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Abstract 

Winter cover crops have potential to be a valuable tool in efficiently managing N 

while providing biological N accumulation and green manure for subsequent summer 

crops. This may help to conserve N within the agricultural ecosystem and promote long 

term sustainability of the agricultural soils in the Fraser River Delta, British Columbia. 

Fall seeded cereal/grass and legume cover crops as monocultures and mixtures were 

investigated. The objective was to determine the effect of these cover crop combinations 

on cover crop productivity, fall residual soil N recovery, spring soil water content, spring 

biomass and N management and N availability to subsequent summer crops. Cover crop 

treatments included winter wheat (Triticum aestivum L.), fall rye (Secale cereale L.), 

annual ryegrass (Lolium multiflorum L.), spring wheat (Triticum aestivum L.) and spring 

barley (Hordeum vulgare L.), as monoculture or in mixtures with crimson clover 

(Trifolium incarnatum L.), crimson clover, winter wheat + hairy vetch (Vicia villosd) and 

bare control. Cover crops were established in the third week of August (early planted) 

and third week of September (late planted) in 1993, 1994 and 1995. In the spring of 1995 

and 1996, incubation studies using the cover crop residues were set up for a period of 16 

weeks under field conditions using the in-situ resin core method. 

Averaged over the three year study, August planted cover crop dry matter yield 

measured in April/May (except of crimson clover) often exceeded 5000 kg ha"1 compared 

to an average of approximately 4500 kg ha*1 for most cover crops planted in September. 

Late planted cover crops accumulated most dry matter in the spring. Among the cereals 

and grass, winter wheat and annual ryegrass had consistent dry matter yields and N 

contents. While mixtures also performed well, winter wheat + hairy vetch mixture 
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accumulated consistently higher levels of dry matter and N content than cereal/grass and 

crimson clover mixtures. Late planted mixtures yielded proportionally more legume than 

early planted mixtures. The C:N ratio of early and late planted winter wheat + hairy vetch 

was 21-28 and 40-43% respectively lower than the winter wheat monoculture. This 

reduction was 3-10, 5-9 and 10-22% for early planted and 18-23, 15-18 and 12-18% for 

late planted winter wheat, fall rye and annual ryegrass respectively when planted in 

mixture with crimson clover. August planted cover crops were more effective in lowering 

the amount of fall residual N prior to winter leaching than September planted cover crops. 

Cereal/grass and legume mixtures were equally effective as cereal grass monocultures at 

lowering the amount of fall residual soil N . In 1995, the critical soil water content (0.32 

kg kg"1) for trafficability was attained by the third week of April. In the relatively wet 

spring of 1996, soil water content was still greater than the critical value by the final 

sampling date on 7 May. 

Winter wheat + hairy vetch in both years and crimson clover in 1995 released a 

significant amount of N by the end of the 16-week incubation period. Crimson clover and 

winter wheat + hairy vetch released N rapidly within the first two weeks. Cereal and grass 

monocultures released large amounts of N late in the growing season, while N release by 

the mixtures was intermediate. The presence of legumes in mixtures, regardless of the 

proportion, prevented immobilization of N , except for annual ryegrass + crimson clover in 

1996. Critical N concentration above which N mineralization occurred was determined as 

14.1 g kg"1 and this corresponded to a critical C:N ratio of 31.7. 

Results from this study shows that winter wheat + hairy vetch mixture seems to be 

more reliable than cereal/grass + crimson clover mixtures in terms of performance and N 



iv 

contribution upon decomposition and that mixtures may reduce the potential for short-

term N immobilization. 
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1. INTRODUCTION 

The Fraser River Delta is one of Canada's most productive agricultural lands. 

Delta also has the longest period of frost-free days in Canada and its deep, rich soils make 

it ideally suited for a wide diversity of agricultural practices such as arable crop production 

(peas, potatoes, corn and various cereals), dairy, sheep and beef production and fruit 

production (Luttmerding, 1981). However, out of an average precipitation of 1000 mm, 

nearly three quarters falls in the months from October to April and the remainder during 

the summer growing period. Due to the predominance of winter precipitation, mobile 

nutrients such as N0 3 " -N are nearly completely leached from soils resulting in low 

available soil N until soil temperatures increase beyond 10°C (usually May). This skewed 

distribution of precipitation puts an emphasis on careful management of mobile nutrients 

such as N 0 3 ' - N . Indeed, present day farming in Delta is far below its potential crop 

productivity because of the lack of appropriate soil and crop conservation practices. In 

order to address this issue, there is need to adopt soil and crop management practices 

which will sustain and enhance productivity of the agricultural soils in Delta. 

Establishing winter cover crops may help reduce nitrate losses by immobilizing and 

thus conserving N within the agricultural system. Proper choice and management of cover 

crops are important in maximizing their benefits and reducing potential problems. Many 

cereals or grasses and legumes can be used as winter cover crops either alone or in 

mixtures. Residues of legumes such as crimson clover and hairy vetch may have C/N 

ratios of 8:1 to 15:1, compared with ratios of 30:1 to 60:1 for wheat (Triticum aestivum 

L.) and rye residues (Clark et al, 1994; Sullivan et al, 1991; Wagger 1989a). When 
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leguminous species are used, the biologically fixed N released during residue 

decomposition may reduce fertilizer N requirements for a subsequent crop ( Holderbaum 

et al, 1990; Power, 1990; Hesterman et al., 1992). Cereals and grasses, however, 

provide no biologically fixed N , as do legumes and they pose the potential risk of 

immobilizing soil N because of their high C/N ratios. Therefore, managing the cover crops 

to reduce this potential could prove beneficial. One way to achieve this is to grow 

cereal/grasses and legume winter cover crops in mixtures. This will require skillful 

manipulation of legume and non-legume cover crops and timely and precise residue 

management. Such techniques to maximize the cover crop N availability to subsequent 

crops will depend on soil type, weather and other crops in the farming system. 

Cereal or grass and legume mixtures as green manure crops and in forage 

production systems were common in the 1950's (Cummings, 1954). Since that period, 

there have been few reports which have described cereal/grass and legume mixtures within 

the context of current production systems. Cereal or grass and legume mixtures result in 

greater dry matter yields per unit area than the respective monocultures (Roberts and 

Olson, 1942; Holderbaum et al, 1990; Sullivan et al, 1991). Additionally, a cover crop 

composed of a cereal or grass and legume mixture would have a lower C:N ratio than that 

of a pure cereal or grass (Ranells and Wagger, 1997a). Decomposition and subsequent N 

release from cover crop mixtures is also likely to be different from the respective 

monoculture. This is because separate pieces of residue could vary greatly in C:N ratios 

and decomposition rate. Low C:N ratio legume pieces could decompose faster than 

separate non-legume pieces. This possibly will affect N pool sizes and turnover rates as 

compared to the respective monocultures. Collins et al. (1990), in a 30-day incubation 
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experiment hypothesized that the decomposition of the mix of wheat parts (stems, leaves, 

leaf sheaths and chaff) was stimulated by fungal hyphal extensions from residue 

components with high substrate concentration to adjacent components with low substrate 

concentration. 

Information regarding relative patterns of cover crop dry matter production and N 

dynamics in relation to cover crop development stage is necessary to synchronize cover 

crop N release with demand of the subsequent crop. Soil water content in the spring is 

particularly important for farmers to determine the workability and trafficability of the soil 

when they need to incorporate the cover crops. Thus, best management practices for 

integrating various types of cover crops into the present crop rotation (peas, beans, 

potatoes, corn and grains) and for preventing leaching of residual soil N and conserving N 

within the agricultural ecosystem need to be established. In particular, cover crop species 

that provide satisfactory biomass production for green manuring while supplying N to 

succeeding crops need to be identified. This will require an adequate knowledge of the 

cover crop growth potential and degradation rate of residues incorporated into soil, as 

well as the residue effect on short- and long-term N availability in soil. 

Since the performance of cover crops as well as the decomposition and subsequent 

N release vary from one region to another depending on the climate and crop/soil 

management conditions, it is important to understand the N release patterns for specific 

residues under a particular set of environmental and crop/soil management conditions 

(Delta in this case). This may lead to management options aimed at synchronizing N 

availability to crop demand and thereby promoting more efficient nutrient management. 
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Most studies on N mineralization of crop residues have been based on laboratory 

experiments and have used either aerobic or anaerobic incubation under optimum 

conditions of temperature and moisture. Since laboratory estimates of N availability are 

insensitive to site environmental factors that are known to influence N mineralization of 

crop residues in soil, in-situ methods may provide the most accurate means of measuring 

N mineralization of cover crop residues. Finally, use of cover crops will alter the N cycle 

of Delta soils and needs to be considered as a factor in making subsequent fertilizer N 

recommendations. 

1.1. Statement of Objectives 

The general objective of this study was to determine cover crop performance and 

short-term N availability following decomposition of cover crop residues. Specific 

objectives were to determine the effect of cereal/grass and legume cover crop 

monocultures and mixtures on: 

1. fall residual soil N 

2. general cover crop performance for dry matter yield, N content and C/N ratio. 

3. soil water "versus" trafficability for cultivating and mowing. 

4. N mineralization from decomposition of the cover crop residues 

Data will suggest management practices for cover crops to retain N within the 

agricultural ecosystem. The following hypotheses were proposed to address the specific 

objectives outlined above. 
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1. ) Cover crop species seeded early in the fall will lower the amounts of fall residual N 

prior to winter leaching more than the late seeded cover crop species. 

2. ) Cover crop species seeded early in the fall will accumulate more biomass and N 

content than late seeded cover crop species. 

3. ) Cereal/grass and legume species in mixtures will have higher N content and lower C:N 

ratios than cereal or grass monocultures. 

4. ) Cover crops will increase soil water content in the spring and therefore determine the 

ability to mow or cultivate. 

5. ) N release pattern from cereal/grass and legume mixtures will be different from the 

respective monocultures. 

6. ) Total N release from decomposition and mineralization of cereal/grass and legume 

mixtures will be greater than cereal or grass monocultures 
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2. LITERATURE REVIEW 

2.1. Cover crop establishment 

Planting date is a crucial factor in determining the effectiveness of winter cover 

crops to intercept or trap residual mineral N that might otherwise be lost through leaching 

(Ditsch and Alley, 1991). Early planting has been shown to result in more reliable cover 

crop establishment since it provides an opportunity for more rapid root extension resulting 

in greater root exploration and increased N uptake (Medal and Balasko, 1989; Valovich 

and Grif, 1974). This reliable cover crop establishment as a result of early planting is 

attributed to the warmer temperatures and longer daylight periods prior to the onset of 

freezing temperatures and shorter daylight periods in winter. In areas where winters are 

harsh, establishment of cover crops can be difficult (Monks et al, 1997). Producers may 

have to consider planting cover crops prior to harvesting summer crops such as corn 

(Magdoff, 1991) or use shorter season cultivars to allow earlier harvest and extend the 

cover crop growing season. In south coastal British Columbia, the window of opportunity 

for cover establishment is small. The optimum dates for planting cover crops generally 

occur in late August to coincide with the early harvest of cash crops and late September to 

coincide with late harvest of cash crops (Bomke et al, 1993). Late planting, however, 

generally results in low dry matter production. 

Although early planting appears to favour good establishment and so should be an 

objective, it must be recognized that dry conditions at the time of planting can hamper 

cover crop establishment. Knight (1985) in a study at Mississippi State University 

reported that moisture was the limiting factor for the establishment of crimson clover 

planted between 15 August to 1 November. Temperature then became a critical factor 
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until about 15 February. Results from cover crop screening trials conducted by the Delta 

Farmers' and University of British Columbia Soil and Water Conservation Groups 

(Bomke et al, 1993) also indicated that dry conditions in fall 1992 delayed cover crop 

stand establishment prior to the onset of winter rains, thus resulting in low cover crop 

biomass yield. 

Cover crop establishment and subsequent growth vary with species. Cereal cover 

crops establish and grow quickly before growth is reduced by fall temperatures and 

daylight period. Legumes tend to grow slowly until they are well established. Therefore, 

much of the legume growth occurs in the spring when temperatures and daylight become 

more favourable. 

The ability of cover crops to withstand cold temperatures during winter also varies 

with species. The frost sensitive species such as spring cereals will normally winter-kill. 

True winter cereals such as winter wheat and fall rye will normally survive the cold winter 

temperatures though their growth during this period is minimal. Other species such as 

annual ryegrass grow rapidly in the fall yet exhibit good frost tolerance. Winter annual 

legumes like crimson clover and hairy vetch normally are winter hardy. However, crimson 

clover is not as winter-hardy as hairy vetch. Under harsh winter conditions and where soil 

heaving occurs in fall or early spring, crimson clover must be well established or it will 

winter-kill (Knight, 1985). Hairy vetch is hardy to -18°C or lower (USDA, 1968). Both 

crimson clover and hairy vetch legumes are more suited to well drained soils (USDA, 

1997) and therefore any water-logging situation at the site due to poor drainage will 

greatly affect their growth and dry matter biomass production. 
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Hairy vetch contains hard seed with 15 to 30% being the common range (Donald 

Myers and John Underwood, Department of Horticulture and Crop Science, Ohio State 

University, personal communication). These hard seeds can remain in the soil for several 

years, then germinate to develop into weeds which can be a serious problem particularly 

preceding a cereal crop (USDA, 1997). Scarifying the seed before planting may ensure 

complete germination in the fall and therefore reduce the weed problem in subsequent 

years (John Luna, Department of Horticulture, Oregon State University, personal 

communication). Harvesting or terminating hairy vetch cover crop growth before seed 

pods become filled may also be necessary to control a potential weed problem. 

2.2. Performance of cover crop mixtures 

Species mixtures are often planted as green manure (e.g., Holderbaum et al., 1990) 

and greater understanding of resource capture and use within these mixtures might point 

to agronomic practices for increasing mixture performance. A large number of factors 

(both plant and environmental) can influence growth of grass or cereal and legumes grown 

in mixtures. Basic physiological and morphological differences between grasses/cereals 

and legumes materially affect the nature of the competition for environmental factors that 

develops between species in various mixtures (Haynes, 1980). It is difficult to separate 

these differences as they are interrelated and they interact in a complex manner and in 

different ways in different situations. 
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2.2.1. Physiological factors 

The beneficial association of grasses/cereals and legumes is mainly related to the 

N2 fixation by rhizobia, allowing the legume to become largely independent of the soil N , 

and in time this fixed N may become available to the grass/cereal (Haynes, 1980). Under 

most conditions, N transfer occurs through decay of legume dry matter and roots and 

nodules (Backhuis and Kleter, 1965). Under some conditions, legumes may excrete 

soluble amino compounds, but this would rarely occur in the field (Butler and Bathhurst, 

1956). A more active mechanism might involve mycorrhizal fungi in the process 

(Haystead, 1983). Many agronomic experiments have shown that the amount of N 

transferred from legumes to associated grasses varies with species of legume, percentage 

legume in the mix, age of the mix and type of management (Chestnutt and Lowe, 1970). 

Differences in growth rates for species grown in mixtures will determine the final 

botanical composition of the dry matter biomass obtained. Clark et al. (1994) in their 

studies at Piedmont and Coastal Plain locations in Maryland noted that at high residual N 

levels (Piedmont) greater growth by rye resulted in a rye dominated mixture while at low 

residual N (Coastal Plain), there was less rye and consequently more vetch in the mixture 

by May. Growth vigor and yielding ability of components is another factor affecting the 

botanical composition of the mixture. Cowling and Lockyer (1967) observed that those 

grass species that are high yielding as pure stands are also high yielding when grown with 

clover and are those which are less compatible with white clover, particularly when 

environmental conditions favored grass growth. The rate of emergence and growth from 

seeds is also important. 
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Experimental work has shown that clovers are light demanding plants (Langer, 

1973). Grasses appear to adapt more readily to shaded conditions and are less affected by 

reduced light intensities than clovers (Langer, 1973). Data obtained by Blackman and 

Black (1959) confirm that in general, legumes are more light demanding than Italian 

ryegrass. 

2.2.2. Morphological factors 

Foliage architecture of the leaf canopy is fundamental to light interception by 

plants. Probably the most important feature of plants that determines their competitive 

ability for light is height (Haynes, 1980). Trenbath (1974) concluded that the component 

in mixture with its leaf area higher in the canopy is at a general advantage. The angles of 

leaves to the horizontal and the area of the leaves are also important adjuncts to canopy 

height in determining the competitive ability of plants for light. Legumes generally possess 

horizontally inclined leaves and absorb light from only a few layers of leaves, while in 

grasses/cereals light is distributed more evenly throughout the canopy because of their 

more upright leaves (Haynes, 1980). Hence, legumes are generally more prone to be 

shaded by competition than are grasses and therefore are poor competitors for light. The 

position is exacerbated by the fact that the grasses tend to be taller and their growth rate is 

generally greater than that of the associated legumes. 

Growth habit may also affect competition for space on the soil surface. For 

example, dicotyledonous plants may have prostrate or horizontal branches, as in most 

temperate legumes, while grasses may have the upright tiller growth habit (Pearson and 
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Ison, 1987). This may lead to higher percentage of ground cover by legume canopies. 

Harris and Thomas (1973) suggested that a white clover-ryegrass mixture provides a more 

stable association than a grass monoculture because of the ability of white clover to spread 

vegetatively by stolons into areas of bare ground, enabling a more efficient use of 

horizontal space. 

Root morphology may be a very important factor in competition for water and 

nutrients within mixtures. Evans (1977) found that, in general, grasses had longer, 

thinner, more finely branched roots than clovers, although they have similar root surface 

areas per unit dry weight. Pearson and Jacobs (1985) reported that the root length density 

(the length of roots per unit volume of soil) for annual legumes was 10 m m"3, while 

Garwood and Sinclair (1979) found that perennial grasses had a root length density of 35 

to 100 m m"3. In comparison, the root length density for the cereals was intermediate 

between annual legumes and perennial grasses (Hamblin and Tennant, 1987). 

2.2.3. Competition for environmental factors 

In practice, competition for light in a grass-legume mixture involves strong 

interactions with water and nutrient availability notably mineral N (Haynes, 1980). 

Competition for light may influence the rate of N transfer from legume to grass since 

shading of legumes restricts the supply of carbohydrates to the root system, thus causing 

death of nodule tissue and possibly an increase in the rate of transfer to the competing 

grasses (Chestnut and Lowe, 1970). 
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Some studies of interference between plant species have led to the conclusion that 

competition for nutrients is of greater importance than competition for light (e.g., 

Snaydon, 1971; Eagles, 1972; Hall, 1974). However, there is a large interaction between 

the two factors and competition for light is often causally related to competition for 

nutrients. Thus Donald (1963) noted that a plant's success in gaining a greater share of 

the limiting nutrient may cause such an increase in growth that a competing species may 

be suppressed secondarily by shading. However, in some situations where competition for 

light is low in a nutrient poor soil, the smaller plant may be at a competitive advantage 

(Newberry and Newman, 1978). The smaller plant may be able to grow relatively faster 

than the larger, so that despite its initial disadvantage it would not be suppressed further, 

and the smaller plant might increase its contribution to the total biomass of the mixture. 

2.3. Factors affecting residual mineral nitrogen prior to rainy season 

When large quantities of nitrogen are applied to a summer annual and/or to a crop 

producing unusually low yield due to drought, N0 3 " -N has been found to accumulate in 

the rooting zone at concentrations ranging from a few to several hundred ppm (Linville 

and Smith, 1971; Macgregor et al, 1974; Hahne et al, 1977). Maclean (1977) studied 

the movement of N C V - N on loam and sandy loam soils in Caldwell, Ontario and found N 

losses from plots receiving 448 kg N ha"1 tended to be low during the summer annual 

cropping season. However, these same soils were found to be susceptible to considerable 

loss of N between early fall and the following spring. Hence, the period of time 

immediately following summer annual crop harvest is the most critical period for recovery 
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of residual mineral N . Thus, cover crops, specifically non-legumes, have the potential to 

play an important role in minimizing effects of over-fertilization and/or low N uptake and 

crop removal. Cover crops trap the residual fall N and thus conserve it within the 

agricultural ecosystem provided that there is enough warm weather after summer annual 

harvest for significant growth of the cover crop before winter dormancy. 

Cover crops may take up N from the soil solution in the form of N0 3 ", N H / , urea 

and amino acids. The concentrations of these compounds in the soil solution is dependent 

on several biological, chemical and physical processes which add N to, or withdraw it 

from the chemically available pool (Engels and Marschner, 1995). 

The uptake rate of the different N forms from the soil solution is dependent on the 

uptake kinetics of the different transporters and the relative proportions of the N forms in 

the soil solution. In most non-flooded agricultural soils, N0 3 * concentrations in the soil 

solution at the beginning of the growing period are several orders of magnitude higher 

than N H / concentrations suggesting that N uptake of plants occurs mainly in the form of 

N 0 3 " (De Willigen, 1986). There are several causes for the low N H / concentrations in 

the soil solution, including adsorption at cation exchange sites of the soil matrix (Scherer 

and Mengel, 1986), autotrophic nitrification by microorganisms such as Nitrosomonas and 

Nitrobacter, heterotrophic nitrification in acid forest soils by various bacteria and fungi 

(De Boer et al., 1992), and immobilization of N by microorganisms, which show 

preference for N H / compared to N0 3 " (Recous and Mary, 1990). However, whereas 

N 0 3 " concentrations in the soil solution show large fluctuations within the growing period 

(De Willigen, 1986) and the N0 3 " reserves of the soil may become completely exhausted, 

the N H / supply to the root can be maintained through buffering by desorption of 
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previously adsorbed N H 4

+ . Furthermore, the N H 4

+ supply might gain importance after 

depletion of the initial soil pool of mineralized N , when N H / originating from 

mineralization is delivered directly to the roots within the rhizosphere (Clarholm, 1989). 

The autotrophic nitrification of N H / is retarded by low pH and low soil 

temperatures, favoring N H 4

+ nutrition on acid and cold soils. Accordingly, calcifuge plant 

species which are adapted to acid soils often absorb N H / in preference to N 0 3 " (Haynes 

and Goh, 1978). The uptake capacity for N0 3 " in barley cultivars or successions from 

regions with low soil temperature has been found to be lower than in those originating 

from warmer regions (Bloom, 1985). In a study comparing the N uptake of two barley 

varieties of different origin, the variety adapted to cold soils not only showed higher N 

uptake capacity at low temperatures, but also preference of N H / in comparison to NO3" 

uptake whereas the variety adapted to warm soils had similar values for NO3' and N H / 

uptake (Bloom and Chapin, 1981). Besides differences among genotypes in their 

preference for N H / o r N03"uptake (Bloom, 1985; Smart and Bloom, 1988), also within a 

given genotype of graminaceous species at supply of equimolar concentrations of N H / 

and N0 3 ", an increase in the proportion of N H 4

+ uptake was found with decreasing root-

zone temperatures (Macduff and Hopper, 1985; Clarkson et al, 1986). 

Plant uptake of N from the soil depends not only on the amount of chemically 

available N , but also on its spatial availability to plant roots (Engels and Marschner, 1995). 

