and grain-N yield from sole oat crop than from oat-pea mixture. Stout et 

al. (1997) conducted an experiment to evaluate cereal-grass-legume intercropping system with 

barley (cereal), ryegrass (grass) and legumes (alfalfa, Persian clover, berseem and lespedeza). 

They reported that inclusion of Persian clover and alfalfa in barley-grass mixture accounted for 

70% of the first cut DM yield and increased to 263% at second cut and 275% at third cut. In a 

second experiment Persian clover and berseem contributions to dry matter yield at first cut was 

29 % and increase in DM yield reached to 313 % at second cut compared to barley-ryegrass 

mixture. At third cut, Persian clover increased DM yield of barely-ryegrass mixture by 318 % 

and berseem by 405 %. They further found that barley-grass mixture receiving 250 kg N ha-1 

produced DM yield 80 % of the cereal-grass-legume mixture but 160 % of the cereal-grass 

mixture under unfertilized conditions. Yield advantage from intercropping maize with legumes 

(mungbean and cowpea) both under replacement and additive series of sowing is reported by 

Eskandari (2012). He suggested that exploitation of different soil horizons by the intercrops 

without offering significant competition to each other and better light interception at different 

layers of canopy might be the cause of this advantage. Armstrong et al. (2008) observed 5.8% 

and 11.5% reduction in corn yield by inclusion of scarlet runner bean (Phaseolus coccineus L.) 

and velvet bean [Mucuna pruriens L. (D.C)], respectively. While studying the intercropping 

system of sabai grass (Eulaliopsis binata) and black gram, Mahapatra (2011) observed 19.7 and 

22.5% more dry leaf yield compared to sole sabai grass in first and second year, respectively. He 

attributed this increase to more nitrogen supply from legume. However, grain yield of gram 

decreased by 55.7 and 68.6% compared to sole black gram due to its suppression by sabai grass 

at latter growth stages.  

In cereal-legume mixtures, cereals being the stronger competitor for soil minerals than 

legumes (Jensen, 1996) greatly suppress the legume growth and yield in mixture. Efficiency of 

cereals in absorbing the N from soil increases the legume reliance on N fixation (Giambalvo et 

al., 2011).  In mixtures, cereal shading of clovers greatly alters the availability of PAR to the 

clover component reducing its relative growth rate. Oat and barley reduced the available PAR at 

alfalfa top to 51 and 41% (Simmons et al., 1995) while for berseem it was 47 and 33% of full 

sun, respectively (Ross et al., 2004b). Jacobs and Ward (2012) reported that even at higher 

relative proportion of pea in mixture with wheat and triticale, its contribution in final DM yield 
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was low due to the inability of pea to compete with cereals in mixtures when sown on fertile 

soils. Ross et al. (2004a) reported that legume percentage in dry matter yield of berseem:oat 

mixture at first cut was 27 % and 9 % during the first and second year of experiment. They 

further noticed that berseem dry matter yield reduction was 60% and 85% during primary cut 

and 30 and 60% during re-growth cut as compared to berseem sole crop as a result of oat’s 

presence in the mixture in 2000 and 2001, respectively. Similarly, in mixtures of hairy vetch with 

different cereals, legume proportion ranged from 4% to 15% for rye and oat, respectively, in the 

year of normal rainfall but during the year of less rainfall proportions were 1% and 26% 

(Lauriault and Kirksey, 2004). Martiniello (1999) reported, on average over treatments and year, 

legume % in the mixtures of clovers (berseem, crimson and persian) to be 22 and 21% with 

barley and Italian ryegrass, respectively. Yucel and Avci (2009) studied vetch-triticale mixtures 

with different sowing ratios and reported that by increasing the ratio of vetch in sowing mixture 

from 10% to 90% the vetch share in harvest was increased from 1.8% to 39.9% while for 

triticale, with same increase in seeding rate in mixture, increase in harvest was 60.1 to 98.2%. 

They attributed this variation to the suppression of legume by triticale due to its fast growth, 

greater tiller number and higher dry matter accumulation rate.       

2.2.2 Quality Parameters 

Legume-cereal polycultures are preferred due to various advantages over monocultures 

(Tuna and Orak, 2007). In general, grasses are rich in carbohydrates while legumes are rich in 

protein. Cereals constitute forages relatively low in protein (Anil et al., 1998; Lauriault and 

Kirksey, 2004), and animals usually need to be fed with some form of protein concentrate 

supplementation. Cereal-legume mixtures produce high-protein and more nutritious forages 

(Anil et al., 1998; Todd and Spaner, 2003). Legumes produce higher crude protein 

concentrations but total crude protein yield per unit area may be less than cereal-legume mixture 

as crude protein yield depends upon dry matter production (Atis et al., 2012) which is higher for 

mixtures (Eskandari et al., 2009). Neutral detergent fibers more than 55% of dry matter (which is 

common in cereals) greatly affect voluntary forage intake (Van Soest, 1965) and legumes can 

help in decreasing NDF levels in mixed forage and thus increase its intake (Todd and Spaner 

2003: Ross et al., 2004a ). Pereira-Crespo et al. (2010) observed lower NDF and ADF while 

higher crude protein contents occured in pea-triticale mixtures than in sole triticale. Deak et al. 
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(2009) reported that CP of the mixture increased and NDF decreased as the number of species in 

the mixture increased. Including legumes with grasses, improved IVDMD, CP and fiber contents 

of mixture (Sleugh et al., 2000). Similarly, maize intercropping with cowpea and mungbean 

increased the crude protein yield and lowered the NDF and ADF concentration of mixtures 

compared to sole maize crop (Eskandari, 2012). However, addition of hairy vetch did not 

increase the crude protein contents of cereals (oat, triticale, wheat and barley) but pea lowered 

the NDF concentration of legume-cereal mixtures (Lauriault and Kirksey, 2004). Addition of 

berseem to oat on average, reduced the NDF concentration by 30 g kg-1 of mixtures (Ross et al., 

2005). In a similar experiment Ross et al. (2004) observed that NDF of oat, barley and triticale 

was reduced by 25 to 45 g kg-1 when berseem clover percentage was 20% in intercrops.  

Legume component of the mixture play an important role by fixing atmospheric nitrogen 

and this fixed nitrogen becomes available to the cereal component by mycorrhizal link (van 

Kessel et al., 1985), decay of nodule and roots or directly by reducing the competition by fixing 

their own nitrogen (Vandermeer, 1989; Anil et al., 1998) or difference in morphological 

characters to explore different level of resources. Mohsenabadi et al. (2008) reported that 

intercropping of barley with vetch increased the crude protein contents of intercropped barley 

more than the sole crop. Faba bean, lupin and pea increased the crude protein concentration of 

intercropped barley from 79 g kg-1 to 108, 92 and 100 g kg-1, respectively (Strydhorst et al. 

2008). They attributed this increase to higher nitrogen availability to barley due to lower soil 

nitrogen use by legume (more N availability to cereal component as legume depend on 

environmental N) or direct transfer from legume. 

 In the intercropping system component crops use different forms of N (N2 vs NO3) 

resulting in nutrient use complementarity and land use efficiency for N of intercrops may be 

higher than for sole crops due to nitrogen resource partitioning (Szumigalski and Acker, 2006). 

Further, they observed higher dry matter percentage in sole pea crop than intercropped pea with 

wheat and canola in a site with lower precropping soil NO3-N and suggested that under low 

nitrogen availability, non-legume gains nitrogen at expense of legume component. Higher dry 

matter nitrogen % in canola-pea and wheat-canola-pea than sole canola and wheat was due to the 

more availability of nitrogen in mixture with pea through sparing effect. Nitrogen resource use 

efficiency was improved in hairy vetch-barley mixture as compared to sole crops (Tosti et al., 
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2010). Although there was no yield advantage in lupin-cereal mixtures, CP contents of mixtures 

were substantially increased (Azo et al., 2006).  McAndrews et al. (2004) have reported that oat-

berseem and oat-sweet clover produced significantly similar but higher crude protein contents 

than oat alone. Oat-sweet clover also produced significantly lower NDF at boot and milk stage of 

oat. Higher nitrogen yield from berseem-ryegrass mixture has also been reported by Giambalvo 

et al. (2011). Balabanli et al. (2010) evaluated the mixture of two vetch varieties with different 

cereals and found that oat mixture with both varieties produced significantly higher crude protein 

% (16.22 and 15.25) followed by mixture with barley and wheat. Vetch-oat mixtures also produced 

minimum acid detergent fiber (31.92% and 32.79%) and neutral detergent fiber (50.11% and 

51.39%). However, Hoffmann et al. (2008) observed higher crude protein contents (+ 16g kg-1) 

from barley-pea mixture than oat-pea mixture. Yolcu et al. (2009) revealed that vetch (in both 

years) and vetch-barley mixture (in first year only) produced highest crude protein than barley 

alone. Sole vetch also produced minimum ADF% (in both years) and NDF% (in first year) while 

in second year, oat alone produced minimum NDF%. Highest ADF and NDF% were obtained 

from rye alone and in mixture. Ansar et al. (2010) have reported that oat-vetch, barley-vetch and 

wheat-vetch mixture produced 11.31%, 7.04% and 5.8% higher crude protein contents than their 

cereal pure stands, respectively. Similar results have been reported from oat-vetch, wheat-vetch 

(Lauk and Lauk, 2009) and barley-vetch mixtures (Mohsenabadi et al., 2008). Cereals (barley, 

wheat) mixture with legumes (lupin and vetch) on average increased nitrogen yield by 190%  

and crude protein content by 40g/kg compared with cereal sole crops (Mariotti et al., 2006). 

Strydhorst et al. (2008) studied the mixture of barley with lupin, pea and faba bean at a seeding 

ratio of 25% barley with 50%, 100%, 150% and 200% of legume recommended seed rate and 

reported that, on average, legume-barley produced 48% more crude protein concentration 

compared to barley alone. Faba bean-barley produced highest CP concentration (145 g kg-1), pea 

barley produced 127 g kg-1 while lupin barley gave only 112 g kg-1. Relative forage yield (RFY) 

was also high for legume-barley mixture compared to sole barley. The NDF and ADF 

concentration in sole barley was higher than for legume-barley mixture. Different intercropping 

systems with decreasing relative feed value (RFV) were pea-barley, faba bean-barley and lupin-

barley. Stout et al. (1997) while studying the cereal-grass-legume intercropping system found 

that inclusion of Persian clover and alfalfa increased CP contents by 65 g kg-1 at second cut and 

78 g kg-1 at third cut. They further concluded that berseem and Persian clover fixed almost the 
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same amount of atmospheric nitrogen (188 kg N ha-1 in first year and 134 kg N ha-1 during 

second year). Superiority of cereal:legume mixtures over sole crops of each intercrop is evident 

from the study of Gokkus et al. (1999) who found higher N harvest from bromegrass-red clover 

mixtures (355 kg N ha-1) than sole crop of red clover (317.18 kg N ha-1) and alfalfa (294.3 kg N 

ha-1). Mixtures produced crude protein concentration (158.2-165.7 mg g-1) similar to sole alfalfa 

(165.7 mg g-1) and higher than sole bromegrass (122.9 mg g-1). 

2.2.3 Competition indices 

Plant competitiveness is controlled by various physiological, biochemical and 

morphological traits (Lemerle et al., 2001) and competitive ability varies among crop types and 

cultivars (Mason et al., 2007). Some plant morphological traits associated with competitive 

ability are tillering capacity, early biomass accumulation, plant height, ground cover, timing of 

spike emergence, flag leaf length, canopy structure and light interception (Korres and Froud-

Williams, 2002; Lemerle et al., 1996). Dietz et al. (1998) observed interaction between species-

specific trait and established the importance of seeding proportion and arrangement in field for 

competition outcome. They also noted that plants with lower canopy height and lower biomass 

were less competitive than species with higher canopy height and biomass production. Study of 

Strydhorst et al. (2008) attributed the poor performance of lupin intercropped with barley to its 

short stature (52 cm) as compared to pea (86 cm) and faba bean (93 cm). Banincasa et al. (2012) 

while studying wheat:faba bean and rapeseed:squarrosum (Trifolium squarrosum L.) mixture 

under various seed ratios (12:12, 24:24 and 48:24 for wheat:faba bean and 25:25, 50:50 and 

100:100 number of seeds per 140 mm diameter petri dish for rapeseed:squarrosum, respectively) 

established that germination was not affected by the competition by intercrops and they 

attributed this to very small fluxes of substances and short duration of coexistence however, 

competition grew as coexistence time increased. Interference between intercrops started at the 

seedling stage about three weeks after germination. In wheat:faba bean mixture interspecific 

competition was more severe while for rapeseed:squarrosum interaspecific competition was 

stronger. They further mentioned that performance of the mixture was better when the proportion 

of dominant species was lower than the intercrop. Rahetlah et al. (2010) studied the biological 

competition functions of oat-vetch mixtures under different seeding ratios and reported that LER 

(land equivalent ratio) values exceeded unity indicating that 20 to 26% more land would be 
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required by a sole cropping system to produce the yield that is equal to intercropping system. 

Similarly the relative crowding coefficient (K) for oat, which exceeded unity, was higher than 

vetch indicating the competitiveness of oat over vetch. Positive aggressivity (A) value for oat 

showed that oat was dominant over vetch which had a negative value. Similarly, Atis et al. 

(2012) evaluated vetch:wheat mixtures for fodder production under different seeding proportions 

and noted that LER values ranged from 1.26 to 1.59 during first year and 1.31 to 1.73 during 

second year for the mixture 75:25 and 25:75 vetch:wheat, respectively. The LER values for 

wheat were less than 0.5 in all mixtures in both years except 25:75 vetch:wheat mixture, 

indicating vetch dominance in mixture and disadvantage for wheat in mixed sowing however 

increased proportion of wheat in mixture increased its partial LER. Their calculated values of 

aggressivity also confirmed vetch’s dominance over wheat in mixture as Avetch value was 

positive and that of Awheat was negative. The Avetch value increased with decreased vetch 

proportion in mixture which was attributed to lower plant density of vetch at lower seed 

proportions resulting in more wheat plants to climb and absorb sunlight. The values of 

competition ratio for vetch were greater than those for wheat thus showing the vetch dominance. 

In general, CR values of both crops increased as the proportion of the species decreased. Alemu 

et al. (2007) also studied the oat vetch mixture under different seeding ratio harvested at different 

growth stages of oat and found that when mixture was cut at flag leaf stage of oat, RCC value 

was higher than unity only for 25:75% oat:vetch mixture, however oat was dominant in all 

mixtures cut at this stage. Mixtures cut at milk stage showed RCC values 1.52 and 2.70 for 50:50 

and 25:75%, respectively. Mixtures harvested at dough milk stage showed similar trend in values 

of RCC; however highest RCC value (26.77) was obtained from 25:75 oat:vetch mixture. 

Aggressivity values of all mixtures under all seeding proportions harvested at different growth 

stages showed that oat was always aggressive and this aggressivity increased with increased 

maturity and they attributed this to better growth of oat due to competitiveness of oat than vetch.  

However, Vasilakoglou and Dhima (2008) have reported that in berseem-barley mixture, LER 

value did not exceed unity, showing no clear advantage of mixed cropping. Value of relative 

crowding coefficient (RCC) for barley was higher than berseem indicating that barley was more 

competitive than berseem. The competition ratio (CR) for intercropped berseem was lower than 

unity indicating that there was benefit and this species can be grown in intercrop while CR 

values for barley were higher than unity showing negative effect on berseem grown with barely. 
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Agegnehu et al. (2006) studied the land use efficiency of barley and faba bean mixture by 

keeping barley seed rate constant while faba bean was sown at 12.5, 25, 37.5,50 and 62.5% of 

sole seed rate. When the seed rate of faba bean in mixture was increased from 12.5 to 62.5%, the 

partial LER values of faba bean was increased from 0.12 to 0.48 while that of barley decreased 

from 0.93 to 0.73.  LER values ranging from 1.05 (for 100:12.5%) to 1.23 (for 100:37.5%) 

indicating that sole cultures of each crop requires 5 to 23% more land resources than mixtures to 

produce the same yields. Relative crowding coefficient (denoted by “k”) for both faba bean and 

barley was also maximum for this treatment while faba bean was dominant over barley as 

indicated by aggressivity (A) parameter. However, according to Mohsenabadi et al. (2008) 

barley was dominant crop in mixture with vetch due to vigorous rooting growth and hence better 

nutrient uptake which enabled the barley to use the resources more efficiently. In a similar study 

of Tosti et al. (2010), barley proved to be dominant over vetch on the basis of aggressivity value. 

Partial land equivalent ratio (PLER) of barley indicated that barley was benefitted by legume 

association while PLER of vetch decreased with increased barley proportion in the mixture. They 

further noted that vetch was able to counter the competitiveness of barley only at the later growth 

stage of barley. Gokkus et al. (1999) also found LER value of 1.28 from bromegrass-alfalfa (1:1 

rows) and bromegrass-red clover mixture (2:1 rows of red clover-bromegrass, respectively). 

Banik et al. (2006) have also reported advantage from wheat-chickpea mixture in terms 

of greater LER values than unity. Mariotti et al. (2006) observed LER values greater than unity 

ranging from 1.39-1.61 for all four intercrops (barley, wheat, vetch, lupin) in cereal-legume 

binary mixtures. Dominance of barley in binary mixture with gram, methra, linseed and lentil on 

the bases of relative crowding coefficient and aggressivity value has been reported by Wahla et 

al. (2009).  Similarly, Neumann et al. (2009) found that the average over the years and yield 

parameters for values of crowding coefficient of pea (Kpa) were 0.2787 and 0.6554 and for oat 

they were 8.3911 and 11.3722 for two different experiments, respectively, indicating the 

dominance of oat over pea. They further concluded that dominance is not controlled by plant 

density as oat can produce tillers that compensate for lower initial densities and intraspecific 

competition was stronger than interspecific resulting in resource complementarities.  

Yilmaz et al. (2008) studied the intercropping system of maize:bean and maize:cowpea 

with seed proportions of 50:50, 67:50 and 100:50% of maize:legume, respectively under 1:1 and 
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2:2 row arrangements. They found that partial LER of legumes decreased with increased 

proportion of maize in mixture. The value of relative crowding coefficient Klegume was higher 

than Kmaize at seed proportion of 50:50, 67:50 while Kmaize was higher at 100:50 seed proportion. 

Total K value was much higher than unity at 100% maize seed rate but was close to 1 at lower 

maize seed rate. Value of Amazie was always positive while that of Alegume was negative indicating 

dominance of maize over legume. Similarly, the value of competition ratio was higher for maize 

at lower maize seed rates, however, at 100% maize seed rate value decreased due to increased 

intraspecific competition that weaken the maize plants which were less competent.  In a similar 

study Eskandari (2012) reported that the values of LER for maize mixtures with cowpea and 

mungbean, under replacement and additive series, ranged from 1.28 to 1.33 indicating advantage 

of intercropping over sole cropping. Values of LER have been recorded as 1.44, 2.01 and1.47 

from sabai grass (Eulaliopsis binata L.):black gram mixture under 1:1, 1:2 and 3:5 ratios, 

respectively (Mahapatra, 2011). They also found aggressivity values of sabai grass to be positive 

while that of black gram negative indicating that sabai grass was dominant crop in mixture over 

black gram. Similarly the values of competition ratio (CR) of black gram were less than one and 

that of sabai grass more than unity which suggests that black gram can by sown with sabai grass 

in mixture.  

2.3 Mixture of Non-legume Crops 

2.3.1 Yield parameters 

Hypothesis behind species mixture is that genetic, physiological, structural and 

phenological diversity among component species may drive beneficial interactions between 

species and between species and environments. A meta-analysis of varietal mixtures of wheat 

and barley including 575 combinations of 246 mixtures confirmed the mixtures as a mean of 

obtaining higher yield (Kiaer et al., 2009). McCormick et al. (2006) studied the binary mixture 

of winter hardy species (WHS) viz. winter triticale, rye, and winter wheat with winter sensitive 

species (WSS) viz. spring triticale, oat, annual rye grass and rape. They reported that in 29 out of 

44 mixture treatments (66%) binary mixture produced greater forage yield than WHS 

monocultures in autumn. The mixtures of spring triticale and oat with WHS increased yield over 

the corresponding WHS sole cropping in almost 91% of all comparisons while rape 

intercropping produced reasonable forage at very economical seeding cost. But in spring or 
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autumn + spring total, there was no yield advantage over WHS monoculture. Juskiw et al. 

(2000a) in a set of experiments studied the fodder production potential of oat, barley and triticale 

in sole sowing and in all possible combinations and concluded that mixtures of the cereals were 

about the same as monocrops on the same land basis. However, the mixture of barley and oat 

harvested when the barley was at the soft dough stage were higher yielding than monocrops. 

Moisture contents in oat and barley at soft dough stage were from 650-700 g/kg while in triticale 

it was less than 650g/kg. While the moisture contents of the mixtures were intermediate to the 

monocrops indicating different drying rates of the component crops, this widened the harvest 

period of mixture compared with monocrops. Jedel and Salmon (1994) studied the mixture of oat 

and barley with triticale and their respective monocultures and concluded that oat alone and in 

mixture with triticale produced the highest dry matter yield (12.37-13.42 t/ha), however, 

generally mixtures yield was not greater than the best performer intercrop in sole crop. 

According to Kaczmarek et al. (2010), all binary mixtures of oat, barley and wheat were more 

productive than at least one of the sole crops. They further observed that an oat-barley mixture 

was least infested by weeds while wheat-oat mixture had maximum weed infestation. Baron et 

al. (1992) reported that yields of spring–winter cereal intercrops and mixtures were 84 to 113% 

of the spring monocrops yield. Baron et al. (1995) have reported yield advantage from binary 

mixtures of wheat, triticale and rye with barley and further reported that rye and triticale were 

better performers in mixture. Similarly Li et al. (2001) reported 40-70% and 28-30% yield 

advantage from wheat-maize and wheat-soybean intercropping, respectively. However, Pridham 

and Entz (2008) did not gain any seed yield advantage over wheat monoculture when they 

intercropped wheat with oat, barley and spring rye. Similarly, Walker et al. (1990) also revealed 

no forage yield advantage from wheat-ryegrass mixture over wheat alone, however, rate of 

decline of mixture of leaf proportion was slower due to later maturity of ryegrass. In an 

experiment with 1:1 mixture of oat with triticale, wheat and ryegrass, Baron et al. (1994) found 

that in an initial cut, oat contribution to total dry matter was 79-86% for early (early May) and 

70-79% for late planting (mid June) dates when harvested at milk and heading stage of oat, 

respectively, which was 74 and 68% of the oat monocrop. On average, oat contributed 70% of 

the dry matter of mixtures at cut-1, however its share in the sowing mixture was only 50%. 

However, re-growth yield were 30, 5 and 10 % of the initial yield for early planting and for late 

planting date, values were 46, 17, and 30%. At initial cut oat dominated the tiller density as oat 
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produced 60% of the tillers of oat monocrop while winter cereals produced only 44% of their 

respective monocrops. However, at cut 2, winter cereal dominated by producing 79% of the 

tillers of their monocrops and oat produced only 44% of oat monocrop.  Furthermore, at early 

planting, average tiller weight of oat and winter cereals in mixture were 1.23 and 1.5 fold larger 

than respective sole cropping which represents growth compensation at lower tiller density in 

mixture. Prasad et al. (1988) has reported significantly more and longer spikes m-2 of both 

intercrops and more grain yield from wheat:barley mixture. 

2.3.2 Quality parameters 

Legume fodders have higher nutritive value than cereal fodders (Anil et al., 1998; 

Lauriault and Kirksey, 2004; Ansar et al., 2010); however, medium quality alfalfa is quite 

similar to cereal silage in chemical composition and digestion characteristics (Nikkah et al., 

1995). Szumigalski and Acker (2006) measured nitrogen overyielding from a wheat-canola 

intercropping system and suggested that improved nitrogen yield from intercropping is not 

always due to the presence of legume in the mixture. They argued that higher nitrogen LER 

could be due to the greater suppression of weeds than relative sole cropping. According to 

Juskiw et al. (2000a), inclusion of oat and triticale with barley helped in maintaining the quality 

of the fodder as the crop matures. Jedel and Salmon (1994) have concluded that oat-triticale 

mixture is a higher protein yielder than barley-triticale mixture. Baron et al. (1992) compared 

mixtures of spring and winter cereals (wheat, barley, triticale and oats) and concluded that fodder 

quality in terms of crude protein and IVD (in vitro digestibility) was higher in mixtures. 

According to Fisher et al. (1993), maize-sunflower silage produced higher CP contents as 

compared to maize alone (115 vs. 80 g kg-1). Anil et al. (1996) suggested that LER values of 

maize-kale intercrop were greater than unity when calculated on a CP basis for a number of 

experiments. Similarly, Moorby et al. (2003) reported that offering the fermented kale/barley bi 

crop alone or in mixture with grasses, increased the milk yield. Thompson et al. (1992) observed 

that barley- annual rye grass produced higher protein yield throughout the season as compared to 

double-cropped barley (two consecutive barley crops in the same year). 
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2.3.3 Competition indices 

In a field experiment using three seeding rates (150, 300 and 600 seeds/m2) in a 1:1 ratio 

for oat-wheat mixture for grain purposes were compared and it was observed that wheat was 

highly competitive compared to oat (Sobkowicz and Tendziagolska, 2005). The value of RYT 

for mixtures was 1.07 which was significantly greater than unity. Kara et al. (2010) reported that 

a mixture of bread wheat and triticale grown for grain purpose did not produce any advantage in 

terms of relative yield total (RYT) while Araya and Struik (2005) observed significantly higher 

values of RYT than unity from a mixture of barley and wheat indicating yield advantage of the 

mixture over monocultures. Zand and Beckie (2002) studied the competitiveness of hybrid and 

open-pollinated canola with wild oat using five seeding ratios (100:0, 25:75, 50:50, 75:25 and 

0:100) and observed that RYT values exceeded unity for only 5 combinations out of 72 but 

values were never less than unity for any combination suggesting that both crops were competing 

for the same resources. Furthermore, hybrid canola was more competitive than open pollinated. 

Juskiw et al. (2000b) studied the competitive ability of binary mixtures of oat, barley and 

triticale and reported that RYT values did not differ from unity significantly in 9 combinations 

but was significantly higher in three combinations with the highest being 1.30 from triticale-

barley mixture. Barley was more competitive than oat and triticale in mixture with them while in 

oat-triticale mixture, oat was the better competitor. However, Molla and Sharaiha (2010) have 

mentioned that wheat was more competent than barley judged on RCC value. They further 

indicated that competition was severe at the tillering stage and decreased with progressive 

maturity; intraspecific competition for barley was more important at early stages while for wheat 

that was more severe at later stages. Woldeamlak et al. (2008) have reported higher LER ranging 

between 1.20 to 1.98 for grain from all possible combination of four landraces of wheat and 

barley each. They further suggested that early maturing barley left the moisture and nutrient for 

late maturing wheat at later growth stages showing growth complementarity which decreased the 

competition between intercrops; thus mixtures were more stable with higher difference in 

phenology, height and yield of intercrops. Dominance of wheat over other species i.e maize and 

soybean has been established by Li et al. (2001) as aggressivity (A) values of wheat relative to 

maize (0.26-1.63) and relative to soybean (0.35-0.95) were always positive. Similarly, nutrient 

competition ratio of wheat relative to maize (1.09-7.54) and relative to soybean (1.2-8.3) always 

exceeded 1 indicating that wheat was more efficient in acquisition of nutrients than maize and 
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soybean. They also concluded that there was an interspecific facilitation in nutrient acquisition 

among the intercrops. According to Srivastava et al. (2007), mustard was the dominant species in 

wheat-mustard intercropping judged by aggressively and competitive ratios. They also reported 

advantage of intercropping in term of higher land equivalent ratio over sole cropping. Tahir et al. 

(2003) studied the competition functions of different canola based intercropping systems (with 

wheat, gram, lentil and linseed) and reported that canola utilized the resources more 

competitively than intercrop as it has a higher value for relative crowding coefficient (RCC) than 

the intercrop. Furthermore, combined value of RCC of the intercrop was over unity showing that 

there was a yield advantage from all intercropping systems. Canola was the dominant species in 

all intercrops as it had positive signs of aggressivity in all combinations, however, minimum 

aggressivity (A) value was obtained from canola+1 row of wheat (-0.03) and canola + 2 rows of 

wheat (-0.06) indicating that wheat was more competitive to canola than  other intercrops. 

Higher values of competitive ratio also suggested that canola was more competitive than 

intercrops. Dominance of brassica spp over small grain cereal has also been reported by 

Srivastava et al. (2007) in wheat:Indian mustard mixture based on aggressivity (1.034) and 

competitive ratio (2.245) values resulting in wheat yield reduction. Szumigalski and Acker 

(2006) have obtained LER values greater than one from all possible combinations of wheat, 

canola and field pea and finally concluded that annual intercrops can enhance crop production 

compared with sole crops. In a study of different intercropping system, Wahla et al. (2009) found 

canola to be the dominant intercrop over barley as canola had positive sign of aggressivity and 

higher value of competition ratio than barley in mixture. While studying interspecific interaction 

of maize with wheat and barley, Li et al. (2011) obtained LER value of 1.16 for wheat:maize 

intercropping system and 1.13 for barley:maize and indicated that barley was a stronger 

competitor to maize than wheat.  

2.4 Seed proportions 

Beneficial effects of mixtures vary with their combinations (Altin and Gokkus, 1988).  

Increasing the seed proportion of an intercrop in mixture delays its maturity and increases the dry 

matter percentage (Juskiw et al., 2000a and Alemu et al., 2007). Neumann et al. (2009) 

conducted two experiments and suggested that for high resource complementarity in cereal-

legume mixtures, intercrop densities must be higher than for respective sole cropping; while in 
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cereal:berseem mixtures, for higher intercrop yield advantage, use of lower cereal seed rate has 

been suggested by Ross et al. (2004a). Higher crude protein concentration from pea:wheat 

mixture at seeding proportions of 75:25 and 25:75 than pea alone at booting stage of growth has 

been reported by Jacobs and Ward (2012) during the first year of experiment. Kokten et al. 

(2009) studied the performance of vetch and triticale under different seed proportions and found 

that dry matter yield increased with increased ratio of triticale. They further observed that 

seeding ratio of 20-80% of vetch-triticale produced 7.94 t/ha dry matter with vetch ratio of 

23.5% in dry matter and crude protein yield of 0.66 t/ha was better of all proportions. Dry matter 

yield was maximized with vetch seeding rates of between 0 and 40% and protein yield was 

maximized with a wider range of 40-100% vetch. Yucel and Avci (2009) compared the binary 

mixture of vetch and triticale in seeding ratios ranging from 10% to 90% for both crops and 

reported that in a combined analysis of three years, 20% vetch + 80 % triticale produced highest 

dry matter yield (12085 kg/ha) and digestible dry matter yield (6514kg/ha) while the lowest was 

obtained in pure vetch. Moreover, dry matter yield increased with increased proportion of 

triticale in the mixture. Highest crude protein (1339.3 kg/ha) contents were found from 10% 

triticale and 90% vetch. Increasing the ratio of triticale in the mixture increased the ADF and 

NDF %. In other experiment using triticale-pea mixture, Pereira-Crespo et al. (2010) used the 

seeding ratios of 75:25, 50:50, and 25:75 along with sole crops of each and noted that increasing 

the triticale proportion in the mixture increased the NDF and DM % of the mixture while CP 

contents were decreased. Similarly, Rahetlah et al. (2010) conducted an experiment to study the 

effect of seeding rates (100:0, 0:100, 50:50, 50:75 oat to vetch) on forage yield and quality of 

oat-vetch mixtures and reported that seeding ratio of 50% oat and 50 % vetch produced 

significantly higher crude protein contents (1.64 t/ha) and dry matter yield (7.71 t/ha). Alemu et 

al. (2007) also evaluated oat-vetch mixture for fodder production using different seeding ratios 

of oat:vetch (75:25, 50:50 and 25:75 along with sole crop of both intercrops) and found that 

tillering capacity of oat decreased while plant height and dry matter % increased with its 

increased seed proportion in mixture. Heading of the oat in mixture with 25% oat was delayed by 

9 days compared with oat alone and they attributed this delay in maturity to the transfer of 

nitrogen from vetch to oat which kept oat leaves green for a longer period of time. They further 

observed that oat dry matter yield did not changed significantly from sole oat crop by decreasing 

oat seeding ratio utpo 50% of sole oat crop which shows the ability of oat to compensate for 
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lower seeding ratio of oat by producing more tillers per plant. Leaf to stem ratio was maximum 

at 25:75 seeding proportion and combined yield of oat and vetch showed a decreasing trend from 

25% to 100% of oat seeding rate. A similar study to evaluate the barley-vetch mixture with 

seeding ratio of 75:25, 50:50 and 25:75% of narbon vetch and barley, respectively, under weed 

control and weed infestation was conducted by Azizi et al. (2011) and they observed that sole 

vetch produced low protein % (14.8) as compared to vetch in mixture. They suggested that 

higher weed density reduced the total forage dry matter yield but increased protein content in 

vetch. They reported that in vetch, fiber content increased with increased vetch seeding ratio 

under weed control treatments while the reverse was true for weed infected treatments. The fiber 

contents of barley were increased with increased barley seeding ratio. They also found that total 

biological yield increased with decreasing vetch %. They finally concluded that 25:75% 

(vetch:barley) was better than other treatments if qualitative balance and weed control were 

ignored. Vasilakoglou and Dhima (2008) in an experiment used 75:25, 50:50 and 25:75 % 

seeding ratio of berseem and barley and found that seeding ratio of 75:25% provided total DM 

and protein yields (25.2 and 5.0 Mg/ha, respectively) similar with those obtained from the 

berseem clover sole crop (24.9 and 5.4 Mg/ha, respectively); seeding ratio of 25:75% provided 

the least total DM and protein yields. Moreover, they said that berseem clover as sole crop or 

intercropped with barley provided total DM yield (including 4 re-growth cut of berseem) greater 

than barley sole crop, however berseem sole crop gave slightly more CP yield than clover barley 

intercrop. Kardag and Buyukburc (2003) evaluated the barley mixture with vetch and pea for 

fodder production under legume barley seed proportions of 75:25, 50:50 and 25:75% and 

reported that lowest green fodder yield and dry matter yield was obtained from vetch alone and 

25:75% vetch barley mixture, respectively. Green forage yield and dry matter yield increased 

with increased ratio of barley in mixture while crude protein concentration decreased. Maximum 

and minimum crude protein was found in pure vetch and pure barley, respectively. Barley 

mixture with pea, faba bean and lupin 25% barley with 50%, 100%, 150% and 200% of legume 

was studied by Strydhorst et al. (2008) and they found that crude protein and acid detergent 

lignin increased while NDF decreased as legume proportion increased while total dry matter 

yield and acid detergent fiber were unaffected. Averaged over all species, mean dry matter yield 

was 12.3, 12.4, 12.7 and 12.5 Mg ha-1 and legume proportion was 39, 51, 59 and 63 % when 

legume proportion was 50, 100, 150 and 200%, respectively. Atis et al. (2012) while studying 
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the vetch-wheat mixture for forage at different seeding rate (200, 400 and 600 plants m-2) and 

seeding proportion (100:0, 75:25, 50:50, 25:75 and 0:100 of vetch and wheat, respectively) 

reported that dry matter yield increased with increasing the seeding rate. Highest dry matter yield 

(8.67 t ha-1 and 6.36 in first and second year, respectively) was recorded from 600 plant m-2 and 

lowest (6.2 t ha-1 and 4.45 t ha-1 in first and second year, respectively) from 200 plants m-2. 

Similarly increasing the wheat proportion in mixtures increased the dry matter yield of mixtures 

and they suggested that presence of wheat in mixtures provided a support for creeping vetch to 

climb that resulted in yield increase; on the other hand, vetch alone (no wheat to climb), 

especially with higher seeding rates, lodged and resulted in significant yield loss. Crude protein 

yield increased as plants m-2 increased from 200 to 600; increase in plant density was positively 

correlated to CP yield and that this increase was due to higher dry matter production at higher 

densities. For seeding proportions, maximum CP yield (941 kg ha-1) was produced by 25:75% 

vetch:wheat mixture while pure wheat produced the lowest. Despite the higher CP contents of 

vetch alone, CP yield per unit area was low due to less DM production. They also argue that as 

crude protein is more important input for livestock therefore crude protein yield per unit area is a 

better parameter than protein concentration as it relates better to dry matter production. 

According to Al-Khateeb et al. (2006), a seeding ratio 25:75% of Egyptian clover-oat in mixture 

produced highest dry matter yield (7.437 t/ha) while seeding ratio of 75:25% produced second 

highest fresh and dry matter yield (7.363 t/ha). Moreover fresh and dry matter yield of mixture in 

any ratio significantly surpassed the oat monoculture. Jedel and Salmon (1994) studied the 

mixture of oat and barley with triticale at seeding ratio of 25:75, 50:50 and 75:25% and reported 

that generally 50:50 triticale mixtures produced the highest protein both in terms of content and 

yield and lowest ADF and lignin contents. The 50:50% mixture with oat had the highest yield 

and protein contents, and ADF levels lower than the oat monocrops. On the other hand, Juksiw et 

al. (2000a) found no significant effect of seeding rate on protein content when three barley 

varieties were intercropped at 1:1 and 3:1 ratios for each mixture. They further noted that crude 

protein, NDF and ADF of all the mixtures were intermediate to respective monocrops; however, 

increasing the seeding rate (1.5 and 2 times of recommended) in the mixture increased the NDF 

and ADF concentration by 8-13 and 8-14 g kg-1, respectively. Sobkowicz and Tendziagolska 

(2005) have reported decreased plant height, increased tillering and denser canopy with 

increased seed rate for oat-wheat mixture from 75, 150 and 300 seed/m2 for each species. 
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However, Lauk and Lauk (2009) found that increasing the wheat seed rate from 250 to 500 seed 

m-2 in wheat-vetch mixture, increased the inter-specific competitiveness of wheat towards vetch. 

