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ABSTRACT

Oat (Avena sativa L.) is one of the most important cultivated winter fodder crops for livestock in Nepal, Yet, its
production potential is not fully explored in Nepal for different locations and in combination with legumes. One of
the major problems in ruminant feeding in Nepal is the shortage of quality fodder during the winter season where
oats-legume mixture would play an important role. Oats are better adapted to different soil types and can perform
better on acid soils in comparison to other small cereal grains. Intercropping is a traditional farming technique,
which is important in farming systems of developing countries but far less widespread in mechanized systems;
however, there is an increased interest in intercropping systems for developing sustainable farming systems mostly
for grass-legume polycultures. The review concluded that oats in combination with legumes could be a potential
model of intercropping to attain an increased forage dry matter (DM) yield without jeopardizing the quality issue,
especially during winter and further, it is required to define the optimum management of these grass-legume species
such as oats and vetch and oats and pea in various environments such as choice of grasses and legume species, seed
rate, sowing time and fertilizer efficiencies, irrigation requirements and increase in herbage quality is possible if the
legumes are dominant in grass-legumes mixture . The advantage of oat-legume mix farming is that it may be
produced in a wider range of soil classes, which determines the ecological benefits. However, it further requires a
series of experiments to conclude in all aspects.
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1. Oat (Avena sativa L.)

Oat (Avena sativa L.) is commonly known as Jai in Nepali and is one of the most important
cultivated winter fodder crops. It has been adapted to a wide range of soil types and climatic
conditions. It is promising for multi-cut, fits well in farming systems for quality and quantity
fodder supply during winter feed scarcity period (December to April). Oat is an erect annual
grass with a fairly good tillering habit that attains a height of 1-2 m. The panicles are lax and
effuse. The inflorescence may be equilateral or unilateral. The main axis and lateral branches end
in a single apical spikelet. The grain is long and slender or spindle-shaped and usually covered
with fine hair at the upper end (Devkota et al., 2015). The leaves may have a length of 25 cm and
more. Being a grass species, oats have fibrous root system (Relwani, 1979).

In an estimation of FAO (2010/011), oat ranked sixth in the global context of wheat, maize, rice,
barley, and sorghum as a food crop and ranked first in the world within the fodder production
statistics. Two cultivars of oat (Kent and Swan) were the first introduced oat cultivars in 1965
(Shrestha et al., 2015) in Nepal. Oats have been under testing since the 1970s and grown on a
relatively large scale by the Nepalese farmers during the first and second livestock development
projects from 1980 to 1994. Since the 1980s, more than hundreds of different oat cultivars were
brought from different organizations and countries as a part of forage research and development
programs in the country (Pariyar, 2005). Oat growing is concentrated mainly on irrigated land in
the Terai and low-hills and on rain-fed land in the low and mid-hills region in the commercial
dairy pocket areas. Oats are mainly grown below 1600 m.a.s.| but can be cultivated at higher
altitudes (Pariyar, 2002).

They are mainly used as green feed for the winter gap but some are already being made into hay,
mainly at higher altitudes. It is well known that fodder oats have the potential to produce
nutritious fodder during the dry winter. Thus, the Department of Livestock Services (DLS)
started oat cultivation in all seventy-five districts of the country through the distribution of mini
kits for winter fodder oats alone and in mixture with legumes such as vetch (both Vicia
bengalensis cv Popany and Vicia villosa var. dasycarpa cv Nemoi were used), pea (Pisum
sativum) or berseem (Trifolium alexandrinum), depending on their suitability for particular areas
(Pariyar, 2002).

It was noticed that the oat productivity in Nepal is very low. Kshatri et al. (1993) stated that the
average fodder oat production by farmers in the eastern hills was 18-22 ton/ha which was less
than the 60 ton/ha obtained in a similar Indian context (Pathak & Jukhmola, 1983). In the
farmers managed areas @80:40:20 N: P205: K20 and at two cuttings management system oat
cultivars such as Amuri and JHO 822 had produced an average fodder yield of 15.5 ton/ha, and
Swan 18 ton/ha (Pariyar, 2003). Though productivity of oat might depend upon the
environmental and management factors such as altitude, soil type, rainfall, fertilizer etc., the
overall production of fodder oats on farmers’ fields was not satisfactory (Pariyar, 2002). In the
lower hills, the average production was reported to be 15-20 ton/ha in three cuts while in the
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Teral, it was 20-25 ton/ha (Pariyar, 2002). The oat may be grazed, cut-and-carried, or could be
used in the form of hay, silage or haylage. The oat may be used as a winter cover to protect soil
erosion and to trap N that would otherwise be lixiviated during winter (Sare, 2008). Vetch-oat
forage mixtures are particularly popular in the Mediterranean basins (Suttie et al., 2004).

Distribution of oat

Oats are mostly found at 45-65° N and 20-46° S (Stevens et al., 2004). In temperate regions, they
are grown as a spring-growing /autumn-growing and as a cool season crop in the Mediterranean
and tropical areas (Heuzé et al., 2016). Oats grow on a wide range of soils at temperatures
ranging from 5 to 26°C and rainfall over 500 mm (Ecoport, 2013). Further, oats perform better in
loam soils but tolerate acidic and low fertile soils with pH ranging from 4.5 to 8.6 (Heuz et al.,
2016). Oat has become a major crop in regions such as the Himalayas (Pakistan, North India, and
neighboring countries), the southern cone of South America (Argentina, Brazil, Chile, Uruguay)
and North Africa. On the contrary, oat yield has declined in areas, notably temperate ones, where
mechanized agriculture and maize is grown for silage are possible (Suttie et al., 2004). Oats are
grown in more than 50 countries but statistical information is mainly concerned with the food-
grain (Heuzé et al., 2016). Although oats are grown as a dual crop (forage and grain), their
introduction in the commercial market is rare. However, there is no reliable estimation of
worldwide oat forage acreage and production in general (Suttie et al., 2004).

Oats remain an important grain crop for people in marginal ecologies throughout the developing
world, and also in developed countries (Suttie & Reynolds, 2004). Livestock grain feed is still
the primary use of oat crops, accounting for an average of around 74 percent of the world's total
usage in 1991 to 1992 (Welch, 1995). Stevens et al. (2004) found that oats are well adapted to a
wide range of soil types but perform better on acid soils. They are mostly grown in cool moist
climates and can be sensitive to hot, dry weather from head emergence through to maturity
(Suttie & Reynolds, 2004). Oats are now a very important winter fodder on small farms in
Pakistan and northern India; some of this is described in Dost (2004). Oats are grown widely
throughout Punjab in late winter through spring yet none are reported in FAOSTAT for India,
Pakistan or neighboring countries. Stevens et al. (2004) noted that Russia, countries of the
former Soviet Union, the United States, Canada, Germany, and Poland account for about 75
percent of the world's supply of grain, seed, and industrial grade oats. Since the 1960s, the
proportion of oats used for feed has declined in the US and Canada, remained unchanged in the
former Soviet Union countries and Poland, and increased slightly in Germany (Stevens et al.,
2004). The leading export countries of oat grain are Canada, Finland, Sweden, Australia, and
Argentina.