Even in annual plant species, roots may penetrate deep into the soil, provided root growth 

is not restricted by adverse chemical or physical soil factors such as low pH or mechanical 

impedance. The role of root growth and morphological root characteristics for N uptake 

depends strongly on the level of available N in the soil. Nitrate may be supplied to the 
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roots by mass flow and diffusion, the contribution of each of these transport processes 

being dependent largely on the N0 3 " concentration in the soil solution (Strebel and 

Duynisveld, 1989). The contribution of mass flow to total N movement to roots during 

periods of maximum demand have been estimated as 25% in winter wheat (Barraclough, 

1986) and between 15% and 33% in spring wheat and winter barley (Strebel and 

Duynisveld, 1989). If N0 3 " is supplied by mass flow, the rate of N 0 3 ' uptake is limited by 

N 0 3 " concentration in the soil and water uptake rate by the roots, the latter being in turn 

limited by factors influencing transpiration losses by the plants; whereas if supply is by 

diffusion, the rate of N0 3 " uptake may be limited by the rate of N 0 3 " transport to the 

roots. The rate of N 0 3 " diffusion to the root surface is dependent mainly on the difference 

in N 0 3 " concentrations between the bulk soil solution and the soil solution at the root 

surface, the water content of the soil and the root surface area. The rate of N 0 3 " transport 

in the soil is unlikely to limit the N0 3 " uptake of high yielding crops of winter wheat and 

oilseed rape (Barraclough, 1986; 1989). 

In field grown plants, N 0 3 ' uptake may be restricted to certain root-zones because 

of lack of root-soil contact (Veen et al., 1992), cortical senescence in older parts of the 

root system (Lascaris and Deacon, 1991) or drying of the top soil. Furthermore, N 0 3 ' 

uptake of field grown plants often may take place at sub-optimal temperatures. 

There are many observations on morphogenetic effects of N supply on root 

systems. At low levels of N supply, plants respond with increased dry matter partitioning 

toward the root system, a corresponding increase in the root:shoot ratio (Brouwer, 1983; 

Chapin et al., 1988) and an increase in the length and density of root hairs (Fohse and 

Jungk, 1983; Boot and Mensink, 1990). Plants grown at low levels of N supply respond 
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to a localized increase in N supply by increasing lateral root growth in the zone of N 

enrichment, regardless of whether N is supplied as N0 3 " (Burns, 1991) or as N H / 

(Anghinoni and Barber, 1988). 

2.4. Cover crop biomass production and nitrogen dynamics 

The ability of cover crops to conserve residual N prior to the winter rainy season is 

directly related to the accumulation of the cover crop biomass. Hence, to be effective, the 

cover crop must be sown as early as is practicable in the fall. In a study carried out by the 

University of British Columbia Soil and Water Conservation Group and the Delta 

Farmers' Soil Conservation Group in the western Fraser valley, early seeded (25/8/92) 

cover crops produced more dry matter yield compared to late seeded (22/9/92) crops 

(Bomke et al., 1993). In the same study, it was noted that crimson clover seeded in 

August contained particularly high amounts of N (92 kg N ha"1) at ploughdown time the 

following April. Red clover had the highest N concentration but its vigor and dry matter 

accumulation was so low that it could not be expected to make a significant contribution 

to available N when seeded in the latter half of August or later. In contrast to clovers, the 

cereals and annual ryegrass had total N concentrations at ploughdown time of 0.9 to 1.3% 

and would immobilize or tie up soil available N in direct proportion to their dry matter 

yields. 

Bittman (1994) in a study at Agassiz, British Columbia, reported that cover crops 

planted in late September produced less than 0.5 tons of dry matter per hectare before 

winter, providing moderate winter protection to the soil. Among cover crops planted in 
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September, most fall growth was produced by spring rye, fall rye and winter wheat. 

Crops planted in late August to early September produced 2-10 times more fall growth 

than crops planted in late September. Early planting of cover crops was also important for 

trapping the N remaining in the soil after corn harvest. Cover crops planted in late 

September took up almost 45 kg N ha"1 in the mild fall of 1991/92 but less than 20 kg N 

ha"1 in the average fall of 1992/93. Cover crops contained 30-45 g kg"1 N in November. 

Cover crops planted in early September took up 2-5 times more N than those planted in 

late September. Greatest N uptake for both early and late plantings was by spring rye and 

winter wheat. Ranells and Wagger (1996) reported that the greatest cover crop N content 

averaged over a two year period occurred with hairy vetch monoculture (154 kg N ha"1), 

compared with a low of 41 kg N ha"1 for the rye monoculture. When grown in biculture, 

with rye, hairy vetch accumulated more dry matter and biomass N compared with crimson 

clover, both as a proportion of the biculture and as dry matter yield. 

Elsewhere, Doran and Smith (1991) reported greater quantities of N accumulated 

in legume winter cover crops in the humid temperate environments of the east and south 

east U S A than in cover crops in the sub-humid western corn belt and eastern great plains. 

Legume winter cover crops commonly accumulated from 67 to 168 kg N ha"1 in the east 

and southeast as compared with 34 to 45 kg N ha"1 in the drier cooler climates of Iowa 

and Nebraska. Cereal rye was shown to take up more N than other small grain cover 

crops in Maryland (Brinsfield and Staver, 1989). Rye continued to take up N until 15 

April in Maryland, and took up more N when soil residual N was high (Shipley et al., 

1992). Hairy vetch accumulated twice as much N by mid-May (166 kg ha"1) as by early 

April (Clark et al, 1989). Root N estimated from the literature by Shipley et al. (1992) 
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accounted for an additional 25% N for rye and 10% for vetch. A legume-grass mixture 

may accumulate as much or more top growth N than either component grown alone. 

Reported data range from 90 to 176 kg ha"1 (Steffens and Street, 1957; Holderbaum et al, 

1990; Sullivan et al, 1991). Root N may account for 10-33% additional N (Steffens and 

Street, 1957; Mitchell and Teel, 1977). " 

Date of termination of cover crop growth affects cover crop dry matter yield, N 

concentration, N content and C/N ratio. Clark et al. (1995), in a study to determine 

optimum spring kill date found that hairy vetch biomass and N content increased 

significantly from 2800 to 4630 and 96 to 149 kg ha"1 respectively between early April to 

mid-May. Duggar (1899) reported hairy vetch yields of 4447 kg ha"1 on 19 April and 

7701 kg ha"1 by 9 May in Alabama, with corresponding N contents of 156 and 227 kg ha"1. 

Bailey et al. (1930) reported hairy vetch yields of 5829 kg ha"1 on 25 March, 9865 kg ha"1 

on 5 April and 13452 kg ha"1 on 25 April in Alabama. Wagger (1989b) reported an 

increase of 2000 kg ha"1 by hairy vetch from late April to early May in North Carolina. In 

Maryland, most spring growth of hairy vetch occurs between 15 March and 15 May 

(Clark et al, 1995). Although both hairy vetch and cereal rye accumulate more top 

growth dry matter and N when spring kill date is delayed, several authors (Duggar 1899; 

Bailey et al, 1930; Sullivan et al, 1991) noted that the C/N ratio of rye increases rapidly 

during this period often exceeding 25:1 even when killed early (Wagger, 1989a). The C/N 

ratio of hairy vetch remained <15:1 regardless of spring kill date (Clark , 1993). The C/N 

ratio of a vetch-rye mixture was >25:1, as was the C/N of vetch-wheat mixtures (Steffens 

and Street, 1957; Skarpool etal, 1987; Holderbaum et al, 1990; Twidwell etal, 1996). 
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Ranells and Wagger (1992) harvested crimson clover at four growth stages (late 

vegetative, early bloom, late bloom and early seed set) in order to determine N release 

from crimson clover in relation to plant growth stage and decomposition. Averaged over 

two years, dry matter production increased from 2.3 to 5.6 t ha"1 and N concentration 

declined from 30.2 to 21.2 g kg"1 as crimson clover matured from late vegetative to early 

seed set growth stages. Results indicated that allowing crimson clover to attain the late 

bloom stage prior to desiccation and planting of the summer crop can maximize clover top 

growth N content and subsequent N release. Under southern U S A climatic conditions, 

accumulation is greatest from the late vegetative to bloom stages. A 2-week delay in 

desiccation during this rapid growth phase increased mean dry matter yield 41% in the 

North Carolina Piedmont (Wagger, 1989a). On a Mississippi mollisol, Brink (1990) 

reported a 30% increase in herbage production from early April to maturity (4 weeks 

later). Nitrogen concentration decreases as crimson clover plants mature, due to the 

decrease in leaf : stem ratio as well as greater decrease in quality of the stem fraction 

compared to the leaf fraction (Akin and Robinson, 1982). Lower N concentration can 

also result from a dilution effect due to increased cover crop biomass with a delay in plant 

desiccation (Wagger, 1989a). The author reported, however, that total crimson clover N 

content increased by 23% due to increased biomass accumulation from mid-bloom to early 

seed set. 
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2.5. Soil mineral nitrogen levels under cover crops 

A number of researchers have reported on the role of cover crops to scavenge soil 

nitrate during the fall and winter and reduce the nitrate leaching into the ground water. In 

a study conducted by researchers at Oregon State University on Cloquato silt loam, at 

Grover farm in Salem, Oregon, (Luna et al., 1993), soil nitrate concentrations were 

dramatically reduced under both barley and cereal rye cover crops when compared to the 

non-cover-cropped fallow plot prior to winter. Soil nitrate levels increased under the 

hairy vetch plots, however, suggesting an increased leakage of N from the legume. 

Adding legume to the rye in a mixture gave nearly identical reduction of nitrate leaching to 

rye alone; the addition of vetch to barley reduced soil nitrate concentrations, but not as 

well as rye and vetch mixtures. The increase in soil nitrate concentrations under vetch was 

attributed to increased nitrogen contribution to the soil and perhaps to increased area of 

soil macropores resulting from the enhanced earthworm populations under vetch. 

Bergstrom (1986) noted that fertilized (120 kg N ha"1) annual ryegrass intersown with 

barley (Hordeum distichum L.) reduced the mineral N content in the surface 1 m of soil by 

23 kg N ha"1 compared to similar treatments without ryegrass. Shipley et al. (1992) 

reported that grass cover crops seeded in the fall conserved the most fertilizer N as 

compared to legumes. Cereal rye recovered more fertilizer N through mid-April because 

of its growth in cool weather, although annual ryegrass was equally effective if grown to 

mid-May. 

Other investigators have monitored the soil N0 3 " -N content below field-grown 

cover crops during fall and winter (Nielsen and Jensen, 1985; Staver and Brinsfield, 1990). 

In these studies, the researchers observed marked reduction in the size of the mobile N0 3 "-
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N pool below grass cover crops. For example in Maryland, a rye cover crop reduced the 

NGV-N content in the surface 30 cm of soil from 58 to 13 kg N ha"1 during winter (Staver 

and Brinsfield, 1990). In a study to compare winter N0 3 " -N leaching losses under winter-

fallow and a winter cereal rye (Secale cereale L.) cover crop following the harvest of 

sweet corn (Zea mays L.) or broccoli (Brassica oleracea var. italica Plenck) in western 

Oregon, Brandi-Dohrn et al. (1997) reported that winter cereal rye reduced NO3 leached 

by 16 kg N ha"1 following sweet corn in 1992-1993, by 35 kg N ha"1 following broccoli in 

1993-1994, and by 34 kg N ha"1 following sweet corn in 1994-1995. In Denmark, Nielsen 

and Jensen (1985) compared annual ryegrass with legume covers after spring barley crop 

by collecting soil samples to 100 cm and determining N0 3 "-N. The soil N0 3 " -N levels 

were lower below the legumes (37 kg ha"1) than under fallow plots (67 kg ha"1), but the 

annual ryegrass further lowered the soil N0 3 "-N pool to 25 kg ha"1. Hoyt and Mikkelson 

(1990) measured low soil N0 3 "-N concentrations under the rye and vetch cover crops 

down to 40 cm (less than 2 mg kg"1 N0 3"-N). Soil N under rye cover continued to be low 

(<2 mg kg"1) down to 76 cm (probably the lower depth of rooting), then increased to 

around 10 mg kg"1 N0 3 " -N down to 200 cm. Soils under vetch began to increase in N 0 3 ' -

N concentration at 40 cm to around 5 mg kg"1 N0 3 " -N and increased gradually to a depth 

of 200 cm. A 13-year study of the carry-over of residual fertilizer N in various soils in the 

Netherlands, found that over-winter rainfall exceeding approximately 300 mm during 

November-February resulted in complete N0 3 " leaching loss and no fertilizer N carry-over 

from one year to the next (van der Paauw, 1963). Powlson et al. (1986) found that winter 

rainfall >300 mm leached 80% of N0 3 " from the silty clay loam soil at Rothamstead. With 

substantially more winter rainfall (500-1000 mm), cover crops in south coastal British 
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Columbia begin the spring growth period with virtually no available soil N . A study 

conducted by Kowalenko (1987) in the Fraser Valley, British Columbia, showed that the 

potential for N leaching is very high during the winter and that residual inorganic N after 

the growing season would not be available for crop growth in the spring. 

The above data consistently show that non-legumes are superior to legumes in 

reducing N leaching. Field observations indicate that it is probably related to fall growth 

rates. The legumes are usually slow to establish and exhibit little fall growth, which allows 

N to leach below their root zone before they resume active spring growth. Many non-

legumes, on the other hand, are quick to establish and exhibit rapid fall growth that allows 

them to compete in a timely manner with N leaching. 

2.6. Spring soil water content under cover crops 

Cover crops can affect soil water relations especially in the spring by increasing 

infiltration (McVay et al, 1989) and/or reducing evaporation (Villalobos and Fereres, 

1990), and by transpirational water use (Zachariassen and Power, 1991). These processes 

will depend on (i) whether the cover crop is still growing or winter-killed and (ii) date of 

termination of the cover crop growth in the spring. Spring growth of hairy vetch (Corak 

et al, 1991), crimson clover (Ewing et al, 1991; Holderbaum et al, 1990) or rye (Secale 

cereale L.) (Munawar et al, 1990; Raimbault et al, 1991) may deplete soil water, 

adversely affecting the growth and yield of a subsequent corn crop (Decker et al, 1994). 

Conversely, soil water conservation by killed cover crop residues can result in more 

favourable soil moisture conditions for the subsequent crop (Moschler et al, 1967; 
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Gallaher, 1977; Corak et al, 1991; Munawar et al, 1990; Holderbaum et al, 1990; 

Myers and Wagger, 1991). In Maryland, Clark et al. (1995) found that gravimetric soil 

water under mid- or late kill vetch was often significantly greater than after early kill 

vetch. The authors concluded that soil water conservation by late kill vetch mulches had a 

greater influence on corn production than vetch spring water use. Optimum N production 

and water conservation occurred when vetch was killed during the last week of April. 

Early kill vetch sacrificed N production and minimized soil water conservation resulting in 

reduced corn grain yield. Late kill did not add significant N benefits, but could deplete 

soil water or interfere with timely corn planting when spring rainfall is low particularly if 

allowed to grow into May. 

2 .7 . Decomposition and nitrogen mineralization of cover crop residues 

2 . 7 . 1 . Methodologies used in nitrogen mineralization studies 

Most studies on N mineralization of crop residues have been based on laboratory 

experiments and have used either aerobic or anaerobic incubation under optimum 

conditions of temperature and moisture. Since laboratory estimates of N availability are 

insensitive to site environmental factors that are known to influence N mineralization of 

crop residues, in-situ methods may provide the most accurate means of measuring N 

mineralization of crop residues. Several in-situ methods have been developed to assess 

soil N availability. Such methods can also be used for crop residue mineralization studies 

(Rouppet et al, 1994). The methods include the buried bag technique (Eno, 1960), use of 

ion exchange resin bags (Binkley and Matson, 1983), closed top tube (core) incubations 
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(Adams and Atiwill, 1986) and the in-situ resin core method (DiStefano and Gholz, 1986). 

The in-situ resin core method (ISRCM) combines the resin bag and closed top methods in 

a system that incorporates in-situ incubations in open tubes with bags of ion exchange 

resin on the top and/or bottom. The resin bag on top of the tube de-ionizes throughfall 

entering the tube, and the resin bag on the bottom captures any ions leaching from the 

core. After the incubation period, the resin bag on top is discarded and the soil and 

bottom resin bag are extracted, generally, with potassium chloride (KCI). The extractable 

nitrate (N03") and ammonium (NH/ ) from the soil and the bottom resin bag estimate N 

mineralized during the incubation period. 

While no one method has proved useful for all situations, the ISRCM is potentially 

superior to other in-situ methods because it allows moisture and temperature in the core 

to fluctuate through the incubation period. It may also be better than both buried bag and 

closed top core methods by allowing the products of N mineralization to be removed from 

the core. This would minimize feedback effects of N0 3 " and N H / accumulation on 

mineralization and immobilization processes. 

2.7.2. Factors affecting decomposition and nitrogen mineralization 

The rate of decomposition of an organic waste or crop residue depends primarily 

on its chemical composition and on those factors which affect the soil environment (Parr 

and Papendick, 1978). Factors having the greatest effect on microbial growth and activity 

will have the greatest importance in residue decomposition in soil. Soil factors of greatest 

importance in residue decomposition include water, temperature, pH, aeration or O2 
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supply and available nutrients. Residue factors include chemical composition of the 

residue, carbon : nitrogen ratio, lignin content, age of plant material, particle size, 

indigenous microflora, method of application to soil and allelopathy. Most of these 

factors are interdependent and a change in one may affect change in others. A review of 

how these factors affect residue decomposition follows. 

2.7.2.1. Soil environmental factors 

Residue decomposition requires water for microbial growth and for the diffusion 

of nutrients and by-products during the breakdown process (Parr and Papendick, 1978). 

Soil microorganisms exhibit a wide range of adaptability to water stress, with some 

remaining alive in spore or cyst forms at water potentials of -40 MPa (Cochran et al, 

1994). However most soil biological activity occurs between -0.01 and -1.5 MPa (Griffin, 

1981). In the field, water content of soil fluctuates both diurnally and seasonally with the 

greatest and most rapid changes occurring in the surface layers (Parr and Papendick, 

1978). Major changes in deeper soil layers occur only through rain, irrigation or plant 

extraction. Species composition of the microflora is regulated to a large extent by water 

availability. Bacterial activity is greatest at high water potentials (wet conditions) but is 

noticeably decreased at about -0.3 MPa and markedly so at -1.5 MPa (Clark, 1967a). 

Fungal growth is often decreased in wet soils where bacteria flourish, suggesting that 

bacteria may be antagonistic to fungi at high water potentials, while at low potentials, 

fungi may escape antagonism since bacteria are less active (Cooke and Papendick, 1970). 

Although the rate and extent of most microbial transformations tend to decrease with 
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decreasing water potentials, some processes can apparently continue at very low water 

potentials. Barthlomew and Norman (1947) observed that decomposition of various plant 

residues did not cease until the soil relative humidity was lowered to about 80% which 

corresponds to a water potential of -30 MPa. 

In the soil, water acts as a medium of nutrient transport. Diffusion of solutes is a 

function of water content (Papendick and Campbell, 1981). The path of solute diffusion 

becomes more tortuous as water films become thinner upon drying. Thus the path of 

solute movement becomes longer and the solute moves at a slower rate through the soil. 

As the soil pores become filled with water, diffusion of gases slows because gaseous 

diffusion is slower in water than in air (Baver, 1961) and also microbial growth in 

localized sites may be limited by low O2 supply or build up of toxic gases. Maximum 

biological activity occurs at a water content where the limits of solute and gaseous 

diffusion are balanced and neither is more limiting than the other. Linn and Doran (1984) 

have found that for many soils this is about 60% water-filled pore space. 

Temperature has a profound influence on the growth and activity of 

microorganisms and consequently will greatly affect the decomposition rates of crop 

residues (Parr and Papendick, 1978). Most soil microorganisms are mesophilic and are 

active between 10 and 30°C (Atlas and Bartha, 1987). Sommers and Biederbeck (1973) 

reviewed selective effects of temperature on the total soil microflora and concluded that 

temperature increases in the mesophilic range usually result in increased numbers and 

activities of the microflora. The authors also reported that when soils were incubated at 

increasing temperature, decomposition of organic matter was markedly accelerated, with 

actinomycetes becoming predominant over bacteria and fungi at the higher temperatures. 
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Conversely, according to Stefanik (1968), as soil temperatures are decreased below 20°C, 

the growth of actinomycetes was decreased to a greater extent than either bacteria or 

fungi. 

Temperatures in the field undergo both diurnal and seasonal variations and as in 

the case of water, the changes are greatest and most rapid at the soil surface (Parr and 

Papendick, 1978). During high solar radiation, the bare surface of wet soils may exceed 

35°C, while dry soils may reach 60°C. Diurnal temperature fluctuations of 35°C or greater 

may occur at the soil surface in temperate zones. These fluctuations diminish with soil 

depth and approach the mean value which usually varies only slightly with depth. 

Most studies of decomposition rates have been conducted at constant temperatures 

(Reinertsen et al, 1984; Quemada and Cabrera, 1995). However, microbial growth and 

activity at a constant temperature may be conditioned to some extent by the previous 

temperature. For example, incubation of previously unfrozen soil at fluctuating 

temperatures (14 to 30°C) was less destructive to microbial numbers than for soil that had 

been previously frozen, and reductions in numbers were greater with fluctuating 

temperatures than when held at 8°C (Campbell et al, 1970; Biederbeck and Campbell, 

1971). Apparently a deleterious effect of fluctuating temperature is most evident when the 

maximum or minimum temperature within a cycle approaches of exceeds a point that is 

critical to the growth of the organisms. The harmful effect may then persist for some time 

after temperatures have returned to the optimum range. When temperatures fluctuate 

within the optimum microbial growth range, there is little, if any, detrimental effect from 

those changes and growth appears to be related to the mean temperature of the cycle. 
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Soils vary in pH from strongly acidic (pH<5) to strongly alkaline (pH>8.5). Many 

species of bacteria and actinomycetes have pH optima near neutrality, but are not 

restricted to these pH ranges. However, crop residue decomposition in acid soil is 

sometimes associated with a predominance of fungi (Parr and Papendick, 1978). 

2.7.2.2. Crop residue factors 

Initial residue quality plays a pre-eminent role in determining the rate of residue 

decomposition and nitrogen mineralization (Knapp et al., 1983). Somewhat contradictory 

results have been reported when studying the chemical characteristics of plant residues 

that control the decomposition process. N content and C/N ratio have been broadly 

mentioned as useful indicators (Iritani and Arnold, 1959; Barthlomew, 1965; Jansson and 

Persson, 1982; Frankenberger and Abdelmagid, 1985; Muller et al., 1988). Materials rich 

in N (i.e., having a narrow C/N ratio) favor mineralization. These include residues of 

legumes. Those with a low N content (i.e., a wide C/N ratio such as cereal straw) favour 

immobilization, because such materials contain too little N , at least in readily 

decomposable forms to satisfy the requirements of the microbial population responsible 

for their decomposition. However, use of critical C/N ratios and initial N contents have 

been criticized because they are site (soil N content) and species specific. Additionally, 

residues with very similar C/N ratios can have different decomposition rates because of 

variations in chemical constituents (Minderman, 1968; Stott and Martin, 1989). Other 

studies have reported lignin or lignin/N ratio as being important characteristics governing 

the decomposition process (Berg and Staaf, 1980; Muller et al., 1988; Vigil and Kissel, 
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1991). Honeycutt et al. (1993) suggest that part of this apparent disagreement might be 

due to different lengths of the studies, to the absolute content and relative proportions of 

chemical constituents in the plant material, and to the methodology and interpretation. 