They further reported that increasing the seeding rate of vetch in the mixture with wheat and oat 

reduced cereal share in the final yield. Higher protein value was obtained from oat-vetch mixture 

at 60-80 seeds m-2 of vetch with 250 seeds m-2 of oat. Agegnehu et al. (2006) while studying 

barley-faba bean mixture keeping barley seed rate constant and varying seed rate of faba bean 

(12.5, 25, 37.5, 50 and 62.5%), reported that increasing the faba bean seed proportion from 12.5 

to 62.5% increased the faba bean grain yield from 12-48% and straw yield from 11-42% while 

decreasing the barley grain yield from 93-73% and straw yield from 89-70%. Mahapatra (2011) 

evaluated sabai grass-black gram mixture under 1:1, 1:2 and 3:5 ratios and recorded maximum 

sabai grass leaf DM yield (1771.8 and 2203.6 kg ha-1) from 1:2 proportion while minimum 

(745.8 and 1771.8 kh ha-1) from 3:5 ratio. 

2.5 Harvesting time 

The determination of optimal harvesting time is a major problem with intercropping for 

forage because the growth cycle of associated species is often not synchronized (Mariotti et al., 

2006). Harvesting time of the mixtures can be manipulated according to the end use of the 

produce grown which also provides flexibility in the sowing of the next crop (Jacobs and Ward, 

2012). The contribution of legume in improving the nutritive value of a mixture largely depends 

on the legume growth stage in the mixture. Cereals mature earlier than legumes in mixture, 

hence at harvesting time legume plant stature is so small as to have little significant contribution 

(Lauriault and Kirksey, 2004). Small grain cereals mature from boot to the soft dough stage so 

fiber concentration initially increases reaching a plateau reflecting early leaf growth then cell 

wall development and finally a dilution effect of starch in grain which decreases CP content 

(Khorasani et al., 1997). Francia et al. (2006) have reported that oat had better forage quality 

parameters at soft dough stage when grown alone. Similarly, Gardner and Wiggans (1960) also 

suggested that oat in sole crop gave higher production during early to mid dough stage. 

However, McAndrews et al. (2004) reported that yields of oat and its mixture with legume were 

greater at the milk stage than the boot stage. Ammar et al. (2010) studied the effect of stage of 

maturity on fodder quality of oat, vetch, berseem, oat + vetch and oat + berseem at emergence, 

beginning of ear emergence, beginning of the milky maturation of the grain and pod formation 
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stage and observed that NDF and ADF increased while in vitro digestibility decreased linearly 

with advanced maturity due to decreased leaf:stem ratio and increased fiber content. Maximum 

(274g/kg DM) and minimum (56g/kg DM) crude protein contents were observed in vetch and oat 

+ berseem mixture at emergence and milky stage, respectively. Moreover, except oat+ berseem 

mixture, CP contents decreased drastically with maturity. While evaluating forage potential of 

oat-vetch mixture at three harvesting stages (flag leaf stage, milk stage and dough stage of oat), 

Alemu et al. (2007) reported that on average oat yield in the mixture was significantly lower at 

flag leaf stage than advanced stages due to lower dry matter accumulation at the early stage and 

lower dry matter % while the difference between milk and dough stage was not significant. They 

attributed the decrease in yield from milk to booting stage to shading of leaves with advanced 

maturity of oat. Vetch yield in mixture was also not significant between two later stages of 

maturity. Similarly, lower dry matter % was observed in each crop at early harvesting stage 

which progressively increased up to dough stage. Combined yield of oat+vetch was significantly 

lower (4.1 t ha-1) at flag leaf stage while it was non-significant between milk (10.2 t ha-1) and 

dough stage (10.7 t ha-1). Al-Masri (1998) compared two harvesting systems viz. H1 (early stem 

elongation), H2 (late stem elongation), H3 (flowering stage) vs. H0 (physiological maturity) for 

barley-vetch intercropping and reported that CF, ADF, NDF and ADL (acid detergent lignin) 

increased from first to later harvests due to increase in lignocellulosic material in the cell walls. 

Digestible energy and in vitro digestible crude protein decreased progressively from H1 to H3 and 

were least in H0. Mariotti et al. (2006) reported that binary mixture of barley and durum wheat 

with white lupin and common vetch yielded more biomass of better quality at cereal dough stage. 

Nadeau (2007) conducted an experiment aiming to study the effect of stage of maturity (early 

milking and early dough stage) on feeding value of oat, wheat, barley and triticale and found that 

from milking to dough stage, DM yield of triticale increased by 39%, and that of oat and wheat 

yield increase was 14-15%. However barley yield increased by 20% only in the second year. On 

average, total-N concentration decreased by 13%. They further reported that decrease in sugar 

concentration for oat, barley and wheat was similar (65%) but for triticale the decrease was 21% 

from milking to dough stage while starch concentration increased by 403% (average over 

species). They argued that increased starch and decreased NDF and ADF concentration with 

advanced maturity was attributed to increased ear:stalk ratio of the plant as starch is primarily 

stored in grains and cell wall (fiber) in the stalk. Mixture of barley:oat, harvested at soft dough 
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stage of barley was higher yielding than respective monocrops (Juskiw et al., 2000a).  Khorasani 

et al. (1997) studied the effect of stage of maturity (from booting to soft dough stage) on yield 

component and composition of barley, oat, triticale and 1:1 barley:triticale mixture and they 

found that CP and nitrate concentration decreased with maturity while NDF, ADF and cellulose 

concentration initially increased but then decreased with advanced maturity. Moreover, leaf as a 

percentage of DM and leaf:stem ratio was higher and stem as a percentage of dry matter was less 

for the barley:triticale mixture compared to monocrops. In an experiment Salawu et al. (2001) 

found that dry matter percentage of pea-wheat bicrop was increased from 125 to 333 g kg-1 when 

the mixture was cut at detection of second node to early dough stage of wheat, respectively, 

while total dry matter yield was increased from 1.7 to 12.8 t ha-1. 

There is an inverse relationship between stage of cutting and re-growth on DM yield 

(advanced stage in first cut decreases the re-growth production) (Iannucci, 2001).  While 

studying the effect of cutting time on re-growth (3 weeks after first cut) potential of small grain 

cereals both alone and in mixtures, Baron et al. (1995) observed that re-growth yield of 

monocrops and mixtures decreased as first cut was delayed from booting to six weeks after 

heading and the decrease was more rapid in mixtures (51 to 3% of monocrops from booting to 

four weeks after heading). They associated this reduction to increased shading in the lower parts 

of the canopy in mixtures and monocrops that greatly reduced the PAR penetration resulting in 

minimal meristematic activity that is responsible for re-growth. 
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Chapter 3 

MATERIALS AND METHODS 

3.1 Experimental environment  

Two field experiments with objectives to explore the fodder production potential of oat 

(Avena sativa L.) sown in mixture with legume and non legume were carried out at the Research 

Area of the Agronomy Department, University of Agriculture, Faisalabad (31.26 N° and 73.06 

E°) during the year of 2010-11 and 2011-12. 

3.1.1 Climatic conditions 

Climate of the area is subtropical to semi arid with an altitude of 184 meters above the 

sea level. The data on climatic parameters, monthly average rainfall, relative humidity, 

maximum, minimum and average temperatures during the experimental period in both years, is 

presented in table 3.1. The data was obtained from a meteorological observatory located about 

100 meters away from th experimental site. 

Table 3.1: Total rainfall, relative humidity and maximum, minimum and average temperature per 
month during experiment periods in both years. 

Month Rainfall (mm) R. Humidity (%) Temperature (C°) 

 2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 

Max Min Aver Max Min Aver 

October 00.0 00.4 59.6 61.0 32.9 19.7 26.3 32.2 17.2 24.7 

November 00.0 00.0 62.3 61.2 27.1 10.5 18.8 27.6 13.3 20.5 

December 01.0 00.0 70.5 59.1 20.8 5.9 13.3 20.9 4.2 12.5 

January 00.0 3.8 66.92 69.6 15.9 4.3 10.1 17.3 3.2 10.2 

February 20.6 08.0 73 62.1 20.2 8.7 14.4 18.4 4.6 11.5 

March 06.8 1.5 59.8 58.2 26.4 13.1 19.6 25.9 11.7 18.8 

April 20.9 10.5 47 59.1 32 17.2 24.8 32.7 18 25.3 

Source: Meterological Cell, Department of Crop Physiology, Univerisity of Agriculture,   
Faisalabad. 
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3.1.2 Soil and soil analysis 

A composite soil sample to a depth of 30 cm was taken with soil auger from the 

experimental site prior to sowing of the crop in both years. The sample was analyzed for its 

various physical and chemical properties, details of which are given in table 3.2.  

 

Table 3.2: Details of pre sowing soil mechanical and chemical properties of experimental 
site during 2010-11 and 2011-12. 

 

Soil character 

 

Unit 

Value 

2010-11 2011-12 

A.  mechanical analysis 

Sand % 64.7 62.5 

Silt % 18.4 20.2 

Clay % 16.9 17.3 

Soil textural class - Sandy clay loam 

B. Chemical analysis 

EC dS/m 1.53 1.58 

pH  7.8 8.1 

Organic matter % 0.73 0.77 

Nitrogen % 0.039 0.042 

Available phosphorus Ppm 6.6 7.2 

Available potassium Ppm 131 119 
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3.2 Experiments and Treatments 

3.2.1 Experiment 1 

Influence of harvesting management on forage yield and quality of oat (Avena sativa 

L.) sown in mixture with berseem at different seed proportions. 

Treatments 

Factor A Seeding proportions (SP) 

(Oat : berseem) 

SP1  100:100 

SP2  75:100 

SP3  50:100 

SP4  25:100 

SP5  berseem alone 

SP6  oat alone 

Factor B Harvesting interval (HI) 

HI1  60 days after sowing   

HI2  75 days after sowing   

HI3  90 days after sowing 

At HI1, HI2 and HI3 oat crop was at later stem elongation, early booting and early heading stage, 

respectively. Re-growth cut was taken 45 days after corresponding first cut. 

3.2.2 Experiment 2 

Forage production potential of oat (Avena sativa L.) grown in association with 

barley and canola under different seed proportions. 

Treatments 

S1 Oat alone 
S2 Barley alone 
S3 Canola alone 
S4 75:25 seed rate of oat and barley, respectively. 
S5 50:50 seed rate of oat and barley, respectively  
S6 25:75 seed rate of oat and barley, respectively  
S7 75:25 seed rate of oat and canola, respectively 
S8 50:50 seed rate of oat and canola, respectively  
S9 25:75 seed rate of oat and canola, respectively 
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Crops were harvested 96 DAP during the first year and 95 DAP during the second year that 

represented the 50% heading stage of oat during both of the years. At that time, barley was at 

milking stage and canola was at pod formation stage. 

3.2.3 Experimental layout 

The first experiment was laid out in randomized complete block design (RCBD) under a 

factorial arrangement with three replications while the second experiment was laid out in RCBD. 

The plot size in each experiment was kept at 3m × 6m.  

3.3 Crop husbandry 

3.3.1 Seed bed preparation 

During both years, 10 cm pre sowing irrigation was applied. During the first year, when 

the field reached the proper moisture level, it was rotavated to mix the left overs of the pearl 

millet crop in to the soil. During second year previous crop was wheat which was harvested 

during the month of April, then, field was left fallow up to sowing. Finally, the seed bed was 

prepared by cultivating the field thrice by tractor mounted cultivator up to a depth of 10-12 cm 

which was followed by planking.   

3.3.2 Crop cultivars and seed rates 

Varieties and seed rates of each crop used in the experiments are given below. 

Crop Botanical Name Variety Seed rate (kg ha-1) of sole crop

Oat Avena sativa L. S2000 75 

Berseem Trifolium alexandrinum L. Sandal 20 

Barley Hordeum vulgare L. Haidar 97 100 

Canola Brassica napus L. Punjab Sarsoon 12 

 

3.3.3 Sowing 

Both experiments were sown on 08th and 12th November during 2010 and 2011, 

respectively. In the first experiment, oat was sown in 30 cm spaced rows (total 10 rows in a plot 

for each treatment), then the field was irrigated and berseem seed was broadcasted in standing 

water on the same day, which is a common practice in the area. In the second experiment barley 

and canola were sown in rows in between the 30 cm spaced oat rows. 
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3.3.4 Fertilization  

 In both experiments NP fertilizers were applied at the rate of 60-80 kg ha-1 according to 

the requirement of the oat crop. Full dose of phosphorus in the form of diammonium phosphate 

was applied at sowing while nitrogen was given in in the form of urea in two splits i. e. half at 

sowing and half with first irrigation. 

3.3.5 Irrigation 

In the first experiment, three irrigations each of 7.5 cm depth were applied during the 

whole period of experiment in both years. First irrigation was done after 35, second after 65 days 

and third 100 days after sowing. Second experiment was irrigated thrice, viz 35, 65 and 90 days 

after planting. 

3.3.6 Harvesting 

Harvesting was done manually with a sickle. After harvesting the plot at each cutting oat 

and berseem plants were manually separated. In the second experiment, rows of each crop were 

harvested separately from whole plot. Details of harvesting of the experiments are given below. 

 

First experiment 

 

Treatment 

2010-11 2011-12 

1st cutting DAP Re-growth cut DoR 1st cutting DAP Re-growth 

cut 

DoR 

HI1* 06-01-2011 60 20-02-2011 45 10-01-2012 60 25-02-2012 45 

HI2 21-01-2011 75 07-03-2011 45 25-01-2012 75 11-03-2012 46 

HI3 05-02-2011 90 22-03-2011 45 09-02-2012 90 26-03-2012 45 

Second experiment 

2010-11 2011-12 

Sowing Harvesting DAP Sowing Harvesting DAP 

08-11-2010 11-02-2011 96 12-11-2011 15-02-2012 95 

DAP: days after planting   DoR: days of re-growth 

*HI1= Stem elongation stage  HI2= Early booting stage HI3= Early heading stage 
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3.4 Data collection 

Data on following observations were recorded by using standard procedures during the course of 

study. 

3.4.1 Agronomic parameters 

(a)  Oat (principal crop) 

1. Emergence count 

2. Number of leaves per plant at cutting time 

3. Plant height at cutting time 

4. Number of tillers per plant 

5. Oat green forage yield (t ha-1) 

6. Oat dry matter yield (t ha-1) 

(b) Intercrop 

1. Green forage yield (t ha-1) 

2. Dry matter yield (t ha-1) 

(c) Total mixed forage  

1. Mixed green forage yield (t ha-1) 

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

3.4.2 Quality parameters of each intercrop 

1. Crude protein (%) 

2. Neutral detergent fiber (%) 

3. Acid detergent fiber (%) 

4. Total ash (%) 

Quality analyses were carried out using procedures as recommended by AOAC (1990). 

3.4.3 Competitive indices 

1. Land equivalent ratio  

2. Aggressivity 

3. Competitive ratio 

3.4.4 Economic analysis 

1. Net benefit (Rs. ha-1) 

2. Benefit cost ratio 

Values were calculated by following the methodology described by CIMMYT (1988). 



33 
 

3.5 Procedure for recording data 

3.5.1 Germination count 

The seedling emergence count was performed on complete emergence in one 

meter length of three randomly selected rows in each plot and thereafter an average m-2 

was calculated. 

3.5.2 Number of leaves tiller-1  

Numbers of leaves tillers-1 were counted by randomly selecting ten oat plants 

from each plot. Counting was done on the longest tiller of each plant. Then average 

number of leaves per tiller was calculated. 

3.5.3 Plant height at cutting 

Plant height at each cutting was measured from ten randomly selected plants of 

each plot with the help of measuring tape from base to the highest leaf tip of each plant. 

Then average height per plant was worked out. 

3.5.4 Number of tillers per plant 

Total numbers of tillers of ten randomly selected plants were counted from each 

plot and then average was taken to get number of tillers per plant.  

3.5.5 Fresh forage yield (t ha-1) 

Whole plot was harvested and both intercrops were separated and weighed by 

using a spring balance (in kilograms) immediately after harvesting and then converted to 

t ha-1.  

3.5.6 Dry matter yield (t ha-1) 

At each cutting time, berseem and oat plants were chopped separately and then a 

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

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

was taken with an electrical balance and dry matter percentage was worked out. The 

calculated DM % was used to convert fresh forage yield to dry matter yield.  
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3.5.7 First cut green forage yield (t ha-1) 

Separately weighed oat and berseem green forage yields at first cut were added to 

have total green forage yield at first cut. 

3.5.8 First cut dry matter yield (t ha-1) 

Dry matter yields calculated for oat and berseem were added to have total dry 

matter yield at first cut. 

3.5.9 Grand total mixed green forage yield (t ha-1) 

In first experiment green forage yields during first cut and re-growth cut were 

added to calculate the grand total mixed green forage yield. 

3.5.10 Grand total mixed dry matter yield (t ha-1)   

In first experiment total mixed dry matter yields determined during first cut and 

re-growth dry matter yield were pooled to record the grand total mixed dry matter yield. 

3.5.11 Crude protein  (CP) 

Digestion mixture (5 grams) and 30 ml of concentrated sulphuric acid was added 

to 1 g 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 

containing trapped NH3 was titrated against 0.1 N H2SO4 solution till pink colour 

appeared. Nitrogen percentage was calculated by using following formula. 

N	%		 = (volume	of	0.1	N	H SO 		used	 × vol. of	sample	solution	 × 0.0014)wt. of	sample	 × volume	of	sample	solution	used	(10	ml) 	× 		100 

Nitrogen percentage was multiplied by a factor of 6.25 to obtain crude protein value. 
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3.5.12 Neutral detergent fiber (NDF %) 

One gram of sample was taken in conical flask. Then 0.50 gram sodium sulphite 

and 100 ml of the NDF reagent solution was added to the flask and the flask was fixed to 

an air condenser cooling arrangement. Heat was provided slowly for one hour. Contents 

were allowed to cool and then filtered with the help of suction pump. Residues were 

washed with hot distilled water for 4 times and with acetone once and dried. Residues 

were transferred to a dried crucible which was placed in a hot oven at 105° C for four 

hours. After drying, the crucible was placed in a dessicator for 10 minutes. Neutral 

detergent fiber was calculated as follows. 

NDF	%	 = 		 (Wt. of	crucible	 + 		residue) − 		Wt. of	crucibleWt. of	sample 		× 	100 

3.5.13 Acid detergent fiber (ADF %) 

Residues from NDF were transferred to a 500 ml conical flask and 100ml of acid 

detergent solution was added into flask which was then fixed to an air condenser. First 

heated to boiling point for 2-3 minutes then the temperature was reduced and allowed to 

reflux for 60 minutes. After removing from the condenser the contents were filtered using 

a suction pump. Then the residues were washed with distilled water for 3 times and once 

with acetone. Residues were transferred in to dry crucible which was put in a hot air oven 

at 105°C for 24 hours. After drying, the crucible was placed in a desiccator for cooling. 

Acid detergent fiber % was calculated as follows 	%	 = ( . 	 + 	 ) − 	 	 	 × 100/ . 	 	   
3.5.14 Total Ash %  

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

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

(500-800°C) 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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3.5.15 Land equivalent ratio (LER) 

The intercropping advantage over monocrops was assessed by calculating LER. It 

also reflects the degree of interspecific facilitation and competition in mixtures. The 

formula used is as follows (Vandermeer, 1992; Li et al., 1999; Fetene, 2003): 

Partial	LER		of	crop	′x = L 		= 					 YY 	
Partial	LER		of	crop	′y′	 = 	 L 		= 					 YY 	
Total	LER			 = 		 L +	L 			 = 		 YY +	 YY 	

where Lx and Ly are the partial LERs of crops ‘x’ and ‘y’ while Yix and Ysx are the dry 

matter yield of crop ‘x’ in mixture and sole, respectively and Yiy and Ysy are the yields of 

intercropped and sole crop ‘y’. 

LER value of 1.0 indicates that both intercrops compete equally for the same limiting 

resources. LER value greater than 1.00 reveals advantage from intercropping over 

monoculture in a sense that interspecific facilitation is higher than interspecific 

competition resulting in higher land use efficiency (or intraspecific competition is more 

severe than interspecific competition). However, LER value less than 1.0 indicates 

intercropping disadvantage over sole crops as a result of strong interspecific competition 

than intraspecific competition. 

3.5.16 Aggressivity (A) 

It is another competition function that simply measures the relative yield increase 

of one crop compared to the other crop in mixture. In other words it measures the 

interspecific competition in intercropping by relating the yield changes of component 

crops and respective land occupancy (Li et al., 2001; Williams and McCarthy, 2001). 

Aggressivity	of	crop	′x′		 A = 	 YY ×	Z 	 − YY 	×	Z 	 
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Aggressivity	of	crop	′y′		 A = 	 YY ×	Z 	 − YY 	×	Z 	 
where Yxy and Yyx are the yields of crops ‘x’ and ‘y’ in mixtures, respectively, and Yxx 

and Yyy are yields in sole cropping. While Zxy and Zyx are the sown proportions of crop 

‘x’ and ‘y’ in the mixtures, respectively. 

3.5.16.1 Competition ratio (CR) 

It measures the competitive ability of intercrops in mixture by estimating number of 

time by which one intercrop is more competitive than the other (Wahla et al., 2009) and 

was calculated by the formula proposed by Willey and Rao (1980) given below: CR	of	crop	′x (CR ) = LL × ZZ  

CR	of	crop	′y CR = LL × ZZ  

where Lx and Ly are the partial LERs of crop ‘x’ and ‘y’ in the mixtures. All other 

abbreviations used have been described above. If CRx < 1, there is a positive benefit and 

the crop can be grown in association with ‘y’; if CRx > 1, there is a negative benefit in 

growing it with crop ‘y’. The reverse is true for CR. 

 

3.6 Economic analysis 

3.6.1 Net benefit 

First, gross benefit was calculated by multiplying total yield by the market price that 

prevailed at that time. Gross	benefit		 = 			crop	yield		 × 		market	price 

Then total variable cost was determined by adding all the costs that vary for the system. 

Variable costs were the cost of purchased inputs, labor and machinery. Hence net benefit 

was calculated by finding the difference between gross benefit and total variable cost. Net	benefit	 = 		Gross	benefit	 − 		total	variable	caost 
3.6.2 Benefit cost ratio  (BCR) 

It was determined by dividing the gross income to the total cost of production. 

 

 



38 
 

3.7 Statistical analysis 

Data collected of all the parameter studied through the course of study were subjected to 

statistical analysis using Fisher’s analysis of variance technique in MSTAT-C and 

differences among the treatment means were compared for significance by using the least 

significant difference (LSD) test at 5% probability (Steel et al., 1997). Computer 

programme Microsoft Excel was used to prepare graphs. 
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Chapter 4 

RESULTS AND DISCUSSION 
The results of both the experiments conducted during the course of research are presented and 
discussed below. 

4.1 Experiment 1: Influence of harvesting management on forage yield and quality of 

oat (Avena sativa L.) sown in mixture with berseem at different seed proportions. 

4.1.1 Agronomic parameters 

4.1.1.1 Germination count of oat (m-2) 

Effect of year, harvesting interval and interactive effect (HI × SP) were not significant on 

germination count m-2 of oat (Table 4.1). However, seeding proportion significantly affected the 

germination count of oat during both the years and the trend was also similar. Significantly 

highest germination count (139.41 and 138.14 seedlings m-2 during first and second year, 

respectively) was observed from oat alone which was statistically similar to SP1 during both the 

years in which 100% oat seed was intercropped with 100% berseem. On average, increase in oat 

proportion from 25 to 50, 50 to 75 and 75 to 100% increased the germination count by 42.74, 25 

and 21.82 seedlings m-2 which reflect 88.05, 27.39 and 18.76% increase, respectively. It reflects 

that for each consecutive increase of 25% in seeding ratio of oat i.e. 25 to 100% in mixture, rate 

of increase in germination count m-2 decreased.  

4.1.1.2 Number of leaves (plant-1) 

Effect of the year on number of leaves per plant was significant (Table 4.2). During first 

year number of leaves plant-1 were almost 2% higher than second year of experiment. However, 

interactive effect (HI × SP) was insignificant in both years (Table 4.2). 

 The effect of cutting time on number of leaves plant-1 was significant. The highest 

numbers of leaves were produced when mixtures was harvested 75 DAP and maximum values 

recorded were 5.97 and 5.85 for first and second year, respectively. However, minimum numbers 

of leaves were recorded when crop was harvested 60 days after sowing with values of 4.55 (1st 

year) and 4.64 (2nd year) leaves per plant. Numbers of leaves plant-1 increased as cutting was 

delayed from 60 to 75 DAP and decreased when harvesting was delayed from 75 to 90 DAP. On 
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an average over years, percent increase in number of leaves during HI1 to HI2 was 28.48% while 

decreased from HI2 to HI3 by 4.40%.  

Seeding proportions of oat in mixture did not significantly affect the number of leaves per 

plant during both years. 

Table 4.1: Germination count (m-2) of oat in mixtures with berseem as influenced by 
varying seed proportions of oat and harvesting intervals. 

Treatments 2010-11 2011-12 Mean 

Harvesting interval (HI) 

HI1 (60 DAP) 107.04   107.44   107.24 

HI2 (75 DAP) 106.26   106.59   106.43 

HI3 (90 DAP)  105.46   106.69   106.10 

LSD NS NS  

Seeding Proportions (SP) (oat:berseem) 

SP1 (100:100) 138.11  a 138.00  a 138.10 

SP2 (75:100) 116.00   b 116.55   b 116.28 

SP3 (50:100)   90.70      c   91.85      c 91.28 

SP4 (25:100)   47.07       d   50.00       d 48.54 

SP5 (berseem alone) - -  

SP6 (oat alone) 139.41  a 138.14  a 138.11 

LSD (5%) 10.771 7.932 

Year means 87.301   85.316   

LSD (5%) NS 

HS x S NS NS 

The means with the same letter were not significantly different at p= 0.05 level 
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Table 4.2: Number of leaves plant-1 of oat in mixtures with berseem as influenced by 
varying seed proportions of oat and harvesting intervals. 

Treatments 2010-11 2011-12 Mean 

Harvesting interval (HI) 

HI1 (60 DAP) 4.55    c 4.64    c 4.60 
HI2 (75 DAP) 5.97   a 5.85   a 5.91 
HI3 (90 DAP)  5.64  b 5.65  b 5.65 
LSD 0.109 0.122  

Seeding Proportions (SP) (oat:berseem) 

SP1 (100:100) 5.68   5.61   5.65 
SP2 (75:100) 5.70   5.64   5.67 
SP3 (50:100) 5.76   5.66   5.71 
SP4 (25:100) 5.80   5.70   5.75 
SP5 (berseem alone) - -  
SP6 (oat alone) 5.66   5.62   2.81 

LSD (5%) NS NS 
Year means 5.63  a 5.52   b 
LSD (5%) 0.070 
HS x S NS NS 

The means with the same letter were not significantly different at p= 0.05 level 

4.1.1.3 No. of tillers plant-1  

Effect of year, harvesting intervals and seeding proportions of oat in mixture significantly 

affected the number of tillers plant-1 of oat during both years of study (Table 4.3). During first 

year 7.52% more number of tillers plant-1 were produced compared to second year. Generally, 

number of tiller plant-1 decreased as cutting was delayed from 60 to 90 DAP (HI1 to HI3). In both 

years numbers of tillers plant-1 were highest at HI1 which were statistically similar with HI2 in 

both years. Lowest numbers of tiller plant-1 were recorded at HI3 in both years. In second year 

the differences between HI2 and HI3 were not significant. The decrease, based on average over 

years, from HI1 to HI2 was 3.95% and from HI2 to HI3 was 5.58% in number of tillers plant-1.  

Seed proportions significantly affected the number of tillers plant-1 (Table 4.3) which 

increased with decreasing oat proportion in the mixture. Seed proportion SP4 produced 

maximum number of tillers plant-1 in both years (9.31 and 9.61 in first and second year, 

respectively) which were followed by SP3 (8.21 and 7.68) in which oat seed proportion was 50%. 
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However significantly minimum tillers plant-1 were observed from SP6 (oat alone) in both years 

(4.96 and 4.81 in first and second year, respectively) which was statistically similar to SP1 (4.91) 

only during second year of experiment. The increase in oat seed rate from 25 to 100% in the 

mixture decreased the number of tillers per plant by 36.41% in first and 48.91% during second 

year. Oat mixture with berseem at 100% oat seed proportion produced 19.35 and 2.8% more 

tiller than oat alone (SP1) during first and second year, respectively. 

4.1.1.4 Plant height (cm) 

Year effect on plant height of oat was not significant (Table 4.4a, b). Interactive effect 

(HI × SP) was significant only during second year of experiment (Table 4.4b). During first year 

of experiment oat plant height was significantly increased by delaying the harvest time from 60 

to 90 DAP (HI1 to HI3).  Tallest oat plants were recorded at HI3 (122.10 cm) followed by HI2 

(92.54 cm) while shortest were at HI1 (59.60 cm). Plant height of oat increased as oat proportion 

in the mixture increased from SP1 to SP4. However, statistically tallest oat plants were observed 

for oat alone (98.78 cm). Oat plants in seeding proportions SP1, SP2, SP3 and SP4 were 4.57, 

7.11, 10.84 and 14.31 cm shorter than oat plants in SP6 (oat alone).  

During second year, tallest oat plants (127.67cm) were observed from oat alone and 

harvested at 90 DAP (HI3-SP6) with height of 127.67cm and did not differ significantly from 

seed treatments HI3-SP1 and HI3-SP2 (mixtures with 100 and 75% oat proportion harvested at 

90DAP). Statistically shortest oat plants (52.71 cm) were measured at HI1 where oat density was 

25% and it was also statistically similar to treatment 50% oat proportion producing 57.42 cm tall 

plants at the same harvesting time i. e. HI1. 

 

 

 

 

 



43 
 

Table 4.3: Number of tillers plant-1 of oat in mixtures with berseem as influenced by 
varying seed proportions of oat and harvesting intervals. 

Treatments 2010-11 2011-12 Mean 

Harvesting Interval (HI) 

HI1 (60 DAP) 7.34  a 6.81  a 7.07 

HI2 (75 DAP) 7.09  a 6.50  ab 6.80 

HI3 (90 DAP)  6.59   b 6.25   b 6.42 

LSD 0.347 0.38  

Seeding Proportions (SP) (oat:berseem) 

SP1 (100:100) 5.92     d 4.91     d 5.42 

SP2 (75:100) 6.63    c 5.59    c 6.11 

SP3 (50:100) 8.21   b 7.68   b 7.95 

SP4 (25:100) 9.31  a 9.61  a 9.46 

SP5 (berseem alone) - -  

SP6 (oat alone) 4.96      e 4.81     d 4.89 

LSD (5%) 0.528 0.577 

Year means 7.01  a 6.52   b 

LSD (5%) 0.168 

HS x S NS NS 

The means with the same letter were not significantly different at p= 0.05 level 
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Table 4.4a: Plant height (cm) of oat in mixture with berseem as influenced by varying seed 
proportions of oat and harvesting intervals during the year 2010-11. 

Treatments 2010-11 

Harvesting Intervals (HI) 

HI1 (60 DAP)   59.60    c 

HI2 (75 DAP)   92.54   b 

HI3 (90 DAP)  122.10  a 

LSD 2.841 

Seeding Proportions (SP) (oat:berseem) 

SP1 (100:100) 94.21   b 

SP2 (75:100) 91.67   bc 

SP3 (50:100) 87.94    cd 

SP4 (25:100) 84.47     d 

SP5 (berseem alone) - 
SP6 (oat alone) 98.78  a 

LSD (5%) 4.318 

Year means 91.413   

LSD (5%) NS 
HS x S NS 

The means with the same letter were not significantly different at p= 0.05 level 

Table 4.4b: Plant height (cm) of oat in mixture with berseem as influenced by varying seed 
proportions of oat and harvesting intervals during the year 2011-12. 

Seed proportions (SP) 
(oat:berseem) 

Harvesting interval (HI) Mean 
 HI1 (60 DAP) HI2 (75 DAP) HI3 (90 DAP) 

SP1 (100:100) 70.67          fg 94.222      cd 122.80   ab 95.90 

SP2 (75:100) 65.542           g 93.389       cd 121.93  ab 93.62 

SP3 (50:100) 57.42          h 89.17        de 115.47    b 87.35 

SP4 (25:100) 52.71          h 82.333         e 97.600     c 77.55 

SP5 (berseem alone) - - - - 

SP6 (oat alone) 74.13         f 98.89     c 127.67  a 100.23

Mean  64.09 91.60 117.09  
LSD (5%) 7.0302 
Year Mean 90.928   

LSD (5%) NS 

The means with the same letter were not significantly different at p= 0.05 level 



45 
 

4.1.1.5 First cut green forage yield of oat (t ha-1) 

Year effect on first cut green forage yield of oat was significant (Table 4.5a, b). During 

first year 6.60% more oat green forage yield was produced than second year. During first year 

interactive effect (HI × SP) was significant, however during second year only main effects were 

significant. 

During first year, maximum first cut oat fresh forage yield (60.57 t ha-1) was recorded by 

oat alone when it was harvested after 90DAP (HI3-SP6) however the mixture with 100% oat 

proportion at HI3 also produced statistically similar forage yield (55.41 t ha-1).  At HI1 and HI3 

seeding proportions SP1, SP2 and SP3 produced statistically similar green forage yield of oat 

while at HI2 the differences among the seeding proportions i. e. SP1, SP2, SP3 and SP4 were not 

significant. However, oat green forage yield increased with increased oat proportion in mixture. 

At each cutting time oat sown alone produced higher oat green forage yield than all mixtures 

while mixture with 25% oat proportion gave the minimum yield. Minimum oat green forage 

yield at first cut was recorded by treatment HI1-SP4 where 25% oat seed was sown in mixture 

with berseem and it was statistically similar to mixture with 50% oat ratio that yielded 18.90 t ha-

1.   

During second year of experiment although interactive effect was not significant however 

both factors significantly affected the oat green forage yield (Table 4.5b). Green forage yield 

increased with delaying the harvest. Oat green forage yield was maximum (50.43 t ha-1) at 

harvesting time (HI3) when crops were harvested 90 DAP and it was followed by HI2 (36.01 t ha-

1) while minimum (18.74 t ha-1) was obtained at HI1. The oat green forage yield increased with 

increased oat seeding ratio in mixture. Seeding ratios SP1, SP2 and SP3 gave statistically similar 

green forage yield while S4 yielded significantly less green forage yield than other seeding ratios. 

The maximum oat green forage yield was recorded when oat was sown alone. Decrease in oat 

green forage yield was less compared to decrease in its seeding rate in mixture which is indicated 

by the fact that mixture with 75, 50 and 25% oat proportion produced only 16.74, 18.35 and 

27.81% less green forage yield than sole oat (100% seed rate). 
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4.1.1.6 First cut green forage yield of berseem (t ha-1) 

Effect of the year was significant on green forage yield of berseem which was 20.42% 

higher during 2010-11 than in 2011-12. Interaction (HI × SP) was also significant in both years 

(Table 4.6). At each harvesting interval, berseem alone produced the highest green forage yield 

in both years. Highest berseem green forage yield was recorded from berseem alone (SP5) at HI3 

in both years which was followed by HI2-SP5. The minimum fresh forage yield for berseem was 

observed from HI1-SP1 mixture in both years where oat ratio was 100%, which was also 

statistically similar to mixture HI1-SP2 during first year and to HI1-SP2 and HI1-SP3 during 

second year. Generally, green forage yield increased as cutting time was delayed from HI1 to HI3 

and oat proportion was decreased from 100 to 25% in mixture. Averaged over seeding 

proportion and year, berseem fresh forage yield was 4.54, 7.00 and 8.87 t ha-1 at HI1, HI2 and 

Hi3, respectively. Similarly, average over cutting time and years, seeding proportions SP1, SP2, 

SP3, SP4 and SP5 produced 3.00, 3.85, 5.11, 7.07 and 14.98 t ha-1, respectively. 

Table 4.5a: First cut green forage yield (t ha-1) of oat in mixture with berseem as influenced 
by varying seed proportions of oat and harvesting intervals during the year 2010-11. 

Seed proportions (SP) 
(oat:berseem) 

Harvesting intervals (HI)  
Mean HI1 (60 DAP) HI2 (75 DAP) HI3 (90 DAP) 

SP1 (100:100) 21.25       f 39.31    cd 55.41  ab 38.65 
SP2 (75:100) 20.04       f 39.00    cd 54.65   b 37.90 
SP3 (50:100) 18.90       fg 38.34    cd 51.32   b 36.18 
SP4 (25:100) 13.69        g 34.10     de 40.51    c 29.43 
SP5 (berseem alone) - - -  
SP6 (oat alone) 29.92      e 43.50    c 60.57  a 44.66 

Mean  20.76 38.85 52.50  
LSD (5%) 5.488 
Year Mean 37.37 
LSD (5%) 0.810 

The means with the same letter were not significantly different at p= 0.05 level 
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Table 4.5b: First cut green forage yield (t ha-1) of oat in mixture with berseem as influenced 
by varying seed proportions of oat and harvesting intervals during the year 2011-12. 

Treatment 2010-11 

Harvesting intervals (HI) 

HI1 (60 DAP) 18.74    c 
HI2 (75 DAP) 36.01   b 
HI3 (90 DAP)  50.43  a 
LSD 1.587 

Seeding Proportions (SP) (oat:berseem) 

SP1 (100:100) 34.97   b 
SP2 (75:100) 34.66   b 
SP3 (50:100) 33.99   b 
SP4 (25:100) 30.05    c 
SP5 (berseem alone)  
SP6 (oat alone) 41.63  a 

LSD (5%) 2.412 
Year means 35.06 
LSD (5%) 0.810 
HS x S NS 

The means with the same letter were not significantly different at p= 0.05 level 
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Table 4.6: First cut green forage yield (t ha-1) of berseem in mixture with oat as influenced 
by varying seed proportions of oat and harvesting intervals. 