Oat-legume associations

Oat as fodder can be sown in mixture with a legume such as a Vetch (Vicia sp.), pea or berseem
(Ross et al., 2004; Undersander, 2003; Johnston et al., 1999). Oats with legumes is effective for
reducing diseases, controlling weeds, occupying the greater share of available resources and
improving the nutritive value of the crop compared to oats alone, though DM vyields are not
necessarily improved (Undersander, 2003). Oat-vetch associations are important in the
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Mediterranean basins, though they have declined during the 2000s in the Maghreb due to lack of
availability of vetch seeds, making a more complex crop management system necessary (Anil et
al., 1998).

Uses of Oat

Animal Feed

It is preferred feed of all animals and grain is also valuable feed for horses, dairy cows, poultry
and young breeding animals. The demand for meat, beef, milk, butter, and their byproducts is
increasing due to the rapidly growing human population (Ahmad et al., 2014). Oats are grown
for use as grain as well as forage and fodder. It is an important winter fodder, mostly fed as green
but excess is converted into silage or hay for animal feeding during fodder deficit periods (Suttie
& Reynolds, 2004). Oat protein is nearly equivalent in quality to soy protein, which has been
shown by the World Health Organization to be equal to meat, milk, and egg protein (Ahmad et
al., 2014). It is obvious that the farmers have to face fodder shortage problem in winter when
they have only dry stalks of summer cereal fodders or dry summer grasses. In order to increase
productivity per unit area, there is a need to develop promising cultivars having high forage yield
potential and quality (Ahmad et al., 2014). Suitable Fodder combinations i.e. grass-legume
combinations s such as oats + vetch and oats + peas), commercial dairy farmers and resource-
poor farmers have greatly reduced the feed shortage problem and reduced the cost of feed to a
great extent (Pariyar, 2002). Interest in oat hay for the dairy, feedlot and horse industries has
grown in recent years.

Oat as an intercrop with legumes

Intercropping is a traditional and extensive agricultural practice used in low input cropping
systems in the world (Anil et al., 1998). During the 20th century, there was a shift from mainly
labor-intensive systems to more optimized cropping through the use of external inputs, especially
synthetic fertilizers, and pesticides (Crews & Peoples, 2004). There has been a growing interest
in intercropping systems in developed countries due to the increasing awareness of
environmental degradation arising from the heavy use of non-renewable resources (Fujita et al.,
1992). Intercropping systems, especially cereals with legumes, have several major benefits such
as higher total yield and better land use efficiency (Dhima et al., 2007), yield stability of the
cropping system, better utilization of light, water, and nutrients (Javanmard et al., 2009),
improved soil conservation (Anil et al., 1998), and better control of pests and weeds (Banik et
al., 2006; Vasilakoglou et al., 2008).

Merits of grass-legume intercrop other examples

Increased production

Production is more than a pure cropping of the same land amount (Caballero & Goicoechea,

1995). Ghanbari and Lee (2002) reported that dry matter production in wheat and beans

intercrops had been more than their pure cropping. Similarly, Martin and Snaydon (1982)

reported that grain and dry matter yield in bean and barley intercrops were more than their pure

cropping. Odhiambo and Ariga (2001) found that there was increased production with maize and
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beans intercrops in different ratios due to reduced competition between species compared
competition within species. Willey (1990) considers intercropping as an economic method for
higher production with lower levels of external inputs. More production in intercropping can be
attributed to the higher growth rate, reduction of weeds, reduced pests and diseases and more
effective use of resources due to differences in resource consumption (Eskandari, 2012b;
Eskandari et al., 2009b; Watiki et al., 1993; Willey, 1990; Willey, 1985). In addition, the
production increases in intercropping if there are complementary effects between the
components of intercropping have been achieved by intercropping which reduce the competition
between them (Mahapatra, 2011; Zhang & Li, 2003; Willey, 1979b).

Greater use of environmental resources

The benefits of intercropping in the crop production in comparison with pure stands are due to
the interaction between components in intercrops and the differences in competition for the use
of environmental resources (Mahapatra, 2011; Valdez and Fransen, 1986). If the intercrops
components have a difference together in use of environmental resources, so that are
complementary in use of this resources, thus resources use is more effective than a pure stand,
and the resultant increases in yield (Jensen, 1996).

It was found also reported that competition between species in maize and peas’ intercrop was
less than competition within species. Wahua (1983) found that nutrient uptake by intercropped
maize and cow pea, was higher than pure stand, and intercrops components were complementary
in the use of resources (Eskandari & Kazemi, 2011; Eskandari et al., 2009b).

Reduction of pests, diseases and weeds damage

The other benefits of intercropping are its ability to reduce pest and disease damage. In a review
by Francis (1989) on intercropping, in 53% of the experiments intercropping reduced the pest,
and in 18% increased the pest than the pure stand. Increasing pests can be due to several reasons,
such as the second crop is a host for pests in intercropping, or increasing the shade in the canopy,
provides favorable conditions for pests and pathogens activity. In addition plant residues can be
as a source for pathogens inoculated (Anil et al., 1998; Watiki et al., 1993). In mono-cropping
systems, available resources such as soil moisture, nutrients, and light are rarely used by the
plant and thus released niche are occupied by the weeds. In intercropping, there is better
utilization of nutrients, soil moisture, and light and fill the empty niche which leads to the weed
suppression (Saudy & El-Metwally, 2009; Altieri, 1995).

Improve soil fertility and increase in nitrogen

Intercropping improves soil fertility and increases the nitrogen content. And the resulting
nitrogen is an essential element for soil fertility and plant growth.Several reports indicate that the
increase in nitrogen content of non-legume plants is due to intercropping of these plants with
legumes (Eskandari et al., 2009a; Anil et al., 1998; Fujita et al., 1992). Rhizobium bacteria have
a symbiotic relationship with plants of Leguminosae family and thereby can fix atmospheric
nitrogen into available nitrogen for plants uptake.
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Demerits of grass-legume polyculture

The grass-legume association is particularly complex because the components intermingle
competitively and the transfer of N from the legume to grass contributes to the complex
interaction between them. Further, the ideal environment for the growth of both the grass and
legumes may vary and the Rhizobium-legume association also has particular requirements.
Management, especially the grazing behavior of animals, may also influence the association and
in turn, the composition of the sward may influence the animal in terms of the amount of
nutritive value (Laidlaw & Teuber, 2001). The compatibility of grasses with legumes depends on
the morphology and physiological characteristics of the grass and legume, the response of each
to management and the climate, and soil and biotic factors under which the crop is growing. In
the temperate world, grasses grown with white clover are more compatible with the ecotypes of
white clover with which they were growing naturally than with other types of white clover and,
indeed Rhizobium (Expert et al., 1997). The demerits of grass-legume mixture include difficulty
in management and harvesting of the mixtures, higher seed cost etc. have been reported by many
workers.