Most studies conducted to characterize the rate and extent of decomposition of 

various crop residues as affected by the method of application to soil have shown that 

buried residues decomposed to a greater extent than surface residues (Smith and Douglas, 

1968; Brown and Dickey, 1970; Sain and Broadbent, 1977; Douglas et al, 1980; Cogle et 

al, 1987). This was mainly because greater soil-residue contact, a more favourable and 

stable micro-environment for decomposition and increased availability of exogenous N for 

decomposition by microorganisms. However, Parr and Papendick (1978) suggest that 

with better control of the temperature and moisture regimes at the surface to maximize 

activity of the indigenous microflora, the decomposition of surface residues may approach 

or exceed that which results from soil mixing or layering. 

Most crop residues contain populations of indigenous microorganisms, including 

bacteria, fungi and actinomycetes (Parr and Papendick, 1978). Humfeld and Smith (1932) 

reported that the bacterial count on vetch foliage four days after ploughing under green 

manure crop was significantly greater than in the soil adjacent to the green manure layer. 

The authors concluded that the green manure was decomposed by its initially high 

indigenous population of bacteria, and essentially independent of the soil microflora. The 

authors further suggested that the soil had merely provided favourable conditions of 

temperature and moisture to support rapid decomposition of the vetch by its own 

indigenous microflora. 
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Considerable evidence has been collected to suggest that allelochemicals from 

living plants or their residues may inhibit nitrification by Nitrosomonas in forest (Rice and 

Pancholy, 1973) and grassland systems (Purchase, 1974). Very little research has 

however been done in agricultural soils. Moore and Waid (1971) reported a significant 

(84%) reduction in nitrification by ryegrass exudates. Since neither microbial 

immobilization nor denitrification appeared to be affected, the researchers concluded that 

the exudates contained inhibitors of nitrification. 

2.7.3. Nitrogen availability following decomposition of Cover Crop residues 

The short-term N availability from cover crop residues depends largely on the N 

mineralization-immobilization processes which are influenced by the chemical composition 

of the residues, degree of residue incorporation in soil, and soil temperature and moisture 

regimes. Ideally, any N containing material must be able to produce a large pool of 

mineral N before the period of rapid N uptake by a crop (Stute and Posner, 1985). If the 

mineral pool in soil is produced too early, it can be potentially lost to leaching and/ or 

denitrification. If released too late, it will not benefit the crop, and poses a potential threat 

to groundwater quality via leaching. Therefore, efficient utilization of N contained in 

cover crop residues by subsequent cash crops requires an understanding of temporal 

patterns of N release as related to specific management strategies (Wagger, 1989a). 

Several studies have been conducted to determine N availability to subsequent 

crops following decomposition and mineralization of various species of cover crop 

residues. Power and Broadbent (1989) reported that 50% of legume N was mineralized 
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during a subsequent summer growing season. Actual legume N recovery by subsequent 

crops such as wheat, corn {Zea mays L.) and barley (Hordeum vulgare L.) ranged from 

11% to 28% in several studies, approximately one third of the mineralized estimate. 

Ranells and Wagger (1996) reported that eight weeks after desiccation, 75 to 80% of 

hairy vetch and crimson clover residue N was released, compared with 50% from rye 

residue. Touchton et al. (1982) showed that the use of crimson clover (Trifolium 

incarnatum) eliminated the need to fertilize grain sorghum. In western Tennessee, Tyler 

et al. (1987) observed that corn yields were greater when following hairy vetch, Austrian 

winter peas (Pisum sativum) or crimson clover than when following winter wheat 

regardless of the amount of N fertilizer applie'd. Most studies conducted in the southeast 

U S A have shown that regardless of tillage system, decomposing legumes release a pulse 

of available mineral N at 2 to 5 weeks after killing of the cover crops in spring (with 

herbicide or tillage), followed by a gradual decline over the growing season (Ebelhar et 

al, 1984; Groffman et al, 1987; Sarrantonio and Scott, 1988; Utomo et al, 1990). The 

magnitude of the pulse has been shown to be greater in conventional tillage (CT) systems 

relative to no till (NT) (Groffman et al, 1987; Sarrantonio and Scott, 1988) suggesting 

greater mineralization by the incorporated residues. Wilson and Hargrove (1986) and 

Wagger (1989a) found that green manures decompose rapidly (e.g., 50% loss of biomass 

within a month) in warm southern soils. Not all reports, however, suggest that green 

manures are a good source of N for corn. In Kentucky, Huntington et al. (1985) reported 

that hairy vetch and rye cover crop N became available after corn silking, resulting in high 

levels of mineral N late in the season and, ultimately, poor synchronization between N 

availability and corn demand in a no-till system. Groffman et al. (1987) observed that late 
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season mineral N levels were higher following a cover crop than following N fertilizer. 

Despite high levels of mineral N late in the season, the scientists reported that leaching 

losses were insignificant. Sarrantonio and Scott (1988) reported accumulation of N C V - N 

below 22 cm late in the growing season following a hairy vetch cover crop that was 

incorporated. In contrast, Ebelhar et al. (1984) reported that mineral N levels following 

hairy vetch, declined over the growing season due to crop uptake; by September, the 

researchers noted N deficiency symptoms in corn, suggesting poor late season availability. 

In the Pacific Northwest, Burket et al. (1997) working on a Willamette silt loam at 

the North Willamette Research and Extension Center near Aurora, Oregon, reported that 

cereal rye repeatedly incorporated into soil in the spring for 5 cropping years did not 

reduce the amount of supplemental N required by the summer crop. The researchers 

concluded that more time may be needed under Pacific Northwest soil and climate 

conditions before N can accumulate to levels where recycled cover crop N is available to 

summer crops in cereal rye cover-cropped soils. 

Limited information exists on patterns of N release from cereal/grass-legume 

mixtures. Ranells and Wagger (1996) studied the pattern of N release from grass + 

legume cover crop monocultures and bicultures. The investigators reported estimates of 

N (kg ha"1) released from cover crop residue after 8 weeks of field decomposition, 

averaged over two years as 24 for rye, 60 for crimson clover, 132 for hairy vetch, 48 for 

rye-crimson clover and 108 for rye-hairy vetch. The order of N release rates (rapid to 

slow) was hairy vetch > crimson clover = rye-hairy vetch > rye-crimson clover = rye. The 

authors observed only slight reductions in N release from grass-legume mixtures 

compared with legume bicultures. 
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Studies conducted by Burket et al. (1997) suggest that a legume is needed in a 

cover crop mix or alone for farmers to reduce N application below the recommended rate 

for subsequent vegetable crops. Legume winter cover crops contributed significant 

amounts of N to increase sweet corn and broccoli yields. Sweet corn following a legume-

containing cover crop and fertilized at one-quarter the recommended N rate, produced ear 

yields equivalent to those of sweet corn at the recommended N rate with winter fallow or 

a cereal rye cover crop. Similarly, in 1991, broccoli yields after a legume winter cover 

crop and with one-half the recommended N rate were not significantly different from 

yields following winter fallow or cereal rye winter cover crops at the recommended N 

rate. 

Other investigators have studied N release patterns of isolated cover crop leaves 

and stems (Collins et al., 1990a; Quemada and Cabrera, 1995). The dynamics of C and N 

mineralization of a mix of cover crop leaves and stems were found to be different from the 

patterns predicted from isolated leaves and stems (Quemada and Cabrera, 1995). The 

results indicated a strong interaction between stems and leaves during early stages, which 

may be relevant for predicting N mineralization from cover crop residues. Collins et al. 

(1990a), in a 30 day incubation experiment, showed that when a mix of wheat parts 

(stems, leaves, leaf sheaths and chaff) decomposed together, cumulative CO2 evolution 

was larger than that predicted from individual components. They hypothesized that 

decomposition of the mix was stimulated by fungal hyphal extensions from residue 

components with high substrate concentration. 
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2.8. Summary 

Studies conducted on cover crops have clearly demonstrated the potential benefits 

of cover cropping for improved N cycling and reduced N0 3 " -N leaching. This is 

particularly important in areas characterized by high winter precipitation which may leach 

out residual fall N . Cereal and grass cover crops have been shown to be the most effective 

in capturing residual N in the fall due to their rapid establishment. Leguminous cover 

crops on the other hand have been shown to enhance the growth of succeeding crop 

through the release of biologically fixed N upon decomposition (Hargrove, 1986; 

Meisinger et al, 1991), hence reducing fertilizer N requirement of the crop. Few studies, 

however, have been conducted with cereal or grass and legume cover crop mixtures. 

Results from these studies suggest greater benefits with mixtures since the nutrient 

scavenging abilities of grasses and cereals may be combined with the N contribution of a 

legume for the production of a subsequent crop (Ranells and Wagger, 1997a). These 

effects of cover crops, however, could vary with geographical locale because climate and 

soil conditions intimately influence cover crop growth and the rate of residue 

decomposition (Stevenson, 1986). Therefore, it is likely that results from such studies will 

be applicable only over a rather narrow range of climatic conditions. Hence, there is need 

to determine cover crop performance and N release patterns from cover crops under 

Fraser River Delta, British Columbia, soil and climatic conditions. 
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3. PERFORMANCE OF F A L L PLANTED CEREAL/GRASS AND L E G U M E COVER 
CROP MONOCULTURES AND MIXTURES 

3.1. INTRODUCTION 

Due to the predominance of winter precipitation in the Fraser River Delta, 

establishing winter cover crops may help reduce nitrate losses by immobilizing and thus 

conserving N within the agricultural ecosystem. Cereal or grass and legume cover crops 

planted in mixtures often provide greater benefits than either planted alone (Scott et al., 

1987) since the nutrient scavenging abilities of cereals or grasses may be combined with 

the N contribution of a legume for the production of a subsequent crop (Ranells and 

Wagger, 1997a). Additionally, a cover crop composed of a cereal or grass and legume 

mixture would have a lower C/N ratio than that of cereal or grass alone (Ranells and 

Wagger, 1997a; Sullivan, 1991) and thus lower the potential for N immobilization. 

The ability of cover crops to capture residual N will vary with the species. In 

Maryland, Shipley et al. (1992) noted that the average cover crop fertilizer N uptake (kg 

ha"1) in mid-April after 336 kg N ha"1 treatment was 48 for cereal rye, 29 for annual 

ryegrass, 9 for hairy vetch and 8 for crimson clover thus indicating the ability of the 

cereal/grass to capture greater amounts of residual fertilizer N than legumes. 

The success of cover crop establishment is important in determining the 

effectiveness of cover crops in taking up fall residual N . Previous studies (Medal and 

Balasko, 1989; Bittman, 1994; Richards et al., 1996) have shown that early planting dates 

result in more reliable cover crop establishment. However, it must be recognized that dry 

conditions at planting time may delay cover crop establishment. Subsequent winter 

weather conditions will also determine the performance of cover crops. 
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Traditionally, cover crops have been allowed to grow until the summer crop is 

planted, resulting in residues with high C:N ratios (Ditsch and Alley, 1991). The C:N 

ratio of the residues will dictate to a large extent, N availability to the following crop. 

Terminating the cover crop growth early narrows the C:N ratio thus reducing the potential 

for N immobilization. Therefore, knowledge of cover crop dry matter yield and N 

accumulation patterns in the spring is important especially if the objective is to provide N 

to the following summer crop. This may be useful in cover crop management during the 

early spring in order to better synchronize cover crop N release and demand by the 

summer crop. Soil water content in the spring is particularly important for farmers to 

determine the workability and trafficability of the soil. Performing farming operations 

when a soil is untrafficable often results in structural damage. Therefore, if a farmer wants 

to terminate the growth of the cover crop at a particular stage of growth when the C:N 

ratio favours mineralization or to incorporate the cover crop in the spring, knowledge of 

soil water content is necessary. 

The objectives of this study were to determine the effects of cereal/grass and 

legume cover crop monocultures and mixtures on: (i) overwinter and spring cover crop 

biomass yield accumulation and N production, (ii) fall residual N and (iii) spring soil water 

content. 
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3.2 MATERIALS AND METHODS 

3.2.1. Study site and field experiment set-up 

This study was conducted during the fall periods of 1993, 1994 and 1995 on 

Westham Island in the Fraser River Delta, located in the southwest of mainland British 

Columbia, just 30 km south of Vancouver (49° 15' N and 123° 00' W). The study was 

part of a larger cover crop screening program by the University of British Columbia Soil 

and Water Conservation Group and the Delta Farmers' Soil Conservation Group. Four 

experimental sites were used (i) 1993-94 Singh site (ii) 1994-95 Ellis site and (iii) 1995-

96 Swenson and Reynolds sites (Figure 3.1). The soil on these sites was a Westham silty 

clay loam, generally classified as Rego Humic Gleysol (Luttmerding, 1981). Basic 

properties of these sites are shown in Table 3.1. 

Cover crops were planted at two different dates in all the years of the study; Early 

planting (third week of August) and Late planting (third week of September). The 

location, year, previous cropping, planting and sampling dates in all years of study are 

summarized in Table 3.2. 
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Table 3.1. Some soil physical and chemical properties of the experimental sites at 0-20 
cm depth. 

Site/Year 

Parameter Singh Ellis Swenson Reynold 
Measured 1993-94 1994-95 1995-96 1995-96 

Sand (%) 3.2 2.5 3.6 2.0 
Silt (%) 67.9 68.3 66.8 69.6 
Clay (%) 28.9 29.2 29.6 28.4 
Textural class SiCL SiCL SiCL SiCL 
pH 5.8 6.3 5.1 5.5 
EC (ds m - 1) 1.7 1.2 1.3 0.7 
Total C ( g kg 1 ) 19.1 16.0 16.7 13.9 
Total N (g kg 1 ) 1.6 1.8 1.5 1.6 
CEC (Cmolc kg 1 ) 18.9 19.4 18.8 19.1 
Available elements (mg kg1) 
P 155 109 130 255 
K 252 270 290 • 254 
Ca " 1825 2360 1590 1826 
M g 304 259 230 163 
Na 95 41 30 18 

Particle size determined by Hydrometer method; pH, determined in 1:1 soil-water suspension; EC, 
electrical conductivity determined in 1:1 soil to water extract; CEC, cation exchange capacity determined 
using neutral LWNH 4Ac; C, determined by LECO carbon analyzer; P, available phosphorus 03ray 1); K, 
Na determined on NHUAc extracts by flame photometer; Mg and Ca, determined on NH,Ac extracts using 
Atomic absorption Spectrophotometer. 
EC = Electrical conductivity 
CEC = Cation Exchange Capacity 
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Table 3.2. Location, year, previous cropping, planting and sampling dates for the study 
period 1993-1996. 

Location Year Previous crop Early, 
planting 

Late 
planting 

Fall 
sampling 

Spring 
sampling 

Singh 1993-94 Cabbage 24 Aug 22 Sept 22 Nov 22 Apr 

Ellis 1994-95 Green beans 23 Aug 20 Sept 21 Nov 27 Apr 

Swenson 1995-96 Potatoes 24 Aug 23 Sept 12 Nov 7 May 

Reynolds 1995-96 Potatoes 24 Aug 23 Sept 12 Nov 7 May 

Prior to planting the cover crops each fall, the experimental area was disked and 

roto-tilled. Cover crop seeding rates were based on recommended seeding rates for the 

region. The cover crop species, seeding rates, and site/year planted are shown in Table 

3.3. The cover crops seeded consisted of winter sensitive species and winter hardy 

species. Choice of cover crop species used in this study was based on results from 

previous screening trials by the Delta Farmers' Soil Conservation and University of British 

Columbia Soil and Water Conservation Groups (Bomke et al., 1993). Results from these 

trials indicated that among the legumes, crimson clover had a better growth vigour and dry 

matter accumulation compared to alsike and 'Pacific' red clover and Austrian winter peas. 
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A check treatment without cover crop was included in all years of study. Different 

quantities of crimson clover were seeded in mixtures with winter wheat in the fall of 1994 

but differences among mixtures were small so only one seeding rate (12 kg ha"1) which 

was previously used in 1993 was used in 1995. Crimson clover was inoculated with 

Rhizobium leguminosarum bv. trifolii and hairy vetch was inoculated with Rhizobium 

leguminosarum bv. viceae. Cover crops were seeded with a 3-m width Vicon air-seeder 

at 10 cm row spacings. Treatments were arranged in a randomized complete block design 

with four replicates. Individual plots measured 3 by 9 m. 

3.2.2. Soil sampling 

Composite soil samples were obtained from each block at planting time in order to 

characterize the experimental site and to determine the initial mineral N ( N H / and NCV) 

levels. The samples were collected at 0 - 20 and 20 - 40 cm depths. In order to evaluate 

the role of cover crops in reducing winter nitrate leaching, 0 - 20 cm soil samples were 

collected at the Swenson site on 12 November 1995 and at spring tillage time on 7 May 

1996. Soil samples were not collected in 1993, while in 1994 extremely wet conditions in 

the fall made soil sampling difficult and therefore no soil samples were collected that 

season. 

Soil samples were taken randomly from three different points in each plot using a 

2.0 cm diameter probe and mixed thoroughly to form a composite sample. The soil 

samples were kept in pre-labeled polyethene bags and transported to the laboratory in a 

cool-box for analysis. 
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Soil samples for gravimetric soil moisture determination were collected under the 

control (bare plot), winter wheat, annual ryegrass and spring barley treatments. Samples 

were collected beginning in early spring of 1995 and 1996 at approximately bi-weekly 

intervals until spring tillage. The samples were collected on 30 March, 12 April, 24 April 

and 3 May 1995; corresponding sampling dates in 1996 were 26 March, 10 April, 23 

April and 7 May at the Reynolds site. In 1994, soil samples were collected only at spring 

tillage on 27 April. Soil samples collected between March to April 1995 and 1996 were 

taken from the top 0 - 2 0 cm. Soil samples collected in May 1995 and 1996 just prior to 

spring cultivation were taken at 0 - 20, 20 - 40 and 40 - 60 cm depths. In 1994, soil 

samples were collected at 0 - 20 and 20 -50 cm depths. Soil samples were taken randomly 

from four different points in each plot using a 2-cm probe and mixed thoroughly to form a 

composite sample. The soil samples were placed in pre-weighed and labeled moisture 

cans and transported to the laboratory in a cool-box for moisture determination. 

3.2.3. Plant material sampling 

In order to determine the relative ability of the cover crops to "scavenge" soil N 

that could otherwise be lost to leaching under high winter rainfall in south coastal British 

Columbia, cover crops were sampled on 22 November, 21 November and 12 November in 

1993, 1994 and 1995 respectively and again in the spring on 22 April, 27 April and 7 May 

in 1994, 1995 and 1996, respectively. 
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Cover crop performance from early spring to spring tillage time was assessed by 

repeated samplings in spring 1995 and 1996 for selected cover crop species. The cover 

crops were sampled on 30 March, 13 April, 27 April in 1995 and on 26 March, 10 April, 

23 April and 7 May in 1996. The 1996 samplings were done only at the Swenson site. 

This sampling procedure produced crop parameters estimating cumulative total 

production over the spring season. 

Cover crop samples were taken from 0.25 m 2 quadrats per plot. The cover crops 

were hand-clipped at the soil surface. A grid of sub-sample locations within each plot was 

flagged at the beginning of the season. At each sampling date, sub-sampling locations 

were randomly picked for sampling, locations being sampled only once during the season. 

In order to estimate the proportion of legume in the species mixtures, the sampled crop 

biomass was hand-separated into component species. This was done for the repeated 

samplings in the spring of 1995 and 1996. The samples were kept in pre-labeled cloth 

bags, dried for several days in a forced air-oven at 65°C and weighed to estimate 

aboveground D M yield. Once dry matter yield was determined, the legume portion was 

mixed together with the corresponding cereal/grass portion. The samples were then finely 

ground to pass through a 1-mm screen and analyzed for total N and C. 

3.2.4. Laboratory analyses 

3.2.4.1. Mineral nitrogen (NH 4

+ + N0 3 ) analysis 

Field moist soil samples were thoroughly mixed prior to weighing. 10 g of field 

moist soil sample was placed in a 125 mL plastic bottle and 100 mL of 2 M K C 1 added. A 
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separate sample was weighed out for determination of water content. The bottle was 

stoppered and shaken on a mechanical shaker for 1 hour. The soil-KCl suspension was 

allowed to settle for 30 minutes, until the supernatant liquid was clear. The suspension 

was then filtered using a Whatman No.2 filter paper. N C V - N in the extract was 

determined by the modified Griess-IIosvay technique whereby the N 0 3 ' in an aliquot of 

filtered soil extract was quantitatively reduced to N0 2 " by reaction with copperized Cd in 

an NH4CI matrix within the pH range of 5-10. Nitrite was estimated colourimetrically 

after the column leachate was treated with a diazotizing reagent (sulfanilamide) in HC1 and 

a coupling reagent [N-(l-napthyl)-ethylenediamine] to result in formation of an azo 

chromophore. The intensity of the reddish colour that developed is proportional to the 

amount of N0 3 * present in the soil extract. The absorbance measurement was done at a 

wavelength of 540 nm. N0 3 " -N concentration of the sample was determined by reference 

to a calibration curve plotted from the results obtained with standard N 0 3 ' - N samples. 

N H / - N concentration was determined by continuous flow analysis whereby N H / 

reacts with the salicylate and hypochlorite at a high pH in the presence of a catalyst, 

sodium nitroprusside to result in the formation of a blue colour. The intensity of the blue 

colour that develops is proportional to the N H / concentration in the sample. The 

absorbance measurement is done at a wavelength of 630 nm against a reagent blank 

solution. N H / - N concentration of the sample was determined by reference to a 

calibration curve plotted from the results obtained with standard N H / - N samples. 
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3.2.4.2. Soil water content 

Soil samples were weighed into aluminium containers. The samples were then 

placed in a drying oven at 105°C for 24 hours or until a constant weight was attained. The 

dry samples were removed from the oven, placed in a desiccator containing active 

desiccant until cool, and then re-weighed to determine the soil water content. 

3.2.4.3. Total carbon 

Soil and plant material of 0.5 and 1.0 g (oven dry, 60°C) respectively, were 

weighed into a crucible. One scoop each of Sn metal and Fe chip accelerator was added. 

The total carbon content was then determined by combustion using a L E C O CR 12 

analyzer (Leco Corp., St. Joseph, MI 49085). 

3.2.4.4. Plant total nitrogen 

Plant tissue total N was determined following the method described by Parkinson 

and Allen (1975). 1.0 g of ground oven-dry (60°C) plant material was weighed into 

digestion tubes, 5 mL of concentrated H 2 S 0 4 added and then mixed immediately on a 

vortex mixer. Carefully, 1 mL of L i 2 S 0 4 mixture was added to each tube. When the 

reaction ceased, the 2 n d , 3 r d, and 4 t h 1-mL increments of L i 2 S 0 4 were added, with each 

subsequent increment added once the reaction ceased. The samples were then digested in 

a block digester for 1 V2 hours at 360°C. After 1 V2 hours, 0.5 mL of H 2 0 2 was added to 
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each tube and the digestion continued for Vi hour. A further 0.5 mL of H 2 0 2 was added 

and the digestion continued for another Vi hour. After a total of 2 Vi hours of digestion, 

the samples were removed from the block digester and allowed to cool. 80 mL of de-

mineralized water was added and after cooling to room temperature, the samples were 

made to final volume with de-mineralized water. The samples were then mixed 

thoroughly and the appropriate dilution made for analysis. Total N was determined by 

continuous flow analysis as previously described for N H / - N . 