Seed proportions 
(SP) 

(oat:berseem) 

 
Harvesting 
intervals (HI)  

2010-11 2011-12 
Means 

S HI 

SP1     (100:100) 

HI1 
(60 DAP) 

2.58           f 2.34          i 2.46 

4.54 

SP2   (75:100) 3.23          ef 3.07        ghi 3.15 
SP3   (50:100) 4.34         e 3.80       fghi 4.07 
SP4   (25:100) 5.82        d 4.83      efg 5.33 
SP5   (Berseem alone) 8.59     c 6.80     cde 7.7 
SP6   (Oat alone    

SP1     (100:100) 

HI2 
(75 DAP) 

3.91         e 2.72         hi 3.32 

7.00 

SP2   (75:100) 3.97         e 3.22        fghi 3.6 
SP3   (50:100) 6.01       d 4.64      fgh 5.32 
SP4   (25:100) 6.72      d 7.06     cd 6.89 
SP5   (Berseem alone) 18.19   b 13.59   b 15.89 
SP6   (Oat alone    

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

3.86         e 2.60          hi 3.23 

8.87 

SP2   (75:100) 5.75        d 3.91       fghi 4.83 
SP3   (50:100) 6.61      d 5.27      def 5.94 
SP4   (25:100) 9.69    c 8.35    c 9.02 
SP5   (Berseem alone) 22.32  a 20.36  a 21.34 
SP6   (Oat alone    

LSD (5%)  1.113 2.086
Year Mean  7.43  A 6.17   B 
LSD (5%)  0.272 

The means with the same letter were not significantly different at p= 0.05 level 
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4.1.1.7 First cut dry matter yield of oat (t ha-1) 

Dry matter yield of oat at first cut followed the same pattern as found in green forage 

yield. Year effect on oat dry matter production was significant (Table 4.7a & b). Oat DM yield 

was 9.12% higher in first year as compared to second year of experiment.  

During first year interactive effect was significant (Table 4.7a) while during second year 

it was not significant while main effects were significant (Table 4.7b). During first year 

maximum oat yield was recorded when oat alone was harvested at HI3 (13.27 t ha-1) and it was 

followed by the treatment in which 100% oat seed rate was intercropped with berseem and 

mixture was harvested after 90 DAP (HI3-SP1) which was also statistically similar to HI3-SP1. 

The treatment HI1-SP4 produced the minimum (2.02 t ha-1) oat dry matter which was also 

statistically similar to SP3 and SP2 at HI1 producing 2.81 and 3.04 t ha-1, respectively. At each 

cutting time seeding proportions SP1, SP2 and SP3 gave statistically similar oat dry matter yield 

except at HI3 where SP3 produced significantly lower DM yield than SP1 (Table 4.7a). On 

average, dry matter yield at HI1, HI2 and HI3 was 3.15, 6.61 and 11.41 t ha-1, respectively. 

During second year of experiment harvesting interval and seeding proportion 

significantly affected the oat dry matter yield (Table 4.7b). Dry matter yield of oat increased with 

delayed harvesting interval. The maximum dry matter yield (10.52 t ha-1) was recorded at HI3 

while minimum (2.81 t ha-1) was recorded at HI1. Oat dry matter yield also increased with 

increased oat proportion in mixture. However, statistically maximum oat dry matter yield (7.77 t 

ha-1) was recorded from oat alone. The seeding proportion SP2 did not differ significantly from 

SP1 and SP3. The difference between SP1 and SP3 were significant. Decrease in dry matter yield 

of oat was less compared to decrease in oat seed proportion in mixture. 
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Table 4.7a: First cut dry matter yield (t ha-1) of oat in mixture with berseem as influenced 
by varying seed proportions of oat and harvesting intervals during the year 2010-11. 

Seed proportions (SP) 
(oat:berseem) 

Harvesting intervals (HI)  
MeansHI1 

(60 DAP) 
HI2 
(75 DAP) 

HI3 
(90 DAP) 

SP1 (100:100) 3.29          i 6.81      ef 12.15   b 7.41 

SP2 (75:100) 3.04          ij 6.65      efg 11.90   bc 7.19 

SP3 (50:100) 2.81          ij 6.44       fg 11.08    c 6.77 

SP4 (25:100) 2.02           j 5.62        gh 8.63     d 5.42 

SP5 (berseem alone) - - -  

SP6 (oat alone) 4.63         h 7.53      e 13.27  a 8.47 

Means 3.15 6.61 11.41  
LSD (5%) 1.075 
Year Mean 7.06  A 

LSD (5%) 0.137 

The means with the same letter were not significantly different at p= 0.05 level 

 

Table 4.7b: First cut dry matter yield (t ha-1) of oat in mixture with berseem as influenced 
by varying seed proportions of oat and harvesting intervals during the year 2011-12. 

Treatment 2011-12 

Harvesting intervals (HI) 

HI1 (60 DAP) 2.81    c 
HI2 (75 DAP) 6.07   b 
HI3 (90 DAP)  10.52  a 
LSD 0.268 

Seeding Proportions (SP) (oat:berseem) 

SP1 (100:100) 6.59   b 
SP2 (75:100) 6.42   bc 
SP3 (50:100) 6.16    c 
SP4 (25:100) 5.39     d 
SP5 (berseem alone) - 
SP6 (oat alone) 7.77  a 

LSD 0.408 
Year means 6.47   B 
LSD (5%) 0.137 
HS x S NS 
The means with the same letter were not significantly different at p= 0.05 level 
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4.1.1.8 First cut DM yield of berseem (t ha-1) 

Effect of year on dry matter yield of berseem was significant (Table 4.8). During first 

year 0.20 tha-1 (19.60%) more berseem DM was produced than in second year.  

Interaction (HI × SP) for dry matter yield of berseem was significant during both the 

years. Berseem sown alone (SP5) produced significantly higher DM yield when it was harvested 

after 90 DAP (HI3) in both years and it was followed by the sole berseem when harvesting was 

done 75 DAP (HI2). At all harvesting intervals the berseem DM yield increased with decreased 

oat proportion in mixture. On an average over harvesting interval and year, seed proportion SP1, 

SP2, SP3 and SP4 produced 0.49, 0.63, 0.83 and 1.15 t ha-1, respectively compared to 2.5 t ha-1 

dry matter yield by berseem alone. At each cutting time berseem alone produced highest DM 

yield than berseem yield in mixtures. Among the mixtures at all harvesting intervals, berseem 

DM yield were maximum where oat seed proportion was 25%. On average over harvesting 

interval, seeding proportions SP1, SP2, SP3 and SP4 produced 20.66, 26.19, 33.94 and 44.64% 

dry matter of berseem alone during first year while during second year values were 17.90, 24.02, 

32.75 and 48.47% which indicate the extent of berseem suppression by oat in mixture at varying 

seed proportions. Delay in cutting time increased the DM yield of berseem in mixture as on 

average berseem DM yield was 0.62, 1.13 and 1.62 tha-1 at HI1, HI2 and HI3, respectively. In 

both years, minimum berseem DM yield was recorded from treatment HI1-SP1 where 100% oat 

was intercropped with berseem and was statistically similar to HI1-SP2 during first year while 

during second year the differences among SP1, SP2, SP3 and SP4 were not significant at HI1 

(Table 4.8). In both years seeding proportion SP1 (100:100) and SP2 (75:100) produced 

statistically the same berseem DM yield at all cutting time except at HI3 during first year where 

SP2 produced higher yield than SP1. 
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Table 4.8: First cut dry matter yield (t ha-1) of berseem in mixture with oat as influenced by 
varying seed proportions of oat and harvesting intervals. 

Seed proportions  
(SP) 

(oat:berseem) 

 
Harvesting 
intervals (HI) 

2010-11 2011-12 
Means 

S HI 

SP1     (100:100) 

HI1 

(60 DAP) 

0.35           j 0.32           g 0.33 0.62 
SP2   (75:100) 0.44           ij 0.42          fg 0.43 
SP3   (50:100) 0.59           hi 0.52          fg 0.56 
SP4   (25:100) 0.79         fg 0.65        efg 0.72 
SP5   (Berseem alone) 1.17     d 0.92      de 1.05 
SP6   (Oat alone - -  

SP1     (100:100) 

HI2 

(75 DAP) 

0.63          gh 0.44          fg 0.54 1.13 
SP2   (75:100) 0.64          gh 0.52          fg 0.58 
SP3   (50:100) 0.97       ef 0.75        ef 0.86 
SP4   (25:100) 1.08      de 1.14    d 1.11 
SP5   (Berseem alone) 2.92   b 2.20   b 2.56 
SP6   (Oat alone - -  

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

0.71         gh 0.48         fg 0.60 1.62 
SP2   (75:100) 1.05       de 0.72        ef 0.89 
SP3   (50:100) 1.20     d 0.97     de 1.09 
SP4   (25:100) 1.76    c 1.53   c 1.65 
SP5   (Berseem alone) 4.04  a 3.75  a 3.90 
SP6   (Oat alone - -  

LSD (5%)  0.187 0.341 
Year Mean  1.22  A 1.02   B 
LSD (5%)  0.045 

The means with the same letter were not significantly different at p= 0.05 level 

4.1.1.9 First cut total green forage yield (t ha-1) 

Data regarding total (oat + berseem) green forage yield is presented in table 4.9. The 

effect of year on total green forage yield was significant. During first year of experiment 8.67% 

more mixed green forage was produced than second year.  

Interactive effect (HI × SP) on total green forage yield at first cut was significant in both 

years. Oat alone harvested 90 DAP (HI3) produced highest green forage yield in both the years 

(60.57 and 56.81 t ha-1, respectively). However, it did not differ significantly from SP1, SP2 and 

SP3 in both years. In second year the differences between SP4 and SP6 were also not significant. 

All mixtures at all harvesting intervals produced higher green forage yield than berseem alone. It 
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is interesting to note that in both years all mixtures at each harvesting time produced similar total 

green forage yield except the mixture HI3-SP4 during 2010-11 which gave significantly lower 

yield than other mixtures at HI3. 

Statistically lowest green forage yield in both the years was observed from berseem alone 

at HI1 giving 8.59 and 6.80 t ha-1 in 2010-11 and 2011-12, respectively. Among the mixtures 

lowest mixed green forage yield was recorded by HI1-SP4 (19.51 and 17.28 t ha-1 in 2010-11 and 

2011-12, respectively).  

Table 4.9: Total (oat + berseem) green forage yield (t ha-1) as influenced by varying seed 
proportions of oat and harvesting intervals. 

Seed proportions 
(SP)  

(oat:berseem) 

 
Harvesting 
intervals 
(HI) 

2010-11 2011-12 

Means 

S HI 

SP1     (100:100) 

HI1 

(60 DAP) 

23.83       e 21.35      d 22.59 20.18 
SP2   (75:100) 23.27       e 21.25      d 22.26 
SP3   (50:100) 23.23       e 20.77      d 22.00 
SP4   (25:100) 19.51        ef 17.28      de 18.39 
SP5   (Berseem alone)   8.59         g   6.80           f   7.70 
SP6   (Oat alone 29.92      d 27.06     c 28.49 

SP1     (100:100) 

HI2 

(75 DAP) 

43.23    c 38.61    b 40.92 37.03 
SP2   (75:100) 42.97    c 38.67    b 40.82 
SP3   (50:100) 44.35    c 40.08    b 42.22 
SP4   (25:100) 40.82     c 39.32    b 40.07 
SP5   (Berseem alone) 18.19        f 13.59        e 15.89 
SP6   (Oat alone 43.50    c 41.01    b 42.25 

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

59.27  a 52.61   a 55.94 50.27 
SP2   (75:100) 60.39  a 54.23  a 57.31 
SP3   (50:100) 57.93  a 54.85  a 56.39 
SP4   (25:100) 50.19   b 53.77   a 51.98 
SP5   (Berseem alone) 22.32       ef 20.36      d 21.34 
SP6   (Oat alone 60.57  a 56.81  a 58.69 

LSD (5%)  4.909 5.443
Year Mean  37.34 A 34.36   B 
LSD (5%)  0.685 

The means with the same letter were not significantly different at p= 0.05 level 
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4.1.1.10 First cut total dry matter yield (t ha-1) 

Year effect on total dry matter yield at first cut was significant in both years (Table 4.10). 

During first year (2010-11) 10.57 % more DM was produced at first cut than 2011-12.  

During both the years interactive effect of treatments (HI × SP) was significant (Table 

4.10). The oat alone produced significantly higher dry matter yield than berseem alone and 

mixtures treatments when harvesting was done 60 DAP and when harvesting was done 75 DAP 

in both years. Oat alone produced higher yield but it was statistically similar to mixtures 

treatments during both years of study. However, at HI3 oat alone produced significantly higher 

yield than SP3 (50:100), SP4 (25:100) and berseem alone during first year. In second year at HI3 

oat alone produced significantly higher total dry matter yield than all other treatments except SP2 

(75:100). All mixtures at each harvesting interval produced higher DM yield than berseem alone. 

This effect is further elaborated by the fact that at HI1, HI2 and HI3 average mixed DM yield of 

mixtures was 3.15, 6.88 and 11.58 t ha-1, respectively, compared to sole berseem that produced 

1.05, 2.56 and 3.9 t ha-1, respectively, and oat alone gave 4.38, 7.29 and 12.71 t ha-1, 

respectively.  

Statistically lowest dry matter yield was given by berseem alone when it was harvested 

60 DAP (1.17 and 0.92 t ha-1 in first and second year, respectively). Generally, dry matter yield 

of the mixtures increased with increased oat proportion in the mixture as on average over cutting 

time, seeding proportion SP1, SP2, SP3 and SP4 produced 7.89, 7.91, 7.69 and 6.63 t ha-1 of DM, 

respectively during first year while second year production was 7.01, 6.97, 6.91 and 6.49 t ha-1, 

respectively. Delay in maturity also resulted in higher DM production as DM yield at HI1, HI2 

and HI3 was 3.01, 6.23 and 10.50 t ha-1. 

 

 

 

 

 



55 
 

Table 4.10: Total (oat + berseem) dry matter yield (t ha-1) as influenced by varying seed 
proportions of oat and harvesting intervals. 

Seed proportions % 
(SP) 

(oat:berseem) 

Harvesting 
intervals 
(HI) 

2010-11 2011-12 
Means 

S HI 

SP1     (100:100) 

HI1 

(60 DAP) 

3.64           fg 3.22        def 3.43 3.01 

SP2   (75:100) 3.49         fg 3.16          ef 3.33 

SP3   (50:100) 3.39           fg 3.01          efg 3.2 

SP4   (25:100) 2.82           g 2.45            fg 2.64 

SP5   (Berseem alone) 1.17            h 0.92               h 1.05 

SP6   (Oat alone 4.64       e 4.12       d 4.38 

SP1     (100:100) 

HI2 

(75 DAP) 

7.44        d 6.62      c 7.03 6.23 

SP2   (75:100) 7.29        d 6.52      c 6.91 

SP3   (50:100) 7.42        d 6.64      c 7.03 

SP4   (25:100) 6.70        d 6.41      c 6.56 

SP5   (Berseem alone) 2.92             g 2.20             g 2.56 

SP6   (Oat alone 7.53        d 7.04      c 7.29 

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

12.86  ab 11.19   b 12.03 10.50 

SP2   (75:100) 12.95  ab 11.24 ab 12.10 

SP3   (50:100) 12.27    b 11.09   b 11.68 

SP4   (25:100) 10.39    c 10.62    c 10.51 

SP5   (Berseem alone) 4.04        ef 3.75       de 3.90 

SP6   (Oat alone 13.26  a 12.15  a 12.71 

LSD (5%)  0.959 0.916 

Year Mean  6.90  A 6.24   B 

LSD (5%)  0.129 

The means with the same letter were not significantly different at p= 0.05 level 
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4.1.2 Quality parameter 

4.1.2.1. Crude protein concentrations (%) 

Crude protein concentrations of individual intercrops and mixtures are presented in fig. 

4.1, 4.2 and 4.3. Crude protein concentration of both the crops decreased with delayed cutting. 

On average over years, oat concentrations at HI1, HI2 and HI3 were 14.23, 12.21 and 9.55% 

while concentration in berseem was 23.06, 21.59 and 19.24%, respectively. Decline in CP 

concentration in both intercrops was greater between 75-90 DAP compared to between 60-75 

DAP with values 14.19 and 6.37% decreased during first interval and 21.78 and 10.88% decrease 

during second interval for oat and berseem, respectively. It also indicates that decline in oat CP 

concentration was higher than berseem.  

Crude protein concentration of both intercrops in mixture decreased with increased oat 

proportion in mixture. At each harvesting interval, effect of berseem inclusion in mixture (oat + 

berseem) CP concentration was more prominent in treatment where oat proportion was low. On 

average over years, increase in mixture CP concentration at SP1, SP2, SP3 and SP4 was 0.68, 9.1, 

13.0 and 19.3 g kg-1 of dry matter. All mixtures gave higher CP concentrations than oat alone. 

On an average over cutting time, mixtures with seeding proportions SP1, SP2, SP3 and SP4 

produced 5.7, 7.8, 12.9 and 19.8 g kg-1, respectively, higher CP concentrations than oat alone.  

4.1.2.1.1  First cut crude protein yield (t ha-1) 

The perusal of the data regarding first cut crude protein yield reveals that year effect was 

significant on total crude protein yield in both the years (Table 4.11). During first year 12.99 % 

more crude protein yield was obtained than in second year. 

Interactive effect (HI × SP) was also significant in both the years. In both years maximum 

crude protein yield was produced by mixture with 75% oat seed proportion and harvested at 90 

DAP (HI3-SP2) producing 1.36 and 1.18 t ha-1 in first and second year, respectively. During 

second year SP2 and SP3 have exactly similar total crude protein yield (1.18 t ha-1). However, in 

both years it was statistically similar to all the mixtures and oat alone at HI3, except SP4 during 

first year which produced significantly lower (1.22 t ha-1) CP yield than SP2 (75:100) and SP3 

(50:100) but statistically similar to SP1 (100:100). Similar trend was observed at each harvesting 
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interval i. e. all seeding proportions produced statistically similar CP yield irrespective of oat 

seeding proportion. In both the year oat alone gave higher CP yield than all mixtures at HI1 while 

at HI2 and HI3 almost all mixtures dominated oat alone in CP production. During first year 

seeding proportion SP3 gave maximum CP yield than other mixtures at HI2 while at HI3, seeding 

ratio SP2 produced the maximum CP yield. During second year of experiment seeding proportion 

SP2 and SP3 gave higher CP yield at HI3 while at HI2 mixture with 25% oat ratio (SP4) gave the 

maximum CP yields. On an average over harvesting interval, seeding proportions SP1, SP2, SP3, 

SP4 produced 0.93, 0.94, 0.95, 0.87 t ha-1 and 0.80, 0.83, 0.84, 0.82 t ha-1 during first and second 

year, respectively. However, berseem alone produced minimum CP yield at each harvesting 

interval during both years. On an average over years, berseem alone produced 0.24, 0.55 and 

0.75 t ha-1 compared to 0.62, 0.89 and 1.21 t ha-1 for oat alone at HI1, HI2 and HI3, respectively.  

Crude protein yield increased with delayed maturity. Averaged over seeding ratios and 

years, CP yields at harvesting interval HI1, HI2 and HI3 was 0.47, 0.85 and 1.12 t ha-1. On 

average increase in crude protein yield from 60 DAP to 75DAP was 81.23% and from 75 DAP to 

90 DAP was 35.46%.  
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Table 4.11: Total (oat + berseem) crude protein yield (t ha-1) as influenced by varying seed 
proportions of oat and harvesting intervals. 

Seed proportions % 
(SP) 

(oat:berseem) 

 
Harvesting 
intervals 
(HI) 

2010-11 2011-12 
Means 

SP HI 

SP1     (100:100) 

HI1 

(60 DAP ) 

0.52           g 0.46      de 0.49 0.47 
SP2   (75:100) 0.52          g 0.48      de 0.50 
SP3   (50:100) 0.53        fg 0.47      de 0.50 
SP4   (25:100) 0.47          g 0.41        e 0.44 
SP5   (Berseem alone) 0.27            h 0.21          f 0.24 
SP6   (Oat alone 0.66        e 0.58      d 0.62 

SP1     (100:100) 

HI2 

(75 DAP) 

0.96     c 0.83    bc 0.89 0.85 
SP2   (75:100) 0.95     c 0.83    bc 0.89 
SP3   (50:100) 1.00     c 0.88    b 0.94 
SP4   (25:100) 0.93     c 0.89    b 0.91 
SP5   (Berseem alone) 0.63        ef 0.47      de 0.55 
SP6   (Oat alone 0.92     c 0.86    b 0.89 

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

1.32  ab 1.11  a 1.22 1.15 
SP2   (75:100) 1.36  a 1.18  a 1.27 
SP3   (50:100) 1.33  a 1.18  a 1.25 
SP4   (25:100) 1.22    b 1.14  a 1.18 
SP5   (Berseem alone) 0.77       d 0.73    c 0.75 
SP6   (Oat alone 1.29   ab 1.14  a 1.21 

LSD (5%)  0.103 1.286 
Year Mean  0.87  A 0.77   B 
LSD (5%)  0.016 

The means with the same letter were not significantly different at p= 0.05 level 
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Fig 4.1: Crude protein concentrations (CP %) of individual intercrops (oat and berseem) 
and their mixtures under different seeding proportion at 60 DAP. 
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Fig 4.2: Crude protein concentrations (CP %) of individual intercrops (oat and berseem) 
and their mixtures under different seeding proportion at 75 DAP. 
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Fig 4.3: Crude protein concentrations (CP %) of individual intercrops (oat and berseem) 
and mixtures under different seeding proportion at 90 DAP. 
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4.1.2.2 Neutral detergent fiber (NDF %) 

Year effect on neutral detergent fiber concentration was not significant (Table 4.12). 

However interactive effect (HI × SP) was significant in both years.  

 Significantly highest neutral detergent fiber was recorded from oat alone at HI3 in both 

years (52.75 and 53.73%, respectively), however it was statistically similar to treatments HI3-SP1 

and HI3-SP2 in both years. Minimum NDF concentrations were recorded from berseem alone at 

first cutting interval (HI1) in both years. 

Neutral detergent fiber (NDF) concentrations increased with delaying the harvest (Table 

4.12). On an average, concentrations of NDF at HI1, HI2 and HI3 were 36.04, 44.80 and 49.82%, 

respectively. At each cutting time oat alone produced highest NDF concentrations than all other 

treatments. The sole berseem produced the minimum NDF concentrations at each harvesting 

intervals. Neutral detergent fiber concentrations of mixtures increased with increased oat 

proportions in mixtures in both years. 

Role of berseem in lowering the neutral detergent fiber of mixed forage (oat + berseem) 

was more prominent in the treatments where oat seeding ratio was low (Fig 4.4, 4.5 & 4.6). On 

an average over harvesting interval, berseem inclusion at seeding ratios SP1, SP2, SP3 and SP4 

lowered the NDF concentrations by 9.9, 12.70, 16.80 and 25.76 g kg-1 of dry matter. On an 

average over year and harvesting interval, seeding ratios SP1, SP2, SP3 and SP4 gave 8.0, 13.5, 

23.4 and 35.6 g kg-1 lower NDF concentrations than oat alone. As the crops matured (delayed 

cutting) effectiveness of berseem inclusion in lowering the NDF value was minimized which is 

indicated by the fact that overall decrease in NDF concentration at HI1 was 21.12 g kg-1 while at 

HI2 and HI3 decrease was 15.45 and 12.16 g kg-1, respectively.  
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Table 4.12: Neutral detergent fiber concentrations (NDF %) of mixed forage (oat + 
berseem) as influenced by varying seed proportions of oat and harvesting intervals. 

Seed proportions % 
(SP) 

(oat:berseem) 

 
Harvesting 
intervals 
(HI) 

2010-11 2011-12 

Means 

SP HI 

SP1     (100:100) 

HI1 

(60 DAP) 

40.11          g 37.95         gh 39.03 36.04 
SP2   (75:100) 39.44          h 37.28           hi 38.36 
SP3   (50:100) 37.79           i 36.38             i 37.09 
SP4   (25:100) 35.81            j 34.96              j 35.39 
SP5   (Berseem alone) 26.96              l 25.45               l 26.21 
SP6   (Oat alone 41.34           g 39.02          g 40.18 

SP1     (100:100) 

HI2 

(75 DAP) 

47.19       d 48.12       d 47.66 44.80 
SP2   (75:100) 46.90       de 47.79       de 47.35 
SP3   (50:100) 45.73        ef 46.77         ef 46.25 
SP4   (25:100) 44.97          f 45.73           f 45.35 
SP5   (Berseem alone) 33.87        k 33.68          k 33.77 
SP6   (Oat alone 48.07      d 48.79      d 48.43 

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

52.19  ab 53.33   ab 52.75 49.82 
SP2   (75:100) 51.42   ab 52.77   ab 52.09 
SP3   (50:100) 50.83    bc 52.10     bc 51.47 
SP4   (25:100) 49.80     c 51.04       c 50.42 
SP5   (Berseem alone) 39.53         g 38.39        gh 38.96 
SP6   (Oat alone 52.75  a 53.73  a 53.24 

LSD (5%)  1.434 1.272 
Year Mean  43.59   43.52   
LSD (5%)  NS 

The means with the same letter were not significantly different at p= 0.05 level 
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Fig 4.4: Neutral detergent fiber concentrations (NDF %) of individual intercrops (oat and 
berseem) and their mixtures under different seeding proportion at 60 DAP. 
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Fig 4.5: Neutral detergent fiber concentrations (NDF %) of individual intercrops (oat and 
berseem) and their mixtures under different seeding proportion at 75 DAP. 
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Fig 4.6: Neutral detergent fiber concentrations (NDF %) of individual intercrops (oat and 
berseem) and their mixtures under different seeding proportion at 90 DAP. 
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4.1.2.3 Acid detergent fiber (ADF)   

Data presented in table 4.13 reveals the ADF dynamics of mixtures as affected by 

treatments. The year effect was not significant. Interactive effect (HI × SP) was significant in 

both the years. 

During first year, highest ADF concentration was given by the treatment HI3-SP1 with the 

value of 34.97% however, it was statistically similar to all treatments at the same cutting time 

except S5 (berseem alone) which had significantly lower ADF concentrations (33.80%). During 

second year maximum ADF concentration was recorded by oat alone at HI3 (34.49%) which was 

also statistically similar to the treatment HI3-SP1. In both the years, statistically minimum ADF 

concentrations were measured from berseem alone when harvested 60 DAP (HI1) with values of 

17.84 and 17.50%, respectively.  

At each cutting time oat alone had the higher ADF concentrations than mixtures except at 

HI3 during first year where treatment HI3-SP1 gave higher ADF value. However, berseem alone 

recorded lower ADF concentrations at each cutting time. Increase in ADF concentration in 

berseem was more than oat with successive cutting time. This fact is well depicted by the 

difference in ADF concentrations of oat alone and berseem alone (both years) at first harvesting 

interval (HI1) which was 6.63 and was reduced to 5.17 at HI2 and then to 1.5% at HI3. ADF 

concentrations increased as cutting time was delayed. Averaged across years, ADF 

concentrations at HI1, HI2 and HI3 were 22.40, 29.80 and 33.89%, respectively. Concentrations 

of ADF in the mixtures generally increased with increasing oat proportions.  

Effectiveness of berseem inclusion in lowering the ADF concentrations of mixtures 

became less pronounced with increased oat seed proportion in the mixture or delaying the cutting 

time of mixture from 60 DAP to 90 DAP (Fig 4.7, 4.8 & 4.9). The decrease in seeding ratio of 

oat in mixtures lowered the ADF concentrations, while at HI1 decrease in ADF concentrations of 

mixtures due to berseem presence was 9.05 g kg-1
 which was reduced to 7.53g kg-1

 at HI2 and 

3.03 g kg-1 at HI3 of dry matter. 
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Table 4.13: Acid detergent fiber concentrations (ADF %) of mixed forage (oat + berseem) 
as influenced by varying seed proportions of oat and harvesting intervals. 

Seed proportion% 
(SP) 

(oat:berseem) 

 
Harvesting 
intervals 
(HI) 

2010-11 2011-12 

Mean 

SP HI 

SP1     (100:100) 

HI1 

(60 DAP) 

24.57         fg 23.08        gh 23.83 22.40 
SP2   (75:100) 24.08         fg 22.72        ghi 23.4 
SP3   (50:100) 23.60           gh 22.43          hi 23.01 
SP4   (25:100) 22.57             h 21.79             l 22.18 
SP5   (Berseem alone) 17.84               i 17.50              m 17.67 
SP6   (Oat alone 24.97         f 23.64          g 24.31 

SP1     (100:100) 

HI2 

(75 DAP) 

31.44    c 30.54      d 30.99 29.80 
SP2   (75:100) 31.30    c 30.27      de 30.79 
SP3   (50:100) 30.86     cd 29.80      de 30.33 
SP4   (25:100) 30.16       d 29.40        e 29.78 
SP5   (Berseem alone) 26.24       e 25.38         f 25.81 
SP6   (Oat alone 31.52    c 30.73      d 31.13 

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

34.97  a 33.45  ab 34.21 33.89 
SP2   (75:100) 34.71  ab 33.12    bc 33.91 
SP3   (50:100) 34.50  ab 32.99    bc 33.75 
SP4   (25:100) 34.80  ab 32.84     bc 33.82 
SP5   (Berseem alone) 33.80   b 32.36      c 33.08 
SP6   (Oat alone 34.67  ab 34.49  a 34.58 

LSD (5%)  1.042 0.961 

Year Mean  29.26   28.28    
LSD (5%)  NS 

The means with the same letter were not significantly different at p= 0.05 level 
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Fig 4.7: Acid detergent fiber concentrations (ADF %) of individual intercrops (oat and 
berseem) and their mixtures under different seeding proportion at 60 DAP. 
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Fig 4.8: Acid detergent fiber concentrations (ADF %) of individual intercrops (oat and 
berseem) and their mixtures under different seeding proportion at 75 DAP. 
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Fig 4.9: Acid detergent fiber concentrations (ADF %) of individual intercrop (oat and 
berseem) and their mixtures under different seeding proportion at 90 DAP. 
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4.1.2.4             Ash % 

The effect of year on ash percentage was not significant (Table 4.14a & b). Interactive 

effect (HI × SP) was significant only during second year. 

During first year, ash% decreased with delayed cutting and decrease was significant at 

each delayed cutting. Maximum ash% was recorded at HI1 with value of 14.15% which was 

reduced to 12.64% at HI2 and minimum (10.73%) was observed at HI3. Berseem alone produced 

significantly higher ash % than mixtures and oat alone. Interestingly all the mixtures and oat 

alone produced statistically similar ash%. However, ash % in the mixtures decreased with 

increased oat proportion in mixtures. During second year statistically maximum ash% was also 

recorded from berseem alone at HI1 (15.29 %). All the mixtures and oat alone in HI1 produced 

statistically similar results but lower ash % than berseem alone. The berseem alone at HI3 again 

had significantly higher ash% than oat alone and mixture treatments. At HI2 all the treatments 

gave statistically similar ash%. The minimum ash% was observed from treatment HI3-SP1 with 

value 9.98% but it was also similar to all mixtures and oat alone at HI3.  

Berseem in the mixtures helped in increasing the ash % of mixtures (Fig 4.10, 4.11 & 

4.12). At all cutting times, effect of berseem in increasing the ash% of mixture was more 

prominent in treatments in which oat proportion was lower. On average, increase in ash% at 

seeding proportions SP4 was 2.45 g kg-1 while at SP3, SP2 and SP1 increase was 0.8, 1.15 and 

1.58 g kg-1, respectively. Within the mixtures, ash % of oat crop was increased with decrease in 

its seed proportion in mixture.  
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Table 4.14a: Ash percentage of mixed forage (oat + berseem) as influenced by varying seed 
proportions of oat and harvesting intervals during the year 2010-11. 

Treatment 2010-11 

Harvesting intervals (HI) 

HI1 (60 DAP) 14.15  a 
HI2 (75 DAP) 12.64   b 
HI3 (90 DAP)  10.73    c 
LSD 0.336 

Seeding Proportions % (SP) (oat:berseem) 

SP1 (100:100) 12.14   b 
SP2 (75:100) 12.24   b 

SP3 (50:100) 12.34   b 
SP4 (25:100) 12.50   b 
SP5 (berseem alone) 13.78  a 

SP6 (oat alone) 12.03   b 

LSD (5%) 0.585 
Year means 12.51   B 
LSD (5%) 0.128 
HI x S NS 

The means with the same letter were not significantly different at p= 0.05 level 

Table 4.14b: Ash percentage of mixed forage (oat + berseem) as influenced by varying seed 
proportions of oat and harvesting intervals during the year 2011-12. 

Seed proportions 
(HI) 

(oat:berseem) % 

Harvesting intervals (HI) Mean 
HI1 (60 DAP) HI2 (75 DAP) HI3 (90 DAP) 

SP1 (100:100) 14.67   b 12.98     c 9.98        e 12.54 

SP2 (75:100) 14.77   b 12.96     c 10.06       e 12.59 

SP3 (50:100) 14.82   b 13.05     c 10.15       e 12.67 

SP4 (25:100) 14.87   b 13.09     c 10.27       e 12.74 

SP5 (berseem alone) 15.29  a 13.17     c 11.11      d 13.19 

SP6 (oat alone) 14.66   b 12.99     c 10.01        e 12.55 

Means 14.85 13.04 10.26  
LSD (5%) 0.363 
Year Mean 12.72  A 

LSD (5%) 0.128 

The means with the same letter were not significantly different at p= 0.05 level 
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Fig 4.10: Ash percentages of individual intercrops (oat and berseem) and their mixtures 
under different seeding proportion at 60 DAP. 
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Fig 4.11: Ash percentages of individual intercrops (oat and berseem) and mixtures under 
different seeding proportion at 75 DAP. 
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Fig 4.12: Ash percentages of individual intercrops (oat and berseem) and mixtures under 
different seeding proportion at 90 DAP. 
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4.1.3 Competitive indices  

4.1.3.1 Land equivalent ratios (LER) 

 Year effect was significant only for partial land equivalent ratios for berseem (Table 

4.15). However partial land equivalent ratios of oat and total LER were not affected by year. 

Interactive effect (HI × SP) was significant on partial LER of both oat and berseem and total 

LER. 

 In both years, statistically highest partial LER value for oat was calculated from treatment 

HI3-SP1 (0.92) which was statistically similar to all the mixtures at HI2 and HI3 except SP4 at HI2 

and HI3 during the year 2010-11. However, minimum was recorded from HI1-SP4 with value 

0.44. All the mixtures at each cutting time gave higher oat partial LER values than 0.5 except 

HI1-SP4. Partial LER values of oat increased as the oat proportion in the mixture increased. 

Maximum partial LER values of berseem were calculated from the treatment HI1-SP4 in both 

years with values 0.67 and 0.71, respectively which was followed by HI1-SP3 in both years (0.50 

and 0.57, respectively). Similarly, the minimum was record when 100:100 % mixture was 

harvested 90 DAP (HI3-SP1). Partial LER values of berseem decreased in response to increased 

oat proportion in the mixtures at each cutting time.  

 All the mixtures produced total LER values more than unity at all harvesting times, 

however statistically highest total LER values were recorded from HI2-SP3 (1.18) during first 

year and from HI2-SP4 (1.28) during second year. During first year all mixtures throughout the 

harvesting interval have statistically similar LER except HI1-SP1 and HI2-SP3 which differed 

significantly from one another. During second year significant differences were only observed in 

HI2-SP4 and HI3-SP1. Generally values of total LER at each harvesting time increased with 

decreased oat proportion in the mixture during second year.  
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Table 4.15: Effect of seed proportions and harvesting intervals on LER values of 
oat:berseem mixtures. 

Seed proportion% 

(SP) 

(oat:berseem) 

Harvesting 

intervals 

(HI) 

LER values 

2010-11 2011-12 

Oat Berseem Total Oat Berseem Total 

SP1 (100:100) 

HI1 

(60 DAP) 

0.71   cd 0.30   def 1.01     b 0.71bcd 0.35    de 1.06   ab 

SP2 (75:100) 0.66    d 0.38     cd 1.03   ab 0.66 cd 0.46  bcd 1.12   ab 

SP3 (50:100) 0.61     d 0.50   b 1.11  abc 0.61   d 0.57   b 1.18  ab 

 SP4 (25:100) 0.44      e 0.67  a 1.11  ab 0.43   e 0.71  a 1.14 ab 

SP1 (100:100) 

HI2 

(75 DAP) 

0.91  a 0.21     hi 1.12  ab 0.87  ab 0.21     f 1.08   ab 

SP2 (75:100) 0.88  ab 0.22   ghi 1.10 ab 0.85  ab 0.24     ef 1.09   ab 

SP3 (50:100) 0.85  ab 0.33   def 1.18  a 0.84 ab 0.35     de 1.19  ab 

 SP4 (25:100) 0.74   bcd 0.36   cde 1.12  ab 0.75abcd 0.53   bc 1.28  a 

SP1 (100:100) 

HI3 

(90 DAP) 

0.92  a 0.17      i 1.09   ab 0.88  a 0.18     f 1.01    b 

SP2 (75:100) 0.90  a 0.26   fgh 1.16  ab 0.87  ab 0.19     f 1.06   ab 

SP3 (50:100) 0.83  abc 0.29   efg 1.13  ab 0.83abc 0.26     ef 1.09   ab 

 SP4 (25:100) 0.65    d 0.44    bc 1.09 ab 0.74abcd 0.41     cd 1.16  ab 

LSD (5%) 0.144 0.078 0.160 0.168 0.137 0.240 

Year Mean 0.76   0.35 B 1.11   0.76  0.37 A 1.13  

LSD (5%) NS 0.019 NS NS 0.019 NS 

The means with the same letter were not significantly different at p= 0.05 level 
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4.1.3.2 Competitive ratio (CR) 

Competitive ratio of the intercrops in mixture was not significantly affected by year 

(Table 4.16). However interactive effect (HI × SP) was significant in both years.  