2. Field pea (Pisum sativum L.)

It is an important crop and can be grown successfully in Terai (<100 m) during winter to a high
mountain (3000 m) during summer months. Peas are grown alone or in combination with cereals
for silage and green fodder (Elzebroek & Wind, 2008). Peas and other legumes are desirable in
crop rotations because they break up disease and pest cycles, provide nitrogen, improve soil
microbe diversity and activity, improve soil aggregation, conserve soil water, and provide
economic diversity (Lupwayi et al., 1998; Biederbeck et al., 2005; Chen et al., 2006). Pea is
grown with cereal crop like oat to enhance the forage quality.

Description

The pea is a rapid-growing herbaceous legume with angular or roundish hollow stems covered
with a waxy bloom. The plant has a taproot that can grow as deep as 1 m with numerous lateral
roots. Leaves are alternate, a compound with 1-3 pairs of leaflets borne on petioles with several
pairs of tendrils. Large leaf-like stipules are inserted at the base of the leaves (FAO,
2011; Muehlbauer et al., 1997; Oelke et al., 1991). The inflorescence is a raceme that bears
white, pink or purple flowers. Pods are dehiscent and contain several seeds that may be globular
or angled, smooth or wrinkled (FAO, 2011; Muehlbauer et al., 1997). Peas are a high-yielding,
short-term crop with high protein content (Fraser et al., 2001). Pisum sativum has a large genetic
diversity. There are winter and spring varieties, leafy and leafless, early- or late-maturing (Heuzé
et al., 2015Db). Seeds can be of varying color, shape and size. Pea varieties can be classified into
garden peas (green peas are eaten as vegetables), field peas (dried peas for feed and food)
and forage peas, that are grown primarily for forage. An example of the latter varieties is the
Austrian Winter Pea. However, pea varieties can be multi-purpose. Pea can also be used for
green manure (Maxted et al., 2001; Oelke et al., 1991).
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Adaptation

Peas are adapted to many soil types, but perform best on fertile, light-textured, well-drained soils
(Hartmann et al., 1988; Elzebroek & Wind, 2008). Peas are sensitive to soil salinity and extreme
acidity. The ideal soil pH range for pea production is 5.5 to 7.0 (Hartmann et al., 1988). Peas
grow well with 16 to 39 inches annual precipitation (Elzebroek & Wind, 2008) and that could be

Mixture of oat and pea

Intercropping of annual crops such as pea+oat or peatbarley is the traditional system of well
enough in mixture with grasses such as oat. In many countries. Peas are important feed grain
legumes for animal production and are widely grown for hay, pasture or silage production either
alone or mixed with cereals (McKenzie & Sponer, 1999). Peas grown as a monocrop, result in
reductions in forage and seed yield due to severe lodging after flowering (Stelling, 1997). Thus,
peas are often sown in mixtures with cereals that have an upright stature (Uzun & Acikgoz,
1998). Tall varieties of pea are cultivated with cereals, to reduce lodging and increase hay yield
and quality (Robinson, 1960; Anderson, 1975; Droushiotis, 1989; Tan & Serin, 1996).

Various factors such as the selection of plants, mixture rates and stages of cutting are very
important in legume-cereal mixed cropping. Legume-cereal mixtures are important protein and
carbohydrate sources for livestock (Karadag & Buyukburc, 2003). In past, many studies were
conducted to determine the suitability of crops in a pea mixture, and variable results were
attained. There have been repeated reports that the mixed cropping pea with oat increased hay
yield (Robinson, 1960; Mitchell, 1983), while in other studies reported that pea with barley
should be mixed (Chapko et al., 1991) as polyculture. Seed rates during sowing legume-grass are
important in mixed cropping for high yield and fodder value. The cereal ratio in the hay can be
higher than the sowing ratio. The plant density of cereals are high in the hay due to their
characteristic of tillering and the hay vyield; while crude protein ratio and yield decrease
(Kwabiah, 2004; Geijersstam & Martensson, 2006).

3. A mixture of Oat and Vetch

The common vetch (Vicia sativa) is an important legume that can be successfully grown in both
terai and mid hills and it is noted for its ability to fix large quantities of nitrogen that is about 110
kg N per hectare (NPAFC, 2073/2074). It is grown for hay, pasture, silage, seed, or as interim
cover on disturbed soil. V. sativa provides palatable forage (fresh, hay and silage) and grain to
livestock of monogastric species (including humans). Common vetch also provides a valuable
cover crop and green manure (Sattell et al., 1998).

Common vetch (Vicia sativa L.) is an annual legume, which is usually grown in mixtures with
small grain cereals for hay or forage production. It has climbing growth habit and high levels of
protein. These mixtures improve growth conditions and enhance forage quality (Anil et al., 1998;
Heuzé, 2015a). Common vetch or grasses alone do not provide satisfactory results for forage
production (Osman & Nersoyan, 1986). Common vetch is low-yielding, particularly in areas
with low rainfall (Hadjichristodoulou, 1978) and hinders harvest because it normally spreads on
the soil surface (Robinson, 1960). On the other hand, small grain cereals provide high fodder
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yields in terms of dry weight but they produce low-quality forage. (Lawes & Jones, 1971).Forage
quality of cereal hay is usually lower than that required to meet satisfactory production levels for
many categories of livestock. In mixtures, companion cereals provide structural support for
common vetch growth improves light interception, and facilitate mechanical harvest, whereas
common vetch in mixtures improves the forage quality (Thompson et al., 1992). The other
advantages of mixtures of Vetch and grasses include greater uptake of water and nutrients,
enhanced weed suppression, and increased soil conservation (Stern, 1993; Ranells & Wagger,
1997; Anil et al., 1998). Caballero & Goicoechea (1986) and Thomson et al. (1990) reported that
the most suitable cereal for mixtures with common vetch is oat (Avena sativa L.). Intercropping
oats with forage legumes such as vetch improves both the quantity and the quality of the hay
(Khalili et al., 1992; Umunna et al., 1995). There have been several reports that supplementation
of oat-vetch hay with concentrates or with a high protein forage legume hay increased milk
production in crossbred cows (Bos taurus x Bos indicus) (Khalili et al., 1994; Khalili et al.,
1992; Mpairwe et al., 2003).