3.2.5. Statistical Analysis 

Analysis of variance was performed on all experimental variables using the general 

Linear Models (GLM) procedure of the SAS software (SAS Institute, Inc., 1988). The 

homogeneity of variance (Bartlett test) and the normal distribution of data were also 

tested. 

Spring and fall dry matter yields, N concentrations, N contents and C:N ratios for 

all the cover crop treatments and soil water content at 0-20, 20-40 and 40-60 cm depths 

for selected cover crops were analyzed for each planting date as randomized complete 

block design. 

The model used was: 

)>ijl=fl + Pi+ Tj+ £y 

where yv is the observation associated with the //th experimental unit (eu); n is the true 

mean of the population from which all data came from; /?, is the block effect; ry is the 

cover crop treatment effect; Cy is the experimental error. Where significant differences 
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among treatment means were identified at p=0.05, treatment means were compared using 

the Least Significant Difference procedure (LSD). 

Since data for dry matter yields, N concentrations, N contents, C :N ratios and soil 

water content at 0-20 cm of selected cover crops obtained from repeated measurements in 

the spring of 1995 and 1996 were collected from the same experimental units, the data 

were analyzed as split-plot in time with cover crop treatment as the main-plot and 

sampling date as the sub-plot (Snedecor and Cochran, 1980; Zar, 1984). Similarly, data 

for soil mineral N were analyzed as split-plot in time with cover crop as the main-plot and 

planting date as the sub-plot. A similar approach has been used by Schomberg et al. 

(1994) to evaluate the influence of water on decomposition and N dynamics for surface 

and buried residues. 

The mathematical model used was: 

>y= n + Pt+ Tj+ a>ij+ ai+ Aji+ evi 

In this model, yyi is the observation, // is the true mean of the population from which all 

data came from, /?,-is the blocking effect, r ; is the cover crop treatment effect, c% is the 

block x cover crop interaction, at is the sampling date effect or for soil mineral N , the 

planting date effect; Aji is the cover crop x sampling date interaction effect or for soil 

mineral N , the cover crop x planting date interaction effect; <% is the experimental error. 

Appropriate LSD values were calculated when the F-value was significant for the 

cover crop, sampling/planting date or their interaction at 0.05 level of probability. 
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3.3. RESULTS 

3.3.1. Delta weather during the study periods 

The Fraser River Delta is under temperate climate, generally characterized as 

having warm, rainy winters and relatively cool, dry summers (Hare and Thomas, 1979). 

The mean monthly air temperatures recorded for the 1993-1994, 1994-1995 and 1995-

1996 periods during which the studies were carried out are shown in Figure 3.2. Air 

temperatures and precipitation measurements were obtained from the Environment 

Canada station at Vancouver International Airport. 

During the period between August-November, above normal temperatures were 

recorded in the months of August and September 1994 and September, October and 

November 1995. The mean monthly temperature in November 1995 was 3.5 and 3°C 

higher than in November 1993 and 1994 respectively and 2°C above normal. 

Temperatures during the months of August, September and October 1993 were similar to 

normal. Between December-February, temperatures were above normal except in 

February 1994 and January and February 1996. Between March-May, temperatures were 

above normal except in March 1996 when temperatures were similar to normal and May 

1996 when below normal temperatures were recorded. 

The amount of precipitation that occurred between August-November was below 

normal in 1993 and in the months of August and September 1994 and 1995 respectively. 

Above normal precipitation was recorded in the months of August, October and 

November 1995 and November 1994. Precipitation in the month of August 1995 was 

about four times greater than in August 1993 and 1994. Total amount of precipitation 
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during the period August-November was 152, 402, 532 mm in 1993, 1994 and 1995 

respectively. Normal precipitation during this period is 388 mm. Between December-

February, below normal precipitation occurred during the 1993-94 season and during the 

month of February 1995 and 1996. Precipitation amounts during the months of January 

and February 1995 and January 1996 were above normal. Between March-May, 

precipitation amounts were below normal in all years except in April and May 1996 when 

above normal precipitation was recorded. Amount of precipitation in April 1996 was 

129% greater than the long term average (172 vs. 75 mm). Total precipitation during the 

cover crop growth period (August to May) was 748, 1060 and 1340 mm in 1993-94, 

1994-95 and 1995-95 seasons respectively. Normal precipitation during this period is 

1086 mm. 

Daily rainfall and snowfall amounts recorded during the study period are recorded 

in Figure 3.3. Daily rainfall exceeding 10 mm fell earlier in the 1993-1994 and 1994-1995 

period than in the 1993-1994 period. Four times as much rainfall fell in the month of 

August 1995 prior to the planting date. Heavy daily snowfall of more than 10 cm was 

recorded once in mid-February 1995 and twice toward the end of January 1996. Daily 

snowfall of 7.5 cm or less was recorded five times in February and March 1994. Normal 

(1937-1990) cumulative monthly snowfall for this area ranges from 0.5 cm in April to 20.6 

cm in January, while normal snow cover is quite variable, averaging 1 cm in January and 

February and 4 cm in December. 
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I | 1993-1994 

I | 1994-1995 

• • 1995-1996 

— • — Normal (1937-1990) 

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

Month 

Figure 3.2. Mean air temperature (above) and monthly precipitation (below) for study 
area from August 1993 until July 1996 as recorded at Vancouver International Airport. 
(Source: Environment Canada, Climate Services Vancouver, and Canadian Climate 
Normals for British Columbia). 
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Figure 3.3. Daily rainfall and snowfall for the Fraser River Delta during the 1993-1996 
study period as recorded at Vancouver International Airport. (Source: Environment 
Canada, Climate Services Vancouver). 
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3.3.2. Pre-winter evaluation 

Late fall cover crop dry matter production is presented in Tables 3.4 and 3.5 for 

early and late planted cover crops, respectively. When planted in August, cover crop dry 

matter ranged between 1090 to 3270, 970 to 3680 and 2310 to 4700 kg ha'1 in the 

1993/94, 1994/95 and 1995/96 growing seasons respectively. Spring barley and spring 

wheat had the highest yield, followed by fall rye and annual ryegrass in one of three years. 

Dry matter production by winter hardy cereals/grass monocultures and mixtures were 

similar in all three years with the exception of high yields of annual ryegrass in 1995 at the 

Reynolds site and low yields in 1994 at the Ellis site. The low dry matter yield at the Ellis 

site in 1994 was due to dry soil at planting which affected annual ryegrass more than the 

cereals because of its small seed size and poor emergence. In 1995, winter sensitive 

monocultures had higher dry matter yields compared to the mixtures. 

None of the late planted cover crops at either site in 1995/96 produced enough dry 

matter to be sampled, whereas in 1993/94 and 1994/95, several late planted cover crops 

produced enough dry matter to be sampled. Of the cover crops that were sampled, dry 

matter production was between 28-75 and 35-73% less than the early planted cover crops 

in 1993/94 and 1994/95 seasons respectively (Table 3.5). There was no difference in dry 

matter production between cereals/grass monocultures and cereal/grass and legume 

mixtures. 

Late fall cover crop total N concentration is presented in Tables 3.6 and 3.7 for the 

early and late planted cover crops, respectively. Nitrogen concentration of the early 

planted cover crops ranged between 15-40, 24-34 and 23-42 g N kg"1 in the 1993/94, 

1994/95 and 1995/96 growing seasons respectively. 
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Table 3.4. Cover crop above-ground dry matter (DM) yield on 22 November 1993, 21 
November 1994 and 12 November 1995 for cover crops planted on 24 August 1993, 23 
August 1994 and 24 August 1995, respectively. 

Dry matter yield (kg ha'1) 

Cover crop 1993 1994 1995§ 1995f 

Winter wheat 1550cdeft 1800de 3440a 2870d 

Fall rye 1300def 2380cd 3670a 4170ab 

Ann. Ryegrass 2080bcd 970f 4150a 4700a 

W. wheat + C. clover1 1550cdef 1880de 3680a 3330cd 

Fall rye + C. clover1 NP 2440bcd 3490a 3960abc 

Ann. Ryegrass + C. clover1 2280bc 1340ef 3470a 3530bcd 

Crimson clover 1090f 970f 2310b NP 

W. wheat + H . vetch 2000bcde 1890de 3560a NP 

W. wheat + C. clover2 NP 2100d NP NP 

W. wheat + C. clover3 NP 2480bcd NP NP 

W. wheat + C. clover4 NP 2380cd NP NP 

Spring barley 2740ab 3680a NP 2910d 

Spring wheat 3270a 3120ab NP 4550a 

Spring barley + C. clover1 NP 2840bc NP NP 

Spring wheat + C. clover1 NP 223Ocd NP 4190ab 

CV, % 42 24 16 14 

1, 2, 3, 4= Crimson clover seeding rates where; 1=12 kg ha 1; 2=16 kg ha 1; 3=20 kg ha'1; 4=24 kg ha-1, 
f Means in the same column followed by the same letter are not significantly different at p=0.05. 
NP Not planted in the experiment. 
§ Swenson site. 
U Reynolds site. 
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Table 3.5. Cover crop above-ground dry matter (DM) yield on 22 November 1993, 21 
November 1994 and 12 November 1995 for cover crops planted on 22 September 1993, 
20 September 1994 and 23 September, 1995 respectively. 

Cover crop 

Dry matter yield (kg ha"1) 

Cover crop 1993 1994 1995 § 19951J 

Winter wheat 890deft N H N H N H 

Fall rye 940cdef 1555a N H N H 

Ann. Ryegrass 1460abc N H N H N H 

W. wheat + C. clover1 830ef N H N H N H 

Fall rye + C. clover1 NP 1190ab N H N H 

Ann. Ryegrass + C. clover1 1310bcd N H N H N H 

Crimson clover 270g N H N H NP 

W. wheat + H. vetch 1060bcdef N H N H NP 

W. wheat + C. clover2 NP N H NP NP 

W. wheat + C. clover3 NP N H NP NP 

W. wheat + C. clover4 NP N H NP NP 

Spring barley 1770a 1420a NP N H 

Spring wheat 1330bc 830b NP N H 

Spring barley + C. clover1 NP 1190ab NP NP 

Spring wheat + C. clover1 NP 720b NP N H 

CV, % 46 33 — — 

1, 2, 3, 4= Crimson clover seeding rates where; 1=12 kg ha'1; 2=16 kg ha'1; 3=20 kg ha"1; 4=24 kg ha"1, 
f Means in the same column followed by the same letter are not significantly different at p=0.05. 
NP Not planted in the experiment. 
N H Not enough biomass to sample. 
§ Swensonsite. 
f Reynolds site. 
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Table 3.6. Cover crop total N concentration on 22 November 1993, 21 November 1994 
and 12 November 1995 for cover crops planted on 24 August 1993, 23 August 1994 and 
24 August 1995, respectively. 

N concentration (g N kg - 1) 

Cover crop 1993 1994 1995 § 1995U 

Winter wheat 28cdf 32ab 31c 27abc 

Fall rye 23def 26ef 31c 26bc 

Ann. Ryegrass 22ef 28de 35abc 30abc 

W. wheat + C. clover1 33b 32ab 37abc 33a 

Fall rye + C. clover1 NP 26ef 42a 29abc 

Ann. Ryegrass + C. clover1 26cde 30bcd 37abc 3 lab 

Crimson clover 40a 31bc 41ab NP 

W. wheat + Ft. vetch 30bc 31bcd 34bc NP 

W. wheat + C. clover2 NP 32ab NP NP 

W. wheat + C. clover3 NP 31 bed NP NP 

W. wheat + C. clover4 NP 34a NP NP 

Spring barley 15f 24f NP 3 lab 

Spring wheat 21de 28cde NP 27abc 

Spring barley + C. clover1 NP 24f NP NP 

Spring wheat + C. clover1 NP 26ef NP 23 c 

CV, % 27 7 14 16 

1, 2, 3,4= Crimson clover seeding rates where; 1=12 kg ha"1; 2=16 kg ha"1; 3=20 kg ha'1; 4=24 kg ha"1, 
f Means in the same column followed by the same letter are not significantly different at p=0.05. 
NP Not planted in the experiment. 
§ Swenson site. 
*l Reynolds site. 
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Table 3.7. Cover crop total N concentration on 22 November 1993, 21 November 1994 
and 12 November 1995 for cover crops planted on 22 September 1993, 20 September 
1994 and 23 September 1995, respectively. 

N concentration (g N kg"1) 

Cover crop 1993 1994 1995 § 1995H 

Winter wheat 38bcdf N H N H N H 

Fall rye 32ef 31c N H N H 

Ann. Ryegrass 32def N H N H N H 

W. wheat + C. clover1 37bcde N H N H N H 

Fall rye + C. clover1 NP 32bc N H N H 

Ann. Ryegrass + C. clover1 30fg N H N H N H 

Crimson clover 43 a N H N H NP 

W. wheat + H. vetch 39abc N H N H NP 

W. wheat + C. clover2 NP N H NP NP 

W. wheat + C. clover3 NP N H NP NP 

W. wheat + C. clover4 NP N H NP NP 

Spring barley 26g 37a NP N H 

Spring wheat 35cdef 37a NP N H 

Spring barley + C. clover1 NP 35ab NP NP 

Spring wheat + C. clover1 NP 38a NP N H 

CV, % 21 7 — — 

1, 2, 3, 4= Crimson clover seeding rates where; 1=12 kg ha-1; 2=16 kg ha"1; 3=20 kg ha-1; 4=24 kg ha'1, 
•f Means in the same column followed by the same letter are not significantly different at p=0.05. 
NP Not planted in the experiment. 
NH Not enough biomass to sample. 
§ Swenson site. 
II Reynolds site. 
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With the exception of winter sensitive species, all the cereal/grass and legume mixtures 

had total N concentrations greater than or equal to the corresponding cereal/grass 

monoculture in all the years. 

Of the late planted cover crops that were sampled, total N concentration values 

were higher than the early planted cover crops with a range of 26-43 and 31-38 g N kg"1 in 

the 1993/94 and 1994/95 season respectively (Table 3.7). Crimson clover had a higher N 

concentration than all the other species. 

Late fall cover crop N content in above-ground dry matter is presented in Tables 

3.8 and 3.9 for the early and late planted cover crops respectively. Early planted cover 

crops took up 29 to 69, 26 to 89 and 77 to 145 kg N ha"1 in the 1993/94, 1994/95 and 

1995/96 seasons, respectively. Winter sensitive species ranked high for N content in all 

years. There were no differences in N content between the winter hardy cereals/grass 

monocultures and mixtures. However, in 1994, differences in N content were observed 

between the winter sensitive cereal monocultures and cereal-legume mixtures with the 

monocultures having between 24-30% more N content than the mixtures. 

Of the late planted cover crops that were sampled, N contents ranged from 12 to 

47 and 28 to 53 kg N ha"1 in 1993/94 and 1994/95 seasons respectively. 
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Table 3.8. Cover crop N content in above-ground dry matter on 22 November 1993, 21 
November 1994 and 12 November 1995 for cover crops planted on 24 August 1993, 23 
August 1994 and 24 August 1995, respectively. 

N content (kg ha"1) 

Cover crop 1993 1994 1995 § 1995U 

Winter wheat 43bcdf 58cd 108ab 77c 

Fall rye 29d 61c 116ab HOabc 

Ann. Ryegrass 46bcd 26e 143a 138a 

W. wheat + C. clover1 52abc 60c 137a HOabc 

Fall rye + C. clover1 NP 64bc 145a 115ab 

Ann. Ryegrass + C. clover1 59ab 40de 128ab 109abc 

Crimson clover 44bcd 29e 93b NP 

W. wheat + H. vetch 58ab 57cd 120ab NP 

W. wheat + C. clover2 NP 67bc NP NP 

W. wheat + C. clover3 NP 76abc NP NP 

W. wheat + C. clover4 NP 82ab NP NP 

Spring barley 42bcd 89a NP 91bc 

Spring wheat 69a 86a NP 123ab 

Spring barley + C. clover1 NP 68bc NP NP 

Spring wheat + C. clover1 NP 59cd NP 97bc 

C V , % 39 21 20 22 

1, 2, 3, 4= Crimson clover seeding rates where; 1=12 kg ha'1; 2=16 kg ha"1; 3=20 kg ha"1; 4=24 kg ha"1, 
f Means in the same column followed by the same letter are not significantly different at p=0.05. 
NP Not planted in the experiment. 
§ Swenson site. 
1 Reynolds site. 
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Table 3.9. Cover crop N content in above-ground dry matter on 22 November 1993, 21 
November 1994 and 12 November 1995 for cover crops planted on 22 September 1993, 
20 September 1994 and 23 September 1995, respectively. 

Cover crop 

N content (kg ha"1) 

Cover crop 1993 1994 1995 § 1995H 

Winter wheat 33cdet N H N H N H 

Fall rye 30de 31c N H N H 

Ann. Ryegrass 47ab N H N H N H 

W. wheat + C. clover1 31de N H N H N H 

Fall rye + C. clover1 NP 38abc N H N H 

Ann. Ryegrass + C. clover1 39abcd N H N H N H 

Crimson clover 12f N H N H NP 

W. wheat + H . vetch 41 abed N H N H NP 

W. wheat + C. clover2 NP N H NP NP 

W. wheat + C. clover3 NP N H NP NP 

W. wheat + C. clover4 NP N H NP NP 

Spring barley 46abc 53a NP N H 

Spring wheat 47abc 32bc NP N H 

Spring barley + C. clover1 NP 42abc NP NP 

Spring wheat + C. clover1 NP 28c NP N H 

CV, % 38 30 — — 

1, 2, 3, 4= Crimson clover seeding rates where; 1=12 kg ha"';.2=16 kg ha'1; 3=20 kg ha"1; 4=24 kg ha"1, 
t Means in the same column followed by the same letter are not significantly different at p=0.05. 
NH Not enough biomass to sample 
NP Not planted in the experiment. 
§ Swenson site. 
H Reynolds site. 
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3.3.3. Spring evaluation 

Cover crop above-ground dry matter production in the spring is shown in Tables 

3.10 and 3.11 for early and late planted cover crops respectively. In general, early planted 

cover crops had higher dry matter yields than the late planted cover crops except for fall 

rye, winter wheat + crimson clover and crimson clover in the 1993/94 season, and for 

annual ryegrass and annual ryegrass + crimson clover in the 1995/96 season at Reynolds 

site. Dry matter production ranged from 240 to 6480, 4930 to 10450 and 2370 to 9650 

kg ha"1 for the early planted cover crops in 1993/94, 1994/95, and 1995/96 seasons 

respectively. Winter wheat consistently produced more green manure than fall rye and 

annual ryegrass to a maximum of 9900 kg ha"1 in spring 1995. Annual ryegrass followed 

closely with yields ranging from 5000 to 8000 kg ha"1 of dry matter prior to spring 

cultivation. Fall rye yielded less dry matter than annual ryegrass or winter wheat. 

Cereal/grass and legume mixtures also ranked highly in terms of dry matter yield 

production with a range of 4890 to 10450 kg ha"1. 

Late planted cover crops had dry matter yields ranging from 2750 to 5770, 1900 

to 7390 and 590 to 10573 kg ha"1 in the 1993/94, 1994/95, and 1995/96 seasons 

respectively (Table 3.11). Annual ryegrass yielded the most green manure of any 

September planted cover crop in 1996 and performed consistently well in other years. 

Winter wheat and fall rye ranked differently from year to year. The later planted spring 

wheat consistently survived the winter as did spring barley in two of the three years. 

With the exception of crimson clover, there were no significant differences in dry 

matter production among the various species of cereal/grass monocultures and 

cereal/grass and legume mixtures at either planting date in any of the years of the study. 
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Table 3. 10. Cover crop above-ground dry matter (DM) yield on 22 April 1994, 27 April 
1995 and 7 May 1996for cover crops planted on 24 August 1993, 23 August 1994 and 
23 August 1995, respectively. 

Dry matter yield (kg ha"1) 

Cover crop 1994 1995 1996 § 1996̂ 1 

Winter wheat 4770bf 9900ab 7670a 9430a 

Fall rye 1880c 5670de 6290a 6460b 

Ann. Ryegrass 5010b 8120bc 7940a 6100b 

W. wheat + C. clover1 4890b 10240a 6540a 9650a 

Fall rye + C. clover1 NP 6220de 7540a 6700b 

Ann. Ryegrass + C. clover1 4860b 7120cd 6060a 7700ab 

Crimson clover 240d 4930e 2370b NP 

W. wheat + H. vetch 6480a 9670ab 7690a NP 

W. wheat + C. clover2 NP 9530ab NP NP 

W. wheat + C. clover3 NP 10340a NP NP 

W. wheat + C. clover4 NP 10450a NP NP 

Spring barley W K W K NP W K 

Spring wheat W K W K NP W K 

Spring barley + C. clover1 NP W K NP NP 

Spring wheat + C. clover1 NP 5467de NP W K 

C V , % 64 15 26 19 

1, 2, 3, 4= Crimson clover seeding rates where; 1=12 kg ha"1; 2=16 kg ha"1; 3=20 kg ha"1; 4=24 kg ha"1, 
t Means in the same column followed by the same letter are not significantly different at p=0.05. 
NP Not planted in the experiment. 
WK Winterkilled. 
§ Swenson site. 
\ Reynolds site. 
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Table 3.11. Cover crop above-ground dry matter (DM) yield on 22 April 1994, 27 April 
1995 and 7 May 1996for cover crops planted on 22 September 1993, 20 September 1994 
and 23 September 1995, respectively. 

Dry matter yield (kg ha"1) 

Cover crop 1994 1995 1996 § 1996U 

Winter wheat 4680abcf 5630bcd 2790c 4760c 

Fall rye 2940d 4260d 2800c 5507bc 

Ann. Ryegrass 4720abc 5180bcd 4010a 10573a 

W. wheat + C. clover1 5280ab 6200abc 3250abc 5107bc 

Fall rye + C. clover1 NP 4890cd 2960bc 5480bc 

Ann. Ryegrass + C. clover1 4750abc 5870abc 3790ab 8880a 

Crimson clover 2750d 1900e 590d NP 

W. wheat + H . vetch 5770a 5700bcd 2680c NP 

W. wheat + C. clover2 NP 6530ab NP NP 

W. wheat + C. clover3 NP 7390a NP NP 

W. wheat + C. clover4 NP 6500ab NP NP 

Spring barley W K W K NP 3920c 

Spring wheat 3940bcd 5520bcd NP 5453bc 

Spring barley + C. clover1 NP 2595e NP NP 

Spring wheat + C. clover1 NP 5920abc NP 6653b 

CV, % 42 21 23 17 

1, 2, 3, 4= Crimson clover seeding rates where; 1=12 kg ha'1; 2=16 kg ha"1; 3=20 kg ha'1; 4=24 kg ha'1, 
f Means in the same column followed by the same letter are not significantly different at p=0.05. 
NP Not planted in the experiment. 
WK Winterkilled. 
§ Swenson site. 
1 Reynolds site. 
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The winter wheat + hairy vetch mixture, however, consistently ranked high most years for 

dry matter production at the spring sampling. 