Oat proved to be the dominant species in the mixture as competition ratio values of oat 

(CRoat) were higher than that of berseem (CRberseem). Generally competition ratio value of oat in 

the mixture increased with increased its seed proportion in the mixtures in both years. 

Statistically highest CR value of oat was recorded at HI2-SP4 with values 8.09 during first year 

while during second year highest CR value was recorded by HI3-SP4 (6.71). Minimum CRoat 

value was observed from HI1-SP2 during both years (2.34 and 1.95, respectively).  

Values of CRberseem were well below those of CRoat and unity confirming oat has more 

competitive ability in mixture than berseem. All seed rates at HI2 and HI3 have statistical similar 

CRberseem values but significantly lower than HI1 during both year of study. In first year results 

were also similar except HI2-SP4 which had significantly lower CR value than HI2-SP1. 

However, statistically higher values of CRberseem were recorded from treatment HI1-SP2 in both 

years with values 0.43 in first year and 0.51 in second year.   

4.13.3  Aggressivity (A)  

Year effect was not significant on aggressivity values of oat and berseem (Table 4.17). 

However interactive effect (HI × SP) on aggressivity values of oat and berseem was significant 

in both years.  

Intercrops did not compete in mixture with equal intensity at any seeding ratios. 

Aggressivity values of oat confirm the results of competition ratio. Aggressivity values of oat 

(Aoat) were positive at each cutting time and seeding ratios which indicate oat dominance in 

mixture over berseem. Aggressivity values of oat in the mixture increased in response to 

decreased oat proportion in the mixture at each cutting time. However statistically maximum Aoat 

values were recorded from the treatment HI2-SP4 (2.62) and during second year treatment HI3-

SP4 gave the maximum Aoat values (2.58) which was also statistically similar to treatment HI2-

SP4 (2.46). Minimum Aoat values were measured from treatment HI1-SP1 in both years (0.41 and 

0.36 during first and second year, respectively). Aggressivity values of berseem showed the 

negative sign at each cutting time and seeding ratios. Aberseem values in the mixture decreased 
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with decreased proportion of oat in mixture in both years. Values of Aberseem were reciprocal to 

that of Aoat i. e. increase in aggressivity values of oat in  mixtures resulted in decrease in A 

values of berseem in same magnitude but with opposite sign. 

Table 4.16: Effect of seed proportions and harvesting intervals on competitive ratio (CR) 
values of oat:berseem mixtures. 

Seed proportions % 

(SP) 

(oat:berseem) 

 

 

Harvesting 

intervals (HI) 

CR values 

2010-11 2010-12 

CRoat CRberseem CRoat CRberseem 

SP1 (100:100) 

HI1 

(60 DAP) 

2.39      d 0.42  a  2.06     d 0.50  a 

SP2 (75:100) 2.34       d 0.43  a 1.95     d 0.51  a 

SP3 (50:100) 2.41       d 0.41  a 2.16     d 0.47  a 

 SP4 (25:100) 2.60       d 0.38  a 2.46     cd 0.40   a 

SP1 (100:100) 

HI2 

(75 DAP) 

4.23      c 0.23   b 4.36    bc 0.23    b 

SP2 (75:100) 5.38   bc 0.18   bc 4.81   ab 0.21    b 

SP3 (50:100) 5.16    bc 0.19   bc 4.88   ab 0.20    b 

 SP4 (25:100) 8.09  a 0.12     c 5.72  ab 0.17    b 

SP1 (100:100) 

HI3 

(90 DAP) 

5.23   bc 0.19   bc 5.25  ab 0.14    b 

SP2 (75:100) 4.62     bc 0.21   bc 5.62  ab 0.16    b 

SP3 (50:100) 5.64   bc 0.17    bc 5.87  ab 0.15    b 

 SP4 (25:100) 5.97   b 0.16    bc 6.71  a 0.13     b 

LSD (5%) 1.370 0.094 2.120 0.167 

Year Mean 4.51   0.26   4.41   0.28   

LSD (5%) NS NS NS NS 

The means with the same letter were not significantly different at p= 0.05 level 
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Table 4.17: Effect of seed proportions and harvesting intervals on aggressivity (A) values of 
oat:berseem mixtures. 

Seed proportion % 

(SP) 

(oat:berseem) 

 

 

Harvesting 

intervals (HI) 

Aggressivity values  

2010-11 2011-12 

Aoat Aberseem Aoat Aberseem 

S1 (100:100) 

HI1 

(60 DAP) 

0.41        d -0.41  a 0.36       h -0.36  a 

S2 (75:100) 0.50       d -0.50  a 0.43       gh -0.43  ab 

S3 (50:100) 0.71      cd -0.71  ab 0.65      fgh -0.65   abc 

 S4 (25:100) 1.07    bcd -1.07    abc 1.03    cd -1.03     ef 

S1 (100:100) 

HI2 

(75 DAP) 

0.69      cd -0.69  ab 0.67      efg -0.67   bcd 

S2 (75:100) 0.96    cd -0.96    ab 0.89    def -0.89    cde 

S3 (50:100) 1.38   bc -1.38      bc 1.32   bc -1.32      fg 

 S4 (25:100) 2.62  a -2.62        d 2.46  a -2.46       h 

S1 (100:100) 

HI3 

(90 DAP) 

0.74      cd -0.74  ab 0.75     def -0.75   cde 

S2 (75:100) 0.94     cd -0.94   ab 0.96    de -0.96     de 

S3 (50:100) 1.37   bc -1.37     bc 1.40   b -1.40      g 

 S4 (25:100) 1.75   b -1.75      c 2.58  a -2.58       h 

LSD (5%) 0.768 0.768 0.306 0.306 

Year Mean 1.09   -1.09   1.13   -1.13 

LSD (5%) NS NS NS NS 

The means with the same letter were not significantly different at p= 0.05 level 
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4.1.4 Re-growth forage yields 

4.1.4.1 Oat re-growth green forage yield (t ha-1)  

Oat gave re-growth cut only when first cut was done at 60 DAP. There was negligible or 

no oat re-growth when first harvest was made 75 or 90 DAP. The year effect was significant for 

oat re-growth green forage yield (Table 4.18). Oat re-growth green forage yield was 35.10% 

higher in 2011-12 than 2010-11. 

Maximum oat re-growth was recorded from oat alone (19.58 and 24.43 t ha-1 in first and 

second year, respectively) and it was followed by the treatment where oat seed ratio in sowing 

mixture was 25% (15.86 and 22.67 t ha-1). Oat re-growth green forage yield decreased with 

increased oat seeding proportion in mixture treatments and minimum value was recorded for SP1 

(10.78 and 12.78 t ha-1, during first and second year, respectively). Increase in oat seed ratio in 

sowing mixture from 25 to 100% caused a reduction of 32.1 and 43.62% in oat re-growth green 

forage yield during first and second year, respectively. 

4.1.4.2 Oat re-growth dry matter yield (t ha-1) 

Trend in oat re-growth dry matter yield was similar to that of green forage yield. There 

was no oat re-growth at HI2 and HI3. However, year effect was significant on oat re-growth dry 

matter yield (Table 4.19). the dry matter yield was significantly lower in the year 2010-11 than 

2011-12 

Oat re-growth dry matter yield in the mixtures decreased with increased oat proportion in 

the sowing mixture. The increase in seed proportion of oat from 25% to 100% caused a reduction 

of 34.57 and 45.23% in oat dry matter yield during first and second year, respectively. Maximum 

re-growth dry matter yield was obtained from oat alone (3.87 and 4.73 t ha-1 in first and second 

year, respectively) and minimum was observed from SP1 (100:100%) with values 2.12 and 2.47 t 

ha-1 during first and second year, respectively. 
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Table 4.18: Oat re-growth green forage yield (t ha-1) from oat:berseem mixtures as 
influenced by varying seed proportions of oat and harvesting intervals. 

Seed proportion % 
(SP) 

(oat:berseem) 

 
 
Harvesting 
intervals 
(HI) 

2010-11 2011-12 

Mean 

SP HI 

SP1     (100:100) 

HI1 

(60 DAP) 

10.78      e 12.78      e 11.78 17.23 

SP2   (75:100) 11.78     d 18.37     d 15.08 

SP3   (50:100) 15.33    c 20.77    c 18.05 

SP4   (25:100) 15.86   b 22.67   b 19.26 

SP5   (Berseem alone) - -  

SP6   (Oat alone 19.57  a 24.43  a 22.00 

SP1     (100:100) 

HI2 

(75 DAP) 

- -   

SP2   (75:100) - -  

SP3   (50:100) - -  

SP4   (25:100) - -  

SP5   (Berseem alone) - -  

SP6   (Oat alone - -  

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

- -   

SP2   (75:100) - -  

SP3   (50:100) - -  

SP4   (25:100) - -  

SP5   (Berseem alone) - -  

SP6   (Oat alone - -  

LSD (5%)  0.417 0.437 

Year Mean  14.66 B 19.80 A 

LSD (5%)  2.18 

           The means with the same letter were not significantly different at p= 0.05 level 
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Table 4.19: Oat re-growth dry matter yield (t ha-1) from oat:berseem mixtures as 
influenced by varying seed proportions of oat and harvesting intervals. 

Seed proportions % 
(SP) 

(oat:berseem) 

 
Harvesting 
intervals 
(HI) 

2010-11 2011-12 

Mean 

SP HI 

SP1     (100:100) 

HI1 

(60 DAP) 

2.12      e 2.47      e 2.29 

3.41 

SP2   (75:100) 2.34     d 3.61     d 2.97 

SP3   (50:100) 3.12    c 4.13    c 3.62 

SP4   (25:100) 3.24   b 4.51   b 3.87 

SP5   (Berseem alone) - -  

SP6   (Oat alone 3.87  a 4.73  a 4.3 

SP1     (100:100) 

HI2 

(75 DAP) 

- -   

SP2   (75:100) - -  

SP3   (50:100) - -  

SP4   (25:100) - -  

SP5   (Berseem alone) -   

SP6   (Oat alone - -  

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

- -   

SP2   (75:100) - -  

SP3   (50:100) - -  

SP4   (25:100) - -  

SP5   (Berseem alone) - -  

SP6   (Oat alone - -  

LSD (5%)  0.118 0.128 

Year Mean  2.94 B 3.89 A 

LSD (5%)  0.18 

        The means with the same letter were not significantly different at p= 0.05 level 
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4.1.4.3 Berseem re-growth green forage yield (t ha-1) 

Effect of year on berseem re-growth green forage yield was significant. During 2010-11, 

10.37% more berseem re-growth yield was recorded compared to 2011-12. Opposite to oat 

interactive effect (HI × SP) was significant in both the years (Table 4.20). 

During first year maximum re-growth green forage yield (51.72 t ha-1) was recorded from 

berseem alone (SP5) at HI3, however it was statistically similar to berseem alone at HI2 with 

value of 51.27 t ha-1. During second year berseem alone at HI2 gave significantly higher (50.42 t 

ha-1) green forage yield than all other treatments and it was followed by treatment HI3-SP4 and 

berseem alone at HI1. During first year on an average over seeding ratios, berseem re-growth 

green forage yield was 24.42, 35.35 and 38.02 t ha-1 at HI1, HI2 and HI3, respectively while in 

second year values were 34.22, 40.43 and 37.68 t ha-1.  

At each harvesting interval, berseem alone gave the maximum regrowth green forage 

yield in both years. Even the mixture with 25% oat proportion produced berseem re-growth yield 

significantly less than berseem alone. In the mixtures, berseem re-growth yield was decreased 

with increased oat seed rate in mixture. On an average seeding proportion SP1, SP2, SP3 and SP4 

gave 27.19, 31.21, 33.47 and 38.72 t ha-1 of berseem re-growth green forage yield, respectively. 

4.1.4.4 Berseem re-growth DM yield (t ha-1) 

Year effect was significant on berseem re-growth dry matter yield (Table 4.21). During 

2010-11, berseem dry matter yield was 12.54 % higher than 2011-12. Interactive effect (HI × SP) 

was also significant in both years. 

During both years statistically maximum berseem re-growth DM yield was recorded from 

berseem alone at HI3 (10.09 and 9.75 t ha-1 for first and second year, respectively) which was 

statistically similar to HI3-SP4 and berseem alone at HI2 during second year. However, minimum 

was recorded from treatment where 100% oat seed rate was intercropped with berseem  and 

harvested 60 DAP (HI1-SP1) during both years and the values recorded were 2.8 and 4.09 t ha-1, 

respectively. Berseem re-growth dry matter yield increased with delaying the first cut with 

values 4.5, 6.21 and 7.5 t ha-1 during first and 5.54 and 7.2 and 7.72 t ha-1 in second year when 

first cut was done at 60, 75 and 90 DAP, respectively. Berseem alone at each cutting time gave 
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higher re-growth dry matter yield than berseem in mixtures in both years. Within the mixtures 

berseem re-growth dry matter yield increased with decreased proportion of oat in sowing 

mixture. Seeding ratios 100:100, 75:100, 50:100 and 25:100% oat:berseem produced berseem re-

growth yield of 4.91 5.63, 6.05 and 6.97 t ha-1 compared to 8.66 t ha-1 by berseem alone. Even 

the presence of oat in mixture with ratio of 25% reduced re-growth DM yield by 28.11, 25.33 

and 8.17% from berseem alone at cutting time HI1, HI2 and HI3, respectively. 

Table 4.20: Berseem re-growth green forage yield from oat:berseem mixtures as influenced 
by varying seed proportions of oat and harvesting intervals. 

Seed proportions % 
(SP) 

(oat:berseem) 

 
Harvesting 
intervals 
(HI) 

2010-11 2011-12 

Mean 

SP HI 

SP1     (100:100) 

HI1 

(60 DAP) 

18.10           i 25.40           i 21.75 

31.32 

SP2   (75:100) 24.57           h 31.91        gh 28.24 
SP3   (50:100) 28.19          f 32.69         fg 30.44 
SP4   (25:100) 29.38        f 34.07        f 31.72 
SP5   (Berseem alone) 41.85    c 47.05   b 44.45 
SP6   (Oat alone    

SP1     (100:100) 

HI2 

(75 DAP) 

28.39         f 33.71        f 31.05 

37.89 

SP2   (75:100) 29.06        f 38.42       e 33.74 
SP3   (50:100) 32.24       e 39.40      de 35.82 
SP4   (25:100) 35.80     d 40.23     d 38.01 
SP5   (Berseem alone) 51.27  a 50.42  a 50.85 
SP6   (Oat alone    

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

26.35           g 31.17          h 28.76 

37.86 

SP2   (75:100) 31.92       e 31.38        gh 31.65 
SP3   (50:100) 34.60      d 33.72        f 34.16 
SP4   (25:100) 45.53   b 47.28   b 46.41 
SP5   (Berseem alone) 51.72  a 44.88    c 48.30 
SP6   (Oat alone    

LSD (5%)  1.656 1.420 
Year Mean  37.45  A 33.93   B 
LSD (5%)  0.518 

            The means with the same letter were not significantly different at p= 0.05 level 
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Table 4.21: Berseem re-growth dry matter yield (t ha-1) from oat:berseem mixtures as 
influenced by varying seed proportions of oat and harvesting intervals. 

Seed proportions % 
(SP) 

(oat:berseem) 

 
Harvesting 
intervals 
(HI) 

2010-11 2011-12 

Means 

SP HI 

SP1     (100:100) 

HI1 

(60 DAP) 

2.80             j 4.09        h 3.44 

5.00 

SP2   (75:100) 3.86            i 5.15       g 4.51 
SP3   (50:100) 4.46        g 5.29       fg 4.87 
SP4   (25:100) 4.66           h 5.53       efg 5.09 
SP5   (Berseem alone) 6.50     cd 7.66    b 7.08 
SP6   (Oat alone - - - 

SP1     (100:100) 

HI2 

(75 DAP) 

5.00        fgh 6.01      def 5.51 

6.70 

SP2   (75:100) 5.14        fg 6.87     bc 6.00 
SP3   (50:100) 5.72       e 6.99     bc 6.35 
SP4   (25:100) 6.29     d 7.10     bc 6.69 
SP5   (Berseem alone) 8.91    b 9.02   a 8.96 
SP6   (Oat alone - - - 

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

5.23         ef 6.33      cde 5.78 

7.62 

SP2   (75:100) 6.33       d 6.41      cd 6.37 
SP3   (50:100) 6.91      c 6.92     bc 6.91 
SP4   (25:100) 9.01     b 9.21   a 9.11 
SP5   (Berseem alone) 10.09  a 9.75  a 9.92 
SP6   (Oat alone - - - 

LSD (5%)  0.543 0.812 
Year Mean  6.82  A 6.06   B 
LSD (5%)  0.129 

        The means with the same letter were not significantly different at p= 0.05 level 
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4.1.5 Re-growth quality parameters 

4.1.5.1 Crude protein yield (t ha-1) 

Year effect was not significant on re-growth protein yield of the crops (Table 4.22). 

However, the interactive effect (HI × SP) was significant in both the years.  

Generally, crude protein yield was higher as the first cut of the mixture was delayed with 

values 1.32, 1.57 and 1.73 t ha-1 at HI1, HI2 and HI3, respectively. Re-growth from berseem alone 

at each harvesting interval gave highest crude protein yield than re-growth from all mixtures 

except SP4 which gave higher CP yield than berseem alone re-growth at HI1 during second year.  

Re-growth crude protein yield decreased with increased proportion of oat in sowing 

mixture both the years. The maximum crude protein yield in re-growth cut (2.30 t ha-1) was 

obtained from berseem alone at HI3 during first year while during second year treatment HI3-SP4 

gave maximum (2.21 t ha-1) which was statistically similar to berseem alone at HI2 and HI3.  

4.1.5.2 Neutral detergent fiber (NDF %) 

Effect of the year on NDF concentration of re-growth cut was not significant (Table 

4.23). Interactive effect (HI × SP) was significant in both years. 

Data regarding NDF concentration of re-growth reveals that concentrations did not vary 

greatly among mixtures at each harvesting interval. However, on average, mixtures cut at 75 

DAP yielded lower NDF concentrations (29.51%) than at 60 and 90 DAP with values 33.49 and 

34.25%. however, NDF concentrations of 1st cut increased with delayed harvesting interval 

(Table 4.12) and values recorded were 36.04, 44.80 and 49.82% at HI1, HI2 and HI3, 

respectively. Maximum NDF concentration in both years (48.57 and 39.02%, respectively) was 

recorded for oat alone at HI1 as oat re-growth was possible only at this harvesting interval.  

Generally there has been a decrease in NDF concentrations of re-growth with decreased 

oat seeding proportions in the sowing mixtures during both the years of study.  Averaged over 

years, NDF concentrations from re-growth of mixtures containing 100% oat proportion were 

157, 47 and 45 g kg-1 of dry matter higher than mixtures with 25% oat proportion at HI1, HI2 and 

HI3, respectively.  
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Table 4.22: Re-growth crude protein yield (t ha-1) of oat:berseem mixtures as influenced by 
varying seed proportions of oat and harvesting intervals. 

Seed proportions % 
(SP) 

(oat:berseem) 

 
Harvesting 
intervals 
(HI) 

2010-11 2011-12 

Mean 

SP HI 

SP1     (100:100) 

HI1 

(60 DAP) 

0.93      g 1.25   f 1.09 

1.32 

SP2   (75:100) 1.21     ef 1.64   c 1.42 
SP3   (50:100) 1.47    cd 1.74  bc 1.61 
SP4   (25:100) 1.54    c 1.85   b 1.70 
SP5   (Berseem alone) 1.55    c 1.71  bc 1.63 
SP6   (Oat alone 0.40      h 0.50   g 0.45 

SP1     (100:100) 

HI2 

(75 DAP) 

1.17      f 1.39  ef 1.28 

1.57 

SP2   (75:100) 1.20     ef 1.59  cd 1.40 
SP3   (50:100) 1.34     de 1.63   c 1.48 
SP4   (25:100) 1.48    cd 1.65   c 1.57 
SP5   (Berseem alone) 2.13   b 2.11  a 2.12 
SP6   (Oat alone - -  

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

1.18      f 1.42 def 1.30 

1.73 

SP2   (75:100) 1.43    cd 1.45  de 1.44 
SP3   (50:100) 1.56    c 1.57  cd 1.57 
SP4   (25:100) 2.05   b 2.21  a 2.13 
SP5   (Berseem alone) 2.30  a 2.10  a 2.20 
SP6   (Oat alone - -  

LSD (5%)  0.150 0.176 

Year Mean  1.27 1.43 
LSD (5%)  NS 

          The means with the same letter were not significantly different at p= 0.05 level 
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Table 4.23: Re-growth neutral detergent fiber concentrations (NDF %) of oat:berseem 
mixtures as influenced by varying seed proportions of oat and harvesting intervals. 

Seed proportions % 
(SP) 

(oat:berseem) 

 
Harvesting 
intervals (HI) 

2010-11 2011-12 
Mean 

S HI 

S1     (100:100) 

HI1 

(60 DAP) 

34.52   b 33.98   bcd 34.25 

33.49 

S2   (75:100) 33.14       cd 33.77   cde 33.455 
S3   (50:100) 32.83         d 33.33   e 33.08 
S4   (25:100) 32.78        d 32.58   f 32.68 
S5   (Berseem alone) 23.76     f 23.61   i 23.685 
S6   (Oat alone 48.57  a 39.02  a 43.795 

S1     (100:100) 

HI2 

(75 DAP) 

29.91      e 29.46   g 29.685 

29.51 

S2   (75:100) 29.79      e 29.39   g 29.59 
S3   (50:100) 29.70      e 29.10  gh 29.4 
S4   (25:100) 29.58      e 28.84   h 29.21 
S5   (Berseem alone) 29.99      e 29.29  gh 29.64 
S6   (Oat alone - -  

S1     (100:100)  
 
 

HI3 
(90 DAP) 

34.76   b 34.32   b 34.54 

34.25 

S2   (75:100) 34.66   b 34.15  bc 34.405 
S3   (50:100) 34.64   b 34.04 bcd 34.34 
S4   (25:100) 34.40   b 33.78 cde 34.09 
S5   (Berseem alone) 34.06   bc 33.67  de 33.87 
S6   (Oat alone - -  

LSD (5%)  0.970 0.454 
Year Mean  29.28 28.46 
LSD (5%)  NS 

           The means with the same letter were not significantly different at p= 0.05 level 
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4.1.5.3 Acid detergent fiber (ADF %) 

Year could not produce a significant effect on ADF concentration of re-growth cut (Table 

4.24). However interaction (HI × SP) was significant in both years. Acid detergent fiber 

concentration of oat + berseem mixtures was significantly higher than berseem alone during both 

the years at HI1, but for HI2 and HI3 berseem alone had statistically similar ash percentage to SP3 

and SP4 in both years. During both years, maximum ADF concentrations were recorded by re-

growth from oat alone at HI1 while minimum were recorded from regrowth from berseem alone 

at HI1. The averages of ADF concentrations over years at HI1, HI2 and HI3 were 24.40, 24.79 and 

28.93%, respectively. Although oat did not regrow at HI2 and HI3, ADF concentrations in re-

growth cut were relatively higher at HI2 and HI3 than HI1 indicating higher lignin contents in 

berseem that increased with delayed first cut. At each cutting time, re-growth from berseem 

alone gave the lowest ADF concentrations than all mixtures. Competition during first cut from 

oat was well reflected by ADF values in mixtures re-growth as within the mixtures ADF values 

increased with increased oat proportions in the sowing mixtures. On an average, decrease in oat 

proportions from 100 to 25% in sowing mixture resulted in 54, 39 and 50 g kg-1 ADF decrease in 

re-growth at HI1, HI2 and HI3, respectively.  

4.1.5.4 Ash% 

Year effect on re-growth ash percentage was significant (Table 4.25). During first year 

28.19% higher percentage ash was recorded than second year. Interactive effect (HI × SP) was 

significant during both years. 

Oat presence in re-growth cut at HI1 lowered the ash% of the re-growth cut. This fact is 

indicated by the difference in ash% of berseem and oat alone at HI1 (Table 4.25) as berseem 

alone re-growth produced 38.56% higher ash than oat alone re-growth in first year and 21.18% 

during second year. During both the years, ash contents were higher at HI2 than both HI1 and 

HI3. Generally re-growth from berseem alone gave lower ash percentage than re-growth from 

mixtures at HI2 and HI3. Within the mixtures ash percentages decreased as the oat proportion in 

the sowing mixture decreased from 100 to 25%. The average over harvesting intervals ash values 

recorded at seeding ratios SP1, SP2, SP3 and SP4 were 10.54, 10.48, 10.37 and 10.24%, 

respectively during first year while second years values were 8.52, 8.27, 8.08 and 7.94 %. During 
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both years ash % in all the mixtures at HI2 were statistically similar to each other except SP4 

during first year and this treatment had significantly lower ash % than SP1. 

Table 4.24: Re-growth acid detergent fiber concentrations (ADF %) of oat:berseem 
mixtures as influenced by varying seed proportions of oat and harvesting intervals. 

Seed proportions % 
(SP) 

(oat:berseem) 

 
Harvesting 
intervals (HI)

2010-11 2011-12 
Mean 

SP HI 

SP1     (100:100) 

HI1 

(60 DAP) 

25.43      e 23.01f 24.22

24.4 
 

SP2   (75:100) 24.79     fg  23.05 f 23.92
SP3   (50:100) 25.01      f 22.86  f 23.935
SP4   (25:100) 24.81     fg 22.55  f 23.68
SP5   (Berseem alone) 20.54      j 17.50   g 19.02
SP6   (Oat alone 32.31  a 30.94  a 31.625

SP1     (100:100) 

HI2 

(75 DAP) 

24.63    fgh 24.46   d 24.545

24.79 

SP2   (75:100) 24.52     gh 24.40  de 24.46
SP3   (50:100) 24.27     hi 24.31  de 24.29
SP4   (25:100) 24.10      i 24.20  de 24.15
SP5   (Berseem alone) 24.01      i 23.88   e 23.945
SP6   (Oat alone - -  

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

29.94   b 28.55   b 29.245

28.93 

SP2   (75:100) 29.78   bc 28.48   b 29.13
SP3   (50:100) 29.63   bcd 28.29  bc 28.96
SP4   (25:100) 29.41    cd 28.08  bc 28.745
SP5   (Berseem alone) 29.26     d 27.87   c 28.565
SP6   (Oat alone - -  

LSD (5%)  0.410 0.560 

Year Mean  23.47 23.59 

LSD (5%)  NS 

           The means with the same letter were not significantly different at p= 0.05 level 
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Table 4.25: Re-growth ash percentage of oat:berseem mixtures as influenced by varying 
seed proportions of oat and harvesting intervals. 

Seed proportions % 
(SP)  

(oat:berseem) 

 
Harvesting 
intervals 
(HI) 

2010-11 2011-12 
Means 

SP HI 

SP1     (100:100) 

HI1 

(60 DAP) 

9.79     d 8.46 bcd 9.125 

8.93 

SP2   (75:100) 9.86    cd 8.21 def 9.035 
SP3   (50:100) 9.72     de 7.99  fg 8.855 
SP4   (25:100) 9.63     de 7.90 fgh 8.765 
SP5   (Berseem alone) 11.75  a 8.41  bcde 10.08 
SP6   (Oat alone 8.48      f 6.94   k 7.71 

SP1     (100:100) 

HI2 

(75 DAP) 

11.73  a 9.05  a 10.39 

10.16 

SP2   (75:100) 11.69  ab 8.79  ab 10.24 
SP3   (50:100) 11.53  ab 8.74 abc 10.135 
SP4   (25:100) 11.44   b 8.71 abc 10.075 
SP5   (Berseem alone) 11.55  ab 8.40 cde 9.975 
SP6   (Oat alone - -  

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

10.12    c 8.04 efg 9.08 

8.70 

SP2   (75:100) 9.90    cd 7.81 ghi 8.855 
SP3   (50:100) 9.85    cd 7.51 hij 8.68 
SP4   (25:100) 9.65     de 7.22    jk 8.435 
SP5   (Berseem alone) 9.49      e 7.42  ij 8.455 
SP6   (Oat alone - -  

LSD (5%)  0.282 0.390 

Year Mean  9.23 A 7.2 B 

LSD (5%)  1.178 

            The means with the same letter were not significantly different at p= 0.05 level 

 

 

 

 



94 
 

4.1.6 Grand total forage yields 

4.1.6.1 Grand total mixed green forage yield (t ha-1) 

Effect of the year on grand total green forage yield (1st cut + Re-growth) was significant 

(Table 4.26). During second year 2.0 % more green forage was produced. Similarly interactive 

effect (HI × SP) was significant in both years.  

During both years maximum grand total green forage yield was obtained from the 

treatment HI3-SP4 with values 95.72 t ha-1 and 101.06 t ha-1 during first and second year, 

respectively. During first year treatments HI3-SP3 and HI3-SP2 were statistically similar to HI3-

SP4. Under two-cut system oat alone at HI2 was the lowest green forage yielder in both years 

(43.5 and 41.01 t ha-1, during first and second year, respectively). Similarly, during both years 

and at each harvesting intervals, oat alone was the lowest yielder than all other treatments 

including berseem alone, while berseem alone was higher yielding than oat alone but lower than 

all the mixtures at each cutting time during both years. Oat re-growth at HI1 increased the green 

forage yield of oat alone but even then it was lower than single cut of oat alone at HI3. Grand 

total green forage yield increased as harvesting interval was increased from 60 to 90 DAP. 

During first year, on an average over all seeding ratios, green forage yields at HI1, HI2 and HI3 

were 57.29, 68.3 and 83.47 t ha-1, respectively while during second year values were 64.11, 

68.91 and 80.17 t ha-1. 

Green forage yield of the mixtures increased as seeding rate of oat in the sowing mixture 

decreased. On average, seeding proportions of SP1, SP2, SP3 and SP4 yielded 70.92, 76.37, 79.69 

and 81.95 t ha-1 mixed green forage yield under two-cut system, respectively.  

4.1.6.2 Grand total mixed DM yield (t ha-1) 

Grand total dry matter yield (1st cut + re-growth) was significantly affected by year as 

during second year 1.8 % more dry matter was produced than first year (Table 4.27). Interactive 

effect (HI × SP) was also significant during both years of experiment. 

During both years and at all harvesting interval, mixtures produced higher dry matter 

yield than both sole crops. During both years maximum grand DM yield was recorded from the 

mixture HI3-SP4 (19.40 and 20.04 t ha-1 during first and second year, respectively) at HI3 which 

was statistically similar to mixtures HI3-SP2 (19.28 tha-1) and HI3-SP3 (19.19 t ha-1) only during 

first year. The differences between berseem alone and oat alone were not significant at HI1 and 

HI3. However, at HI2 oat alone had significantly lower dry matter yield than berseem alone 
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during both the years. Days to first cut greatly affected the grand total dry matter yield. Re-

growth of the mixture cut 60 DAP could not produce the dry matter equal to HI2 and HI3. On an 

average, at cutting times HI1, HI2 and HI3 dry matter yield values were 9.35, 11.73 and 17.23 t 

ha-1 during first year while during second year, values were 10.67, 11.89 and 16.39 t ha-1, 

respectively. Higher dry matter yield of oat alone (8.5 and 8.85 t ha-1 during first and second 

year, respectively) than sole berseem at HI1
 was due to re-growth of oat. At HI2 and HI3 oat alone 

gave lower dry matter yields than berseem alone as oat gave only one cut while berseem re-

growth was vigorous. Generally, grand total dry matter yields within the mixtures increased with 

decreased oat seeding ratios in the mixtures. Seeding ratios SP1, SP2 SP3 and SP4 gave 13.03, 

13.79, 14.43 and 14.37 t ha-1 dry matter yields during first year while during second year values 

were 13.31, 14.32, 14.69 and 15.35 t ha-1, respectively.  At HI2 all mixtures did not differ 

significantly from each other in both years. At HI3, seeding ratios SP2, SP3 and SP4 produced 

statistically similar grand total dry matter during first year but higher than SP1, while in second 

year SP4 had significantly higher yield than other mixture treatments (SP1, SP2, and SP3). 

4.1.6.3 Grand total mixed crude protein yield (t ha-1)  

Year effect on grand total crude protein yield (1st cut + re-growth) was not significant 

(Table 4.28). However, interactive effect (HI × SP) was significant during both years of 

experiment. 

Under two cut system of oat-berseem mixture crude protein yield increased with delaying 

the harvest time from 60 to 90 DAP. On an average at HI1, HI2 and HI3 the crude protein values 

were 1.78, 2.15 and 2.59 t ha-1, respectively. At each cutting time oat alone gave significantly 

lower crude protein yield than other treatments. On an average over years, oat alone produced 

42.82, 66.76 and 58.98 % less crude protein yield than berseem alone at HI1, HI2 and HI3, 

respectively. Similarly oat alone could not produce protein yield equal to any mixture at any 

cutting time. During both the years, at HI2 berseem alone gave higher protein yield than all 

mixtures while at HI1 and HI3 seeding ratio SP4 gave higher protein yield than all other mixtures 

and sole berseem.  Oat re-growth increased the protein yield of oat alone at HI1 (1.07 t ha-1) than 

oat alone at HI2 (0.89 t ha-1) however even then it remained lower than at HI3 (1.21 t ha-1). 

Protein yield of berseem alone increased with delaying first cut from 60 to 90 DAP.  

Within the mixtures crude protein yield increased with decrease in oat seed proportion in 

sowing mixtures. On an average over harvesting interval seeding ratios SP1, SP2, SP3 and SP4 
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produced 2.02, 2.23, 2.41 and 2.56 t ha-1, respectively during first and 2.15, 2.38, 2.49 and 2.73 t 

ha-1, respectively during second year. Statistically maximum crude protein yield was obtained 

from the mixture HI3-SP4 during both years with values 3.26 and 3.39 t ha-1 while oat alone at 

HI2 was the lowest protein yielder in both years (0.92 and 0.86 t ha-1 during first and second 

year, respectively). 

 

Table 4.26: Grand total (1st cut + re-growth) mixed green forage yield (t ha-1) of 
oat:berseem mixtures as influenced by varying seed proportions of oat and harvesting 
intervals. 

Seed proportions % 
(SP) 

(oat:berseem) 

 
Harvesting 
intervals 
(HI) 

2010-11 2011-12 

Mean 

SP HI 

SP1     (100:100) 

HI1 

(60 DAP) 

52.70          j 59.54        hi 56.12

60.71 

SP2   (75:100) 59.63         i 71.53      f 65.58
SP3   (50:100) 66.76        fg 74.24      ef 70.5
SP4   (25:100) 64.75        gh 74.03      ef 69.39
SP5   (Berseem alone) 50.44          j 53.85         jk 52.145
SP6   (Oat alone 49.49           j 51.50         k 50.495

SP1     (100:100) 

HI2 

(75 DAP) 

71.62      de 72.32      ef 71.97

68.61 

SP2   (75:100) 72.03      de 77.10     d 74.565
SP3   (50:100) 76.59     c 79.48     cd 78.035
SP4   (25:100) 76.62     c 79.55     cd 78.085
SP5   (Berseem alone) 69.45       ef 64.01       gh 66.73
SP6   (Oat alone 43.50           k 41.01          l 42.255

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

85.62    b 83.77    bc 84.695

81.82 

SP2   (75:100) 92.32   a 85.61    b 88.965
SP3   (50:100) 92.53   a 88.57   b 90.55
SP4   (25:100) 95.72  a 101.06  a 98.39
SP5   (Berseem alone) 74.04      cd 65.24       g 69.64
SP6   (Oat alone 60.57         hi 56.81        ij 58.69

LSD (5%)  4.522 5.161 
Year Mean  69.687   B 71.067  A 

LSD (5%)  0.7489 

           The means with the same letter were not significantly different at p= 0.05 level 
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Table 4.27: Grand total (1st cut + re-growth) mixed dry matter yield (t ha-1) of 
oat:berseem mixtures as influenced by varying seed proportions of oat and harvesting 
intervals. 

Seed proportion % 
(SP) 

(oat:berseem) 

Harvesting 
intervals 
(HI) 

2010-11 2011-12 
Mean 

SP HI 

SP1     (100:100) 

HI1 

(60 DAP) 

8.56          i 9.78          g 9.17 

10.01 

SP2   (75:100) 9.67         h 11.92        ef 10.795 
SP3   (50:100) 10.98        fg 12.43      de 11.705 
SP4   (25:100) 10.71        g 12.49      cde 11.6 
SP5   (Berseem 
alone) 

7.67         ij 8.58           h 
8.125 

SP6   (Oat alone 8.50          ij 8.85          gh 8.675 

SP1     (100:100) 

HI2 

(75 DAP) 

12.44      de 12.62      cde 12.53 

11.81 

SP2   (75:100) 12.43      de 13.38    cd 12.905 
SP3   (50:100) 13.13     d 13.62    c 13.375 
SP4   (25:100) 12.99     d 13.51    cd 13.25 
SP5   (Berseem 
alone) 

11.83       ef 11.22         f 
11.525 

SP6   (Oat alone 7.53           j 7.04            i 7.285 

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

18.08   b 17.52   b 17.8 

16.81 

SP2   (75:100) 19.28  a 17.65   b 18.465 
SP3   (50:100) 19.19  a 18.01   b 18.6 
SP4   (25:100) 19.40  a 20.04  a 19.72 
SP5   (Berseem 
alone) 

14.13    c 12.96     cde 
13.545 

SP6   (Oat alone 13.26     cd 12.15       ef 12.705 

LSD (5%)  0.997 1.169 
Year Mean  12.77   B 13.01  A 
LSD (5%)  0.161 

           The means with the same letter were not significantly different at p= 0.05 level 
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Table 4.28: Grand total (1st cut + re-growth) crude protein yield (t ha-1) of oat:berseem 
mixtures as influenced by varying seed proportions of oat and harvesting intervals. 