Dry matter yield of forage species and their mixture

Grass-legume combination plays a key role in higher dry matter productivity. The quantitative
changes in the herbage productivity and chemical composition have been documented in various
research when different legumes like vetch and pea are grown in combination with oats. The
findings of dry matter productivity for vetch as monoculture and vetch with oat has brought
similar records to the findings that dry matter yield in vetch mixture with oat (50% vetch: 50%
oat) was higher than pure vetch sowing and 25% vetch: 75% oat combination was most
productive (Tuna & Orak, 2007). The common vetch with triticale, the forage yield was lower by
18% than that in mixtures of common vetch with oat (Lithourgidis et al., 2006). Forage legumes
monoculture has many issues with herbage productivity for the reasons that they yield less.
Similarly, in comparison of pea mixed with oat and pea monoculture, the oat pea mixture
herbage productivity was higher than pea monoculture at all harvests. A similar result was found
in a research study where the dry matter yield of pea oat mixture was higher than the pea at all
harvests (Kaiser et al., 2007). There have been repeated reports on the higher yield of forage
polyculture (grass-legume mixture over grass and legume monocultures respectively (Sima et al.,
2010; Albayrak & Ekiz, 2005; Berdahl et al., 2001; Gokkus et al., 1999). The basic reason for
higher forage herbage productivity might be due to the utilization of symbiotically fixed nitrogen
(Whitehead, 1995), more enhanced interception of light (Hay & Walker, 1989) and allelopathic
(Pudnam & Duke, 1978) and some other effects. These factors created a micro-environment that
favored higher yields than those obtained from sole legume or grass stands (Sengul, 2003).
Besides, legumes can cover the N demand of grasses from atmospheric N, and therefore legumes
intercropped with grasses compete for less for soil mineral nitrogen. Eskandari et al. (2009a)
indicated that there was an increase in forage quality than cereal mono-crop and an increase in
dry matter in comparison to legume monoculture. Several studies showed that the dry matter
yield increased with the increasing rate of oat in mixtures of oat with annual legumes (Walton,
1975; Osman & Nersoyan, 1985). Furthermore, Mitchell (1983) showed that the oat substantially
supported the pea plants in such mixtures and provided most of the dry matter production.

213


http://www.feedipedia.org/node/18604
http://www.feedipedia.org/node/18595
http://www.feedipedia.org/node/18599

Journal of Agriculture and Natural Resources (2018) 1(1): 206-222
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)

In most oat —legume studies, the most combinations yielded more herbage than when grown as a
pure legume sward at each of the three harvest times. The pea—oat combination was the most
productive than oat-vetch combination as the mean dry matter yield was higher than that of vetch
mixture with oat. In most cases, the inclusion of oats with legumes significantly increased total
herbage yields relative to legume monocultures, and this is consistent with other studies with
vetch (Munzur,1993; Wassermann et al.,, 1984) and pasture legumes (Martiniello,1999;
Wassermann et al.,1984; Wiersma et al., 1999). Research findings of Lauriault and Kirksey
(2004) revealed yield reduction of the grass-legume mixture- 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. Although legume-grass mixtures produced the highest total DM, where
maximizing quality or production of N for following crops is the primary objective, previous
findings of the experiments indicated that legume monocultures would be the preferred options.
However, when sown alone, both species are susceptible to lodging and a small cereal
component which can act as a climbing frame may be desirable to minimize this problem.
However, our results did not show the number of peas and vetch damaged by lodging in the
present study.

The chemical composition of forage species and their mixture

Crude Protein

The crude protein content of forage is one of the most important criteria for forage quality
evaluation (Caballero et al., 1995; Assefa & Ledin, 2001). The use of grass-legume mixture can
increase the fodder yield and quality (Sturlud ottir et al., 2013). Jannink et al. (1996) found that
vetch mixture had much higher CP content than pea and oat alone. Research has shown that oats
grown with peas can provide excellent tonnage and high-quality forage. Including peas in the
mixture generally increases crude protein (CP) by 2 to 4 percentage units (Owens eta ., 2007).
Herbage nutritive value of forage grasses and legumes is negatively related to DM accumulation
(Bélanger et al., 2001). Thus, increases in herbage DM yield are expected to result in a decrease
in nutritive value of mixture than legume monocultures pea and vetch. Haq et al. (2018) reported
that the CP content of the oats-vetch mixture, oats-pea mixture was higher than the oats grown
alone, while it was lower than legume monocrop pea and vetch. Legume-cereal intercrops may
produce higher grain and protein yields as compared to the respective cereal sole crops (Jensen,
1996; Hauggaard-Nielsen et al., 2001; Lauk & Lauk, 2005) and show greater yield stability
across years than when growing legumes and cereals as sole crops (Willey, 1979a; Ofori &
Stern, 1987). Legumes as sole crops can are grown under organic farming conditions, but they
have some disadvantages compared to legume-grass intercrops. Sole crops of common vetch and
other leafy long-straw pea varieties may often lodge heavily, and this could be prevented by
mixed cropping (Aysen & Asik, 2012).

CONCLUSION

In conclusion, cereal-legume crops show a considerable potential for herbage productivity in
abandoned lands with minimum tillage and are likely to play a crucial role in providing weed
control in mixed grain and livestock enterprises as well. Grass-legume mixture could
significantly increase the DM and nutritive value, suggesting a better option to utilize per unit
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area of land for a maximum DM harvest without jeopardizing the quality issue and with the
potential to minimize weed infestation. Oats in combination with pea and or vetch could be a
potential model of intercropping to attain an increased forage DM vyield that could address the
situation of mitigating DM shortage, especially during winter season. This combination could be
successfully extrapolated at farmers’ field. The following recommendations have been made for
improving and adopting grass-legume mix farming for better fodder quality in the ecological
footprints:

a) Increases in herbage quality would be possible if legumes are dominant in grass-
legume mixtures, and that would also need a series of experiments to conclude
research.

b) It is required to define the optimum management of these grass-legume species oats
and vetch, oats, and pea in various environments such as choice of grasses and
legume species, sowing rate, sowing time and fertilizer efficiencies and irrigation
requirements etc.

c¢) Findings from review papers indicated that the oats in combination with pea or vetch
could be a potential model for intercropping to attain an increased forage DM vyield
that could address the situation of mitigating DM shortage, especially during winter.
Thus, further research and review should be carried out covering round the year
assessment and quality analysis of forage mixture in order to manage the abandoned
land with minimum tillage to improve the quality as well as herbage production.