Cover crop total N concentrations in the spring are shown in Tables 3.12 and 3.13 

for the early and late planted cover crops respectively. Total N concentrations at both 

planting dates, with the exception of crimson clover in all the years and early planted 

winter wheat + hairy vetch in 1994, were not very different. The total N concentration 

values ranged from 7 to 28 g N kg"1 in all years for the early and late planted cover crops. 

The high N concentration exhibited by the spring barley + crimson clover mixture in 1995 

was due to the fact that a significant proportion of the spring barley component in the 

mixture was winter-killed. 

Cover crop N contents in above-ground dry matter immediately prior to spring 

cultivation are presented in Tables 3.14 and 3.15 for the early and late planted cover 

crops, respectively. Generally, early planted cover crops had higher N content than the 

late planted cover crops. Winter wheat + hairy vetch had the highest N content in all the 

years at both planting dates, with the early planted winter wheat + hairy vetch having N 

content greater than 100 kg N ha"1. With the exception of winter wheat + hairy vetch, 

there was no significant difference in N content among specific cereals/grass monoculture 

or cereals/grass and legume mixtures. 

Cover crop C:N ratios were determined in the spring of 1995 and 1996 and the 

values are presented in Tables 3.16 and 3.17 for the early and late planted cover crops 

respectively. Both early and late planted cover crops had C:N ratios >30:1 except for the 

early and late planted crimson clover in both years and fall rye + crimson clover, and 

winter wheat + hairy vetch in 1995. The C:N ratios less than 30:1 observed for early 
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Table 3.12. Cover crop total N concentration on 22 April 1994, 2 7 April 1995 and 7 
May 1996for cover crops planted on 24 August 1993, 23 August 1994 and 23 August 
1995, respectively. 

N concentration (g N kg"1) 

Cover crop 1994 1995 1996 § 19961f 

Winter wheat lOcdt 9d l i ed 7bc 

Fall rye l i e d 13c 12cd 10a 

Ann. Ryegrass 9d lOd lOcd 8abc 

W. wheat + C. clover1 lOcd l i d 13bc 7c 

Fall rye + C. clover1 NP 13bc 12bcd lOab 

Ann. Ryegrass + C. clover1 9d 13bc l i e d 8abc 

Crimson clover 26a 25a 18a NP 

W. wheat + H . vetch 21ab 15b 14b NP 

W. wheat + C. clover2 NP l i d NP NP 

W. wheat + C. clover3 NP l i d NP NP 

W. wheat + C. clover4 NP l i d NP NP 

Spring barley W K W K NP W K 

Spring wheat W K W K NP W K 

Spring barley + C. clover1 NP W K NP NP 

Spring wheat + C. clover1 NP 15b NP W K 

CV, % 50 15 9 19 

1, 2, 3, 4= Crimson clover seeding rates where; 1=12 kg ha'1; 2=16 kg ha"1; 3=20 kg ha'1; 4=24 kg ha"1, 
t Means in the same column followed by the same letter are not significantly different at p=0.05. 
NP Not planted in the experiment. 
WK Winterkilled. 
§ Swenson site. 
1 Reynolds site. 
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Table 3.13. Cover crop total N concentration on 22 April 1994, 27 April 1995 and 7 
May 1996 for cover crops planted on 22 September 1993, 20 September 1994 and 23 
September 1995, respectively: 

N concentration (g N kg'1) 

Cover crop 1994 1995 1996 § 1996H 

Winter wheat l l b c f 9g 8de 8b 

Fall rye l l bc 12cde lOcde lOab 

Ann. Ryegrass 9c 9fg 8e 8b 

W. wheat + C. clover1 l l bc 12cde l i e d lOab 

Fall rye + C. clover1 NP 14c 12bc lOab 

Ann. Ryegrass + C. clover1 9c 12def 9de 9b 

Crimson clover 23 a 28a 17a NP 

W. wheat + H . vetch 13bc - 17b 15ab NP 

W. wheat + C. clover2 NP lldefg NP NP 

W. wheat + C. clover3 NP lldefg NP NP 

W. wheat + C. clover4 NP 13cd NP NP 

Spring barley W K W K NP 12a 

Spring wheat lObc lOefg NP 9b 

Spring barley + C. clover1 NP 28a NP NP 

Spring wheat + C. clover1 NP lldefg NP 10b 

CV, % 35 12 17 13 

1, 2, 3, 4= Crimson clover seeding rates where; 1=12 kg ha'1; 2=16 kg ha"1; 3=20 kg ha'1; 4=24 kg ha"1, 
t Means in the same column followed by the same letter are not significantly different at p=0.05. 
NP Not panted in the experiment. 
WK Winterkilled. 
§ Swenson site. 
\ Reynolds site. 
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Table 3.14. Cover crop N content in above-ground dry matter on 22 April 1994, 2 7 April 
1995 and 7 May 1996for cover crops planted on 24 August 1993, 23 August 1994 and 
23 August 1995, respectively. 

N content (kg ha"1) 

Cover crop 1994 1995 1996 § 19961J 

Winter wheat 48bf 92bcde 83 ab 70a 

Fall rye 21b 73 e 73bc 66a 

Ann. Ryegrass 45b 79de 8 lab 47a 

W. wheat + C. clover1 50b HOabcd 83 ab 67a 

Fall rye + C. clover1 NP 84cde 96ab 67a 

Ann. Ryegrass + C. clover1 44b 96bcde 69bc 63a 

Crimson clover 67b 125ab 44c NP 

W. wheat + H . vetch 149a 144a 108a NP 

W. wheat + C. clover2 NP lOlbcde NP NP 

W. wheat + C. clover3 NP HOabcd NP NP 

W. wheat + C. clover4 NP 113abc NP NP 

Spring barley W K W K NP W K 

Spring wheat W K W K NP W K 

Spring barley + C. clover1 NP W K NP NP 

Spring wheat + C. clover1 NP 15b NP W K 

CV, % 116 26 25 26 

1, 2, 3,4= Crimson clover seeding rates where; 1=12 kg ha-1; 2=16 kg ha'1; 3=20 kg ha"1; 4=24 kg ha"1, 
f Means in the same column followed by the same letter are not significantly different at p=0.05. 
NP Not planted in the experiment. 
WK Winterkilled. 
§ Swensonsite. 
f Reynolds site. 
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Table 3. 15. Cover crop N content in above-ground dry matter on 22 April 1994, 27 April 
1995 and 7 May 1996for cover crops planted on 22 September 1993, 20 September 1994 
and 23 September 1995, respectively. 

N content (kg ha"1) 

Cover crop 1994 1995 1996 § 1996H 

Winter wheat 49abc| 50e 23bc 37c 

Fall rye 33cd 51e 28ab 55bc 

Ann. Ryegrass 43bcd 49e 30ab 85a 

W. wheat + C. clover1 56abc 79abcd 32ab 52bc 

Fall rye + C. clover1 NP 70bcde 36ab 55bc 

Ann. Ryegrass + C. clover1 43bcd 69bcde 34ab 81a 

Crimson clover 71ab 54de 10c NP 

W. wheat + H . vetch 75a 99a 41a NP 

W. wheat + C. clover2 NP 71bcde NP NP 

W. wheat + C. clover3 NP 81abc NP NP 

W. wheat + C. clover4 NP 86ab NP NP 

Spring barley W K W K NP 46bc 

Spring wheat 40bcd 55cde NP 49bc 

Spring barley + C. clover1 NP 72bcde NP NP 

Spring wheat + C. clover1 NP 65bcde NP 63 ab 

CV, % 52 30 33 24 

1, 2, 3,4= Crimson clover seeding rates where; 1=12 kg ha-1; 2=16 kg ha'1; 3=20 kg ha"1; 4=24 kg ha"1, 
"f Means in the same column followed by the same letter are not significantly different at p=0.05. 
NP Not planted in the experiment. 
WK Winterkilled. 
§ Swenson site. 
H Reynolds site. 
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Table 3.16. Cover crop CN ratio on 22 April 1994, 27 April 1995 and 7 May 1996for 
cover crops planted on 24 August 1993, 23 August 1994 and 23 August 1995, 
respectively. 

Cover crop 

C:N ratio 

Cover crop 1995 1996 § 1996H 

Winter wheat 39abf 39ab 59ab 

Fall rye 32de 38abc 44a 

Ann. Ryegrass 40a 41ab 53 ab 

W. wheat + C. clover1 38ab 35bc 66a 

Fall rye + C. clover1 29def 36bc 46b 

Ann. Ryegrass + C. clover1 31de 37abc 50ab 

Crimson clover 16g 25d NP 

W. wheat + H. vetch 28ef 31cd NP 

W. wheat + C. clover2 38ab NP NP 

W. wheat + C. clover3 36bc NP NP 

W. wheat + C. clover4 33cd NP NP 

Spring barley W K NP W K 

Spring wheat W K NP W K 

Spring barley + C. clover1 W K NP NP 

Spring wheat + C. clover1 26f NP W K 

C V , % 9 14 21 

1, 2, 3, 4= Crimson clover seeding rates where; 1=12 kg ha"1; 2=16 kg ha"1; 3=20 kg ha"1; 4=24 kg ha"1. 
"I* Means in the same column followed by the same letter are not significantly different at p=0.05. 
NP Not planted in the experiment. 
WK Winterkilled. 
§ Swenson site. 
\ Reynolds site. 
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Table 3.17. Cover crop C:Nratio on 22 April 1994, 27 April 1995 and 7 May 1996for 
cover crops planted on 22 September 1993, 20 September 1994 and 23 September 1995, 
respectively. 

Cover crop 

C:N ratio 

Cover crop 1995 1996 § 19961J 

Winter wheat 42af 53ab 56a 

Fall rye 33de 44bcd 41bc 

Ann. Ryegrass 40ab 56a 52ab 

W. wheat + C. clover1 34cde 41bcd 46abc 

Fall rye + C. clover1 • 28ef 36cde 43bc 

Ann. Ryegrass + C. clover1 35bcd 46abc 46abc 

Crimson clover 14g 24e NP 

W. wheat + H . vetch 24f 32de NP 

W. wheat + C. clover2 39abc NP NP 

W. wheat + C. clover3 39abc NP NP 

W. wheat + C. clover4 36bcd NP NP 

Spring barley W K NP 36c 

Spring wheat 39abc NP 48ab 

Spring barley + C. clover1 14g NP NP 

Spring wheat + C. clover1 37abc NP 46bc 

C V , % 13 20 13 

1, 2, 3, 4= Crimson clover seeding rates where; 1=12 kg ha"1; 2=16 kg ha"1; 3=20 kg ha"1; 4=24 kg ha'1, 
t Means in the same column followed by the same letter are not significantly different at p=0.05. 
NP Not planted in the experiment. 
WK Winterkilled. 
§ Swenson site. 
H Reynolds site. 
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planted spring wheat + crimson clover and spring barley + crimson clover in 1995 

occurred because a significant proportion of the spring cereal component in the mix 

winter-killed. A l l cereals/grass plus legume mixtures had lower C :N ratios than the 

corresponding cereal/grass monocultures with the exception of early planted winter wheat 

+ crimson clover, fall rye + crimson clover and late planted fall rye + crimson clover in 

1996 at the Reynolds site. Among the winter wheat + crimson clover mixtures at the 

spring sampling, winter wheat + crimson clover (24 kg ha"1 seeding rate) had a 

significantly lower C:N ratio than the winter wheat + crimson clover (12 kg ha"1 seeding 

rate) and winter wheat + crimson clover (16 kg ha"1 seeding rate) but was not different 

from winter wheat + crimson clover (20 kg ha"1 seeding rate). 
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3.3.4. Soil mineral Ncontent 

Cover crops had a significant effect on the content of soil mineral N at 0-20 cm 

depth in both late fall and spring (Table 3.18). Planting date was significant only at the 7 

November 1995 sampling date. There was no interaction between cover crop and planting 

date. 

Table 3.18. Analysis of variance (F-ratios) for the effect of cover crop species on the 
content of soil mineral N at 0-20 cm depth on 12 November 1995 and 7 May 1996. 

Sampling date 

Source of variation df 12 November, 1995 7 May, 1996 

Block, B 3 1.55 1.56 

Cover crop, C 8 10.32** 4.61** 

B x C 24 1.13 1.14 

Planting Date, D 1 65.65** 0.06 

C x D 8 2.11 0.85 

*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 

Al l early planted winter cover crops depleted soil mineral N relative to the bare soil 

control (Figure 3.4). Soil mineral N levels at the time of planting averaged 70 and 42 kg 

N ha"1 at 0-20 and 20-40 cm depths respectively for the early planted cover crops and 53 

and 62 kg N ha"1 at 0-20 and 20-40 cm depths respectively for the late planted cover crops 

implying .that by the second planting date in September, some N had probably been 

leached to the 20-40 cm depth by the above average precipitation recorded in August 

1995 season. By 12 November, the mean N content value in the cover cropped plots at 0-
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Figure 3.4. Soil mineral N levels in the 0 to 20-cm depth under different cover crop 
species on (a) 12 November, 1995 and (b) 7 May, 1996. Horizontal bars represent 
standard error of the mean (n=4). 
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20 cm depth was 8 and 31 kg N ha"1 for the early and late planted cover crops 

respectively. Growing cereals/grass and legume in mixtures gave nearly identical 

reduction in soil mineral N levels to cereals/grass monocultures. In contrast, mineral N 

levels at 0-20 cm depth in the bare soil control treatment were 58 and 55 kg N ha'1 for the 

early and late planted cover crops respectively which was significantly higher than the 

cover cropped plots. 

Soil mineral N contents in the spring on 7 May 1996 under both early and late 

planted cover crops were very low (< 5 kg ha"1) with the exception of winter wheat + 

hairy vetch, crimson clover and annual ryegrass + crimson clover treatments which had 

higher mineral N contents as compared to other cover crop treatments with values ranging 

between 5 and 11 kg N ha"1. 

3.3.5. Cover crop dry matter yield and N dynamics during spring growth period 

3.3.5.1. Dry matter yield 

There were significant differences in dry matter yield among cover crops at each 

sampling date for both early and late planted cover crops in 1995 and 1996 (Figures 3.5 

and 3.6 and Table 3.19). Cover crop x sampling date interaction was significant for both 

early and late planted cover crops in 1995. Generally, dry matter yield increased with each 

succeeding sampling. 

In 1995, at the first sampling on 30 March, early planted winter wheat, winter 

wheat + crimson clover and winter wheat + hairy vetch mixtures all had dry matter yields 

greater than 5000 kg ha"1. Among the early planted winter wheat + crimson clover 
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mixtures, winter wheat + crimson clover (16 kg ha"1 seeding rate) had higher biomass yield 

than the winter wheat + crimson clover (12 kg ha"1 seeding rate) but was similar to the 

other winter wheat + crimson clover mixtures (20 and 24 kg ha"1 seeding rate). Crimson 

clover had significantly lower dry matter yield than all the other cover crops. At the 

second sampling on 13 April, dry matter yields had increased by between 2 to 43%. At 

the third sampling on 27 April, cover crop dry matter yields had increased by between 26 

to 113%) as compared to the first sampling. Dry matter yields, with the exception of 

crimson clover, were above 5000 kg ha"1. Al l the mixtures had similar dry matter yields at 

the third sampling. Winter wheat had a higher dry matter yield than fall rye, whereas dry 

matter yields of crimson clover and fall rye were similar. 

Late planted cover crops followed a similar trend in dry matter production 

although the amount of dry matter produced was lower than for the early planted cover 

crops. The increase in dry matter yield between the first and third sampling was between 

31 to l l P / o . Crimson clover had less dry matter yield than the other cover crops at all 

sampling dates. 

In 1996, main effects of sampling date and cover crop were significant for both 

early and late planted cover crops (Table 3.19). Average dry matter yield ranged between 

2375 and 987 kg ha"1 at first sampling to 6513 and 2967 kg ha*1 at fourth sampling for the 

early and late planted cover crops respectively. 
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Figure 3.5. Mean cover crop dry matter yield as related to spring sampling date and time of 
planting of cover crops in 1995. (a) Early planted (b) Late planted. Vertical bars represent the 
least significant difference (LSD) at p=0.05. Values in parenthesis represent crimson clover 
seeding rates. 
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Table 3.19. Analysis of variance (F-ratios) for the effects of cover crops and sampling 
date on dry biomass yield (kg ha'1), N concentration (g kg'1), N content (kg ha'1) and C:N 
ratios of early and late planted cover crops in the early spring of 1995 and 1996. 

Source of variation df Dry matter N cone. N content C:N 

1995 Early planted 

Block, B 3 10.47" 16.86** 13.09 13.39" 

Cover crop, C 8 17.33" 62.45" 2.77* 41.71" 

B x C 24 2.13* 0.98 3.28 1.16 

Sampling date, S 2 145.24" 24.55 27.18** 87.00** 

C x S 16 
** 

3.09 5.60" 
+ + 

3.28 6.60" 

1995 Late planted 

Block, B 3 20.29** 10.25" 17.99** 7.40" 

Cover crop, C 8 
+ * 

15.59 19.74" 3.82" 14.30" 

B x C 24 1.82* 2.19" 2.40" 3.50" 

Sampling date, S 2 
** 

87.11 0.98 27.26" 52.48" 

C x S 16 1.94* 10.48** 1.44 11.60" 

1996 Early planted 

Block, B 3 0.48 1.57* 2.43 2.16 

Cover crop, C 8 
** 

9.27 
+ * 

5.22 6.92" 5.88 

B x C 24 2.00* 
_ _ ,** 
2.36 

* 

1.99 1.94* 

Sampling date, S 3 
** 

119.34 230.74** 5.17" 245.41** 

C x S 24 1.08 
** 

3.37 0.71 3.63 

1996 Late planted 

Block, B 3 0.93 0.32 1.06 0.02 

Cover crop, C 8 19.95" 6.49" 10.19" 6.97" 

B x C 24 1.41 2.83" 0.83 1.97* 

Sampling date, S 3 
* + 

201.04 125.32** 35.04** 117.01" 

C x S 21 0.81 2.66" 1.38 2.05* 

*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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3.3.5.3. Total nitrogen concentration 

Differences in total N concentrations were observed among cover crops at each 

sampling date for both early and late planted cover crops in 1995 and 1996 (Figures 3.7 

and 3.8). Significant cover crop x sampling date interaction was observed for both early 

and late planted cover crops in 1995 and 1996 (Table 3.19, page 78). In 1995, cover crop 

N concentration ranged from 13 to 20, 12 to 25 and 9 to 25 g N kg"1 for the early planted 

cover crops and 13 to 16 , 11 to 21 and 9 to 28 g N kg"1 for the late planted cover crops 

at first, second and third sampling dates, respectively. Crimson clover had significantly 

higher N concentration than all the other cover crops at all sampling dates. Both early and 

late planted crimson clover and late planted winter wheat + hairy vetch, exhibited an 

increase in N concentration from the first to the third sampling date while all the other 

cover crops had a decreasing N concentration with each subsequent sampling. These 

increases in crimson clover and winter wheat + hairy vetch N concentrations were 

probably due to increased N fixation by the legume during this period. By the third 

sampling date, all winter wheat + crimson clover mixtures had similar N concentrations. 

In 1996, cover crop N concentration ranged between 25 to 36, 22 to 29, 14 to 26 

and 11 to 18 g N kg"1 for the early planted cover crops and 16 to 21, 15 to 25, 12 to 18 

and 8 to 17 g N kg"1 for the late planted cover crops at the first, second, third and fourth 

samplings respectively. N concentration of early planted cover crops decreased from the 

first to the fourth sampling. However, the rate of decrease was slow for crimson clover 

especially between the second and third sampling when all other cover crops showed a 

rapid decrease in N concentration. Al l the late planted cover crops, with the exception of 

annual ryegrass, winter wheat + crimson clover and winter wheat + hairy vetch, showed 
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an increase in N concentration between first and second sampling and thereafter a 

decrease in N concentration between second and fourth sampling. Annual ryegrass and 

winter wheat showed a continuous decrease in N concentration with each subsequent 

sampling while N concentration of winter wheat + hairy vetch did not change much 

between first and third sampling, but decreased slightly between third and fourth sampling. 

Generally, in 1996, early planted cover crops had higher N concentrations at the 

beginning of spring sampling probably due to greater N uptake in the fall and then 

exhibited a rapid decline as compared to 1995. 



81 

3 o 
H 

50 

45 H 

40 H 
00 

oo 35 
c o 

c <o o e o 

-©-
-B-

W. wheat 
Fall rye 
W. wheat + C. clover (12 kg ha"1) 
W. wheat + C. clover (16 kg ha'1) 
W. wheat + C. clover (20 kg ha"1) 
W. wheat + C. clover (24 kg ha"1) 
Fall rye + C. clover 
C. clover 
W. wheat + H. vetch 

(a) Early planted 

March 30 April 13 April 27 

Sampling Date 

00 

a o 

J3 
c 
o £3 
O 

o 
H 

March 30 April 13 

Sampling Date 

April 27 

Figure 3.7. Mean cover crop total N concentrations as related to spring sampling date and time 
of planting of cover crops in 1995 (a) Early planted (b) Late planted. Vertical bars represent 
the least significant difference (LSD) atp=0.05. Values in parenthesis represent crimson clover 
seeding rates. 
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time of planting of cover crops in 1996 (a) Early planted (b) Late planted. Vertical bars 
represent the least significant difference (LSD) atp=0.05. 
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3.3.5.3. Total N content 

Cover crop N content in above-ground dry matter at each sampling date in 1995 

and 1996 is illustrated in Figures 3.9 and 3.10 respectively. Cover crop x sampling date 

interaction was observed in 1995 for the early planted cover crops (Table 3.19, page 78). 

Winter wheat + crimson clover mixtures had similar N contents except at the first 

sampling. Crimson clover had the lowest N content at the first sampling but increased by 

74 kg N ha"1 at the third sampling. Between first and third sampling, winter wheat had 

accumulated three, fall rye six and mixtures between 3 to 46 kg additional N ha"1. 

Nitrogen content of late planted cover crops increased from 46 kg ha"1 at first sampling to 

71 kg ha"1 at third sampling. 

In 1996, main effects of sampling date and cover crop were significant (Table 3.19, 

page 78). Average cover crop N contents increased from 66 and 18 kg ha"1 at first 

sampling to 80 and 32 kg ha"1 at fourth sampling for early and late planted cover crops 

respectively. 
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3.3.5.4. C : N ratios 

There were significant differences in C:N ratios among the cover crops at each 

sampling date in both years (Figures 3.11 and 3.12 ). Cover crop x sampling date 

interactions were significant for both early and late planted cover crops in 1995 and 1996 

(Table 3.19, page 78). Generally, C:N ratios for both early and late planted cover crops 

increased with each subsequent sampling date in 1995 and 1996 except for crimson clover 

which exhibited a decline in C:N ratio in 1995. 

In 1995, at the first sampling, C:N ratios ranged between 18-31 and 22-30 for the 

early and late planted cover crops respectively. The cover crop C:N ratios, with the 

exception of crimson clover, widened at the second sampling to a range of 17-32 and 14-

42 for the early and late planted cover crops respectively. At the third sampling, all cover 

crops had C:N ratios >30:1 with the exception of both early and late planted crimson 

clover, late planted fall rye + crimson clover and winter wheat + hairy vetch. 