Seed proportions % 
(SP) 

(oat:berseem) 

 
Harvesting 
intervals 
(HI) 

2010 2011 
Mean 

SP HI 

SP1     (100:100) 

HI1 

(60 DAP) 

1.45      g 1.71   h 1.58 

1.78 

SP2   (75:100) 1.73      f 2.12  fg 1.93 

SP3   (50:100) 2.00      e 2.22  ef 2.11 
SP4   (25:100) 2.01      e 2.26  ef 2.14 
SP5   (Berseem alone) 1.81      f 1.93   g 1.87 

SP6   (Oat alone 1.06      h 1.08   i 1.07 

SP1     (100:100) 

HI2 

(75 DAP) 

2.12      e 2.22   f 2.17 

2.15 

SP2   (75:100) 2.15      e 2.42 de 2.29 

SP3   (50:100) 2.34     d 2.51   d 2.43 

SP4   (25:100) 2.41     d 2.54 cd 2.49 

SP5   (Berseem alone) 2.76    c 2.59  cd 2.67 
SP6   (Oat alone 0.92       h 0.86    j 0.89 

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

2.50     d 2.53   d 2.51 

2.59 

SP2   (75:100) 2.80    c 2.59  cd 2.69 

SP3   (50:100) 2.89    c 2.75  bc 2.82 
SP4   (25:100) 3.26  a 3.39  a 3.33 

SP5   (Berseem alone) 3.08   b 2.82   b 2.95 

SP6   (Oat alone 1.29      g 1.14   i 1.21 

LSD (5%)  0.163 0.202 
Year Mean  2.14 2.20 

LSD (5%)  NS 

           The means with the same letter were not significantly different at p= 0.05 level 
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4.1.7 Discussion  

4.1.7.1 Growth parameter 

Germination count m-2 was significantly affected by the seeding proportion (Table 4.1). 

The germination count m-2 of oat increased with increased oat seeding ratio in the mixture. It is 

quite obvious to have higher germination counts m-2 at higher seeding rates of oat due to higher 

number of seed per unit area. A similar trend was observed by Njoku and Muoneke (2008) and 

Alemu et al. (2007) in cowpea:cassava and oat:vetch mixture under varying seed proportions, 

respectively. The difference in germination count m-2 between oat alone and in mixture with 

berseem at 100% seed rate was not significant. This may be due to least competition for 

resourced between seeds of intercrops at germination stage. Similar conclusions have been 

drawn by Sangakkara et al. (2003) who reported that seeds of intercrops occupy different niches 

with no competition for resources at germination stage. Germination is not affected by the 

competition from intercrop due to very small flux of substances/chemicals and very short time of 

coexistence in the soil (Banincasa et al., 2012). These results are also in agreement with that of 

Bellostas et al. (2003) who did not notice any effect of intercropping on germination of 

intercrops in barley:pea and rapeseed:pea mixtures. 

Number of leaves increased from HI1 to HI2 and decreased from HI2 to HI3 due to 

cessation of new leaf formation and senescence of old leaves situated lower in canopy due to 

shading effect (Table 4.2). Results are in line to those of Nadeem et al. (2010) who also reported 

that number of leaves was reduced from booting to 50% heading stage. Seeding ratios had no 

effect on number of leaves plant-1. This character is genetically controlled and is not much 

affected by environment. Yolcu et al. (2009) also found no difference in number of leaves plant-1 

of vetch when grown sole and in mixture with oat, rye, barley and wheat. Number of leaves 

increased with decreased oat proportion in mixture, but increase was not significant. This result 

confirms the conclusion drawn by Wivstad (1997), Whaley et al. (2000) and Mela (2003). 

 Numbers of tillers plant-1 were significantly affected by cutting time and seeding 

proportions (Table 4.3). The number of leaves decreased from HI1 to HI3, however decrease was 

not significant at HI2 at both years. Results are quite in line with those of Ross et al. (2005) who 

observed reduction in number of tiller m-2 from stem elongation to subsequent growth stages in 
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oat:berseem mixtures at higher oat seed proportion. Reduction in number of tillers from HI1 to 

HI3 may be attributed to the decay of weaker tiller due to shading effect (Baron et al., 1994). 

According to Assuero and Tognetti (2010) in dense canopies, cessation and death of tillers is 

controlled by light as in dense canopies overall light interception increases while light intensity 

at lower parts of canopy decreases. At lower densities, oat produced a higher number of tillers 

plant-1 (Table 4.3) that suggests that at lower seeding rates competition among oat plants 

(intraspecific competition) was less and that provided a chance for oat plants to produce more 

tillers plant-1 compared to the mixtures where oat proportion was high (severe intraspecific 

competition). These results confirm the findings of Whaley et al. (2000) who reported that 

tillering duration and survival rate was increased at lower seeding rates of oat.  These findings 

are quite similar to those of Ross et al. (2003) and Ross et al. (2005) who reported increased 

number of tillers plant-1 with decrease in proportion of oat in oat:berseem mixture.  

Plant height plays an important role in increasing yield of forage crops and is helpful to 

compete for light in mixture. Oat produced taller plants than berseem at all harvesting intervals 

and higher seeding ratios (visual observation) helped the oat in suppressing the berseem (Dietz et 

al., 1998: Kiaer et al., 2009). Korres and Froud-Williams, (2002) have identified plant height as 

a character associated with competitive ability of plant.  Continuous growth of oat plant resulted 

in increased interanodal distance giving tallest plants at third cutting time which was expected. 

These results confirm the findings of Ansar et al. (2010). Ross et al. (2005) also recorded 

increase in plant height of oat in mixture with berseem from stem elongation to head 

development stage. Similarly, Assaeed et al. (1994) reported that oat plant height increased from 

92.13cm to 123.83cm as plants grew through flag leaf to soft dough stage, respectively. Taller 

oat plants at higher oat proportions may be attributed to higher numbers of plant/ m-2 that 

imposed intraspecific competition among oat plants for light and space resulting in increased oat 

plant height (Baumann et al., 2001). Alemu et al. (2007) have also reported similar results from 

oat:vetch mixture under various seeding proportions. Production of taller plants in oat alone 

(100%) than oat-berseem mixture with 100% oat ratio may be due to the better light penetration 

into the canopy in mixtures which lowered the competition for light among plants as an outcome 

of improved canopy structure. These results confirms the finding of Agegnehu et al. (2006) who 

reported shorter barley plants in mixture with faba bean than sole barley. 
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4.1.7.2 First cut green/dry forage yields 

Dry matter yield trend was similar to that of green forage yield for both intercrops and 

mixtures (Table 4.7a, b and 4.8). At first cut there was no yield advantage in terms of DM from 

mixtures and mixture yields were intermediate to sole crops of both intercrops. Similar results 

from mixtures have previously been documented by Kaiser et al. (2007), Hauggard-Nielsen et al. 

(2003) and Jensen (1996). Increase in green forage/DM yield with delayed cutting time was 

obvious and it was due to continuous growth of plants i.e. increase in plant height, number of 

leaves and number of tiller and weight/tiller etc (Alemu et al., 2007; Nadeau, 2007; Salawu et 

al., 2001; Ammar et al., 2010; Ayub et al., 2008). Higher dry matter yield at later cutting times 

was mainly due to the lignifications and increased cell wall contents with advanced maturity 

(Depeters et al., 1989). According to Edmisten et al. (1998) this increase in DM with maturity is 

attributed to increase in stem dry matter content that are associated with plant height. Green 

forage yield of oat at different cutting time found in this study was higher than recorded by 

Hussain et al. (2002) who found 13.61, 17.02, 22.32 and 31.38t ha-1 green forage yield of oat at 

70, 85, 100 and 115 DAP at Sargodha. These differences can be attributed to variation in soil 

fertility status, yield potential of cultivars and environmental conditions.  

Almost similar green and dry matter yield of oat in mixture over a range of seeding rate 

(SP1, SP2 and SP3) reveals growth plasticity of oat (production of higher number of tillers and 

higher weight/tillers at lower seeding ratios to compensate for lower seeding density). However, 

at 25% oat seeding proportion, this compensation did not work to produce higher yield (Table 

4.5a, b and 4.7a, b). This result confirms the previously work done by Peltonen-Sainio and 

Jarvinen (1994) who reported that increasing seed rate of oat decreased individual plant growth 

rate, however growth rate on an area basis increased. 

Growth of berseem in mixtures was greatly depressed by oat plants. Oat being taller than 

berseem greatly altered the penetration of PAR to berseem plants that affected photosynthetic 

efficiency of berseem. Ross et al. (2004b) reported 47 and 33% decrease in PAR to berseem in 

mixture with oat and barley, respectively. Thus legumes inability in competing with cereals 

(Jacobs and Ward, 2012) may be the reason for berseem suppression in mixtures with oat 

compared to sole crop resulting in drastic yield reduction of berseem. Minimal increase (from 

HI1 to HI2) or even decrease (from HI2 to HI3) in berseem dry matter yield in mixture with oat at 
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higher densities of oat may be attributed to berseem plant deterioration and lower photosynthetic 

efficiency of berseem due to continuous competition and shading by oat plants. Results are in 

line with those of Kendall and Stringer (1985) and Buxton and Mertens (1995) who reported 

decrease in relative growth of clovers and photosynthesis of individual leaves in response to 

increased shading. Results regarding berseem suppression in mixture at all oat densities that 

consequently reduced its yields in mixture are in line with those of Yucel and Avci (2009) who 

reported only 1.8 to 39.9% increase in dry matter share of vetch in mixture with triticale even 

when its seeding proportion was increased from 10 to 90% in mixture.  

Oat was determining factor in total first cut mixed green and dry matter production. 

Almost similar green and dry matter yield of mixture with seeding proportions SP1, SP2 and SP3  

and SP4 was due to higher number of tillers plant-1 with decreased oat seed rate (Table 4.3) and 

more berseem yield (Table 4.6 & 4.8) at lower seeding ratios of oat that buffered the effect of 

seeding rates on total mixed forage yield. However, no mixture at any cutting stage could 

produce more green forage/DM yield than oat alone. Hoffmann et al. (2008) also reported higher 

dry matter yield from oat alone than pea-oat mixtures. However, results are contradictory to 

those of McAndrews et al. (2004) who reported higher dry matter yield from oat mixture with 

berseem and sweet clover. This might be due to different seeding rates and ratios of companion 

crops, differences in environment and soil fertility status.  

4.1.7.3 Quality parameter (First cut) 

 Mixtures tended to be better in quality than sole oat. Better quality of forage mixture of 

(cereal + legume) than sole cereal has also been reported by Albayrak et al. (2011) and this may 

be explained by utilization of symbotically fixed nitrogen, better light interception and 

allelopathic effects. 

 Crude protein yield is a measure that relates CP concentration to the dry matter yield per 

unit area. Higher crude protein yields obtained by oat alone were due to higher dry matter 

production by oat (Table 4.7a & b) inspite of lower CP concentrations (Fig 4.1, 4.2 & 4.3). 

Results are in line with those of Bayram and Celik (1999), Tukel et al. (2007) and Uzun and 

Asik (2012).  Generally, CP yield was higher where oat density was higher owing to more dry 

matter yields (Table 4.10). Similar results have been reported by Atis et al. (2012) who 
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concluded that increase in plant density was positively related to higher CP yield in vetch:wheat 

mixture. Protein yield increased with delaying the cutting time and this may also be attributed to 

higher dry matter yield at HI2 and HI3. Relatively less increase in CP yield occurred from HI2 to 

HI3 than from HI1 to HI2 which was due to the sharp decrease in CP concentrations in spite of 

higher DM production during interval HI2 to HI3. Ross et al. (2005) while studying the same 

mixture found similar trends.  

Higher CP concentrations in berseem is due to inherent ability of legumes to produce 

more CP concentrations than cereals (Kaiser et al., 2007; Karadag and Buyukburc, 2003; Kokten 

et al., 2009). Crude protein concentration decreased while those of NDF and ADF increased with 

advanced cutting time. Results are confirmatory to those of Uzun and Asik (2012), Kaiser et al. 

(2007) and Alemu et al. (2007) who found similar trends from oat:pea, oat:clover and oat:vetch 

mixtures, respectively and this can be attributed to decrease in leaf:stem ratio and rapid 

conversion of photosynthates to structural components with time that resulted in lowered CP and 

increased NDF and ADF concentrations (Ammar et al., 2010). However, Brink and Fairbrother 

(1992) suggested that stem accumulation has greater negative impact on forage quality. Decrease 

in oat CP concentrations was more rapid than berseem (Fig. 4.1, 4.2 & 4.3). Results are in 

agreement with Khorasani et al. (1997) who reported more rapid decrease in CP of oat, barley 

and triticale than alfalfa with maturity.  

 Fiber contents of animal feed (NDF and ADF) are a measure of feed quality. ADF is an 

estimate of total cell wall contents comprising of cellulose and lignin while NDF is the total fiber 

contents including ADF and hemicellulose. ADF value indicates the ability of animal to digest 

forage. Similarly as NDF value increases forage intake and digestibility decreases. Higher NDF 

and ADF% in oat than legumes indicates superiority of berseem in nutrition. Many researchers 

have already demonstrated that cereals have higher cell wall contents than legume at the same 

maturity and same environmental conditions (Kocer and Albayrak, 2012; Albayrak et al., 2011; 

Kaiser et al., 2007; Van Soest, 1996).  Higher CP and lower NDF and ADF concentrations in 

mixtures than oat alone are courtesy of berseem presence in mixtures. Pereira-Crespo et al. 

(2010), Albayrak et al. (2011), Yolcu et al. (2009), Strydhorst (2008) and Carr et al. (2004) also 

found similar results from cereal:legume mixtures. Similar to this study, Ross et al. (2004a) 

reported 30 g kg-1 decrease in NDF of mixture by berseem inclusion. On the other hand, 
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Lauriault and Kirksey (2004) also found decrease in NDF in mixtures of pea with cereals.  

However, poor role of berseem in improving the mixture quality at higher oat seeding ratios may 

be due to higher oat DM production and less berseem content in the mixture as a result of 

increased suppression from oat. Similar results from berseem:oat mixture have also been 

reported by Ross et al. (2005). Increase in ADF concentrations in berseem by delaying the first 

cut was more rapid both in mixture and alone than oat as depicted by ADF concentrations of sole 

crops of berseem and oat at HI1, HI2 and HI3 (Table 4.13); this indicates the higher lignin 

deposition in berseem than oat with time which implies that digestion of berseem will be at a 

faster rate, however digestion of oat will be more complete (Spandl and Hesterman, 1997). 

Although berseem did not improve the quality of forage to greater extent, even then Mela (2003) 

had recommemed that animals should be fed with clover-cereal mixture rather than sole cereal of 

similar digestibility. Vanhatalo et al. (1995) and Heikkila et al. (1996) have reported increased 

consumption of clover-grass silage compared to sole grass that resulted in higher milk yield.   

 Legumes accumulate higher ash contents than cereals (Paulson et al., 2008). Result of 

this study confirms this as berseem produced higher ash contents than oat at all cutting time 

(Table 4.14a & b). Ghanbari-Bonjar and Lee (2002) also reported higher ash contents from field 

bean than wheat. Higher ash contents of mixtures than sole oat might be due to the better 

synchronization of plants in mixtures that caused judicious utilization of resources, reliability at 

different soil locations for minerals and enhanced light penetration which resulted in improved 

nutrient uptake and utilization. Mason and Pritchard (1986) argued that complementarity effects 

between intercrops increases mineral absorption percentage in mixtures. Previously, Anil et al. 

(2000) have reported higher mineral contents from mixture of runner bean:maize mixture than 

sole maize. 

4.1.7.4 Competitive indices  

 Dry matter yield of the intercrops in mixtures depends upon competitive ability of 

intercrops in mixture. Knowledge of competition among species in mixtures helps in predicting 

the performance of mixture over sole cropping system.  

Competition being the response of one species to the change in availability of a limited 

resourse after it has been used by other intercrops in mixture should be considered while 
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studying mixtures (Fukai and Trenbath, 1993). For this purpose LER is the most widely used 

parameter which verifies resource utilization in mixture compared to sole cropping. Higher LER 

values at each cutting time and seeding ratios indicates supremacy of mixture over sole corpping 

(Table 4.15). It also indicates that interspecific competition was less intense than intraspecific 

competition and intercrops did not compete for the same ecological niche (Lithourgidis et al., 

2011). In general, sole crops require 1 to 18% more area to produce dry matter similar to 

mixtures during first year while during second year it requires 1 to 28%. Results are in 

agreement to those of Atis et al. (2012) and Rahetlah et al. (2010) who recorded higher LER 

values from vetch:wheat and vetch:oat mixture under various seeding proportions, respectively. 

On the other hand, Vasilakoglou and Dhima (2008) reported no significant advantage from 

barley:berseem mixture and this contradiction may be due to more interspecific competition 

between the selected species for resources (Lithourgidis et al., 2011). Increase in LER values 

with increasing oat proportion in the mixture confirms the results of Kocer and Albayrak (2012), 

Alemu et al. (2007) and Agegnehu et al. (2006). As the seeding proportion of oat in mixture 

increased, berseem suppression was intensified due to more competition from oat that resulted in 

decreased berseem growth and yield in mixture. Higher LER values at HI2 and HI3 confirms the 

work of Rakeih et al. (2008) who measured increase in LER values from stem elongation to 

booting stage of cereal legume mixture. LER values of oat more than 0.5 in every mixture 

indicate advantage of mixture for oat and disadvantage for berseem in mixtures (Rakeih et al., 

2010; Vasilakoglou and Dhima, 2008). 

Higher values of competition ratio for oat than berseem (Table 4.16) suggests more 

competitiveness of oat in acquiring and utilizing resources than berseem in mixture. More 

competitiveness of cereal in cereal:legume mixture has also been reported by Esmaeili et al. 

(2011) and Agegnehu et al. (2006). This competitive ability of oat arises due to early dry matter 

accumulation, higher number of tiller, more canopy cover and more plant height (Korres and 

Froud-Williams, 2002; Strydhorst et al., 2008). Increase in seed rate of oat in mixture resulted in 

higher oat plant per unit area competing for same soil and environmental resources inducing 

intraspecific competition. Consequently oat plants at higher oat densities were weaker compared 

to treatments where oat ratios were less with less ability to compete exhibiting lower 

competitiveness. At lower oat densities oat plants were healthier with greater ability to compete. 

Aynehband and Behrooz (2011) found similar trends from maize:amaranth and maize:mungbean 
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mixtures. Competition ratio of berseem was inversely related to oat seeding ratio. Relatively 

higher competition ratio of berseem in the mixture with less oat densities was due to less 

competition from oat in mixture. Irregular response of mixtures in response to oat seeding ratios 

confirms the results of Erol et al. (2009). 

Aggressivity values confirm the finding of competition ratio. Positive value of Aoat 

indicates dominance of oat in mixture in terms of growth and yield over berseem (Table 4.17). 

Cereals being the stronger competitor for soil minerals than legumes (Jensen, 1996) and shading 

(Ross et al., 2004a), greatly suppressed the legume growth and yield in mixture. Higher oat 

densities at increased seeding ratios might have initiated interaspecific competition among oat 

plants resulting in weaker oat plant at higher oat densities which lowered the oat aggressiveness 

in mixture compared to berseem. Similar results have been reported by Yilmaz et al. (2008) from 

maize:cowpea and maize:mungbean mixtures under different seeding proportions. 

4.1.7.5 Re-growth green/dry matter yield 

Oat re-growth occurred only when first cut was done 60 days after sowing (Table 4.18, 

4.19). Edmisten et al. (1998) and Lanini et al. (1992) also reported that oat did not produced re-

growth cut after vegetative and jointing stage, respectively. Similarly, according to Johnston et 

al. (1998) possibility of a second cut of oat when first cut is taken at booting depends on 

availability of moisture.  Increased shading at the lower parts of the canopy with advanced 

maturity in mixtures and oat alone greatly reduced the PAR penetration resulting in minimal 

meristematic activity that is responsible for re-growth (Baron et al., 1995). However, oat double 

cut dry matter yield was less than the single late cut (90 DAP) (Table 4.7a, b and 4.18) and these 

results are supported by (Royo, 1999) who has drawn similar conclusions.  Lower re-growth dry 

matter yield from oat in mixtures than sole oat may be attributed to presence of berseem as 

berseem re-growth was more vigorous than oat which suppressed the latter. Ross et al. (2004b) 

mentioned that during first cut cereal dominated the yield while during second cut berseem 

dominated the dry matter production.  

Re-growth green/DM yield of berseem in sole crop and mixture was higher than 

corresponding first cut which confirms the previous results obtained by Kaiser et al. (2007), Al-

Khateeb et al. (2006), Ross et al. (2005), Ross et al. (2003) and Mela (2003) which may be 
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attributed firstly to slower early growth rate of clover than grasses and secondly, to starter dose 

of N fertilization that promoted cereal growth compared to berseem (Mela, 2003). Berseem 

suppression during first cut greatly reduced the re-growth yield of berseem. Higher oat seeding 

ratios in sowing mixture was negatively related with berseem re-growth yield. This might be due 

to the high mortality of the berseem plants under higher level of competition at increased oat 

seeding proportion which resulted in less residual leaf area of berseem to support re-growth than 

sole berseem as annual clovers mostly depend upon residual leaf area for re-growth because they 

do not have stored reserves (Kendall and Stringer, 1985). Recovery of berseem from oat 

competition is affected by many factors like temperature, moisture and management of 

companion crops (Ross et al. 2004b). Ross et al. (2005) obtained higher berseem re-growth yield 

where oat ratio was 60 seeds m-2 compared to the mixture where oat ratio was 90 or 240 seeds m-

2. Moreover re-growth berseem yield in mixture was 70% less than re-growth of sole crop (Ross 

et al. 2004a). Ross et al. (2003) reported similar relationship between oat density and berseem 

re-growth yield in mixture. More storage of reserves in lower part of berseem plant can be a 

justification of higher berseem re-growth yield with delayed first cut (Giambalvo et al., 2011). 

4.1.7.6 Re-growth quality parameters 

Oat re-growth after 60 DAP affected the quality attributes of re-growth cut. Lower re-

growth dry matter production (Table 4.21) and oat re-growth at HI1 (Table 4.19) resulted in 

lower CP yield (Table 4.22) and ash% (Table 4.25) at HI1. However, oat re-growth raised NDF 

and ADF concentrations (Table 4.23, 4.24). Delayed first harvesting subjected the berseem re-

growth to higher temperature as the season progressed which resulted in higher dry matter 

production and increased fibrous contents of the produce. Higher temperatures hasten the 

maturity that increases the indigestible cell wall contents and lowers digestibility (Mela, 2003; 

Fales, 1986). This may be associated with enhanced activity of lignin synthetic enzymes at 

higher temperatures (Buxton and Fales, 1994) or with increased partitioning of plant dry matter 

to more lignified tissues (Cone and Engels, 1990; Da Silva et al., 1987). However, Mela (2003) 

reasoned that at higher temperatures, rate of respiration exceeds the rate of photosynthesis that 

promote lignifications resulting in reduced digestibility. Petrudi et al. (2011) also reported higher 

fiber contents of re-growth berseem due to higher temperature during re-growth period. Higher 

crude protein yield during second cut (Table 4.22) supports the work of Vasilakoglou and Dhima 



108 
 

(2008) who have also reported higher crude protein yield during second cut of berseem from 

barley:berseem mixture. 

At re-growth cut of each cutting time, berseem plants were at an advanced stage of 

maturity compared to corresponding first cut which is negatively related to quality (Ammar et 

al., 2010). However, Ross et al. (2004b) reported lower NDF and ADF concentrations of 

berseem re-growth from berseem mixture with oat, barley and triticale. This contradiction may 

have been due to difference in seasonal and varietal variations. 

Competition from cereal during first cut negatively affected the berseem re-growth. 

Higher oat dry matter production during first year used more soil minerals and left little for 

berseem re-growth. More soil exhaustion at higher oat seeding rates caused negative impact on 

berseem re-growth potiential which resulted in lower re-growth quality. These results are in line 

with Vasilakoglou and Dhima (2008). 

 

4.1.7.7 Grand total mixed forage yield 

All mixtures were better yielder than sole crop of each intercrop at each cutting time 

under two cut system of fodder production (Table 4.26, 4.27 & 4.28).  Results are in line with 

those of El-kramany et al. (2012), Ross et al (2003) and Martiniello (1999). At higher oat 

densities oat percentage in the mixture was higher during first cut while vigorous berseem re-

growth at lower oat density in sowing mixture compensated for first cut yield differences. The 

grand total dry matter yield was decreased with increased oat seed proportion in mixtures. These 

results confirm the finding of Ross et al. (2005). They reported a decrease in dry matter yield 

with increased oat seeding ratio in sowing mixture. The grand total dry matter yield increased 

with delaying the 1st cut (Table 4.27). This is contradictory to findings of Ross et al. (2005) and 

possible reason may be the oat re-growth occurred even when first cut was delayed to soft dough 

stage in their experiment while in this study oat re-grew only when first cut was taken at stem 

elongation stage. Vasilakoglou and Dhima (2008) also recorded higher dry matter yield at lower 

barley ratios in berley-berseem mixture which decreased with increased barley in sowing 

mixture. El-kramany et al. (2012) also found negative relation between cereal ratio and re-

growth yield in berseem:triticale mixture. Other researchers who reported decrease in yield with 

increased cereal proportion are Ross et al. (2004a, b), Blaser et al. (2007) and El-kramany et al. 

(2009). A single late cut of oat proved to be better than an early cut of oat with re-growth. These 
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results confirm the findings of Royo (1999). It may be concluded that oat served the purpose of 

higher dry matter yield at first cut while re-growth cuts of berseem latter in the season will meet 

the need of the farmers for nutritious fodder (Kaiser et al., 2007; Sleugh et al., 2000).   

Combining the crude protein concentration and dry matter production is an important 

measure that gives the total protein yield harvested from forage crop per unit area (Caballero et 

al., 1995). Higher dry matter production of oat during first cut and berseem during re-growth 

may be accounted for by increased CP yield with delayed maturity. Lower CP yields with 

increased oat proportions resulted from lower CP concentration in oat, lower proportion of 

berseem in first cut and reduced berseem re-growth from the mixture with higher oat densities. 

Previously similar results have been reported by Ross et al. (2005).  
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4.1.8 Conclusions  

Following results from this experiment may be drawn: 

1- Intercropping does not affect the intercropped species during germination and early 

seedling establishment stage. 

2- Growth plasticity of oat may be exploited to save the cost of seed as higher number of 

tillers compensates lower seeding rates. 

3- During first cut, oat greatly suppressed the berseem growth; however the effect of this 

suppression was diluted during second cut as its re-growth was vigorous even from the 

treatments where oat greatly affected berseem growth during the first cut.  

4- Conclusions from Oat-berseem intercropping system should not be based on only first cut 

rather subsequent cuttings of berseem should be considered while assessing the 

advantages from mixture. 

5- During first cut CP concentrations were low due to lower berseem share in dry matter 

however during re-growth CP concentrations were higher due to berseem re-growth. 

6- Oat component of mixture provided the higher forage yield during first cut while berseem 

provided the nutritional fodder later in the season.    

 

4.1.9 Recommendations  

For obtaining higher forage yields with improved quality at first and subsequent cuttings 

from oat:berseem mixture, oat seed proportion should not contain more than 25%  of its 

recommended seed rate.  
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4.2 Experiment 2 

Title: Forage production potential of oat (Avena sativa L.) grown in association with barley 

and canola (Brassica napus L.) under different seed proportions. 

4.2.1 Agronomic parameters 

4.2.1.1 Germination count (m-2) 

Year effect on germination count of oat m-2 was not significant (Table 4.29). Oat 

germination count m-2 reflected its proportion in sowing mixture. Germination count of oat 

increased as its share in mixture was increased from 25 to 75%. Barley and canola intercropping 

did not affect oat germination at any seeding ratio as germination of oat was statistically similar 

when it was sown either with barley or canola at similar seed proportion. On an average over 

years, oat seeding proportions 25, 50 and 75% gave 55.83, 96.77 and 116.67 seedlings m-2 in 

mixture with barley while in mixture with canola values were 60.55, 93 and 115.89 seedlings m-

2. However, in both years statistically highest germination m-2 were recorded from oat alone (136 

and 141.22 seedlings m-2) where its full recommended rate was used which was also statistically 

at par with treatment S4 and S7 where oat share in mixture was 75% with barley and canola, 

respectively. Similarly, treatments involving 50% oat share were at par with treatment with 75% 

oat share in mixture with both intercrops. Irrespective of intercrop and year, increase in oat ratio 

from 25 to 50% increased 63.07% germination count while increase for 50 to 75% germination 

improvement was only 22.57%.  

4.2.1.2 Plant height (cm) 

Oat plant height was not affected by the year (Table 4.30). During the year 2010-11 oat 

plant height was not affected by the treatments while effect was significant in 2011-12. Tallest 

oat plants were recorded from oat alone in both year with height 140.57 and 141.96 cm during 

first and second year of experiment, respectively, and during second year it was statistically 

similar to treatments S4, S7 and S8. Within the mixtures of oat with barley, plant height increased 

with increased oat proportion in mixtures. However, in oat:canola mixtures oat plant height was 

maximum in S8 (50:50%) mixture and it decreased as oat proportion was increased from 50 to 

75% or decreased from 50 to 25% although not significantly. Oat grown with canola has 

statistically similar plant height however oat grown with barley at 25:75% seed ratio (S6) has 

significanly shorter plants than S4 (oat + barley 75:25%). Shortest oat plants were recorded from 
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the treatment S6 (25:75% oat:barley). Taller oat plants were recorded in its mixture with canola 

than barley at 25 and 50% seeding ratios of oat however at 75% oat proportion, oat plants were 

taller in oat:barley mixture. 

Table 4.29: Effect of seed proportion of intercrops on germination count (m-2) of oat sown 
in binary mixtures with barley and canola. 

Combination 2010-11 2011-12 Mean 

S1 (oat alone) 136.00  a 141.22  a 138.61 
S2 (barley alone) - - - 
S3 (canola alone) - - - 

S4 (oat+barley, 75:25) 117.22   ab 116.11   ab 116.66 
S5 (oat+barley, 50:50) 95.56    b 98.00   bc 96.78 
S6 (oat+barely, 25:75) 53.56     c 58.11     c 55.83 
S7 (oat+canola,75:25) 118.56   ab 113.22   ab 115.89 
S8 (oat+canola, 50:50) 93.78    b 92.22    bc 93.00 
S9 (oat+canola, 25:75) 56.89     c 64.22     c 60.56 

LSD (5%) 28.712 40.183  

Year Mean 95.94              97.59   

LSD (5%) NS 

The means with the same letter were not significantly different at p= 0.05 level 

Table 4.30: Effect of seed proportion of intercrops on plant height (cm) of oat sown in 
binary mixtures with barley and canola. 

Combination 2010-11 2011-12 Means 

S1 (oat alone) 140.57 141.96  a 141.27 
S2 (barley alone) - - - 
S3 (canola alone) - - - 

S4 (oat+barley, 75:25) 135.93 136.77  ab 136.35 
S5 (oat+barley, 50:50) 123.36 124.93    bc 124.15 
S6 (oat+barely, 25:75) 118.22 119.73     c 118.98 
S7 (oat+canola,75:25) 131.69 128.26   abc 129.98 
S8 (oat+canola, 50:50) 135.92 136.23  ab 136.08 
S9 (oat+canola, 25:75) 121.05 123.20    bc 122.13 

LSD (5%) NS 14.910  

Year Mean 129.53   130.15   

LSD (5%) NS 
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The means with the same letter were not significantly different at p= 0.05 level 

4.2.1.3 Number of tillers (plant-1) 

Effect of year was not significant on number of tillers per plant of oat in mixture with 

barley and canola under varying seed proportions (Table 4.31). However treatments significantly 

affected the number of tillers per plant in both the years. During both years, number of tillers 

were maximum in treatment S6 (7.57 and 7.83 tillers plant-1, during first and second year, 

respectively) where oat was intercropped with barley at 25% seeding ratio which was statistically 

similar to S5 during first year. Within the mixtures oat number of tillers decreased with 

increasing its seeding ratio in sowing mixture. On average over years, oat proportions 25, 50 and 

75% produced 7.7, 6.95 and 5.66 tillers plant-1 in mixture with barley while with canola numbers 

of tillers were 6.89, 5.70 and 4.72 tillers per plant, respectively. Oat produced more number of 

tillers in mixtures with barley than mixtures with canola. On average over years, oat in mixture 

with barley produced 11.75, 21.92 and 20.13 % more number of tillers than oat:canola mixture at 

25, 50 and 75% seeding ratios, respectively. The minimum number of tillers plant-1 were 

recorded from oat alone (S1) in both years with values 4.50 and 4.43, during first and second 

year, respectively which was also at par with S7. Oat mixtures with barley at 50% oat ratio (S5) 

and oat:canola mixtures at 25:75% (S9) were statistically similar in both years. 

4.2.1.4 Number of leaves (plant-1) 

Effect of year on number of leaves per plant was not significant (Table 4.32). Effect of 

treatments was also not significant in both years. The maximum number of leaves per plant (6.86 

and 6.83 during first and second year, respectively) were recorded when oat + barley were sown 

25:75 (S6) seed ratio. The minimum number of leaves per plant were noted when oat+canola 

were sown at 75:25% (S7) seeding ratio during first year and oat alone during second year.  
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Table 4.31: Effect of seed proportion of intercrops on number of tillers (plant -1) of oat 

sown in binary mixtures with barley and canola. 

Combination 2010-11 2011-12 Mean 

S1 (oat alone) 4.50       d 4.43     d 4.67 
S2 (barley alone) - - - 

S3 (canola alone) - - - 

S4 (oat+barley, 75:25) 5.77    c 5.56    c 5.67 

S5 (oat+barley, 50:50) 7.00   ab 6.90   b 6.95 

S6 (oat+barely, 25:75) 7.57   a 7.83  a 7.70 

S7 (oat+canola,75:25) 4.73      d 4.70     d 4.72 

S8 (oat+canola, 50:50) 5.73     c 5.66    c 5.70 

S9 (oat+canola, 25:75) 6.87    b 6.90   b 6.89 

LSD (5%) 0.623 0.570 

Year Mean 6.02   6.00   

LSD (5%) NS 

The means with the same letter were not significantly different at p= 0.05 level 

Table 4.32: Effect of seed proportion of intercrops on number of leaves (tiller-1) of oat sown 

in binary mixtures with barley and canola. 

Combination 2010-11 2011-12 Means 

S1 (oat alone) 6.83   6.66    6.75 
S2 (barley alone) - - - 
S3 (canola alone) - - - 

S4 (oat+barley, 75:25) 6.80   6.76   6.78 
S5 (oat+barley, 50:50) 6.83   6.73   6.78 
S6 (oat+barely, 25:75) 6.86   6.83   6.85 
S7 (oat+canola,75:25) 6.66   6.73    6.70 
S8 (oat+canola, 50:50) 6.73 6.73    6.73 
S9 (oat+canola, 25:75) 6.76  6.90   6.83 

LSD (5%) NS NS 
Year Mean 6.71   6.75   
LSD (5%) NS 
The means with the same letter were not significantly different at p= 0.05 level 
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4.2.1.5 Green forage yield of oat (t ha-1) 

Year effect was not significant for fresh forage yield of oat (Table 4.33). However green 

forage yield was 6.52% higher during first year than second year.  

Sole oat produced significantly higher green forage yield during both years (80.55 and 

77.68 t ha-1, during first and second year, respectively) than other treatments and it was followed 

by S4 (75:25% oat:barley) in both the years producing 52.75 and 51.79 t ha-1 during first and 

second year, respectively. However, minimum oat green forage yield was recorded from S9 and 

it was statistically similar to S6. The differences among treatments S5, S7 and S8 were not 

significant. Within the mixtures oat green forage yield increased as oat proportion in the mixture 

increased from 25 to 75%. The green forage yield of oat from oat:canola mixture was not 

statistically different at 50 and 75% oat proportion in mixture. On an average over years, 

oat:barley mixtures produced 52.27, 36.07 and 20.55 t ha-1 green forage yields of oat at 75, 50 

and 25% oat seeding ratios while oat:canola mixture gave 38.91, 35.19 and 19.43 t ha-1 green 

forage yield of oat, respectively. Oat green forage yield from mixtures with canola were lower 

than from oat:barley mixture. On an average green forage yield of oat from oat:canola were 

25.56, 2.46 and 5.45 % less than oat:barley mixture at 75, 50 and 25% seeding proportion of oat, 

respectively. This is more illustrated by the fact that oat:barley mixture at 50% oat produced 

similar green forage yield to oat:canola mixture with 75% proportion of oat. 
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Table 4.33: Effect of seed proportion of intercrops on green forage yield (t ha-1) of oat sown 
in binary mixtures with barley and canola 

Combinations 2010-11 2011-12 Mean 

S1 (oat alone) 80.55  a 77.68  a 79.12 

S2 (barley alone) - - - 

S3 (canola alone) - - - 

S4 (oat+barley, 75:25) 52.75   b 51.79   b 52.27 

S5 (oat+barley, 50:50) 37.11    c 35.04    c 36.08 

S6 (oat+barely, 25:75) 21.65      d 19.44     d 20.55 

S7 (oat+canola,75:25) 41.17    c 36.65    c 38.91 

S8 (oat+canola, 50:50) 37.03     c 33.34    c 35.19 
S9 (oat+canola, 25:75) 20.14      d 18.71     d 19.43 

LSD (5%) 6.521 5.837 

Year Mean 41.49   38.95   

LSD (5%) NS 

The means with the same letter were not significantly different at p= 0.05 level 

4.2.1.6 Dry matter yield of oat (t ha-1) 

Although year effect was not significant on dry matter yield of oat (Table 4.34), however 

dry matter yield was 4.55 % higher during first year than in second year of experiment. 