ACKNOWLEDGMENTS
This work was supported by the Directorate of Research and Extension of the Agriculture and
Forestry University, Rampur, Chitwan, Nepal

Author Contribution
The author himself designed and revised the manuscript for publication. Further consultation was
done with Prof. Dr. Naba Raj Devkota for detailed review.

Conflicts of Interest
The author declares that there are no conflicts of interest regarding the publication of this review

paper.

REFERENCES

Abeysekara, A. W. A. S. (2003). The nutritional value of oat forages for dairy cows (Doctoral
dissertation).

Ahmad, M., Dar, Z. A., & Habib, M. (2014). A review on oat (Avena sativa L.) as a dual-
purpose crop. Scientific Research and Essays, 9(4), 52-59..

Akin, D. E., Robinson, E. L., Barton, F. E., & Himmelsbach, D. S. (1977). Changes with
maturity in anatomy, histochemistry, chemistry, and tissue digestibility of bermudagrass
plant parts. Journal of Agricultural and Food Chemistry, 25(1), 179-186.

Albayrak, S., & Ekiz, H. (2005). An investigation on the establishment of artificial pasture under
Ankara’s ecological conditions. Turkish J of Agriculture and Forestry, 29, 69-74.

215



Journal of Agriculture and Natural Resources (2018) 1(1): 206-222
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)

Alemu, B., Melaku, S., & Prasad, N. K. (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, 19(1).

Alibes, X., & Tisserand, J. L. (1990). Tables of the nutritive value for ruminants of
Mediterranean forages and by-products. Options Mediterraneennes. Serie B: Etudes
etRecherches (CIHEAM).

Altieri, M. A. (1995). Agroecology: the science of sustainable agriculture (No. Ed. 2).
Intermediate Technology Publications Ltd (ITP).

Anderson, G. W. (1975). A comparison of Vicia species for summer grazing and subsequent oat
crop production in  Western Australia. Australian Journal of Experimental
Agriculture, 15(74), 400-405.

Anil, L., Park, J., Phipps, R. H., & Miller, F. A. (1998). Temperate intercropping of cereals for
forage: a review of the potential for growth and utilization with particular reference to the
UK. Grass and Forage Science, 53(4), 301-317.

Assefa, G., & Ledin, I. (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 science and technology, 92(1), 95-111..

Banik, P., Midya, A., Sarkar, B. K., & Ghose, S. S. (2006). Wheat and chickpea intercropping
systems in an additive series experiment: advantages and weed smothering. European
Journal of Agronomy, 24(4), 325-332.

Bélanger, G., Michaud, R., Jefferson, P. G., Tremblay, G. F., & Brégard, A. (2001). Improving
the nutritive value of Timothy through management and breeding. Canadian Journal of
plant science, 81(4), 577-585.

Berdahl, J. D., Karn, J. F., & Hendrickson, J. R. (2001). Dry matter yields of cool-season grass
monocultures and grass-alfalfa binary mixtures. Agronomy Journal, 93(2), 463-467.

Biederbeck, V. O., Zentner, R. P., & Campbell, C. A. (2005). Soil microbial populations and
activities as influenced by legume green fallow in a semiarid climate. Soil Biology and
Biochemistry, 37(10), 1775-1784.

Caballero, R., & Goicoechea, E. L. (1986). Utilization of winter cereals as companion crops for
common vetch and hairy vetch. In Proceedings of the 11th General Meeting of the
European Grass. Fed (pp. 379-384).

Caballero, R., Goicoechea, E. L., & Hernaiz, P. J. (1995). Forage yields and quality of common
vetch and oat sown at varying seeding ratios and seeding rates of vetch. Field Crops
Research, 41(2), 135-140.

Chapko, L. B., Brinkman, M. A., & Albrecht, K. A. (1991). Oat, oat-pea, barley, and barley-pea
for forage yield, forage quality, and alfalfa establishment. Journal of Production
Agriculture, 4(4), 486-491.

Chen, C., Miller, P., Muehlbauer, F., Neill, K., Wichman, D., & McPhee, K. (2006). Winter pea
and lentil response to seeding date and micro-and macro-environments. Agronomy
Journal, 98(6), 1655-1663.

Crews, T. E., & Peoples, M. B. (2004). Legume versus fertilizer sources of nitrogen: ecological
tradeoffs and human needs. Agriculture, Ecosystems & Environment, 102(3), 279-297.

216



Journal of Agriculture and Natural Resources (2018) 1(1): 206-222
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)

Devkota, N. R., Upreti, C. R., Paudel, L. N., & Joshi, N. P. (2015). Production potentials of
promising oat (Avena sativa) varieties in combination with legumes at farmers' field
condition. Nepalese Journal of Agricultural Sciences.

Dhima, K. V., Lithourgidis, A. S., Vasilakoglou, I. B., & Dordas, C. A. (2007). Competition
indices of common vetch and cereal intercrops in two seeding ratio. Field Crops
Research, 100(2), 249-256.

Dost, M. (2004). Fodder oats in Pakistan. Fodder oats: a world overview. FAO Plant
Production and Protection, 33, 71-91.

Ecoport, 2013. Ecoport database. Ecoport

Elzebroek, A. T. G., & Wind, K. (2008). Guide to Cultivated Plants. CABI. Wallingford, UK.

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. Journal of
Basic and Applied Scientific Research, 2(1), 355-360.

Eskandari, H., Ghanbari, A., & Javanmard, A. (2009a). Intercropping of cereals and legumes for
forage production. Notulae Scientia Biologicae, 1(1), 07.

Eskandari, H., Ghanbari-Bonjar, A., Galavi, M., & Salari, M. (2009b). Forage quality of cow pea
(Vigna sinensis) intercropped with corn (Zea mays) as affected by nutrient uptake and
light interception. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 37(1), 171.

Expert, J. M., Jacquard, P., Obaton, M., & Lu, A. (1997). Neighborhood effect of genotypes of
Rhizobium  leguminosarum  biovartrifolii, ~ Trifolium  repens and  Lolium
perenne. Theoretical and Applied Genetics, 94(3-4), 486-492.

FAO (2011). Grassland Index. A searchable catalogue of grass and forage legumes.

FAO Statistics. (2010/2011)

Francis, C. A. (1989). Biological Efficiencies in Multiple-Cropping Systemsl. Advances in
Agronomy, (Vol. 42, pp. 1-42). Academic Press.

Fraser, M. D., Fychan, R., & Jones, R. (2001). The effect of harvest date and inoculation on the
yield, fermentation characteristics and feeding value of forage pea and field bean
silages. Grass and Forage Science, 56(3), 218-230.