In 1996, a similar trend in C:N ratio was observed from one sampling date to the 

next. C :N ratios at the first sampling ranged between 11-19 and 20-25 for the early and 

late planted cover crops respectively. By the fourth sampling, C:N ratios had widened and 

ranged between 25-44 and 24-56 for the early and late planted cover crops respectively. 

Al l cover crops had C:N ratios >30 with the exception of early planted crimson clover. 
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least significant difference (LSD) at p=0.05. Values in parenthesis represent crimson clover 
seeding rates. 
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planting of cover crops in 1996. (a) Early planted (b) Late planted. Vertical bars represent the 
least significant difference (LSD) at p=0.05. 
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3.3.5.5. Legume proportions in cover crop mixtures 

Percent legume dry matter yield in cover crop mixtures in 1995 and 1996 for both 

early and late planted cover crops is illustrated in Figures 3.13 and 3.14. A significant 

cover crop x sampling date interaction was observed for the late planted mixtures in 1995 

(Table 3.20). At the first sampling, winter wheat + crimson clover (20 kg ha"1 seeding 

rate) had a greater proportion of legume than winter wheat + crimson (16 kg ha"1 seeding 

rate) but was similar to all the other mixtures. At the second sampling, all the mixtures 

had similar legume proportions. At the third sampling, winter wheat + crimson clover (24 

kg ha"1 seeding rate) had a greater proportion of legume than winter wheat + crimson 

clover (16 kg ha"1) and winter wheat + crimson clover (20 kg ha"1 seeding rate) but was 

similar to the other mixtures. Legume dry matter yield ranged between 7 to 15, 9 to 23 

and 8 to 25% at the first, second and third sampling dates respectively. 

There was no significant cover crop x sampling date interaction for the early 

planted cover crops in 1995. The average legume proportions were 6, 9 and 8% at the 

first, second and third sampling dates respectively. 

In 1996, average legume proportions were 0, 3, 3 and 5% for the early planted 

mixtures and 0, 11, 17 and 19% for the late planted mixtures at the first, second, third and 

fourth sampling dates respectively. At the first sampling on 26 March, there was 

insufficient legume in mixtures to be quantified. Legume proportions in mixtures were 

low compared to 1995. Field observation indicated poor crimson clover growth. 

Generally, late planted mixtures had greater legume proportions than the early planted 

mixtures. 
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Figure 3.13. Percent legume dry matter yield in cover crop mixtures as related to spring 
sampling date and time of planting of cover crops in 1995 (a) Early planted. Vertical bars 
represent the least significant difference (LSD) at p=0.05. Values in parenthesis represent 
crimson clover seeding rates, (b) Late planted. Vertical bars represent the standard error of 
the mean (n=4). 
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Figure 3.14. Percent legume dry matter yield in cover crop mixtures as related to spring 
sampling date and time of planting of cover crops in 1996 (a) Early planted (b) Late planted. 
Vertical bars represent the standard error of the mean (n=4). 
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Table 3.20. Analysis of variance (F-ratios) for the effects of cover crop mixtures and 
sampling date on legume dry matter yield (%) of early and late planted cover crops in 
the early spring of 1995 and 1996. 

Source df Early planted Late planted 

1995 

Block, B 3 2.70 _ ~ .** 7.94 

Cover crop, C 5 1.01 1.67 

B x C 15 1.40 6.13 

Sampling date, S 2 3.20 5.46" 

C x S 10 0.30 2.37* 

1996 

Block, B 3 1.65 0.21 

Cover crop, C 3 1.76 2.60 

B x C 9 3.15 3.02 

Sampling date, S 2 1.53 2.30 

C x S 6 0.87 0.34 
, Significant at the 0.05 and 0.01 probability levels respectively. 
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3.3.6. Soil water content under cover crops during spring 

Gravimetric soil water content at 0-20 cm depth and rainfall events for the early 

and late planted cover crops in the spring of 1995 are shown in Figures 3.15 and 3.16. 

Generally, 1996 was a wet spring compared to 1995. Total amounts of rainfall during the 

period of measurement were 62 and 195 mm in 1995 and 1996 respectively, with 50% of 

the rainfall in 1996 occurring between 10 and 23 April. At least 30 mm of rainfall 

occurred between sampling events in 1996 compared to 1995 when more than 30 mm of 

rainfall occurred only during the two week period prior to the 12 April sampling. 

Early planted cover crops showed no significance differences in soil water content 

during the period of measurements from 30 March to 3 May 1995. A significant cover 

crop x sampling date interaction was observed implying that cover crops affected soil 

water content differently at each sampling date (Table 3.21). Al l the treatments had 

similar soil water contents on 30 March ranging from 0.34 to 0.36 kg kg"1. On 12 April, 

soil water content increased, with the amount measured under winter wheat being higher 

than all the other treatments. By 27 April, soil water content had decreased to between 

0.28-0.30 kg kg"1, with the greatest decrease being observed under winter wheat. 

Between 27 April to 3 May, soil water content decreased slightly under all the treatments 

ranging between 0.26- and 0.29 kg kg"1. 

Soil water content under early planted cover crops were significantly higher than 

under late planted cover crops during the 1995 period of measurements (Figure 3.15 and 

Table 3.21). The bare soil control consistently had lower soil water content on all the four 

sampling dates compared to cropped soils. 
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Figure 3.15. Gravimetric water content to 20 cm and rainfall between soil sampling 
dates in 1995for the early and late planted cover crops. Vertical bars represent the least 
significance difference (LSD) at p=0.05. 
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Table 3.21. Analysis of variance (F-ratios) for the effects of cropping and sampling date 
on gravimetric soil water content at the 0-20 cm depth in 1995 and 1996. 

1995 1996 

Source df Early planted Late planted Early planted Late Planted 

Block, B 3 1.49 2.30 29.36 4.13 

Crop,C 3 0.63 7.95" 19.69" 2.37 

B x C 9 
** 

14.08 3.06" 0.60 3.10* 

Sampling Date, S 3 
** 

446.23 207.12" 35.53 49.41** 

C x S 9 3.28 1.70 .1.64 0.50 

*, ** Significant at the 0.05 and 0.01 probability levels respectively. 

The greatest differences in soil water content occurred between bare soil and winter 

wheat, ranging between 0.02 to 0.06 kg kg"1. Soil water under spring barley and fall rye 

were intermediate between bare soil and winter wheat. 

Gravimetric soil water content and rainfall events in 1996 for both the early and 

late planted cover crops are shown in Figure 3.16, page 94. Soil water content under 

early planted treatments were significantly different during the period of measurements 

between 26 March and 7 May (Table 3.21). Bare control had significantly lower water 

content than the other treatments on 26 March, 10 April and 7 May. Similar water 

content was observed under all treatments on 23 April. 

Soil water content under late planted treatments was not significantly different 

throughout the measurement period. Effect of sampling date was significant with the soil 

water content increasing between 26 March to 23 April and thereafter decreasing between 

23 April and 7 May. 
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Soil water content measured to depths of 0-20, 20-40 and 40-60 cm on 3 May 

1995 and 7 May 1996 for both early and late planted cover crops are shown in Figure 3.17 

and 3.18. There were no significant differences in soil water content between the cover 

crops at 20-40 and 40-60 cm depths (Table 3.22). 
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Figure 3.17. Effects of early and late planted cover crops on soil water contents at 
depths 0-20, 20-40 and 40-60 cm on 3 May 1995. Vertical bars represent standard error 
of the mean (n=4). 
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Figure 3.18. Effects of early and late planted cover crops on soil water content at depths 
0-20, 20-40 and 40-60 cm on 7 May 1996. Vertical bars represent standard error of the 
mean (n=4). 
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Table 3.22. Analysis of variance (F-ratios) for the effects of cropping on gravimetric soil 
water content at 20-40 and 40-60 cm depths on 3 May 1995 and 7 May 1996. 

1995 1996 

Source df Early planted Late planted Early planted Late planted 

20-40 cm 

Block, B 3 0.42 1.23 4.48* 11.54** 

Crop, C 3 1.83 1.70 2.93 4.27 

40-60 cm 

Block, B 3 2.86 1.49 3.66 35.66** 

Crop, C 3 0.22 L58 2,25 O60 
Significant at the 0.05 and 0.01 probability levels respectively. 
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3.4. DISCUSSION 

3.4.1. Fall dry matter yield and nitrogen accumulation 

Cover crop biomass yield and N accumulation varied greatly among years. 

Similar observations have been made by researchers working with cover crops under 

similar climatic conditions (Holderbaum et al., 1990; Ranells and Wagger, 1996). These 

variations are due to weather differences between years during cover crop growth. The 

weather will dictate to a large extent the success of establishment and the subsequent 

growth of the cover crops. 

Maximizing cover crop biomass production and N content in the fall requires 

successful establishment and a long period of good growing conditions prior to the onset 

of cold temperatures and short daylength. Dry soil conditions at the time of planting can 

delay establishment and lead to lower dry matter yield (Richards et al., 1996). In this 

study, due to dry soil conditions at planting time in 1994, the establishment of annual 

ryegrass , because of its smaller seed size, was affected more than the cereals. In 1995, 

four times as much precipitation occurred in the month of August prior to planting date as 

compared to 1993 and 1994. The mean November temperatures in 1995 were 3 and 

3.5°C warmer than in 1993 and 1994 respectively and 2°C above the long term average. 

These two factors during the fall establishment period probably contributed to greater fall 

biomass yields in 1995 compared to 1993 and 1994. Low temperatures and reduced 

daylength coupled with excessive precipitation following late planted cover crops in 1995 

possibly contributed to the delayed establishment of the cover crops hence leading to 

insufficient amounts of biomass to sample by November. Burket et al. (1997) working 
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with cover crops in northwestern Oregon noted that dry fall and/or excessive rainfall 

and/or a cold spell (<0°C for several days) in November and December severely reduced 

cover crop growth. 

3.4.2. Spring dry matter biomass yield and nitrogen accumulation 

The cover crop sampling in the spring just prior to spring cultivation represents the 

greatest potential dry matter and N contribution to the subsequent crop. In general, total 

cover crop dry matter yields at the last spring sampling date were lower in 1994 than in 

1995 and 1996, most notably for crimson clover treatments. This was due to the 

unfavourable weather conditions for establishment in the fall of 1993. Precipitation 

between the planting date in August and sampling date in November 1993 was below 

normal (157 vs. 388 mm). November temperatures averaged 2.5°C cooler than normal. 

Based on the amounts of dry matter yield and N accumulated by November 1995 sampling 

date, the spring dry matter yield in 1996 was low as compared to 1994 and 1995. Field 

observations indicated that below normal temperatures in January and February 1996 led 

to partial winter-kill of cover crops resulting in reduced spring dry matter yield and N 

content with crimson clover being the most affected species. Excessive precipitation in 

the month of April 1996 during a period of active cover crop growth could also have 

contributed to the low dry matter yield and N content observed. Winter wheat, annual 

ryegrass and cereal/grass-legume mixtures performed consistently well in all the years. 

Among the mixtures, winter wheat + hairy vetch mixture had impressive amounts of dry 

matter biomass and N content in all the years of study. The early planted winter sensitive 
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species (spring barley and spring wheat) seldom survived the winter season. By the time 

they winter-kill, dry matter yield was between 2000-4000 kg ha"1. The advantage of 

winter-killed species is that they are easier to work into the soil in the spring as opposed to 

the overwintering cover crop species which may become rather fibrous and difficult to 

incorporate. Another advantage is that the C:N ratio at winter-kill is usually much lower 

than spring C:N ratios for over-wintering non-legumes. The early planted cover crops 

produced 50% of their total biomass prior to winter as compared to the late planted cover 

crops which produced only 5-60% of their total biomass prior to winter. Therefore, the 

amount of green manure available from late planted cover crops is strongly dependent on 

the time available for spring growth prior to spring cultivation. 

Despite the year to year variation observed in dry matter biomass production, 

cover crop biomass yield in this study compared well with others reported elsewhere 

under similar climatic conditions (Holderbaum et al., 1990; Shipley et al., 1992; Clark et 

al., 1994) with the exception of crimson clover which had lower dry matter biomass yield. 

3.4.3. Dry matter biomass and nitrogen dynamics during spring 

Repeated samplings in the spring indicated consistent increase in cover crop dry 

matter biomass yield. Previous reports have indicated substantial increases in cover crop 

dry matter and N content during the months of March and April, especially in legumes 

(Ranells and Wagger, 1997a). Nonetheless, the more rapid fall establishment and early 

winter growth of cereals/grass resulted in greater dry matter accumulation in cereal/grass 

and cereals/grass-legume treatments than crimson clover. 



104 

Since changes in dry matter production levels were proportionately greater than 

changes in N concentration, the total N content of the cover crops paralleled the 

differences in dry matter from one sampling date to the next. Thus, the overriding factor 

in total N content was dry matter yield which agrees with the findings of Fribourgh and 

Johnson (1955). 

The C:N ratio of plant residues has frequently been used as a tool for predicting 

the rate of decomposition. The C:N ratios were highest for the cereal/grass monocultures 

and lowest for the crimson clover monoculture in both years. The C:N ratio of early and 

late planted winter wheat + hairy vetch mixtures decreased between 21-28 and 40-43% 

respectively compared with a winter wheat monoculture. This reduction was 3-10, 5-9 

and 10-22%) for early planted and 18-23, 15-18 and 12-18% for late planted winter wheat, 

fall rye and annual ryegrass respectively when planted in mixture with crimson clover. 

Most cover crops attained a C:N ratio of 30:1 by mid-April. Crimson clover and winter 

wheat + hairy vetch treatments were the only cover crops which consistently had a C :N 

ratio less than 30:1 by the last sampling date in 1995 and 1996 indicating that net N 

mineralization was likely to occur upon their decomposition (Allison, 1966). Therefore, 

terminating the cover crop growth by mid-April when C:N ratios of most cover crops are 

about 30:1 can lower the potential for N immobilization. This effect will however, depend 

on the soil water content which is the determining factor for workability and trafficability 

of the soil. 

Late planted cover crop mixtures yielded proportionally more legume above-

ground dry matter yield than early planted mixtures. This could be attributed to the 

relative growth pattern of cereals/grass and legumes and the competition within the 



105 

mixtures. Since cereals establish rapidly in the fall when soil N is still adequate, early 

planting will favour cereal dominance in the mixture by winter time. In the spring, when 

legumes begin rapid growth, the cereal being more well established will out compete the 

legume hence resulting in low legume dry matter yield. Late planted mixtures, however, 

will have more or less equal opportunity for competition because most of their biomass 

yield is produced in the spring. Thus, late planted mixtures are likely to have higher 

legume composition. 

The consistent increase in the vetch proportion in the winter wheat + hairy vetch 

mixture at each succeeding sampling date in both years for both early and late planting 

dates implies that hairy vetch is more vigorous in its growth in the spring than crimson 

clover. This may relate to differences in the growth habits of the two legume species. 

Hairy vetch has a viney growth habit. Consequently, the winter wheat canopy structure in 

the winter wheat + hairy vetch mixture provided an excellent scaffold for hairy vetch to 

grow upwards into the canopy and intercept a greater percentage of light compared with 

the more limited exposure of crimson clover in mixture with winter wheat. 

Poorer growth and lower dry matter yield of legumes were observed in 1996 

compared to 1995. Crimson clover plots in particular were characterized by relatively 

poor growth. These observations were possibly due to weather variation between the two 

years. Total precipitation during the period of establishment between August-November 

was 76 mm greater in 1996 than in 1995 and 90 mm above normal. Also, in the month of 

April, when the legumes are supposed to be growing rapidly, more than three times as 

much precipitation occurred in 1996 than 1995. This amount of precipitation was 129% 

greater than the long term average. Below normal temperatures were also recorded in the 
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months of January and February 1996. Legumes are not tolerant of water-saturated 

conditions and cool soil environments (Holderbaum et al., 1990) which explains their poor 

growth performance in 1996. 

Generally , the overall performance of crimson clover in this study either in 

monoculture or mixture was considerably less than expected based on other studies 

conducted under similar climatic conditions (Bomke et al., 1993; Shipley et al., 1992; 

Clark et al., 1994). Results from previous studies conducted by Bomke et al. (1993) in 

the Fraser River Delta, indicated higher crimson clover dry matter yields and N content 

compared to results obtained in this study, with the exception of the 1994-95 season. In 

1991-92 season at Swenson site, August planted crimson clover dry. matter yields were 

2.41 t ha"1 and 4.31 t ha"1 on 15 November 1991 and 8 April 1992, respectively (Tables 

A.5, page 158 and A.6, page 159). Nitrogen contents were 89 kg ha'1 and 111 kg ha"1 on 

15 November 1991 and on 8 April 1992 respectively. Mean monthly temperatures were 

above average between November - April (Figure A . l , page 156) and therefore favoured 

cover crop growth during this period. This probably favoured the winter wheat in the mix 

with crimson clover due to the rapid establishment of the cereal and therefore out 

competed the crimson clover since by April sampling, there was no growth of clover in the 

mix. This was also observed at the Nottingham farm. In 1992-93 at the Kamlah site, 

August planted crimson clover dry matter yields and N content were 3.75 t ha'1 and 92 kg 

ha"1 respectively on 30 April (Table A.6, page 159). Dry matter yield and N content of 

winter wheat and winter wheat + crimson clover were lower as compared to 1991-92. 

Although below average temperatures were recorded during this season in the months of 

December, January and February, precipitation during this period was less than the long 
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term average and the dry matter yield and N content of crimson clover was greater than 

obtained in this study in the 1995-96 season. Therefore, it seems that the combination of 

below average temperatures and excessive precipitation as was observed in this study in 

the 1995-96 season is detrimental to crimson clover growth. 

These results demonstrate the significant effect that variation in weather from year 

to year can have on cover crop performance. 

3.4.4. Soil mineral nitrogen 

The results of this study demonstrate that well established winter cover crops have 

the capacity to deplete soil nitrate-N pools relative to the bare soil control and hence 

reduce the risk of nitrate-N leaching. Early planting in the fall (by third week of August) 

appears to favour establishment and therefore should be an objective, although it must be 

recognized that dry conditions at planting may delay cover crop establishment. 

Nitrogen conserving ability of a cover crop depends not only on its total N uptake, 

but also the timing of its growth in relation to N leaching. Compared to the legume 

covers, cereals and annual ryegrass became established rapidly in the fall when residual N 

was still high. This is illustrated by the high amounts of N taken up by the cereals/grass 

monocultures and cereals/grass and legume mixtures by the 12 November sampling date. 

By 7 May, mineral N levels were very low in the plough layer (0-20 cm), implying that due 

to winter leaching, most of the mineral N moved beyond the rooting zone and that the 

legumes probably relied on N 2 fixation to meet their N requirement during their rapid 

growth period in April-May. These results suggest that fall established hairy vetch and 
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crimson clover, when planted as monocultures, will be ineffective N conservers in Delta 

where winter precipitation can move nitrate below the effective rooting depth before they 

begin rapid growth. Similar observations were made by Shipley et al. (1992) on the 

Maryland Atlantic Coastal Plain which is characterized by high winter precipitation. 

Therefore, planting cereal/grass and legume in mixtures may be a better choice because in 

a cereal/grass and legume mixture, the nutrient scavenging abilities of cereals or grasses 

may be combined with the N contribution of a legume through N fixation for the 

production of a subsequent crop. This may help retain N within the agricultural ecosystem 

and therefore diminish environmental concerns of NCV-N pollution of groundwater and 

reduce fertilizer expenses due to potential adjustments on N rate recommendations. In a 

recent study conducted by Clark et al. (1994) at Piedmont and Coastal Plain locations in 

Maryland, USA, a rye-hairy vetch mixture was shown to successfully scavenge potentially 

leachable N while maintaining corn yields by adding fixed N to the cropping system. 

3.4.5. Soil water content 

Significant differences in soil water content at 0-20 cm depth between bare and 

cropped treatments were observed only under late planted and early planted treatments in 

1995 and 1996 respectively. Bare treatment had significantly less soil water than the 

cropped plots possibly due to higher evaporation rates and lower infiltrability. The 

presence of cover crops might have reduced water loss from the soil surface by modifying 

the effect of meteorological factors (e.g., radiation, wind, air temperature, humidity) 

acting on the soil (Hillel, 1980). Also, the amount of rainfall water infiltrating this top-
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crusted bare soil might be smaller than that entering the cropped soils (Hillel and Gardner, 

1969; Zang and Miller, 1993). Hermawan (1995) working with similar soils in Delta, 

British Columbia, noted significant differences in soil water between the bare and cropped 

soil within the top 0-10 cm with the bare control having consistently lower water content 

but no differences between 10-20 cm. At 0-20 cm depth, the differences among cropping 

treatments were mostly non-significant, suggesting that the bare soil could be as 

susceptible to deep compaction from heavy equipment as cropped soils regardless of drier 

topsoil. Some investigators in cover crop studies have indicated that little difference in 

soil water content can be found below 15 cm (Ewing et al., 1991) or 30 cm (Jones et al., 

1969; Corak et al., 1991), while others have shown significant differences at lower depths 

(Utomo, 1986). Discrepancies in the literature may reflect climate (year) and soil type 

differences in spring cover crop management. 

In terms of soil trafficability, Paul and de Vries (1979) working on a cultivated 

silty clay loam in the Lower Fraser Valley, British Columbia, found that the critical 

penetration resistance value for traction efficiency, indicated by a wheelslip of about 20%, 

was 0.45 MPa. Using the method proposed by Busscher and Sojka (1987), Hermawan 

(1995) while working on a silty clay loam in Delta, British Columbia, established the 

relationship between soil penetration resistance, bulk density and water content at 0-20 cm 

depth as: 

log (PR) = 5.38 log (Pb) - 1.82 (9) - 1.46 

where PR is penetration resistance in MPa, Pb is the bulk density in Mg m"3, 9 is the water 

content in kg kg"1. Based on this relationship, the critical penetration resistance value of 

0.45 MPa corresponds to soil water content value of 0.32 kg kg"1. In this study, cover 
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crops attained this critical soil water content value by 27 April in 1995 while in 1996, by 

the last spring sampling date on 3 May, only the bare soil treatment and late planted fall 

rye and winter wheat had attained this critical value. Therefore, in a wet spring, cover 

crops may delay farmers from getting into the fields. If the cover crop growth has to be 

terminated before the critical soil water content is attained, compaction can be minimized 

by either mowing or spraying with a herbicide as opposed to ploughing-under. This is 

because of the possibility of the tractor moving faster at lower wheel slip. Davies et al. 

(1972) noted that wheelslip proved to be more important in causing compaction than 

additional wheel loading and concluded that in situations where there is need to avoid 

overcompaction, particular attention should be paid to tractor loading and the possibility 

of moving faster to take up more power at lower slip (10%). 

3.5. CONCLUSIONS 

Cover crops perform better when planted by late August compared to late 

September in achieving sufficient biomass and N accumulation to serve as green manures 

and N sources. August-planted cover crops also have a great potential to lower the 

amount of fall residual soil N and hence reduce N leaching during winter. Late planted 

cover crops accumulated most of their biomass in the spring and therefore their dry matter 

yield and N content depends on how long they are allowed to grow in the spring. 

Among the cereals/grasses, winter wheat and annual ryegrass performed 

consistently well in terms of dry matter yield and N content. While the mixtures also 
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performed well, winter wheat + hairy vetch mixture accumulated consistently higher levels 

of dry matter and N content and therefore appeared more reliable. 