The trend for dry matter yield of oat was similar to that of green forage yield. Statistically 

highest dry matter yield of oat was recorded from oat alone with values 17.21 and 16.93 t ha-1 for 

first and second year, respectively. Oat mixture with barley having 75% oat proportion was the 

second highest producer of dry matter, during both the years. Among the mixtures, minimum 

DM yield of oat was recorded at 25% oat proportion in mixture with canola (4.25 and 3.97 t ha-1) 

and it did not differ significantly from mixture with barley at same seed proportion. Within the 

mixtures oat dry matter yield increased with increased oat proportion in the mixture from 25 to 

75%. On an average over years oat dry matter yield from oat:barley mixture at 25, 50 and 75% 

oat proportion was 4.50, 7.93 and 11.68 t ha-1, respectively, while from oat:canola dry matter 

yield was 4.11, 7.59 and 8.49 t ha-1, respectively. Dry matter yields of oat from oat:canola 

mixtures were less than obtained from oat:barley mixture at similar seed proportion. On average 

over years, DM yield of oat from oat:canola mixtures was 8.66, 4.16 and 27.24% less than 

oat:barley mixtures at 25, 50 and 75% oat proportion, respectively. It is prominent that presence 
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of canola even at 25% proportion suppressed the oat yield in mixture compared to barley. It is 

even more clear from the fact that oat DM yields from oat:canola mixtures at 75% oat proportion 

was statistically equal to oat:barley mixture at 50% oat share in mixture.  

 
Table 4.34: Effect of seed proportion of intercrops on dry matter yield (t ha-1) of oat sown 

in binary mixtures with barley and canola 

Combinations 2010-11 2011-12 Means 

S1 (oat alone) 17.21  a 16.93  a 17.07 
S2 (barley alone) - - - 
S3 (canola alone) - - - 

S4 (oat+barley, 75:25) 11.70   b 11.65   b 11.68 
S5 (oat+barley, 50:50) 8.02     c 7.83    c 7.93 
S6 (oat+barely, 25:75) 4.69      d 4.30      d 4.50 
S7 (oat+canola,75:25) 8.92    c 8.06    c 8.49 
S8 (oat+canola, 50:50) 7.94     c 7.23     c 7.59 
S9 (oat+canola, 25:75) 4.25      d 3.97      d 4.11 

LSD (5%) 1.27 1.55 
Year Mean 8.96   8.57   
LSD (5%) NS 
The means with the same letter were not significantly different at p= 0.05 level 

4.2.1.7 Green forage yield of intercrop (t ha-1) 

Year effect was not significant on green forage yield of intercrops (Table 4.35). However 

intercrop green forage yields were 3.17% higher during first year than second year of 

experiment. 

Among all treatments canola sole crop produced maximum green forage yield (86.35 and 

86.22 t ha-1 during first and second year, respectively). Barley alone was the second highest 

yielder during both years of study and yield was 25.23 and 30.03% less than sole canola in first 

and second year, respectively. The minimum intercrop green forage yield (24.32 and 21.67 t ha-1 

during first and second year, respectively) was recorded from barley when it was intercropped 

with oat at 25% barley share however it was statistically similar to the mixture with 50% barley 

proportion in mixture. 

Within the mixtures, green forage yield of intercrop increased with its increased share in 

sowing mixture. On an average over years, barley green forage yield in mixtures with oat at 25, 

50 and 75% barley proportion was 23.00, 28.59 and 34.94 t ha-1 while canola yield in oat:canola 
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mixtures was 37.83, 47.73 and 55.05 t ha-1, respectively. Canola produced higher green forage 

yield than barley in mixtures. On an average, canola green forage yield was 64.49, 66.94 and 

57.56 % higher than barley at respective seeding ratios of 25, 50 and 75% in mixture with oat, 

respectively. It is also interesting to note that on an average, barley green forage yield at 75% 

barley proportion (S6) was less than canola even at 25% canola proportion in mixture (S7).   

4.2.1.8 Dry matter yield of intercrop (t ha-1) 

Year effect was not significant on dry matter yield of barley and canola in mixture with 

oat (Table 4.36). Significant differences were observed among the treatments on dry matter yield 

of intercrops during both years. 

Canola sown alone produced statistically higher dry matter yield during both years (17.04 

and 14.99 t ha-1 during first and second year, respectively) however it was statistically similar to 

barley alone (14.05 t ha-1) during second year. The barley alone during first year produced 

statistically lower DM yield than canola alone. Statistically minimum dry matter yield of 

intercrops was observed from barley when it was intercropped with oat with 25% barley ratio 

(S4) during both years (5.61 and 5.26 t ha-1 for first and second year, respectively). Treatment S5 

(50:50% oat:barley mixture) was statistically similar to S4 and S6 and S7 treatment in both years.  

Within the mixtures dry matter yields of barley and canola increased with increased 

proportion in mixtures with oat. On an average over years, dry matter yield of barley at 25, 50 

and 75% seeding ratio was 5.44, 6.84 and 8.52 t ha-1, respectively while canola produced 7.18, 

9.28 and 10.88 t ha-1, respectively. Canola in the mixture with oat produced higher dry matter 

yield than oat:barley mixture at similar seed proportion. On an average, at seed proportion 25, 50 

and 75% in binary mixtures with oat, canola yielded 32.04, 35.72 and 29.34 % higher dry matter 

than oat:barley mixture at similar seed proportions. Higher dry matter production of canola than 

barley in mixtures is also depicted by the fact that at respective 25, 50 and 75% seed ratios, 

canola produced 44.81, 57.92 and 67.91% of its yield in sole crop, respectively, compared to 

barley that gave 37.18, 46.75 and 58.23%, respectively, of sole barley.     
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Table 4.35: Effect of seed proportions of intercrops on green forage yield (t ha-1) of barley 

and canola in binary mixtures with oat. 

Combinations 2010-11 2011-12 Means 

S1 (oat alone) - - - 

S2 (barley alone) 64.56   b 60.33   b 62.45 

S3 (canola alone) 86.35  a 86.22  a 86.29 

S4 (oat+barley, 75:25) 24.32       e 21.67        g 23.00 

S5 (oat+barley, 50:50) 29.13       de 28.05       fg 28.59 

S6 (oat+barely, 25:75) 35.38      d 34.51      ef 34.94 

S7 (oat+canola,75:25) 36.49      d 39.17      de 37.83 

S8 (oat+canola, 50:50) 49.31     c 46.15     cd 47.73 
S9 (oat+canola, 25:75) 56.22    c 53.87    bc 55.05 

LSD (5%) 8.167 8.304 

Year Mean 47.72   46.25   

LSD (5%) NS 

The means with the same letter were not significantly different at p= 0.05 level 

 
 
Table 4.36: Effect of seed proportions of intercrops on dry matter yield (t ha-1) of barley 

and canola in binary mixtures with oat. 

Combination 2010-11 2011-12 Means 

S1 (oat alone) - -  

S2 (barley alone) 15.20   b 14.05  a 14.63 

S3 (canola alone) 17.04  a 14.99  a 16.02 

S4 (oat+barley, 75:25) 5.61        f 5.26      e 5.44 

S5 (oat+barley, 50:50) 6.80       ef 6.87     de 6.84 

S6 (oat+barely, 25:75) 8.42      de 8.61    cd 8.52 

S7 (oat+canola,75:25) 7.04       ef 7.31     cd 7.18 

S8 (oat+canola, 50:50) 9.62     cd 8.93    bc 9.28 
S9 (oat+canola, 25:75) 11.19    c 10.56   b 10.88 

LSD (5%) 1.792 1.806 

Year Mean 10.11   9.57   

LSD (5%) NS 

The means with the same letter were not significantly different at p= 0.05 level 
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4.2.1.9  Total green forage yield (t ha-1) 
 

Year effect was not significant on total green forage yield of oat sown in binary mixtures 

with barley and canola (Table 4.37) however green forage yield was 4.59% higher during first 

year than second year.  

Significant differences were observed among the treatments regarding total green forage 

yield in both years. During both years, maximum total green forage yield was recorded from 

canola alone but it was statistatically similar to S1, S4, S7 and S8 during 1st year and in second 

year it was statistically similar to S1 and S8.  

Barley proved to be lower green forage yielder as its average green forage production in 

sole cropping was 27.64 and 21.01% less than sole canola and oat, respectively. In the oat:barley 

mixtures total green forage yield increased with increased proportion of oat in mixture. On 

average over years, total green forage yields at 25, 50 and 75% oat seeding proportions were 

55.50, 64.66 and 75.26 t ha-1, respectively. On the other hand in oat:canola mixtures, 50:50% 

seed ratio gave maximum yield both years and total green forage yield decreased as ratio of each 

crop exceeded this proportion. Mixtures of oat with canola yielded higher green forage yield than 

with barley. On an average over years oat:canola mixtures yielded 25.47, 22.01 and 1.92 % 

higher green forage yields than oat:barley mixtures at 25:75, 50:50 and 75:25% oat-canola/barley 

binary mixtures, respectively. 

4.2.1.10 Total dry matter yield (t ha-1) 

Year effect was not significant on total dry matter yield (Table 4.38). During first year 

treatment S8 yielded maximum (17.55 t ha-1) total dry matter yield however it did not differ 

significantly from treatments S1, S3, S4, and S7. During second year oat alone produced the 

highest total dry matter yield which was statistically similar to treatments S3, S4, S7 and S8. 

Barley alone dry matter yield was only 91.26% of canola alone and 85.71% of oat alone dry 

matter yields. The minimum total dry matter yield in both years was observed from S6 which 

involves 25:75% oat:barley proportion in mixture. 

In the oat:barley mixtures, total dry matter yield increased with increased oat proportion 

in sowing mixture. It is reflected by the fact that on an average over years total dry matter yield 

of mixtures at 25, 50 and 75% oat proportion was 13.0, 14.76 and 17.11 t ha-1. It indicated that 

oat dominated the dry matter production in oat:barley mixtures. Dry matter yields of oat:canola 

mixtures were higher than oat:barley mixtures except at 75:25% seeding ratio where oat:barley 
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mixture was higher yielding however the differences were not significant. On average over years 

dry matter yields of oat:canola mixtures at 50:50 and 25:75% oat:canola mixtures were 14.15 

and 15.14% higher than oat:barley mixture. However at 75:25% seed ratio, oat:barley mixture 

produced 9.19% higher dry matter yield than oat:canola mixture.  

Table 4.37: Effect of seed proportions of intercrops on total green forage yield (t ha-1) of 
binary mixtures of oat with barley and canola. 

Combination 2010-11 2011-12 Means 

S1 (oat alone) 80.55  a 77.68   ab 79.12 

S2 (barley alone) 64.56    c 60.33     cd 62.45 

S3 (canola alone) 86.35  a 86.22  a 86.29 

S4 (oat+barley, 75:25) 77.07   a 73.46    b 75.26 

S5 (oat+barley, 50:50) 66.24    bc 63.09     c 64.67 

S6 (oat+barely, 25:75) 57.04     c 53.95      d 55.50 

S7 (oat+canola,75:25) 77.65   a 75.82   b 76.74 

S8 (oat+canola, 50:50) 86.33  a 79.49   ab 82.91 
S9 (oat+canola, 25:75) 76.36   bc 72.58    b 74.47 

LSD (5%) 10.166 8.957 
Year Mean 74.68   71.40   
LSD (5%) NS 
The means with the same letter were not significantly different at p= 0.05 level 

Table 4.38: Effect of seed proportions of intercrops on total dry matter yield (t ha-1) of 
binary mixtures of oat with barley and canola. 

Combination 2010-11 2011-12 Means 

S1 (oat alone) 17.21  abc 16.93  a 17.07 

S2 (barley alone) 15.20    cd 14.05     cd 14.63 

S3 (canola alone) 17.04  abc 14.99   abc 16.02 

S4 (oat+barley, 75:25) 17.30  ab 16.91  a 17.11 

S5 (oat+barley, 50:50) 14.82    de 14.70    bcd 14.76 

S6 (oat+barely, 25:75) 13.11     e 12.91      d 13.01 

S7 (oat+canola,75:25) 15.96   abcd 15.37   abc 15.67 

S8 (oat+canola, 50:50) 17.55  a 16.15  ab 16.85 
S9 (oat+canola, 25:75) 15.44    bcd 14.52    bcd 14.98 

LSD (5%) 2.011 2.067  

Year Mean 15.96   15.17   

LSD (5%) NS  

The means with the same letter were not significantly different at p= 0.05 level 
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4.2.2 Quality parameters 

4.2.2.1.1 Crude protein concentrations 

Data regarding crude protein concentration is represented in Fig 4.13. Crude protein 

concentrations were maximum in canola during both years (17.16 and 16.74% during first and 

second year, respectively. Crude protein concentrations of barley (11.02 and 11.19%) was far 

less than canola but were slightly higher than oat. Within the mixtures, crude protein 

concentrations of each intercrop increased with its decreased proportion in mixture. Crude 

protein concentration of oat:canola mixtures were higher than oat:barley mixtures. On average 

over years seeding ratio 25:75, 50:50 and 75:25% of oat:canola mixtures had 13.36, 14.21 and 

15.64 % crude protein, respectively, compared to oat:barley mixtures that produced 10.48, 10.77 

and 10.88 % CP of dry matter. Impact of canola in raising the CP concentrations of mixtures was 

more prominent than barley due to higher canola CP concentrations. Crude protein 

concentrations of mixtures increased with increased proportion of barley and canola in binary 

mixture with oat which suggests oat inferiority to barley and canola in quality. 

 

4.2.2.1.2 Crude protein yield (t ha-1) 

Crude protein production was statistically similar during both years (Table 4.39), 

however slightly higher crude protein yield (7.42%) was obtained during first year of experiment 

than second year. Crude protein yield was influenced significantly by seed proportions of 

intercrops during both years. 

Canola alone produced significantly higher crude protein yield in first year than all other 

treatments. During second year, canola alone produced the maximum crude protein yield but it 

did not differ significantly from S8 (50:50% oat:canola). Among the sole crops, oat and barley 

were statistically similar during both years regarding crude protein production on land basis. 

Statistically lower crude protein yields were obtained from S6 (25:75% oat:barley) with values 

1.45 t ha-1 during first year and 1.35 t ha-1 during second year. Generally, oat mixtures with 

canola under all seeding ratio produced higher crude protein yields than oat:barley mixtures. On 

an average over years, at seeding proportions of 25:75, 50:50 and 75:25% oat:canola mixtures 

crude protein yields were 65.71, 50.94 and 17.78% higher than oat:barley mixture, respectively. 

The crude protein yield in oat:canola mixture increased when canola proportion in mixture was 

increased from 25 to 50% but slight decrease occurred when canola seed proportion was 



123 
 

increased from 50 to 75% in both years of study. However, oat:canola mixture at seeding ratios 

of 50:50 and 25:75 produced significantly higher crude protein yield than S7 (75:25) during first 

year. During second year all oat + canola seed proportions have statistically similar crude protein 

yield.  Moreover, crude protein yields of all oat:barley mixture was less than all oat:canola 

mixtures during both the years. 

In oat:barley mixtures crude protein yield per area increased with increase in oat seed 

proportion in mixture. On average over years crude protein yields at 25, 50 and 75% oat seeding 

ratios in oat:barley mixture was 1.40, 1.59 and 1.79 t ha-1. Oat mixture with barley at 50:50% 

ratio gave statistically similar crude protein yield to oat alone and barley alone during both the 

years. For 25:75% ratio (S6), CP yield was statistically lower than oat alone and barley alone. 

 

Table 4.39: Effect of seed proportions of intercrops on crude protein yield (t ha-1) of binary 
mixtures of oat with barley and canola (t ha-1). 

Combination 2010-11 2011-12 Means 

S1 (oat alone) 1.74     d 1.69     c 1.72 

S2 (barley alone) 1.68     de 1.57      cd 1.63 

S3 (canola alone) 2.93  a 2.51  a 2.73 

S4 (oat+barley, 75:25) 1.82     d 1.76     c 1.79 

S5 (oat+barley, 50:50) 1.60      de 1.57     cd 1.59 

S6 (oat+barely, 25:75) 1.45       f 1.35       f 1.4 

S7 (oat+canola,75:25) 2.13    c 2.08    b 2.11 

S8 (oat+canola, 50:50) 2.51   b 2.29  a b 2.4 

S9 (oat+canola, 25:75) 2.44   b 2.20   b 2.32 

LSD (5%) 0.284 0.291  

Year Mean 2.03   1.891   

LSD (5%) NS 

The means with the same letter were not significantly different at p= 0.05 level 
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Fig 4.13: Crude protein concentration (CP %) of individual intercrops (oat, barley and 
canola) and binary mixtures under different seeding proportions. 
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4.2.2.2 Neutral detergent fiber (NDF %) 

Year effect on neutral detergent fiber was not significant (Table 4.40). The oat alone 

produced significantly higher NDF% than other treatments in both years with values 55.21 and 

56.04% of dry matter during first and second year, respectively. During both years barley alone 

produced significantly lower NDF % than oat alone with values 52.23 and 53.17 %, respectively. 

However, canola alone produced significantly lowest NDF% than all other treatments in both 

years. All the mixtures produced statistically lower NDF% than oat alone and barley alone 

during both years except S6 (25:75) which produced NDF% similar to barley alone during 

second year. The oat:barley mixtures under all seeding mixtures produced statistically similar 

NDF% during both years. Within the mixtures NDF concentration slightly decreased with 

increased proportion of intercrop in mixture. On average over years, at seeding ratio of 75:25, 

50:50 and 25:75% oat:barley mixture recorded 54.31, 53.79 and 53.61% NDF compared to 

43.49, 41.29 and 36.94% by oat:canola mixture. Oat mixtures with canola produced significantly 

lower NDF concentrations than oat:barley mixtures at each seeding ratios. In oat canola mixture 

NDF% significantly decreased with increased seed proportion of canola. On  an average, 

oat:canola mixture at seeding proportion of 75:25, 50:50 and 25:75 produced 19.92, 23.25 and 

31.11% lower NDF concentrations than oat:barley mixture at respective seed proportion.  

NDF concentrations of individual and mixtures are presented in Fig 14. Study of the 

graph reveals that both barley and canola produced less NDF % in mixtures and sole crops than 

oat which justifies lowering of NDF% in mixtures compared to oat alone. However, canola 

dominantly decreased the mixture NDF % than barley as at 25:75, 50:50 and 75:25% 

oat:barley/canola mixtures. The canola lowered the concentrations by 115, 135.10 and 170.1 g 

kg-1 while barley could only reduce it by 7.8, 7.5 and 7.6 g kg-1, respectively.  
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Table 4.40: Effect of seed proportions of intercrops on neutral detergent fiber 
concentrations (NDF%) of binary mixtures of oat with barley and canola. 

Combination 2010-11 2011-12 Means 

S1 (oat alone) 55.21  a 56.04  a 55.63 

S2 (barley alone) 52.23     c 53.17     c 52.7 

S3 (canola alone) 29.46         g 30.47         g 29.97 

S4 (oat+barley, 75:25) 53.99    b 54.62      b 54.31 

S5 (oat+barley, 50:50) 53.48    b 54.09      b 53.79 

S6 (oat+barely, 25:75) 53.34    b 53.88    bc 53.61 

S7 (oat+canola,75:25) 43.46      d 43.53         d 43.50 

S8 (oat+canola, 50:50) 40.92       e 41.65       e 41.29 

S9 (oat+canola, 25:75) 36.68        f 37.19        f 36.94 

LSD (5%) 0.889 0.454  

Year Mean 46.53   47.19   

LSD (5%) NS 

The means with the same letter were not significantly different at p= 0.05 level 
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Fig 4.14: Neutral detergent fiber concentrations (NDF %) of individual intercrops 
(oat, barley and canola) and binary mixtures under different seeding proportions. 
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4.2.2.3 Acid detergent fiber (%) 

 Data presented in table 4.41 revealed that year effect was not significant on acid 

detergent fiber %. Concentration of ADF was statistically minimum in canola alone (20.38 and 

21.23%) during first and second year, respectively, while significantly highest was recorded 

from oat alone in both years. All the mixtures produced significantly less ADF concentrations 

than oat alone but higher than canola alone. Concentrations of ADF in mixtures decreased with 

increased share of barley/canola in mixture. On average over year, ADF % of oat:barley mixtures 

at 75:25, 50:50 and 25:75% were 36.68, 35.85 and 35.18% of dry matter, while of oat:canola 

concentrations were 30.46, 28.99 and 25.90% of dry matter. Oat:canola mixtures produced 

significantly lower ADF concentrations than oat:barley mixtures during both years. On an 

average over years ADF concentrations of oat:canola mixtures were 16.96, 19.14 and 26.37%  

lower than oat:barley mixture at 75:25, 50:50 and 25:75% seeding ratio, respectively. Increase in 

the seeding ratio of any intercrop in mixture, significantly decreased the ADF% except for oat+ 

barley mixture at seeding proportion of 25:75, where decrease could not reach to a significant 

level during second year. 

 ADF concentrations of mixtures and all three individual intercrops presented in Fig 15 

shows that both, barley and canola lowered the ADF % of mixtures by producing lower 

concentrations than oat in mixture. On an average over years, barley inclusion in mixture helped 

in lowering the ADF% by 14.45, 18. 45 and 22.5 g kg-1 and canola lowered the concentrations by 

79.80, 93.4 and 115.05 g kg-1 of dry matter at seeding proportion of 75:25, 50:50 and 25:75% 

oat:barley/canola, respectively. 
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Table 4.41: Effect of seed proportions of intercrops on acid detergent fiber concentrations 
(ADF%) of binary mixtures of oat with barley and canola 

Combination 2010-11 2011-12 Means 

S1 (oat alone) 38.94  a 38.18  a 38.56 

S2 (barley alone) 33.28    d  33.79      d 33.54 

S3 (canola alone) 20.38          i 21.23          i 20.81 

S4 (oat+barley, 75:25) 36.34   b 37.02   b 36.68 

S5 (oat+barley, 50:50) 35.46    c 36.24    c 35.85 

S6 (oat+barely, 25:75) 34.84     d 35.51     c 35.18 

S7 (oat+canola,75:25) 30.43       f 30.49       e 30.46 

S8 (oat+canola, 50:50) 28.65        g 29.33        f 28.99 

S9 (oat+canola, 25:75) 25.58         h 26.22         h 25.90 

LSD (5%) 0.5107 0.757 

Year Mean 31.45   32.00   

LSD (5%) NS 

The means with the same letter were not significantly different at p= 0.05 level 
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Fig 4.15: Acid detergent fiber concentrations (ADF %) of individual intercrops (oat, barley 
and canola) and binary mixtures under different seeding proportions. 
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4.2.2.4 Ash (%) 

 Year effect was not significant on ash contents (Table 4.42). Statistically highest ash 

contents were produced by canola alone with values 14.81% during first year and 13.74% during 

second year. The lowest ash contents were recorded from oat alone in both the years (9.03 and 

9.14% during first and second year, respectively. The differences between S4 and S5 were not 

significant during first year. Oat alone produced 36.27 and 17.23% less ash contents than canola 

alone and barley alone, respectively. Ash contents of all the mixtures were significantly higher 

than oat alone but significantly lower than canola alone except S4 which had statistically similar 

ash contents to oat alone during both years. Within the mixtures ash contents increased with 

increased proportions of barley/canola in mixture. It also implies that higher oat proportions in 

harvest buffered the ash values especially in mixture with barley at seeding proportion of 75:25% 

(S4). However in mixture with canola ash contents increased significantly with increased canola 

seed proportion in mixture. On an average over years, ash contents at 75:25, 50:50 and 25:75% 

oat:barley mixtures were 9.39, 9.92 and 10.27%. However, canola raised the ash contents of the 

mixture by a great deal as values recorded were 11.64, 12.04 and 12.90 at 25, 50 and 75% seed 

rate of canola in mixture. At each seeding rate, oat:canola mixture produced greater ash % than 

oat:barley. On an average oat:canola ash contents values were 2.25, 2.14 and 2.63 % higher than 

oat:barley mixtures at 75:25, 50:50 and 25:75% seeding ratios, respectively. Prominence of 

canola in raising the ash% of mixtures is also indicated by Fig. 16 which represents individual 

intercrops and all binary mixtures. Canola raised the ash% of oat+canola mixture by 31.35, 37.62 

and 37.26 g kg-1 compared to barley that raised it (oat+barley) by 9, 10.35 and 10.90 g kg-1 of 

dry matter at 25, 50 and 75% seeding proportion of barley/canola in mixture, respectively.  
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Table 4.42: Effect of seed proportions of intercrops on ash % of binary mixtures of oat 
with barley and canola. 

Combination 2010-11 2011-12 Means 

S1 (oat alone) 9.03        h 9.14        h 9.09 

S2 (barley alone) 11.03      e 10.92     e 10.98 

S3 (canola alone) 14.81  a 13.74  a 14.28 

S4 (oat+barley, 75:25) 9.50       gh 9.28       h 9.39 

S5 (oat+barley, 50:50) 9.95       g 9.88       g 9.92 

S6 (oat+barely, 25:75) 10.43       f 10.11      f 10.27 

S7 (oat+canola,75:25) 11.62     d 11.65    d 11.64 

S8 (oat+canola, 50:50) 12.39    c 11.73    c 12.06 

S9 (oat+canola, 25:75) 13.28   b 12.52   b 12.9 

LSD (5%) 0.463 0.315  

Year Mean 11.36   11.02   

LSD (5%) NS 

The means with the same letter were not significantly different at p= 0.05 level 
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Fig 4.16: Ash % of individual intercrops (oat, barley and canola) and binary mixtures 
under different seeding proportions. 
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4.2.3 Competition Indices 

4.2.3.1 Land Equivalent Ratio (LER) 

Data regarding relative advantage of intercropping over monocrops is given in table 4.43. 

The perusal of data reveals that partial LER of each species increased with its increased 

proportion in mixture and the increase was significant at each increased oat seed proportions 

during both years for oat:barley mixtures. For oat partial LER values ranged from 0.24 to 0.69 at 

25 and 75% oat share in mixture. Partial LER values of oat were slightly higher in mixture with 

barley than canola. Similarly partial LER values of canola were higher than barley at similar 

seeding rate in mixture with oat. Partial LER values of oat and barley exceeded 0.5 only at 75% 

their seed proportion in mixture. While, partial LER values of canola exceeded 0.5 at 50 and 

75% seeding proportions in mixture during both years. Total LER values exceeded unity only for 

the 75:25% oat:barley mixture which suggests that intercrops require 5 and 6% more land 

resources to produce similar yield to mixture during first and second year, respectively. However 

total LER value for oat:canola mixture exceeded unity at 50:50% seeding proportion and 

intercrops in both years require 3% more land to yield similar amount of produce in mixture. All 

other mixtures gave total LER values below than unity. Within oat:barley mixture total LER 

values tended to increase with increase proportion of oat in mixture 

4.2.3.2 Competitive Ratio (CR) 

Data regarding relative competition ratio is displayed in table 4.44. Year did not affect 

the relative CR values of both intercrops in mixture. However oat exhibited relatively higher CR 

values during first year than second year while barley and canola produced higher CR values 

during second year. Competition ratio of each intercrop in mixture decreased with its increased 

seeding proportion in mixture. Each intercrop showed maximum competitive ability at 25% 

share of respective intercrop. Oat in mixture with barley showed slightly higher CR values than 

in mixture with canola that indicates more competitiveness of oat against barley than canola in 

mixture. Competition ratio values of oat ranged from 0.62 to 1.48 in mixture with barley while 

with canola CR values of oat ranged from 0.33 to 1.13 during both years. Contrarily, CR values 

of barley in mixture with oat ranged from 0.68 to 1.63 during first year and 0.81 to 1.64 during 

second year at 75 and 25% barley proportion in mixture, respectively. For canola during both 
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years, values ranged from 0.89 to 3.09 at 75 and 25% seeding proportion of canola, respectively. 

Values of CR for canola in mixture with oat were higher than barley in mixture with oat at each 

seeding proportion suggesting higher competitiveness of canola against oat than barley. On an 

average over years, CR values at 25, 50 and 75% seeding ratio of barley were 1.64, 1.06 and 

0.75, respectively, compared to canola which has 2.40, 1.23 and 0.89 during first year and 3.09, 

1.40 and 1.01 during second year, respectively. 

   Table 4.43: Effect of seed proportions on LER values of oat:barley/canola mixtures. 
Treatments LER values 

2010-11 2011-12 

Oat Intercrop Total Oat Intercrop Total 

S1 (oat alone) - - - - - - 

S2 (barley alone) - - - - - - 

S3 (canola alone) - - - - - - 

S4 (oat+barley, 75:25) 0.68  a 0.37     c 1.05  a 0.69  a 0.37     c 1.06  a 

S5 (oat+barley, 50:50) 0.47    b 0.45    bc 0.92   bc 0.46   b 0.49    bc 0.95  ab 

S6 (oat+barely, 25:75) 0.27     c 0.55   ab 0.83    c 0.25    c 0.61   ab 0.86    b 

S7 (oat+canola,75:25) 0.52   b 0.41    c 0.93   abc 0.48   b 0.49    bc 0.97  ab 

S8 (oat+canola, 50:50) 0.46    b 0.56   a 1.03  ab 0.43   b 0.60  ab 1.03  ab 

S9 (oat+canola, 25:75) 0.25     c 0.66  a 0.91   bc 0.24    c 0.71  a 0.94   ab 

LSD 0.069 0.112 0.132 0.083 0.138 0.1734 

Year Mean 0.44 0.5 0.94 0.42 0.55 0.97 

LSD (5%) NS NS NS NS NS NS 

The means with the same letter were not significantly different at p= 0.05 level 
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Table 4.44: Effect of seed proportions on competitive ratio (CR) values of oat:barley/canola 
mixtures 

Combination Oat Intercrop 
2010-11 2011-12 2010-11 2011-12 

S1 (oat alone) - - - - 

S2 (barley alone) - - - - 

S3 (canola alone) - - - - 

S4 (oat+barley, 75:25) 0.62     cd 0.62    c 1.63   b 1.64   b 

S5 (oat+barley, 50:50) 0.98   b 0.95  b 1.06     cd 1.06    cd 

S6 (oat+barely, 25:75) 1.48  a 1.24  a 0.68      e 0.81    d 

S7 (oat+canola,75:25) 0.42     d 0.33     d 2.40  a 3.09  a 

S8 (oat+canola, 50:50) 0.82    bc 0.72    c 1.23    c 1.40   bc 

S9 (oat+canola, 25:75) 1.13   b 1.01   b 0.89     de 1.01    cd 

LSD (5%) 0.315 0.218 0.313 0.458 

Year Mean 0.92   0.81   1.30   1.50   

LSD (5%) NS NS 

The means with the same letter were not significantly different at p= 0.05 level 

4.2.3.3 Aggressivity 

Aggressivity determines the compitive ability of a crop when grown in association with 

another crop. The zero value for aggressivity indicates that component crops are equally 

competitive. If both crops have same numerical values but the sign of dominant species will be 

positive and that of dominated negative. The aggressivity values of intercrops in mixtures 

presented in table 4.45 shows that year effect was not significant. Perusal of table 4.45 reveals 

that aggressivity values confirm the results of competition ratio values calculated (Table 4.44). 

The aggressivity values presented in table 4.45 indicated that the component crops did 

not compete equally .Aggressivity values of mixtures were negative related with respective 

seeding ratio i. e ‘A’ values decreased with increased seeding proportions. Values of aggressivity 

of oat showed negative sign at 75 and 50% proportion with both barley and canola which 

indicate its suppression by intercrop at higher oat seeding rates. While ‘A’ value of oat was 

positive at 25% proportion suggesting that oat was more aggressive at lower seeding ratios and 

this aggressiveness was lost as its seeding share increased from 25 to 75% during both years.  
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Aggressivity values of oat in mixture with barley were higher than in mixture with canola. 

Aggressivity values of oat in mixture with barley ranged from -0.6 to 0.36 during first year while 

during second year range was -0.58 to 0.19 compared to ‘A’ values of oat in mixture with canola 

that ranged from -0.92 to 0.16 during first year and -1.32 to 0.02 during second year, 

respectively. Canola was more aggressive than barley in mixture with oat as ‘A’ values for 

canola were higher than barley at each seeding ratios. Barley and canola in mixture with oat were 

more aggressive than oat at 75:25 and 50:50% oat:barley/canola mixture however oat became 

more aggressive than barley and canola at 25:75% oat:barley/canola mixture. 

Table 4.45: Effect of seed proportions on aggressivity (A) values of oat:barley/canola 
mixtures. 

Combination Oat Intercrop 
2010-11 2011-12 2011-11 2011 

S1 (oat alone)     

S2 (barley alone)     

S3 (canola alone)     

S4 (oat+barley, 75:25) -0.60   b -0.58   c 0.60   b 0.58   b 

S5 (oat+barley, 50:50) -0.03    cd -0.05     ab 0.03    cd 0.05     cd 

S6 (oat+barely, 25:75) 0.36      e 0.19      a -0.36      e -0.19      d 

S7 (oat+canola,75:25) -0.92  a -1.32  d 0.92    a 1.32  a 

S8 (oat+canola, 50:50) -0.16    c -0.31    bc 0.16    c 0.31    bc 

S9 (oat+canola, 25:75) 0.16     de 0.02     a -0.16     de -0.02     d 

LSD (5%) 0.298 0.284 0.298 0.284 

Year Mean -0.19   -0.34   0.19   0.34   

LSD (5%) NS NS 

The means with the same letter were not significantly different at p= 0.05 level 
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4.2.4 Discussion  

4.2.4.1 Growth parameters 

Intercropping did not affect the germination count m-2 (Table 4.29). This is in line with 

the work done by Nyaga et al. (2012) and Sangakkara et al. (2003) who reported no significant 

difference on germination count of maize alone and intercropped with Dolicos lablab and 

bean/sunhemp, respectively. This may be due to no competition and interaction at this stage as 

both intercrops occupy different niches. Similarly, Bellostas et al. (2003) have made similar 

observation from barley, pea and rape mixtures in pot experiment. They concluded that that 

competition among intercrops started as early as two weeks after emergence.  

Ahmad et al. (2008) recorded 7 leaves plant-1 for S2000 variety (used in this study) of oat 

at 50% heading stage which was almost similar to this study (6.83 and 6.66 leaves plant-1, for 

sole crop during first and second year, respectively). Insignificant effect of treatments on number 

of leaves tiller-1 (Table 4.32) was consistent with the results of Ronald and Charles (2012) who 

recorded no difference in number of leaves of pumpkin in sole crop and intercropped with maize. 

These results are in line with Johnston and Onwueme (1998) who reported that under competing 

environment, plant tries to invest its photosynthates to leaf area to fully exploit the limited 

incident light however it does not form new leaves but increases chlorophyll in existing leaves to 

capture more PAR. Further more number of leaves is a genetically controlled character.  

Tillers are the outgrowth of auxillary buds and process of tillering is affected by various 

physiological and genetic factors and their interaction with environment. Cereals are plastic in 

development as they can produce more leaves at lower seeding rate or, as a result of seedling 

damage which allows yield stability to these small grain cereals (Assuero and Tognetti, 2010). 

Results in this study confirm this phenomenon as number of tillers in mixtures increased as oat 

proportion in the mixture decreased from 75 to 25% (Table 4.31). Previously Sbrissia et al. 

(2003) and Sbrissia et al. (2001) have reported similar results in their studies. Number of tillers 

of S2000 oat in sole cropping is quite less (4.67 plant-1) compared to previously reported by 

Ahmad et al. (2008) who found it to be 8 plant-1. This difference can be attributed to higher 

germination count in this study. 

Relative height of the intercrops in a mixture is an effective character to measure if strong 

above ground competition for light prevails between intercrops (Cousens et al., 2003). First years 
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insignificant results regarding oat plant height (Table 4.30) is supported by the previous work 

done by Dordas and Lithougidis (2011) who found no difference in height of intercropped and 

sole oat and triticale. Increase in plant height with increased oat seed rates in mixture is quite in 

line with the results of Snider et al. (2012) and Alemu et al. (2007). However, Sobkowicz and 

Tendziagolska (2005) reported decreased plant height with increased seeding rates in oat:wheat 

mixture. Taller oat plants in oat:canola mixture at 50:50% mixture than 75:25% mixture may be 

attributed to the relative ease of light availability to oat at lower canola seeding rates compared to 

mixtures where higher canola plants almost covered the oat plants that suggests more severe 

interspecific competition than intraspecific competition. In oat alone, number of oat per unit area 

were more that induced intraspecific competition resulting in more height which is quite in line 

with those of Molla and Sharaiha (2010) who found tallest barley and wheat plants in respective 

sole cropping. Agegnehu et al. (2006) also observed slightly taller barley plants in sole crop than 

in intercropping. 

 Lower number of tillers, fewer leaves and more plant height of oat in mixture with 

canola than barley indicate more suppression of oat by canola than barley in mixture. To 

intercept more PAR, oat had to gain more height to compete against taller canola plants 

compared to barley. Previously similar results regarding plant height have been reported by 

Cousens et al. (2003) who measured taller oat plants in mixture with tall wheat lines than in 

mixture with dwarf wheat lines. 

4.2.4.2 Green/dry forage yield 

At the time of harvesting (95 DAP) i.e. at 50% oat heading, all barley plants had emerged 

heads which implies that barley heading stage was reached earlier than oat (visual observation). 

These results are in line with those reported by Todd and Spaner (2003) and Ross et al. (2004b) 

who reported that barley matured 4 and 7-8 days earlier than oat, respectively. This difference in 

phenological events of both crops in mixture is desirable as it reduces the extent of competition 

and provides resource complementation.. The green/DM yield increased with increase in seed 

rate of intercrops in mixtures (Table 4.34 & 4.36). However relative increase in green/ DM yield 

of each intercrop was not proportional to increase in respective seeding ratio. This may be 

attributed to presence of intercrop. Among the mixtures, higher oat green/DM yields from 

oat:barley mixtures than oat:canola mixtures (Table 4.33 & 4.34) suggests that canola was a 

stronger competitor to oat than barley, consequently oat growth was depressed to a greater extent 
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in mixture with canola than barley. Canola has greater proportion of green/DM yield from 

oat:canola mixture than does have barley in oat:barley mixture at same seeding proportions 

(Tables 4.35, 4.36, 4.37 and 4.38).  According to Zerner et al. (2008), taller plants have leaves 

higher in the canopy than the shorter plants which enable them to harvest more light restricting 

the growth of intercrop. These results confirm the findings of Wahla et al. (2009) and Tahir et al. 