Fujita, K., Ofosu-Budu, K. G., & Ogata, S. (1992). Biological nitrogen fixation in mixed legume-
cereal cropping systems. Plant and Soil, 141(1-2), 155-175.

Geijersstam, L., & Martensson, A. (2006). Nitrogen fixation and residual effects of field pea
intercropped with oats. ActaAgriculturaeScandinavica Section B-Soil and Plant
Science, 56(3), 186-196.

Ghanbari-Bonjar, A., & Lee, H. C. (2002). Intercropped field beans (Viciafaba) and wheat
(Triticumaestivum) for whole crop forage: effect of nitrogen on forage yield and
quality. The journal of agricultural science, 138(3), 311-315.

Gokkus, A., Koc, A., Serin, Y., Comakli, B., Tan, M., & Kantar, F. (1999). Hay vyield and
nitrogen harvest in smooth bromegrass mixtures with alfalfa and red clover in relation to
nitrogen application. European Journal of Agronomy, 10(2), 145-151.

Hadjichristodoulou, A. (1978). Genotype, Environment and Rainfall effects on Vetch Varieties
in a Semi-Arid Region. Experimental Agriculture, 14(1), 81-87.

217


http://www.feedipedia.org/node/4260

Journal of Agriculture and Natural Resources (2018) 1(1): 206-222
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)

Hag, S.A., Korieng, KJ., Sheikh, T.A., Bahar, F.A., Dar, KA. Raja W., &
Khuroo,N.S.(2018).Yield and quality of winter cereal-legume fodder mixtures and their
pure stand under temperate conditions of Kashmir Valley,
India.Int.J.Curr.Microbiol.App.Sci,7(2),3626-3631.

Hartmann, H. T., Kofranek, A. M., Rubatzky, V. E., & Flocker, W. J. (1988). Plant science.
Growth, development, and utilization of cultivated plants (No. Ed. 2). Prentice-Hall.

Hauggaard-Nielsen, H., Ambus, P., & Jensen, E. S. (2001). Interspecific competition, N use and
interference with weeds in pea—barley intercropping. Field Crops Research, 70(2), 101-109.

Hauggaard-Nielsen, H., Ambus, P., & Jensen, E. S. (2003). The comparison of nitrogen use and
leaching in sole cropped versus intercropped pea and barley. Nutrient Cycling in
Agroecosystems, 65(3), 289-300.

Hay, R. K., & Walker, A. J. (1989). Introduction to the physiology of crop yield. Longman
Group UK Limited..

Heuzé, V., Tran, G., Baumont, R.(2015b). Common vetch (Vicia sativa). Feedipedia, a program
by INRA, CIRAD, AFZ and FAO. https://www.feedipedia.org/node/239. Last updated
on May 11, 2015, 14:31

Heuzé, V., Tran, G., Giger-Reverdin, S.(2015a). Pea forage. Feedipedia, a programme by INRA,
CIRAD, AFZ and FAO. https://www.feedipedia.org/node/7047 Last updated on
September 29, 2015, 17:20

Heuzé, V. Tran,G.,Bound,A.,& Lebas, F.(2016). Oat Forage. Feedipedia, a Programme by
INRA, CIRAD, AFZ and FAO. https://www.feedipedia.org/Node/500 last updated on
April 13, 2016, 16:26.” Oat Forage | Feedipedia, 13 Apr. 2016,
www.feedipedia.org/node/12390.

Hinders, R. (1995). Rumen acidosis concerns increase as per cow milk production rises.
Feedstuffs (USA).http://www.feedipedia.org/node/500

Jannink, J. L., Liebman, M., & Merrick, L. C. (1996). Biomass production and nitrogen
accumulation in pea, oat, and vetch green manure mixtures. Agronomy Journal, 88(2),
231-240.

Javanmard, A., Nasab, A. D. M., Javanshir, A., Moghaddam, M., & Janmohammadi, H. (2009).
Forage yield and quality in intercropping of maize with different legumes as double-
cropped. Journal of Food, Agriculture and Environment, 7(1), 163-166.

Jensen, E. S. (1996). Grain yield, symbiotic N 2 fixation and interspecific competition for
inorganic N in pea-barley intercrops. Plant and soil, 182(1), 25-38.

Johnston, J., Wheeler, B., & McKinlay, J. (1999). Forage production from spring cereals and
cereal/pea mixtures. Ontario, Min. Agric. Food, AgDex N°120

Jung, G. A., Shaffer, J. A., & Rosenberger, J. L. (1991). Sward dynamics and herbage nutritional
value of alfalfa-ryegrass mixtures. Agronomy Journal, 83(5), 786-794.

Kaiser, A. G., Dear, B. S., & Morris, S. G. (2007). An evaluation of the yield and quality of oat—
legume and ryegrass—legume mixtures and legume monocultures harvested at three stages
of growth for silage. Australian Journal of Experimental Agriculture, 47(1), 25-38.

218


https://www.feedipedia.org/user/3
https://www.feedipedia.org/user/4
https://www.feedipedia.org/user/7
https://www.feedipedia.org/node/239
https://www.feedipedia.org/node/239
https://www.feedipedia.org/node/239
https://www.feedipedia.org/user/3
https://www.feedipedia.org/user/4
https://www.feedipedia.org/user/21
https://www.feedipedia.org/node/7047
https://www.feedipedia.org/node/7047
https://www.feedipedia.org/node/7047
http://www.feedipedia.org/node/12390
http://www.feedipedia.org/node/500
http://www.feedipedia.org/node/17530
http://www.feedipedia.org/node/17530

Journal of Agriculture and Natural Resources (2018) 1(1): 206-222
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)

Kebede, G., Assefa, G., Feyissa, F., & Alemayehu, M. (2016). Forage Legumes in Crop-
Livestock Mixed Farming Systems: A Review. International Journal of Livestock
Research, 6(4), 1-18.

Kebede, G., Assefa, G., Mengistu, A., & Feyissa, F. (2014). Forage nutritive values of vetch
species and their accessions grown under nitosol and vertisol conditions in the central
highlands of Ethiopia. Livestock Res. Rur. Develop, 26(1), 1-14.

Khalili, H., Osuji, P. O., Umunna, N., & Crosse, S. (1994). The effects of forage type (maize-
lablab or oat-vetch) and level of supplementation (wheat-middlings) on food intake, diet
apparent digestibility, purine excretion and milk production of crossbred (Bostaurusx
Bosindicus) cows. Animal Science, 58(3), 321-328.

Khalili, H., Varvikko, T., & Crosse, S. (1992). The effects of forage type and level of
concentrate supplementation on food intake, diet digestibility and milk production of
crossbred cows (Bostaurusx Bosindicus). Animal Science, 54(2), 183-189.