Crimson clover did not perform as well in mixtures as hairy vetch and the dry 

matter yields obtained were considerably less than have been reported elsewhere under 

similar climatic conditions. Furthermore, the clover seems to be more affected by 

excessive wet conditions and cold temperatures than hairy vetch as was observed in the 

1995/96 season. Despite the poor stands of crimson clover which precluded meaningful 

comparisons of the potential of this legume, the late planted mixtures had slightly lower 

C:N ratios than the corresponding cereal/grass monocultures except fall rye + crimson 

clover in 1996 at Reynolds site. In terms of the ability to "scavenge" residual soil N , 

mixtures performed as well as cereal/grass monocultures. 

In 1995 which had had a relatively dry spring as compared to 1996, cover crops 

attained C:N ratios of 30:1 by mid-April, and the critical soil water content by the third 

week of April. In 1996, cover crops attained the C:N ratios of 30:1 by the third week of 

April but the soil water content was still greater than the critical value by 7 May. 

Therefore, cover crops attained the critical C:N ratio when the field was still not 

trafficable and hence terminating the cover crop growth may not be possible due to the 

risk of compacting the soil. In a wet spring, attaining the critical soil water content may 

take even longer. 
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4. NITROGEN RELEASE FROM DECOMPOSITION AND MINERALIZATION OF 
COVER CROP RESIDUES. 

4.1. INTRODUCTION 

Cover crop residues, upon decomposition may release significant amounts of N to 

the subsequent crop. However, released N availability to the subsequent crop will be 

determined to a large extent by the pattern of release. Ideally, a large pool of mineral N 

must be released before the period of rapid uptake by the crop. Legumes, because of their 

low C:N ratio, have been shown to release N rapidly upon incorporation (Ebelhar et al, 

1984; Groffman et al, 1987; Sarrantonio and Scott, 1988; Utomo et al, 1990; Stute and 

Posner, 1995). Cereals and grasses on the other hand, because of their wide C:N ratio, 

may initially immobilize N and release it later in the season. The utilization of 

cereal/grass-legume mixtures may modify the C:N ratio and theoretically allow 

decomposition to proceed at a faster rate compared with a cereal/grass monoculture, while 

moderating the more rapid N mineralization potential of a legume (Ranells and 

Wagger, 1997b). Ranells and Wagger (1996) on a Norfolk loamy sand in the North 

Carolina Coastal Plain demonstrated increases in the amounts of N released from grass-

legume mixtures compared with grass monoculture. Estimates of N (kg ha"1) released 

from cover crop residue after 8-weeks of field decomposition, averaged over 2 years, 

were 24 for rye, 60 for crimson clover, 132 for hairy vetch, 48 for rye-crimson clover, and 

108 for rye-hairy vetch. 

Therefore, the use of cereal/grass-legume mixtures grown as winter annual cover 

crops may provide farmers with additional cover crop management options regarding the 
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availability of cover crop residue N . An understanding of N release patterns from 

cereal/grass-legume mixtures under environmental conditions and crop and soil 

management regimes in Delta may lead to management options aimed at synchronizing N 

availability with crop demand and thereby foster more efficient nutrient management in 

Delta agriculture. 

The objective of this study therefore was to determine the effect of cereal/grass 

and legume cover crop monocultures and mixtures on N release from decomposition of 

the cover crop residues. 

4.2. MATERIALS AND METHODS 

4.2.1. Field incubation set-up 

Selected species from the early planted cover crops in 1994-95 and 1995-96 

season were used in the incubation studies. The cover crops selected and their 

characteristics are shown in Table 4.1. A bare soil control treatment was included in both 

years of the study. 

Incubation studies were done under field conditions using P V C cores (5.5 cm 

diameter x 21 cm long). A block of soil from an area measuring 400 cm 2 to a depth of 20 

cm plus the corresponding aboveground plant material was obtained randomly from each 

plot using a shovel. The samples were obtained on 3 May and 7 May in 1995 and 1996 

respectively. The above-ground plant material was separated from the block of soil which 

was then gently crushed with the hands and mixed thoroughly in a plastic container. The 
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above-ground plant material was chopped into small pieces (5-7.5 cm) and mixed 

thoroughly with the soil. A nylon stocking enveloping a PVC ring of 1-cm height and of 

similar diameter to the internal diameter of the core was filled with 10 g of mixed-bed ion 

exchange resin (Rexyn 1-300, certified grade, Fisher scientific Co., characteristics listed in 

Table 4.2) and inserted into the bottom 1-cm of each core. 

Table 4.1. Cover crop residue characteristics. 

Treatment Dry wt N cone. N content C:N 

kg ha 1 g k g 1 kg ha 1 

1995 
W. wheat 9900abf 9d 92bcde 39ab 
Fall rye 5670de 13c 73 e 32cd 
Ann. Ryegrass 8120bc lOd 79de 40a 
W. wheat + C. clover§ 10240a l i d HOabcd 38ab 
Fall rye + C. clover 6220de 13bc 84cde 29def 
Ann. Ryegrass + C. clover 7120cd 13bc 96bcde 3 led 
C. clover 4930e 25a 125ab 16f 
W. wheat + H . vetch 9760ab 15b 144a 28de 

CV, % 15 9 9 9 
LSD (0.05) 1900 1.6 38.0 4.0 

1996 
W. wheat 7670a 11c 83 ab 39ab 
Fall rye 6290a 12c 73bc 38abc 
Ann. Ryegrass 7940a 10c 81ab 41ab 
W. wheat + C. clover® 6540a 13bc 83 ab 35bc 
Fall rye + C. clover 7540a 12c 96ab 36bc 
Ann. Ryegrass + C. clover 6060a 11c 69bc 37abc 
C. clover 2370b 18a 44c 25d 
W. wheat + H. vetch 7690a 14b 108a 3 led 

C V , % 26 15 26 14 
LSD (0.05) 2500 2.6 30.0 8.0 
•f Within columns and years, means followed by the same letter are not significantly different at p=0.05. 
' Crimson clover seeding rate (12kg ha"1). 
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Silicon glue was used to seal the outside of the rings to the cores to avoid soil solution 

losses through boundary flow along the inner core wall. The soil-plant material mixture 

was then packed into the P V C cores at a bulk density of 1 Mg m"3 which is characteristic 

of newly cultivated soils in Delta. Each treatment from the four blocks was replicated 5 

times (total of 180 cores) to coincide with the number of sampling intervals. The tops of 

the cores were covered with nylon mesh bags to prevent any debris from getting inside the 

cores. Cores were then placed in a completely randomized block design within the top 20 

cm of soil midway between 1 m width rows in a cultivated field seeded with corn on 1 

June 1995 and 3 June 1996. While placing the cores into the ground, it was ensured that 

the lower end was touching the soil, thus reducing the possible barriers to water flow. 

The upper end of each core was maintained level with the surrounding soil. The cores 

were allowed to incubate in the field for a period of 16 weeks. 

Available N levels were determined at intervals of 0, 2, 4, 8 and 16 weeks from the 

onset of incubation by withdrawing one core of each replicate and extracting the soil and 

the resin separately with KCI for determination of N0 3 " -N and NJT/ -N forms as 

previously described. Amount of N mineralized by each cover crop was obtained by 

adding the amounts of mineral N in the resin and soil minus the amount of N mineralized 

from the control treatment (resin + soil). Cumulative mineral N was obtained by the 

difference between the amounts of mineral N at each sampling time and at the onset of 

incubation and expressed in kg ha'1 based on the bulk density at which the cores were 

packed. 
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Table. 4.2. Chemical and physical properties of the mixed-bed ion exchange resin 
(Rexyn 1-300, certified grade, Fisher Scientific Co.). 

Mesh size (wet, US standard sieve) 16-50 
Total exchange capacity (wet vol.) 1.35 meq/ml 
Moisture content 55.0% 
Active anion group R-SCV 
Active cation group P M - N + 

Initial ion on the exchange sites Ff; OFT 
Active pH range 2-14 

4.2.2. Soil temperature 

Soil temperature measurements in 1995 were taken at depths of 3 and 20 cm. In 

1996, in order to establish whether soil temperature inside the cores differed from outside, 

soil temperatures were measured both inside and outside the cores at depths 5, 10, 15 and 

20 cm. Four replicates of cores packed similarly to the experimental cores and incubated 

under similar conditions in the field were used for determining the temperature inside the 

cores. 

Soil temperatures were measured with thermocouples and recorded hourly with a 

microprocessor based data logger (Campbell Scientific Inc., Logan, Utah). The copper-

constantan thermocouples were inserted horizontally through the side of the cores. Mean 

daily soil temperatures were calculated from the arithmetic average of the hourly 

temperature measurements over a 24-hour period. 
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4.2.3. Soil water content 

Gravimetric soil water content was determined at each sampling time in 1995 and 

1996 as previously described. Mean water content was calculated from the arithmetic 

average of the water content of the replicate samples collected. In 1996, an attempt to 

measure soil water content at 5, 10, 15 and 20 cm depths using Time Domain 

Reflectrometry (TDR, Tektronics 1502B) did not succeed due to the failure of the 

equipment during the experiment. 

4.2.4. Statistical Analysis 

Analysis of variance was performed on all experimental variables using the General 

Linear Models (GLM) procedure of the SAS package (SAS Institute, Inc., 1988). Data at 

each sampling date were analyzed as a randomized complete block. 

The model used was: 

yij= H + Bj+ Tj+ £0 

where yy is the observation, JU is the true mean of the population from which all data came 

from, Bt is the blocking effect, tj is the crop treatment effect, £y is the experimental error. 

Where significant difference among treatment means was observed at p=0.05, 

treatment means were compared using the Least Significant Difference procedure (LSD). 

Single degrees of freedom orthogonal contrasts were used to compare selected treatments. 

In order to predict the amount of N mineralized from cover crop residues, an 

attempt was made to find a good general relationship between the amount of N 
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mineralized and residue N concentration and C:N ratio. The G L M procedures of the 

statistical analysis system (SAS, 1988) were used to determine the best fit. 

4.3. RESULTS 

4.3.1. Soil temperatures and water content during incubation periods. 

The average daily soil temperatures measured during the study periods were higher 

in 1996 as compared to 1995 (Figures 4.1 and 4.2) except in the month of September. 

Highest soil temperatures were recorded in the month of July at 3 and 5 cm depths in 1995 

and 1996 respectively. In 1995, mean daily soil temperatures at 3 cm depth were 19.9, 

21.2, 18.1 and 17.8°C in the months of June, July, August and September respectively. 

Temperatures at 5 cm depth in 1996 were 20.0, 22.2, 19.8 and 14.3°C in the months of 

June, July August and September respectively. A similar pattern was observed at 20 cm 

depth in both years with mean daily temperatures of 18.4, 20.3, 17.8 and 17.4 in 1995 and 

18.8, 21.0, 19.6 and 14.8 in 1996 for the months of June, July, August and September 

. respectively. Average daily soil temperatures decreased with depth and greater 

temperature fluctuations were observed at shallower depths. Temperature measurements 

inside and outside the cores clearly indicated that there were no differences and therefore 

the use of the P V C cores did not modify conditions inside the cores. Since soil 

temperature and water content are interdependent, it is most likely that the soil water 

contents inside and outside the cores were also similar. Gravimetric soil water content 

was generally higher in 1995 compared to 1996 (Figure 4.3). Average water content 
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ranged between 23-33% and 17-28%o in 1995 and 1996 respectively. A sharp decline.in 

water content from 30.5 to 23.5% was observed between 2-4 weeks in 1995. In 1996, 

gravimetric water content declined rapidly from 28.5%) at the onset of incubation period to 

17% at 8 weeks. 

15-May 1-Jun 15-0un 1-Jul 15-Jul 1-Aug 15-Aug 1-Sep 15-Sep 30-Sep 

Date 

Figure 4.1. Average daily soil temperatures at 3 and 20 cm depths during incubation in 
1995. Vertical arrows represent sampling dates. 
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Figure 4.2. Average daily soil temperatures at 5, 10, 15 and 20-cm depths inside and 
outside the soil cores during incubation in 1996. Vertical arrows represent sampling 
dates. 



121 

Incubation time (Weeks) 

Figure 4.3. Gravimetric soil water content during incubation periods in 1995 and 1995. 

4.3.2. Cover crop effects on soil mineral nitrogen 

N release curves for cover crop residues in 1995 and 1996 are shown in Figure 

4.4. Soil mineral N concentrations varied greatly with time and cover crop species. In 

1995, cereal and grass cover crop residues immobilized up to 15 mg N kg"1 within the first 

8 weeks of decomposition followed by net N mineralization between 8-16 weeks. 

Cereal and grass-legume mixtures showed slightly different trends in N release 

pattern from the cereals and grass monocultures. Crimson clover mixes with winter wheat 

and fall rye immobilized N slightly between 2 and 4 weeks. 
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Figure 4.4. Nitrogen release curves during the incubation study periods in 1995 (above) 
and 1996 (below). Vertical bars represent the least significant difference (LSD) at 
sampling dates. 
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While there was no immobilization with annual ryegrass + crimson clover, the rate of N 

release slowed down between 2 and 4 weeks. Winter wheat + hairy vetch exhibited net N 

mineralization throughout the 16 week study period with rapid N release within the first 

two weeks in both years. Crimson clover released a significant amount of N rapidly within 

the first two weeks. The decline and the slow rate of N release between 2 to 4 weeks 

could possibly be due to the decline in soil water content from 30.5 to 23.5% during this 

period resulting in limited microbial decomposition of residues. 

In 1996, winter wheat and fall rye immobilized up to 17 mg N kg"1 between 2 to 4 

weeks while annual ryegrass immobilized 21 mg N kg"1 between 2 to 8 weeks. With the 

exception of winter wheat + hairy vetch mixture, no differences between monocultures 

and mixtures were observed in terms of amounts of N release between 2 to 16 weeks. 

Slight N immobilization was observed between 0 to 4 weeks for annual ryegrass + crimson 

clover treatment. Crimson clover mixes with winter wheat or fall rye did not immobilize 

N . Crimson clover released N slowly during the 16-week incubation period except 

between 4-8 weeks when slight immobilization was observed. 

At the end of the incubation period, inorganic N levels in all treatments ranged 

from 28 to 93 and from 22 to 91 mg N kg"1 in 1995 and 1996 respectively. 

In order to better understand cover crop N contribution to the subsequent summer 

crop, it is necessary to quantify the amount of N released by each cover crop. Cumulative 

N (kg ha"1) release by cover crop species during the 16-week incubation periods in 1995 

and 1996 is shown in Table 4.3. Orthogonal contrasts indicated that in 1995, the 

cumulative amounts of N released by winter wheat, fall rye and annual ryegrass were 

similar at all sampling dates (Table 4.4). Winter wheat + hairy vetch mixture had greater 
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cumulative amount of N released at all sampling dates than the winter wheat + crimson 

cover, fall rye + crimson clover and annual ryegrass + crimson clover. 

Table 4.3. Cumulative N release (kg ha'1) from decomposition of cover crop residues 
during 16 weeks of incubation in 1995 and 1996. 

Cover crop Initial N 
content 

0* 2 4 8 16 

1995 
Bare control 26.4 32.4 50.8 58.7 63.3 
W. wheat 92 15.9 30.2 33.8 38.2 136.8 
Fall rye 73 14.6 39.6 41.7 56.9 157.8 
Ann. Ryegrass 79 9.6 25.3 26.7 30.0 122.2 
W. wheat + C. clover5 110 16.4 81.3 68.8 122.3 145.3 
Fall rye + C. clover 84 14.1 61.0 65.8 122.1 119.0 
Ann. Ryegrass + C. clover 96 15.4 94.6 117.4 164.7 184.2 
C. clover 125 19.6 170.5 207.0 268.7 241.7 
W. wheat + H . vetch 144 26.1 132.8 169.9 209.1 249.6 
C V , % 9.0 29.0 37.3 32.5 26.9 39.4 
LSD 38.0 7.6 41.2 41.9 47.5 92.5 

1996 
Bare control 6.5 24.9 41.0 54.7 80.4 
W. wheat 83 3.1 47.8 59.4 71.7 124.0 
Fall rye 73 5.4 75.7 58.1 74.1 177.5 
Ann. Ryegrass 81 2.2 76.0 50.0 58.4 143.6 
W. wheat + C. clover5 83 3.4 52.2 67.6 90.7 166.4 
Fall rye + C. clover 96 4.6 51.5 82.6 . 103.5 189.6 
Ann. Ryegrass + C. clover 69 19.8 31.2 40.7 60.2 186.2 
C. clover 44 10.2 50.3 78.8 80.8 131.6 
W. wheat + H . vetch 108 11.2 141.2 141.0 202.7 261.9 
C V , % 26.1 145.2 70.7 56.8 55.4 52.0 
L S D 30.0 15.6 63.1 42.5 71.6 141.9 

* Weeks after onset of incubation. 
5 Crimson clover seeding rate (12 kg ha"1). 
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Crimson clover mixes with winter wheat, fall rye and annual ryegrass were similar. The 

cumulative amount of N released by winter wheat monoculture was less than winter wheat 

+ crimson clover and winter wheat + hairy vetch except at 16 weeks when the amounts 

were not different. In 1996, cumulative amounts of N released by winter wheat + hairy 

vetch mixture, except at 16 weeks, were greater than winter wheat + crimson clover, fall 

rye + crimson clover and annual ryegrass + crimson clover (Table 4.5). Winter wheat had 

significantly less cumulative N released at 4 and 8 weeks than winter wheat + crimson 

clover and winter wheat + hairy vetch. 

At the end of the 16-weeks incubation period, cumulative N release by winter 

wheat, fall rye and annual ryegrass ranged from 48 to 80 and 41 to 92 kg N ha'1 in 1995 

and 1996 respectively. Crimson clover mixes with winter wheat, fall rye and annual 

ryegrass had cumulative N releases ranging between 42 to 106 and 83 to 104 kg N ha"1 in 

1995 and 1996 respectively. In contrast, cumulative N release by winter wheat + hairy 

vetch was 160 and 170 kg N ha"1 in 1995 and 1996, respectively. Cumulative N release by 

crimson clover was 158 and 41 kg N ha"1 in 1995 and 1996 respectively. 

The bare control had cumulative N release of 32, 51, 59 and 63 kg N ha"1 in 1995 

and 25, 41, 55 and 80 kg N ha"1 in 1996 at 2, 4, 8 and 16 weeks after onset of incubation 

respectively. 
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Table 4.4. Analysis of variance (F-ratio) for the effects of cover crop residues on soil 
mineral N in 1995. 

Source df 0* 2 4 8 16 

Block, B 1 2.45 0.15 0.01 5.70* 5.72* 

Cover crop, C 8 5.62** 4.73* 5.19* 13.04** 4.52* 

Orthogonal contrasts: P r > F 

c l vs. c2+c3+c4+c5+c6+c7+c8+c9 1 0.004 0.094 0.211 0.023 0.007 
c8 vs. c2+c3+c4+c5+c6+c7+c9 1 0.195 0.003 0.002 0.001 0.025 
c2 vs. c3+c4 1 0.225 0.940 0.990 0.857 0.927 
c3 vs. c4 1 0.172 0.678 0.715 0.431 0.396 
c9 vs. c5+c6+c7 1 0.004 0.081 0.029 0.025 0.015 
c5 vs. c6+c7 1 0.600 0.906 0.527 0.472 0.860 
c6 vs. c7 1 0.703 0.340 0.230 0.224 0.139 
c2 vs. c5+c9 1 0.100 0.028 0.038 0.002 0.115 

*, ** Significant at the 0.05 and 0.01 levels, respectively; cl = bare, c2 = winter wheat, c3 = fall rye, c4 = annual 
ryegrass, c5 = winter wheat + crimson clover, c6 = fall rye + crimson clover, c7 = annual ryegrass, c8 = crimson 
clover, c9 = winter wheat + hairy vetch. 

Weeks after onset of incubation. 

Table 4.5. Analysis of variance (F-ratio) for the effects of cover crop residues on soil 
mineral N in 1996. 

Source df 0* 2 4 8 16 

Block 3 1.64 0.55 0.66 2.31 0.80 

Cover crop 8 1.09 2.54* 4.49** 3 4 6** 1.11 

Orthogonal contrasts: P r > F 

c l vs. c2+c3+c4+c5+c6+c7+c8+c9 1 0.863 0.088 0.054 0.157 0.086 
c8 vs. c2+c3+c4+c5+c6+c7+c9 1 0.591 0.454 0.637 0.606 0.376 
c2 vs. c3+c4 1 0.912 0.301 0.766 0.858 0.545 
c3 vs. c4 1 0.672 0.993 0.699 0.656 0.627 
c9 vs. c5+c6+c7 1 0.760 0.008 0.001 0.001 0.161 
c5 vs. c6+c7 1 0.191 0.687 0.744 0.770 0.720 
c6 vs. c7 1 0.055 0.514 0.053 0.224 0.961 
c2 vs. c5+c9 1 0.531 0.077 0.019 0.020 0.143 

*, ** Significant at the 0.05 and 0.01 levels, respectively; cl = bare, c2 = winter wheat, c3 = fall rye, c4 = annual 
ryegrass, c5 = winter wheat + crimson clover, c6 = fall rye + crimson clover, c7 = annual ryegrass, c8 = crimson 
clover, c9 = winter wheat + hairy vetch. * Weeks after onset of incubation. 
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4.3.3. Relationships between N mineralized and cover crop residue N concentration 
and C:N ratio. 

The predictive equations for the amount of N mineralized and the C:N ratio and N 

concentration of cover crops residues are shown in Table 4.4. Based on the R 2 values, the 

best relationship was obtained at 4 weeks after the onset of incubation. Figure 4.5 shows 

the relationship between the N concentration in cover crop residues and the amount of N 

mineralized at 4-weeks after the onset of incubation (r2 = 0.63**). Similar positive 

relationships have been found in previous studies in which high correlations (r2 = 0.90) 

were obtained with the N concentration of vegetable crop residues incubated under 

various conditions (Iritani and Arnold, 1960) and cover crop residues decomposing under 

field conditions (Kuo et al, 1997). 

Table 4.6. Predictive equations for the amount of N mineralized and the C:N ratio, and 
N concentration of cover crop residues. 

N mineralized Equation R 2 Equation R 2 

0 - 2 weeks 89.89 -2.03 C:N 0.41" -27.08 +3.74 N 0.46" 

2 - 4 weeks 116.79-2.96 C:N 0.60" -50.47 + 5.21 N 0.63" 

4 - 8 weeks 157.33 - 3.91 C:N 0.59" -59.67 +6.56 N 0.55" 

8-16 weeks 114.99 - 1.96 C:N 0.31* 5.98 +3.30 N 0.30* 

*, ** Significant at the 0.05 and 0.01 probability levels respectively. 
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Figure 4.5. Relationship between amounts of N mineralized at 4-weeks and N 
concentration in cover crop residues. 

Solving the regression equation in Figure 4.5 for the N concentration in the cover crop 

residues when y equal the amount of N mineralized in the untreated soil (control), a 

critical biomass N concentration above which N mineralization occurred was estimated to 

be 14.1 g N kg' 1. 

The C:N ratios of the residues were inversely correlated (r2 = 0.60) with the 

mineral N concentrations (Figure 4.6). Similar relationship was obtained by Kuo et al. 