(2003). More plant height, spreading type growth, long broad leaves and more ground cover to 

acquire more sunlight may account for higher biomass production by canola (Strydhorst et al., 

2008; Lemerle et al., 1996; Lotz et al., 1996).  

Higher green/DM yields of sole crops than binary mixtures confirm the already reported 

results of Juskiw et al. (2000a), Kara et al. (2010) and Walker et al. (1990) who did not observed 

clear yield advantage from binary mixtures of oat/barley/triticale, wheat/triticale and 

wheat/ryegrass, respectively. However Kaut et al. (2008) found up to 1 t ha-1 more DM from 

wheat-oat and wheat-barley mixture than monocrops. Yield advantage in intercropping is 

expected if interspecific competition is less intense than intraspecific competition (Neumann et 

al., 2009; Lithourgidis et al., 2011). Oat and barley belonging to same family, posed interspecific 

competition to each other resulting in no clear yield advantage. However at 50:50 and 75:25% 

oat:barley/canola seeding ratios yields were higher than at least one of the intercrop in sole 

sowing (Table 4.37 and 4.38). Similar trend was observed by Kaczmarek et al. (2010) in his 

study with oat, barley and wheat binary mixtures.  Of the three species, oat alone yielded higher 

DM yield than barley and canola alone (Table 4.38). Previously Jedel and Salmon (1994) have 

also mentioned highest dry matter yields from oat alone than barley and triticale sole crops and 

mixtures. Although canola produced highest green forage yields during both years, dry matter 

yields were less than oat which may be attributed to higher moisture contents of canola (Neely et 

al., 2009). At higher oat proportion in oat:barley mixture (S4), yield was more likely equal to 

highest yielder treatment (oat alone) which implies that oat provided more yield stability to 

mixtures though clear yield advantage was not obtained.  

4.2.4.3 Quality parameters 

All the mixtures yielded higher protein contents than oat alone. Results are in agreement 

with previously studies of Szumigalski and Acker (2006) and Thompson et al. (1992) who have 

reported higher protein contents from wheat-canola and barley-annual rye grass mixtures from 
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their corresponding sole crops, respectively. These findings suggest that CP improvement in 

mixtures can be done not only due to the legume inclusion and mixtures of non legume species 

may also serve the purpose of forage quality improvement and this may be attributed to diversity 

in onset of phenological events and differential requirement of resources by the species. Higher 

crude protein concentrations found in canola confirm the previously reported CP concentrations 

in canola by Banuelos et al. (1992) who have reported more than 16% CP concentration in 

canola forage. According to Nichol et al. (2003), forage brassicas contain 15 to 25 % CP in 

leaves and 8 to 15% in root dry matter, values found in this study fall well within this range. 

Fibrous contents of canola were well below than other species. Neely et al. (2009) have also 

reported very low fiber contents in canola forage and stressed treating it as a concentrate rather 

than as fodder. The low level of fibers in canola implies the feeding of the animal by 

supplemental roughage to compensate for fiber deficiency (Bartholomew and Underwood, 

2007). Hence a mixture of oat with canola established itself an excellent choice for famers to 

have a good quality forage. Similarly, superiority of barley in terms of crude protein, NDF and 

ADF over oat alone has already been established by Ross et al. (2004), Todd and Spanner (2003) 

and Juskiw et al. (2000a) in their studies. Improvement in forage quality with the increased 

proportion of barley/canola in the mixture was due to the better quality of barley and canola than 

oat in terms of CP, NDF and ADF%.   

4.2.4.4 Competition indices 

In spite of some limitation in the use of LER, as an index to evaluate the relative 

efficiency of intercropping over mono cropping, in terms of biomass produced compared to 

energy consumed (Azam and Squire, 2002) and dependence of partial LER on sole crop 

(Neumann et al., 2009), it is most often used index for the purpose among the researchers 

(Yahuza, 2012). The LER value higher than 0.5 of each intercrop (Table 4.43) indicates 

advantage in sowing it in mixture and lower than 0.5 indicates disadvantage (Rahetlah et al., 

2013). For oat and barley advantage sowing them in mixtures was at S4 (75:25% oat:barley), 

however for canola advantage in mixture was at S8 and S9 (50:50 and 25:75% oat:canola) as 

partial LERs were greater than 0.5 at these seeding ratios. Total LER values of mixtures 

exceeded unity only in 2 mixtures (S4 and S8) during both years suggesting the importance of 

relative proportions of intercropping in obtaining the yield advantages in mixtures. This was 
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partly due to lower performance of barley in oat:barley mixture and oat in oat:canola mixture as 

indicated by partial LER values. Previously, Juskiw et al. (2000b) have documented similar 

results from binary mixtures of oat, barley and triticale as they obtained significant yield 

advantage in only 3 combinations and in 9 combinations RYT did not exceed unity significantly. 

Higher LER values of canola compared to barley and oat proves that canola used more physical 

resources than other species in mixtures. This is further proved by the fact that oat LER values 

were lower in combination with canola than with barley. 

Lower values of competition ratio for oat in mixture with barley and canola at 50 and 

75% oat seeding ratio indicates its lower competition ability than other intercrops (Table 4.44). 

Juskiw et al. (2000b) have also reported barley to be more competitive to oat in binary mixture. 

Jensen (1996) reported that certain characteristics such as faster root growth and early uptake of 

nutrients allows barley to grow vigorously during the first stage of development, hence providing 

an advantage in forthcoming competition as a result of early access to resources (Fukai and 

Trenbath, 1993). These results also suggest that barley and canola were more competitive in 

grasping the resources than oat. However, oat became more competitive than intercrops at its 

lower seeding ratio i.e. 25%. The increase of intraspecific competition at higher oat seeding 

ratios resulted in oat plants too small to compete with other species in mixture and to efficiently 

utilize resources this may be attributed to lower CR of oat at higher seeding ratios. Results 

supports the conclusions drawn by Neumann et al. (2009) who stated that intraspecific 

competition is more important than intraspecific competition in intercropping advantage hence 

advantage may be attributed to resource complementarity among the species.  

Canola was more competitive to oat than was barley as CR values of canola were higher 

than barley at each seeding ratio. Results are in agreement with those of Zand and Beckie (2002) 

who found canola more competitive to wild oat. Even at 25:75% oat:canola mixture, both 

intercrops were equally competitive during second year as CR values were the same (1.01). 

Aggressivity (A) values confirm the finding of CR as oat has negative sign at 50 and 75% seed 

proportion while intercrop (barley and canola) had negative sign at 25% oat seed proportion. 

However, oat was more aggressive than intercrop at lower seeding ratio (25%) due to larger oat 

plants as intraspecific competition was minimum. Dominance of canola over small grain cereals 

has previously been demonstrated by Srivastava et al. (2007), Tahir et al. (2003) and Wahla et 

al. (2009) based on aggressivity and CR values.  
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4.2.5 Conclusions 

From the above study following results may be deduced; 

1- Although there was no yield advantage from the mixture however intercropping 

improved the mixed forage quality. 

2- Relative proportion of intercrop plays an important role in drawing the benefits from 

mixtures. 

3- Barley and canola dominated the oat in binary mixture in terms of competing for limited 

resources. 

4- Canola is a potential forage crop with good dry matter yield of better quality, however 

further research on the presence of anti nutritional factors  and its subsequent effects on 

animal health is necessary. 

5- Barley and canola are better quality forage than oat 

6- The higher relative proportion of an intercrop induces intraspecific competition while at 

lower seeding ratios interspecific competition hinders the yield advantage from the 

mixtures. 

4.2.6 Recommendations 

For obtaining higher forage yield of better quality oat ratio to barley should be 

75:25% in mixture, however if canola is to be intercropped the oat:canola ratio should be 

50:50%. 
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4.3 Economic Analysis 

4.3.1 First Experiment 

4.3.1.1 Net benefit 

Treatments differed in their monetary advantages. Maximum net benefit of Rs. 130469 

during first and Rs. 133249 during second year was obtained from the treatment HI3-SP4 which 

was followed by the treatment and was obtained from HI3-SP3 with benefits of Rs. 120710 and 

109777 during first and second year, respectively. During both years of study, minimum net 

benefit was obtained from oat alone at HI2. Generally net benefit increased with delayed cutting 

of the crops and decreased oat proportion in the mixture due to higher green and dry forage 

yields (Table 4.26 & 4.27). Almost all the mixtures at each cutting time during both of the years 

gave higher net benefits than both sole crops which reveal the advantage of mixture sowing over 

sole cropping in terms of money. 

Table 4.46: Net benefit from oat:berseem mixtures as influenced by varying seed 
proportions of oat and harvesting intervals during the year 2010-11. 

Seed proportion (SP) 
(oat:berseem) 

 
Harvesting 
intervals (HI)  

Total 
expenditure 

Gross income Net benefit 

SP1     (100:100) 

HI1 
(60 DAP) 

52832 97413 44580 
SP2   (75:100) 53176 111285 58109 
SP3   (50:100) 51520 124963 73443 
SP4   (25:100) 50864 122113 71249 
SP5   (Berseem alone) 50207 100880 50673 
SP6   (Oat alone 47832 86608 38775 

SP1     (100:100) 

HI2 
(75 DAP) 

52832 133393 80560 
SP2   (75:100) 53176 134310 81134 
SP3   (50:100) 51520 143595 92075 
SP4   (25:100) 50864 144715 93851 
SP5   (Berseem alone) 50207 138920 88713 
SP6   (Oat alone 47832 76125 28293 

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

52832 157388 104555 
SP2   (75:100) 53176 170978 117801 
SP3   (50:100) 51520 172230 120710 
SP4   (25:100) 50864 181333 130469 
SP5   (Berseem alone) 50207 148080 97873 
SP6   (Oat alone 47832 105998 58165 
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Table 4.47: Net benefit from oat:berseem mixtures as influenced by varying seed 
proportions of oat and harvesting intervals during the year 2011-12. 

Seed proportion (SP) 
(oat:berseem) 

 
Harvesting 
intervals 
(HI)  

Total 
expenditure 

Gross income Net benefit 

SP1     (100:100) 

HI1 
(60 DAP) 

55608 112890 57283 
SP2   (75:100) 54858 134892 80034 
SP3   (50:100) 54108 138168 84060 
SP4   (25:100) 53358 138200 84843 

SP5   (Berseem alone) 51608 107700 56092 
SP6   (Oat alone 49233 90980 41747 

SP1     (100:100) 

HI2 
(75 DAP) 

54233 138975 84742 
SP2   (75:100) 54576 146508 91931 
SP3   (50:100) 52920 148910 95990 
SP4   (25:100) 52264 148218 95954 

SP5   (Berseem alone) 51608 128020 76412 
SP6   (Oat alone 49233 73588 24355 

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

54233 161235 107002 
SP2   (75:100) 54576 160758 106181 
SP3   (50:100) 52920 162698 109777 
SP4   (25:100) 52264 185513 133249 

SP5   (Berseem alone) 51608 130480 78872 
SP6   (Oat alone 49233 103618 54385 

 
 
 

4.3.1.2 Benefit cost ratio (BCR) 

According to Wikipedia, BCR is “an indicator, used in the formal discipline of cost-

benefit analysis that attempts to summarize the overall value for money of a project or proposal”. 

Hence BCR was calculated to find the monetary advantage taking into account the cost of each 

treatment. 

During both of the years, highest BCR values were recorded from the treatment HI3-SP4 

(3.57 and 3.55 during first and second year, respectively) which was followed by HI3-SP3 that 

recorded BCR values of 3.34 during first and 3.07 during second year. Generally BCR values 

increased with delayed cutting and decreased oat proportion in mixture. However minimum BCR 

was recorded from oat alone at HI2.  
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Table 4.48: Benefit cost ratio of oat:berseem mixtures as influenced by varying seed 
proportions of oat and harvesting intervals. 

Seed proportion (SP) 
(oat:berseem) 

 
Harvesting 
intervals (HI)  2010-11 2011-12 Mean 

SP1     (100:100) 

HI1 
(60 DAP) 

1.84 2.03 1.94 
SP2   (75:100) 2.09 2.46 2.28 
SP3   (50:100) 2.43 2.55 2.49 
SP4   (25:100) 2.40 2.59 2.50 
SP5   (Berseem alone) 2.01 2.09 2.05 
SP6   (Oat alone 1.81 1.85 1.83 

SP1     (100:100) 

HI2 
(75 DAP) 

2.52 2.56 2.54 
SP2   (75:100) 2.53 2.68 2.61 
SP3   (50:100) 2.79 2.81 2.80 
SP4   (25:100) 2.85 2.84 2.85 
SP5   (Berseem alone) 2.77 2.48 2.63 
SP6   (Oat alone 1.59 1.49 1.54 

SP1     (100:100)  
 
 

HI3 
(90 DAP) 

2.98 2.97 2.98 
SP2   (75:100) 3.22 2.95 3.09 
SP3   (50:100) 3.34 3.07 3.21 
SP4   (25:100) 3.57 3.55 3.56 
SP5   (Berseem alone) 2.95 2.53 2.74 
SP6   (Oat alone 2.22 2.10 2.16 

 
4.3.2 Second experiment 
4.3.2.1 Net benefit 

Maximum net benefit was obtained from oat alone during both years of experiment (Rs. 

93505 and 86707 during first and second year respectively.). Treatment S4 recorded second 

highest net benefit which was Rs. 87103 and 79104 during first and second year, respectively. 

The minimum net benefit of Rs. 52345 and 44524 was recorded from S6 where oat and barley 

were intercropped with 25:75% seeding ratio. Although green forage yields were higher for 

oat:canola; however lower price of canola as forage in the market resulted in lower benefits in 

terms of money. 
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Table 4.49: Effect of seed proportions of intercrops on net benefit from oat mixture with 
barley and canola during the tear 2010-11. 

Combinations Total expenditure Total income Net profit 

S1 (oat alone) 47457 140963 93505 

S2 (barley alone) 48707 112980 64273 

S3 (canola alone) 46407 107938 61530 

S4 (oat+barley, 75:25) 47769 134873 87103 

S5 (oat+barley, 50:50) 48082 115920 67838 

S6 (oat+barely, 25:75) 47457 99803 52345 

S7 (oat+canola,75:25) 47194 117660 70465 

S8 (oat+canola, 50:50) 46932 126440 79508 

S9 (oat+canola, 25:75) 46669 105520 58850 

 
 
 
Table 4.50: Effect of seed proportions of intercrops on net benefit from oat mixture with  
barley and canola during the year 2011-12. 

Combinations Total expenditure Total income Net profit 

S1 (oat alone) 49233 135940 86707 

S2 (barley alone) 50108 105578 55470 

S3 (canola alone) 47808 107775 59967 

S4 (oat+barley, 75:25) 49451 128555 79104 

S5 (oat+barley, 50:50) 49670 110408 60737 

S6 (oat+barely, 25:75) 49889 94413 44524 

S7 (oat+canola,75:25) 48876 113100 64224 

S8 (oat+canola, 50:50) 48520 116033 67512 

S9 (oat+canola, 25:75) 48164 100080 51916 
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4.3.2.2 Benefit cost ratio 

Ratio of benefit to cost for each treatment was calculated to most economical mixture for 

adaptation in the area. During both of the years highest BCR value (2.97 and 2.76) was recorded 

from oat alone which was followed by the treatment S4 (2.82 and 2.60). Minimum BCR value 

was recorded from the treatment where oat and barley were intercropped with a ratio of 25:75%, 

respectively. In oat:barley mixtures, BCR values increased with increased oat proportion in 

mixtures while in oat:canola mixture highest BCR value was recorded from 50:50% mixture  

during both years. 

Table 4.51: Effect of seed proportions of intercrops on net benefit from oat mixture with 
barley and canola during the tear 2010-11. 

Combinations 2011-12 2011-12 Mean 

S1 (oat alone) 2.97 2.76 2.87 

S2 (barley alone) 2.32 2.11 2.21 

S3 (canola alone) 2.33 2.25 2.29 

S4 (oat+barley, 75:25) 2.82 2.60 2.71 

S5 (oat+barley, 50:50) 2.41 2.22 2.32 

S6 (oat+barely, 25:75) 2.10 1.89 2.00 

S7 (oat+canola,75:25) 2.49 2.31 2.40 

S8 (oat+canola, 50:50) 2.69 2.39 2.54 

S9 (oat+canola, 25:75) 2.26 2.08 2.17 

 

Future Prospects 

• Effect of other agricultural inputs (fertilizer, irrigation etc) on  studied binary mixtures 

should be evaluated. 

• Presence of anti nutritional factors in canola at different growth stages needs to be 

investigated. 

• Different cultivars of intercrops should be evaluated for better performance in mixture 

under different agro-ecological zones of country. 

• Post harvest changes in physio-chemical properties of soil needs to be evaluated. 
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Chapter 5 

Summary 

Two field experiments were carried out at the Agronomic Research Area, University of 

Agriculture, Faisalabad to evaluate the fodder production potential of oat in mixture with legume 

and non-legumes during the year 2010-11 and 2011-12. In first experiment oat:berseem mixture 

was sown under different seeding ratios viz. 0:100, 25:100, 50:100, 75:100, 100:100 and 100:0% 

and first mixture cut was taken 60, 75 and 90 days after planting. The oat was sown in 30cm 

spaced rows and field was irrigated just after sowing and then berseem seed was broad casted in 

standing water just after the oat sowing. Experiment was laid out in randomized complete block 

design with factorial arrangement and was replicated thrice. In second experiment oat was 

intercropped with barley and canola under seeding proportions of 75:25, 50:50 and 25:75 for 

oat:canola/barley mixtures, respectively. Oat was sown in 30cm spaced rows and both barley and 

canola were sown in line between the oat rows. Oat, barley and canola were sown alone also. 

Treatments were arranged according to RCBD with three replications. Sowing in both 

experiments was done by single row hand drill. In both the experiments fertilization was done 

according to oat requirement (60-80 kg N-P ha-1). Standard procedures and methodology were 

employed to record and calculate the different observation. Results obtained regarding various 

observations are summarized below. 

First experiment  

 Germination count m-2 of oat reflected the proportion of oat in sowing mixtures 

indicating that germination was not affected by presence of berseem. 

 On average over years, number of leaves plant-1 increased from 4.60 to 5.91 during 60 to 

75 DAP while decreased from 5.91 to 5.65 during 75 to 90 DAP. Seeding ratios had no 

effect on number of leaves plant-1 of oat.  

 Number of tillers plant-1 of oat decreased when harvesting was delayed from 60 to 90 

DAP. Maximum number of leaves plant-1 was recorded for 25:100% mixture while 

minimum was recorded from oat alone in both years. 

 Plant height of oat increased with both delayed cutting and with increase in oat seed 

proportion in mixture.  
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 Generally oat green/DM yield increased with delayed cutting and increased oat 

proportion in mixture. During first year, maximum oat green/dry matter yields were 

recorded by SP6-HI3 (60.57 t ha-1 green and 13.27 t ha-1 DM ). During second year oat 

alone produced maximum green/DM yields (41.63 t ha-1 green and 7.77 t ha-1 DM 

yields). 

 Berseem green/DM yields were greatly suppressed by oat presence. On an average over 

year and cutting time, berseem green forage yield was 47.29% of berseem alone even at 

presence of 25% oat in mixture. Within the mixtures berseem green/DM yield was 

decreased with increased oat seed proportion. On an average, seeding ratios SP1, SP2, SP3 

and SP4 produced 0.49, 0.63, 0.83 and 1.15 t ha-1 DM compared to 2.50 t ha-1 by berseem 

alone.  

 Mixed green/DM yield of mixture increased with delayed cutting and increased oat 

proportion in mixture. On an average over years, maximum green/DM yield was recorded 

by oat alone at 90 DAP (58.69 t ha-1 green and 12.71 t ha-1 DM yield) which was also 

statistically similar to HI3-SP2 in both years. At each harvesting interval berseem alone 

produced lower green/DM yield than oat alone and all mixtures. 

 Crude protein concentration of oat was decreased with delaying the harvest time. On an 

average over years, CP concentrations of oat at 60, 75 and 90 DAP recorded were 13.95, 

12.11 and 9.56% while of berseem were 23.45, 21.58 and 19.39%, respectively. On an 

average, berseem inclusion increased the CP contents of the mixture by 7.1, 9.1, 13.0 and 

19.3 g kg-1 at 100, 75, 50 and 25% oat seeding ratio. 

 Maximum CP yield was recorded by the mixture with 75% oat proportion at 90 DAP 

(1.36 and 1.18 t ha-1 during first and second year, respectively) however it was almost 

similar to all the mixtures at 90 DAP except SP4 during first year. At each cutting time 

berseem alone produced the lowest CP yields than all mixtures and oat alone. 

Interestingly, all the mixtures at each harvesting interval produced statistically similar CP 

yields. 

 Neutral detergent fiber (NDF) and acid detergent fiber (ADF) concentrations increased 

with increased oat proportion and delayed harvesting. 

 Oat alone at 90 DAP produced highest NDF and ADF concentrations with values 52.96 

and 34.58%, respectively, during first and second year, respectively. However mixtures 
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with 100 and 75% oat proportion were also statistically similar to oat alone at 90 DAP in 

both the years. All the mixtures produced NDF and ADF concentrations intermediate to 

the sole oat and berseem. 

 On an average, the berseem inclusion decreased the NDF concentrations of mixture by 

10.5, 13.4, 18 and 26.1 g kg-1 and ADF concentrations by 3.8, 4.8, 6.4 and 9.5 g kg-1, 

respectively at SP1 SP2, SP3 and SP4, respectively. 

 Ash % in sole crops and mixtures decreased with extending the period before harvest i. e. 

60 to 90 and increased oat proportion in mixture. During first year maximum ash% 

(14.15) was recorded at 60DAP which reduced to 10.73% at 90 DAP during first year. 

All mixtures and oat alone produced similar ash % but lower than berseem alone. While 

during second year berseem alone gave maximum ash% at 60 DAP while minimum was 

recorded by the mixture with 100% oat ratio (SP1) at 90 DAP. All the mixtures and oat 

alone produced similar amount of ash % at each harvesting interval. 

 All the mixtures showed yield advantages in terms of land equivalent ratios. The values 

of total LER ranged from 1.01 to 1.28. Partial LER values of oat were increased while 

that of berseem was decreased with increased oat seed proportion in mixture. 

  Competitive ratios (CR) values for oat were higher than that of berseem suggesting that 

oat was a dominant species. Similarly aggressivity (A) values were also positive for oat 

and negative for berseem confirming the dominance of oat in mixture with berseem.  

 Oat re-growth occurred only when first cut was made at 60 DAP and oat re-growth 

green/dry matter yields were decreased with increased oat seeding ratio in sowing 

mixture. 

 Berseem re-grew vigorously after first cut. Green/DM of berseem during re-growth was 

increased with decreased oat seeding ratio in sowing mixture. Re-growth yields were 

highest from berseem alone at each harvesting interval. The maximum berseem 

green/DM yield was obtained from berseem alone when 1st cut was taken 90 DAP. 

 During re-growth, CP yield decreased with increased oat seeding ratios in sowing 

mixtures but increased by delaying the first cut. Ash % increased with increased oat 

proportion in sowing mixture and all mixtures have almost similar ash% at each 

harvesting interval during both the years. 
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 Neutral detergent and acid detergent fiber concentrations of re-growth was higher when 

first cut was taken 60 DAP than when first cut was taken 75 and 90 DAP. At HI2 and HI3 

all mixtures and berseem alone have statistically similar NDF%. Oat alone gave the 

maximum NDF and ADF% at HI1 in both years.  

 Grand total (first cut + re-growth) green, DM and CP yields increased with decreased oat 

proportion in mixture and delaying the first cut. Maximum green/dry matter yields were 

obtained where oat proportion was 25% and first cut was made 90 DAP.  

Second Experiment 

 Germination count m-2 of oat increased with increased its seed proportion in mixture and 

maximum was observed from oat alone. 

 Oat plant height increased with increased oat proportion in mixture with barley while in 

mixture with canola higher oat plant height (136.08 cm) was obtained with 50:50% 

seeding ratio. However, statistically maximum oat plant height (141.27cm) was recorded 

from oat alone. 

 Numbers of leaves plant-1 of oat were not affected signficantly by the seeding proportion 

in mixture. 

 Number of tillers plant-1 of oat decreased with increased proportion of oat in mixture. 

Statistically highest numbers of tillers plant-1 (7.57 and 7.83 plant-1 in first and second 

year, respectively) were recorded from oat in 25:75% oat:barley mixture. Generally oat in 

mixture with barley produced higher number of tillers than in mixture with canola. 

 Green and DM yields of oat and barley/canola in the mixtures increased with increased 

proportion of respective crop in mixture. However, maximum of green/DM yield of each 

intercrop was recorded from respective sole crop. 

 Although no mixture out yielded oat and canola alone, the treatments S4 (75:25% 

oat:barley), S7 (75:25% oat:canola) and S8 (50:50% oat:canola) produced green/DM yield 

statistically similar to oat and canola. 

 Generally green/DM yields of oat:canola were higher than oat:barley mixtures at each 

seeding proportions. 

 Canola alone produced statistically higher CP yields than all other treatments with values 

2.93 and 2.51 t ha-1 during first and second year of experiment, respectively. All 

oat:canola mixtures produced higher CP yields than oat alone in both years. Generally 
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oat:canola mixtures produced higher CP yields than oat:barley mixtures. CP 

concentrations of each mixture increased with increased proportion of barley/canola in 

mixture. 

 Oat alone produced statistically highest NDF (55.21  and 56.04% during first and second 

year, respectively) and ADF% (38.94 and 38.18% during first and second year, 

respectively) however, canola alone produced significanlty lower NDF and ADF% than 

all other treatments 

 All mixtures produced NDF and ADF% higher than canola alone and lower than oat 

alone. 

 The NDF% of oat:canola mixtures were significantly lower than oat:balrey mixture at 

each seeding ratio. 

 On an average over years barley inclusion in mixture helped in lowering the ADF% by 

22.6, 27.1 and 33.8 g kg-1 and canola lowered the concentrations by 81, 95.7 and 126.6 g 

kg-1 of dry matter than oat alone. 

 Canola alone produced significantly higher ash% than barley and canola alone and 

mixtures while oat alone produced significantly lowest ash % in both years. All the 

mixtures produced higher ash% than oat alone but lower than canola alone. 

 Canola raised the ash% by 25.6, 29.6 and 38.2 g kg-1 compared to barley that raised it by 

3.1, 8.3 and 11.9 g kg-1 of dry matter at 25, 50 and 75% seeding proportion of 

barley/canola in mixture, respectively.  

 Partial LER values of each intercrops in mixture increased with increased proportion of 

respective intercrop. 

 Only mixtures S4 (75:25% oat:barly) and S8 (50:50% oat:canola) produced LER values 

greater than unity. 

 The values of competition ratio (CR) and aggressivity (A) suggests that barley and canola 

were more competent and aggressive than oat at 50 and 75% seed proportion of oat while 

at 25% oat proportion in mixture, oat was more competent and aggressive than 

barley/canola in mixture. Canola offered greater competition to oat than barley in mixture 

suggested by CR values.  

 



154 
 

References 

Agegnehu, G., A. Ghizaw and W. Sinebo. 2006. Yield performance and land-use efficiency of 

barley and faba bean mixed cropping in Ethiopian highlands. Europ. J. Agron., 25:202-

207. 

Ahmad, G., M. Ansar, S. Kaleem, G. Nabi and M. Hussain. 2008. Performance of early maturing 

oats (Avena sativa L.) cultivars for yield and quality. J. Agric. Res., 46:341-346. 

Albayrak, S., M. Turk, O. Yuksel and M. Yılmaz. 2011. Forage yield and the quality of perennial 

legume–grass mixtures under rainfed conditions. Not. Bot. Horti. Agrobot. Cluj., 391: 

114–118. 

Alemu, B., S. Melaku and N. K. Prasad. 2007. Effects of varying seed proportions and 

harvesting stages on biological compatibility and forage yield of oats (Avena sativa L.) 

and vetch (Vicia villosa R.) mixtures. Livestock Research for Rural Development. 

Volume 19, Article #12.  Retrieved July 13, 2012, from 

http://www.lrrd.org/lrrd19/1/alem19012.htm. 

Al-Khateeb, S. A., A. A. Leilah and S. S. Al-Thabet. 2006. Effect of irrigation frequency, N-

fertilizer levels and mixing ratio of Egyptian clover-oat on forage yield. Sci. J. King 

Faisal Univ., 7:61-74. 

Al-Masri, M. R. 1998. Yield and nutritive value of vetch (Vicia sativa)-barley (Hordeum 

vulgare) forage under different harvesting regimes. Tropical Grasslands, 32:201-206. 

Al-Masri, M. R. and M. Mardini. 2007. Effect of harvest time and sampling site on the nutritive 

value of Sesbania aculeate and Kochia indica. Report on Scientific Laboratory Study 

AECS-A/RSS 710. Department of Agriculture, Atomic Energy Commission, Syria. 

Altin, M. and A. Gokkus. 1988. A research on the hay yield of some forage crops and their 

mixtures with different seeding methods under the irrigated conditions of Erzurum. Doga 

Turkish J. Agric. Forestery, 12:24-36. 



155 
 

Ammar, H., S. Lopez and S. Andres. 2010. Influence of maturity stage of forage grasses and 

leguminous on their chemical composition and in vitro dry matter digestibility. Options 

Mediterraneennes, Article No. 92: 199-203. 

Anil, L., D. Mazaheri, J. Park, R. H. Phipps and P. M. Harris. 1996. Intercropping maize with 

kale: scope, results and preliminary conclusions. Aspects of Appl. Biol., 47:399-403. 

Anil, L., J. Park, R. H. Phipps and F. A. Miller. 1998. Temperate intercropping of cereals for 

forages: a review of the potential for growth and utilization with particular reference to 

the UK. Grass and Forage Sci., 53:301-317. 

Anil, L., J. Park and R. H. Phipps. 2000. The potential of forage-maize intercrops in ruminant 

nutrition. Animal Feed Sci. Technol., 85:157-164. 

Anonymous. 2008. Canola possible forage crop for livestock. North Dakota State University 

newsrelease. Available online at http://www.ag.ndsu.edu/news/newsreleases/2008/aug-

21-2008/canola-possible-forge-crop-for-livestock/view. 

Anonymous. 2011. Pakistan Agriculture Research Council. Govt. of Pakitan. Available online at 

http://www.parc.gov.pk/NARC/Fodder/Pages/intro.html 

Ansar, M., Z. I. Ahmed, M. A. Malik, M. Nadeem, A. Majeed and B. A. Rischkowsky. 2010. 

Forage yield and quality potential of winter cereal-vetch mixtures under rainfed 

conditions. Emir. J. Food Agric., 22:25-36. 

AOAC. 1990. Official Methods of Analysis, Association of Official Analytical Chemists. 15th 

Ed. Arlington, Virginia, USA. 

Araya, W. and P. C. Struik. 2005. Effect of varietal mixtures of barley (Hordeum vulgare) and 

wheat (Triticum aestivum) in the Hanfetz cropping system in the highlands of Eritrea. 

Proceedings of the International Workshop on food barley improvement, 14-17 Jan. 

2002, Hammamet, Tunisia. 

Armstrong, K. L., K. A. Albrecht, J. G. Lauer and H. C. Riday. 2008. Intercropping corn with 

lablab bean, velvet bean, and scarlet runner bean for forage. Crop Sci., 41:371-379. 



156 
 

Assaeed, A. M. 1994. Yield response of forage oats (Avena sativa L.) to nitrogen fertilization 

harvested at successive stages of maturity. Alex J. Agric. Res., 39:159-170. 

Assefa, G. and I. Ledin. 2001. Effect of variety, soil type and fertilizer on the establishment, 

growth, forage yield, quality and voluntary intake by cattle of oats and vetches cultivated 

in pure stands and mixtures. Animal Feed Sci. & Tech., 92:95-111. 

Assuero, S. G. and J. A. Tognetti. 2010. Tillering regulation by endogenous and environmental 

factors and its agricultural management. Invited review. Americ. J. Plant Sci. Biotech., 4: 

35-48 

Atis, I., K. Kokten, R. Hatipoglu, S. Yilmaz, M. Atak and E. Can. 2012. Plant density and 

mixture ratio effects on the competition between common vetch and wheat. Aus. J. Crop 

Sci., 6:498-505.  

Aynehband, A. and M. Behrooz. 2011. Evaluation of cereal-legume and cereal-pseudocereal 

intercropping systems through forage productivity and competition ability. American-

Eurasian J. Agric. Environ. Sci., 10:675-683. 

Ayres, L. and B. Clements. 2002. Forage brassicas-quality crops for livestock production. Agfact 

P2.1.13 NSW DPI. 

Ayub, M. and M. Shoaib. 2009. Studies on fodder yield and quality of sorghum sown alone and 

in mixture with guara under different planting techniques. Pak. J. Agri. Sci., 46:25-29. 

Ayub, M., A. Tanveer, M. A. Nadeem, M. Tahir and M. Ibrahim. 2008. Effect of seed proportion 

and nitrogen application on forage yield and nutritive value of barley-pea mixture 

harvested at different times. Pak J. Life Soc. Sci., 6:135-139.  

Azam, A. S. N., G. R. Squire. 2002. Principles of tropical agronomy. Wallingford, UK: CABI. 

Azizi, K., A. D. Mofrad, S. Heidari, M. A. Dehaghi and D. Kahrizi. 2011. A study on the 

qualitative and quantitative traits of barley (Hordeum vulgare L.) and narbon vetch (Vicia 

narbonensis L.) in intercropping and sole cropping system under the interference and 

control of weeds in dry land farming conditions of Iran. Afr. J. Biotechnol., 10:13-20. 



157 
 

Azo, W. M., G. P. F. Lane, N. C. Cannon and W. P. Davies. 2006. Dry matter yields and quality 

of organic lupin and lupin/cereal mixtures for wholecrop forage. Aspects of Applied 

Biology, 79:93-96. 

Bakhashwain, A. A. 2010. Fodder yield and quality of rhodes grass-alfalfa mixtures as affected 

by sowing rates in Makkah region. JKAU: Met., Env. & Arid Land Agric. Sci., 21:19-33. 

Balabanli, C., S. Albayrak, M. Turk and O. Yuksel. 2010. A research on determination of hay 

yields and silage qualities of some vetch+cereal mixtures. Turkish J. Field Crops, 15:204-

209. 

Banik, P., A. Midya, B. K. Sarkar and S. S. Ghose. 2006. Wheat and chickpea intercropping 

systems in an additive series experiment: Advantages and weed smothering. Europ. J. 

Agron., 24:325-332. 

Banincasa, P., R. Pace, G. Tosti and F. Tei. 2012. Early interspecific interference in the 

wheat/faba bean (Triticum aestivum/Vicia faba ssp. minor) and rapeseed/squarrosum 

clover (Brassica napus var. oleifera/Trifolium squarrosum) intercrops. Italian J. Agron., 

24:171-177. 

Bannon, F. J. and B. M. Cooke. 1998. Studies on dispersal of Septoria tritici pycnidiospores in 

wheat-clover intercrops. Plant Pathol., 47:49-56. 

Banuelos, G. S., R. Mead, L. Wu, P. Beuselinck and S. Akohoue. 1992. Differential selenium 

accumulation among forage plant species grown in soils amended with selenium-enriched 

plant tissue. J. Soil Water Conservation, 47:338-342. 

Baron, V. S., A. C. Dick and E. A. de St. Remy. 1994. Response of forage yield and yield 

components to planting date and silage/pasture management in spring seeded winter 

cereal/spring oat cropping systems. Can. J. Plant Sci., 74:7-13. 

Baron, V. S., E. A. de St Remy, D. F. Salmon and A. C. Dick. 1995. Delay of harvest effects on 

forage yield and re-growth in spring and witner cereal mixtures. Can. J. Pl. Sci., 75:667-

674. 



158 
 

Baron, V. S., H. G. Najda, D. F. Salmon and A. C. Dick. 1992. Post flowering forage potential of 

spring and winter cereal mixtures. Can. J. Pl. Sci., 72:137-145. 

Barry, T. N., T. R. Manley, C. Redekopp and T. F. Allsop. 1985. Endocrine regulation of 

metabolism in sheep given kale (Brassica oleracea) and ryegrass (Lolium perenne) – 

clover (Trifolium repens) fresh forage diets. British J. Nut., 54:165-173. 

Bartholomew, H. M. and J. F. Underwood. 2007. Brassicas for forage. Ohio State University 

Extension. Agronomy Fact. http://ohioline.osu.edu/agf-fact/0020.html  

Baumann, D. T., L. Bastiaans and M. J. Kropff. 2001. Competition and crop performance in a 

leek-celery intercropping system. Crop Sci., 41:764-774. 

Bayram, G. and N. Celik. 1999. Effects on forage yield and quality of mixture rates and nitrogen 

fertilisation at oat (Avena sativa L.) and common vetch (Vicia sativa L.) mixed cropping. 

Field Crops Congress, Volume III. Meadow  Range, Forage Crops, Grain Legumes 

Crops, 15-18 November 1999, Adana, Tukey, Pp 53-58. 

Bellostas, N., H. Hauggard-Nielsen, M. K. Andersen and E. S. Jensen. 2003. Early interference 

dynamics in intercrops of pea, barley and oilseed rape. Biol. Agric. Hortic., 21:337-348. 

Blaser, B.C., J.W. Singer and L.R. Gibson. 2007. Winter cereal, seeding rate and intercrop 

seeding rate effect on red clover yield and quality. Agron. J., 99:723-729. 

Brink, G. E. and T. E. Fairbrother. 1992. Forage quality and morphological components of 

diverse clovers during primary spring growth. Crop Science, 32:1043-1048. 

Buxton, D. R. and D. R. Mertens. 1995. Quality-related characteristics of forages. In: Barnes,  R. 