Kshatri, B.B., Chemjong, P.B., & Rai, P.P. (1993).Preliminary result of a study of winter forage
in the Koshi Hills of Nepal. Pakhribas Agriculture Center

Kwabiah, A. B. (2005). Biological efficiency and economic benefits of pea-barley and pea-oat
intercrops. Journal of sustainable agriculture, 25(1), 117-128.

Laidlaw, A. S., &Teuber, N. (2001, February). Temperate forage grass-legume mixtures:
advances and perspectives. In INTERNATIONAL GRASSLAND CONGRESS (Vol. 19, pp.
85-92). Sdo Paulo: SBZ.

Lauk, E. & Lauk, R., 2005. The yields of legume-cereal mixes in years with high —precipitation
vegetation periods. Latvian Journal of Agronomy, 8, 281-285.

Lauriault, L. M., & Kirksey, R. E. (2004). Yield and nutritive value of irrigated winter cereal
forage grass-legume intercrops in the Southern High Plains, USA. Agronomy
Journal, 96(2), 352-358.

Lawes, D. A., & Jones, D. I. H. (1971). Yield, nutritive value and ensiling characteristics of
whole-crop spring cereals. The Journal of Agricultural Science, 76(3), 479-485.

Linn, J. G., & Martin, N. P. (1999). Forage quality tests and interpretations. University of
Minnesota Extension Service; Minneapolis: 1989. MN AG-FO-02637.

Lithourgidis, A. S., & Dordas, C. A. (2010). Forage yield, growth rate, and nitrogen uptake of
faba bean intercrops with wheat, barley, and rye in three seeding ratios. Crop
Science, 50(5), 2148-2158.

Lithourgidis, A. S., Vasilakoglou, I. B., Dhima, K. V., Dordas, C. A., & Yiakoulaki, M. D.
(2006). Forage yield and quality of common vetch mixtures with oat and triticale in two
seeding ratios. Field Crops Research, 99(2), 106-113.

Lupwayi, N. Z., Rice, W. A., & Clayton, G. W. (1998). Soil microbial diversity and community
structure under wheat as influenced by tillage and crop rotation. Soil Biology and
Biochemistry, 30(13), 1733-1741.

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. American Journal
of Experimental Agriculture, 1(1), 1.

219



Journal of Agriculture and Natural Resources (2018) 1(1): 206-222
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)

Martin, M. P. L. D., & Snaydon, R. W. (1982). Intercropping barley and beans I. Effects of
planting pattern. Experimental Agriculture, 18(2), 139-148.

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 Science, 54(1), 52-61.

Maxted, N., & Bennett, S. J. (Eds.). (2001). Plant genetic resources of legumes in the
Mediterranean (Vol. 39). Springer Science & Business Media.

McKenzie, D. B., & Spaner, D. (1999). White lupin: An alternative to pea in oat-legume forage
mixtures grown in Newfoundland. Canadian Journal of plant science, 79(1), 43-47.

Mitchell, W. W. (1983). Forage yield and quality of cereals at Pt. MacKenzie.

Mpairwe, D. R., Sabiiti, E. N., Ummuna, N. N., Tegegne, A., & Osuji, P. (2003). Integration of
forage legumes with cereal crops. Effects of supplementation with graded levels of lablab
hay on voluntary food intake, digestibility, milk yield and milk composition of crossbred
cows fed maize—lablab stover or oats—vetch hay ad libitum. Livestock production
science, 79(2), 193-212.

Muehlbauer, F. J., & Tullu, A. (1997). Pisum sativum L. In NewCrop Factsheet, Purdue
University, Center for new crops & plant products.

Munzur, M. (1993). Herbage yields of barley and Hungarian hairy vetch at different seeding
rates. REUR Technical Series (FAO).

Odhiambo, G. D., & Ariga, E. S. (2001, February). Effect of intercropping maize and beans on
Striga incidence and grain yield. In Seventh Eastern and Southern Africa Regional Maize
Conference (pp. 11-15).

Oelke, E. A., Oplinger, E. S., Hanson, C. V., Davis, D. W., Putnam, D. H., Fuller, E. 1., Rosen,
C. J. (1991). Dry field pea. Alternative Field Crop Manual, University of Wisconsin-
Extension, Cooperative Extension.

Ofori, F., & Stern, W. R. (1987). Cereal-legume intercropping systems. Advances in
Agronomy, 41, 41-90.

Osman, A. E., & Nersoyan, N. (1985, August). Annual legumes for integrating rainfed crop and
livestock production. In Proceedings. XVth International Grassland Congress (Vol. 5,
pp. 123-125).

Osman, A. E., & Nersoyan, N. (1986). Effect of the proportion of species on the yield and
quality of forage mixtures, and on the yield of barley in the following year. Experimental
Agriculture, 22(4), 345-351.

Owens, V., Nleya, T., & Jeranyama, P. (2007).Oats and Peas as Alternative Forage.

Pariyar, D. (1993). Existing feed situation in different regions of Nepal and strategies developed
to increase fodder production. ISGR, China, 16-20.

Pariyar, D. (2002). Fodder oats in Nepal, In Suttee ,J.M, & Reynolds, S.G.(Ed.), Fodder oats: A
World Review( pp 103-111).Food and Agriculture Organization: Rome.

Pariyar, D. (2003). Fodder oats in Nepal. PFRD, NARC, Kathmandu,Nepal. Pp34.

Pariyar, D. (2005). Evaluation of oat germplasms in Nepal. In: Proceedings of Workshop on
Fodder oats, Fodder technology package and small farm income generation. Kathmandu,
Nepal, 8-14 March 2005, Pp 8-14.

Pathak, N. N., & Jakhmola, R.C. (1983). List of Forage and Livestock Production.

220


http://www.feedipedia.org/node/7161
http://www.feedipedia.org/node/7161
http://www.feedipedia.org/node/7160
http://www.feedipedia.org/node/7160
http://www.feedipedia.org/node/7160

Journal of Agriculture and Natural Resources (2018) 1(1): 206-222
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)

Putnam, A. R., & Duke, W. B. (1978). Allelopathy in agroecosystems. Annual Review of
Phytopathology, 16(1), 431-451.

Putnam, A. R., & Tang, C. S. (1986). The science of allelopathy. Wiley.

Ranells, N. N., & Wagger, M. G. (1997). Grass-legume bicultures as winter annual cover
crops. Agronomy Journal, 89 (4), 659-665.

Relwani, L. (1979).Fodder Crops and Grasses. ICAR, Indian Council of Agricultural Research,
New Delhi, P.116.

Robinson, R. G. (1960). Oat-pea or oat-vetch mixtures for forage or seed. Agronomy
Journal, 52(9), 546-549.