(1997) with cover crop residues decomposing under field conditions (r2 = 0.85). Using 

the equation in Figure 4.6, the estimated critical C:N ratio for net mineralization was 31.7. 
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Figure 4.6. Relationship between amounts of N mineralized at 4-weeks and the C:N ratio 
of cover crop residues. 

4.4. Discussion 

Nitrogen release patterns differed among the species probably due to differences in 

the potential rate of decomposition. The pure cereals and grass cover crops had higher 

C:N ratios than the cereal/grass-legume mixtures and pure legume. Therefore, greater N 

immobilization was expected with the cereals and grass because they contain too little N , 

at least in readily decomposable forms to satisfy the requirements of the microbial 

population responsible for their decomposition. This was clearly manifested in 1995. The 

N release pattern by crimson clover mixes was intermediate between cereals/grass and 

crimson clover monocultures. However, in 1996, due to the poor performance of crimson 
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clover, mixes contained very low proportions of crimson clover and the N release pattern 

was not very different from either pure crimson clover or cereal/grass. Despite these low 

proportions, crimson clover prevented N immobilization except for annual ryegrass + 

crimson clover. In the short term, winter wheat + hairy vetch in both years and crimson 

clover in 1995, were far more effective than cereal/grass monocultures and crimson clover 

mixes with winter wheat, fall rye and annual ryegrass in increasing N availability in soil. 

Cumulative N released by the cover crops over a 16-week period was variable 

between the years. This was mainly due to the differences in the weather during the 

growth period of the cover crops resulting in different biomass yield and N content. The 

winter was more harsh in 1995/96 season with below average temperatures recorded in 

the months of January and February 1996. This led to low cover crop biomass production 

and N content due to partial winter-kill with crimson clover being the most affected 

species. Hairy vetch was less affected and therefore the winter wheat + hairy vetch 

mixture consistently provided large amounts of N during the subsequent summer growing 

period in both years. 

Differences in soil water content and mean temperatures between the two years 

probably also had an effect on the rate of cover crop decomposition and N release. The 

low soil water content coupled with higher mean daily soil temperatures between 2 to 8 

weeks in 1996 compared to 1995 possibly slowed down decomposition and N release. 

Douglas et al. (1980) and Collins et al. (1990b) observed that in the dry-land areas of the 

U.S. Pacific Northwest, dry soil in summer limits microbial decomposition of residues 

during this period. 
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The cumulative N release by the end of 16-week incubation period ranged between 

50-126 and 49-157% of the initial N content of the above-ground cover crop biomass in 

1995 and 1996 respectively. This study was based on both above- and below-ground 

biomass and although N contained in the below-ground portion was not determined, 

values have been estimated to be 10, 20, 25 and 33% of total crop N for hairy vetch, 

crimson clover, fall rye and annual ryegrass (Shipley et al, 1992). 

Despite the variability in weather conditions during the two years of study, 

cumulative N release by the cover crops over 16-week incubation period suggest that 

winter wheat + hairy vetch mixture could provide substantial amount (160 and 170 kg N 

ha"1 in 1995 and 1996 respectively) of N to the subsequent crop. Crimson clover, under 

mild winter conditions, could also supply significant amounts of N to the subsequent crop 

in the spring as was observed in 1995 (158 kg N ha'1). Ranells and Wagger (1996) 

working with a Norfolk loamy sand in the North Carolina Coastal Plain reported that N 

released from hairy vetch (132 kg ha"1) and rye + hairy vetch (108 kg ha"1) cover crop 

residue after 8 weeks of field decomposition, averaged over two years, had the apparent 

potential of meeting the entire fertilizer N requirement for corn grain in the region. The 

study was based on above-ground biomass only and considering the amount of N in the 

below-ground portion, possibly higher amounts of N could have been released. 

The critical N concentration above which net N mineralization occurred was 

estimated to be 14.1 g kg"1 which is lower than the range of 15 to 20 reported by several 

authors (Harmsen and Van Schreven, 1955; Iritani and Arnold, 1960; Frankenberger and 

Abdelmagid, 1985; Kuo et al, 1997). The critical C:N ratio of 31.7 is within the range of 

15-33 commonly reported (Black, 1968; Allison, 1973). Black (1968) mentioned that this 
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wide range is attributable to such factors as time and temperature allowed for 

decomposition, supply of mineral N in soil, and the composition of the organic materials. 

These results demonstrate the impact of climatological differences on predicting N release 

from cover crop residues. 

4.5. Conclusions 

In summary, this study has shown the potential for modifying cover crop C:N ratios 

and subsequent decomposition rates with a cereal/grass-legume cover crop compared with 

the respective pure cereal or grass. Al l cover crop mixtures had lower C:N ratios than the 

respective cereal and grass monocultures. The C:N ratio of a winter wheat + hairy vetch 

mixture in both years decreased between 21 to 28% compared with a winter wheat 

monoculture. This reduction was 3 to 10, 5 to 9 and 10 to 22% for winter wheat, fall rye 

and annual ryegrass, respectively, when grown in mixture with crimson clover. 

In terms of N availability to subsequent crops, crimson clover in 1995 and winter 

wheat + hairy vetch in both years released rapidly a significant amount of N which 

potentially can sustain crop growth. The pure cereals and grass released a large amount of 

N late in the growing season, while N release by cereal/grass and crimson clover mixes 

was intermediate. Despite this seemingly large pool of cover crop N , the synchrony 

between cover crop release and demand by the subsequent crop may be less than optimal. 

The major crops planted in Delta are potatoes and corn. These are usually planted by 

early May and reach their peak N uptake by July which in this study corresponds to 8 

weeks after the onset of incubation. Therefore, crimson clover and cereal/grass-legume 
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mixtures may supply N in synchrony with the uptake demand of corn and potatoes. Pure 

cereals/grass on the other hand release N very late in the growing season. Under Delta 

climatic conditions, the late released N will be subject to leaching and will be of no 

significance to summer crops thus making the practice of planting cover crops for N 

conservation ineffective. 

5. GENERAL DISCUSSION 

This study shows that fall seeded cover crops can be successfully established in 

south coastal British Columbia to serve as N sources for the subsequent summer crop and 

also to provide green manure. However, conservation of residual N and production of 

biomass for green manure are both highly dependent on the date of planting and length of 

the growing period prior to winter. In general, the early planted (third week of August ) 

cover crops achieved these objectives better than when planted a month later. Averaged 

over the three years of study, August planted cover crop biomass yield with the exception 

of crimson clover often exceeded 5000 kg ha"1 as compared to an average of closer to 

4500 kg ha"1 for most of the cover crops when planted in September. 

Early planted cover crops usually captured more residual N than when planted late. 

Nitrogen uptake often exceeded 75 kg ha"1 for cover crops planted in August as compared 

to an average of closer to 50 kg ha"1 for most of the cover crops when planted in 

September. Preventing leaching losses of 500-750 kg ha"1 during a decade of cover 

cropping will result in substantially higher mineralizable soil N and reduced fertilizer 

requirements. The soils upon which the experiments were conducted contain between 
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3000-3600 kg ha"1 of total N , most of which is stable and only a small amount would 

become available. Forms of N that are readily mineralized into available N for summer 

crops are dominated by fresh crop residue N such as retained by a sustained cover 

cropping program. 

Cover crops attained the critical C:N ratio at which net mineralization is zero when 

the soil water content was still above the critical point for trafficability. Therefore 

terminating the cover crop growth may not be feasible due to the risk of soil compaction. 

The best management option to reduce the potential for short-term N immobilization, 

therefore, will be to add a legume to the overwintering cover crop and to use biological N 

fixation during the spring growth period to increase the concentration of N in the cover 

crop. The longer the cover crop is left to grow in the spring, the greater will be the N 

contribution of the legume component and the total dry matter yield. 

The ability of different cover crops (either mixtures or monocultures) to 

accumulate N and biomass must be balanced against their cost. The only difference in cost 

in establishing these cover crops is the cost of seed. Using seed costs of $0.43, $0.39, 

$2.17, $4.13 and $4.52 per kg for winter wheat, fall rye, annual ryegrass, hairy vetch and 

crimson clover, the total per-hectare costs for seed are $43.00, $39.00, $54.25, $54.25 for 

winter wheat, fall rye, annual ryegrass and crimson clover, respectively and $88.64, 

$84.44, $86.79 and $96.35 for mixtures of winter wheat + crimson clover, fall rye + 

crimson clover, annual ryegrass + crimson clover and winter wheat + hairy vetch, 

respectively. In the present study, crimson clover did not consistently achieve the level of 

performance of the other cover crops for either biomass production or N content. 
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Mixtures consistently produced almost equal or greater biomass production and N content 

compared to the corresponding cereal or grass monocultures. 

The amount of N released by the cover crops upon decomposition and 

mineralization was variable between years with the exception of winter wheat + hairy 

vetch mixture. The period for greatest demand for N uptake by most crops is at about 8 

weeks after planting. Cumulative N release by winter wheat, fall rye, annual ryegrass and 

crimson clover by 8-weeks in 1995 was -36, -16, -39 and 190 kg N ha"1, respectively, 

whereas winter wheat + crimson clover, fall rye + crimson clover, annual ryegrass + 

crimson clover and winter wheat + hairy vetch released 48, 49, 91, and 124 kg N ha'1, 

respectively. In 1996, cumulative N release for winter wheat, fall rye, annual ryegrass and 

crimson clover was 14, 14, 2 and 16 kg N ha"1, respectively, whereas winter wheat + 

crimson clover, fall rye + crimson clover, annual ryegrass + crimson clover and winter 

wheat + hairy vetch released 33, 44, -14 and 137 kg ha"1 respectively. The additional N 

released by mixtures as a result of the legume were 84, 65, 130 and 160 kg N ha"1 in 1995 

and 19, 30, -16 and 123 kg N ha"1 in 1996 for winter wheat + crimson clover, fall rye + 

crimson clover, annual ryegrass + crimson clover, and winter wheat + hairy vetch, 

respectively. At the current cost of N fertilizer of $1.09 kg"1 of N , this additional N is 

worth $91.56, 70.85, 141.70 and 174.40 in 1995 and $20.71, 32.70, -17.44 and 104.64 in 

1996 for winter wheat + crimson clover, fall rye + crimson clover, annual ryegrass + 

crimson clover and winter wheat + hairy vetch respectively. Subtracting the cost of 

legume seed, $54.24 for crimson clover and $61.95 for hairy vetch, this additional N is 

worth $37.32, 16.61, 87.46 and 112.45 in 1995 and $-33.53, -21.54, -36.80 and 42.69 for 

winter wheat + crimson clover, fall rye + crimson clover, annual ryegrass + crimson clover 
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and winter wheat + hairy vetch respectively. Therefore, only winter wheat + hairy vetch 

mixture was economically beneficial in both years in terms of additional N released. 

Crimson clover mixtures showed some slight short-term benefit in terms of additional N 

released in 1995 but in 1996, no short term benefit was observed. Despite this, with 

sustained cover cropping, there is likely to be a larger mineralizable pool of soil N and 

hence reduced fertilizer requirements. Ladd et al (1981) and Muller and Sundman (1988) 

concluded in their studies that the value of leguminous green manures appears to be the 

long term maintenance of soil N status rather than the short-term supply of available N for 

crop growth. 

Despite this seemingly large pool of mineral N released by winter wheat + hairy 

vetch mixture, the synchrony between cover crop N release and demand by the subsequent 

crop may be less than optimal. The presence of the legume in mixtures, regardless of the 

performance, prevented N immobilization except with annual ryegrass + crimson clover in 

1996. This is important and critical since it alters the pattern of N release of the 

cereal/grass monoculture with slightly more N released early in the season which may be 

utilized by the subsequent crop and therefore may help in synchronizing N release from the 

residue with the demand by the subsequent crop. Results obtained by Ranells and Wagger 

(1996) showed an increase in the amounts of N released by rye-crimson clover and rye-

hairy vetch mixtures as compared to the rye monoculture. Therefore, mixtures may be a 

valuable tool to assist farmers in efficient N management while providing biological N 

accumulation and green manure as illustrated in Figure 4.7. Legumes in mixtures will add 

biologically fixed N to the soil N cycle. This will help sustain and enhance productivity of 

the agricultural soils in Delta. 
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In terms of N contribution, this study as well as others done elsewhere (Ranells and 

Wagger, 1996) have shown that hairy vetch seems to be a better choice than crimson 

clover. This study, however, examined both legumes, first, because there is a very high 

degree of farmer resistance to hairy vetch due to its weed problem. Hairy vetch 

volunteers readily if allowed to mature seed, particularly preceding a cereal grain crop 

(Goar, 1934). There is no danger of it becoming a weed in grain fields, however, if it is 

harvested before the seed pods become filled (Goar, 1934). Secondly, to gain acceptance 

for cover cropping, crimson clover is the best choice to establish in the fall due to faster 

establishment than hairy vetch. It was felt that it was more important to firmly establish 

the practice of over-winter cover cropping before risking a possible hairy vetch control 

problem. 

Residual Fall N Biological N 2 fixation 

Green Manure 

Savings on 
N fertilizer 

Cereal/grass + Legume 
Cover Crop 

Greater N Concentration 
Low C:N ratio 

Reduced N 0 3 

leaching 

Reduced fertilizer 
N application 

Sustained 
cover cropping 

Reduced potential 
forN immobilization 

Increased mineralizable 
N Pool in soil 

Increased short-term 
N availability 

Figure 4.7. Potential benefits of cereal/grass and legume cover crop mixtures on N 
cycling within agricultural ecosystem. 
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6. CONCLUSIONS AND FUTURE STUDIES 

6.1. Conclusions 

This study evaluated the efficacy of including legumes in cereal based cover crop 

mixes to improve N supply to succeeding cash crops. The problem of short-term 

immobilization of available soil N by a decomposing cover crop is of concern. South 

coastal British Columbia has more than enough winter rainfall to completely leach any 

remaining N 0 3 " prior to the onset of spring growth period and any non-leguminous cover 

crop which is allowed to grow during the spring will have low N concentrations by 

plowdown and will reduce short-term N availability to the subsequent crop. One way the 

farmer may compensate for this is by adding a legume to the over-winter cover crop and 

using the biological N fixation during the spring growth period to increase the 

concentration of N in the cover crop. 

Performance of the cereal/grass and legume cover crop monocultures and mixtures 

as well as the short-term N availability upon decomposition and mineralization was 

evaluated and the following conclusions were made. 

1. Early planted (third week of August) cover crops were more effective in lowering the 

amount of fall residual N prior to winter leaching than the late planted (third week of 

September) cover crops. Cereal/grass and legume mixtures were equally effective as 

the cereal/grass monocultures in terms of their ability to "scavenge" residual soil N . 

2. Early planted (third week of August) cover crops accumulated more biomass and N 

content than the late planted (third week of September) cover crops. Late planted 
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cover crops accumulated most of their biomass in the spring and therefore their dry-

matter yield and N content will depend on how long they are allowed to grow in the 

spring. 

3. Biomass accumulation and N content of mixtures was equal to or, in the case of winter 

wheat + hairy vetch, slightly greater than, the corresponding cereal/grass monoculture. 

Winter wheat + hairy vetch mixture consistently ranked highest among the mixtures in 

biomass accumulation and N content. 

4. Late planted (third week of September) cover crop mixtures had (i) greater 

proportions of the legume component in the mix as compared to the early planted 

(third week of August) mixtures and (ii) lower C:N ratios as compared to the 

corresponding cereal/grass monoculture. 

5. Crimson clover performance during the three years of study was inconsistent. A 

combination of low temperatures and high precipitation during the winter and early 

spring periods in 1995/96 season resulted in low crimson clover biomass and N 

content. Dry soil conditions in the fall of 1993 also resulted in low early planted 

crimson clover biomass yield and N content possibly due to poor establishment. 

6. Cover crops attained the critical C:N ratio when the field was still untrafficable. 

Therefore, terminating the cover crop growth at the critical C:N ratio may not be 

possible due to the possibility of compacting the soil. In a wet spring as was observed 

in 1996, the critical soil water content for trafficability may take longer to attain hence 

delaying farming operations. 
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7. The presence of legumes in mixtures, even in 1996 when crimson clover performed 

poorly, prevented immobilization of N , except for annual ryegrass + crimson clover in 

1996. This resulted in slightly more N released early during decomposition. 

8. Winter wheat + hairy vetch, in both years, and crimson clover in 1995 released a 

significant amount of N which potentially can sustain crop growth. The pure cereals 

and grass on the other hand, released a large amount of N late during decomposition. 

Under Delta climatic conditions, the late released N will be subject to leaching and will 

be of no significance to summer crops thus making the practice of planting cover crops 

for N conservation ineffective. 

6.2. Need for future studies 

Lack of sufficient good soil and crop conservation practices are the key factors for 

the declining productivity of agricultural soils in Delta. This study has shown that cover 

crops can be effective in terms of retaining N within the agricultural ecosystem and 

supplying biomass for green manure. Therefore, integrating cover crops into present crop 

rotations will help sustain and enhance productivity of Delta soils. Results of this 

experiment provide a base of information for additional research on cereal/grass and 

legume cover crop mixtures as a management option in Delta cropping systems. A larger 

data base is required to allow broader evaluation of cover crop mixtures in terms of their 

performance and release of N to the subsequent summer crop. In the future, studies on 

cover crops should focus on: (i) evaluating the performance of hairy vetch in mixture with 

fall rye and annual ryegrass since hairy vetch has proved to be more reliable than crimson 
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clover while fall rye and annual ryegrass have shown the potential to accumulate sufficient 

biomass and N content, (ii) assessing estimates of N availability from decomposing cover 

crop residues with field measurements representing various summer crops' utilization of 

cover crop N . The crops chosen should be typical of the rotation system in Delta, (iii) 

assessment of the potential for hairy vetch to become a weed. 
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APPENDICES 

Table A . 1. Analysis of variance (F-ratios) for the effect of early planted (Third week of 
August) cover crops on the dry matter biomass (kg ha"1), N concentration (g N kg"1) and 
N content (kg ha"1) on 22 November 1993, 21 November 1994 and 12 November 1995. 

Fall Source of variation df Dry matter N cone. N content 

1993 
Block 3 12.06** 2.18 2.55* 

Cover crop 12 6.56** 15.47** 7.37** 

1994 
Block 3 0.81 4 49** 1.48 

Cover crop 14 8.47** 9 79** 8.20** 

1995§ 
Block 3 3.14 0.50 3.02 

Cover crop 7 3.36* 2.80* 2.11 

1995U 

Block 3 3.16 0.12 1.95 

Cover crop 8 6.54** 1.84 2.34 

*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
§ Swenson site 
*f\ Reynolds site 
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Table A . 2. Analysis of variance (F-ratios) for the effect of late planted (Third week of 
September) cover crops on the dry matter biomass (kg ha"1), N concentration (g kg"1) and 
N content (kg ha"1) on 22 November 1993 and 21 November 1994. 

Fall Source of variation df D8y matter N cone N content 

1993 
Block 3 6.34** 11.30** 5.76* 

Cover crop 12 13.73** 12.76** 7.18** 

1994 
Block 3 0.96 5.44** 2.23 

Cover crop 5 2.85 7.31** 2.51 

*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 

Table A . 3. Analysis of variance (F-ratios) for the effect of early planted (Third week of 
August) cover crops on the dry matter biomass (kg ha"1), N concentration (g kg"1) and N 
content (kg ha"1) on 22 April 1994, 27 April 1995 and 7 May 1996. 

Source of variation df Dry matter N cone. N content C :N 

1994 
Block 3 0.54 0.80 0.78 N D 

Cover crop 8 18.97** 7.91* 4.91** N D 

1995 
Block 3 7.06** 1.59 4.65** 1.64 

Cover crop 8 12.02** 75.69** 2.73* 26.94** 

1996§ 
Block 3 2.76 0.07 2.02 0.40 

Cover crop 8 4.18** 6.81** 3.03** 4.81** 

1996H 
Block 3 21.55** 0.28 10.10** 0.50 

Cover crop 5 4 49** 2.44 0.95 2.07 

*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
§ Swenson site 
U Reynolds site 
ND Not Determined 
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Table A.4. Analysis of variance (F-ratios) for the effect of late planted (Third week of 
September) cover crops on the dry matter yield, N concentration and N content on 22 
April 1994, 27 April 1995 and 7 May 1996. 

Source of variation df Dry matter N cone. N content C:N 

1994 
Block 3 1.23 0 . 4 4 1.68 N D 

Cover crop 1 0 7 . 5 7 * * 7 . 3 7 * * 3 . 3 2 * * N D 

1995 
Block 3 4 . 7 8 * * 4 . 3 5 * 5 . 9 0 * * 4 . 6 7 * 

Cover crop 8 8 . 0 3 * * 4 6 . 8 9 * * 2 . 6 1 * 1 8 . 9 9 * * 

1996§ 
Block 3 1 .12 0 . 3 5 0 . 7 7 0 . 2 3 

Cover crop 8 8 . 7 2 * * g Q - 7 * * 3 . 5 0 * * 5 . 9 6 * * 

1996H 
Block 3 7 . 0 6 * * 1.59 4 . 6 5 * * 1.64 

Cover crop 8 1 2 . 0 2 * * 7 5 . 6 9 * * 2 . 7 3 * 2 6 . 9 4 * * 

*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
§ Swenson site 
K Reynolds site 
ND Not Determined 

Table A . 5. Pre-winter dry matter yields of cover crops planted on (a) 17 August 1991 at 
Swenson Farm (well drained) and Nottingham Farm (poorly drained) and sampled on 15 
November 1991 and (b) 25 August 1992 at Dennis Kamlah's farm and sampled on 7 
November 1992. 
Year 1991 -1992 1992-1993 
Site Nottingham Swenson Kamlah 
Cover crop D M yield N cont. D M yield N cont. D M yield N cont. 

tha"1 kg ha 1 tha' 1 kg ha'1 t ha'1 kg ha"1 

C. clover N C N C 2.41a 89a NS NS 
W. wheat 2.63af 80a 2.71a 75a 1.07a 37a 
W. wheat + C. clover 2.62a 77a 3.13a 88a 1.23a 46a 

Means in the same column followed by the same letter are not significantly different at p=0.05. 
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Table A . 6. Spring dry matter yields of cover crops planted on (a) 17 August 1991 at 
Swenson Farm (well drained) and Nottingham Farm (poorly drained) and sampled on 8 
April 1992 and (b) 22 August 1992 at Dennis Kamlah's farm and sampled on 30 April 
1993. 
Year 1991 -1992 1992-1993 
Site Nottingham Swenson Kamlah 
Cover crop D M yield N cont. D M yield N cont. D M yield N cont. 

tha"1 kg ha 1 t h a 1 kg ha 1 t ha"1 kg ha"1 

C. clover N C N C 4.31b 111a 3.75b 92a 
W. wheat 7.82af 103a 7.44a 107a 6.80a 65b 
W. wheat + C. clover NC NC NC N C 6.88a 74ab 

Means in the same column followed by the same letter are not significantly different at p=0.05. 
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Figure A . 1. Mean air temperature (above) and monthly precipitation (below) for study 
area from July 1993 until June 1996 as recorded at Vancouver International Airport. 
(Source: Environment Canada, Climate Services Vancouver, and Canadian Climate 
Normals for British Columbia) 