F., D. A. Miller and C. J. Nelson (Eds.) The Science of Grassland Agriculture, Fifth 

Edition, Vol. II, PP:83-110. Ames, IA, USA: Iowa State University Press. 

Buxton, D.R. and S.L. Fales. 1994. Plant environment and quality. PP: 155-199. In G.C. Fahey, 

Jr., M. Collins, D.R. Mertens, and L.E. Moser (eds.) Forage quality, evaluation and 

utilization. ASA, CSSA, and SSA, Madison, Wisconsin. 



159 
 

Caballero, R., E. L. Goicoechea and P. J. Hernaiz. 1995. Forage yields and quality of common 

vetch and oat sown at varying seeding ratios and seeding rates of common vetch. Field 

Crops Res., 41:135-140. 

Carr, P.M., R. D. Horsley and W.W. Poland. 2004. Barley, oat, and cereal-pea mixtures as 

dryland forages in the Northern Great Plains. Agron. J., 96:677-684. 

CIMMYT. 1988. An economic training handbook. Economic programme, CIMMYT, Maxico. 

Cone, J. W. and F. M. Engels. 1990. Influence of growth temperature on anatomy and in vitro 

digestibility of maize tissues. J. Agric. Sci. (Camb.), 114:207-212. 

Cousens, R. D., G. J. Rebetzke and A.G. Barnett. 2003. Dynamics of competitions between 

wheat and oat: II. Eff ects of dwarfing genes. Agron. J., 95:1305-1313. 

Da Silva, J.H.S., W.L. Johnson, J.C. Burns and C.E. Anderson. 1987. Growth and environment 

effects on anatomy and quality of temperate and subtropical forage species. Crop Sci., 

27:1266-1273. 

Deak, A., M. H. Hall and M. A. Sanderson. 2009. Grazing schedule effect on forage production 

and nutritive value of diverse forage mixtures. Agron. J., 101:408-414.  

Depeters, E. J., J. F. Medrano and D. L. Bath. 1989. A nutritional evaluation of mixed winter 

cereals with vetch utilized as silage or hay. J. Dairy Sci., 72:3247–3254. 

 
Dietz., H., T. Steinlein and I. Ullmann. 1998. The role of growth form and correlated traits in 

competitive ranking of six perennial ruderal plant species grown in unbalanced mixtures. 

Acta Oecologia, 19: 25-36. 

Dordas, C. A. and A. S. Lithourgidis. 2011. Growth, yield and nitrogen performance of faba 

bean intercrops with oat and triticale at varying seeding ratios. Grass and Forage Science, 

66: 569-577. 

Edmisten, K. L., J. T. Green, Jr., J. Mueller and J. C. Burns. 1998. Winter annual small grain 

forage potential: I. Dry matter yield in relation to morphological characteristics of four 

small grain species at six growth stages. Commun. Soil Sci. Plant Anal., 29:867–879. 



160 
 

El-kramany, M. F., A. Amany, Bahr and M. M. Tawfic. 2009. Forage mixture potential of 

berseem clover (Trifolium alexandrinum) with triticale (X triticosecale wittmack) or 

barley (Hordeum vulgare L.) Bull. NRC, 34: 175-185. 

El-kramany, M. F., T. A. Elawa and A. B. Bakry. 2012. Effect of mixture rates on forage mixture 

of Egyptian clover (Trifolium alexandrinum L.) with triticale (X Triticosecale Wittmack) 

under newly reclaimed sandy soil. Aus. J. Basic Applied Sci., 6:40-44. 

El-Swaify, S. A., A. K. F. Lo, R. Joy, L. Shinshiro and R. S.Yost. 1988. Achieving conservation 

effectiveness in the tropics using legume-intercrops. Soil Technol., 1:1-12. 

Erol, A., M. Kaplan and M. Kizilsimsek. 2009. Oats (Avena sativa)-common vetch (Vicia sativa) 

mixtures grown on a low-input basis for a sustainable agriculture. Trop. Grasslands, 

43:191-196. 

Eskandari, H. 2012. Intercropping of maize (zea mays) with cowpea (vigna sinensis) and 

mungbean (vigna radiata): effect of complementarity of intercrop components on 

resource consumption, dry matter production and legumes forage quality. J. Basic. Appl. 

Sci. Res., 2:355-360. 

Eskandari, H., A. Ghanbari and A. Javanmard. 2009. Intercropping of cereals and legumes for 

forage production. Not. Sci. Biol., 1:07-13. 

Esmaeili, A., A. Sadeghpourb, S. M. B. Hosseinia, E. Jahanzada, M. R. Chaichia and M. 

Hashemib. 2011. Evaluation of seed yield and competition indices for intercropped 

barley (Hordeum vulgare) and annual medic (Medicago scutellata). Int. J. Plant Prod. 

5:395-404. 

Fales, S. L. 1986. Effects of temperature on fiber concentration, composition, and in vitro 

digestion kinetics of tall fescue. Agron. J., 78:963-966. 

Fetene, M. 2003. Intra-and inter-specific competition between seedlings of Acacia etbaica and a 

perennial grass (Hyparrenia hirta). J. Arid Environ., 55: 441-451. 

Fisher, L. J., S. Bittman, Z. Mir, P. Mir and J. A. Shelford. 1993. Nutritional evaluation of 

ensilage made from intercropped corn and sunflower. Can. J. Anim. Sci., 73:539-545. 



161 
 

Fontaneli, R. S., L. E. Sollenberger and C. R. Staples. 2000. Seeding date effects on yield and 

nutritive value of cool-season annual forage mixtures. Proceedings of fifty-ninth annual 

conference of the Soil and Crop Science Society of Florida, 22-24 September, 1999. 

Sarasota, Florida, USA, PP:60-67. 

Francia, E., N. Pecchioni, O. Li Destri, G. Paoletta, L. Taibi, V. Franco, M. Odoardi, A. M. 

Stanca and G. Delogu. 2006. Dual-purpose barley and oat in a Mediterranean 

environment. Field Crops Res., 99:158-166. 

Fukai, S. and B. R. Trenbath. 1993. Processes determining intercrop productivity and yields of 

component crops.  Field Crops Res., 34:247-271. 

Gardner, F. P. and S. C. Wiggans. 1960. Yield, moisture, and protein composition of spring oats 

cut for silage at different stages of maturity. Agron. J., 53:251-254.  

Ghanbari-Bonjar, A. and H. C. Lee. 2002. Intercropped field beans (Vicia faba) and wheat 

(Triticum aestivum) for whole crop forage: effect of nitrogen on forage yield and quality. 

J. Agri. Sci., 138:311-315. 

Giambalvo, D., P. Ruisi, G. D. Miceli, A. S. Frenda and G. Amato. 2011. Forage production, N 

uptake, N2 fixation, and N recovery of berseem clover grown in pure stand and in 

mixture with annual ryegrass under different managements. Crop Sci., 51:1808-1814. 

Giller K. E. and G. Cadisch. 1995. Future benefits from biological nitrogen fixation: An 

ecological approach to agriculture. Plant and Soil, 174:255-277. 

Gokkus, A., A. Koc, Y. Serin, B. Comakli, M. Tan and F. Kantar. 1999. Hay yield and nitrogen 

harvest in smooth bromegrass mixtures with alfalfa and red clover in relation to nitrogen 

application. European J. Agron., 10:145-151. 

GOP. 2011a. Pakistan Economic Survey 2010-11. Ministry of Finance, Finance Division, 

Economic Advisor’s Wing, Islamabad. 

GOP. 2011b. Introduction to Fodder Research Institute, Sargodha. Agriculture Department, 

Govt. of Punjab, Pakistan. Available online at http://www.agripunjab.gov.pk. 



162 
 

GOP. 2011c. Agricultural Statistics of Pakistan, MINFAL, Economic Wing, Islamabad. 

Hauggard-Nielsen, H., P. Ambus and E. S. Jensen. 2003. The comparison of nitrogen use and 

leaching in sole cropped versus intercropped pea and barley. Nutr. Cycl. Agroecosys., 

65:289-300. 

Hauggard-Nielsen, H., M. Andersen, B. Jornsgaard and E. S. Jensen. 2006. Density and relative 

frequency effects on competitive interactions and resource use in pea-barley intercrops. 

Field Crops Res., 95:256-267. 

Heikkila, T., V. Toivonen, and T. Mela. 1996. Effects of red clover-grass, grass and annual 

ryegrass silages with tow concentrate protein levels on milk production. Grassland and 

land use systems. Proceddings of the 16th general meeting of the European Grassland 

Federation, grado (Gorizia), italy, Sep. 15-19, 1996., PP: 447-450.  

Hoffmann, R. and F. Der. 2003. Yield of different green forage crops, in pure stand and in 

mixtures. Agric. Conspec. Sci., 68:275-279. 

Hoffmann, R., T. Fabian and F. Der. 2008. Comparison of yields and nutritive value of different 

spring green forage mixtures. Acta agriculturae Slovenica, supplement, 2:143-148.  

Hussain, A., S. Khan and D. Mohammad. 2002. Forage yield and nutritive value of cultivar 

Fatua at various intervals of harvesting. Pak. J. Agric. Res., 17:148-152. 

Iannucci, A. 2001. Effects of harvest management on the growth dynamics forage and seed yield 

in berseem clover. European J. Agron., 14: 303-14. 

Jacobs, J. L. and G. N. Ward. 2012. Effect of intercropping forage peas (Pisum sativum L.) with 

winter wheat (Tritium vulgare L.) or triticale (Triticale hexaploide Lart.) on DM yield, 

nutritive characteristics when harvested at different stages of growth. Animal Prod. Sci., 

52: 949-958. 

Jedel, P. E. and D. F. Salmon. 1994. Forage potential of Wapiti triticale mixtures in central 

Alberta. Can. J. Pl. Sci., 74:515-519. 



163 
 

Jensen, E. S. 1996. Grain yield, symbiotic N2 fixation and interspecific competition for inorganic 

N in pea-barley intercrops. Plant Soil, 182:25-38 

Johnston, J., B. Wheeler and J. Mckinlay. 1998. Forage production from spring cereals and 

cereal-pea mixtures. Ministry of agriculture, food and rural affairs factsheet ISSN 1198-

712X. Available online at http://www.omafra.gov.on.ca/english/crops/facts/98-041.htm. 

Johnston and Onwueme. 1998. The effect of photosynthetic pigments of planting taro under 

tannia in agro-systems. Exp. Agri., 34: 301-312. 

Juskiw P. E., J. H. Helm and D. F. Salmon. 2000a. Forage yield and quality for monocrops and 

mixtures of small grain cereals. Crop Sci., 40:138-147. 

Juskiw, P. E., J. H. Helm and D. F. Salmon. 2000b. Competitive ability in mixtures of small 

grain cereals. Crop Sci., 40:159-164. 

Kaczmarek, S., K. Adamczewski and K. Matysiak. 2010. Comparison of florasulam + 2,4-D 

application effect in wheat, barley and oat cultivated in  monocrops and in two-species 

mixtures. Acta Sci. Pol. Agricultura, 9:29-37. 

Kaiser, A. G., B. S. Dear and S. G. Morris. 2007. An evaluation of the yield and quality of oat–

legume and rye grass–legume mixtures and legume monocultures harvested at three 

stages of growth for silage. Aus. J. Exp. Agric., 47:25-38. 

Kara, R., Z. Dumlupinar, T, Dokuyucu, A. Akkaya and M. Akcura. 2010. Grain yield and quality 

components of pure and  mixed cropping of bread wheat (Triticum aestivum L.)  and 

triticale (Xtriticosecale wittmack). Pak. J. Bot., 42:2019-2027. 

Kardag, Y. 2004. Forage yields, seed yields and botanical compositions of some legume-barley 

mixtures under rainfed condition in semi-arid regions of Turkey. Asian J. Pl. Sci., 3:295-

299. 

Kardag, Y. and U. Buyukburc. 2003. Effects of seed rates on forage production, seed yield and 

hay quality of annual legumes-barley mixtures. Turk J. Agric. For., 27:169-174. 



164 
 

Kaut, A. H. E. E., H. E. Mason, A. Navabi,  J. T. O’Donovan and D. Spaner. 2008. Organic and 

conventional management of mixtures of wheat and spring cereals. Agron. Sustain Dev.,  

28:363-371. 

Kendall, W. A. and W. C. Stringer. 1985. Physiological aspects of clover. In: Taylor N.L. (ed.) 

Clover Science and Technology, pp.111–159. Madison, WI: American Society of 

Agronomy, Crop Science Society of America and Soil Science Society of America. 

Khorasani, G. R., P. E. Jedel, J. H. Helm and J. J. Kennelly. 1997. Influence of stage of maturity 

on yield components and chemical composition of cereal grain silages. Can. J. Anim. 

Sci., 77: 259-267. 

Kiaer, L. P., I. M. Skovgaard and H. Ostergard. 2009. Grain yield increase in cereal variety 

mixtures: A meta-analysis of field trials. Field Crops Res., 114:361-373. 

Kocer, A. and S. Albayrak. 2012. Determination of forage yield and quality of pea (Pisum 

sativum L.) mixtures with oat and barley. Turkish J. Field Crops, 17:96:99. 

Kokten, K., F. Toklu, I. Atis and R. Hatipoglu. 2009. Effect of seeding rate on forage yield and 

quality of vetch (Vicia sativa L.)- triticale (Triticosecale wittm.) mixtures under east 

Mediterranean rainfed conditions. Afric. J. Biotech., 8: 5367-5372. 

Korres, N. E. and R. J. Froud-Williams. 2002. Effects of winter wheat cultivars and seed rate on 

the biological characteristics of naturally occurring weed flora. Weed Res., 42: 417-428. 

Kunelius, H. T., J. B. Sanderson and P. R. Narasimhalu. 1987. Effect of seeding date on yields 

and quality of green forage crops. Can. J. Pl. Sci., 67:1045-1050. 

Kunelius, H. T., L. J. Halliday, J. B. Sanderson and U. C. Gupta. 1989. Effect of harvest dates on 

yield and composition of forage kale. Can. J. Plant Soil, 69:143-149. 

Lanini, W. T., S. Orloff, R. N. Vargas and J. P. Orr. 1992. Fight weeds and increase forage: 

Using oats as a companion crop in establishing alfalfa. California Agri., 46:25-27.  

Lauk, R. and E. Lauk. 2009. Dual intercropping of common vetch and wheat or oats, effects on 

yields and interspecific competition. Agron. Res., 7: 21-32. 



165 
 

Lauriault, L. M. and R. E. Kirksey. 2004. Yield and nutritive value of irrigated winter cereal 

forage grass-legume intercrops in the southern high plains, USA. Agron. J., 96:352-358.  

Lemerle, D., B. Verbeek, R. D. Cousens and N. E. Coombes. 1996. The potential for selecting 

wheat varieties strongly competitive against weeds. Weed Res., 36:505-513. 

Lemerle, D., G. S. Gill, C. E. Murphy, S. R. Walker, R. D. Cousens, S. Mokhtari, S. J. Peltzer, R. 

Coleman and D. J. Luckett. 2001. Genetic improvement and agronomy for enhanced 

wheat competitiveness with weeds. Aust. J. Agric. Res., 52:527-548. 

Lithourgidis, A. S., C. A. Dordas, C. A. Damalas and D. N. Vlachostergios. 2011. Annual 

intercrops: an alternative pathway for sustainable agriculture. Aus. J. Crop Sci., 5:396-

410. 

Li, L., J. Sun, F. Zhang, X. Li, S. Yang and Z. Rengel. 2001. Wheat/maize or wheat/soybean 

strip intercropping I: yield advantage and interspecific interactions on nutrients. Field 

Crop Res., 71:123-137. 

Li, L., S. Yang, X. Li, F. Zhang and P. Christie. 1999. Interspecific complementary and 

competitive interactions between intercropped maize and faba bean. Plant Soil, 212:105–

114. 

Li, Q. Z., J. H. Sun,  X. J. Wei, P. Christie, F. S. Zhang and L. Li. 2011. Overyielding and 

interspecific interactions mediated by nitrogen fertilization in strip intercropping of maize 

with faba bean, wheat and barley. Plant Soil, 339:147-161. 

Lotz, L. A. P., S. Christensen, D. Cloutier, C. F. Quintanilla, A. Legere, C. Lemieux, P. J. W. 

Lutman, A. P. Iglesias, J. Salonen, M. Sattin, L. Stigliani and F. Tei. 1996. Prediction of 

the competitive effects of weeds on crop yields based on the relative leaf area of weeds. 

Weed Res., 36:93-101. 

Mahapatra, S. C. 2011. Study of grass-legume intercropping system in terms of competition 

indices and monetary advantage index under acid lateritic soil of India. Americ. J. Exp. 

Agri., 1: 1-6. 



166 
 

Maiorana, M., D. Ferri, G. Convertini, F. Montemurro and F. Fornaro. 2005. Yield and quality of 

mixed winter fodder crops in Mediterranean environment. Options Méditerranéennes, 67: 

81-86. 

Malezieux, E., Y. Crozat, C. Dupraz, M. Laurans, D. Makowksi, H. Ozier-Lafontaine, B. 

Rapidel, S. De Tourdonnet and M. V. Morison. 2009. Mixing plant species in cropping 

systems: concepts, tools and models. A review. Agron. Sustain. Dev., 29:43-62. 

Mariotti, M., A. Masoni, L. Ercoli and I. Arduini. 2006. Forage potential of winter cereal/legume 

intercrops in organic farming. Ital. J. Agron., 3:403-412. 

Martiniello, P. 1999. Effects of irrigation and harvest management on dry matter yield and seed 

yield of annual clovers grown in pure stand and in mixtures with graminaceous species in 

a Mediterranean environment. Grass and Forage Sci., 54:52-61. 

Mason, H., A. Navabi, B. Frick, J. O’Donovan and D. Spaner. 2007. Cultivar and seeding rate 

effects on the competitive ability of spring cereals grown under organic production in 

Northern Canada. Agron. J., 99:1199-1207. 

Mason, W. and K. T. Pritchard. 1986. Intercropping in a temperate environment for irrigated 

fodder production. Field Crops Res., 16:243-253. 

McAndrews, G. M., K. Franke, K. Moore and R. George. 2004. Forage yield and nutritive value 

of oat interseeded with berseem clover and sweetclover. Online. Crop Management 

doi:10.1094/CM-2004-0301-01-RS. 

McCormick J. S., R. M. Sulc, D. J. Barker and J. E. Beuerlein. 2006. Yield and nutritive value of 

autumn-seeded winter-hardy and winter-sensitive annual forages. Crop Sci., 46:1981-

1989. 

Mela, T. 2003. Red clover grown in mixture with grasses: yield, persistence and dynamics of 

quality characteristics. Agric. Food Sci. Finland, 12:195-212. 

Midmore, D. J. 1993. Agronomic modification of resource use and intercrop productivity. Field 

Crops Res., 34:357-380. 



167 
 

Mohsenabadi, G. R., M. R. Jahansooz, M. R. Chaichi, H. M. Rahimian, H. Mashadi, A. M. 

Liaghat and G. R. Savaghebi. 2008. Evaluation of barley-vetch intercrops at different 

nitrogen rates. J. Agric. Sci. Technol., 10: 23-31. 

Molla, A. and R. K. Sharaiha. 2010. Competition and resource utilization in mixed cropping of 

barley and durum wheat under different moisture stress levels. World J. Agri. Sci., 6: 

713-719. 

Moorby, J. M., P. R. Evans and N. E. Young. 2003. Nutritive value of barley/kale bi-crop silage 

for lactating dairy cows. Grass and Forage Sci., 58:184-191. 

Morris, R. A. and D. P. Garrity.1993. Resource capture and utilization in intercropping non-

nitrogen nutrients. Field Crops Res., 34:319-334. 

Mpairwe, D. R., E. N. Sabiiti, N. N. Ummuna, A. Tegegne and P. Osuji. 2002.  Effect of 

intercropping cereal crops with forage legumes and source of nutrients on cereal grain 

yield and fodder dry matter yields. Afric. Crop Sci. J., 10:81-97. 

Nadeau, E. 2007. Effects of plant species, stage of maturity and additive on the feeding value of 

whole-crop cereal silage. J. Sci. Food Agric., 87:789-801. 

Nadeem, M., M. Ansar, A. Anwar, A. Hussain and S. Khan. 2010. Performance of winter cereal-

legumes fodder mixtures and their pure stand at different growth stages under rainfed 

conditions of Pothowar. J. Agric. Res., 48:181-192. 

Neely, C., J. Brown, C. Hunt and J. Davis. 2009. Increasing the value of winter canola crops by 

developing ensiling systems (canolage) to produce cattle feed. In Proc. Alfalfa and 

Forage Conference, Moscow, ID, 3-4 Fabruary, 27-31. 

Neumann, A., J. Werner and R. Rauber. 2009. Evaluation of yield-density relationships and 

optimization of intercrop compositions of field-grown pea-oat intercrops using the 

replacement series and the response surface design. Field Crops Res., 114: 286-294.  

Nichol. W., C. Westwood, A. Dumbleton and J. Amyes. 2003. Brassica wintering for dairy 

cows: overcoming the challenges. Proceedings of the South Island Dairy Event (SIDE), 

Canterbury, New Zealand, pp: 154-172. 



168 
 

Nikkah, A., G. R. Khorasani, R. Corbett and J. J. Kennelly. 1995. In situ DM degradation 

characteristics of whole crop barley silage. Can. J. Anim. Sci., 75:648-649. 

Njoku, D. N. and C. O. Muoneke. 2008. Effect of cowpea planting density on growth, yield and 

productivity of component crops in cowpea/cassava intercropping system. J. Trop. Agri., 

Food, Envirn. Ext., 7:106-113. 

Noworolnik, K. and T. Dworakowski. 2010. Yield of barley-pea and oat-pea mixtures depending 

on nitrogen rate and soil condition. Acta Sci. Pol. Agricultura, 9: 53-60. 

Nyaga, I. B., M. W. Ratemo, A. E. Safari and M. W. Maina. 2012. Comparison of the 

effectiveness of zero tillage and intercropping on weed management in maize (Zea mays 

L.). J. Biol. Agri. Healthcare, 2: 99-105. 

Oseni, T. O. 2010. Evaluation of sorghum-cowpea intercrop productivity in savanna agro-

ecology using competition indices. J. Agric. Sci., 2: 229-234. 

Paulson, J., H. Jung, M. Raeth-Knight and J. Linn. 2008. Grass vs. legume forages for dairy 

cattle. Presented at the 2008 Minnesota Nutrition Conference, PP.:119-133. Available 

online at 

http://www.extension.umn.edu/forages/pdfs/paulson_mn_nutrition_conference_2008_gra

ss_vs_legume.pdf. 

Peltonen-Sainio, P. and P. Järvinen. 1994. Effects of seeding rate on growth duration and 

accumulation and partitioning of dry matter in oats. J. Agron. Crop Sci., 173:145-159. 

Pereira-Crespo, S., B. F. Lorenzo, J. Valladares, A. G. Arráez and G. Flores. 2010. Effects of 

seeding rates and harvest date on forage yield and nutritive value of pea-triticale 

intercropping. Options Méditerranéennes, 92:215-218. 

Petrudi, E. R., G. Noormohammadi, M. J. Mirhadi, H. Madani and H. R. Mobasser. 2011. 

Effects of nitrogen fertilization and rice harvest height on agronomic yield indices of 

ratoon rice–berseem clover intercropping system. Aus. J. Crop Sci., 5:566-574. 

Prasad, R., S. Singh, S. N. Sharma and C. P. Singh. 1988. Studies on pure and mixed stands of 

wheat and barley under dryland agriculture conditions. J. Agron. Crop Sci., 160:335-338. 



169 
 

Pridham, J. C. and M. H. Entz. 2008. Intercropping spring wheat with cereal grains, legumes, 

and oilseeds fails to improve productivity under organic management. Agron. J., 

100:1436-1442. 

Rahetlah, V. B., J. M. Randrianaivoarivony, L. H. Razafimpamoa and V. L. Ramalanjaona. 

2010. Effects of seeding rates on forage yield and quality of oat (Avena sativa L.) vetch 

(Vicia sativa L.) mixtures under irrigated conditions of Madagascar. Afric. J. Food Agric. 

Nutrit. Dev., 10: 4254-4267. 

Rahetlah, V. B., J. M. Randrianaivoarivony, B. Andrianarisoa, L. H. Razafimpamoa and V. L. 

Ramalanjaona. 2013. Yields and quality of italian ryegrass (Lolium multiflorum) and 

common vetch (Vicia sativa) grown in monocultures and mixed cultures under irrigated 

conditions in the highlands of Madagascar. Sustain. Agri. Res., 2:15-25. 

Rakeih, N., H. Kayyal, A. Larbi and N. Habib. 2008. Forage potential of triticale in mixtures 

with forage legumes in rainfed regions (second and third stability zones) in Syria. 

Tishreen Uni. J. Bio. Sciences Series. 30:203-216. 

Rakeih, N., H. Kayyal, A. Larbi and N. Habib. 2010. Forage yield and competition indices of 

triticale and barley mixed intercropping with common vetch and grasspea in the 

mediterranean region. Jordan J. Agri. Sci., 6:194-207. 

Rao, S. C. and F. P. Horn. 1986. Planting season and harvest date effects on dry matter 

production and nutritional value for brassica spp. in the southern great plain. Agron. J., 

78:327-333. 

Ronald, M. and K. Chales. 2012. Weed suppression and component crops response in 

maize/pumpkin intercropping systems in Zimbabwe. J. Agri. Sci., 4: 231-236. 

Ross, S. M., J. R. King, J. T. O’Donovan and R. C. Izaurralde. 2003. Seeding rate effects on oat-

berseem clover intercrops. Can. J. Pl. Sci., 83:769-778. 

Ross, S. M., J. R. King, J. T. O’Donovan and D. Spaner. 2004a. The productivity of oats and 

berseem clover intercrops. I. Primary growth characteristics and forage quality at four 

densities of oats. Grass Forage Sci., 60:74-86. 



170 
 

Ross, S. M., J. R. King, J. T. O’Donovan and D. Spaner. 2004b. Intercropping berseem clover 

with barley and oat cultivars for forage. Agron. J., 96:1719-1729. 

Ross, S. M., J. R. King, J. T. O’Donovan and D. Spaner. 2005. The productivity of oats and 

berseem clover intercrops. II. Effects of cutting date and density of oats on annual forage 

yield. J. Grass and Forage Sci., 60: 74-86. 

Royo, C. 1999. Plant recovery and grain-yield formation in barley and triticale following forage 

removal at two cutting stages. J. Agron. Crop Sci., 182:175-183. 

Russell, A. E. 2002. Relationship between crop-species diversity and soil characteristics in 

southwest Indian agroecosystems. Agr. Ecosyst. Environ., 92:235-249. 

Salawu, M. B., A. T. Adesogan, C. N. Weston and S. P. Williams. 2001. Dry matter yield and 

nutritive value of pea/wheat bi-crops differing in maturity at harvest, pea to wheat ratio 

and pea variety. Anim. Feed Sci. Tech., 94:77-87. 

Sangakkara, U. R., W. Richner, M. K. Schneider and P. Stamp. 2003. Impact of intercropping 

bean (Phaseolus vulgaris L.) and sunhemp (Crotalaria juncea L.) on growth, yields and 

nitrogen uptake of maize (Zea maize L.) grown in the humid tropics during the minor 

rainy season. Maydica, 48:233-238.  

Sbrissia, A. F., S. C. Da Silva, C. A. B. Carvalho, R. A. Carnevalli, L. F. M. Pinto, J. L. 

Fagundes and C. G. S. Pedreira. 2001. Tiller size/density compensation in grazed 

coastcross bermudagrass swards. Scintia Agricola, 58:655-665. 

Sbrissia, A. F., S. C. Da Silva, C. Matthew, C. A. B. Carvalho, R. A. Carnevalli, L. F. M. Pinto, 

J. L. Fagundes and C. G. S. Pedreira. 2003. Tiller size/density compensation in grazed 

Tifton 85 brmudagrass swards. Pesquisa Agropecuaria Brasileira, 38:1459-1468. 

Shobeiri, S. S., D. Habibi, A. Kashani and F. Paknejad. 2010. Evaluation of hairy vetch (Vicia 

villosa Roth) in pure and mixed cropping with barley (Hordeum vulgare L.) to determine 

the best combination of legume and cereal for forage production. Americ. J.  Agric. Biol. 

Sci., 5:169-176. 



171 
 

Simmons, S. R., C. C. Sheaffer, D. C. Rasmussen, D. D. Stuthman and S. E. Nickel. 1995. 

Alfalfa establishment with barley and oat companion crops differing in stature. Agron. J., 

87:268-272 

Sleugh, B., K. J. Moore, J. R. George and E. C. Brummer. 2000.  Binary legume–grass mixtures 

improve forage yield, quality, and seasonal distribution. Agron. J., 92:24-29. 

Snider, J. L., R. L. Raper and E. B. Schwab. 2012. The effect of row spacing and seeding rate on 

biomass production and plant stand characteristics of non-irrigated photoperiod-sensitive 

sorghum (Sorghum bicolor (L.) Moench). Indust. Crops Prod., 37: 527-535. 

Sobkowicz, P. and E. Tendziagolska. 2005. Competition and productivity in mixture of oats and 

wheat. J. Agron. Crop Sci., 191:377-385. 

Sobkowicz, P. and R. Śniady. 2004. Nitrogen uptake and its efficiency in triticale (Triticosecale 

Witt.)-field beans (Vicia faba var. minor L.) intercrop. Plant Soil Environ., 50: 500-506. 

Spandl, E. and O. B. Hesterman. 1997. Forage quality and alfalfa characteristics in binary 

mixtures of alfalfa and bromegrass or timothy. Crop Science, 37:1581-1585. 

Srivastava, R. K., J. S. Bohra and R. K. Singh. 2007. Yield advantage and reciprocity functions 

of wheat (Triticum aestivum)+Indian mustard (Brassica juncea) intercropping under 

varying row ratio, variety and fertility level. Ind. J. Agric. Sci., 77:139-144. 

Steel, R. G. D., J. H. Torrie and D. A. Dickey. 1997. Principles and procedures of statistics. A 

biometrical approach. 3rd ed. McGraw Hill Book co., Inc. New York, pp:400-428. 

Stout, D. G., B. Brooke, J. W. Hall and D. J. Thompson. 1997.  Forage yield and quality from 

intercropped barley, annual ryegrass and different annual legumes. Grass and Forage Sci., 

52, 298-308. 

Strydhorst, S. M., J. R. King, K. J. Lopetinsky and K. N. Harker. 2008. Forage potential of 

intercropping barley with faba bean, lupin, or field pea. Agron. J., 100:182-190. 

Szumigalski, A. R. and R. C. V. Acker. 2006. Nitrogen yield and land use efficiency in annual 

sole crops and intercrops. Agron. J., 98:1030-1040. 



172 
 

Tahir, M., M. A. Malik, A. Tanveer and R. Ahmed. 2003. Competition functions of different 

canola-based intercropping systems. Asian J. Pl. Sci., 2:9-11.  

Tariq, M., M. Ayub, M. Elahi, A. H. Ahmed, M. N. Chaudhary and M. A. Nadeem. 2011. Forage 

yield and some quality attributes of millet (Pennisetum americannum L.) hybrid under 

various regimes of nitrogen fertilization and harvesting dates. Afric. J. Agri. Res., 

6:3883-3890. 

Thompson, D. J., D. G. Stout, T. Moore and Z. Mir. 1992. Yield and quality of forage from 

intercrops of barley and annual ryegrass. Can. J. Pl. Sci., 72:163-172. 

Tilman, D., K. Cassman, P. Matson, R. Naylor and S. Polasky. 2002. Agricultural sustainability 

and intensive production practices. Nature, 418: 671-677. 

Todd, A. G. and D. Spaner. 2003. Spring cereals for forage and grain production in a cool 

maritime climate. J. Agron. Crop Sci., 189: 7-13. 

Tofinga, M. P., R. Paolini, and R. W. Snaydon. 1993. A study of root and shoot interactions 

between cereals and peas in mixtures. J. Agri. Sci., 120:13-24. 

Tosti, G., P. Benincasa and M. Guiducci. 2010. Competition and facilitation in hairy vetch-

barley intercrops. Italian J. Agron., 5:239-247. 

Tsubo, M., S. Walker and E. Mukhala. 2001. Comparisons of radiation use efficiency of 

mono/intercropping systems with different row orientations. Field Crops Res., 71:17-29. 

Tukel, T., E. Hasar and R. Hatipoulu. 1997. Effect of mixture rates and cutting dates on the 

forage yield and quality of vetch triticale mixtures and their seed yields under lowland 

conditions of Ukurova, XVIIIrd International Grassland Congress, June 8-19, Canada, pp. 

25-26. 

Tuna, C. and A. Orak. 2007. The role of intercropping on yield potential of common vetch (Vicia 

sativa L.)/oat (Avena sativa L.) cultivated in pure stand and mixtures. J. Agric. Biol. Sci., 

2:14-19. 



173 
 

Ugherughe, P. O. 1986. Relationship between digestibility of Bromus inermis plant parts. J. 

Agron. Crop Sci., 157:136-143. 

Uzun, A. and F. F. Asik. 2012. The effect of mixture rates and cutting stages on some yield and 

quality characters of pea (Pisum sativum L.) +oat (Avena sativa L.) mixture. Turk. J.  

Field Crops, 17: 62-66. 

Vandermeer, J. H. 1989. The ecology of intercropping. Cambridge University Press, Cambridge, 

UK. 

Vandermeer, J. H. 1990. Intercropping. In C.R. Carrol et al. (editors.) Agroecology. McGraw-

Hill, New York. USA, PP: 481-516. 

Vandermeer, J. H. 1992. The ecology of intercropping. Cambridge University Press, 

New York, USA. 

Vanhatalo, A., T. Heikkila and T, Gaddnas. 1995. Microbial protein synthesis in dairy cows fed 

grass silage or red clover-grass silage. Proceeding of the 7th international sumposium on 

protein metabolism and nutrition, Vale de Santarem, Portugal, May 24-27, 1995. PP: 275.  

van Kessel, C., P. W. Singleton, H. J. Hoben. 1985. Enhanced N-transfer from a soybean to 

maize by vesicular arbuscular mycorrhizal (VAM) fungi. Plant Physiol., 79:562-563. 

Van Soest, P. J. 1965. Symposium on factors influencing the voluntary intake of herbage by 

ruminants: voluntary intake in relation to chemical composition and digestibility. J. 

Anim. Sci., 24:834-843. 

Van Soest, P. J. 1996. Environment and forage quality. Proc. Cornell Nutr. Conf. for Feed 

Manuf. p 1. Cornell Univ., Ithaca, NY. 

Vasilakoglou, I. and K. Dhima. 2008. Forage yield and competition indices of berseem clover 

intercropped with barley. Agron. J., 100:1749-1756. 

Wahla, I. H., R. Ahmad, Ehsanullah, A. Ahmad and A. Jabbar, 2009. Competitive functions of 

components crops in some barley based intercropping systems. Int. J. Agric. Biol., 11: 

69-72. 



174 
 

Walker, D. W., C. P. West, R. K. Bacon, D. E. Longer and K. E. Turner. 1990. Changes in 

forage yield and composition of wheat and wheat-ryegrass mixtures with maturity. J. 

Dairy Sci., 73:1296-1303. 

Whaley, J. M., D. L. Sparkes, M. J. Foulkes, J. H. Spink, T. Semere and R. K. Scott. 2000. The 

physiological response of winter wheat to reductions in plant density. Ann. Appl. Biol., 

137:165-177. 

Willey, R. W and M. R. Rao. 1980. A competitive ratio for quantifying competition between 

intercrops. Exp. Agri. 16:117-125. 

Wiedenhoeft, M. and B. A. Bharton. 1994. Management and environment effects on brassica 

forage quality. Agron. J., 86:227–237. 

Williams, A. C., B. C. McCarthy. 2001. A new index of interspecific competition forreplacement 

and additive designs. Ecol. Res., 16:29–40. 

Wivstad, M. 1997. Plant morphology and conten of nitrogen, cell wall and lignin at different 

phonological stages of red clover and yellow sweetclover. Sweedish J. Agric. Res., 27:3-

14. 

Woldeamlak, A., S. Grando, M. Maatougui and S. Ceccarelli. 2008. Hanfets, a barley and wheat 

mixture in Eritrea: yield, stability and farmer preferences. Field Crops Res., 109:50-56. 

Yahuza, I. 2012. Effect of seed rate on the seed yields in wheat/faba bean intercropping system: 

estimates of intercrop performance using three different indices. Int. J. Biosci., 2:129-

150. 

Yilmaz, S., M. Atak and M. Erayman. 2008.  Identification of advantages of maize-legume 

intercropping over solitary cropping through competition indices in the East 

Mediterranean region. Turk J. Agric. For., 32:111-119. 

Yolcu, H., M. Polat and V. Aksakal. 2009. Morphologic, yield and quality parameters of some 

annual forages as sole corps and intercropping mixture in dry conditions for livestock. J. 

Food, Agric. Environ., 7:594-599. 



175 
 

Yucel, C. and M. Avci. 2009. Effect of different ratios of common vetch (Vicia sativa L.)-

triticale (Triticosecale wheat) mixtures on forage yields and quality in Cukurova plain in 

Turkey. Bulg. J. Agric. Sci., 15:323-332. 

Zaman, Q., M. N. Hussain, A. Aziz and K. Haya. 2006. Performance of high yielding oat 

varieties under agro-ecological conditions of D. I. Khan. J. Agric. Res., 44: 29-35. 

Zand, E. and H. J. Beckie. 2002. Competitive ability of hybrid and open- pollinated canola 

(Brassica napus) with wild oat (Avena fatua). Can. J. Pl. Sci., 82: 473-480. 

Zerner, M. C., G. S. Gill and R.K. Vandeleur. 2008. Effect of height on the competitive ability of 

wheat with oats. Agron. J., 100:1729-1734. 

 


	Title (M
	Contents of thesis (M
	Thesis(M