Ross, S. M.; King, J. R.; O'Donovan, J. T., & Spaner, D. (2004). Forage potential on
intercropping berseem clover with barley, oat, or triticale. Agronomy J., 96 (4), 1013-
1021

Rotili, P., Gnocchi, G., Scotti, C., & Kertikova, D. (2001, September). Breeding of the alfalfa
plant morphology for quality. In Proceedings of the XIV EucarpiaMedicago sp. Group
Meeting. Zaragoza (Vol. 45, pp. 25-28).

Sattell, R., Dick, R., Luna, J., McGrath, D. M., & Peachey, R. E. (1998). Common vetch (Vicia
sativa L.). Corvallis, or: Extension Service, Oregon State University.

Saudy, H. S., & El-Metwally, 1. M. (2009). Weed management under different patterns of
sunflower-soybean intercropping. Journal of Central European Agriculture, 10(1), 41-51.

Sengul, S. (2003). Performance of some forage grasses or legumes and their mixtures under
dryland conditions. European Journal of Agronomy, 19(3), 401-4009.

Shrestha, K. K., Sanjyal, S., & Pariyar, D. (2015). Evaluation of different oat cultivars At various
altitude of Nepal. Nepalese Journal of Animal Sciences, 56-66.

Shrestha, K. K., Sanjyal, S., & Pariyar, D. (2015). Evaluation of Different Oat Cultivars at
Various Altitude of Nepal. Nepalese Journal of Animal Science, 56.

Sima, N. F., Mihai, G., & Sima, R. M. (2010). Evolution of the botanical composition and forage
yield of several perennial fodder legume and grass mixtures in the year of
establishment. Notulae Botanicae HortiAgrobotanici Cluj-Napoca, 38(3), 45.

Stelling, D. (1997). Dry peas (Pisum sativum L.) grown in mixtures with faba beans (Vicia faba
L.)- A rewarding cultivation alternative. Journal of Agronomy and Crop Science, 179(2),
65-74.

Stern, W. R. (1993). Nitrogen fixation and transfer in intercrop systems. Field crops
research, 34(3-4), 335-356.

Stevens, E. J., Armstrong, K. W., Bezar, H. J., Griffin, W. B., & Hampton, J. G. (2004). Fodder
oats an overview. Fodder oats: a world overview. Food and Agriculture Organization of
the United Nations, Rome, 1-9.

Sturlud ottir, E et al. (2013). Benefits of mixing grasses and legumes for herbage yield and
nutritive value in Northern Europe and Canada

Suttie, J. M., & Reynolds, S. G. (2004). Fodder oats. A world overview. FAO, ISBN: 92-5-
105243-3. http://www.fao.org/docrep/008/y5765e/y5765e00.htm.

Thompson, D. J., Stout, D. G., & Moore, T. (1992). Forage production by four annual cropping
sequences emphasizing barley under irrigation in southern interior British
Columbia. Canadian Journal of Plant Science, 72(1), 181-185.

221


http://www.feedipedia.org/node/17538
http://www.feedipedia.org/node/17538
http://www.feedipedia.org/node/17538
http://www.fao.org/docrep/008/y5765e/y5765e00.htm

Journal of Agriculture and Natural Resources (2018) 1(1): 206-222
ISSN: 2661-6270 (Print), ISSN: 2661-6289 (Online)

Tuna, C., & Orak, A. (2007).The role of intercropping on yield potential of common vetch (Vicia
sativaL.)/Oat (Avena sativa L.) cultivated in pure stand and mixtures. Journal of
Agricultural and Biological Science.

Umunna, N. N., Osuji, P. O., Khalili, H., Nsahlai, I. V., & Crosse, S. (1995). Comparative
feeding value of forages from two cereal-legume based cropping systems for beef
production from crossbred (Bos taurusx Bos indicus) steers and subsequent performance
of underfed and realimented steers. Animal Science, 61(1), 35-42.

Undersander, D. (2003). Pea and small grain mixtures. Univ. Wisconsin Extension, Wisc. Team
Forage, Focus on Forage, 5 (7): 1-2

Uzun, A., & Acikgoz, E. (1998). Effect of sowing season and seeding rate on the morphological
traits and yields in pea cultivars of differing leaf types. Journal of Agronomy and crop
science, 181(4), 215-222.

Valdez, F.R., & Fransen, S.C. (1986). Corn- sunflower intercropping as silage crop. Journal of
Dairy Science, 69:138-142.

Vasilakoglou, I., Dhima, K., Lithourgidis, A., & Eleftherohorinos, I. (2008). Competitive ability
of winter cereal-common vetch intercrops against sterile oat. Experimental
Agriculture, 44(4), 509-520.

Wahua, T. A. T. (1983). Nutrient uptake by intercropped maize and cowpeas and a concept of
nutrient supplementation index (NSI). Experimental Agriculture, 19(3), 263-275.

Walton, P. D. (1975). Annual forages seeding rates and mixtures for central Alberta. Canadian
Journal of Plant Science, 55(4), 987-993.

Wassermann, V. D., Heyns, G., & Kruger, A. J. (1984). Growth and production of
Viciadasycarpa Ten., Namoi as influenced by an oat support crop and nitrogen
fertilizer. South African Journal of Plant and Soil, 1(3), 79-82.

Watiki, J. M., Fukai, S., Banda, J. A., & Keating, B. A. (1993). Radiation interception and
growth of maize/cowpea intercrop as affected by maize plant density and cowpea
cultivar. Field Crops Research, 35(2), 123-133.

Welch, R. W. (1995). The chemical composition of oats. In The oat crop (pp. 279-320). Springer,

Whitehead, D. C. (1995). Grassland nitrogen. CAB international.

Wiersma, D. W., Hoffman, P. C., & Mlynarek, M. J. (1999). Companion crops for legume
establishment: forage yield, quality, and establishment success. Journal of Production
Agriculture, 12(1), 116-122.

Willey, R. (1979a). Intercropping-its importance and research needs: Part 1. Competition and
yield advantages. In Field crop abstracts (\Vol. 32, pp. 1-10).

Willey, R. (1985). Evaluation and presentation of intercropping advantages. Experimental
agriculture, 21(2), 119-133.

Willey, R. W. (1979b). Intercropping Its Importance And Research Needs Part 1. Competition
and yield Advantages Vol-32.

Willey, R. W. (1990). Resource wuse in intercropping systems. Agricultural Water
Management, 17(1-3), 215-231.

Zhang, F., & Li, L. (2003). Using competitive and facilitative interactions in intercropping
systems enhances crop productivity and nutrient-use efficiency. Plant and Soil, 248(1),
305-312.

222


http://www.feedipedia.org/node/17536
http://www.feedipedia.org/node/17536

